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Preface
The present book entitled “Practical Botany-II” has been designed so as to cover
the unit-wise syllabus of MBO-10 course for M.Sc. Botany (Final) students of
Vardhman Mahaveer Open University, Kota. The basic principles and theory have
been explained in simple, concise and lucid manner. Adequate examples,
diagrammes, photographs and self-learning exercises have also been included to
enable the students to grasp the subject easily. The unit writers have consulted
various standard books on the subject and they are thankful to the authors of these
reference books.

----------------

Unit - 1
Study of Taxonomical Features of Plants
Structure of the Unit:
1.0
1.1
1.2
1.3
1.4

1.5
1.6

1.7
1.8

Objectives
Introduction
Study of locally available plants and recording the intraspecific variation
Identification of Key Characters in a group of species of Genus
1.3.1 Identification of Key Characters in a group of species of Genus Datura
Construction of Indented and Bracketed Keys for the Given Material
1.4.1 Preparation of bracketed key for identification of the different genera
of family Gentianaceae
1.4.2 Preparation of indented key for identification of the different genera of
family Gentianaceae
Plant Nomenclature
Herbarium Techniques
1.6.1 The collection technique for the Fern, Aquatic plants, Plants having
Mucilage, Aroids and Orchids Gums and Resins and Aroids and Orchids
1.6.2 To study Technique of Mounting of the Herbarium Sheet
Viva-Voce
References

1.0 Objectives
After going through this unit you will be understand about:
 the locally available plants and recording the intraspecific variation
 Identification of Key Characters in a group of species for Datura genus
 Construction of Indented and Bracketed Keys for the Given Material
 Some rules for IUCBN for Plant Nomenclature
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 Herbarium techniques for preparation of herbarium sheet.

1.1 Introduction
For the recognization of the locally available plants it should be necessary to
collect some plant growing in locality. The plant which can easily seen in the area
are Amaranthus viridis, Chenopodium album, Portulaca oleracea, Steleria media,
Ipomoea fistulosa, Helianthus annus and Euphorbia pulcherima are must be
known as these locally grown in this area. The Datura genus selected for the study
of interaspecies variation and three different species are selected for the
comparative study and preparation of identification key. The Datura stramonium,
Datura innoxian and Datura metel species are describe for the selection of
identification characters. For the preparation of the indented and bracket key, eight
genera of the Gentianaceae from the same geographical region were selected and
prepared of the both type key. For understanding the ICBN some important rule
describe like suffix for families and those families name are not follow the ICBN
rule were changed according to rule. Similarly the rule of “Principle of priority” is
also described. Practical knowledge about the collection of specimens and their
mount and maintenance are also described in detail.

1.2 Study of locally available plants and recording the
intraspecific variation
Following flowering plants belonging to different families are occurring in the
local area of Rajasthan. These species grow wild as well as natural and
domestically cultivated for ornamental and edible purpose .are wild and naturally
grow or domestically cultivated for ornamental or edible reason. These plants are
viz Steleria media (Caryophyllaceae), Portulaca oleracea (Portulacaceae), Opuntia
dillenii (Cactaceae), Helianthus annus (Compositae), Ipomoea fistulosa
(Convolvulaceae), Chenopodium album (Chenopodiaceae), Mirabilis jalapa
(Nyctaginaceae), Amaranthus viridis (Amaranthaceae), Euphorbia pulcherima
Willd. (Euphorbiaceae) and Triticum aestivum (Poaceae).
The detailed descriptions of these plants have given in UNIT-2 (Description and
Identification of Families).
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1.3 Identification of Key Characters in a group of species of
Genus
1.3.1 Identification of Key Characters in a group of species of Genus Datura
Datura genus is belonging to family Solanaceae.
Datura species herbaceous or some species are under shrub annual or perennials,
generally 1 m height but some species reached up to 2 m height.
Stem : cylindrical, aerial, erect, fistular, branched, dark green or purple colour in
some species, hairy or glabrous.
Leaves : 5-18 cm x 10-20 cm in size, Simple, cauline and ramal, exstipulate,
alternate, petiolate, ovate shape, toothed or entire margin, acute apex, unicostate
reticulate venation, green in colour.
Inflorescence : Solitary axillary
Flower : Ebracteate, pedicels 2-3 cm long, recrurved in fruit, white or purple
colour.
Calyx : sepals 5, gamosepalous, accrescente, valvate aestivation, sepaloid, green,
persistent, covered with hairs or smooth in some species
Corolla : petals 5, gamopetalous, white or purple colour, 9-13 cm long, teeth 5-10,
linear, valvate aestivation, funnel in shape.
Androecium : stamens 5, polyandrous, epipetalous, anther dithecous, basifixed,
introrse. Gynoecium :bicarpellary, syncarpous, ovary superior, bilocular, axile
placentation, placenta is swollen, oblique to mother axis style long and stigma flat.
Fruit : 4-10 cm long and 2-6 cm broad capsule, globose, densely pubescent and
armed with weak, spine long, sharp or blunt .
Identification for the genus Datura characters are given below
1. Plant clothed with erect, glandular hair. ………………… D. innoxian
1. Plant glabrous or pubescent, eglandular: ……………...… 2.
2. Branches tinged with purple. Corolla more than 15 cm long.
Clothed with numerous short blunt tubercles, irregularly
3

breaking up. ………………………………….. D. metel
2. Branches green. Corolla less than 15 cm long. Capsules clothed with
numerous long spines, 4- valved. …………….…. D. stramonium
Datura innoxian Mill.
Habit: Stoutshrub.
Stem: Erect, aerial, up to one meter high, clothed with grey pubescence hair, Gray
or dark green.
Leaf: Simple, cauline and ramal, exstipulate, petiolated, alternate, ovate, toothed,
acute apex, unicostate reticulate venation, hairy.
Inflorescence: Solitary axillary.
Flower: Ebracteate, pedicels 2-3 cm long, recrurved in fruit, white colour.
Calyx: Sepals 5, gamosepalous, accrescente, valvate aestivation, sepaloid, green,
persistent, covered with hairs.
Corolla: Petals 5, gamopetalous, white, 9-13 cm long, teeth 10, linear, valvate
aestivation, funnel in shape.
Androecium: Stamens 5, polyandrous, epipetalous, anther dithecous, basifixed,
introrse.
Gynoecium: Bicarpellary, syncarpous, ovary superior, bilocular, axile
placentation, placenta is swollen, oblique to mother axis style long and stigma flat.
Fruit: Capsule 3.5 to 5.5 cm in diam., globose, densely pubescent and armed with
weak, 1.0-1.8 cm long spine.
Floral formula: Ebr, , , K5 C5, A5G(2).
Datura metel Linn.
Habit: Undershrub.
Stem: Erect, aerial, up to one meter high, clothed with fine purple dust, dark
purple to black colour.
Leaf: Simple, cauline and ramal, exstipulate, petiolated, alternate, triangular,
4

ovate, sinuate toothed, grey pubescent, acute apex, unicostate reticulate venation.
Inflorescence: Solitary axillary.
Flower: Ebracteate, pedicels 2-3 cm long, recrurved in fruit, white to purple
colour.
Calyx: Sepals 5, 6-9 cm long, gamosepalous, accrescente, valvate aestivation,
sepaloid, green, persistent.
Corolla: Petals 5, gamopetalous, white, 12-15 cm long, 5 rotating nervs and 5
deltoid to acuminate lobes, purple outside, whitish within, valvate aestivation,
funnel in shape.
Androecium: Stamens 5, polyandrous, epipetalous, anther dithecous, basifixed,
introrse.
Gynoecium: Bicarpellary, syncarpous, ovary superior, bilocular, axile
placentation, placenta is swollen, oblique to mother axis style long and stigma flat.
Fruit: Capsule 2.5 to 4.0 cm in diam., subglobose, deflexed, clothed with blunt
tubercles, dehiscing irregularly. Seeds pale brown and closely packed.
Floral formula: Ebr, , , K5 C5, A5G(2).
Datura stramonium Linn.
Habit: Undershrub, annual perennial herbs.
Stem: Erect, aerial, up to one meter high, Gray or dark green.
Leaf: Simple, cauline and ramal, exstipulate, petiolated, alternate, ovate-oblong or
triangular, acute or acuminate, glabrous or pubescent, unequal-sided and
subcordate or cuneate at base.
Inflorescence: Solitary axillary.
Flower: Ebracteate, pedicels 2-3 cm long, recrurved in fruit, white colour.
Calyx: Sepals 5, 3.0 - 4.5 cm, gamosepalous, 5 angular, valvate aestivation,
sepaloid, green, persistent.
Corolla: Petals 5, gamopetalous, white, 8-12 cm long, teeth 5, linear, valvate
aestivation, funnel in shape.
Androecium: Stamens 5, polyandrous, epipetalous, anther dithecous, basifixed,
5

introrse.
Gynoecium: Bicarpellary, syncarpous, ovary superior, bilocular, axile
placentation, placenta is swollen, oblique to mother axis style long and stigma flat.
Fruit: Capsule 4 to 7 cm in diam., clothed with 0.3-1.0 cm long prickles.
Floral formula: Ebr, , , K5 C5, A5G(2).

1.4

Construction of Indented and Bracketed Keys for the
Given Material

1.4.1 Preparation of bracketed key for identification of the different genera of
family Gentianaceae
The bracket or parallel key: In the bracket or parallel key, the two leads of the
characters are always next to each other in successive lines on the page. At the end
of each line there is a name or a number referring to character later in the key. An
example of the bracket or parallel key to eight genera of family Gentianaceae is
mentioned below:
1. Aquatic herbs; leaves alternate, corolla lobes
Induplicate valvate in bud…………………
1. Limnamthemum
1. Terrestrial herbs; leaves opposite, corolla lobes
Induplicate valvate in bud…………………
2.
2. Ovary with 2 celled ………………………….
2. Exacum
2. Ovary with 1 celled……………………….….
3.
3. Corolla lobes eglandular at the base…………………
4.
3. Corolla lobes with one or two glandular
Nectaries each at the base…………..………….
8. Swertia
4. The corolla regular …………………………..
5.
4. the corolla irregular ………………………….
7.
5. Style linear …………………………………………..
6.
5. Style very short or absent …………………………...
5. Gentiana
6. Flowers in sessile axillary clusters …………..
3. Enicostema
6. Flowers in dichotomous cymes…..…………..
4. Erythraea
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7. Flowers yellow; stigma subentire…………………….
7. Flowers pink or white; stigma deeply
2- lobed…………………………………………

6.Hopea
7. Canscoria

1.4.2 Preparation of indented key for identification of the different genera of
family Gentianaceae
The indented or yoked key: The indented or yoked key is widely used for
taxonomic literature. In this type of key, the collateral leads of a character are
arranged in yokes and each lead is identified by a number of letters. Each of the
consecutive characters is indented at a fixed distance from the margin of the page.
An example of the indented or yoked key for eight genera of the Gentianaceae
from a geographical region is given below:
1. Aquatic herbs; leaves alternate; corolla lobes induplicate valvate in
buds………..
1. Limnathemum
1. Terrestrial herbs; leave opposite; corolla lobes contorted in bud
2. Ovary with 2 celled………..
2.Exacum
Ovary with 1 celled……….
3. Corolla lobes eglandular at the base
4. The corolla regular
5. Style linear
6. Flower in sessile axillary clusters
3. Enicostema
6. Flowers in dichotomous cymes
4. Erythraea
5. Style very short or absent
5. Gentian
4. Corolla irregular
7. Flower yellow; stigma subentire…..
6. Hopea
7. Flowers pink or white; stigma deeply
2 –lobed…………………….
7. Canscora
3 – corolla lobes with one or two glandular
Nectaries each at the base
8. Swertia
7

1.5 Plant Nomenclature
The name of the families of angiosperm which not followed the rule of suffix –
aceae and these names are changed according to the rule of ICBN.
Names under usage
Names according to rules
Cruciferae
- Brassicaceae
Guttiferae
- Clusiaceae
Leguminosae
- Fabaceae
Compositae
- Asteraceae
Gramineae
- Poaceae
Labiatae
- Lamiaceae
Palmae
- Arecaceae
Umbelliferae
- Apiaceae
Rule of the principle of priority
According to the principle of priority rule the first validly published name of a
species becomes its valid name and if other names are published, subsequently for
the same taxon then they become synonyms. This was decided that “Species
Plantarum (1753)” for the flowering plants by Linnaeus was starting point.
Cleome gynandra Linn. (1753)
Cleome pentaphylla Linn. (1762)
Gynandropsis pentaphylla De Condolle (1824)
According to rule Cleome gynandra Linn. (1753) was correct.

1.6 Herbarium Techniques
1.6.1 The collection technique for the Fern, Aquatic plants, Plants having
Mucilage, Aroids and Orchids Gums and Resins and Aroids and Orchids
 Collection of Ferns: Ferns should be collected with their basal portion as the
shape of rhizome, and hairs and scales on rhizome are important taxonomic
characters if the frond is too big the exact size noted in the field note book
along with other details.
8

 Collection of Aquatic Plants: Free floating minute aquatic plants like Lemna,
Wolffia, etc. are collected by inserting a wire press or sieve plate with white
paper or muslin cloth below the specimen in water and taken out. Then the
paper or cloth is lifted slowly with both hands and placed between the dryers.
The plants should be changed along with the paper or muslin cloth. For the first
one or two days, the changing should be more frequent.
 Collection of Plants having Mucilage, Gums and Resins: The plants species
containing mucilage or resin they stick to the dryers and cause difficulty while
changing. Such specimens should be placed in a folder of muslin or any other
thin cloth and pressed. Only the dryers should be changed and not the muslin
cloths eg. Hibiscus.
 Collection of Aroids and Orchids: Aroids (Araceae members) frequently
have a virtually impenetrable epidermis and without killing properly they
continuing to grow even in the press similarly some bulbous orchids. The
killing is done either by heating with proper ventilation or by use of alcohol
and formalin.
1.6.2 To study technique of Mounting of the Herbarium Sheet
 Fixing the processed plant specimen on herbarium sheet is called as mounting.
Collected, poisoned, pressed and dried specimens are mounted on herbarium
sheets.
 A standard herbarium sheet is 28cm x 42 cm and usually made up of heavy
long lasting white handmade paper.
 The specimens should be neatly and uniformly spread and fixed on the sheet.
 Parts of the plant should be exposed for study.
 For small herbs, the whole plant with roots or underground parts should be
accommodated on one mounting sheet.
 Larger herbs, though it is possible to collect the whole plant, yet it has to be cut
into two or three parts, and for woody plants like trees, shrubs or liana with
reproductive parts should be pasted on the herbarium sheet.
 Longer than the size of mounting sheet can be folded in the shape of V, N, M
or W. After this the common technique is pasting specimens to sheet with glue
(usually Gum-Arabic).
9

 The glue paste is made by adding flakes of glue to boiling water, gradually and
in small quantities, till it makes a thin paste. As the paste become thick and
hard after cooling, the vessel containing glue should be kept on low heat during
mounting work. Small quantity of mercuric chloride or thymol crystals or
copper sulphate may be added as insect repellent, nowadays fevicol is
frequently used.
 There are two methods to fix the specimen on the herbarium sheet:
 The glue paste is applied to the backside of the specimen which is later pressed
onto the mounting sheet and allowed to dry in pressed condition for few hours.
 The method for delicate specimens or grasses is to smear the glue on a glass
plate or thick flat plastic sheet and specimen be placed on the sheet and the
glued specimen is transferred to a mounting sheet.
 After fixing the specimen on the sheet with glue, the specimen may be further
sewed with thread here and there for more secure fixing.
 Mounting of the specimens is followed by pasting of herbarium label on the
right hand side at bottom. The size and design of herbarium labels slightly vary
according to need. General size is about 8x12 cm. It includes following details:
(1) Field number (the number given from the field notes).
(2) Name of the family
(3) Name of the genus and species.
(4) Locality of collection (actual place of collection of the plant).
(5) Altitude (important for hilly regions).
(6) Date of collection.
(7) Description/Notes (habit, habitat, features not seen with the herbarium
specimen).
(8) Collector's name and
(9) Identification (person who identifies the specimen) is required for label.

1.7 Viva-Voce
1.

What is indented key?

2.

This floral formula Br, , , K2(pappus), C(5),A(5), G(2) belong to family?
10

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

What is bracket key?
What are the methods for collection of aquatic plants?
What precaution are use for mounting of Aroids and Orchids plants?
What is the pattern to mount large specimens in herbarium sheet?
What are the identification characters of Euphorbiaceae?
What are the identification characters of Compositae?
Differentiate indented key and bracket key.
What are the characteristics of Datura?
How many types of information are given in herbarium sheet?
Different between Datura metel and Datura innoxian?
What is the rule of principle of priority?
What is new name of the Guttiferae?
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Note:
 Make field trips in and around your campus/ locality for collection of
various plant materials.
 Try to identify them and it is suggested to make a herbarium.
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Unit – 2
Description and Identification of Families
Structure of the Unit:
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13

Objectives
Introduction
Family: Caryophyllaceae (Pink family)
Family: Portulacaceae
Family: Cactaceae (Cactus family)
Family: Asteraceae (Compositae) (Aster Family)
Family: Convolvulaceae (Morning Glory family)
Family: Chenopodiaceae (Goose foot family)
Family: Nyctaginaceae
Family: Amaranthaceae (Amaranth family)
Family: Euphorbiaceae (Spurge family)
Family: Poaceae (Graminae) (Grass family)
Viva-voce
References

2.0 Objectives
After studying this unit you will be able to:
 know botanical name with family of surrounding plants.
 to describe the plants using diagnostic characters.
 to learn use of key characters for the plant identification.

2.1 Introduction
Taxonomy is the basic part of Botany. It covers classification, nomenclature and
identification of plants. Comprehensive practical study is a supplement to the
theoretical knowledge. Experimental study always helps to understand the subject
more precisely.
13

Requirements
Study of modern botany requires specified and advance equipments. In case of
taxonomy we need very simple apparatus. These are easily available in local
market. Fresh material (Flowering Branch) is required to study taxonomical
features. Some of the needs given below1. Microscope compound and dissecting.
2. A pair of forceps.
3. A pair of fine, long handle, dissecting needles.
4. Dropper and brush.
Note: We need a good book of taxonomy with key for plant description.

2.2 Family: Caryophyllaceae (Pink family)
Stellaria media

Fig. : 2.1 : Stellaria media
14

Stellaria media
Stem: Erect, aerial, cylindrical, branched, hollow, smooth, younger portions hairy,
green, nodes swollen.
Leaf: Simple, cauline and ramal, opposite decussate, exstipulate, lower leaves
petiolated and upper sessile, petiole hairy, ovate shape, entire margin, acute apex,
glabrous, unicostate reticulate venation.
Inflorescence: Axillary or terminal cyme (dichasial cyme).
Flower: Bracteate (uppermost) and bracteolate, pedicellate, complete,
actinomorphic, hermaphrodite, pentamerous, hypogynous, cyclic, minute, white.
Calyx: Sepals 5, polysepalous, elliptic, oblong, quincuncial aestivation, green with
membranous margin, covered with glandular hairs.
Corolla: Petals 5, polypetalous, imbricate, deeply bilobed and looking like 10
lobes, white.
Androecium: Stamens 10, arranged in two whorls, stamens in outer whorl less
than 5 or totally missing (staminodes), polyandrous, obdiplostemonou (outer whorl
opposite to petals), filaments long and. slender, anther dithecous, basifixed, introse.
Gynoecium:Tricarpellary, syncarpous, ovary superior, unilocular, ovules many,
placentation free - central, style very much reduced and stigma linear.
Fruit: Capsule.
Floral formula. Br, Brl, , , K5, C5, A5+5, G(3).
Classification and identification
Class: Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Sub-Class: Polypetalae
1. Petals free.
Series: Thalamiflorae
1. Flowers hypogynous and ovary superior
2. Thalamus convex, calyx and corolla distinct, free.
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Order: Caryophyllineae or Caryophyllales
1. Stamens 5 or 10 obdiplostemonous, placentation free-central.
Family: Caryophyllaceae
1. Swollen nodes, opposite decussate leaves, corolla caryophyllaceous.
2. 2-5 carpels, syncarpous, unilocular with free-central placentation.

2.3 Family: Portulacaceae
Portulaca oleracea L.

Fig. 2.2 : Portulaca oleracea L.
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Portulaca oleracea L.
Habit: annual herb.
Stem: Aerial, creeping with many prostrate and ascending branches, solid,
succulent, herbaceous, glabrous.
Leaf: Simple, succulent, cauline and ramal, hairy stipules, sub-sessile, opposite
phyllotaxy, spathulate or cuneate-oblong shaped, entire margin, obtuse apex,
unicostate reticulate venation.
Inflorescence: Cymose clusters.
Flower: Ebracteate, ebracteolate, sessile, regular, complete, actinomorphic,
bisexual, perigynous, cyclic.
Calyx: Sepal-2, polysepalous, fleshy, imbricate aestivation, green.
Corolla: Petal- 5, polypetalous, imbricate aestivation, yellow.
Androecium: Stamens 8-10, polyandrous, arranged in single whorl, anther
dithecousintrose.
Gynoecium: Tri to penta carpellary, syncarpous, ovary half inferior, unilocular,
free central placentation, many campylotropous ovules, style 3-5, free, stigma
simple minute.
Fruit: Pyxidium.
Floral formula: Ebr, Ebrl, , , K2, C5, A8-10 G(3-5).
Classification and identification
Class: Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Sub-Class. Polypetalae
1. Calyx and corolla distinct
2. Petals free.
Series. Thalamiflorae
1. Flowers hypogynous and ovary superior.
2. Thalamus convex, sepals, petals distinct and free
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Order.Caryophyllineae or Caryophyllales
1. Herbs with simple exstipulate leaves
2. Flowers in cymes, stamens 5 or 10 obdiplostemonous
3. Ovary syncarpous, unilacunar, basal or free central placentation.
Family. Portulacaceae
1. Herbs with fleshy leaves and scarious stipules.
2. Stamens 4-5, antipetalous.
3. Ovary half inferior, syncarpous, unilocular with many campylotropous ovules.

2.4 Family: Cactaceae (Cactus family)
Opuntia dillenii Haw.

Fig. 2.3 : Opuntia dillenii Haw.
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Opuntia dillenii Haw.
Stem: Flattened (phylloclade), jointed, joints broadly obovate, undulate, bluish –
green, covered with little groups of spines.
Leaf: Reduced,pale green, caducous or represented by clusters of spines as areoles,
each tuft of 4-6 prickles, the largest (glochidia) very stout, subulate, firm and
sharp, somewhat curved, yellowish.
Inflorescence: Solitary, flowers borne singly towards the upper parts of the joints.
Flower: Ebracteate, sessile, regular, bisexual, epigynous, bright yellow tinged with
orange.
Perianth: Indefinite, not sharply distinguishable from one another showing
gradual transition into petals in several series, the innermost largest obovate,
rounded, mucronate, outer ovate, acute or rounded with membranous margins.
Androecium: Stamens indefinite, free of unequal lengths, inserted at the base of
the petals on the margin of the calyx tube, anther dorsifixed, dithecous, introse.
Gynoecium: Carpels many, syncarpous, ovary inferior, unilocular, parietal
placentation, style single, stigma 5-8 erect, ovule circinotropous.
Fruit: Berry, pyriform, truncate, depressed at the apex, deep reddish, purple when
ripe edible.
Floral formula: Ebr, % P AG().
Classification and identification
Class: Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Sub-Class: Polypetalae
1. Calyx and corolla distinct
2. Petals free.
Series. Calyciflorae
1. Flowers perigynous or epigynous
2. Sepals united, adnate to ovary
Order.Ficoidales
1.Ovary syncarpous, inferior to superior, unilocular to multilocular.
2. Axile or basal placentation, curved embryo.
Family. Cactaceae
1.Fleshy, spinesor glochids arranged in areoles.
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2. Flowers solitary, undifferentiated perianth.
3.Numerous stamens arranged in spiral or clusters.

2.5 Family: Asteraceae (Compositae) (Aster Family)
(i) Ageratum conyzoides L.

Fig. 2.4 : Ageratum conyzoides L.
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Ageratum conyzoides L.
Stem: erect, aerial, cylindrical, branched, solid, hairy and purple-green.
Leaf: Simple, cauline, ramal, basal leaves opposite, upper leaves alternate,
exstipulate, petiolate, ovate shape, serrate margin, acute apex, hairy, unicostate
reticulate venation.
Inflorescence: capitulum, the heads arranged in dense terminal corymb
inflorescence is homogenous with all the flowers tubular, involucre bracts present.
Flower: Bracteate, sessile, complete, actinomorphic, bisexual, pentamerous,
epigynous, cyclic.
Calyx: Sepals 5, polysepalous, valvate aestivation, modified into long scaly
pappus, hairy, green.
Corolla: Petals 5, gamopetalous, valvate aestivation, tubular, violet and hairy.
Androecium: Stamens 5, syngenecious, epipetalous, anthers are jointed around the
style, dithecous, basifixed introse.
Gynoecium: Bicarpellary, syncarpous, ovary inferior, unilocular, with one basal
ovule, placentation basal, style long, stigma bifid and hairy.
Fruit: 5-angled, black cypsela.
Floral formula: Br, , , Kpappus, C(5), A(5), G(2).
Classification and identification
Class: Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Subclass: Gamopetalae
1. Calyx and corolla distinct , 2. Petals fused
Series: Inferae
1. Ovary inferior, stamens as many as petals, rarely few.
2. Ovary unilocular with one ovule
Order: Asterales
1. Flower epigynous, stamens epipetalous.
21

2. Ovary unilocular with one ovule.
Family: Compositae (Asteraceae)
1.Heads inflorescence surrounded by involucres, bicarpellary,
2.Calyx reduced to pappus, syngenecious, basal ovule.
(ii) Helianthus annuus L.

Fig. 2.5 : Helianthus annuus L.
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Helianthus annuus L.
Stem:Erect, aerial, cylindrical, branched, fistular with swollen nodes, hairy.
Leaf: Simple, cauline and ramal, opposite or alternate, exstipulate, ovate shape,
serrate margin, acute apex, hairy, unicostate reticulate venation.
Inflorescence: Heterogenous capitulum, peripheral ray florets are ligulate and the
central disc florets are tubular, involucral bracts present.
(A) Ray or ligulate floret:- Bracteate, ebracteolate, irregular, ligulate (strap
shaped), sessile, incomplete, zygomorphic, unisexual, pistillate, pentamerous,
epigynous, yellow, cyclic, located at the peripheral region.
Calyx: Sepals 2, polysepalous, reduced to scales, pistillate or neuter (pappus).
Corolla. Petals 5, gamopetalous, valvate aestivation , ligulate in shape.
Androecium: Absent.
Gynoecium: Bicarpellary, syncarpous, ovary inferior, single locule, placentation
basal, style short, stigma bifid.
Fruit: Cypsela.
Floral formula: Br, , , K2(pappus), C0/5,A0, G(2)
(B) Disc or tubular floret:- Bracteate, ebracteolate, sessile, complete,
actinomorphic, bisexual, pentamerous, epigynous, cyclic, located at the centre.
Calyx: Sepals 2, redced to scales, persistent (pappus).
Corolla: Petals 5, gamopetalous, valvate estivation, tubular in shape.
Androecium: Stamens 5, syngenecious, anthers fused to form a tube around the
style, epipetalous, anthers dithecous, basifIxed, introrse.
Gynoecium: Bicarpellary, syncarpous, ovary inferior, single locule, placentation basal,
style long, stigma bifid.
Fruit. Cypsela.
Floral formula. Br, , , K2(pappus), C(5),A(5), G(2)
Classification and identification: is given previously for Ageratum conyzoides L.
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2.6 Family: Convolvulaceae (Morning Glory family)
Ipomoea fistulosa Mart. ex. Choisy

Fig. 2.6 : Ipomoea fistulosa Mart. ex. Choisy
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Ipomoea fistulosa Mart. ex. Choisy.
Stem: aerial, erect, cylindrical, branched, basal portions fistular, glabrous and
green, milky latex present.
Leaf: Simple, cauline and ramal, alternate, exstipulate, petiolate, petiole terete, leaf
cordate, entire margin, acute apex, glabrous, unicostate reticulate venation.
Inflorescence: Dichasial cyme.
Flower: Bracteate, bracteolate, pedicellate, complete, actinomorphic, bisexual,
pentamerous, hypogynous, cyclic.
Calyx: Sepals 5, polysepalous, quinquincial aestivation, persistent.
Corolla: Petals 5, gamopetalous, induplicate valvate aestivation, infundibuliform.
Androecium: Stamens 5, polyandrous, epipetalous, filaments unequal (3-small, 2large), anthers dithecous, basifixed, introrse.
Gynoecium. Bicarpellary, syncarpous, bilocular, superior, 2 ovules per locule,
placentation axile, style long, stigma dumb-bell shaped, hypogynous with annular
nectar secreting disc.
Fruit. Capsule.
Floral Formula. Br, Brl, , , K5, C(5), A5, G(2).
Classification and identification.
Class:Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Subclas: Gamopetalae
1. Sepals and petals distinct
2. Petals fused.
Series: Bicarpellatae
1. Carpels two.
2. Ovary usually superior.
Order: Polemoniales
1. Leaves simple, alternate, exstipulate.
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2. Stamens epipetalous, equal to corolla lobes, alternate to petals
3. Ovary superior with axile placentation.
Family: Convolvulaceae
1. Flowers hypogynous, often large and showy.
2. Corolla – convolute, campanulate or funnel shaped.
3. Ovary – bicarpellary syncarpous, superior, surrounded by annular nectar disc.

2.7 Family: Chenopodiaceae (Goose foot family)
Chenopodium album L.

Fig. 2.7 : Chenopodium album L.
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Chinopodium album L.
Habit: Annual herb.
Stem: Erect, aerial, angular generally striped, branched, solid, densely hairy,
reddish green or green, herbaceous.
Leaf: Simple, cauline and ramal, exstipulate, petiolate, alternate, ovate or oblong,
entire or sparsely toothed margin, acute apex, unicostate reticulate venation,
vesicular hair abundent.
Inflorescence: Cymose cluster forming axillary spikes or long panicles.
Flower: Bracteate, ebracteolate, sessile, monochlamydeous, complete,
actinomorphic,hermaphrodite, pentamerous, hypogynous, cyclic, green, small and
incospicuous.
Perianth: Tepal-5, polyphyllous, slightly gamo, imbricate aestivation, sepaloid,
minute, green, persistent, covered with vesicular hairs, oblong -lanceolate,
completely enclosing the thin membranous utricle.
Androecium: Stamens 5, polyandrous, opposite the perianth lobe, anther
dithecous, basifixed, introrse.
Gynoecium: Bicarpellary, syncarpous, ovary superior, globose, covered by
vesicular hairs, unilocular, basal placentation, single campylotropous ovule, style
short and stigma bifid.
Fruit: anindehiscentmembranous utricle, enclosed in perianth. Seed with curved
embryo, endosperm absent.
Floral formula: Br, Ebrl, , , P5, A5G(2).
Classification and identification
Class: Dicotyledonae
1. Cotyledones two, tap root.
2. Venation reticulate.
Sub-Class: Monochlamydeae
1. Flowers with one whorl of perianth which is sepaloid, sometimes perianth
altogether absent.
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Series: Curvembryae
1. Flowers hypogynous and ovary superior with curved embryo.
Family: Chenopodiaceae
1. Annual herb with simple and alternate leaves (often fleshy).
2. Flower small, inconspicuous, monochlamydeous.
3.Ovary unilocular, basal, campylotropous ovule, fruit enclosed by persistent
perianth.

2.8 Family: Nyctaginaceae
Mirabilis jalapa L. (Four o’ clock plant)

Fig. 2.8 : Mirabilis jalapa L. (Four o’ clock plant)
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Mirabilis jalapa L. (Four o’ clock plant)
Habit: Erect unbranched perennial herb.
Stem: Herbaceous, erect, angular, distinctly jointed, swollen nodes, succulent
branchlets.
Leaveas: Simple, opposite, ovate to elliptic, dark green.
Inftorescence: Corymb, involucral bracts-5, flowers are in group of three flowers.
Flower: Bracteate, bracteolate (Bracteoles 5, green), actinomorphic, pentamerous,
bisexual, yellow, crimson, white or variegated and opening in the evening.
Perianth: Tepal- 5, gamotepalous, funnel shaped, yellow, sepaloid at base.
Androecium: Stamens 3-6, shortly connate at the base (around ovary), filaments
are unequal in length.
Gynoecium: Monocarpellary, ovary superior, unilocular, single ovule, basal
placentation, nectariferous disc surrounds the ovary.
Fruit: Anthocarp indehiscent, globose,ribbed,anthocarp surrounded by a leathery,
ribbed, persistent perianth.
Floral formula: Br, Brl5 , P(5), A5, G1
Classification and identification
Class. Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Sub-Class: Monochlamydeae
1. Flowers with one whorl of perianth, sometimes perianth absent.
Series: Curvembryae
1. Flowers hypogynous and ovary superior.
2. Ovary unilocular with curved embryo.
Family: Nyctaginaceae
1. Leaves opposite with unequal pair, bracts petaloid.
2. Flower becomes adnate at the base of each petaloid bract.
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3. Perianth petaloid, tubular and persistent.
4. Carpel-1, ovary superior, unilocular with single basal ovule.

2.9 Family: Amaranthaceae (Amaranth family)
Achyrathus aspera L.

Fig. 2.9 : Achyrathus aspera L.
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Achyrathus aspera L.
Habit: Annual herb often woody at base.
Stem: Erect, aerial, quadrangular, branched, solid, hairy, herbaceous, green.
Leaf: Simple, cauline and ramal, exstipulate, sub-sessile, rough, coriaceous,
opposite decussate, elliptic-ovate entire margin, acute apex, unicostate reticulate
venation.
Inflorescence: Spikes in which flowers are sharply deflexed.
Flower: Bracteate, bracteolate (bract and bracteole have spinous tip), sessile,
complete, actinomorphic, bisexual, pentamerous, hypogynous, cyclic.
Perianth: Tepal- 5, polytepalous, quincuncial aestivation, membranous and
chaffy.
Androecium: Stamens10, in two whorls of 5 each. Outer whorl reduced to
fimbriate staminodes, monadelphous anther dithecous, versatile, introse.
Gynoecium:Bicarpellary, syncarpous, ovary superior, unilocular with single ovule,
basal placentation, style short, stigma knob like.
Fruit: utricle.
Floral formula: Br, Brl, , , P5, C5, A(5+5staminodes) G(2).
Classification and identification
Class: Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Sub-Class: Monochlamydeae
1. Perianth single, green, not differentiated into sepals and petals.
Series: Curvembryae
1. Carpel united, ovule one with curved embryo.
Family: Amaranthaceae
1. Herbs with opposite and alternate leave.
2. Flower in dense fascicles.
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2.10 Family: Euphorbiaceae (Spurge family)
Euphorbia pulcherimaWilld. Syn. Poinsettia pulcherima R. Gral.

Fig. 2.10 : Euphorbia pulcherimaWilld. Syn. Poinsettia pulcherima R. Gral.
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Euphorbia pulcherima Willd. Syn. Poinsettia pulcherima R. Gral.
Habit: Perennial, under tree or shrub.
Stem: Herbaceous but woody below, green, solid, cylindrical, aerial, erect, hairy,
fistular, latex present.
Leaf: Simple, cauline and ramal, exstipulate, alternate, sub-sessile, ovate shape,
serrate margin, acute apex, unicostate reticulate venation, red in colour, leafy
bracts are present on the stem.
Inflorescence: cyathium arranged in axillary cymes, below the inflorescence the
bracts are brightly coloured.
Flower: unisexual, incomplete, monoecious, actinomorphic, hypogynous,
pedicellate, all flowers (male and female) are enclosed with an involucre of bracts
which unite to form a cup shaped structure, flowers are bracteate and ebractealate.
Male flower: Naked and represented by a single stamen, bracteate, stamen
single,anthers dithecous, basifixed, introrse, male flower arises in the axil of scaly
bract, perianth is completely reduced and place is marked by joint.
Female flower: represented by a simple stalk and bracteate, tricarpellary pistil,
perianth has 5 segments, polyphyllous, valvate aestivation, ovary superior, trilocular with axile placentation, style -3 and basally connate, stigma 3 bifid.
Fruit: regma
Floral formula: Male flower- Br,Ebrl, , , P0, A1 G0.
Female flower - Br, Ebrl, , ♀, P5, A0G(3)
Classification and identification
Class. Dicotyledonae
1. Cotyledones two, tap root.
2.Venation reticulate.
Sub-Class: Monochlamydae
1. Flowers with one whorl of perianth which is sepaloid, sometimes perianth
altogether absent.
Series: Unisexuales
1. Flowers hypogynous and unisexual, ovary superior, syncarpus, trilocular, ovule
1-2 per locule.
Family: Euphorbiaceae
1. Latex present, flower monoecious, hypogynous, unisexual, inflorescence a
cyathium.
33

2. Carpel-3, syncarpous, ovary superior, 3-chambered, ovule single.

2.11 Family: Poaceae (Graminae) (Grass family)
Triticum aestivum L.

Fig. 2.11 : Euphorbia pulcherimaWilld. Syn. Poinsettia pulcherima R. Gral.
Triticum aestivum L.
Stem: Erect, herbaceous, cylindrical, fistular, glabrous, with distinct nodes and
internodes with many tillers.
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Leaf: Simple, alternate, exstipulate, ligulate, entire margin, acute apex, with long
linear blade, sheathing leaf base, at the junction of leaf sheath and leaf blade
membranous ligule is present, multicostate parallel venation.
Inflorescence: A spike of spikelets, spikelet has 3-5 florets enveloped by two
glumes, one or two florets may be sterile, lemma 5 or 6 nerved, awned, palea
keeled and boat shaped.
Flower: Bracteate (lemma), bracteolate (palea), sessile,bisexual, zygomorphic,
incomplete, hypogynous, small inconspicuous; flower lies between superior and
inferior palea.
Perianth: Represented by two lodicules that are scaly and lie external to the
stamens.
Androecium: Stamens-3, polyandrous, filaments long; anther versatile, pendulous,
dorsifixed, dithecous, dehiscence longitudinal, extrose.
Gynoecium:Monocarpellary, ovary superior, unilocular with single,
erect,campylotropous, basal ovule, style short, stigma 2, feathery, terminal.
Fruit: Caryopsis with a single seed.
Floral formula. Br, , , A5(lodicules), A3 + 5, G1.
Classification and identification
Class: Monocotyledones
1. Cotyledone one, adventitious root.
2.Venation parallel.
Series: Glumaceae – Flowers bisexual rarely unisexual, solitary or in spikelets.
Perianth of scales, glumes and Paleae enclose the flowers, ovary unilocular, singleovuled.
Family: Graminae (Paaceae) – Herbs with jointed stem and sheathing leaf base,
inflorescence panicle or spike, perianth reduced to lodicules, stamens-3, ovary
unilocular, 1-ovuled, stigma-2, feathery, fruit – caryopsis.

2.12 Viva-Voce
1. Who is the father of Taxonomy?
2. What are the diagnostic characters Caryophyllaceae?
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3. Portulaca oleracea belongs to which family?
4. Write the stem characters of Opuntia dillenii?
5. Define Phanerogames.
6. Why Compositae (Asteraceae) is considered as an advance Family?
7. How many types of inflorescence found in Compositae?
8. What are the diagnostic characters of Morning glory family?
9. Which is the family of Chenopodium?
10. What is the botanical name of Four o’ clock plant?
11. What are the diagnostic characters of Amaranthaceae?
12. How many types of inflorescence found in Euphorbiaceae?
13. What is the fruit of Poaceae?
14. Which type of inflorescence found in Graminae?
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Note:
 Make field trips in and around your campus/ locality for identification
of various families.
 Locally available families may be used for Taxonomical Study.
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Unit - 3
Plant Tissue System
Structure of the Unit:
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3.2.1 Study of Structure of Plant Tissues
3.2.2 Study of Structure of Shoot tip
Leaf Anatomy
3.3.1 Study of Structure of Dicot Leaf : Nerium
3.3.2 Study of Structure of Monocot Leaf : Zea mays
Primary Structure of Stem
3.4.1 Study of Structure of Dicot Stem : Helianthus sp.
3.4.2 Study of Structure of Monocot Stem : Zea mays
Primary Structure of Root
3.5.1 Study of Primary Structure of Dicot Root : Cicer
3.5.2 Study of Primary Structure of Monocot Root : Zea mays
3.5.3 Study of Structure of Aerial root : Orchid
Anatomy of Hydrophytes and Xerophytes
3.6.1 Study of Structure of Xerophytic Stem : Casuarina
3.6.2 Study of Structure of Hydrophytic Stem : Hydrilla
3.6.3 Study of Structure of hydrophyte Petiole : Nymphaea
3.6.4 Study of Structure of hydrophyte Petiole : Eichhornia
3.6.5 Study of Structure of Xerophytic Leaf : Nerium
3.6.6 Study of Structure of Hydrophytic Leaf : Typha
Viva-Voce
References

3.0 Objectives
After going through this unit you will be able to understand:
 the structure of plant parts and role of tissues
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 Basic structure of stem, root, leaf and difference between dicot and monocot
structures
 Anatomical features of Xerophytic and Hydrophytic Plants.

3.1 Introduction
Shoot is an important part of plant system. It bears leaf, branches, inflorescence,
flower and fruit and seed in later stage. When leaf originates from the shoot apex
some changes occurs in related tissues. During the process of stem elongation
various tissues are produce which help to the plant development. Apical meristem
is occurring at the tips of the axis produce new cells. Later on these cells become
permanent tissues, the body made up of permanent tissues is known as primary
body

3.2 Tissue System
3.2.1 Study of Structure of Plant Tissues
Required Material : Living cells are important part of plant. For the study of
parenchyma young stem of herbaceous plants are used while for the study of
collenchyma mid rib of young leaf of dicotyledonous plant is most suitable.
Procedure : Tissues can be study by Schultze’s method of maceration. It consist
of following steps:--1.
Cut the desired material into small pieces. Placed them into test tube filled
with water and boil about3-5 min.
2.
Pour off the water and fill the TT with 2-3 ml con.HNO3 and add KCL, then
heat the TT slowly.
3.
After the material is bleached white we drain out acid and wash the material
with water.
4.
Material is now transferred to a slide and teased with needle and get
individual slide isolated.
Staining and Mounting :
1.
A small amount of macerated material is placed on a clean slide.
2.
A drop of safranin is poured on the material and slide is allowed to remain
for 2-3 min. Drop of stain is now drained off and a few drop off water are
placed on the material
3.
After a few washes of water, a drop of glycerine is placed on the material
and coverslip is mounted.
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Observation :
(1) Parenchyma : It shows following characteristics---(i) Cells are isodiamatric
(ii) Cell wall thin
(iii)Cell contains cytoplasmic contents and a nucleus
(iv)Reserve food materials are present.
(v)Mainly found in cortex, pith etc.
(2) Collenchyma : It shows following characteristics---(i)Cells are isodiamatric to elongated
(ii) Cell wall unevenly thickened
(iii) Cell may have thickening at corners (angular collenchymas) or on the
tangential walls (lamellar collenchymas)
(iv) It has active protoplast.
(v) It perform mechanical and vital function.

Parenchyma cells

Palisade and spongy parenchyma

Fig. 3.1 : Type of Parenchyma
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Fig. 3.2 : Type of Collenchyma :Lacunar and Angular Collenchyma
3.2.2 Study of Structure of Shoot tip
Important features:--- L.S. of shoot apex shows following features--(i ) It is hemispherical of slightly flattened.
(ii) It is protected by covering of young, developing soft leaves
(iii) It shows apical promeristem consist of tunica and corpus
(iv) Tunica is outer most layer it may be 1-2 cells layer .it increase surface area by
by divide in anticlinal plane
(v) Corpus is the mass of cells below the tunica layer. It divides randomly
(vi) Rib meristem region is just below the corpus. Here cells are arranged in
regular files. It give rise to pith.

Fig.3.3: Median L.S. of Shoot Apex
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3.3 Leaf Anatomy
3.3.1 Study of Structure of Dicot Leaf : Nerium
Procedures----Cut a Transverse section of the leaf with the help of supporting pith
as described earliar, then choose thin section out of them, stain in safranin and fast
green solution then mount in glycerine after washing.
In the section of Nerium leaf tissues are arranged in following manner:--Epidermis :
Thick cuticle is present just outside the epidermis.
Both upper and lower epidermal layers are multiseriate. They are composed of a
few layers compactly arranged isodiametric colorless cells.
There are distinct sunken stomata on the lower epidermis while upper epidermis is
devoid of stomata.
A good number of trichome develops from the bordering cells and remain
projected within the stomatal pit.
Mesophyll :
It is made up of palisade and spongy cells.
In this plant palisade cells here both towards upper and lower epidermis and
spongy cells are located in between them.
Calcium oxalate crystals are scattered within the mesophyll cells.
Vascular Bundles :
The bundles are collateral and closed ones with xylem on the upper and phloem on
the lower sides.
They remain surrounded by bundle sheaths made up of parenchyma cells..
Dicotyledonous Leaf Features:
 Leaf is bifacial.
 Stomata present on lower side of epidermis.
 Mesophyll is made up of palisade and spongy cells.

41

Fig. 3.4 : V.T.S of Dicot Leaf : Nerium
3.3.2 Study of Structure of Monocot Leaf : Zea mays
V.T.S. of leaf can cut by keeping the piece of leaf in the pith. Then stain in safranin
and after washing and removing excess stain mount in glycerine.
Leaf shows following anatomical features-----Epidermis :
It is present on lower side as well as upper side.
Stomata present on both side.
In upper epidermis a few bulliform cells can be seen ,which are few,large and
colourless.
Mesophyll :
It occurs between upper and lower epidermis.
Cells are isodiametric and containing chloroplasts.
These are compactly arranged cells.
This tissue is not differentiated into palisade and spongy parenchyma.
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Vascular Bundles :
These are many in numbers and arranged in parallel series.
Each bundle is collateral and closed type and surrounded by parenchymatous
bundle sheath.
Larger bundle have more xylem and phloem than smaller ones.
Monocotyledonous Leaf Features:
 Leaf is isobilateral.
 Stomata present on both side of epidermis.
 Mesophyll tissue is not differentiated into palisade and spongy parenchyma.

Fig. 3.5 : V.T.S. of Monocot leaf : Zea mays

3.4 Primary Structure of Stem
3.4.1 Study of Structure of Dicot Stem : Helianthus sp.
Procedure----Cut a Transverse section of the stem,choose thin section,stain in
safranin and fast-green combination in the process and then mount in glycerine.
The stem is circular in cross - section. Tissues are arranged in following manner :-Epidermis :
It is the outermost uniseriate, parenchymatous cell layer.
In this layer cell are attached end to end. It is cuticularized and also possesses
multicellular hairs.
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Cortex:
It is situated just below the epidermis and extends up to stellar region . It consist of
outer hypodermis and inner cortex region.
Hypodermis zone consist of collenchymatous cells. The parenchymatous cortex is
located below just hypodermis. It is made up of parenchymatous cells having many
intercellualar spaces also.
A few glands are also present in the cortex and are called resin ducts.
The innermost cortical layer is called starch sheath.
Stele :
It is a dissected stele, the outer layer is pericycle and other parts are vascular
bundle and pith which is parenchymatous in nature.
Vascular bundles arranged in the form of a ring.
Vascular Bundles :
Each vascular bundle is conjoint collateral and open type - xylem being internal
and phloem external in postition. A srip of lateral meristem, cambium, is also
present in between. Xylem
is endarch in nature.
Each vascular bundle is provided with sclerenchymatous bundle cap.
Pith :
It is the centre of the stem axis, parenchymatous in nature.
Dicotyledonous Stem Features:
The section shows the typical dicotyledonous stem characters in the following
manner :---- There is presence of uniseriate epidermis with distinct cuticle and multicellular
hairs.
 There is clear structure of hypodermis and endodermis seen in the cortical
layer.
 The stele is siphonostelic type.
 Each vascular bundles are conjoint, collateral and open.
 There is presence of a parenchymatous pith.
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A

B
Fig. 3.6 : T.S. of Stem of Helianthus sp
A : Outline Diagram B : Cellular Diagram
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3.4.2 Study Structure of Monocot Stem : Zea mays
Procedure----Cut a Transverse section of the stem,choose thin section,stain in
safranin and fast-green combination and then mount in glycerine.
The stem is circular in cross - section. Tissues are arranged in following manner :
Epidermis :
It is outer most layer of cells.
It is single layered tissue, consist of small tightly arranged parenchyma cells.
Cortex :
There is no direct zonation in the cortical region.
Small hypodermis layer and remain part is of parenchyma cells is seen.
Vascular bundles are found all over the parenchymatous ground tissue.
Stele :
It is an atactostele type .
The bundles arranged in ring form towards the periphery are small in size, whereas
bundles found in central region are larger in size.
Vascular Bundles :
Each vascular bundle is conjoint and closed type, cambium is not present.
Xylem occurs in the form letter ‘Y’- the two metaxylem vessel with wider cavities
present along the two protoxylem vessels usually one or two narrow cavities are at
the base.
In many bundles xylem elements undergo more lignification and the lowest
protoxylem elements disintegrate forming a cavity known as protoxylem cavity.
Each bundle is surrounded by sclerenchyma cells.
Pith :
It is not present.
Important Anatomical Features
The section shows the typical monocotyledonous stem characters in the following
manner :-- Epidermis is a uniseriate, cuticularised without hairs.
 The cortex is not distinguishable. Vascular bundles are scattered in the ground
tissue.
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 The bundles are collateral and closed. Xylem tissue is arranged in the form of
the letter “Y” protoxylem cavity is found in mature bundle.
 Pith is not presnt.

Fig. 3.7 : T.S. of Stem of Zea mays
A : Outline Diagram B : Cellular Diagram
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3.5

Primary Structure of Root

3.5.1 Study of Primary Structure of Dicot Root : Cicer
Procedure----Cut a Transverse section of the root,choose thin section,stain in
safranin as the process described earlier used for anatomy study and then mount in
glycerine.
The root is circular in cross - section. Tissues are arranged in following manner:--Epidermis ( Epiblema) :--It is typically uniseriate outermost layer consist of tabular parenchymatous cells.
There are some unicellular root hairs also arising from some epidermis cells layer.
These are prolongations of the cells.
Cuticle layer and any type of stomata are not found on this layer.
Cortex :
It is relatively simple and homogeneous tissue which consists of parenchyma cells
having intercellular spaces in between them.
The innermost layer this cortex is called endodermis. Endodermis layer consists of
compactly arranged barrel - shaped cells.. The endodermal cells possess casparian
thickenings on their radial walls.
Stele:
It includes the vascular tissues and intra-stelar ground tissues.
Pericycle is the outermost layer of stele situated just beneath the endodermis.
Vascular Bundles :
The vascular bundles are radial. Xylem and phloem occur in separate patches
arranged on alternate radii, intervened by small patches of parenchyma cells.
The bundle are four in number,) and Xylem in exarch pattern,( i.e., protoxylem
arranged towards the periphery).
Pith :
It is not properly distinguishable or very small.
Dicotyledonous Root Features:---The Cicer Root shows the features of a typical dicotyledonous root characters.
Some of important are as follows:---- Epidermis is noncuticularized single layered having unicellular hairs arising as
prolongation of epidermal cells.
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 The cortex is made up of parenchyma with innermost endodermal layer.
 The stele is protostelic because pith is almost absent.
 . Vascular bundles are radially arranged
 Xylem is tetrarch and exarch is arrangement.

A

B
Fig. 3.8 : T.S. of Cicer Root
A : Outline Diagram B : Cellular Diagram
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3.5.2 Study of Primary Structure of Monocot Root : Zea mays
Procedure----Cut a Transverse section of the root,choose thin section,stain in
safranin and then mount in glycerine.
The root is circular in cross - section. Tissues are arranged in following manner:--Epiblema :
It is outermost layer of barrel shaped cells, unicellular hairs are found as outgrowth
of this layer
Cortex –It is next region to the epiblema. It makes large portion of section. It
consist of several layer of parenchtmatuous cells. Numerous intercellular space
also seen in between parenchyma cells .
In old roots, epiblema get disorganized and outer part became thick walled known
as exodermis, it protects delicate internal tissues.
Endodermis
It is inner most layer of cortex. The endo-dermal cells are thick walled
Stele
It is actinostele (protostele) which consist of following tissues:---(i) Pericycle - It is single layered lying on the inner side of endodermis. It is partly
composed of parenchymatous cells and partly of sclerenchymatous cells.
(ii) Vascular bundles - These are found in large number (more than eight) and each
one is radial type (as described in dicot root). These are arranged in a ring around
the central pith.
Xylem is composed of single rounded metaxylem vessel towards the pith and one
or sometimes two small, polygonal or rounded thick-walled protoxylem vessels
towards the periphery. So the xylem shows exarch arrangement.
Phloem lies in form of small patches alternate to xylem and is composed of sieve
tubes, companion cells and phloem parenchyma.
Parenchyma cells associated with xylem undergo sclerosis and thus become thick
walled.
(iii) Pith - Pith occupies the central portion of stele. It is composed of thin walled
parenchymatous cells containing abundant starch grains.
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Fig. 3.9 : T.S. of Maize Root ( a portion cellular only)
3.5.3 Study of Structure of Aerial root : Orchid
Procedure----Cut a Transverse section of the root, choose thin section, stain in
safranin and then mount in glycerine.
The root is circular in cross - section. Tissues are arranged in following manner:--Velamen :--It is the outermost spongy layer. It consists of a few layers of
compactly arranged set of dead cells, which form a silvery outer coating. Velamen
layer is pourus and fibrose, especially to serve as an absorbing tissue. The
outermost layer of velamen is known as limiting layer. Cells are empty with
porose and variously thickened walls.
Cortex
The outermost layer of cortex consists of a row of thick - walled cells termed
exodermis. It some thin - walled cells too - called passage cells - here and there.
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The bulk of cotex is parenchymatous. The innermost layer of cortex consists of
thick - and thin - walled cells (passage cells). This is endodermis.
Stele
pericycle is uniseriate, made of thick - walled cells : only the cells just lying
internal to passage of the endodermis are thin - walled. It has radial stele. A good
number of xylem and phloem occur alternately in the stele along different radii.
Conjunctive tissues surrounding the group of phloems are sclerenchymatous.
Pith
The central portion is occupied normally by the parenchymatous pith.
Adaptive Anatomical features :
The root shows the features of a monocotyledonous root and epiphytic features in
the following manner:-- Presence of thick - walled exodermis
 Presence of parenchymatous cortex.
 Presence of endodermis.
 Presence of radial arrangement of xylem and phloem tissues. The vascular
bundle is inside the stele.
 Presence of distinct parenchymatous pith.
 There is a distinct layer of velamen tissue, which acts as a water absorptive
tissue so as an epiphytic adaptation.
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A

B
Fig. 3.10 : T.S. of Orchid Root
A : Outline Diagram B : Cellular Diagram
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3.6

Anatomy of Hydrophytes and Xerophytes

3.6.1 Study of Structure of Xerophytic Stem : Casuarina
Procedure----Cut a Transverse section of the stem with the help of supporting pith
as described earliar, then choose thin section out of them ,stain in safranin and then
mount in glycerine by placing section in the centre of slide.
The stem is seen as wavy in shape in cross – section and shows ridges and grooves.
Tissues are arranged in following manner:--Epidermis :
It is outer most layer of cells composed of single - layered parenchymatous
epidermis with cuticle. It is highly cutinized layer of cells, help in reducing water
loss.
This layer showing distinctly ridges and furrowed .Stoma are of sunken type in the
furrow regions. There are long multicellular hairs also found in furrow region.
Cortex :
It is consist of hypodermis, palisade and parenchyma .Hypodermis is
sclerenchymatous and compactly arranged thick-walled cells just below the ridges.
Chlorophyll containing palisade tissue is below the sclerenchyma
There are scattered storage tracheids adjoining leaf trace bundles.
Vascular Bundle
The vascular bundles are arranged in ring fashion at the central region of the stem.
Each bundle bundle is of collateral, open type having distinct bundle cap made up
of sclerenchymatous tissues.
Pith
It is distinct, welldeveloped and consist of parenchymatous cells .
Adaptive Anatomical features :
The stem shows the following xerophytic adaptive features :
 Presence of thick cuticle on epidermis, and stomata are of sunken type.
 Presence of epidermal hairs in the furrows to reduce water loss.
 Presence of hypodermal of sclerenchymatous tissue which provide mechanical
rigidity to stem.
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 Presence of palisade assimilatory tissue in the cortical region, which provides
assimilatory properties to the stem.
 Presence of collateral, open type vascular bundles arranged in a ring at the
central region stem. This is a feature of common dicotyledonous stem.

Fig. 3.11 : T.S. of Casuarina Stem ( a portion cellular only)
3.6.2 Study of Structure of Hydrophytic Stem : Hydrilla
Procedure----Cut a Transverse section of the stem with the help of supporting
pith as described earliar ,then choose thin section out of them ,stain in safranin and
then mount in glycerine by placing section in the centre of slide.
The stem is seen as circular shape in cross - section. Tissues are arranged in
following manner:--Epidermis
It consist of single - layered cells which are thin walled. It contains chloroplasts,
so can function as a photosynthetic tissue.
The layer of cuticle is entirely absent.
Cortex
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It makes most part of section. It is composed of thin - walled parenchymatous cells
with scattered air spaces separated from each by diaphragm.
There is a distinct endodermal layer seen which encircling the stele.
Vascular Bundle
This is a reduced structure in which each bundle is simple, concentric and closed
type. The central part is occupied by a single xylem vessel surrounded by phloem
tissues. Xylem tissue is very poorly developed. Phloem tissue is mainly composed
of sieve tube elements only .
Pith
It is totally absent.
Adaptive Anatomical features :
The section shows the features of hydrophytic habitat.:
 Presence of simple and closed type vascular bundle. Xylem tissue is very
poorly developed as compare to phloem.
 Presence of scattered air cavities in the cortical layer which is a hydrophytic
feature.
 Absence of mechanical tissues, stomata and cuticle in the epidermal layer etc.
Thes all are of hydrophytic adaptive features.

Fig. 3.12 : T.S. of Hydrilla stem ( a portion cellular only)
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3.6.3 Study of Structure of hydrophyte Petiole : Nymphaea
Procedure----Cut a Transverse section of the petiole with the help of supporting
pith ,then choose thin section out of them ,stain in safranin and then mount in
glycerine by placing section in the centre of slide.
The petiole is seen as circular shape in cross - section. Tissues are arranged in
following manner:--Epidermis :It is composed of parenchymatous tissue. It is single - layered with multicellular
hairs.
Cortex :It is made up of thick - walled hypodermis and parenchymatous ground tissue
without chambers scattered all over. Trico - sclereids are found within the air
chambers
Vascular Bundles :--Many vascular bundles scattered all over the ground tissue. Each Vascular bundle
composed of xylem and phloem arranged in collateral fashion. Xylem is very
poorly- developed. Vascular bundles are devoid of any type of cambium tissues.
Pith :---It is totally absent.
Adaptive Anatomical Features :
The Petiole shows the features of hydrophytic habitat. The reasons are as
follows:-- Presence of single – layered- epidermis.
 cuticle and stomata – absent on epidermis
 Air chambers found scattered in the cortex.
 tricho-sclereids found in ground tissue
 Vascular bundles- simple type and scattered at centre and away from centre
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Fig. 3.13 : T.S. of Nymphaea petiole ( a portion cellular only)

3.6.4 Study of Structure of hydrophyte Petiole : Eichhornia
Procedures----Cut a Transverse section of the petiole with the help of supporting
pith, then choose thin section out of them, stain in safranin and then mount in
glycerine by placing section in the centre of slide.
The petiole is seen as circular shape in cross - section. Tissues are arranged in
following manner:--Epidermis :It is outer most and single - layered, parenchymatous and devoid of any type of
cuticle, stomata and hairs.
Cortex :--It is distinguishable into a few layered hypodermis at the outer side and
parenchymatous ground tissue made up of 4-5 layers. There are many air cavities
found in the ground tissue
Vascular Bundles :----
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Vascular bundles are scattered in the ground tissue. They are embeded in
parenchyma tissues present in between air chambers.
Each vascular bundle is simple, collateral to concentric and closed type. Xylem
tissue is very poorly developed.
Pith:---It is not at all present .
Adaptive Anatomical Features :
The section shows the features of hydrophytic habitat. The reasons are as follows: Presence of single layered epidermis.
 cuticle and stomata absent on epidermis
 Cortex is devoid of any type of mechanical tissues like sclerenchyma or
collenchyma.
 Many air cavities present in the ground tissue.
 Vascular bundles- less developed and closed type.

Fig. 3.14 : T.S. of Eichhornia petiole ( a portion cellular only)
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3.6.5 Study of Structure of Xerophytic Leaf : Nerium
Epidermis:
Cells of epidermis are radially elongated and thick walled. The thick cutin gets
deposited on the outer surface of cells. Deposition is sometimes mamillate and
multilayered as in Capparis stem. The thickness of deposition is directly
proportional to the xeric conditions. Occasionally, the epidermis is on both the
surfaces.
Leaves are hypostomatic and stomata are usually present in cavity, i.e. stomata are
sunken type.
The stomated cavities are often provided with a dense covering of stomatal hairs so
that the air in the cavity.
Mesophyll tissues:
Mesophyll tissues are well developed and differentiated in xerophytes. These show
a well - marked differentiation into well developed compactly arranged palisade
tissues and loosely arranged spongy tissues.
Palisade cells remain radially elongated to minimize the direct penetration of light.
In Nerium, the compactly arranged palisade tissues are present on both adaxial
(dorsal) and abaxial (ventral) surfaces of a leaf and spongy tissues lie in between
the palisade layers.
The chloroplasts often show a relational distribution in palisade cells. These
remain linearly arranged in a cell which has closer contact with the light.
Chloroplasts can change their position in a palisade cell in response to intensities
of light.
Pericycle: In most cases, pericycle consists of either sclerenchymatous
Xerophytic features :
 Presence of stomata in lower epidermal layer.
 Presence of palisade and spongy mesophyll cells.
 vascular bundles are collateral, closed,.
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 stomata are sunken type on the lower epidermis.
 Presence of distinct stomatal pit surrounded by many trichomes, to reduce
water
 Presence of calcium oxalate crystals.

Fig. 3.15 : T.S. of Xerpotytic leaf : Nerium
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3.6.6 Study of Structure of Hydrophytic Leaf : Typha

E
Fig. 3.16 : V.T.S. of Hydropytic Leaf : Typha
A: T.S. of Leaf, B:Detailed structure of A, C:Detail of Corner of Leaf,
D: Single Vascular Bundle, E: Cellular details
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Epidermis.
The cells of the epidermis are thin walled Epidermis of submerged organs lacks
cuticle, epidermal hairs and stomata.
Cortex.
Cortex is quite well developed and parenchymatous possessing large air chambers.
Few outer layers of the cortex possess chloroplasts.
Mesophyll cells are present but are not differentiated into palisade and spongy
parenchyma. Spongy parenchyma with large air cavities constitutes most of its
part.
Vascular tissues
These are poorly developed. Commonly there is no distinction between xylem and
phloem. Xylem is much reduced and may be represented by single element. Xylem
cells are unlignified. Phloem is comparatively well developed.
Mechanical tissues are less developed. In certain cases, scattered raphides are
present
.

3.7 Viva- Voce
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

What is shoot?
Define protostele.
What is stele?
What is exarch condition?
What is endarch condition?
Differentiate VLS and HLS.
What are cotyledons?
What is Petiole?
Define interxylary phloem?
Define intraxylary phloem?
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Note:
 Locally available monocot & dicot plants may be used for Anatomical
Study.
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Unit - 4
Secondary Growth in Plants
Structure of the Unit:
4.0
4.1
4.2

4.3
4.4

4.5

4.6
4.7

Objectives
Introduction
Secondary growth in Stem
4.2.1 Study of secondary growth in Dicot stem : Aristolochia
4.2.2 Study of secondary growth in Monocot stem : Dracaena
Secondary growth in Root
4. 3.1 Study of secondary growth in Root : Tinospora
Anomalous secondary growth in Stem
4.4.1 Study of Anomalous secondary growth in Stem : Bignonia
4.4.2 Study of Anomalous secondary growth in Stem : Boerhavia
4.4.3 Study of Anomalous secondary growth in Stem : Amaranthus
4.4.4 Study of Anomalous secondary growth in Stem : Chenopodium
4.4.5 Study of Anomalous secondary growth in Stem : Mirabilis
Wood Anatomy in Stem
4.5.1 Study of Wood Anatomy in Stem : Shorea
4.5.2 Study of Wood Anatomy in Stem : Pinus
Viva-Voce
References

4.0 Objectives
After going through this unit you will be able to understand:
 Secondary growth and progressive changes during secondary growth
 Abnormal secondary growth and its advantages to plant
 Wood anatomy and its reason of economic value

65

4.1 Introduction
The growth in thickness by the activity of Secondary tissue is called secondary
thickening or secondary growth. In most dicotyledons and gymnosperms after the
differentiation of Primary tissues, the stem increase in girth by such type of
secondary growth.In many dicotyledonous plants, the pattern of secondary growth
shows a deviation from the normal type. The term anomalous secondary growth is
given to this deviated pattern of secondary growth. In fact, the term anomalous
simply serves to assemble growth patterns that appear abnormal secondary growth
in dicot plants may be studied under two headings (i)
Plants in which cambium is of normal type but its activity is abnormal,
resulting in abnormal arrangement of vascular tissues.
(ii) Plants in which the normal cambium is not formed or if formed, is soon
replaced by accessory cambium.
In monocotyledonous plants, secondary growth is usually absent as the vascular
bundles are of closed type i.e. cambium is absent. But plants like Dracaena, Yucca,
Aloe arborescens, Sansevierja (Fam. - Liliaceae), Agave (Amaryllidaceae) and
Lomandra, Xanthorrhoea and Kingia (Xanthorrhoeacae) exhibit secondary growth
which is anomalous in origin as well as in function.
Wood is an important porous and fibres structure tissue found in woody plants
dicot as well as monocots. This type of wood is used by humankind for fuel and
construction purpose. Basically it is a natural composite of cellulose fibre
embedded in matrix of lignin. Here cellulose fibres provide strong tension while
lignin resist compression. Anatomically wood mostly consist of secondary xylem
and form during secondary growth.

4.2 Secondary growth in Stem
4.2.1 Study of secondary growth in Dicot stem : Aristolochia
The following tissue layers are seen in the T.S. of the stem :
The primary condition the stem shows the uni-seriate epidermis, well differentiated
cortex, ring arrangement of vascular bundles are distinctly collateral and open type,
and also having a distinct pith.
But with the commencement of secondary growth in thickness, both extrastelar and
intrastelar secondary growth are seen, as a result of which periderm and intrastelar
secondary wood formation be formed
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The following tissue layers are seen in the T.S. of the stem :-----Periderm :---It is distinctly perentiated into outer thick layer of cork cells
(phellem), one or two layers of phellogen (cock cambium) and considerable
parenchymatous phelloderm on the inner side. Lenticels are found in number on
the surface layer.
Due to the formation of periderm (a structure formed as a result of extrastelar
cambial activity) the sub - epidermal layers, epidermis gets stretched and ruptures.
The periderm Cortex :--It is bounded by periderm layer and internally by perivascular fibres. It made up of parenchymatous cells. The perivascular fibres, which
form a continuous ring, become broken into as a result of continued secondary
growth in the stelar region.
Vascular Tissues :-by the formation of inter-fascicular cambium and its subsequent
joining with fascicular cambium, a cambial ring is formed. The fascicular
cambium, goes on diving and produces secondary and phloem on the inner and
outer sides, respectively. Thus the primary xylem and primary are pushed apart
from each other. The vascular bundles thus increase enormously in size to
continued activity of the fascicular cambium.
The inter-fascicular cambium simply produces parenchyma cells on the outer and
inner sides. the medullary rays becomes increasingly broader and longer.
Pith:---It is parenchymatous but very reduced
Important Anatomical Feature :
The specimen shows the anatomical features as follows :---(a) Presence of distinct Periderm tissue layers.
(b) Presence of lenticels
(c) Presence of secondary vascular tissue formation within each vascular bundle.
(d) Presence of medullary rays in the interfascicular regions.
(e) Pith distinct, and reduced very much.
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C
Fig. 4.1 : T.S. of Stem Aristolochia
A &B : Outline diagram, C: Cellular diagram
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4.2.2 Study of secondary growth in Monocot stem : Dracaena
As we know that due to the absence cambium, the monocotyledonous stem do not
show any sort of secondary growth thickness. However, some monocotyledonous
like member of Liliaceae, species of Dracaena, Yucca, Cordylin, Agave, show a
peculiar type secondary growth due to the formation cambial layer in the subepidermal region and also just outside the vascular bundle . Inner cambial layer
produces conjunctive tissues with some scattered secondary vascular bundles,
which encircle the primary vascular bundles. The secondary bundles as usual,
amphivasal The outer cambium layer however produces 3 - 5 layers of cells and
lies just below the epidermis.
Following tissue arrangement are found :---Epidermis :It is single - layered ruptured here a there.
Periderm: It composed of cork,cork cambium and sec.cortex, 3 - 5 layers of cork
cells lies just below the epidermis and make conjunctive tissues.
Cortex : It is mostly parenchymatous having many inter cellular spaces
Vascular Bundle : Numerous vascular bundles and scattered in the ground tissue
The bundles are of collateral and closed type. The primary bundles are scattered at
the centre ground tissue. The secondary bundle are present near periphery
Ground tissue: It extends from the inner side of the meristematic zone.The cells
are parenchymatous.It have many inter cellular spaces.
Pith : it is completely absent.
Important Anatomical features :
This shows secondary growth of monocotyledonous stem due to following
reasons:--(a) Epidermis is of uniseriate, cuticularised
(b) 3 - 5 layers of cork cells are found
(c)Conjunctive tissues with Secondary vascular bundles are found.
(d) Primary vascular bundles are scattered in central region.
(e) Each vascular bundles is collateral and closed type.
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A
A-Epidermis, B-Cork, C-Cortex,D-Cambium E- Pri.Vascular bundles
F-Groung tissues, G-Sec.Vas.bundle
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B
Fig. 4.2 : T.S. of Stem Dracaena
A: Outline diagram, B: Cellular diagram

4.3 Secondary growth in Root
4. 3.1 Study of secondary growth in Root : Tinospora
Secondary growth in roots of some herbal dicotyledonous and most of the woody
are normally found. The cambium both within the stele as well as outside (i.e.,
outside the pericycle layer.)
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A few parenchyma cells beneath each phloem group become meristematic and
thus form a strip of cambium. Cells of the uniseriate pericycle lying against the
protoxylem groups now divide and form a few layers of cells. This tissue combine
with cambium to form a cambial ring. This Layer produces secondary vascular
tissue . Thus a continuous layer of secondary xylem and secondary phloem are
formed inside and outside, respectively (with respect to cambial layer). The
primary xylem pushed towards the pith and primary phloem towards the
circumference. Secondary phloem tissues are, however, formed in radial patches
only. Periderm is formed from the outer cambial layer, which is developed just
outside the pericycle. It is composed of outer cork cell layers (phellem) inner
phelloderm layer and middle phellogen layer. The pressure developed due to the
formation of secondary tissues inside ruptures cortex with endodermis.
Lenticels are also formed.
The detailed tissue arrangement is given below :---Periderm: It is composed of outer cork cell layers (phellem) inner phelloderm
layer and middle phellogen layer.
Cork :---It is rectangular,dead and subeized cells. It forms the external boundary
due to sloughing off of cortex and epidermis It is several layer thick.
Cortex:-Thin walled cells,parenchyamtous, having numerous inter cellular spaces.
Pericycle :--- There are a few layers of parenchymatous cells.
Vascular Bundles :- It consist of Pri. phloem, Sec. phloem, cambium, Sec. xylem,
medulary rays and pri.xylem.Primary xylem is pushed into the pith region. It is
encircled by thick layers of secondary xylem by ray cells. Secondary phloem lies
external to the secondary xylem layers. Primary is limited to certain patches only.
Important Anatomical features :
This shows secondary growth due to following reasons:-- There is presence of periderm cork layer is formed in the deeper zone.
 primary xylem is pushed into the pith, which is then externally encircled by
secondary xylem.
 Phloem tissues however, remain, in radial patches.
 The root nature is revealed by the presence of radial primary xylem at the
centre and protoxylem is of exarch type.
 The rays are relatively broad.
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A

A-Cork,
B--Cortex,
C- Pri. Phloem,
D-Sec.Phloem
E-Cambium,
F- Medu. Rays G
Sec.xy.,
H- Pri. Xy.
I-Pith

B
Fig. 4.3 : T.S. of Root Tinospora
A : Outline Diagram B : Cellular Diagram
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4.4 Anomalous secondary growth in Stem
4.4.1 Study of Anomalous secondary growth in Stem : Bignonia
Its common name is Cat’s claw of family Bignoniaceae. The following tissue
layers are seen in the T.S. of the stem :
Epidermis : ---It is outermost ,single layer of cells,uniseriate and highly
cuticularised. It is wavy in outline.
Cortex :----It isfollowed by epidermis.It is parenchymatous and bounded internally
by a starch sheath layer.
Endodermis:--It is not distinct.It is also called as starch sheath.
Pericycle :--These are scattered patches of sclerenchymatous cells, particularly
under the ridges of the stem.
Vascular Bundles :---In young stem vascular bundles are arranged in a ring and
cambium is normal in disposition. Secondary growth starts, the cambial ring is
formed and then it cuts off different proportions xylem and phloem at different
points. At four points(some times more also), the formation of secondary xylem is
reduced and that of secondary phloem correspondingly increased. As a result of
this, a peculiar structure having ridged and furrowed of xylem cylinder is formed.
Pith :-It is parenchymatous in nature .
Important Anatomical features :
This shows anomalous secondary growth due to following reasons:-- Presence of four grooved xylem and deep sec.phloem wedges
 Presence of Scattered patches of sclerenchymatous tissues in the pericycle
o It shows following typical dicotyledonous stem structure characters:---o Endodermal layer-present
o Vascular bundles- arranged in ring,each vas.bundle collateral and open
o Pith zone-present
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B
Fig. 4.4 : T.S. of Stem-Bignonia
A : Outline Diagram B : Cellular Diagram
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4.4.2 Study of Anomalous secondary growth in Stem : Boerhavia
Its common name is Punarnava it is member of family Nyctaginaceae. The
following tissue layers are seen in the T.S. of the Boerhaavia stem :---In members of families Amaranthaceae, Chenopodiaceae and Nyctaginaceae etc.,
anomalous structures are in different ways. The vascular bundles normally appear
either in a ring or remain irregularly scattered in the ground tissues (medullary
bundles). They are, as usual, collateral open type. Cambial activity continues in the
individual bundles, for a very short period, and soon ceased. Sec. cambium arises
on the outer side of the bundles. This cambium cuts of secondary bundles on inner
side, which remain embedded in a non - vascular tissue, are known as conjunctive
tissue.
The following tissue layers are seen in the T.S. of the stem :---Epidermis :----It is outer most single – layered of cells with distinct cuticle at
outer face .It also have scattered stomata.
Cortex:-It is distinguished into many layers - (a) hypodermis composed of
Collenchymatous cells, middle cortex, composed of parenchymatous cells with
intercellular spaces and (c) starch sheath or endodermis.
Stele :- Primary vascular bundles are scattered in the parenchymatous tissues. Each
vascular bundle is collateral, and open type. Secondary growth in these bundles
is very limited in nature.
Secondary cambial layer is formed just outside the primary vascular bundles. This
cambial layer produces patches of secondary phloem outside and secondary xylem
inside along with the formation of massive thick - walled conjunctive tissue inside
the cambial layer.
Pith :---This region is not clearly demarcated. Scattered distribution of primary
vascular bundles in the parenchymatous ground tissue is seen .
Important Anatomical features :
This shows anomalous secondary growth due to following reasons:--It shows the features of a typical dicotyledonous stem with accessory cambial
activity secondary growthin the following manner:----- Hypodermis—present, collenchymatous in nature , cortex-- parenchymatous
and endodermis also called as starch sheath layer.
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 primary vascular bundles--- present,Each Vas.bundle is conjoint, collateral and
open type
 secondary cambium develops just below the endodermal layer, and this
cambium secondary vascular tissues along with thick - walled conjunctive
tissue.

A

B
Fig. 4.5 : T.S. of stem : Boerhaavia
A: Outline diagram, B: Cellular diagram
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4.4.3 Study of Anomalous secondary growth in Stem : Amaranthus
Its common name is Chaulai,It belongs to the family Amaranthaceae
The stem of Amaranthus shows anomalous secondary growth, identical to that of
Boerhaavia sp. The following tissue layers are seen in the T.S. of the stem :--Epidermis :----It is uniseriate layer of cells are barrel to rectangular shape. Cells
are parenchymatous and cuticularised.
Cortex :--It is many latered ,differentiated into collenchymatous hypodermis,
parenchymatous cortex and starch layer or endodermis.
Vascular Bundles :---- It is just below the starch sheath.These are scattered in the
ground tissue. Each bundle is collateral, conjoint and open type.Secondary growth
limited to each bundle, but soon it stops.
Secondary cambium develops just below the endo-dermal layer. It produces
secondary xylem along with thin - walled conjunctive tissue and secondary phloem
in patches towards the dermal side.
Pith :---- It is parenchymatous in nature.
Important Anatomical features :
This shows anomalous secondary growth due to following reasons:--(i) Hypodermis, cortex and starch sheath layer---present
(ii) Primary Vascular bundles are--- conjoint, collateral and open type.
(iii) Pith distinct and parenchymatous.
In the beginning ,there are numerous scattered primary vascular bundles.These
bundles are collateral and open and show little amount of sec growth.This activity
stops after some time.These bundle come to lie in the medulla and so called
medullary bundle.Sec.growth begin laterwith development of a new cambium
outside the stele.The cambium cut off vascular bundles on the out side,thse sec
bundle remain embedded in the conjunctive tissues.Such rings of vascular bundle
give appearance of included phloem.This.is a case of anomalous secondary growth.

78

A

B
Fig. 4.6 : T.S. of Stem-Amaranthus
A : Outline Diagram B : Cellular Diagram
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4.4.4 Study of Anomalous secondary growth in Stem : Chenopodium
Its common name is Bathua and it belongs to the family of Chenopodiaceae.
The following tissue layers are seen in the T.S. of the stem :----The stem of Chenopodium album of the family Chenopodiaceae.There is a
concentric ring of primary bundles (medullary) which are collateral and open type.
They grow in thickness to some extent and then a anomalous secondary increase
,when concentric Zones of vascular bundles arise from successive rings or arcs of
secondary cambium originating in pericycle or phloem. Conjunction tissues with
lignified walls are also formed by the cambium in which the bundles remain
embedded. A very importantly, the occurrence of isolated strands of phloem,
called phloem islands, buried in the secondary xylem. It becomes possible because
phloem patches arise centrifugally as usual, and then short arcs of secondary
develop on their outer side, which go on producing normal tissues, resulting in the
complete enclosure of the phloem patches.
T.S. of the stem shows the following features :---Epidermis :--- It is single - layered, cuticularised and parenchymatous and having
barrel-shaped cells.
Cortex :--- Although it is small part and distinguishable into collenchymatous
hypodermis, parenchymatous cortex proper innermost stretch sheath layer.
Vascular tissue system :--- The primary bundles are collateral, conjoint and open
type and are arranged in ring. Secondary cambium is developed in the pericycle
region, which produces phloem pathches within the secondary xylem inwards
along with thick - walled conjunctive tissues. These phloem patches are interxylary in nature, formed due to abnormal secondary cambial activity.
Pith :---It is well developed , distinct and parenchymatous in nature.
Important Anatomical features :
This shows anomalous secondary growth due to following reasons:--(i) Hypodermis- is present , cortex-is made up of parenchymatous cells
(ii) Primary vascular bundles are conjoint, collateral and open type.
(iii) concentric ring of primary bundles (medullary) which are collateral and open
type.
Secondary vascular tissues are formed from the secondary or accessory cambium
which in the pericycle region. This cambium also produces inter-xylary phloem
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along with secondary xylem and thick - walled conjunctive tissues arranged in
concentric rings.

A

B
Fig. 4.7 : T.S. of Stem-Chenopodium
A : Outline Diagram B : Cellular Diagram
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4.4.5 Study of Anomalous secondary growth in Stem : Mirabilis
Its common name is Gulabas or Four o’ clock plant ,it is member of family
Nytaginaceae.
The following tissue layers are seen in the T.S. of the stem :---The stem is rather quadrangular in outline. It slightly resembles that of Boerhaavia,
but the medullary bundles are more numerous. Those occurring towards the
periphery are smaller in size and more crowded whereas those at the central region
are larger and more spaced out. cambium cuts off secondary tissues, usually
secondary xylem elements on the inner side remain embedded in the conjuctive
tissue. Secondary phloem elements are occasionally formed the cambium produces
very little secondary tissues on the outer side.
TS of stem is quadrangular in outline.
Epidermis :----It is uniseriate layer of cells are barrel to rectangular shape. Cells
are parenchymatous and cuticularised.stomata and hairs are also present on this
layer
Cortex :--It is many latered ,differentiated into collenchymatous hypodermis,
parenchymatous cortex and starch layer or endodermis.
Vascular Bundles :---- It is just below the starch sheath.These are scattered in the
ground tissue. Each bundle is collateral, conjoint and open type.
Numerous vascular bundles are scattered in the pith and are called as medullary
bundles.
Pith :---- It is central part and parenchymatous in nature.
Important Anatomical features :
This shows anomalous secondary growth due to following reasons:--Primary vascular bundle in young stem are collateral, conjoint and open type. Sec
growth starts with formation of sec cambium in the parenchyma closer to
pericycle .it forms sec. xylem on its inner side while small amount of sec phloem
on its out side.It remains embedded in conjunctive tissues which are thick walled.
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A

B
Fig . 4.8 : T.S. of Stem-Mirabilis
A : Outline Diagram B : Cellular Diagram
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4.5 Wood Anatomy in Stem
From the beginning of life man found wood as indispensable to his
existence.primitive man used the wood in construction of shelters,utencils and
fashion rafts and canoes to cross rivers.Indian forets are predominantly nonconiferous,just 23% of total.The three important conifer are Chir pine,Deodar,Blue
pine. Among the heart wood species ,Teak,Sal,Sissoo are of national importance.
From anatomically point of view we can say that in woody dicots and
gymnosperms the cambium continues to produce inwardly sec.xylem and
outwardly sec.phloem year after year,so that the stem increases progressively in
thickness.In the temperate zone the cambium experiences alternating period of
activity and dormancy so,growth rings can be seen.
4.5.1 Study of Wood Anatomy in Stem : Shorea
Wood of Shorea
General properties :
Sapwood and heartwood usually distinct; sapwood pale white with a brownish
tinge; heartwoodlight brown to brown turning reddish - brown on exposures;
usually heavy to very heavy (sp. gr 0.6 1.0 air dry); interlocked - grained, often
showing characteristic ribbon bands; medium to textured.
Gross features :
Wood diffuse - porous, growth rings usually absent or indistinctly marked, 2 - 6
rings Per occasional thick concentric bands of gum ducts; pores moderately large
and fairly distinct to eye, roundish to oval in shape, tyloses usually scanty; rays
fine to moderately broad; gum vertical, irregularly spaced; ripple marks normally
absent but occasionally a tendency towards storied arrangement
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Fig. 4.9 : T.S. of Wood showing sap wood and heart wood

4.5.2 Study of Wood Anatomy in Stem : Pinus
General properties:
Wood dark coloured, with distinct annual ring, resin ducts interspersed.
Gross features
Tracheids more or less quadrilateral in cross - section and possess one or two rows
of border pits along the radial walls only; secondary medullary rays and resin
canals and ducts forming anastomosing system; medullary ray cells usually one
cell wide, narrow; bordered Pitted tracheids elongate radially; bars of sanio or
crassulae distinct.
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Fig. 4.10 : Wood Anatomy of Pinus ( A: Spring and autumn wood,
Medullary ray in T.L.S. and R.L.S.; B : T.S. of schizogenous resin canal )

4.6 Viva-Voce
1.
2.
3.
4.

What is shoot ?
What is annual ring?
What is vascular bundle?
What is heartwood?
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5. What is exarch condition?
6. What is endarch condition?
7. DifferentiateTS, VLS and HLS.
8. What is phellogen (cork cambium?
9. What is anomalous secondary growth?
10. What is the difference between intraxylary phloem and interxylary phloem?
11. What is periderm?
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Unit - 5
Microsporogenesis, Pollen Germination &
Pollen Viability
Structure of the Unit:
5.0
5.1
5.2

Objectives
Introduction
Microsporogenesis in Anthers
5.2.1 Study of structure of Anther
5.2.2 Study of structure of Microspore (Pollen)
Pollen Germination
5.3.1 Study of Germination of Pollen Grains & structure of Germinated
Pollen Grain
Pollen Viability Test
5.4.1 Methods to test Pollen Viability
Viva-Voce
References

5.3

5.4
5.5
5.6

5.0 Objectives
You will be able to understand following reproductive concepts about
angiosperms:




Introductory aspects about microsporangium and microsporogenesis.
Structure of microspore.
Pollen germination technique and structure of male gametophyte.
Study of pollen viability in angiosperms.

5.1 Introduction
In angiosperms there are two generations Sporophytic and gametophytic. The
gametophytic generation is very small and is completely enclosed within the
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tissues of the parent sporophyte. The male gametophytes, or microgametophytes,
are pollen grains. The female gametophyte, or megagametophyte, is the embryo
sac. Pollen grains and the embryo sac both are produced in separate, specialized
structures of the angiosperm flower. Both male and female structures usually occur
together in the same individual flower. Flowers and reproductive organs develop
seasonally, at times of the year most favourable for pollination. Pollen grains form
in the two pollen sacs located in theanther. Each pollen sac contains specialized
chambers in which the microspore mother cells are enclosed and protected. The
microspore mother cells undergo meiosis to form four haploid microspores.
Subsequently, mitotic divisions form four pollen grains. Each pollen grain contains
a vegetative nucleus and a generative nucleus. Later generative nucleus divides
mitotically and forms two male gametes. During meiosis in the microspore mother
cells cytokinesis may be of the successive or the simultaneous type. In the former a
cell plate is laid down immediately after the first meiotic division and another in
each of the two daughter cells after the second meiotic division. In the
simultaneous type, on the other hand, no wall is laid down after the first division
and the mother cell becomes separated all at once into four parts after both the
meiotic divisions are over.
Pollen viability is the period for which pollen grains retain the ability to germinate.
Pollen viability is little in flowers which are pollinated in bud condition. It is 30
minutes in Rice and Wheat. In others the period of viability is long, even months in
some members of family rosaceae, leguminosae and solanaceae. It, however,
depends upon environmental conditions of temperature and humidity. It is possible
to store pollen grains for years in liquid nitrogen (- 196°C) in pollen banks for later
use in plant breeding programmes

5.2 Microsporogenesis in Anthers
Microsporogenesis is the developmental process leading to the production of four
haploid spores from a diploid sporocyte by meiosis and cytokinesis. Each
microsporocyte produces four microspores arranged in various patterns, resulting
in differently shaped tetrads: tetrahedral, tetragonal (or isobilateral), decussate,
rhomboidal, T-shaped, and linear. The existing typological convention for
microsporogenesis recognizes two patterns simultaneous type and successive type.
Each microspore enters into microgametogenesis in which the nucleus of
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microspore divides mitotically to produce a bigger vegetative cell and a smaller
generative cell. Generative cell divides mitotically and forms two male gametes
and finally trinucleate microgametophyte is formed.
5.2.1 Study of structure of Anther
Methodology:
A transverse section of an anther can be used to study the structure of an anther.
Whole anther or section of buds in case of small or minute flowers can be used as
dissecting material.
Observations:
1. Structure of Young Anther:
A T. S. of young anther shows four distinct lobes as outline. Outermost layer
epidermis of cutinified cells is seen. Four small patches of archesporial cells are
seen. Below epidermis 3-4 layered parenchymatous zone is present. Innermost
layer of these initial is tapetum that nourishes developing pollen grains. A group of
archesporial cell surrounded by tapetal layer present that act as sporogenous tissue
and forms microspore mother cells. Microspore mother cells divide meiotically and
forms micropores (pollen grains). A procambial strands in middle /central portion
also present.
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2. Structure of Mature Anther
Stamen is the male reproductive organ or microsporophyll of a flower. It consists
of two parts, filament and anther. Filament is long and slender stalk. It is attached
proximally to thalamus, petal or tepal and distally it bears an anther. Anther is
broader knob- like fertile part of the stamen. It consists of one or two anther lobes
and accordingly, anthers are called monothecous or dithecous. The two anther
lobes are separated in the anterior region by a deep groove but are attached to each
other on the back side by a sterile parenchymatous tissue called connective.
Connective possesses a vascular strand. Connective is absent in monothecous
stamen. A dithecous anther is tetrasporangiate while monothecous stamen is
bisporangiate.

Fig. 5.2 : Structure of Mature Anther
Epidermis
All the microsporangia are covered on the outside by a well-defined common
epidermis of the anther. Epidermal cells often become stretched and shrivel off at
maturity. The epidermis is the outermost layer of the anther, undergoes only
anticlinal divisions. Its cells become greatly stretched and flattened in order to keep
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pace with the enlargement of the anther, and in many plants, especially those of
dry habitats, they eventually lose contact with each other so that only their
withering remains can be seen at maturity.
Endothecium
The layer of cells lying immediately beneath the epidermis is the endothecium. Its
maximum development is attained at the time when the pollen grains are about to
be shed. The cells become radially elongated, and from their inner tangential walls
fibrous bands run upward, ending near the outer wall of each cell.
Middle layers
Just below to endothecium, generally one to three layers of meristematic tissue
present. "middle"layers. These are flattened and crushed at the time of the meiotic
divisions in the microspore mother cells.
Pollen chambers
A typical angiosperm anther is bilobed with each lobe having two theca, i.e., they
are dithecous. A longitudinal groove runs lengthwise separating the theca. The
bilobed nature of an anther is very distinct in the transverse section of the anther.
The anther is a four-sided (tetragonal) structure consisting of four pollen chamber
or microsporangia covered by a nursing layer of cells i.e. Tapetum, located at the
corners, two in each lobe. These extend longitudinally all through the length of an
anther and are packed with pollen grains.
Tapetum: Structure and Function
The innermost wall layer or tapetum is of considerable physiological significance,
for all the food materials entering into the sporogenous cells must pass through it.
Tapetal cells are full of dense cytoplasm, and at the beginning of meiosis the
tapetal nuclei may also undergo some divisions. Because of these similarities of
appearance and behavior between the cells of the tapetum and the
micrcsporogenous tissue, earlier botanists supposed that the former is derived by a
sterilization of the outer sporogenous cells. Developmental studies of a precise
nature have, however, nearly always confirmed its parietal origin. The nuclear
divisions in the tapetum were formerly believed to be amitotic, but further studies
have shown that this is incorrect and that appearances suggesting amitosis are
really caused by mitotic irregularities and nuclear fusions.
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Sporogenous tissue
The primary sporogenous cells give rise to the microspore mother cells. In some
plants the sporogenous cells undergo several divisions, in others only a few
divisions, and rarely there are no divisions at all, so that the primary sporogenous
cells functions directly as the microspore mother cells.
5.2.2 Study of structure of Microspore (Pollen)
Methodology
Smear of pollen grains stained by various counter stains can be used to study
structure of pollen grain, observed under microscope.
Observations
It is commonly globular in outline, though several other shapes are also found. The
diameter is 25-50 µm. There is a highly resistant wall on the outside and cellular
contents inside. Wall or covering of pollen grain is called sporoderm. It has two
layers, outer exine and inner intine. Intine is pecto-cellulosic in nature. At places it
contains enzymatic proteins (Knox and Heslop-Harrison, 1971). Exine is made of a
highly resistant fatty substance called sporopollenin (Zelisch, 1932). Sporopollenin
is not degraded by any enzyme. It is not affected by high temperature, strong acid
or strong alkali. Because of the sporopollenin, pollen grains are well preserved as
microfossils. At places, exine possesses proteins for enzymatic and compatibility
reactions. Exine is differentiated into outer ektexine (sexine) and inner endexine
(nexine). Exine is further made up of an inner continuous foot layer, a middle
discontinuous baculate layer and outermost discontinuous tectum. Tectum provides
a characteristic sculpturing or designs over the surface of pollen grain, e.g., ridges,
tubercles, spines, reticulations. It can help experts to identify the pollen grains and
refer them to their family, genus or species. The study of external morphology of
mature pollen grains is called palynology.
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Fig. 5.3 : Structure of Pollen Grain (Microspore)
In insect pollinated pollen grains the exine is spiny as well as covered over by a
yellowish, viscous sticky and oily layer called pollenkit. Pollenkit is made up of
lipids and carotenoids. At certain places the exine is thin or absent. The areas may
have thickened intine or deposition of callose. They are called germ pores (if
rounded) or germinal furrows (if elongated). Pollen grains are generally tricolpate
(with three germ pores) in dicots and monocolpate (with single germinal furrow) in
monocots.
Its cytoplasm is rich in starch and unsaturated oils. The latter protect the
chromosomes from radiation damage. Pollen grain protoplast is uni-nucleate in
the beginning but at the time of liberation it becomes 2-3 celled.

5.3 Pollen Germination
The microspore is the first cell of the gametophytic generation. During
gametogenesis, the nucleus of microspore divides mitotically to produce a bigger
vegetative cell and a smaller generative cell. The generative cell is initially
attached to the wall of the pollen grain but later comes to lie freely in the
cytoplasm of the vegetative cell. Before the start of pollen mitosis, the nucleus of
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microspore is displaced from the centre toward one side of the cell. At this stage,
the cytoplasm between the nucleus and the wall, on the side where vegetative cell
isto be cut becomes highly vacuolated. Initially, the cytoplasm of the vegetative
cell and that of the generative cell are separated by two plasma-membranes. The
wall of the generative cell is so on formed in between the two cell membranes and
adjoins the intine (innermost layer of pollen wall) on either side of the generative
cell. The wall of the generative cell grows inwards between the plasmalemma of
the generative cell and the intine untilthe two ends of the wall meet and fuse and
the cell is finally pinched of. Soon the wall of the generative cell disappears and
the cytoplasm of the generative cell remains enclosed in two plasm membranes, its
own and the detached invagination of the plasmalemma of the vegetative cell.
Male gametophyte
After its formation, the generative cell separates from the intine and moves to a
position where it is completely enclosed by the vegetative wall. The sperm cells
are formed by mitotic division of the generative cell. In a mature anther, the
tapetum degenerates while the outer endothecial cells become fibrous. At this
stage, the dehiscence of anther takes place and the pollen grains are released. The
pollen grains are shed either at bicelled or tri-celled stage. The first division of the
microspore gives rise to the vegetative and generative cells. In Allium, where the
nucleus is strongly flattened on the wallward side, the asymmetry is extreme; in
Pancratium, where it is only slightly flattened, the asymmetry is much less
pronounced; and Tradescantia shows an intermediate condition. The direct cause
of the asymmetry has been attributed to a difference in the time of development of
the two spindle poles, the wallward or generative pole developing more slowly
than the vegetative, presumably because of the smaller amount of cytoplasm
associated with the former. With the onset of the anaphase, the asymmetry
becomes less pronounced. In the telophase the generative chromosomes are
arranged in a plane surface parallel to the inner wall of the microspore, while the
vegetative ones form a somewhat hemispherical pattern. Symmetrical spindles
have been observed only occasionally. To mention a few examples, in Asclepias
and Anthericum both the poles of the spindle are blunt; in Adoxa both are more or
less pointed; and in Podophyllum both symmetrical and asymmetrical spindles are
said to occur in the same loculus. Further, in Adoxa, Myricaria, Sambucus,
Colylanthera, and Uvularia the spindle is not situated near the wall of the pollen
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grain but occupies almost the entire width of the latter. In any case the cells formed
by the division are always unequal, although the conditions which bring about this
result are not clearly understood.
The separating wall between the two pollen grains is pitted and only one of them
produces a pollen tube, the other presumably serving as a source of food material.
It may be noted that unlike the reduction divisions, which occur more or less
simultaneously in all the microspore mother cells of an anther, the microspores
usually divide without any such synchronization, and the same loculus may show
different although not widely separated stages of division and development. In
those plants in which the microspores remain together in a tetrad, all four cells in a
tetrad are usually in the same stage of division, but not all the tetrads of an anther.
A complete synchronization may perhaps be expected only where the microspores
are united into pollinia (Mimosaceae, Asclepiadaceae, and Orchidaceae), for here
the cells probably exercise some influence over one another through the
uncuticularized walls which lie between them. Exceptions do occur, however, even
in such cases. The pollinium of Acacia baileyana shows one of the microspores in
prophase, another with the tube and generative cells already formed, and the rest in
various intermediate stages.
There is considerable variation in the form of the generative cell. Usually it is
elliptical, lenticular, or spindle-shaped, but in Cuscuta and Ottelia it becomes long
enough to occupy the entire width of the pollen grain, coming quite close to the
inner wall of the latter on either side. In Monochoria it is one and a half times as
long as the diameter of the pollen grain and is accommodated in the latter only by
the incurving of its whip-like ends. In Campanula ranunculoides the two ends are
dissimilar, one being pointed and the other more or less blunt and swollen so as to
look like a "head." There are also occasional reports of changes in the form of the
generative cell. More frequently, however, such appearances are merely due to the
plane of sectioning. A spindle-shaped cell appears round when cut across and oval
when cut obliquely. In fixed material the cytoplasm of the generative cell is usually
distinguishable from that of the vegetative by its hyaline appearance and general
lack of food materials. Plastids and chondriosomes have, however, been
demonstrated in a few cases, and some studies on living pollen grains and pollen
tubes have confirmed the presence of a vacuome and mitochondria in the
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generative as well as the sperm cells of Narcissus, Asclepias, Vinca, Crinum, and
Lilium.
In very young pollen grains the reserve food consists almost entirely of droplets of
fat, and starch formation begins only after the pollen grains have increased in size.
Certain proteinaceous bodies have also been reported in pollen grains and pollen
tubes but their exact origin remains unknown. They probably arise in plastids but
soon become liberated in the general cytoplasm of the pollen grain and pollen tube.
The generative cell may divide either in the pollen grain or in the pollen tube.
Formerly the second condition was believed to be the more frequent, but during
recent years three-celled pollen grains have been reported in several genera and it
seems certain that many of the older records were based on a study of immature
pollen. There is also considerable evidence to indicate that even in those plants in
which the pollen grains are shed in the two-celled condition, the generative nucleus
is already in the prophase stage and the process of division is merely continued in
the pollen tube. Sometimes the nucleus may even show a pro-metaphase stage
which is distinguishable from a typical metaphase only by the delay in the
dissolution of the nuclear membrane and the organization of the spindle.
Occasionally both two- and three-celled pollen grains have been reported in the
same plant, as in the cleistogamous flowers of Viola, in Dionaea, Circaeaster,
Nicotiana, and Iris, but this is probably due to environmental influences. In
Holoptelea integrifolia the pollen grains are shed at the two-celled stage, but the
generative cell divides on the surface of the stigma before the pollen tube has
started to grow. Details of the division of the generative cell vary depending on
whether it takes place in the pollen grain or in the pollen tube. In the former case,
spindle fibers and a normal metaphase plate have been regularly observed, and the
process does not seem to differ essential way from a normal mitosis. Cytokinesis,
resulting in a bipartitioning of the cell, may take place either by a process of
furrowing as in Juncus or by the laying down of a cell plate as in Asclepias and
Portulaca.
The vegetative nucleus or Tube nucleus had an important role in directing the
growth of the pollen tube. The vegetative nucleus is not always in the distal end of
the pollen tube (where it would be most expected if it had any important function
in directing the growth of the tube) but frequently lies considerably behind the
male gametes. When the tube becomes branched as in Aconitum, Cucurbita, and
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Papaver the individual branches continue their growth for an appreciable period,
although only one of them contains the vegetative nucleus. In Ulmus, Senecio,
Crepis, and Secale it degenerates even before the pollen grains begin to germinate
and does not enter the tube at all; nevertheless the tube continues to function
normally. In Chenopodium, Atriplex, and Salsola it seems to break up and diffuse
into the surrounding cytoplasm and in Musa and Senecio it fragments into small
bits which seem to be quite functionless. In some other plants also the vegetative
nucleus assumes a very abnormal appearance. For instance, in the pollen tubes of
Viola odorata it becomes 4 times, in Cymbidium bicolor 18 times, and in
Vallisneria americana 27 times longer than broad. In a few members of the
Labiatae and in Nicotiana the elongation is sufficiently pronounced to give it a
filamentous outline. On the basis of these and other data regards the vegetative
nucleus as a vestigial structure without any important function in the growth of the
pollen tube. This view was studied in pollen grains of Crinum. It is stated that soon
after its formation the vegetative nucleus increases in size and becomes amoeboid.
Later it indicates a decomposition of the chromatin. Therefore, that it is a
degenerating structure without any important function in the life of the pollen tube.
While further evidence would be welcome, it seems safe to conclude that the old
view attributing a leading role to the vegetative nucleus in the growth and direction
of the pollen tube now needs modification. It is likely that these functions are
really discharged by the nucleus of the generative cell itself and later by the nuclei
of the two male cells formed by its division.
5.3.1 Study of Germination of Pollen Grains & structure of Germinated
Pollen Grain
Methodology
Take mature anthers of easily available angiospermic plants and crush these to
obtain pollen grains. Now make 15% solution of sugar and add a pinch of boron
powder into it. Fill Cavity slides with this solution. Add collected pollen grains
into these drops of sugar solutions into cavity slides. Leave it for whole night. Now
stain these and study under microscopes.
Observations
The microspore is the first cell of the gametophytic generation. During
gametogenesis, the nucleus of microspore divides mitotically to produce a bigger
vegetative cell and a smaller generative cell. The generative cell is initially
attached to the wall of the pollen grain but later comes to lie freely in the
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cytoplasm of the vegetative cell. Before the start of pollen mitosis, the nucleus of
microspore is displaced from the centre toward one side of the cell. At this stage,
the cytoplasm between the nucleus and the wall, on the side where vegetative cell
is to be cut becomes highly vacuolated. Initially, the cytoplasm of the vegetative
cell and that of the generative cell are separated by two plasma-membranes. The
wall of the generative cell is so on formed in between the two cell membranes and
adjoins the intine (innermost layer of pollen wall) on either side of the generative
cell. The wall of the generative cell grows inwards between the plasmalemma of
the generative cell and the intine until the two ends of the wall meet and fuse and
the cell is finally pinched of. Soon the wall of the generative cell disappears and
the cytoplasm of the generative cell remains enclosed in two plasm membranes, its
own and the detached invagination of the plasmalemma of the vegetative cell.
After its formation, the generative cell separates from the intine and moves to a
position where it is completely enclosed by the vegetative wall. The sperm cells
are formed by mitotic division of the generative cell. In a mature anther, the
tapetum degenerates while the outer endothecial cells become fibrous. At this
stage, the dehiscence of anther takes place and the pollen grains are released. The
pollen grains are shed either at bicelled or tri-celled stage.

Fig. 5.4 : Germinated Pollen Grain
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Fig. 5.5: Microscopic view of Germinated Pollen Grain

5.4 Pollen Viability Test
Pollen Viability
It is the period for which pollen grains retain the ability to germinate. Pollen
viability is little in flowers which are pollinated in bud condition. It is 30 minutes
in Rice and Wheat. In others the period of viability is long, even months in some
members of family rosaceae, leguminosae and solanaceae. It, however, depends
upon environmental conditions of temperature and humidity. It is possible to
store pollen grains for years in liquid nitrogen (- 196°C) in pollen banks for later
use in plant breeding programmes. Pollen has a very important role in the flow of
genes in plants, especially in plants that are out-crossing. It is especially important
to investigate the pollen when transgenic plants are formed and also to compare it
with that of non-transformed plants. A risk assessment is important before
allowing transgenic cultivars to be released. To get a good risk assessment of the
plant, different methods can be used, e.g. pollen viability. This is to get an
indication of the ability of the pollen grain to perform the function of delivering the
sperm cell to the embryo sac during pollination. There are several methods that can
be used for evaluation of pollen viability, e.g. different staining techniques (aniline
blue for detection of the callose in the pollen walls and pollen tubes, iodine to
determine starch content, etc.), by in-vitro and in-vivo germination tests or
analyzing seed set e.g. from crossings. The methods used depend on the crop being
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investigated. There is currently very little information on which method is best for
different crops. Using information from different tests that have been carried out
on other crops can help refine methods. For example, the development of a
viability test for tall fescue (Festuca arundinacea) by Wang et al. (2004) is a good
method that can be used. The work on tall fescue has provided the background for
the development of a viability test for the species Campanula carpatica.
5.4.1 Methods to test Pollen Viability
1. Staining for Pollen Viability
The first method for testing pollen involves determining viability by staining.
Fresh pollen
and dead pollen from plants grown from seeds is tested using:
(a) The X-gal test to determine the content of β-galactosidase (an enzyme
involved in the
lactose degradation (Atiaksheva et al., 2000)). The X-gal test consists of a solution
of 1 mg Xgal (5-bromo-4-chloro-3-indoyle-β-galactoside) that is dissolved in 50
μL N,N-dimethylformamide and 1 mL acetate buffer (50 mmol with pH 4.8).
Observation and Result:
Viable pollen turns blue.
(b) A test for the content of dehydrogenase (an enzyme) using a 1% solution of
substrate
2,3,5-triphenyl tetrazolium chloride (TTC) or by 2,5-diphenyl monotetrazolium
bromide
(MTT) in a 5% sucrose solution.
Observation and Result:
Viable pollens turn deep pink.
(c) A test with aniline blue for detection of callose in pollen walls and tubes. The
aniline blue lactophenol solution contains 5 mL 1% aqueous aniline blue, 20 mL
phenol, 20 mL lacticacid, 40 mL glycerine and 20 mL water.
(d) Lugol solution to detect starch content in the pollen. The Lugol solution
consists of iodine and potassium iodide.
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Observation and Result:
Viable pollen turns black.
(e) The fluorochromatic reaction (FCR) test to determine the esterase activity and
the
intactness of the cell membrane. The fluorochromatic reaction test consists of
fluorescein
diacetate dissolved in acetone (2 mg mL-1) and is used on 10-6 mol L-1 in 0.8 mol
L-1 sucrose. The pollens are then investigated under a fluorescence microscope.
2. Pollen Tube Germination
In the second method for testing the viability, germination tests can be carried out
to measure pollen viability. There are two major tests, which can be divided in two
different parts. In in-vitro germination, pollen is grown on a specific media. In in
vivo germination pollen is grown on the stigma of the plant.
a. in-vitro germination for pollen viability
Fresh harvested pollen is grown on a medium containing sucrose, boric acid and
calcium nitrate. These compounds have been shown to be very important for pollen
germination indifferent species. The pollen is grown in a humid environment and
at room temperature (~20°C). The pollen is considered mature when the pollen
tube length is longer than the diameter of the pollen grain.
b. in- vivo germination for pollen viability
In this test, pollen is taken from the flower and grown on the surface of the stigma.
The stigma surface is placed on a microscope slide after it has been pollinated and
then incubated at room temperature with high humidity for a short period (40+
mins), with different time periods for different species. The style is then stained
with 0.05% aniline blue in a potassium phosphate (K2PO4) buffer for 2-3 minutes.
The stained style is then examined under a UV excitation filter (330-380 nm) and a
barrier filter transmitting above 420 nm (Kedar & Clyton, 1998).

5.5 Viva-Voce
1.
2.
3.

Define Microsporogenesis.
Name the wall layers of microspore/pollen.
What is Microgametogenesis?
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4.
5.
7.
8.
9.

What is gametophyte?
Name the covering layers of a pollen chamber.
Define pollen viability.
How many nuclei present in a mature male gametophyte?
What is the role of tube nucleus?
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6.0 Objectives
After going through this unit you will be able to understand:

 Structure & types of ovules and placentation
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 Structure & types of embryo sac
 Structure & types of endosperm
 Structure of embryos

6.1 Study of Ovule
6.1.1 Structure of Ovule
In angiosperm, ovules basically consist of a nucellus enclosed by two integuments
(Fig. 6.1). To study a typical ovule follow the below mentioned procedure1. Take flower of Hibiscus rosa-sinensis and dissect sepals, petals and
stamens with the help of forceps.
2. As ovules reside inside ovary, also remove style and stigma.
3. Take ovary and Immerse in the fixing agent. FAA is used routinely as the
fixative. Composition of FAA is - Ethyl alcohol 50 ml, Glacial acetic acid 5
ml, Formaldehyde 10 ml, Water 35 ml.
4. Dehydrate the ovary, through a series of alcohols (Table 1) - this involves
using a graded series of ethyl alcohol: Tertiary butyl alcohol (TBA), and the
substitution of TBA by liquid paraffin.
Table 1: The TBA series (volumes per 100 ml)
TBA

95% ethyl
alcohol

Absolute
ethyl alcohol

TBA

1
2
3
4
5
6
7

50
50
50
50
-

0
0
0
0
25
-

10
25
35
50
75
50
0
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Water Paraffi
n oil Or
liquid
paraffi
n
40
0
30
0
15
0
0
0
0
0
0
50
0
100

5.

6.

7.
8.
9.

This series of operations removes water from the fixed tissues. The removal
of water is a necessary preliminary step to the infiltration of the tissues into
a matrix that is not soluble in water. Complete removal of water ensures
adhesion of the matrix to the external and internal surfaces of cells and
tissues. The process consists of treating the tissue with a series of solution,
which contain an increasing proportion of the dehydrating agent, and
progressively less water.
After passing through tertiary butyl alcohol series, embed ovary in paraffin
wax. For this, the liquid paraffin is then substituted with paraffin wax. Take
melted paraffin wax in a vial and leave it until the top solidifies. Place the
specimen (in this case- ovary) onto the wax. Place the vial in the oven.
The specimen will slowly sink to the bottom of the vial as the wax melts.
When the specimen has been at the bottom of the vial for at least one hour,
decant the wax-liquid paraffin mixture and replace with pure wax. Leave in
the oven overnight, to drive off any remaining solvents
After a suitable infiltration period of 12-16 hours, pour the infiltrated
specimens into moulds and after getting set, affix specimens to microtome
chucks. Be careful about orientation of the specimen as it determines TS or
LS of the cut section.
Section the specimens into very thin slices (10 μm) using microtome so
that when you section, a ribbon is formed.
Stain the sections with safranin and fast green and mount in mounting
medium (glycerine) and cover with a cover glass.
Observe under compound microscope using objective lens of 100X
magnification power.

Following structures can be observed in the slide of L.S. of ovule:
Funiculus: Ovules are attached to the placenta by a stalk which is known as
funiculus. It contains a vascular bundle running from the placenta to the ovule.
Chalaza: It is the region right beneath the base of the nucellus where the
integuments set out.
Integuments: These are collar like structures originating from the base of
nuclellus and surrounding it except the apex. At the apex a narrow passage,
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through which a pollen tube reaches the nucleus, is formed by the integuments.
This is known as the micropyle.
Nucellus: It forms the main part of ovule. It is equivalent to the megasporangium,
in which a megaspore mother cell go through meiosis producing four megaspores,
characteristically only one of which grows into an embryo sac. Embryo sac
represents the megagametophyte. It contains mostly four or eight nuclei, structured
into four or seven cells, depending on number of mitotic divisions in the growing
embryo sac.

Fig. 6.1: Structure of an ovule
6.1.2 Types of Ovules
To study different types of ovule, take different flowers and follow the above
mentioned procedure to prepare slide. Ovule can be classified in term of several
aspects. On the basis of degree of curvature ovules are of following types (Fig.6.2):
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Fig. 6.2: Different types of ovules on the basis of their degree of curvature
(A) Orthotropous, (B) Anatropous, (C) Amphitropous,
(D) Campylotropuous, (E) Hemitropous, (F) Circinotropous

(1) Orthotropous: The micropyle, chalaza and funicle are in a straight line. This is
the most primitive type of ovule e.g. Piper, Polygonum, Cycas.
(2) Anatropous: The ovule turns at 180⁰ angle. Thus it is inverted ovule.
Micropyle lies close to hilum or at side of hilum. It is found in 82% of angiosperm
families.
(3) Campylotropous: Ovule is curved more or less at right angle to funicle.
Micropylar end bends down slightly e.g. members of Leguminosae (such as Pisum
sativum), Cruciferae (such as Brassica campestris).
(4) Hemianatropous: Ovule turns at 90⁰ angle upon the funicle or body of ovule
and is at right angle to the funicle e.g. Ranunculus.
(5) Amphitropous: Ovule as well as embryo sac is curved like horse shoe e.g.
Lemna, Poppy, Alisma.
(6) Circinotropous: The ovule turns at more than 360⁰ angle, so funicle becomes
coiled around the ovule e.g. Opuntia (Cactaceae), Plumbaginaceae.
Orthotropous and atropous (straight and uncurved) ovules are radially symmetric.
Anatropous and campylotropous ovules are curved but in the former nucellus is
straight while in the latter one nucellus is also involved in the curvature.
Hemitropous (hemianatropous) ovules are only slightly curved.
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6.2 Study of Placentation
In flowering plants, the ovules borne on placenta located inside ovary. Ovules
remain attached to the placenta situated on the ovary wall through a stalk-like
structure well-known as a funiculus. Placentation is the arrangement of ovules on
the placenta inside the ovary. Based on the number of locules in the ovary and the
position of the ovules there are different types of placentation.
The study of placentation in angiosperm can be done by cutting a T.S. or L.S. of
ovary of the different flowers, staining the cut sections with safranin, mounting in
glycerine and observing under microscope.
6.2.1 Types of Placentation
Different patterns of ovule arrangement are as follows (Fig. 6.3):
Type

Present in

Explanation

Marginal

Monocarpellary
and unilocular
ovary

Simplest type. Ovules are
arranged along the ventral
suture which represents the
fusion line of the carpel's
margins

members of
Leguminosae (e.g.
Pisum sativum)

Parietal

Bi or multicarpellary,
syncarpous but
unilocular ovary

Ovules arranged along
periphery. Placentae on inner
ovary wall within a nonsectioned (unilocular) ovary,
corresponding to fused carpel
margins. Number of placentae
corresponds to the number of
carpels

Cruciferae (e.g.
Brassica campestris);
Capparidaceae
(e.g.Capparis L.)

Axile

Bi or multicarpellary,
syncarpous but
multilocular ovary

Ovules arranged along the
central axis of placenta.
Number of chambers
correspond to the number of
carpels

Malvaceae, (e.g.
Hibiscus rosa-sinensis);
Rubiaceae, (e.g. Rubia
tinctorum);
Solanaceae (e.g. Datura
stramonium)

Free central

Multicarpellary,
syncarpous
unilocular ovary

Ovules borne along the central
axis which is not connected
with the ovary wall by septum.

Portulacaceae (e.g.
Portulaca);
Primulaceae (e.g.

110

Examples

Primula vulgaris primrose)
Basal
Superficial

Monocarpellary
unilocular ovary
Monocarpellary or
Multicarpellary
syncarpous
multilocular ovary

Single ovule attached at the
base (bottom) of the ovary
Ovules develop on the whole
inner surface of the ovary
including septa

Asteraceae (e.g.
Helianthus annuus)
Nymphaeceae (e.g.
Nymphaea);
Butomaceae (e.g.
Butomus umbellatus)

Fig. 6.3: Different types of Placentation

6.3 Study of Embryo sac
6.3.1 Structure of Embryo sac
A typical embryo sac (Polygonum-type) contains one egg cell, two synergids, three
antipodal cells and a central cell with two nuclei (Fig.6.4). To study the structure of
a typical embryo sac, take flowers of Polygonum differing in their development
stages (e.g. bud stage, fully grown flower stage) and follow the previously
mentioned procedure of preparation of permanent slide as described in case of
ovule.
L.S. of ovule containing a typical embryo sac:
Observe the permanent slide of L.S. of ovule containing Polygonum-type embryo
sac under microscope. Following characters are seen:
1. Body of ovule comprise of integuments, nucellus and embryo sac.
2. Polygonum-type embryo sac is found embedded in the nucellus towards the
micropylar end.
3. The egg cell is found at the micropylar end lying between the two synergids
in the embryo sac.
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4. The synergids are important for fertilization. Synergids contain filiform
apparatus. This is a structure present at the micropylar end of the synergid
cell wall that is thickened, forming finger-like projections into the synergid
cell cytoplasm.
5. Central cell is found in the center of the embryo sac. It contains two polar
nuclei. Polar nuclei fuse with a single sperm nucleus, during double
fertilization producing a 3n primary endosperm nucleus.
6. Three antipodal cells are observed at the chalazal end of the embryo sac.
They do not perform specific function during reproduction but they are
believed to be involved in the import of nutrients to the embryo sac.
7. Since this type of embryo sac develops from single megaspore and contains
eight nuclei (an egg, two synergids, two polar nuclei, three antipodals), it is
known as monosporic eight nucleate embryo sac.

Fig. 6.4: Development of the embryo sac
6.3.2 Types of Embryo sac
Development of embryo sac occurs in two stages: megasporogenesis and
megagametogenesis. During the first stage, the megasporocyte goes through
meiosis and four megaspores are formed. Later the functional megaspore
undergoes mitotic divisions, nuclear migration and cytokinesis during
megagametogenesis and produces embryo sac. Basically, there are following three
types of embryo sac developmentMonosporic type
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Polygonum type: It is commonly found in plant. However, it was first clearly
described in Polygonum. Therefore, it is also called as Polygonum type. In this
type, the female gametophyte (embryo sac) develops from a single functional
megaspore present towards chalazal end in the nucellus (Fig. 6.4).
Oenothera type: In Oenothera, the development is monosporic but the functional
megaspore is located towards micropyle in nucellus and only 4 nuclei (the
antipodals are eliminated) develop instead of 8.
Bisporic or Allium type
In Allium, the megaspore mother cell undergoes meiosis I giving rise to two
haploid cells one of which degenerates while nucleus of the remaining one goes
through meiosis II resulting a cell with 2 nuclei (megapsore nuclei) which move
towards opposite ends. These nuclei undergo two mitotic divisions forming 8
nuclei which get arranged as the polygonam type embryo sac. Thus a bisporic
embryo sac contains 8 nuclei. This type of development is found in several
monocot and dicot families.
Tetrasporic type
In a number of cases, cytokinesis and cell wall formation are not accompanied by
meiosis therefore the normal distinct megaspores are not produced. All four
haploid megaspore nuclei are involved in the development of the embryo sac. The
subsequent embryo sac may be 8 or 16 nucleate. Hence the embryo sac is
tetrasporic as all the nuclei of the four megaspores are within the single cell.

6.4 Study of Endosperm
6.4.1 Structure of Endosperm
To study the structure of endosperm, take seeds of rice or wheat or maize and place
them in water for 2 days. Thereafter, prepare the permanent slide by following the
procedure described in the beginning. Endosperm is a food storage tissue of
angiosperm seed which is formed after a second fertilization of the central cell with
male nucleus within embryo sac. Usually, endosperm cells are triploid and are
closely organized. Carbohydrates, protein and lipids are found in these cells as
reserved foods. The completely developed endosperm contains four main cell
types: the embryo surrounding region, the transfer cells, the aleurone layer and the
starchy endosperm (Fig. 6.5).
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The cells of embryo surrounding region make the lining of the cavity of the
endosperm in which the embryo develops. Transfer cells are present over the
vascular tissue of the maternal plant (Fig. 6.5), where they carry out transport of
photosynthate (e.g. sucrose) into the endosperm. Presence of prominent secondary
wall ingrowths is characteristic feature of endosperm transfer cells in cereals. The
aleurone layer makes the covering of the entire periphery of the endosperm
excluding the transfer cell region (Fig. 6.5). Aleurone cells may contain two main
kinds of inclusion bodies — protein-carbohydrate bodies and the globoid bodies
filled with a matrix of lipid, phytin and protein. The aleurone contains well
developed endoplasmic reticulum and numerous mitochondria. Mature aleurone
cells contain anthocyanins pigments which are accountable for the colorful grains
of corn. The starchy endosperm represents the major part of the endosperm. These
cells stores bulk amount of starch synthesized within amyloplasts.

Fig. 6.5: Diagram of longitudinal section of 15 DAP maize grain consisting of
the aleurone layer (AL), the starchy endosperm (SE), the transfer cell region
(TC), and the embryo surrounding region (ESR) around the basal part of the
embryo (EMB) (After Olsen, 2001)
6.4.2 Types of Endosperm
On the basis of pattern of formation, three types of endosperm are known: nuclear,
cellular and helobial (Fig. 6.6, 6.7 and 6.8).
L.S. of ovule with nuclear endosperm:
Study the slide of L.S. of ovule and observe the presence of endosperm. The
nuclear endosperm shows following features:
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1. The ovule comprising integuments, nucellus, embryo and endosperm is
observed under microscope.
2. The majority of part of the ovule inside its integuments is occupied by the
endosperm.
3. The embryo is observed at the micropylar part of the ovule.
4. The triploid primary endosperm nucleus divides repeatedly without cytokinesis
and cell wall formation, leading to the endosperm coenocyte.
5. Nuclei show peripheral arrangement.
6. Finally, the coenocytic cytoplasm may undergo cellularization to produce a
multicellular tissue.
Examples- Areca catechu, Cocos nucifera

Fig. 6.6: Development of nuclear endosperm
L.S. of ovule with cellular endosperm:
Study the slide of L.S. of ovule having cellular endosperm under microscope. The
cellular endosperm shows following features:
1. The ovule comprising integuments, nucellus, embryo and endosperm is
observed under microscope.
2. The majority of central part of the ovule is occupied by the cellular endosperm.
3. The embryo is observed at the micropylar part of the ovule.
4. In this type, every nuclear division is accompanied by cell wall development,
so that the endosperm becomes cellular from the starting.
Examples- Petunia, Datura etc.
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Fig. 6.7: Development of cellular endosperm
L.S. of ovule with helobial endosperm:
Following features are observed in the L.S. of ovule having helobial endosperm:
1. The ovule comprising integuments, nucellus, embryo and endosperm is
observed under microscope.
2. The embryo is observed at the micropylar part of the ovule.
3. Helobial endosperm is found in central part of the ovule.
4. This type of endosperm development is infrequent. It is a transitional form
between the nuclear and cellular types.
5. In this type, a horizontal cell wall is formed between the two nuclei after first
division.
6. Later the cell at the chalazal end develops endosperm along the cellular pattern
while the other one located at the micropylar end of the embryo sac develops
along the nuclear pattern. Generally, chalazal cell divide only once or twice.
Example- Helobiales

Fig. 6.8: Development of helobial endosperm
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6.5 Study of Embryos
In plants, fertilization triggers four events: embryo, endosperm, seed and fruit
developments. Embryogenesis includes transformation of single celled zygote into
multicellular, miniature embryonic plant. The processes of embryogenesis occur in
an organized manner. During embryogenesis, the basic body plan of the
sporophyte is established.
6.5.1 Dicot Embryo
To study a typical dicot embryo (crucifer or onagrad type) follow the below
mentioned procedure1. Take seeds of dicot plants like Brassica and places them on glass slide.
2. Remove the seed coat using two sharply pointed needles under dissecting
microscope.
3. A curved embryo is easily observed under the dissecting microscope.
4. Place this curve embryo in a drop of glycerine and put cover slip and observe
the structure.
5. Following characters of embryo are observed:
a) The curved embryo consists of a short embryonic axis with two cotyledons
attached to it.
b) The part of embryonic axis above the attachment of cotyledons is known
as epicotyl. This terminal part of embryonic axis remains covered by two
cotyledons.
c) Similarly, the part of embryonic axis below the attachment of cotyledons is
known as hypocotyl.
d) Plumule and radicle are found at opposite ends of the embryonic axis.
e) Swollen suspensor is observed at the other end of curved embryo.
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Fig. 6.9: L.S. of ovule after formation of embryo
6.5.2 Monocot Embryo
To study a typical monocot embryo follow the below mentioned procedure1. Take seeds of Zea mays and places them on glass slide.
2. Cut the L.S. of seed using sharp blade.
3. Mount the L.S.in glycerine and put cover slip and observe the structure.
4. Following characters of monocot embryo are observed:
a) Monocot embryo is found situated at one corner of the seed. It comprises
only a single cotyledon known as scutellum.
b) Maize seed is a caryopsis fruit in which fruit wall is fused with seed coat.
The maize seed consists of seed coat, endosperm and embryo.
c) As maize is an endospermic seed, it consists of two portions- the larger
endosperm part and a small embryo.
d) The endosperm is separated from embryo by epithelial layer.
e) The embryo comprises of the embryonic axis and shield shaped cotyledon
(scutellum).
f) Embryonic axis contains plumule and radicle at opposite which are found
covered by sheaths known as coleoptile and coleorhiza respectively.
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Fig. 6.10: Structure of monocot embryo: T.S. of maize seed and
larger view of monocot embryo.

6.6 Glossary
 Embryo: An embryo is a developing plant still inside the seed. The embryo
has cotyledons (embryonic leaves), a root cap, a food source and a plumule
(shoot), all located inside the protective seed coat.
 Endosperm: The nutritive substance within the embryo sac of the ovule, a
food supply in which the embryo is embedded. Food reserve tissue in seed
derived from fertilized polar nuclei; or food reserve derived from
megametophyte in gymnosperms.
 Epicotyl: The epicotyl is the part of the stem that is above the first leaves. It
develops from the part of embryonic axis present above the cotyledons. The
shoot apical meristem is located here.
 Fusiform: Spindle shaped; widest in the middle and tapered to each end.
 Scutellum: The flattened cotyledon of a monocotyledonous plant embryo

6.7 Viva-Voce
1.
2.
3.
4.

What are the different types of ovules on the basis of their degree of curvature?
What is difference between monosporic and bisporic embryo sacs?
Which kind of endosperm development is most common?
The single cotyledon found in monocot embryo is known as……
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5. What is the appearance of gram positive and gram negative after staining?
6. Which type of placentation is generally found in ovary of flower of Cruciferae
family?
7. What is the function of aleurone cells found in endosperm?
8. Which kind of embryo sac is generally found in most of the angiosperms
plants?

6.8 References
 Practical book in botany by Prof. P.C.Trivedi, Dr Niranjan Sharma, Dr J.P.
Gupta and R.S. Dhankar
 Modern practical botany by Dr B.P.Pandey
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Unit - 7
Protandry, Protogyny and Heterostyly
Structure of the Unit:
7.0
7.1
7.2
7.3
7.4

7.5
7.6

Objectives
Introduction
Protandry
7.2.1 Study of Protandry in Angiosperms
Protogyny
7.3.1 Study of Protogyny in Angiosperms
Heterostyly
7.4.1 Study of Types of Heterostyly
7.4.1.1 Study of “Distyly” in Angiosperms
7.4.1.2 Study of “Tristyly” in Angiosperms
Viva-Voce
References

7.0 Objectives
After studying this unit you will able to understand following pollinatory concepts
about angiosperms:



Introductory aspects aboutcross pollinations.
Various types of natural barreirs to avoid self pollination like
protandry, protogyny and heterostyly.
Related pratical exercises about protandry, protogyny and
heterostyly.

7.1 Introduction
Early seed plants were pollinated passively, by the action of the wind. As in
present day conifers, great quantities of pollen were shed and blown about,
occasionally reaching the vicinity of the ovules of the same species. Individual
plants of any given species must grow relatively close to one another for such a
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system to operate efficiently. Otherwise, the chance that any pollen will arrive at
the appropriate destination is very small. The vast majority of windblown pollen
travels less than 100 meters. This short distance is significant compared with the
long distances pollen is routinely carried by certain insects, birds, and other
animals. Pollination is the process by which pollen isplaced on the stigma. Pollen
may be carried to the flower by wind or by animals, or it may originate within the
individual flower itself.When pollen from a flower’s anther pollinates the same
flower’s stigma, the process is called self-pollination. Cross pollination occurs
when pollen is transferred to the stigma of aflower on another plant where pollen is
often carried by insects and other animals, but sometimes by wind or water.
In gymnosperms ovules are naked so pollen falls directly on them and hence called
direct pollination. In angiosperms pollen fall on the stigma as the ovules are place
inside the ovary hence is called indirect pollination. Indirect pollination if of two
types that is self pollination (Autoamy) and cross pollination (Allogamy).Transfer
of pollengrains from the anthers to stigma of same flower is self pollination where
as transfer of pollengrains from the anthers of one flower to the stigma of another
flower of the same species is called cross pollination.
There are many contrivances in nature to favour cross-pollination and oppose to
self pollination these are dicliny, self-sterility, Heterostyly anddichogamy.
Dichogamy is most effective natural medium among these.When stamens and
carpels of a bisexual flower mature at different times so that pollination between
them becomes ineffective this phenomenon is called dichogamy. Dichogamy may
be of two types that is Protandry and Protogyny.
Heterostyly is another barrieir for self pollination that changes the directions of
pollinations in flowers. It is unique form of polymorphism in flowers that exhibits
two or three morphological types of flowers, termed morphs, exist in the
population. On each individual plant, all flowers share the same morph. The flower
morphs differ in the lengths of the pistil and stamens, and these traits are not
continuous. The morph phenotype is genetically linked to genes responsible for a
unique system of self-incompatibility, termed heteromorphic self-incompatibility,
that is, the pollen from a flower on one morph cannot fertilize another flower of the
same morph.When two or more forms of sizes of style present in a flower that is
heterostyly. It may be further classified also.
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7.2 Protandry
Introduction
Protandry is the phenomenon that indicates the ripening of anthers before carpel. It
is most commen in Compositae, Umbelliferae, Malvaceae, etc. As a result, when
the anther bursts, it pollinates stigmas of other flowers but not its own stigma
which is not yet ripe.Protandry may be particularly relevant to this compromise,
because it often results in an inflorescence structure with female phase flowers
positioned below male phase flowers (Bertin& Newman, 1993). Given the
tendency of many insect pollinators to forage upwards through inflorescences
(Galen &Plowright, 1988), protandry may enhance pollen export by reducing
between-flower interference (Darwin, 1862; Harder et al., 2000). Furthermore, this
enhanced pollen export should increase as floral display size increases, because
between-flower interference should increase with floral display size. These effects
of protandry on between-flower interference may decouple the benefits of large
inflorescences from the consequences of geitonogamy and pollen discounting.
Such a decoupling would provide a significant reproductive advantage through
increased pollinator visitation and siring success.
Occurance
Several authors have noted that, among the 6% of angiosperm species with
separate sexes,males often flower earlier than females. The phenomenon is
analogous to protandry in animals, but it is rarely referred to as such; in plants,
protandry normally refers to the earlier maturation of male organs within
hermaphroditic flowers (Bawa and Beach 1981). Furthermore, the prevalence of
earlier male flowering is uncertain. It is noted that the many ways of quantifying
flowering phenology (e.g., as date of flowering onset, date of peak or last
flowering, or age at first reproduction) made any generalizations about relative
timing of males and females dubious. Typical heterostyly with stamens and styles
in complementary position which denotes outbreeding is reported for the family
Solanaceae. In Solanurn, however, only one stamen tier remains constant to all the
different forms of style lengths. Heterostyly is a unique form of polymorphism in
flowers. In a heterostylous species, two or three morphological types of flowers,
termed morphs, exist in the population. On each individual plant, all flowers share
the same morph. The flower morphs differ in the lengths of the pistil and stamens,
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and these traits are not continuous. The morph phenotype is genetically linked to
genes responsible for a unique system of self-incompatibility, termed
heteromorphic self-incompatibility, that is, the pollen from a flower on one morph
cannot fertilize another flower of the same morph.
7.2.1 Study of Protandry in Agiosperms
Methodology
This type of phenomenon occurs in many members of the family Asteraceae
(Sunflower family), Apiaceae (Carrot family), and Campanulaceae (Bluebell
family).To
study
protandry
plants
like
Campanula
sps.
(Campaulaceae)Chenopodium,
Suaeda,(Both
Chenopdiaceae)Ageratum(Asteraceae),Solanum(Solanaceae)can be cropped in
experimental pots or agricultural beds. One plant species or a group of plants
pecies can be grown at a time. A longitudial section of flowers can be used to study
the phenomenon.
Observations
During the flowering season generally in rainy or winter family plants of family
Solanaceae, Chenopdiaceae and Asterceaerainy season experimental plants can be
studied. Longitudinal sections of mature flowers exibhits the
phenomenon.Protandry in Campanula is given in fig 7.1.
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7.3 Protogyny
Protogyny is the phenomenon that refers to the maturation of carpel before
androecium as in many members of Annonaceae (e.g., Annona, Polyalthia)and
Magnoliaceae (e.g., Magnolia, Michelia) as well as in Arum maculatum. When the
stigma is receptive, its own pollen is riot ripe so that it has to depend on foreign
pollens.
Occurance:
Protogyny is very pronounced in a number of families commonly regarded as
primitive, for example, water lilies (Nymphaeaceae) Annonaceae and magnolias
(Magnoliaceae). Very common plants that demonstrate protogyny are the plantains
(Plantaginaceae). These species have flowers arranged on spikes and flower from
the bottom up, just as do foxglove and fireweed. However, in these species older
flowers are male rather than female. Therefore, in an inflorescence with many open
flowers, it is the bottom ones that are male, whereas those higher up are female.
Because plantains depend on the wind for pollination, the likelihood of pollen
traveling upwards is very low, and the situation favors cross-pollination.
7.3.1 Study of Protogyny in Agiosperms
Methodology
To study protogyny plants like Polyalthia, Scrophulariasps. etc. can be cropped in
experimental crop areason agricultural beds. One plant species or a group of plants
pecies can be grown at a time. A longitudial section of flowers can be used to study
the phenomenon.
Observations
During the floweringseason generally that is spring and winterplants like
Polyalthia, Magnolia etc. Longitudinal sections of collected mature flowers
exibhits the phenomenonprotandry.Protogyny in Scrophularia can be studied in
L.S. of mature flowers (Fig. 7.2)
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7.4 Heterostyly
Heterostyly was first noted by Clusius in Primula in 1583 (van Dijk 1943), but
was first investigated thoroughly by Hildebrand and Darwin in the mid
nineteenth century. Darwin's comprehensive studies culminated in the publication
of "The Different Forms of Flowers on Plants of the Same Species" in 1877. Since
then heterostyly has interested many biologists. In some ways this is surprising,
since heterostyly is a rare breeding system, found in a very small percentage of the
world's flowering plants. Few heterostylous species are of much economic
importance. Heterostylous plants are unique among self-incompatible plants in that
the compatibility group of an individual plant can be determined morphologically,
without extensive breeding experiments and their breeding systems are a
remarkable example of convergent evolution in floral morphology, genetics, and
physiology. Heterostyly is a breeding system well suited to evolutionary and
ecological studies of population structure, breeding systems, and pollination
biology.
The term heterostyly was first used in a morphological sense by Hildebrand
(1866), with no implication as to the fertility or compatibility relationships of the
plants. Darwin (1877), however, restricted the term to those species in which the
two or three forms were, or were thought to be, self-incompatible and crossincompatible within a form, but in which pollinations between the forms were
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fertile. In species in which compatibility relationships were unknown, he
emphasised the presence of pollen size differences between the forms as an
indication of "true" heterostyly. Since some morphologically typical heterostylous
species are self-compatible, I will use the term in its original morphological sense.
There are a few cases, however, where species possess the diallelic selfincompatibility system typical of heterostylous plants, but lack the stamen and
style length dimorphism (e.g., Armeriamaritima). Others are self-incompatible,
possess dimorphic styles but not stamens (e.g., Linumgrandiflorum). Since these
taxa have close relatives which show typical heterostyly, the relationship of their
breeding systems to heterostyly is clear.
Occurance in Angiosperms:
Heterostyly is known in many of flowering plants. The Rubiaceae reputedly
contains more heterostylous genera than other families. Reports of heterostyly in
the Polemoniaceae (Darwin 1877), Commelinaceae and Capparaceae (Vogel 1955)
have been refuted by Grant & Grant (1965), Faden (1977), and Ornduff (1974a)
respectively. Heterostyly is not present in the most primitive subclasses,
Magnoliidae and Alismatidae, nor in the Hamamelidae, Arecidae, or
Commelinidae. It occurs only in relatively specialised families, but not in the most
specialised. Since the families containing heterostyly do not form a closely related
group, heterostyly as a breeding system is polyphyletic and must have evolved
several times. Heterostylous plants occur on all continents except Antarctica, and
are found in all types of habitats from deserts to open water. Darwin (1877) first
considered and then rejected the idea that heterostyly was more frequent in aquatic
plants. Heterostyly is correlated with perenniality, although there are some
examples of annual heterostylous species, e.g., Amsinckia spp. and
Fagopyrumesculentum. In genera with both perennial and annual species such as
Cryptantha and Lithospermum, heterostyly occurs only in the perennials. Most
heterostylous taxa are distylous. Tristyly is very rare. It is known only in Decodon,
Lythrum, Nesaea (Lythraceae), Oxalis, Biophytum, Averrhoabilimbi (Oxalidaceae),
Eichhornia and Pontederia(Pontederiaceae).In particular, the three floral forms of
Agelaeaugandensis (Connaraceae) illustrated in Hemsley (1956) strongly resemble
the long-, mid-, and short-styled morphs of a typical tristylous species. However,
the flowers illustrated are from different geographical areas, and Hemsley suggests
that other interpretations of the situation are possible.
127

Floral Morphology of Heterostylous Plants
Since heterostyly has evolved independently in numerous families there is
considerable diversity in the details of floral morphology in heterostylous taxa.
These can be studied under following heads.
Corolla morphology
Most heterostylous flowers are regular and sympetalous, with some development
of a corolla tube, though corolla shape is more variable and may be tubular,
salverform, funnelform, or campanulate. Heterostyly is found in some polypetalous
plants; however these often show a tubular hypanthium (e.g., Lythrum) or calyx
(Jepsonia) which produces a more or less functionally tubular portion of the
flower. InMelochia (Sterculiaceae) the filaments are united at the base to produce a
staminal tube around the ovary, and in Erythroxylum the erect, ligulate appendages
on the petals overlap to form a tubular "corona". On the whole, the flowers of
heterostylous plants are rather small. Some distylous varieties of Turneraulmifolia
have flowers over 50 mm in diameter, but the styles and stamens are only slightly
over 12 mm in length (Barrett 1978b). Eichhorniacrassipes perhaps produces the
largest flowers of any tristylous species. Many heterostylous species have flowers
less than 10 mm long, e.g., Jepsonia, Oxalis, herbaceous Rubiaceae, and others.
Heterostylous flowers have been reported to be pollinated by insects, particularly
bees, but also by flies, moths, butterflies, and beetles. Hummingbird pollination is
also known, but no bat or wind pollinated heterostylous flowers are known.
Stigmatic polymorphisms
The stigmas of the floral morphs may differ in overall shape, size, or more
commonly, in the size of the stigmatic papillae. In some Primula species, pin
stigmas are hemispherical while thrum stigmas are somewhat flattened and have a
central depression. Pin stigmas of Jepsoniaheterandra are more than 50% larger
than thrum stigmas. Differences in the length or shape of stigmatic papillae have
been reported in many heterostylousspecies Typically stigmatic papillae of the pin
morph are longer than those of the thrum morph, and in tristylous species of Oxalis
and Lythrum all three morphs differ in papillae length. Differences in shape of the
papillae are especially pronounced in some Plumbaginaceaeand intermorph
differences in papilla wall structure have been demonstrated in Linum. Differences
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in stylar pubescence have also been reported in Oxalisand in Eichhorniacrassipes
the styles of the three morphs differ in colour.
Stamens and pollen
Nearly all heterostylous flowers possess a small, definite, number of stamens;
2,4,5,6,10, or 12 being common numbers. Distylous species of Jepsonia,
Byrsocarpus, and Lythrumpossess two more or less equal whorls of stamens. In
distylousErythroxylum coca and Linumpubescens the two sets of stamens are
usually unequal in length. Anther size differs in pin and thrum flowers of
Lithospermumand Amsinckia, thrum anthers being larger. In Amsinckiaspectabilis
var. microcarpa thrum anthers average 1.5 mm in length whereas pin anthers
average only 1.0 mm. Darwin (1877) reported that thrum anthers were larger than
pin anthers in Hottoniapalustris, Nymphoidesindica, and Pulmonariaangustifolia,
but smaller than pin anthers in Linumflavens and Forsythia suspensa. Usually,
heterostylous species show polymorphism in pollen size and number of pollen
grains produced per flower, and less frequently in pollen shape, colour, or exine
sculpturing. Pollen size differences between thrum and pin flowers have been
reported in most distylous species, thrum pollen being larger
7.4.1 Study of Types of Heterostyly
There are two types of heterostyly namely Distyly and Tristyly. Plants having two
flower morphs are termed distylousand the plants having three flower morphs are
termed tristylous.
In distyly there are two morphs namely ‘Pin’ and ‘Thurm’ morph where in pin or
longistylous flower the stamens are short and the pistils are long; in the second
morph that is thrum or brevistylous flower the stamens are long and the pistils are
short; the length of the pistil in one morph equals the length of the stamens in the
second morph, and vice versa. Examples of distylous plants are the primrose and
many other Primulasps, buckwheat,flax and other Linumsps, some Lythrum
species, and many species of Cryptantha.(Fig. 7.3)
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In tristyly there are three flower morphs each morph has two types of stamens. In
one morph, the pistil is short, and the stamens are long and intermediate; in the
second morph, the pistil is intermediate, and the stamens are short and long; in the
third morph, the pistil is long, and the stamens are short and intermediate. Oxalis
pes-caprae, purple loosestrife and some other species of Lythrus are trimorphic.
(Fig. 7.4)

The lengths of stamens and pistils in heterostylous flowers are adapted for
pollination by different pollinators, or different body parts of the same pollinator.
Thus, pollen originating in a long stamen will reach primarily long rather than
short pistils, and vice versa.When pollen is transferred between two flowers of the
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same morph, no fertilization will take place, because of the self-incompatibility
mechanism.
7.4.1.1 Study of “Distyly” in Angiosperms
Materials and Method:
To study Distyly plants of family Primulaceaecan be cropped in experimental pots
or agricultural beds. One plant species or a group of plants pecies can be grown at
a time. A longitudial section of flowers can be used to study the phenomenon.
Observations:
During the flowering in experimental crop of Primuladistyly can be studied.
Longitudinal sections of mature flowers exibhits the phenomenon. Two morphs
namely ‘Pin’ and ‘Thurm’ morph can beidentified where the stamens are short and
the pistils are long is pin or ‘longistylous flower’ and where the stamens are long
and the pistils are short that is thrum or ‘brevistylous flower’.By the selection of
different morphs in different flowers impact of cross pollination can be studied by
comparision of seed setting ratios. Longitudinal sections of distylous flowers with
directions of cross pollinations are given under.(Fig.7.5)
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7.4.1.2 Study of “Tristyly” in Angiosperms
Materials and Method:
To study Tristyly plants of family Solanaceae (Solanummalongena) and
Oxalidaceae (Oxalis corymbosa,O.pes-caprae) can be cropped in experimental
pots or agricultural beds. One plant species or a group of plants pecies can be
grown at a time. A longitudial section of flowers can be used to study the
phenomenon.
Observations:
During the flowering season of family Solanaceae and Oxalidaceae that is rainy
season experimental plants can be studied. Longitudinal sections of mature flowers
exibhits the phenomenon. In tristyly there are three flower morphs each morph has
two types of stamens. In one morph, the pistil is short, and the stamens are long
and intermediate; in the second morph, the pistil is intermediate, and the stamens
are short and long; in the third morph, the pistil is long, and the stamens are short
and intermediate. Longitudinal sections of tristylous flowers of Solanumand
Oxalisare given below. (Fig. 7.6 )

7.5 Viva-Voce
1.
2.

What is Dichogamy?
Define Protogyny?
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3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Who was the first to report heterostyly?
Define Protandry?
Give the examples of protandrous plants?
Define heterostyly?
Give two advantages of heterostyly.
Give two contrivences for cross pollination?
Define allogamy?
Give types of tristyly?
Give types of distyly?
Give the examples of protandrous families?
Give e.xamples of protogynous flowers?
What is the difference between direct and indirect pollination?
Define autogamy?
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Unit - 8
Seed Dormancy
Structure of the Unit:
8.0
8.1
8.2

Objective
Introduction
Seed Dormancy, its causes and methods to break seed dormancy
8.2.1 Study of the germination of non-dormant and dormant seeds
8.2.2 Study of germination of dormant seeds after scarification
8.2.3 To test the viability or germination of seeds with the help of
tetrazolium salt
8.2.4 Study of the effect of impermeable seed coat on the dormancy
Viva-voce
References

8.3
8.4

8.0 Objectives





To knowledge about seed dormancy and its importance.
Main reasons which are responsible for dormancy.
Important procedures for breaking seed dormancy.
To understand germination of seed and seed viability.

8.1 Introduction
Seeds of many plans will germinate soon after their maturation if placed under
suitable conditions of the environment e.g., maize, pea, bean, etc. In rare cases
germination may start while the seed is attached. Thus pea seeds have been
reported to germinate inside the pod. In a large number of seeds germination
cannot take place immediately after harvesting on account of the innate inhibition.
This innate inhibition of germination of a viable seed even when present in a
favorable environment is termed as seed dormancy.
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8.2 Seed Dormancy, its causes and methods to break seed
dormancy
Dormancy is also called rest by certain workers. Another term used in connection
with seed is quiescence (imposed dormancy). Quiescence is the inability of a
viable seed to germinate because the environmental conditions required for it (e.g.
favorable moisture, temperature, light, etc.) are not available.
Seed dormancy occurs due to the Immaturity of the Embryo, After-Ripening,
Chilling Treatment ,Light sensitive seeds, Seeds coats impermeable to water (Hard
Seed): Inhibiting pericarps and glumes: High osmotic concentration: Chemical
Inhibitors: Besides the above types, seed dormancy can also be due to the presence
of growth inhibitors. The latter are of diverse types, e.g., phenolic inhibitors,
abscisic acid, alkaloids, cyanogenic chemicals, etc. The inhibitors can be found in
the seed coats, endosperm or embryo, e.g., Apple, Peach, Ash, etc. The inhibitors
are destroyed in nature by the production of anti-inhibitors, growth hormones or
their oxidation.
Several treatments have been developed which can break the dormancy of seeds
such as:
1.
Scarification: It is a treatment which ruptures or weakens the seed coat.
Scarification is meant for breaking all types of dormancies which are
imposed by the seed coats, viz., impermeability of the seed coats to water
and oxygen, presence of growth inhibitors or mechanical resistance. The
treatment involves the rupturing or weakening of the seed, coats by two
methods - mechanical and chemical.
2
Pressure: This treatment involves subjecting of seeds to a high hydraulic
pressure (about 2000 atm) at a temperature of 18°C - 20°C for a short
duration of 5-20 minutes. It weakens seed coats and increases their
permeability. Germination increases by 50- 200% in Sweet clover
(Melilotus alba) and Alfalfa (Medicago sativa) by this method.
3.
Chilling Treatment: The seeds, which require chilling winter for natural
breaking of dormancy, can be made to germinate by artificially providing
low temperature in a most medium. The seeds are kept at 0°- 5°C for a
period ranking from a couple of weeks to a few months e.g., Peach, Plum,
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Cherry, Apricot, etc. The agricultural practice consists of placing seeds in
alternate layers with soil and exposing them to winter environment. Low
temperature depresses growth inhibitors, increases gibberellins content and
mobilises food materials towards embryo.
4.
High concentration of oxygen:: It induces germination in those Seeds
which have seed coat impermeable to oxygen. Higher concentration of
oxygen can also cause destruction of growth inhibitors.
5.
Light: Application of high temperature reduces the requirement of red
light. Certain light requiring seeds are actually influenced by photoperiod
which may be short (e.g. Veronica persica) or long (e.g.- Begonia).
6.
Growth Regulators: The seeds with a requirement of chilling afterripening or light treatment can be made to germinate on the application of
growth promoters, e.g., gibberellins, 2-chloroethanol or ethylene
chlorohydrin (CICH2CH2OH), thiourea (NH2CSNH2) etc. Growth hormones
or promoters can also counteract coat imposed dormancy if it is due to
inhibitors. KNO3 is known to have a stimulating effect on germination in a
number of seeds. Ethylene has been used to cause germination of Striga. its
seeds without the presence of required host in order to get rid of this
parasitic weed.
Type of the seed treatment depends upon the type of seed dormancy. Dormancy
caused by the immaturity of the embryo cannot, however, be overcome.
8.2.1 Study of the germination of non-dormant and dormant seeds
If the three normal conditions necessary for germination i.e. , necessary oxygen,
water and temperature are available, the seeds of most plants germinate. But in
some plants (e.g. Xanthium, Ginkgo and Cucurbita) the seed do not germinate in
spite of the availability of these three necessary conditions. Such seeds are called
dormant seeds and this phenomenon is called seed dormancy. Seed dormancy is,
therefore, the inability on the part of the viable seeds to germinate under suitable
conditions.
Causes of seed dormancy: Some of the major causes of the seed dormancy are
following:
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(i)
Mechanically hard seed coat.
(ii) Seed coat impermeable to water and air.
Germination of non-dormant seeds : Non-dormant seeds (e.g. pea, castor,
bean, etc.) can be germinated by providing suitable conditions of germination, i.e.,
proper amount of oxygen, water and required temperature is essential of normal
process of germination.
Germination of dormant seeds : Dormant seeds (e.g., Xanthium, Cucurbita,
Ginko, etc.) germinate only when the cause of dormancy and then to remove this
cause. No generalized method for dormancy seeds of all plants can, therefore, be
applied for their germination. For example, if the dormancy is due to mechanically
hard seed coat, the seed coat should first be made less hard by dipping the seeds in
water or some chemicals and then they should be sown under necessary conditions
for germination of seeds.
8.2.2 Study of germination of dormant seeds after scarification
Requirements -Dormant seeds, Filter paper, Petri-dishes, Blade, Distilled water
Procedure
1. Select 20 seeds of any leguminous plant such as Melilotus or viccia.
2. Keep 10 seeds on filter paper in one Petri plate marked “A”.
3. Remaining 10 seeds cut with blade through outer seed coat. Remove a small
piece of the coat exposing the inner tissue.
4. Place the seeds with partially removed seed coats in second petri-dish and mark
this petri-dish as “B”.
5. Add 3ml distill water to both the Petri-dishes to moisten the filter paper.
6. Label each dish to mention the date.
7. Place the Petri-plates in the dark at about 25°C.
8. Compare the germination under these two treatments at the end of 48 hours.
Record percentage of germination.
Observation and conclusion
1. Seeds fail to germinate in Petri-dish marked “A” while most of the seeds in
Petri dish “B” show germination.
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2. This appears to be the case of dormancy due to impermeable seed coat.
3. In petri-dish “A” the seeds fail to germinate due to the presence of
impermeable seed coat.
4. In petri dish “B” the seeds germinate. This because the dormancy has been
removed with the removal of seed coat. This treatment consisting of breaking
or removal of seed coat is called scarification.
5. Scarification is a treatment which ruptures or weakens the seed coat.
8.2.3 To test the viability or germination of seeds with the help of tetrazolium
salt
Requirements- Dry Gram seed or Pea seed, filter paper, Safety razor blade and
Terazolium salt
Procedure
1. Soak the gram seeds in water for about two hours. After this cut carefully each
seed in to two longitudinal halves through the centre of the embryo.
2. Place these halves in a Petri-dish 0.1% solution of tetrazolium chloride.
3. Keep the Petri-dish in dark for approximately half an hour and insure that seeds
completely immersed.
4. After 30 minutes some of the seeds exhibit carmine stained embryos.
Observation and conclusion
1. As a result of respiration in the viable seeds the colorless tetrazolium salt is
changed in to highly colored compound by chemical reduction.
2. But if the seeds are non viable or dead, then respiration will not occur hence
dye will not be reduced and embryos will remain colorless.
3. In this way percentage of seed viability or number of seeds capable of
germination can be determined.
2,3,5,-triphenyl tetrazolium Chloride (Soluble & colorless)
(Aerobic respiration) Triphenyl formazon (Insoluble & red)
8.2.4 Study of the effect of impermeable seed coat on the dormancy
Requirements- Dry Gram seed or pea seed, Beaker, Balance, Blotting paper
Procedure
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1. Take 5 gram seeds with seed coat in a 50 ml beaker and marked “A” after
weigh seeds separately.
2. In another 50 ml. beaker place 5 gram seeds without seed coat and marked “B”
after weigh seeds separately.
3. Add 30 ml. water both beakers and then keep both of them at room
temperature.
Observation and conclusion
1. After 1hr remove seeds from both the beakers and blot off their surface.
Then weigh the seeds separately.
2. In beaker “A” seeds fail to absorb water due to the presence of impermeable
seed coat.
3. In beaker “B” Seeds absorb water due to the absence of seed coat.
4. Experiment is concluded that impermeable seed coat is responsible for seed
dormancy

8.3 Viva-voce
1.
2.
3.
4.
5.
6.
7.

What is seed dormancy?
What do you know about quiescence?
What is Scarification?
How will you explain the simplest method can be employed in laboratory to
overcome seed dormancy?
Which growth regulators are employed to overcome seed dormancy?
How the application of growth regulators can be effect the germination?
What do you know about chilling treatment and give the examples?

8.4 References
 Bendre, A.,2004 Practical botany, Rastogi publication, Meerut .
 Bhatia and Parashar, 1997 “Plant Physiology” Published by Trueman Book
Copmany, Jalandhar.
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 Kochhar, P.L.and Krishnmoorthy, H. N., 1984 “A Tex book of Plant
Physiology” Published by Atmaram & Sons, Delhi.
 Srivastava, H. S., 2005 “Plant physiology, Biochemistry and biotechnology”
Published by Rastogi Publications Meerut.
 Trivedi, P.C., Sharma N., Dhankar,R.S., 2006 “Practical botany” Part III
Ramesh book depo Jaipur.
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Unit - 9
Ecological Study of Different Life-forms
Structure of the Unit:
9.0
9.1
9.2
9.3
9.4
9.5
9.6
9.7

Objectives
Introduction
Determination of Minimum Size Quadrats
Method Determination of Frequency, Density and Distribution of Random
Quadrat Method
Evaluation of life-form classes of local-flora
Study of Vegetation structure through profile diagram
Viva-Voce
References

9.0 Objectives
After going through this unit you will be understand:
 Ecological study of Different Life-forms
 Determination of Minimum Size Quadrats
 Determination of Frequency, Density and Distribution of Random Quadrat
Method
 Evaluation of life-form classes of local-flora
 Vegetation structure through profile diagram.

9.1 Introduction
Environment is, without doubt, the primary driver of life-form evolution.
Nevertheless, the very core of every definition of ecology implies two-way
interactions between organisms and environment, and just as life-form is a
response to environment, the entire oikos is influenced by structure. Thus, the
product of an evolutionary response to environment becomes a major factor in the
interplay among biota, soil, and atmosphere. Two form-linked traits, size (which
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influences many aspects of resource acquisition) and life span may have special
significance.

9.2 Determination of Minimum Size Quadrats
Objective: To determine the minimum size of the Quadrat by species area curve
method. (Quadrat method)
Principle
Quadrat is the name given to the sampling unit an area of a definite size. In shape,
it may be square, rectangular or circular. The Quadrats may be of various types
depending upon the objective e.g. List, Count, Clip, Chart and permanent
Quadrats. The First two types along with Chart Quadrats are primarily used in the
studies about community structure.
Normally the assemblage of plants in a community is quite heterogeneous.
Therefore determination of size and number of Quadrats is quite essential for
adequate sampling in plant communities.
Materials and Equipments :
Rope or cord or string, surveyor’s hook or long nails, paper, pencil, measuring
tape and graph paper.
Method :
1. Prepare an L-shaped structure in the field of 1 x 1 m by using 3 nails and
typing cord with them.
2. Now make a measurement of 10 cm on one side of the arm of L and then the
other.
3. Using another set of cord and nails prepare 10x10 sq. cm area and then count
the number of species present in it.
4. After this increase the area to 20 x 20 sq. cm and then note the number of
additional species, present in this area.
5. Now repeat the same procedure till 1 x 1 sq m area is covered.
6. Make the observations according to the table:
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Table 9.1: Total No. of species and the area
Total No. of species
Area
10 x 10 sq. cm.
20 x 20 sq. cm.
30 x 30 sq. cm.
40 x 40 sq. cm.
up to
1 x 1 ml
Using the above recorded data, prepare a graph. The total no. of species in each
Quadrat (e.g. 3,5,7,11 etc.) are plotted on a graph paper against the area and
number respectively for OX and OY axes.

Fig. 9.1: A:To determine the minimum size of quadrat by nested plot;
B: Species area curve to determine the size of quadrat
Results and observations:
At one point of the graph curve becomes flattened or indicates only a gradual
increase. Therefore the plotted graph yields sigmoid curve which is known as
species area curve.
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Inference : the size of the Quadrat which exhibits the highest number of species
must be selected as the standard size of the Quadrat for sampling the community
under study. However for general practice, 1 x 1 m Quadrat sample is used for the
study of herbaceous vegetation; 5 m x 5m for the studies of shrubby vegetation and
20 m × 20 m for the tree vegetation.

9.3

Method Determination of Frequency, Density and
Distribution of Random Quadrat Method

Objective : To study plant communities by quadrat method so as to determine
percentage frequency, density and abundance.
Principle:
1. Frequency : This is the number of quadrats or sampling units, in which a plant
species occurs. Percentage (%) frequency can be determined by the following
formula
( )=

%
.

100

.

2. Density : The No. of individuals per unit area is known as density. It can be
calculated by the following formula:
.

Density (D) =

.

3. Abundance : It is described as No. of individuals per quadrat of occurrence.
Abundance for each species can be calculated by the following formula:
.

Abundance (A) =

.

Requirements: Cords, meter scale, notebook pencil, four nails or hook, or wooden
quadrat 50 x 50 cm.
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Fig. 9.2 : A Quadrat

Fig. 9.3 : An artificial field showing four Quadrat
Method:
1. Lay a quadrat in specific area or a field, where community studies are to be
made. Carefully observe and note the plant species which are present there.
2. Now write the names and numbers of each plant species in a note-book, which
are observed in the limits of quadrat.
3. Lay at least10 quadrats randomly (Fig. 9.2) in the same manner and put the
data obtained as per Table 9.2.
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Table 9.2 Determine percentage, frequency and abundance by Quadrat
method
S.
Name of
No. of individuals in
Tota Tota F D A
No.
species
Quadrat Number
l No. l No.
1 2 3 4 5
of
of
Qua Indi
drat vidu
s
al
5
12
8
6 9
5
40 1 8 8
1. Indigofera
0
0
2. Cassia tora
3. Oropetium
4. Borreria
Results : Following conclusions can be drawn after calculation of frequency (%)
density and abundance of all the plant species:
1. In terms of Frequency (F) the area being dominated
by …….
2. In terms of Density (D) the area is being dominated by …….
3. In terms of Abundance (A) the area is dominated
by ……

9.4 Evaluation of life-form classes of local-flora
Objective : To prepare a list of plants occurring in a grassland and to prepare a
chart along the line transect.
Principle: Forest ecology is one branch of a biotically oriented classification of
types of ecological study (as opposed to a classification based on organizational
level or complexity. Thus, forests are studied at a number of organizational levels,
from the individual organism to the ecosystem. Logically, trees are an important
component of forest research, but the wide variety of other life forms and abiotic
components in most forests means that other elements, such as wildlife, are often
the focal point. Thus, forest ecology is a highly diverse and important branch of
ecological study. Since trees can grow larger than other plant life-forms, there is
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the potential for a wide variety of forest structures (or physiognomies). The infinite
number of possible spatial arrangements of trees of varying size and species makes
for a highly intricate and diverse micro-environment in which environmental
variables such as solar radiation, temperature, humidity and wind can vary
considerably over large and small distances.
Requirements : Two nails, 25 feet long cord.
Method : 1. First of all draw a 25 feet along line transect in a grassland to be
studied by tying 25 feet long cord at both the ends with the help of two nails.
2. Now note down the names of all the plant species whose projections touch one
edge of the cord along the line transect and assign a definite number (1, 2, 3, & 4
etc.) to all of them.
3. Now take several such samples at regular or irregular intervals along the line
transect in the grassland.
4. Also have record of the plant species form different grassland types in similar
manner.
Observations and Results: The data are now to be noted as per table in following
manner:
Table 9.3 species and their number along the line transect
S. No. Name of Species
Locality No. 1
Locality No. 2
I II III Total

I II III Total

1. Eragrostis tenella
2. Eragrostis tenella
3. Eragrostis tenella
4. Eragrostis tenella
5. Eragrostis tenella
With the help of table we can have a complete picture of plants occurring the
grassland under study. We can also have a complete list of the plants which are
found growing in the grasslands. Besides this, we can have an idea of the dominant
species in the area.
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9.5 Study of Vegetation structure through profile
diagram
Objective: To study vegetation structure through profile diagram.
Principle:
All the plants in a community are not of same size hence they do not occupy the
same strata to multistoried structures. The distribution of vertical space of the
community is known as stratification. The stratification can be studied in both
aerial and underground parts in a plant community. The number of strata appears
to be more with the increase floristic richness. By having a general observation of
community vegetation we can locate different strata.
Similarly plant community vegetations are generally composed of number of
species with different types of life form showing their adaptations to pass over the
unfavourable seasons of the year. The percentage distribution and their graphical
expression of different life forms is known as “Biological Spectrum of a
Vegetation”
Requirements:
Surveyor’s hooks or wooden pegs, long cord or ropes, measuring tape, and graph
paper etc.
Method :
1. First of all make general observation of the vegetation and prepare a rough
stratification diagram of the same.
2. Now demarcate the area under study with the help of wooden pegs of hooks.
Now record all the species which grown within the demarcated area. Work out
the position of their perennating buds.
3. Observations : 1. The plant species which are growing in the vegetation of a
community, are differentiated into following strata:
L1 = Ground cover plants, e.g. Lichens, mosses, liverworts, and prostrate
annual herbs.
L2 = Ground flora or herb layer of considerable thickness.
L3 = shrub layer or middle layer.
L4 = canopy of small or medium sized trees.
L5 = Top canopy of tall trees.
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4. After working out the position of perennating buds of different plant species in
the vegetation, their life, forms are determined by using following criterion (as
per table 9.4)

Fig. 9.4: Stratification of Vegetation

S.No.

Life forms

(1)

(2)

Table 9.4 Various Life Forms
Symbol
Position of perennating bud
(3)

(4)

1. Phanerophytes

Ph

Perennating buds well above the
ground

2. Megaphanerophytes

MG

Perennating buds 30 m or more above
the ground

3. Mesophanerophytes

MS

Between 8-30 m

4. Microphanerophytes

Mi

Between 2-8 m

5. Nanophanerophytes

N

Between 30 cm and 2 m

6. Chamaephytes

Ch

Perennial herbaceous or suffrutiscent
plants bearing perennating buds just
above the ground level to 30 cm height.

7. Hemicryptophytes

H

Perennating buds partly hidden at the
round level
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8. Cryptophytes

Cr

Perennating buds below the ground
level

9. Geophytes

Ge

Underground perennating buds

10. Hydrophytes

Hy

Submerged in water

11. Helophytes

He

In water logged mud

12. Therophytes

Th

Annual plants which perennate through
seeds or spores

13. Stem succulants

S

-

14. Epiphytes and Stem
Parasites

EP

-

Fig. 9.5: Different Life-forms : 1; Phanerophytes 2; Chamaephytes 3;
Hemicryptophytes 4; Cryptophytes 5; Therophytes

152

Result:
Put different species of plants in Table 9.5 and summarise them in table 9.6.

S. No.

Table 9.5 Different Species of Plants
Name of species
Family

Life from

1.

Melia azadirachta

Meliaceae

Ph. (MS)

2.

Jatropha gossypifolia

Enphoriaceae

Ph. (Mi)

3.

Sida cordifolia

Malvaceae

Ch.

4.

Oldenlandia corymbosa

Rubiaceae

Th.

S. No.

Table 9.6 Various Life Forms
Life forms
Representation
No. %

1.

MG

2.

MS

3.

Mi

4.

N

5.

Ch

6.

H

7.

Cr

8.

Th

The percentage distribution of various life forms can be compared on a graph paper
by having separate columns for each life form.
Inference: From the percentage distribution of different life forms we can analyze
the nature of vegetation e.g. grasslands, forests, marshy or desert vegetation.
Besides these we can also get an overall picture of the environment of the area and
some other important features related to their soil or proximity to the water bodies
and pollution conditions etc.
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9.6 Viva-Voce
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

What is Quadrat?
Define Ecology.
Who proposed the term Ecology?
What is species?
Define Community.
Define Abundance.
Differentiate species density and species frequency.
Why quadrat method is important in ecology?
Define flora.
What is vegetation type?

9.7 References
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Unit – 10
Study of Soil Features
Structure of the Unit:
10.0
Objectives
10.1
Introduction
10.2
Mechanical Analysis of Soil / Soil Texture Analysis
10.3
Soil pH Analysis
10.4
Soil Moisture Analysis
10.5
Determination of Water Holding Capacity of Soil
10.6
Glossary
10.7
Viva-voce
10.8
References

10.0 Objectives
After going through this unit you will be able to understand:
 the physical and chemical characteristics of soil.
 the laboratory methods of estimation of different soil characters.
 about different textures of soil.
 different soil types according to their texture.
 about pH of soils, determine the soil pH by different methods.
 about soil moisture content, its calculation, and importance to plants.
 about water holding capacity of soil its estimation and calculation.

10.1 Introduction
The soil is the three phase system of solid, liquid and gaseous components, each of
which has its own physical and chemical properties. For determination of physical
and chemical properties of soil, sampling is one of the major steps. Meticulous
attention should be paid for collecting an adequate amount of soil needed for
analysis. Soil samples are collected from selected sites (at different depths), after
removing the surface debris, in polythene bags and then suitably labeled for future
recording.
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 Soil Texture- Soil texture refers to the relative proportion of various groups of
individual particles. It is determined by the relative proportion of mineral
particles of different sizes present in the soil. To separate the particles of
different sizes the organic matter of soil is oxidized and inorganic cementation
is removed to breakdown structural aggregates. Fine fractions, as clay and silt
are removed from coarser material by sedimentation technique and the coarse
fraction is dried and graded by sieving. Particles more than 0.02 mm diameter
i.e. sand and gravel mainly provide physical support to the plants. Amount of
silt and clay particles less than 0.02 mm diameter determine the water holding
capacity and nutrient availability of the soil. Soils are classified in to number of
textural classes depending upon their particle size distribution. Texture can
evaluated in the field or the accurately in the laboratory by mechanical analysis.
 pH- It is the most important single property identifying the chemical nature of
soil, The pH of soil depends upon the relative amount of absorbed hydrogen
and absorbed metallic cations. When hydrogen ions predominate the reaction
become acidic, if reverse it results true alkalinity. Soil pH is correlated with
amount of calcium and magnesium, solubility of aluminum, phosphorous,
manganese, iron, and activity of micro-organisms.
 Soil moisture- Water is required for all life, water is supplied the plant through
the roots, It lubricates the soil allowing root penetration. It is necessary for
microbial mobility and enzyme action, and also allows nutrient mobility. Soil
moisture content affect the relative availability of water to plants. Oven dry
weight is the basis of all soil moisture calculations, it is determined that by
placing the soil in an oven at 1050C until it loses no more water.
 Water holding capacity- Water holding capacity of soil depends upon the
texture and structure of soil components, the water holding capacity of a soil is
a very important agronomic characteristic. Soils that hold generous amounts of
water are less subject to leaching losses of nutrients or soil applied pesticides.
This is true because a soil with a limited water holding capacity (i.e. a sandy
loam) reaches the saturation point much sooner than a soil with a higher water
holding capacity (i.e. a clay loam). After a soil is saturated with water, all of the
excess water and some of the nutrients and pesticides that are in the soil
solution are leached downward in the soil profile.
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10.2 Mechanical Analysis of Soil / Soil Texture Analysis
Objective- To study the texture of soil samples
Principle
Soil texture, mainly depends on size, proportion and peculiar arrangement of the
soil particles. The naming or designation of various types of soil particles mainly
depends upon the diameter of soil particles which can be categorized in different
groups.
As a result of varying degree of weathering of parent material i.e. rock, the mineral
particles of different sizes are formed. In a given sample of soil, there may be
present, different sized particles in different proportions. Depending upon their size
(diameter basis), the International Society of Soil Science has given different names
to these mineral particles, which are as followsTable 10.1 :Different Textural Groups by Sieve Test
International system of mechanical analysis for soil
Diameter(mm) of the particle
Particle names(textural group)
Below 0.002
Clay
0.002-0.02
Silt
0.02-0.20
Fine sand
0.20-2.00
Coarse sand
RequirementVarious types of soil, sieves of different number of meshes.
ProcedureThere are two methods which are generally employed for determination of soil
texture.
1.
Examination of soil sample under lens and felt between thumb and fingers
in dry as well as moist state; the soil sample is seen under hand lens and
also small amount of it, dry as well as moist, is squeezed between thumb
and fingers. Find out the, texture with the help of Table 9.2
2.
By the use of sieves of different number of meshes; this is a standard
method. The soil is passed successively through a series of sieve with
different size (diameter) of their meshes (pore), as given in Table 9.1, begin
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with maximum mesh size. Thus separate different fractions (different-sized
particles). From the sample. Find out the relative proportion of each
fraction. Determine the texture according to this proportion.
Observations-

Fig. 10.1 : Classification of Soil Texture
Table 10.2 : Finger Tests performed in the Field
Examination of soil and as felt between thumb and figures
Texture
Individual grains may be seen or felt, form a cast when moist
soil is squeezed
Individual grains can and seen felt form a cast but fall apart
when dry soil is squeezed, moist forms cast that does not
break.
Mellow with a gritty feel, when dry is squeezed, forms a cast
bearing care handling. Moist one forming cast which can be
easily handled without breaking.
Dry, appearing cloddy, with soft feeling, forming cast (dry as
well as moist) that can be easily handled without breaking, if
moistened is squeezed, does not form ribbons.
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Sand
Sandy loam

loam

Silt loam

Breaking in clod or lumps, hard when dry, if moist is pinched
clay loam
forming thin ribbon which break readily, moist forming cast
that bears much handling.
Forming very hard clods or lumps when dry, stick when wet if
clay
moist squeezed, forming long, flexible ribbon.
Examination of soil sample under lens and felt between thumb and fingers in dry
as well as moist state

Textural
group

Table 10.3 : Textural Groups of Soil
Relative proportion of
different sized mineral particles

Sandy soil

85% sand +15% clay or silt or both

Loamy sand

70% sand+ 30%clay or silt or both

Loam soil

50% sand +50% clay or silt or both

Silt

90% silt + 10% sand

 On the basis of the proportion of different sized particles, soils are classified
into different textural groups.
Result- The texture of given soil sample is...............

10.3 Soil pH Analysis
Objective- To compare the chemical characteristic (pH) of the given soil samples
by the use of rapid tests.
PrinciplepH is the property to know the chemical nature of soil, it also indicates the
concentration of H+ ions or acidic value of the soil. A pH meter is a scientific
instrument that measures the hydrogen ion concentration in a solution indicating its
acidity or alkalinity. It measures the difference in electrical potential between a pH
electrode and a reference electrode.
RequirementsSoils of different types, universal indicator, barium sulphate
Procedure159

A Field Test: For field test pH of soil is recorded with the help of universal
indicator. Universal indicator is a mixture of different indicators with having
different critical pH. It shows whole range of spectrum colour from red to violet
for pH values ranging between 3 and 11 respectively.
Take in different test tubes small amount of soil samples, and add to each equal
amount of barium sulphate and about 20 ml of water. Keep the solution for some
time till clear supernatant appears. Place a few drops of the clear supernatant liquid
on the porcelain tile and add equal amount of universal indicator. Note the colour
produced and now match this colour with the colour chart for different pH values
pasted on the indicator bottle. Read the pH value written on the strip with which
the colour of solution resembles.
B. Electrometric Method: The electric potential developed across a glass
membrane, when a glass electrode is immersed in the soil suspension, is measured.
This potential is proportional to the difference in pH between both sides of the
membrane. Usually the instrument is calibrated to read directly in pH units.
Normally the pH of soil is also measured directly by pH electrode after making soil
suspension (1part soil and 5 parts water i.e. 20 gm soil is suspended in 100 ml
distilled water) after comparing with standard pH solution.
ReagentsStandard buffer solution of pH 4.00(0.05 M potassium biphthalate). Dissolve 10.2
g reagent grade potassium biphthalate in water and dilute to 1 litre.
Weigh out 20g of soil sample and transfer to a 125 ml wide mouth bottle. Add 100
ml of water, fix the stopper and shake mechanically for I hour.
Carefully read the working instruction of pH meter. Standardize the pH meter with
the buffer solution. Remove electrodes from the buffer solution and rinse with
water. Shake the bottle and dip the electrodes into the soil suspension. Read the
pH.
PrecautionsGlass electrodes are broken or spoiled if handled without care. Wash the electrodes
with water immediately after use and during storage keep them immersed in
distilled water.
Result- The pH of given soil sample is..........
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10.4 Soil Moisture Analysis
Objective-To determine the moisture content of soil samples
PrincipleMoisture content of soil has great importance for plant growth. It helps in
formation of decomposed matter of plant or animals It lubricates the soil allowing
root penetration. It is necessary for microbial mobility and enzyme action, and also
allows nutrient mobility.
Requirementoven, polythene bags, beaker, balance and khurpi (weeding instrument)
ProcedureTake about 100gms of soil sample at desired depth from different localities and
keeps these soil samples in separate polythene bags, now bring these samples to
the laboratory. Put the definite quantities of soil samples in separate pre-weighed
beakers and place these beakers in the oven for 24 hours. Put the label on different
beakers to avoid confusion. Now weigh the beakers containing dry soils and
calculate the moisture percentage as follows.
Observation / Calculation1. Weight of empty beaker- ‘x’ gms
2. Weight of the fresh soil- ‘A’ gms
3. Weight of dry soil + beaker- ‘A1’ gms
4. Therefore weight of soil- A-x= ‘B’ gms
5. weight of dry soil- A1-x= ‘B1’ gms
6. Moisture content of soil- B-B1= ‘C’ gms
i.e. weight of soil- weight of dry soil (4)-(5)
7. Moisture percentage = Amount of water in soil(6) / weight of oven dry soil(5)
x100
Since ‘B’ gms of soil contain= ‘C’ gms moisture
100 gms of soil will have= ------% moisture
Result- 100gms of dry soil contain........ gms moisture contents. Therefore
moisture percentage will be....
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10.5 Determination of Water Holding Capacity of Soil
Objective- To determine the water holding capacity of soil samples
PrincipleWater holding capacity of soil depends upon the texture and structure of soil
components, the water holding capacity of a soil is a very important agronomic
character. In general, the higher the percentage of silt and clay sized particles, the
higher the water holding capacity.
RequirementsSoil samples filter papers, balance with weighing box, oven, water, glassware.
Tin/brass cigarette box with perforated bottom, pertriplate.
Procedure1.Firstly make the soil dry in oven and crush it properly,
2.Then take a tin cigarette box with perforated bottom and weigh the box.(1)
3. Take a filter paper and weigh it.(2)
4 Now put a filter paper inside the box at the perforated bottom and fill the box
gradually with the dried soil by tapping to ensure uniform filling.
5 Now place this soil filled box in petridish filled with water. then wait for 8-10 hr.
and after that again take the weight of box,(3)
6 Now put this container with in an oven at 1050C for about 24hours and then once
again take its weight.(4)
7.Now take a similar filter paper utilized in box and dip it in water to find out the
amount of water absorbed by the filter paper.(5)
Then calculate the water holding capacity of soil.
(%) Percentage Water-holding capacity—
Observation / Calculation1. weight of box=.......
2. weight of dry filter paper=.........
3. weight of wet soil + box + wet filter paper= .......
4. weight of oven dry soil + box + dry filter paper=.......
5. weight of wet filter paper=.......
Calculate water holding capacity as follow162

x 100

6. weight of wet soil=3-(1+5)weight of wet soil + box + wet filter paper- weight
of box+ weight of wet filter paper
7. weight of oven dry soil=4-(1+6) weight of oven dry soil + box + dry filter
paper- weight of box+ weight of dry filter paper
8. water in the soil =(6--7) (weight of wet soil - weight of oven dry soil) =........
Water-holding capacity—
x 100
Result- Water Holding Capacity of soil sample is.........

10.6 Glossary





Clay- A clay is a fine textured soil that forms very hard lumps or clods.
Clay loam- A clay loam is a fine textured soil which usually breaks into
clods that are hard when dry.
Loam- soil having a relatively even mixture of different grade of sand silt
and clay.
pH meter- instrument used in measuring pH.



Sand- sand is loose and coarse grained.



Sandy loam-A soil contain much sand but has enough silt and clay.





Silt loam- A silt loam is a soil having a moderate amount of the fine grades
of sand and only a small amount of clay and over half of the particles being
of the size called silt.
Standared buffer solution- (0.05M potassium biphthalate)



Texture- relative proportion of the soil particles.



Water holding capacity-amount of water can hold by soil.



Universal indicator-mixture of different indicator having different pH.



10.7 Viva-Voce
1. The principal Source of soil water is....................
2. The size, shape and number of ……………… determine amount of water
retention by soil.
3. ………….. has coarse texture with large particle size.
4. Universal indicator is used to determine the soil……...
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5. ……… and……….. are excluded from the textural classes .
6. ………….. has 30% sand, 60% silt and 10% clay sized particles.
7. The pH of soil depends upon the relative amount of……………..
8. Which method is suitable for determine the soil texture?
9. Define water holding capacity?
10. Write an account on the pH of soil?
11. Explain the characters of soil?
12. What is soil?
13. What is the procedure to determine the water holding capacity of soil sample?
14. Explain about the different textural types of soil?

10.8 References
 Ecology and utilization of plants –P.D. Sharma
 Ecology and Environment Eleventh Revised Edition- P.D. Sharma
 Environment education by us- Y.P. urang/Sunita Jaisingh
 Ecology (second edition) Modern biology series- Eugene P.Odum
 College Botany-S.C Santra, T.P.Chatterjee A.P.Das
 Practical Botany-B Sc part iii- P.C. Trivedi, Niranjan Sharma, R. S. Dhankhar.
 Ecology Workbook-R. Misra
 Methods in Environmental Analysis Water, Soil and Air- P.K. Gupta
 Environmental studies-Dr R.B Singh, Dr. D.K.Thakur, Dr. J.P.S.Chauhan
 The text book of Practical Botany -II –Dr. A.M. Bendre and Dr. A. Kumar
Note : Different types of soil samples locally available in your region may be
used for study of soils features.
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Unit – 11
Study of Water Bodies (Clean & Polluted)
Structure of the unit:
11.0
11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8

Objectives
Introduction
Estimation of Chloride in Water Sample
Estimation of Hardness (Carbonates & Bi-carbonates) in Water Sample
Estimation of Dissolved Oxygen in Water Sample
Estimation of Biological Oxygen Demand in Water Sample
Estimation of Chemical Oxygen Demand in Water Sample
Viva-voce
References

11.0 Objectives
After studying the unit the students will come to know
 major estimations Chloride, Carbonates, Bi-carbonates, Dissolved oxygen,
Biological oxygen demand and chemical oxygen demand in any water sample.

11.1 Introduction
Water pollution is the major problem in the surroundings. Chloride carbonates and
bi-carbonates are widely distributed as salts of calcium sodium and potassium in
waste water bodies. In potable water, the salty taste produced by chloride
concentrations is variable and dependent on the chemical composition of water.
Salts are the major taste producing element in water is sodium chloride and
calcium chloride. Water hardness is caused by cations; it can also be discussed in
terms of carbonates (temporary) and non-temporary (permanent) hardness. This
type of hardness is responsible for the deposition of scale in hot water pipes and
kettles. Non carbonates hardness is caused by the association of hardness causing
cation with chloride or nitrate is referred to as permanent hardness because it can
be removed by boiling.
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11.2 Estimation of Chloride in Water Sample
Objective- To determine the chloride ion of given water sample.
TheoryChloride is present in water usually as NaCl2, MgCl2, and CaCl2. Although chloride
is not harmful as such, their concentrations over 250 ppm impart a peculiar taste to
the water thus rendering the water unacceptable for drinking purpose. By the help
of mohr’s method, chloride ion in a water sample can be determined by titrating it
against standard silver solution using potassium chromate as an indicator. The pH
should be in between 7-8. At higher pH, silver ions are precipitated as silver
hydroxide. At lower pH, potassium chromate indicator is converted to potassium
dichromate (Red precipetate).
PrincipleThe amount of chloride present in water can be easily determined by titrating the
given water sample with silver nitrate solution. The silver nitrate reacts with
chloride ion according to 1 mole of AgNO3 reacts with 1 mole of chloride. The
titrant concentration is generally 0.02M. Silver chloride is precipitated
quantitatively, before red silver chromate from excess silver nitrate.
Apparatus1- Burette with burette stand and porcelain tile
2- Pipettes with elongated tips
3- Conical flask
4- Standard flask
5- Beaker
6- Wash bottle
Reagents-

1234-

Silver nitrate
Phenolphthalin indicator
Sodium chloride
Potassium chromate
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ProcedureTitration with the blank solution
Transfer 50 ml of the distilled water in a conical flask and add 3-4 drops of
indicator potassium chromate solution. Slowly add standard silver nitrate solution
from the burette and shake the solution well. At the end point, light yellow colour
starts changing to red colour. The titration is repeated until a concordant volume
V1 is obtained. The blank correction for the indicator should be subtracted from
the volume of the titrant obtained after titrating the sample solution.
Titration with the sample water
Transfer 50 ml of given water sample in a conical flask and add 3-4 drops of
indicator potassium chromate solution add standard silver nitrate solution from the
burette and shake the solution well. At the end point, light yellow colour starts
changing to red colour and red colour persists. The titration is repeated until a
concordant volume V2 obtained.
The chloride (mg/l) is then quantified by using this formula.
Chloride (mg/l) = (ml x N of silver nitrate) x 1000 x 35.5
Ml of sample taken
Result- The amount of chloride ion in the given water sample is ------------ppm.

11.3 Estimation of Hardness (Carbonates and Bi-Carbonates)
in Water Sample
Objective- To determine the Carbonates and bicarbonates content of the given
water sample.
TheoryWater hardness is the traditional measure of the capacity of water to react with
soap, hard water requiring a considerable amount of soap to produce lather.
Hardness of water is not a specific constituent but is a variable and complex
mixture of cations and anions. In fresh water, the principle hardness causing ions
of calcium and magnesium, the ions of strontium, iron and barium also contribute.
Hardness is commonly expressed as mg CaCO3 equivalent per litre. The degree
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of hardness of drinking water has been classified in terms of equivalent
concentration as followsSoft- 0-60 mg/l
Medium- 60-120 mg/l
Hard- 120-180 mg/l
Very hard- > 180 mg/l
Although hardness is caused by cations, it may also be discussed in term of
carbonate (temporary and permanent) hardness. Carbonate hardness refers to the
amount of carbonate and bicarbonates ions in the solution that can be removed or
precipitated by boiling. This type of hardness is responsible for the deposition of
scale in the hot water pipes and kettles. The degree of hardness may vary
considerably from community to community, depending on local conditions, but in
some communities water hardness is excess ion from 100-300 mg/l depending on
the accepted anions. The magnesium ion is probably less than that for calcium
ions.
Types of Hardness- There are two types of water hardness, temporary and
permanent, temporary hardness is due to the bicarbonate ion, HCO3¯, being present
in the water. This type of hardness can be removed by boiling the water is expel
the CO2, as indicated by following reaction.
HCO3¯ = H2O + CO2 (g)
Bicarbonate hardness is classified as temporary hardness. Permanent hardness is
due to the presence of the ions Ca ++, Mg++, Fe+++ and SO4¯. This type of
hardness can be removed by boiling the water. The water with this type of hardness
is said to be permanent hardness.
PrincipleIn the alkaline condition EDTA reacts with the calcium and magnesium to form a
soluble chelated complex. Ca and Mg ions develops wine red colour with with
eriochrome black T under alkaline condition. When EDTA is added as a titrant the
Ca and Mg divalent ions get complexes resulting in sharp change from wine red to
blue which indicates end point of the titration. The pH for this titration has to be
maintained at 10.0 + 0.1. At higher pH i.e. about 12.0 Mg ion precipitates and only
Ca++ ion remains in solution. At this pH Murexide indicator form a mix colour
168

with Ca++ ion. When EDTA is added calcium ion get complexes resulting in a
change from pink to purple which indicate the end point of the titration.
Interference- Metal ions do not interference but can be overcome by addition of
inhibitors.
Reagents1- Buffer solution- Dissolve 16.9 g NH4Cl in 143 ml NH4OH. Add 1.25 g
EDTA Mg salt to obtain sharp change in indicator and dilute to 250 ml. This
has to be titrated with standard calcium solution to avoid interference produced
by addition of EDTA to the buffer.
2- Inhibitor- Dissolve 4.5 g hydroxyl amine hydrochloride in 100 ml 95% ethyl
alcohol or isopropyl alcohol.
3- Eriochrome black T indicator- Mix 0.5 g die with 100 g NaCl to prepare dry
powder.
4- Murexide indicator- Prepare a ground mixture of 200 mg of murexide with
100 g of NaCl.
5- Sodium Hydroxide 2N- Dissolve 80 gm of NaOH and dilute to 1000 ml.
6- Standard EDTA Solution 0.02 N- Dissolve 3.723 g EDTA sodium salt and
dilute to 1000 ml. standardize against standard Ca solution, 1 ml= 1 mg CaCO3.
7- Standard Calcium Solution- Weigh accurately 1.0 AR grade CaCO3 and
transfer to 250 ml conical flask. Place a funnel in the neck of a flask and add
1+1 HCl till CaCO3 dissolve completely. Add 200 ml distilled water and boil
for 20-30 min. to expel CO2. Cool and add methyl red indicator. Add NH4OH
3N dropwise till intermediate orange colour develops. Dilute to 1000 ml to
obtain 1 ml= 1 mg CaCO3.
ProcedureA- Total Hardness1- Take 25 or 50 ml well mixed sample in a porcelain dish or a conical flask.
2- Add 1-2 ml buffer solution followed by 1 ml inhibitor.
3- Add a pinch of Eriochrom black T and titrate with standard EDTA (0.02 M)
till wine red colour changes to blue. Note down the volume of EDTA
required- (A)
4- Run a reagent blank. Note the volume of EDTA- (B)
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5- Calculate volume of EDTA required by sample, C= (A-B) From volume of
EDTA required in step 3&4.
6- Calculate as followsC X D X 100
Total hardness as CaCO3 mg/l= Ml sample
Where C = Volume of EDTA required by sample
D = mg CaCO3 per 1.0 ml EDTA. (0.01 M) used as titrant
B- Calcium Hardness1. Take 25 or 50 ml sample in a conical flask.
2. Add 1 ml NaOH to raise pH to 12.0 and a pinch of murexide indicator.
3. Titrate immediately with EDTA till pink colour changes to purple. Note the
volume of EDTA used. – (A)
4. Run a reagent blank. Nota the ml of EDTA required and keep it aside to
compare end points of sample titration.
5. Calculate as followsA X D X 1000
Calcium hardness of CaCO3 mg/l = ml sample
Where A= Vol. of EDTA used by Sample.
D = mg CaCO3 per 1.0 ml EDTA used for titration.
C- Magnesium HardnessMagnesium hardness as CaCO3 mg/l= Total hardness as CaCO3Ca hardness as CaCO3
D- Carbonate (Alkaline) Hardness & Non Carbonate (Non alkaline)
HardnessThese type of hardness can be calculated from total hardness & Total
Alkalinity data as follows1. If total hardness as CaCO3 > total Alkalinity as CaCO3
Then
(1) Alkaline hardness = Total Alkalinity
(2) Non alkaline hardness = Total hardness – Total Alkalinity
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2. If total hardness < or = Total Alkalinity
Then,
(1) Alkaline hardness = Total hardness
(2) Non Alkaline hardness = Nil
ConclusionPermanent hardness of water is due to the presence of Sulphates and chlorides of
Ca and Mg that remain in solution in boiling water.
Temporary hard water is almost completely softened by boiling.
Ca(HCO3)2 = CaCO3 + H2O + CO2
Hardness of water is determined by the content in it of soluble magnesium and
calcium salts i.e. the bicarbonates, Sulphates and Chlorides of Mg and Ca. There
are two types of hardness, Carbonates (temporary) and Non carbonates
(Permanent) hardness.

11.4 Estimation of Dissolved Oxygen in Water Sample
Objective- To find out the Dissolved oxygen content of the given water sample.
TheoryAll living organisms are dependent upon oxygen in one form or the other to
maintain the metabolic process that produce energy for growth and reproduction.
The dissolve oxygen levels in natural as well as waste waters depend on physical,
chemical and biological activities of the water body. The analysis of dissolved
oxygen is very important in water pollution control as well as waste water control.
The solubility of atmospheric oxygen in fresh water ranges from 14.6mg/l at 0ºC to
about 7.0 mg/l at 35ºC under our atmospheric pressure. Since it is poorly soluble
gas, its solubility directly varies with the atmospheric pressure at any given
temperature.
PrincipleOxygen present in sample oxidized the divalent manganous to its higher valency
which precipitate as a brown hydrated oxide after addition of NaOH and KI upon
acidification manganous reverts to divalent state and liberates iodine from KI
equivalent to DO content in the sample. The liberated iodine is titrated against
Na2S2O3 (N/80) using starch as an indicator.
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Interference- Ferrous ion, ferric ion, nitrite microbial mass and high suspended
solids constitute the main source of interference. Modification in the estimation
procedure to reduce this interference is described in the procedure.
Apparatus1- BOD bottles 300 ml capacity
2- Sampeling device for collection of samples.
3- Pipettes
4- Burettes
5- Flask
6- Beaker
7- Glass rod
Reagents1. Manganese sulphate- Dissolve 480g tetrahydrate manganeous sulphate and
dilute to 1000 ml. Filter if necessary. The solution should not give colour with
starch when added to an acidified solution of KI.
2. Alkali-Iodide-Azide Reagent- Dissolve 500 g NaOH and 150 g KI and dilute
to 1000 ml. Add 10 g NaN3 dissolved in 40 ml of distilled water. The solution
should not give colour with starch solution when dilute and acidified.
3. H2SO4 Conc.
4. Starch indicator- Prepare paste or solution of 0.5g starch powder in distilled
water. Pour the solution in 100ml boiling water. Allow boiling for few minutes,
cool and then use.
5. Stock sodium thiosulphate (0.12 N) - Dissolve 31.02g Na2S2O3. 5H2O in
boiled, cooled distilled water and dilute to 1000 ml. Preserve by adding 5 ml
chloroform per litre.
6. Standard Sodium Thiosulphate (0.0125N or N/80) – Dilute 100 ml of stock
Na2S2O3. solution to 1000 ml with freshly boiled and cooled distilled water.
Preserve by adding 5 ml chloroform per litre. This solution well has to be
standardized against standard potassium dichromate solution for each set of
titration.
Procedure1. Collect sample by BOD bottle using DO sample.
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2. Add 2 ml MnSO4 followed by 2 ml of NaOH + KI +NaN3 reagent. The tip of
the pipette should be below the liquid level while adding these reagents stopper
immediately.
3. Mix well by inverting the bottle 2-3 times and allow the precipitate to settle
leaving 150 ml supernatant.
4. At this stage add 2 ml conc. H2SO4 Mix well till precipitate goes into solution.
5. Take 101.4 ml in conical flask and titrate against standard Na2S2O3.using starch
as an indicator, When 2 ml MnSO4 followed by 2 ml NaOH+KI+NaN3 is added
to the sample as in (2) above 4.0 ml of original solution (sample) is lost. This
101.4 ml taken for titration will correspond to 100 ml of original sample.
DO
= 100 x 300
300-4
= 101.4 ml
ConclusionD O in mg/l= Volume of thiopsulphate used X its normality X 8000
Volume of sample
This method is known as Winkler method. The reagent NaOH+KI+NaN3 is used in
the method to estimate interference caused by NO2. This also reduces interference
due to higher concentration of ferric ion.

11.5 Estimation of Biological Oxygen Demand in Water
Sample
Objective- To find out the Biological oxygen demand (BOD) of the given water
sample.
Principle & TheoryBiological oxygen demand is defined as the amount of oxygen required by
microorganisms while stabilizing biologically decomposable organic matter in
waste under aerobic conditions. The BOD test is widely used to determine1- The pollution load of waste water
2- The degree of pollution in lakes and streams at any time and their self
purification capacity
3- Efficiency of waste water treatment methods
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Since the test is mainly a bio-assay procedure involving measurement of oxygen
consumed by bacteria while stabilizing organic matter under aerobic conditions, it
is necessary to provide standard conditions of nutrient supply, pH, absence of
microbial growth inhibiting substances and temperature. Because of the low
solubility of oxygen in water, strong wastes are always diluted to ensure that the
demand does not increase the available oxygen. A mixed group of organisms
should be present in the sample, if not the sample has to be seeded artificially.
Temperature is controlled at 20ºCThe test is conducted for 5 days as 70 to 80 % of
the waste is oxidized during this period.
Interference- Since DO estimation is the basis of BOD test, sources of
interference in BOD test are the same as in the DO test. In addition, lack of
nutrients in dilution water, lack of an acclimated seed organisms and presence of
heavy metals or other toxic materials such as residual chlorine are other sources of
interference in this test.
Apparatus1 BOD bottles 300 ml capacity
2 Incubator, to be controlled at 20 +_1ºC
3 Pipettes
4 Burettes
5 Flask
6 Beaker
7 Glass rod
8 Aerators
Reagents –
1- Phosphate buffer- Dissolve 8.5 g KH2 PO4, 33.4g Na2HPO4.7H2O and 1.7 g
NH4CL in distilled water and dilute to i000 ml. adjust pH to 7.2.
2- Magnesium sulfate- Dissolved 22.5 g Mg.SO4.7H2O and dilute to 1000 ml.
3- Calcium chloride- Dissolve 27.5 g anhydrous CaCl2 and dilute to 1000 ml.
4- Ferric Chloride- Dissolve 0.25 FeCl3.6H2O and dilute to 1000 ml.
5- Sodium Sulfite Solution 0.025 N- Dissolve 1.575 g Na2SO3 and
dilute to 1000 ml. Solution should be prepared freshly.
Procedure –
A- Preparation of dilute water174

1- Aerated the required volume of distilled water in a container by bubbling
compressed air for 15-30 minutes. To attain DO saturation. Try to maintain
the temperature near 20ºC.
2- Add 1 ml each of phosphate buffer, magnesium sulfate, calcium chloride
and ferric chloride solutions for each litre of dilution water. And mix
properly.
3- In case of wastes which are not expected to have sufficient bacterial
pollution, add seed to the dilution water. Generally 2 ml settled sewage is
considered sufficient for 1000 ml of dilution water.
B- Dilution of Sample1- Neutralize the sample pH 7.0 if it is highly alkaline or acidic.
2- Sample should be free from residual chlorine. If it contains residual
chlorine remove it by using Na2SO3 solution as follows.
We take 50 ml sample and acidify with addition of 10 ml+ 1 acetic acid.
Add about 1 g KI. Titrate with Na2SO3 using starch indicator. Calculate the
volume of Na2SO3 required per ml of the sample and add the sample to be
tasted for BOD.
3- Sample have high DO content i.e. DO 9 mg/L due to high algal growth or
some other reason, reduce the DO content by aerating and agitating the
sample.
4- Make several dilutions of the prepared sample so as to obtain about 50%
depletion of DO in dilution water but not less than 2mg and the residual
oxygen after 5 days of incubation should not be less than 1 mg/L. We
prepare
the
dilution
as
this
type.
If the sample is seeded, find out BOD of seed in the above manner and
apply correction, as per demonstration.
The following dilutions are suggested.
0.1%-1% ---------- Strong trade waste
1%-5% ---------- Raw sewage
5%-25% ---------- Treated effluent
25%-100%--------- River water
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5- Siphon the dilution prepared as above 4 labelled BOD bottles as
demonstrated and stopper immediately.
6- Keep1 bottle for determination of the initial DO and incubate 3 bottles at
20ºC for 5 days. See that the bottles have a water seal.
7- Prepare a blank in duplicate by siphoning plain dilution water to measure
the oxygen consumption in dilution water.
8- Fix the bottles kept for immediate DO determination and blank by adding 2
ml Mn.SO4 followed by 2 ml NaOH+KI+NaN3 as described in the
estimation of DO.
9- Determine DO in the sample and in the blank on initial day and after 5
days.
10- Calculate the BOD of the sample as follows.
Calculations–
Let D0---- DO in the sample bottle on 0th day
D1 ---- DO in the sample bottle on 5th day
C0 ---- DO in the blank bottle on 0th day
C1 ---- DO in the blank bottle on 5th day
C0 – C1 = DO depletion in the dilution water alone
D0 – D1 = DO depletion in sample +dilution water
(D0 – D1) - (C0 – C1) = DO depletion due to microbes
Siphon out seeded dilution water in a measuring cylinder half the required volume.
Add the required quantity of carefully mixed sample. Dilute to the desired volume
by siphoning dilution water and mix well. BOD mg/l = (D0 – D1) - (C0 – C1)
mg x decimal fraction of sample used.

11.6 Estimation of Chemical Oxygen Demand in Water
Sample
Objective- To find out the Chemical Oxygen Depend (COD) of the given water
sample.
PrincipleThe organic matter gets oxidized completely by K2Cr2O7 in the presence of H2SO4
to produce CO2 +H2O. The excess of K2Cr2O7 remaining after the reaction is
titrate with Fe (NH4) 2.(SO4) 2. The dichromate consumed gives the O2 required
for oxidation of the organic matter.
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InterferenceFatty acids straight chain aliphatic compound, chloride, nitrates and iron are the
main interfering radicals. The interference caused by chlorides can be eliminated
by addition of H2SO4 to the sample prior addition of chromate solution. About 0.4g
of H2SO4 is adequate to complex 40 mg of Cl¯ ions in the form of poorly ionized
HgCl2. Addition of Ag2SO4 to conc. H2SO4 (22 g/l acid) as a catalyst stimulates
the oxidation of straight chain diphatic and aromatic compound. NO2 exerts a
COD of 1.14 mg/MgNO2 Sulphonic acid is the amount 10mg/MgNO2 may be
added to K2Cr2O7 solution to avoid interference caused by NO2. For complete
oxidation of organic matter it is necessary to see that equal volume of sulphuric
acid and sample plus is taken.
Apparatus1- Reflux apparatus consisting of a flat bottom or round bottom 250 or 500 ml
capacity flask.
2- Heating metal.
Reagents
1. Standard potassium dichromate (0.25N) – Dissolve 12.259 gm K2Cr2O7 dried at
103ºC for 24 hours in distilled water and dilute to 100 ml.
2. Sulphuric acid reagent- Add 10 gm Ag2SO4 to 100 ml concentrated H2SO4.
3. Standard ferrous ammonium sulfate (0.1N) – Dissolve 39 gm Fe (NH4) 2.(SO4)
2. 6H2O in about 400 ml.
4. Ferrion indicator- Dissolve 1.485 gm 1/10 phenolphthaline monohydrated &
695 mg FeSO4.7H2O & dilute to 100 ml with distilled water.
5. H 2SO4 - Analytical grade
Procedure1. Place 0.4g H 2SO4 in a reflux flask.
2. Add 20 ml sample dilute to 20 ml with distilled water mix well.
3. Add pumic stone or glass beads followed by 10 ml standard K2Cr2O7.
4. Add slowly 30 ml H 2SO4 containing Ag 2SO4 mixing thoroughly. This slow
addition along with swirling prevents fatty acids to escape out due to high
temperature.
5. Mix well if the colour turn green either take fresh sample with lesser aliquot or
add more dichromate and acid.
6. Connect to flask to condenser mix the contents before heating, improper
mixing will result is bumping and sample will be blown out.
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7. Reflux for a minimum of 2 hours cool and washout the condenser with distilled
water.
8. Dilute for a minimum of 150 ml, cool and titrate excess of dichromate with
0.1N Fe (NH4) 2.(SO4) 2 using ferrion indicator.
9. Sharp colour change from blue green- Wine red, indicator end point or
completion of the titration.
10. Reflux blank in the same manner using distilled water.
11. Calculate COD from the following equationCOD mg/l = (a-b) N X 8000
V (ml)
Where- a= ml. Fe (NH4) 2.(SO4) 2 for blank
B= ml. Fe (NH4) 2.(SO4) 2 for sample
N= Normality of Fe (NH4) 2.(SO4) 2

11.7 Viva-voce
1.

What is BOD?

2.
3.
4.

What is COD?
Which types of impurities is present in the hard water?
What is the difference between temporary and permanent hardness?
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12.0 Objectives
After studying this unit you will be understand the cultivation and utilization of
food and fodder plants in terms of:
 Botanical characters and uses of food plants
 Botanical characters and uses of fodder plants
 Biochemical test for stored food material in food and fodder plants

12.1 Introduction
Food is the most important requirement of all living organisms. Human food
differs from animal food in the sense that it usually undergoes some form of
preparation prior to eating. Foods, like nuts, fruit and salad vegetables may be
eaten raw; however, more often food is cooked. The range of foods eaten by man
includes cereals, pseudo cereals, pulses, nuts, root and fruit vegetables etc. Some of
the important plants producing food and fodder and their uses are described in this
unit.

12.2 Botanical Characters and Uses of Food and Forage Crops
12.2.1 Wheat
Botanical name: Triticum aestivum
Family: Gramineae
Common Name: Gehun
Wheat is an annual plant. Roots fibrous; stem erect (divided in long internodes and
conspicuous nodes); leaves are alternate and with sheathing base, it can be divided
into 2 parts, the sheath and the blade; inflorescence spike of spikelet; flowers
axillary, zygomorphic, hypogynous, sessile and bisexual; tepals 2; stamens 3 and
versatile; gynoecium tricarpellary showing pseudomonomery, unilocular, ovary
superior, parietal placentation with one ovule; fruit caryopsis and seeds
endospermic.
Uses
1. Wheat is eaten in various forms by more than 1000 million people in the world.
2. In India, it is second important staple food crop next to rice.
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3. Soft wheat is used for making chapatee, bread, cake, biscuits, pastry and other
bakery products.
4. In areas where rice is the staple cereal food, wheat is eaten in the form of
‘puris’ or in the form of ‘upma’.
5. In addition to this, wheat is also consumed in various other preparations such as
‘dalia’, ‘halwa’, ‘sweet meals’, etc.
6. In most of the urban areas of the country, the use of backed leavened bread,
flakes, cakes, biscuits etc. is increasing at a fast rate.
7. Wheat straw is used as fooder, padding material and mulching material.
8. Wheat grain is used for preparing starch.
12.2.2 Rice
Botanical Name: Oryza sativa
Family: Poaceae (Gramineae)
Common name: Chawal, dhan
Botanical Characters
Rice is a semi-aquatic annual grass. Plant body is having the height of 50-150 cm.
Stem is cylindrical and differentiated into nodes and internodes. In the plant body
tuft formation takes place due to the process of tillering. The inter nodes are hollow
and of smaller size in the basal region of the plant body but gradually become
elongated in the upper regions of the plant. Intercalary meristem is present above
the each node. The basal leaf of each tiller and main stem is rudimentary and
known as protophyll. Leaves are alternately arranged. Each leaf is differentiated
into leaf sheath, lamina, ligule, and auricle. Node is partially or completely
enclosed by leaf sheath. Lamina is 30-50 cm in length, and 1-2 cms broad. The
margins of lamina are hairy.
Inflorescence of rice plant is panicle of spikelets. The spikelets are solitary and
single flowered. Flowers are usually self-pollinated. The flowers are enclosed in
lemma and palea and on maturity of plant, they form hull which is attached with
grain. The grains of rice enclosed by hull are known as paddy or Dhann Lemma
and palea are either owned or awnless. Each flower consists of six stamens
(arranged in two whorls and a carpel, which is enclosed by lemma and palea.
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Grain or fruit is one seeded caryopsis. The grains of rice show variability in size
and shape. These are either white or yellow coloured. In the cereals maximum
amount of starch is found in rice grains as reserve food after barley. Each rice grain
contains 78% starch, 7.5% protein, along with 1.8% fat and vitamins.
Uses
1. In various countries such as India, China, Japan, and Korea, rice is used as
major or staple food. Since its bread or chapatti cannot be prepared because of
glutinine deficiency in the grains hence it is taken directly as food after cooking
or boiling.
2. Various food delicacies such as Idli, Dosa and upma are prepared after
fermentation generally in most of the parts of our country, but particularly in
south India.
3. Rice is also used in the preparation of biscuits, Ice cream and pastry.
4. It is also used for making alcoholic beverages and as a source of starch.
5. Rice starch is widely used in cosmetic industry, as thickener in calico printing,
in the finish of textiles.
6. Rice starch is also used for making dextrins, glucose and adhesives.
7. Paddy husk is used as a fuel and for making hard boards and as a raw material
for alcohol and furfural.
8. Rice bran is used as cattle feed.
9. Edible fatty oil is also obtained from rice, bran, which is known as "bran oil".
10. It is used in soap industry and for making cosmetics.
11. Paddy straw is used as a fodder, in the manufacture of straw boards, and as a
soil mulch. Not only this but also used for thatching, making hats, sacks, mats
ropes and baskets.
12.2.3 Maize
Botanical Name: Zea mays
Family: Poaceae
Local Names: Makka, Makki
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Maize is fast growing annual herbaceous plant attaining a height about 1.5 to 3 m.
The stem (culm) is generally unbranched with tillering or without it. The culm is
differentiated into nodes and internodes. Numerous adventitious stilt roots are
developed from the lower nodes of culm. These fibrous adventitious roots are
helpful in maintaining erect shoot system by providing support to the culm.
Stilt/proproots produce branches, after entering in the soil. Inter nodes are of
smaller size in the basal part of culm, however these become gradually longer or
elongated and thin in the upper part of the plant. Leaves are long with a size of
about 50-70 cm x 8- 15 cm, flat and distichous and differentiated into leaf base and
lamina. A membranous ligule is present at the junction, of leaf sheath and lamina.
The maize plants are monoecious. The male and female flowers are developed on
the separate branchees. The tassel (male inflorescence) occupies the terminal
position on the main axis. On the other hand the female inflorescences ear or cob
are borne on modified lateral branches in the axils of the leaves. The cob or ear is a
small branch which is called as Shank and it is surrounded by protective leaves.
These leaves are known as spathe or husk.
Male inflorescence or tassel is in the form of a compact and much branched
panicle with pairs of spikelets arranged in two rows on the lateral branches. Each
spikelet consists of a pair of two glumes and two florets. Each male flower is
having lemma, palea and three stamens. The ear producing branch or shrank has
short internodes and bears a female spikes at the apex these spikes are arranged in
8 or 16 or 24 vertical rows of spikelets and each of such spikelet has got two
female flowers. Out of these two flowers one is sterile. However each fertile
female flower consists of lemma, palea and a carpel. Feathery style is much longer
and emerges out the cob. The two glumes of the female spikelet are membranous
and enclosing female florets. The longer feathery styles of female florets are
collectively known as silk. The tip of the style has two short unequal stigmas.
Anemophily or air pollination is observed in maize.
Uses
1. Maize is extensively used for food, forage and cattle feed.
2. The grain of maize is quite nutritious with high percentage of easily digestable
carbohydrates, fats and proteins. The grains of maize are ground into flour and
baked into chapattis.
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3. The grains of maize are roasted and eaten.
4. Pop corn and corn flakes are prepared from the grains of maize.
5. The oil obtained from maize is known as corn oil. It is used in making food and
corn syrup also. The corn sugar is used in making jams and jellies and other
confectionary sweets.
6. The grains are directly fed to milk producing and meat providing live stock.
7. The whole plant is used as cattle feed.
8. The maize starch is widely used as a sizing material in the textile and paper
industry.
9. Corn oil, which is obtained from the embryo of maize is used as lubricant and
in soap industry.
10. The culm of maize plant is used for paper making raw material.
11. A specific protein zeinremains present in maize which is used for the formation
of artificial fibre.
12. By the fermentation of maize grains an alcoholic liquor chichi is prepared in
Bolivia.
12.2.4 Chickpea
Botanical Name: Cicer arietinum
Family: Fabaceae
Local Names: Gram, chana
Botanical characters
Chickpea is herbaceous annual plant which branches from the base. It is almost a
small bush with diffused, spreading branches. The plant is mostly covered with
glandular or nonglandular hairs. The plant of chickpea grows up to 20-50 cm
height. It has small feathery leaves on either side of the stem. Leaves are petiolate
and compound. The solitary flowers are borne in an axillary raceme. Sometimes
there are 2 or 3 flowers on the same node. One pod contains two or three peas. It
has white flowers with blue, violet or pink veins.
Uses
1. Chickpea is used as food in different countries of world.
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2. The flour known as besan and used frequently in Indian cuisine).
3. Some varieties of chickpeas can be popped and eaten like popcorn.
4. It is used to make curries and is one of the most popular vegetarian foods in the
Indian subcontinent.
5. In India, unripe chickpeas are often picked out of the pod and eaten as a raw
snack and the leaves are eaten as a leaf vegetable in salads.
6. Chickpeas serve as an energy and protein source not only in human nutrition
but also as animal feed.
12.2.5 Potato
Botanical Name: Solanum tuberosum L.
Family: Solanaceae
Local Names: Aalu
Botanical characters
Potato is herbaceous perennial plant that grows about 60 cm in height. It has white,
pink, red, blue, or purple flowers. After flowering, potato plants produce small
green fruits each containing about 300seeds. Like all parts of the plant except the
tubers, the fruit contain the toxic alkaloids olanine. Plants propagated from tubers
are clones of the parent, whereas those propagated from seed produce a range of
different varieties.
Uses
1. Potatoes are used to for alcoholic beverages such as vodka.
2. They are also used as food for human as well as domestic animals.
3. Potato starch is used in the food industry.
4. Potato skins, along with honey, are a folk remedy for burns in India.
12.2.6 Sweet Potato
Botanical Name: Ipomoea batatas
Family: Convolvulaceae
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Botanical characters
The plant isherbaceousperennial, bearing alternate heart-shaped or palmately lobed
leaves. The flowers are sympetalous. The tuberous root is long and tapered, with a
smooth skin whose color ranges between yellow, orange, red, brown and purple.
Its flesh ranges from beige through white, red, pink, violet, yellow, orange, and
purple.
Uses
1.
2.
3.
4.

The leaves and shoots of seat potato are edible.
Thestarchytuberous roots are most important product.
In some tropical areas, they are a staple food crop.
In America, the juice of red sweet potatoes is combined with limejuice to make
a dye for cloth.
5. All parts of the plant are used for animal fodder.
6. Several selections are cultivated in gardens as ornamental plants for their
attractive foliage.
7. Recently it is also used for bio fuel production.
12.2.7 Sugarcane
Botanical Name: Saccharum officinarum
Family: Poaceae
Botanical characters
Sugarcane is a tropical, perennial grass that forms lateral shoots at the base to
produce multiple stems, typically three to four metres high and about five cm in
diameter. The stems grow into cane stalk, which when mature constitutes
approximately 75% of the entire plant. A mature stalk is typically composed of 11–
16% fiber, 12–16% soluble sugars, 2–3% non-sugars, and 63–73% water. A
sugarcane crop is sensitive to the climate, soil type, irrigation, fertilizers, insects,
disease control, varieties, and the harvest period. The average yield of cane stalk is
60–70 tonnes per hectare per year. However, this figure can vary between 30 and
180 tonnes per hectare depending on knowledge and crop management approach
used in sugarcane cultivation. Sugarcane is a cash crop, but it is also used as
livestock fodder
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Uses
1.
2.
3.
4.

Sugarcane is a cash crop gives ready cash to the farmers.
It is mainly used for manufacture of jaggery and sugar.
It is used for preparation of juice, syrup and also for chewing purpose.
Bagasse, immature tops, molasses, pressmud cake etc obtained from cane are
used for different purposes.
5. Immature green tops are used as fodder.
6. Bagasse is used as fuel and for making paper.
7. Molasses is used for preparing alcohol and other chemicals.
8. It is used for thatching of huts, mulching and composting.
9. The stubbles are used as fuel or for making compost.
12.2.8 Sorghum
Botanical Name: Sorghum vulgare
Family: Poaceae
Local Names: Jowar
Botanical characters
Sorghum is an annual plant. Stem is tillers, fibrous root system, roots are finely
branched, roots usually don't penetrate deeply, inflorescence panicle, spikelets
occur in pairs (one is sessile while other is pedicellate). The sessile spikelet is
fertile and the pedicellate spikelet is sterile Seed color is variable; grains are
yellow, white or brown.
Uses
1. Sorghum is an important crop worldwide and used for food, fodder, production
of alcoholic beverages and biofuels.
2. Most varieties are drought- and heat-tolerant, and are especially important in
arid regions, where the grain is one of the staples for poor and rural people.
3. S. bicoloris an important food crop in Africa,Central America, and South Asia,
and is the "fifth-most importantcerealcrop grown in the world".
4. Some species of sorghum can contain levels ofhydrogen cyanide and nitrates
lethal to grazing animals in the early stages of the plants' growth.
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12.2.9 Bajra
Botanical Name: Pennisetum typhoides
Family: Poaceae
Local Names: Bajra, Bajri
Botanical characters
Bajra is an annual plant. The stem is known as culm and 15–75 cm in height. Leaf
blades are linear or linear lanceolate, 5–30 cm long, 3–10 mm broad, glabrous or
with some long white hairs toward base on upper surface. Spike erect, goldenbrown in colour, 1–15 cm long, 6– 12 mm broad; spikelets broadly oblong, 3–3.5
mm long. Upper lemma rugose; spikelets subtended by 4–12 bristles in each
involucre, these are 3–10 mm long.
Uses
1.
2.
3.
4.

Pearl millet is an important food across the the countries of Asia and Africa.
It is a main staple in a large region of Africa.
In the dry, unpredictable climate of this area it grows better .
Products of breakfast cereals includingpuffed grainsandporridge, pasta are
prepared by bajra.
12.2.10 Barseem
Botanical Name: Trifolium alexandrinum
Family: Fabaceae
Botanical characters
Berseem is an annual plant. The stem is hollow and succulent. The roots do not
extend far into the soil. The plant makes a dense growth of from 2-3.The leaves are
large, numerous, slightly hairy, tender and succulent. Each leaf consists of three
elliptical leaflets arranged in the trifoliate manner common to most clovers.
Numerous yellowish white flowers form an elliptical dense head. Each floret in the
head consists of a five-lobed calyx and a corolla consisting of a standard, two
wings, and the keel; the typical flower of most members of the legume family.
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Uses
1. Berseem is an excellent choice for a cover crop due to its vigorous growth and
good Nitrogen-fixing potential.
2. It is one of the most suitable fodder crop.
3. It remains soft and succulent at all stages of growth.
4. It can be grown without irrigation in areas with high water table and under
water logged conditions.
12.2.11 Gwarbean
Botanical Name: Cyamopsis tetragonoloba
Family: Fabaceae
Botanical characters
Cyamopsis tetragonolobais an annual plant of 1-1.5 m height. It has a main stem
with either basal branching or fine branching along the stem. this plant develops
root nodules with nitrogen-fixing soil bacteria rhizobia in the surface part of its
rooting system. It has hairy leaves and stems. leaves are oval shape (5 to 10 cm)
and alternate. Clusters of flowers grow in the plant axis. Usually, seeds are white
or gray. Seed kernel consists of a protein rich germ (43-46%) and a relatively large
endosperm (34-40%).
Uses
1. Guar plants are used as cattle feed.
2. Guar cropping increase the yield of subsequent crops as this plant conserves
soil nutrient content.
3. Its beans are very nutritious but the guar protein.
4. In several food and beverages guar gum is used as additive in order to change
its viscosity or as fiber source.

12.3 Biochemical Test for Stored Food Material
12.3.1 Carbohydrate Test
Object: To perform quantitative test for carbohydrates (Reducing sugars).
Requirements: Fehling’s solution, Measuring cylinder, test tube, glucose solution,
spirit lamp, Bendict’s solution.
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Fehling’s solution: (a) Dissolve 34.65 g CuSO4.5H2O in water and make up to
500 ml. (b) Dissolve 125 g of KOH and 173 g of Rechelle salt in water and make
up to 500 ml. Mix (a) and (b) in equal volume immediately before use.
Method: warm about2-3 ml of Fehling solution in a test tune and add a few drops
of glucose solution and boil.
Result: A brownish red precipitate is formed when boiling.
Benedict’s Solution: (a) Dissolve 173 g sodium citrate and 100 g of sodium
carbonate in 800 ml of water by warming and make up to 850 ml. (b) Dissolve
17.3 g CuSO4.5H2O in water and make up to 100 ml. Add (a) and (b) slowly.
Bendict’s test: Add about 1-2 ml of glucose solution to 5 ml Bendict’s solution.
Boil the mixture vigorously.
Result: A red yellow or green precipitate is formed.
Object: To perform quantitative test for carbohydrates (non reducing sugars).
Requirements: Iodine solution, measuring slender, test tube, glucose solution,
spirit lamp, 1% starch solution, conc. HCl, Na2CO3.
Iodine solution: Prepare 2% solution of sodium iodide and add sufficient iodine to
colour it a deep yellow.
Method: Add an equal amount of conc. HCl to the sugar solution and boil it.
Neutralize the solution with Na2CO3. The resulting solution is subjected to the test
of reducing sugars.
Result: Starch or sucrose gives a blue violate colour.
12.3.2 Lipid Test
Object: To perform quantitative test for lipid.
Requirements: castor oil, Sudan III, test tube, measuring cylinder.
Sudan III: Dissolve 0.1g Sudan III in 95% ethyl alcohol and then add 50 ml of
glycerol in to the solution.
Method: Add few ml of castor oil to the few drops of Sudan III.
Result: A red colour is appeared which shows the presence of lipid in castor oil.
12.3.3 Protein Test
Object: To perform quantitative test for protein.
190

Requirements: Protein solution, conc. HNO3, NaOH, Biuret reagent, test tube,
measuring cylinder.
Protein egg albumin solution: Egg albumin solution may be prepared by 1% egg
albumin crystal in water.
Biuret reagent: (a) 1% CuSO4 solution (b) 40% NaOH solution. Add few drops of
(a) to (b) till a deep blue colour is appeared. The blue solution is Biuret reagent.
Method: Add an equal amount of Biuret solution to protein solution.
Result: In a few minutes a violete colour is produced.

12.4 Viva -voce
1.
2.
3.
4.
5.

What is botanical name of Wheat?
What is botanical name of Sugarcane?
What is family name of Bajra?
What is caryopsis?
Bendict’s test is used to estimate.............
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13.0 Objectives
After studying this unit you will be understand the cultivation and utilization of
fibre and oil yielding plants in terms of:
 Botanical characters and uses of fibre yielding plants
 Botanical characters and uses of oil yielding plants
 Biochemical test for stored oil

13.1 Introduction
Plants fulfill the major needs of human life. Most of the useful items are plant
products. Plants yield fibres, oils, cellulose, fats, latex etc. The daily human life is
not possible without using plant products. Some of the important plants producing
oil and fibres and their uses are described in this chapter.

13.2 Botanical Characters and Uses of Fiber Yielding Crops
13.2.1 Cotton
Botanical name: Gossypium spp.
Family: Malvaceae
Common Name: Kapas, Rui
Botanical Characters
The plants of Gossypium herbaceum L. is shrubs usually 1-1.5 metre tall with few
or no vegetative branches; stem thick and rigid, twigs and young; leaves-usually
sparsely hairy, rarely glabrous, stipulate, bracteoles, rounded or broadly triangular;
monodelphous stamens; anther filament short, styles short; stigma usually united
throughout, rarely cleft at the top; capsules rounded, beaked, 2-3.5 cm long,
surface smooth or very shallowly dented, with few oil glands, 3 or 4 locular,
usually only opening slightly when ripe, sutures devoid of hair; seeds usually
bearing two coats of hair, long lint hair and short fuzz hair, in rare types bearing
lint only.
Cotton seed has three parts, namely, linters, hulls and kernel (meat). The linters
consist mainly of cellulose. The minor constituents are pectins, minerals, waxes,
resins, pigments, water soluble carbohydrates etc.
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The hull or seed coat is black in colour. The main constituents of the hull are
cellulose complexes, lignin, furfural and the minor constituents are tannins,
mineral water, colouring matter and other substances. In between the inner surface
of the hull (spermoderm) and the kernel (embryo), there is a thick membrane
which forms the attachment to the cotton seed hull at the chalaza1 cap.
Uses
1. Innumerable commodities of cloths are made from cotton.
2. From the lint chiefly textile and yarn goods, cordage, automobile tire cord, and
plastic reinforcing are prepared.
3. The linters are a valuable source of cellulose.
4. Cotton hulls are used for fertilizer, fuel and packing.
5. Fiber from the stalk is used for pressed paper and cardboard.
6. The seed which remains after the ginning is used to produce oil.
7. The cotton seed meal that is left generally is fed to ruminant livestock.
13.2.2 Jute
Botanical name: Corchorus Sp.
Family Tiliaceae
Common Names: Jute
Botanical Characters
The plant of Corchorus is herbaceous annuals, 1.5-4.5 m high; stem cylindrical,
branched or unbranched; leaves glabrous, oblong, acuminate, coarsely toothed,
lowermost pair of serration enlarged and end in filiform appendages; petiole 4-8
cm; stipule-usually 0.5-2 cm or more, foliaceous in some varieties of Corchorus
capsularis; flowers small, in leaf opposed cymes in groups of 2-5 or more; sepals5, yellow, pale yellow or green; petals 5-6, yellow, entire or split; stamens 30-60
(stamens 20-30 in Corchorus capsularis).
Species from which commercial jute fibre is obtained are similar in general
appearance, the leaf of Corchorusolitorius has a shining upper surface and a
rougher under surface and is almost tasteless when chewed. The leaves of
Corchoruscapsularis contain a bitter glucoside-corchorin and tastes bitter on
chewing, hence it is often known as tita (bitter) pat, whereas Corchorusolitorius is
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niitlza (sweet) pat. The flowers of Corchorusolitorius are larger than those of
Corchoruscapsularis.
Uses
1. Jute is used to make rugs, blankets, carpets, tarpaulins, cloth backing, carpets,
linoleum and oilcloth, twine, rope, upholstery, curtains and coarse cloth.
2. The leaves of young shoots are an important source of vegetable food in Egypt,
Sudan and Greece.
3. Jute butts are used for the manufacture of paper and paperboard.
13.2.3 Linen
Botanical name: Linum usitatissimum
Family: Linaceae
Common Name: Flax
Botanical characters
Linum usitatissimum is an annual plant. The plants grow to 1.2 m tall, with slender
stems. The leaves are glaucous green, slender lanceolate, 20-40 mm long and 3
mm broad. The flowers are pale blue, 15-25 mm diameter, with five petals. The
fruits are round, dry capsule 5-9 mm diameter, containing several 4-7 mm long
glossy brown seeds.
Uses
1. Flax is grown for its oil, used as a nutritional supplement and as an ingredient
in many wood-finishing products.
2. Flax is also grown as an ornamental plant.
3. Flax fibers are used to make linen.
4. Flax fibers are taken from the stem of the plant and are two to three times as
strong as those of cotton.
5. Europe and North America depended on flax for vegetable-based cloth until the
nineteenth century, when cotton overtook flax as the most common plant used
for making rag-based paper.
6. Flax is grown on the Canadian Prairies for linseed oil, which is used as a drying
oil in paints and varnish and in products such as linoleum and printing inks.
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13.2.4 Sunhemp
Botanical name: Crotalaria juncea
Family: Fabaceae
Common Name: Sannai sunn, Bombay hemp
Botanical Characters
The plant of Crotalaria is erect, annual, grows to 1.2-1.5 metre or more; leavesalternate, short, petiolate, lanceolate, obtuse with a small bristle like apex,
stipulate; inflorescence terminal racemes; flowers bracteate, papilionaceous, bright
yellow, calyx gamosepalous, of 5 lobes; corolla polypetalous, standard broad,
wings, oblong, keel much pointed, lightly twisted at the apex; stamens 10,
monadelphous, dimorphic with five short, versatile anthers on slender filaments
alternating with long basifixed anthers with flattened filaments; seeds kidney
shaped and exendospermous.
Uses
1. Sun hemp is essentially a cordage fibre and is used in the manufacture of ropes,
twines, cords and marine cordage.
2. Also finds application in the manufacture of sailcloth, canvas, matting, sacking,
and rope soles of shoes and sandals etc.
3. Besides, being resistant to deterioration in water, sum hemp is used for making
fishing nets and marine cordage.
4. In India, it is largely used for ropes and cot stringing.
5. Because of high cellulose and low ash content, the fibre is particularly suitable
for cigarette paper and high quality tissue paper.
13.2.5 Cannabis
Botanical Name: Cannabis sativa L.
Family: Cannabinaceae
Common Name: Hemp, true hemp, ganja
Botanical Characters
The hemp plant is a stout, bushy, branching annual, varying from 5-15 feet in
height. It is a dioecious species with hollow stems and palmate leaves. The best
grade of fibre is obtained from the male plants. The crop is harvested as soon as the
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lower leaves are shed and the top of stalks and flowers turn yellow. Harvesting at
the time of flowering gives the optimum yield of high quality fibre.
Uses
1. Hemp is used for making ropes, twine, carpets, sailcloth, yacht cordage, binder
twine, sacks, bags and webbing. The finer grades of hemp can be woven into a
cloth that looks like coarse linen.
2. Jeans, the famous working trousers are prepared from cloth made from hemp
fibre. In the U.S.A., the famous denim jeans were first prepared from hemp
cloth imported from Nimes, France.
3. In tropical regions, hemp is grown for its seed, and also for narcotics (bhang,
ganja and charas) obtained from the flowering tops and leaves.
4. The seeds contain oil that is useful in soap, paint and varnish industries as a
substitute for linseed oil. The drug, known as hashish, is a resinous substance
that contains several powerful alkaloids.
5. Seeds are also used as bird feed.
13.2.6 Coir
Botanical name: Cocos nucifera L.
Family: Palmaceae
Common Names: Coconut palm, nariyal
Botanical Characters
The plant of coconut is a tall and unbranched tree. The stem is either erect or may
be slightly tilted to one side of 15-30 m height. The girth of stem is uniform from
base to apex, having a diameter of 40-70 cm on which leaf scars are present in the
form of rings. The basal part of stem is surrounded by adventitious roots and on its
top stem is crowned by 20-30 large paripinnate leaves. The leaflets are 50-90 cm
long with acute or acicular apices.
The flowering in the plant starts at the age of 5 or 6 years. The flowers are
developed in spadix inflorescence. Spadix is developed in the axil of leaves and the
plants are monoceious. On the upper part of spadix numerous male flowers are
arranged while 10-50 female flowers are arranged on the basal part. There is a
central axis in the spadix, from which upto 40 branches are developed.
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Fruit is an ovoid and fibrous drupe, having a length about 20-30 cm and weight of
1-2kg. Exocarp is hard, smooth and green coloured plus quite thick. Mesocarp is
thick and fibrous, it is chief source of coir, while inner endocarp is stony and dark
brown. In the basal region of endocarp there are three depressions are located, out
of which one eye is large and soft below which the embryo is present. The inside
of endocarp is lined with a fairly thick coating of milky white flesh. The cavity of
nut is partially filled with coconut milk representing the liquid endosperm.
Uses
1. Besides its main use as floor covering and in rope making, coir fibre extends
extensive use as packaging material to protect goods against shock in transport.
2. Coir fibre finds its use in the production of activated carbon, artificial horse
hair, paper pulp, roofing tiles, writing boards, thermal insulation, high stretch
paper, manufacture of olive oil filters etc.
3. The coir is rubberized for making cushion seating for automobiles and
railways.
4. Coir yarn has been found to be idea1 for hop wines, used in breweries in the
U.S.A.
5. Coir bags are used in tea estates for collecting tea leaves and for transportation.
6. Coir yarn in used for making fenders which are attached to ships and boats for
absorbing the shock of collision.
7. Coir mats are used for commercial packing purposes and circular mats are used
for packing.
8. Coir matting, after bituminization, offer possibilities of being used as floor
covering in godowns to withstand moisture absorption by stored goods.
9. Rubber-backed coir mats are soil-proof, sound absorbent and do not scratch
polished floors.
10. Heavy matting made out of thick coir rope is being used for transporting gas
cylinders. It is used as a strainer in tube wells in place of wire mesh.
11. Hardboard made of coconut husk shorts and coir dust is durable, smooth, insect
proof, fire retarding and water-repellent. It can be sawed, nailed, glued and
finished for specific requirements.
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12. Coir waste has been used in the manufacture of coirolite by incorporating it
with resins and other ingredients by the usual techniques of plastic
manufacture. The powder obtained is hot-pressed to obtain articles of any
shape using appropriate moulds. It is a tough and hard material and possesses
good strength and electrical resistance.
13.2.7 Silk Cotton/ Kapok
Botanical Name: Bombax cieba
Family: Malvaceae
Common name: Kapok, White Silk-Cotton, Safed semal
Botanical characters
The tree grows to 70 m with a trunk up to 3 m in diameter with buttresses. The
trunk and many of the larger branches are often crowded with large simple thorns.
The palmate leaves are composed of 5 to 9 leaflets, each up to 20 cm long. The
trees produce several hundred pods containing seeds surrounded by a fluffy and
yellowish fibre.
Uses
1. The fibre of Bombax cieba is light, very buoyant, resilient, resistant to water,
but it is very flammable.
2. It is used as an alternative to down as filling in mattresses, pillows, upholstery
and stuffed toys such as teddy bears and for insulation.
3. Previously, it was much used in life jackets and similar devices until synthetic
materials largely replaced the fibre.
4. The seeds produce oil that is used in soap industries.
5. The fibres create a seal that allows the pressure to force the dart through the
tube.
6. The flowers are an important source of nectar and pollen for honey bees.

13.3 Morphology, Anatomy & Microscopic Study of Whole
Fibers
Plant fibers consist of relatively long and tapering sclerenchyma cells. They are
usually formed directly from meristematic cells and often have inconspicuous
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simple pits. Such fibres may occur in nearly all parts of plant (most abundant in the
cortex, pericycle, phloem and xylem). Bordered pits are present in xylary fibres
whereas extra-xylary or bast fibres contain simple pits. In longer fibres such as
Cannabis sativa and Linum usitatissimum, the cells elongate apically, keeping pace
with the surrounding cells, with secondary thickening developing in part of the
growing cell.
In dicotyledons, two age classes of fibres are produced, primary and secondary
fibres. The primary fibres are thick and more compact, with thick walls and narrow
lumina than the secondary fibres, they are also coarse, hard and lustrous. Because
the secondary fibres are produced by cambial activity after the herbaceous plants
have reached maximum height, plants with thick stems will contain a higher
proportion of secondary fibres than those with thin stems.
The secondary fibres are fine, soft, weak and less brittle than the primary fibres.
The fibre bundles, consisting of ultimate cells bound together by the middle
lamella or pectinaceous matter, form a lattice structure within the stem which
decreases upwards in both number of bundles and ultimate cell content. The
ultimate cells vary according to the species in size, shape, wall and lumen
thickness, the lumen varying with the origin of the cell and presence of absence of
transverse dislocations or nodes. The ultimate cells are generally too short to be
used on their own except for paper-making although strands of ultimate fibres
bound together by pectins can be used for spinning. In general the fibre dimensions
reflect their potential industrial use. For textiles the requirements are for the length
to width ratio to be in excess of 103 while for paper making the ratio will generally
be less than 102.
The fibers of cotton are 10-25-64 mm in length and 12.25 µ in thickness. The
fibers are ribbon like and convolute. The ends of fibers are rounded tip and lumen
is line or oval. The fibers of flax are 60-120 mm in length and 1-13 µ in thickness.
The fibers are composed of nodes and fissures. The end of fibre is mostly pointed.
Lumen is mainly narrow round or oval. The fibers of hemp are 5-15 mm in length
and 10-15 µ in thickness. The fibers are composed of nodes and fissures. The end
of fibre is mostly rounded tips. Lumen is mainly narrow round or oval, often as a
mere line and indistinct.
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13.3.1 Biochemical Test for Cellulose
Aim: To detect the presence of c Cellulose
Procedure : Tear apart the paper or cotton in such a way, that the fibers are
exposed. Place the fibers in a drop of water on slide. Stain the fibers, by adding
few drops of iodine for 2-3 minutes. The fibers turn brown add a drop of 40%
sulphuric a with water. The fibers now turn blue. The acid to the above and later
wash with water.
Observation
The fibers now turn blue. The change of colour of fibers into blue colour indicates
the presence of cellulose in wall thickenings.
Result
Cellulose Is present in piece of paper and cotton.

13.4 Botanical Characters and Uses of Oil Yielding Crops
13.4.1 Mustard
Botanical Name: Brassica spp.
Family: Brassicaceae
Approximately 150 species are included in this genus Brassica, out of which
several species used as oil resources. The oil obtained from these various species is
known as rape or mustard oil. Some important species used for the extraction of oil
are:
(1) Brassica campestris var. sarson - Pili sarson
(2) Brassica campestris var. dichotoma - Bhuri sarson
(3) Brassica campestris var. toria - Kali sarson
(4) Brassica juncea - Rai
(5) Brassica nigra - Kali rai
(6) Brassica alba - Ujlisarson
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Botanical Characters
Plant of mustard is erect, slender and branched annual herb, attaining a normal
height of 3-5 feet. Leaves are simple, alternate, lyrate with dissected margins.
Numerous fine hairy structures are present on the surface of the leaf. Flowers are
pale yellow, small and arranged in corymbose racemes. Corolla is cruciform in
which four free and clawed petals are arranged in cross shaped manner. Stamens
are tetradynamous and fruits are siliqua with short and stout beak. In each fruit
usually 20-30 small, rounded, yellowish brown or black seeds are attached with
replum.
The seeds have marked reticulation on their surface. They contain 20% protein and
30-45% oil. At the time of maturity of crop a pungent and repellent smell may be
felt around the field. It is due to the presence of sulphur compounds in the crop
plants.
Uses
1. The seeds of Brassica juncea) are used as an ingredient in various pickles
spices.
2. The mustard/rape oil is prominent edible oil which is used for food preparation
and preparation of pickles and snacks.
3. Lower grade mustard oil may be used as illuminate and oiling of wooden
articles.
4. Lower grade oil is also used as lubricant of machineries as well as in soap
industry.
5. Massage of mustard oil provides relief in muscular pains and it is also useful
for treatment of skin diseases.
6. Mustard/rape oil is also used as an ingredient in many Ayurvedic medicated
oils used as liniment and for the massage in paralytic diseases of nervous
system.
7. Mustard oil is also used in tanneries for making the leather soft and pliable.
8. The remaining residue of the seeds left after the extraction of oil is known as
oil cake and it is used as cattle feed as well as for manure.
9. Leaves and unripe fruits are used for making delicious vegetable.
10. The stacks of dried stem are used as fuel.
13.4.2 Groundnut
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Botanical Name: Arachis hypogaea
Family: Fabaceae
Sub Family: Papilionatae
Botanical Characters
Ground nut plant is an annual herb of 30-60 cm height. The main central stem is
cylindrical and nearly erect or prostrate or lies in creeping condition. When the
plant becomes mature then stem also becomes angular. The leaves are
paripinnately compound and leaflets are arranged in two opposite pairs and known
as quadrifoliate leaves.
Flowers are lemon yellow, sessile and born in the axils of the leaves located on
basal short branches. Corolla is of papilionaceous type, hence self pollination is
observed in groundnut flower, however entomophily also occurs occasionally. The
flowers develop single or in clusters of 2-4. The flower bearing branches are
pushed underground, at the depth of nearly 2.5 cm in the soil. This process takes
place when the fertilization is over. The fruit formation also takes place below the
soil surface (Geocarpic fruit). The fruit of groundnut is an elongated and
indehiscent pod, containing 1-3 seeds, between the two seeds the pods are slightly
constricted. The seeds are obovate or cylindrical with a brick red or rush coloured
and papery seed coat.
Proteins and fats are the major chemical constituents of ground nut seeds. It
contains 25-28% protein (Arachin and Conorachin) and approximately 43-45% oil.
Besides this vitamin (A1, B2 and B12) and phosphorus are also present in minor
quantity.
Uses
1. The oil of ground nut is predominantly used for culinary purposes.
2. Vegetable ghee is prepared from the hydrogenation of the oil which mainly
used for cooking and other food purposes.
3. The lower grade oil is used in soap industries and as lubricant.
4. The oil is also used as emollinent and laxative.
5. The residue left after the oil extraction is known as oil cake or khali andused as
cattle feed.
6. The superior quality oil cake is often mixed in wheat flour after milling and
used for making chapattis, which are rich in proteins.
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7. Seeds are commonly eaten raw or fried before use, these serve the purpose of
food supplement because of richness in proteins and vitamins.
8. The crop plants left after the harvesting of crop are used as fodder.
9. The pericarp of pod is used as manure.
10. The peeled of kernels are used for making peanut butter.
11. The groundnut oil emulsion is used for the control of many insect pests of the
plants. This emulsion further increases the toxicity of some common
insecticides like rotenine, nicotine and nicotine sulphate.
13.4.3 Soybean
Botanical Name: Glycine max
Family: Fabaceae
Botanical characters
The pods, stem and leaves are covered with fine brown or gray hairs.
The leaves are trifoliolate, having three to four leaflets per leaf. The leaflets are 6–
15 cm long and 2–7 cm broad. The self fertile flowers are borne in the axil of the
leaf and are white, pink or purple. The fruit is a hairy pod that grows in clusters of
three to five; each pod is 3–8 cm long and usually contains two to four seeds 5-11
mm in diameter.
Uses
1. Approximately 85% of the world's soybean crop is processed into soybean
meal and vegetable oil.
2. Soybeans can be broadly classified as "vegetable" (garden) or field (oil) types.
3. Soybean is most excellent for its high (38–45%) protein content as well as its
high (approximately 20%) oil content.
4. The bulk of the soybean crop is grown for oil production, with the high-protein
defatted and "toasted" soy meal used as livestock feed.
5. A smaller percentage of soybeans are used directly for human consumption.
6. Immature soybeans may be boiled whole in their green pods and served with
salt, under the Japanese name ‘edamame’.
13.4.4 Coconut
Botanical Name : Cocos nucifera
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Family : Arecaceae (Palmae)
Local Name : Nariyal
Botanical characters
The plant of coconut is a tall and unbranched tree. The stem is either erect or may
be slightly tilted to one side of 15-30 m height. The girth of stem is uniform from
base to apex, having a diameter of 40-70 cm on which leaf scars are present in the
form of rings. The basal part of stem is surrounded by adventitious roots and on its
top stem is crowned by 20-30 large paripinnate leaves. The leaflets are 50-90 cm
long with acute or acicular apices.
The flowering in the plant starts at the age of 5 or 6 years. The flowers are
developed in spadix inflorescence. Spadix is developed in the axil of leaves and the
plants are monoceious. On the upper part of spadix numerous male flowers are
arranged while 10-50 female flowers are arranged on the basal part. There is a
central axis in the spadix, from which upto 40 branches are developed.
Fruit is an ovoid and fibrous drupe, having a length about 20-30 cm and weight of
1-2kg. Exocarp is hard, smooth and green coloured plus quite thick. Mesocarp is
thick and fibrous, it is chief source of coir, while inner endocarp is stony and dark
brown. In the basal region of endocarp there are three depressions are located, out
of which one eye is large and soft below which the embryo is present. The inside
of endocarp is lined with a fairly thick coating of milky white flesh. The cavity of
nut is partially filled with coconut milk representing the liquid endosperm.
Uses
1. Coconut oil is used for culinary purposes.
2. It is also used as hair oil.
3. Coconut oil is popularly used for the manufacture of superior quality soaps,
shampoo, shaving cream and other cosmetics.
4. Coconut oil is commonly used for candle sticks and making lubricants.
5. Endosperm is eaten raw and its powder is also used in the preparation of
sweets, confectionary and other delicacies.
6. Growth hormones are present in liquid endosperm; therefore it is used as a
component for making culture media, in plant tissue culture experiments.
Besides this coconut milk is also taken as favourite drink.
205

7. Special type of sap or juice is obtained by making incision in closed spadix of
coconut. It is boiled for making "Jaggery". Alocoholic liquor and vinegar is
also prepared by its fermentation.
8. Fibrous mesocarp is an exclusive source of coir, which is used in the
manufacture of various products.
9. Tree trunks of coconut are used as girdles for making huts and leaves are used
for thatching, or for making mats, baskets and brooms.
10. The dried coconut fruits are used in various religious purposes and offerings in
temples, exclusively in Hindus.
13.4.5 Sunflower
Botanical Name : Helianthus annuus
Family : Asteraceae
Botanical characters
Sunflower is tall an annual plant that grow to a height of 50–400 cm. The rough
and hairy stem is branched in the upper part in wild plants but is usually
unbranched in domesticated cultivars. The petiolate leaves are dentate and often
sticky. It bears one or several terminal capitula (flower heads), with bright yellow
ray florets at the outside and yellow or maroon disc florets inside. During growth,
sunflowers tilt during the day to face the sun, but stop once they begin blooming.
Uses
1. The seeds of sunflower are edible. They can be eaten raw, cooked, roasted or
dried. They are a popular, nutritious snack containing a good source of protein,
vitamins A, B and E, Ca, N and Fe.
2. The petals are also edible; they can be cooked and eaten like artichokes.
3. The seed heads are also a source of food for birds and animals.
4. Sunflower seeds are a major ingredient in commercial birdseed.
5. Sunflower leaves are used as feed for livestock.
6. Sunflower oil is a popular vegetable oil known for its light colour, mild flavour,
low levels of saturated fats and ability to withstand high cooking temperatures.
7. The oil can also be added to soap, lubricants and candles.
8. Sunflower oil can help relieve skin conditions, haemorrhoids and ulcers.
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9. Sunflower roots can remove radiation from soils and water. They were used to
clean up the Chernobyl disaster.
10. The flowers can be used to make an all natural dye.
11. The stalks are used to make paper and clothes.

13.5 Biochemical Test for Oil
Object: To perform quantitative test for lipid.
Requirements:
castor oil, Sudan III, test tube, measuring cylinder.
SudanIII: Dissolve 0.1g Sudan III in 95% ethyl alcohol and then add 50 ml of
glycerol in to the solution.
Method:
Add few ml of castor oil to the few drops of Sudan III.
Result: A red colour is appeared which shows the presence of lipid in castor oil.

13.6 Test for oil Iodine Number
Object: To perform test for iodine number in given oil sample.
Requirements:
Iodine Monochloride Reagent, Potassium Iodide, Standardized 0.1 N Sodium
Thiosulphate, 1% Starch solution, Chloroform, , Iodination flask, Burette and
burette stand with magnetic stirrer, Glass pipette, Measuring cylinder, Distilled
water etc
Principle:
The iodine numbers are often used to determine the amount of unsaturation in fatty
acids. This unsaturation is in the form of double bonds, which react with iodine
compounds. The higher the iodine number, the more C=C bonds are present in the
fat. The iodine number equals the number of iodine required to saturate the fatty
acids. Oils rich in saturated fatty acids have low iodine numbers, while oils rich in
unsaturated fatty acids have high iodine numbers.
Method:
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1. Take 10ml of fat sample dissolved in chloroform to an iodination flask.
2. Add 20ml of Iodine Monochloride reagent in to the flask. Mix the contents in
the flask thoroughly. Put the flask in dark for half an hour.
3. Set a blank in another iodination flask by adding 10ml Chloroform to the flask.
4. Add 20ml of Iodine Monochloride reagent to blank and mix the contents in the
flask thoroughly.
5. Incubate the blank in dark for 30 minutes.
6. Take out the test from incubation after 30 minutes and add 10 ml of potassium
iodide solution into the flask.
7. Titrate the contents against standardized sodium thiosulphate solution until a
pale straw colour is observed.
8. Add about 1ml starch indicator into the contents in the flask, a purple colour is
observed.
9. Continue the titration until the color of the solution in the flask turns colourless.
10. The disappearance of the blue colour is recorded as the end point of the
titration.
Calcultion:
Volume of Sodium thiosulphate used = (Blank- Test)
Equivalent Wt. of Iodine x Na2S2O3 used x Normality of Na2S2O3 x100
Iodine No. of Fat= -----------------------------------------------------------Weight of Fat sample used (g) x 1000
Equivalent Weight of Iodine = 127
Normality of sodium thiosulphate ( Na2S2O3) = 0.1

13.7 Viva- voce
1.
2.
3.
4.
5.

What is botanical name of Cotton?
What is botanical name of Cannabis?
What is family name of sunflower?
What is replum?
Which part of cotton is used for fibre
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14.0 Objectives
The objective of this unit is to discuss :
 the economic botany and ethnobotany of some important medicinal and
aromatic plants.

14.1 Introduction
In the present scenario medicinally important plants are playing a major role in the
life of human beings wherein they are used to cure a variety of ailments on one
hand and proving to be a boon for the pharmaceutical industry on the other hand.
The medicinal importance of the plants is studied in detail along with their other
characteristic features,

14.2 Medicinally Important Plants
14.2.1 Papaver Somniferum
Papaver somniferum, opium poppy, is an annual herbaceous plant in the
Papaveraceae (poppy family) that originated in southeastern Europe and western
Asia, and are now widely cultivated in Europe, Asia, China, and North Africa for
their seeds, which are used in baking, as a condiment, and for their edible oil. It is
also widely (and often illegally) cultivated for the production of opium, heroine,
and morphine derived from the latex of the unripe fruit capsules. This species,
along with numerous other Papaver species, is also planted as an ornamental for its
attractive flowers and foliage.
The opium poppy has a long history of cultivation and use in Central Asia and
China—described in several recent nonfiction books—and is found primarily in
cultivation or escaped from it. The plant grows to 1.5 m (4.5 ft) tall in cultivation,
and has smooth or glaucous (waxy-coated) bluish-gray leaves, with coarse lobes or
teeth. Leaves grow in a basal rosette; if a flowering stem develops, its (cauline)
leaves are alternate. The flowers, which have 4 petals and many stamens, may be
white, pink, purple, or red, are large, up to 10 cm (4 in) across, sometimes double.
The fruit is a distinctive capsule, spherical or oblong, up to 9 cm (3.5 in) across,
with small holes in the top. The capsule, which is green when it is forming and
turns brown when mature, contains many seeds, typically black or deep gray seeds,
although there is a white-seed cultivar from India.
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Poppy seeds are popular for pastries and baked goods in Turkey and Egypt, and are
widely used in the regional cuisines of Central and Eastern Europe. They feature in
typical Jewish holiday dishes. The seeds may be used whole, and are often
sprinkled as a decorative topping on bagels and breads, or they may be ground into
a paste (often sweetened with honey or sugar) and used as a filling. Ground poppy
seeds are also used as a thickener in some Indian dishes. The oil extracted from
poppy seeds can be used in cooking.
14.2.2 Atropa Belladona
Botanical Name : Atropa belladonna (LINN.)
Family: Solanaceae
Parts Used : Root, leaves, tops.
Habitat
Widely distributed over Central and Southern Europe, South-west Asia and
Algeria; cultivated in England, France and North America.
Description
The root is thick, fleshy and whitish, about 6 inches long, or more, and branching.
It is perennial. The purplishcoloured stem is annual and herbaceous. It is stout, 2 to
4 feet high, undivided at the base, but dividing a little above the ground into three more rarely two or four branches, each of which again branches freely.
The leaves are dull, darkish green in colour and of unequal size, 3 to 10 inches
long, the lower leaves solitary, the upper ones in pairs alternately from opposite
sides of the stem, one leaf of each pair much larger than the other, oval in shape,
acute at the apex, entire and attenuated into short petioles.
First-year plants grow only about 1 1/2 feet in height. Their leaves are often larger
than in full-grown plants and grow on the stem immediately above the ground.
Older plants attain a height of 3 to 5 feet, occasionally even 6 feet, the leaves
growing about 1 to 2 feet from the ground.
The whole plant is glabrous, or nearly so, though soft, downy hairs may occur on
the young stems and the leaves when quite young. The veins of the leaves are
prominent on the under surface, especially the midrib, which is depressed on the
upper surface of the leaf.
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The fresh plant, when crushed, exhales a disagreeable odour, almost disappearing
on drying, and the leaves have a bitter taste, when both fresh and dry.
The flowers, which appear in June and July, singly, in the axils of the leaves, and
continue blooming until early September, are of a dark and dingy purplish colour,
tinged with green, large (about an inch long), pendent, bell-shaped, furrowed, the
corolla with five large teeth or lobes, slightly reflexed. The five-cleft calyx spreads
round the base of the smooth berry, which ripens in September, when it acquires a
shining black colour and is in size like a small cherry. It contains several seeds.
The berries are full of a dark, inky juice, and are intensely sweet, and their
attraction to children on that account, has from their poisonous properties, been
attended with fatal results. Lyte urges growers 'to be carefull to see to it and to
close it in, that no body enter into the place where it groweth, that wilbe enticed
with the beautie of the fruite to eate thereof.' And Gerard, writing twenty years
later, after recounting three cases of poisoning from eating the berries, exhorts us
to 'banish therefore these pernicious plants out of your gardens and all places neare
to your houses where children do resort.' In September, 1916, three children were
admitted to a London hospital suffering from Belladonna poisoning, caused, it was
ascertained, from having eaten berries from large fruiting plants ofAtropa
Belladonna growing in a neighbouring public garden, the gardener being unaware
of their dangerous nature, and again in 1921 the Norwich Coroner, commenting on
the death of achild from the same cause,
Cultivation
Belladonna herb and root are sold by analysis, the value depending upon the
percentage of alkaloid contained. A wide variation occurs in the amount of alkaloid
present. It is important, therefore, to grow the crop under such conditions of soil
and temperature as are likely to develop the highest percentage of the active
principle.
Constituents
The medicinal properties of Belladonna depend on the presence of Hyoscyamine
and Atropine. The root is the basis of the principal preparations of Belladonna.
Medicinal Action and Uses
Narcotic, diuretic, sedative, antispasmodic, mydriatic. Belladonna is a most
valuable plant in the treatment of eye diseases, Atropine, obtained during
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extraction, being its most important constituent on account of its power of dilating
the pupil. The various preparations of Belladonna have many uses. Locally
applied, it lessens irritability and pain, and is used as a lotion, plaster or liniment in
cases of neuralgia, gout, rheumatism and sciatica. As a drug, it specially affects the
brain and the bladder. It is used to check excessive secretions and to allay
inflammation and to check the sweating of phthisis and other exhausting diseases.
Small doses allay cardiac palpitation, and the plaster is applied to the cardiac
region for the same purpose, removing pain and distress.
It is a powerful antispasmodic in intestinal colic and spasmodic asthma.
Occasionally the leaves are employed as an ingredient of cigarettes for relieving
the latter. It is well borne by children, and is given in large doses in whooping
cough and false croup.
For its action on the circulation, it is given in the collapse of pneumonia, typhoid
fever and other acute diseases. It increases the rate of the heart by some 20 to 40
beats per minute, without diminishing its force.
It is of value in acute sore throat, and relieves local inflammation and congestion.
14.2.3 Withania Somnifera
Withania Somnifera is a perennial shrub from the Solanaceae or Nightshade
family. It is also known as Ashwagandha. The herbal root extract has been
traditionally used as a tonic and as a sedative but recent research shows that the
leaf extract contains Withanolides which have been found to have regenerative
properties on brain-cell synapses in mice and in human cell lines in laboratory
studies.
Botanical Name: Withania Somnifera (Dunal)
Family: Solanaceae (Nightshade family)
Distribution
Withania Somnifera grows abundantly in India (especially Madhya Pradesh),
Pakistan, Bangla Desh, Sri Lanka and parts of northern Africa.
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Fig. 14.1 : Withania somnifera
Extracts
Ashwagandha Root: this contains the traditional herbal tonic marketed as
"Ashwagandha".
Ashwagandha Leaf and Root Extract (mixture): the leaves contain significant
withanolide and withanoside content; these molecules in ashwagandha leaf and
root extract are now measured and standardized. The current formulations have the
following dosages of withanolides: 1.5%; 2.5%; 4.5%; 8%. These products are
marketed as "Ashwagandha Extract". Particular constituents (withanolide A,
withanoside IV, and withanoside VI) have shown significant effects on the regrowth of brain-cell synapses, axons and dendrites in mice and in human cell lines
in the laboratory. Further research is under way in Japan to test withanolide type
molecules before testing them clinically.
Historical Uses
The leaves, berries and tubers of Ashwagandha have been in use for centuries in
India as a home remedy and the extract is an important part of Indian Ayurvedic
medicine. The benefits of Ashwagandha are:
General tonic and "adaptogen", helping the body adapt to stress, especially for
geriatrics; to promote strength and vigor;used as sedative or calming agent and for
insomnia: the species Latin name "somnifera" means "soporific"/"tending to cause
sleep";Sexual vitality;Liver tonic;Anti-inflammatory agent; it is used to treat
rheumatic pain and arthritis;
Coagulant: the berries are used as a substitute for rennet, to coagulate milk in
cheese making.
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14.2.4 Adhatoda zeylanica
Botanical Name: Adhatoda zeylanica
Family: Acanthaceaeï
Common Name : Arusa, Bansa;
Habitat:
Distributed throughout India, up to an altitude of 1,300 m.
Morphology
An evergreen, gregarious, stiff, perennial, shrub, 1.2-6.0 m in height. Leaves
elliptic-lanceolate or ovate lanceolate, entire, 5-30 cm long, hairy, light green
above, darkï¿½ below, leathery; flowers large, white with red- or yellow-barred
throats, in spikes with large bracts; capsules clavate, longitudinally channelled,
1.9-2.2 cm x 0.8 cm; seeds globular.
Part used
The drug comprises fresh or dried leaves, often mixed with stems or other aerial
parts.
Morphological characteristics of drug
The powdered drug is greyish brown and tastes bitter, with characteristic
odour.ï¿½ The drug is official in IP.ï¿½ Foreign organic matter should not be more
than two per cent.
Cultivation
The shrub grows on waste lands and in a variety of habitats and soil.ï¿½ It is
sometimes cultivated as a hedge, but no systematic cultivation has been
undertaken.ï¿½ It can be grown from seeds or by cuttings.
Traditional Knowledge (Ethnobotanical / Folk-lores / House hold remedies / Self
help mode)
The dried leaf is smoked as a cigarette. The leaf-juice is stated to cure diarrhoea,
dysentery and glandular tumour, and is given as emmenagogue.ï¿½ The powder is
reported to be used as poultice on rheumatic joints, as counter-irritant on
inflammatory swellings, on fresh wounds, urticaria and in neuralgia.
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Chemistry
Four new quinazoline alkaloids - vasicoline, adhatodine, vasicolinone and
anisotineï¿½ from leaves and one each i.e. vasicinoneï¿½ and vasicol have been
isolated from inflorescence and leaves respectively. A new alkaloid - 9-acetamido3,4-dihydropyrido[3,4-b] indole and a new glucoside - O-ethyl-a -D-galactoside along with sitosterol-b -D-glucoside, galactose and deoxyvasicinone were isolated
from roots. 2ï¿½-hydroxy-4-glucosyloxychalcone have been identified in flowers.
Another alkaloid vasicinolone, have beenï¿½ isolated from roots. A new
quinazoline alkaloid have been isolated from leaves and characterised as 1,2,3,9tetrahydro5-methoxypyrrolo[2,1-b]quinazolin-3-ol(I-form).Adhavasinone
have
beenï¿½ isolated and characterised . (+)vasicinone have been isolated from leaves.
Synthesis of vasicoline and vasicolinone have been attempted.
Vasicinol, vasicinone, deoxyvasicinone, deoxyvasicine (minor alkaloids) and
vasicine isolated from leaves showed seasonal variation in the percentage of minor
alkaloids and total alkaloids. Leaves collected in Mar.-Apr. showed a higher
percentage of minor alkaloids, whereas those collected in June-Sept. had higher
content of vasicine.
29-methyltriacontan-1-ol along with b -sitosterol, and two new aliphatic
hydroxyketones have been isolated from aerial parts and characterised as 37hydroxy, hexatetracont-1-en-15-one and 37hydroxy,hentetracontan-19-one.
The pharmacological activities of vasicine and vasicinone are well known.ï¿½ The
/-forms of vasicine and vasicinone are more active than their racemic forms.ï¿½
Recent investigations on vasicine showed bronchodilatory activity (comparable to
theophylline) both in vitro and in vivo.ï¿½ Vasicinone showed bronchodilatory
activity in vitro but bronchoconstrictory activity in vivo; it is probably
biotransformed in vivo, causing bronchoconstriction.ï¿½ Both the alkaloids in
combination (1:1) showed pronounced bronchodilatory activity in vivo and in
vitro.ï¿½ Vasicine also exhibited strong respiratory stimulant activity, moderate
hypotensive activity and cardiac-depressant effect; vasicinone was devoid of these
activities.ï¿½ The cardiac-depressant effect was significantly reduced when a
mixture of vasicine and vasicinone was used. Vasicinone (dl-form) showed no
effect on the isolated heart, but probably the l-form is a weak cardiac stimulant.
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Clinical trials of a commercial drug containing vasicinone and vasicinone have not
revealed any side effects while treating bronchial asthma. The drug is known to
possess abortifacient activity and hence should not be used during pregnancy.
Toxicity
Two generation of teratogenic studies in rat & rabbits did not any toxicity or
teratogenic effects.
Formulation
The drug is employed in different forms, such as fresh juice, decoction, infusion
and powder; also given as alcoholic extract and liquid extract or syrup.ï¿½ It is
also given along with other expectorants, and forms a part of several proprietary,
compounds.
General usage
The shrub is the source of the drug - vasaka, well known in the indigenous systems
of medicine for its beneficial effects, particularly in bronchitis.ï¿½ The leaves,
flowers, fruits and roots are extensively used for treating cold. cough, whoopingcough and chronic bronchitis and asthma as sedative-expectorant, antispasmodic
and as anthelmintic.ï¿½ï¿½
14.2.5 Allium sativum
Botanical: Allium sativum (LINN.)
Family: Liliaceae
Common Name: Garlic
Part Used:Bulb.
The Common Garlic a member of the same group of plants as the Onion, is of such
antiquity as a cultivated plant, that it is difficult with any certainty to trace the
country of its origin. De Candolle, in his treatise on the Origin of Cultivated Plants,
considered that it was apparently indigenous to the southwest of Siberia, whence it
spread to southern Europe, where it has become naturalized, and is said to be found
wild in Sicily. It is widely cultivated in the Latin countries bordering on the
Mediterranean. Dumas has described the air of Provence as being 'particularly
perfumed by the refined essence of this mystically attractive bulb.'
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Description
The leaves are long, narrow and flat like grass. The bulb (the only part eaten) is of
a compound nature, consisting of numerous bulblets, known technically as 'cloves,'
grouped together between the membraneous scales and enclosed within a whitish
skin, which holds them as in a sac.
The flowers are placed at the end of a stalk rising direct from the bulb and are
whitish, grouped together in a globular head, or umbel, with an enclosing kind of
leaf or spathae, and among them are small bulbils.
To prevent the plant running to leaf, Pliny (Natural History, XIX, 34) advised
bending the stalk downward and covering it with earth, seeding, he observed, may
be prevented by twisting the stalk.
In England, Garlic, apart from medicinal purposes, is seldom used except as a
seasoning, but in the southern counties of Europe it is a common ingredient in
dishes, and is largely consumed by the agricultural population. From the earliest
times, indeed, Garlichas been used as an article of diet.
Cultivation
The ground should be prepared in a similar manner as for the closely allied onion.
The soil may be sandy, loam or clay, though Garlic flourishes best in a rich, moist,
sandy soil. Dig over well, freeing the ground from all lumps and dig some lime
into it. Tread firmly. Divide the bulbs into their component 'cloves' - each fairsized bulb will divide into ten or twelve cloves - and with a dibber put in the cloves
separately, about 2 inches deep and about 6 inches apart, leaving about 1 foot
between the rows. It is well to give a dressing of soot.
Garlic beds should be in a sunny spot. They must be kept thoroughly free from
weeds and the soil gathered up round the roots with a Dutch hoe from time to time.
When planted early in the spring, in February or March, the bulbs should be ready
for lifting in August, when the leaves will be beginning to wither. Should the
summer have been wet and cold, they may probably not be ready till nearly the
middle of September.
The use of Garlic as an antiseptic was in great demand during the past war. In 1916
the Government asked for tons of the bulbs, offering 1s. per lb. for as much as
could be produced. Each pound generally represents about 20 bulbs, and 5 lb.
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divided up into cloves and planted, will yield about 38 lb. at the end of the growing
season, so it will prove a remunerative crop.
Constituents
The active properties of Garlic depend on a pungent, volatile, essentialoil, which
may readily be obtained by distillation with water. It is a sulphide of the radical
Allyl, present in all the onion family. This oil is rich in sulphur, but contains no
oxygen. The pecular penetrating odour of Garlic is due to this intensely smelling
sulphuret of allyl, and is so diffusive that even when the bulb is applied to the soles
of the feet, its odour is exhaled by the lungs.
Medicinal Action and Uses
Diaphoretic, diuretic, expectorant, stimulant. Many marvellous effects and healing
powers have been ascribed to Garlic. It possesses stimulant and stomachic
properties in addition to its other virtues.
As an antiseptic, its use has long been recognized. In the late war it was widely
employed in the control of suppuration in wounds. The raw juice is expressed,
diluted with water, and put on swabs of sterilized Sphagnum moss, which are
applied to the wound. Where this treatment has been given, it has been proved that
there have been no septic results, and the lives of thousands of men have been
saved by its use.
14.2.6 Rauwolfia serpentine
Botanical name: Rauwolfia serpentina
Family: Apocynaceae (oleander family)
Common Name: Sarpagandha
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Fig. 14.2 : Rauwolfia serpentine
Description
Sarpagandha is an erect, evergreen shrub, merely 15 to 45 cm high. Its leaves are
large, in whorls of three - dark green above and pale green below. The flowers are
white, pinkish or red, occurring in whorls. Its fruit are tiny, oval, fleshy which turn
a shiny purple-black when ripe. It is the roots of the plant that are mainly used for
medicinal purposes.
Botany: An erect perennial shrub with a long, irregularly, nodular, yellowish root
stock.
Leaves: In whorls of 3, thin, lanceolate, acute, bright green above and pale
beneath.
Flowers: in irregular corymbose cymes, white, often tinged with violet.
Fruit: Drupe, single or didymous, shining black, the inflorescenece with red
pedicels and calyx and white corolla.
Flowering Time: March to May in Indian conditions.
Parts Used: Roots.
Uses
The Rauwolfia constituent ajmaline not only lowers blood pressure, but also has a
potent anti arrhythmic effect which used to treat high blood pressure
(hypertension). Rauwolfia work by controlling nerve impulses along with certain
nerve pathways. As a result, they act on the heart and blood vessels to lower blood
pressure.
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Nervous system:
It is used in insomnia and irritative conditions of the central nervous system. It
causes depletion of catecholamines at the central and peripheral level and depletion
of Serotonin at the central level.
Digestive system:
Root is a valuable remedy for dysentery and painful affections of bowel.
Reproductive system:
Decoction of root is applied to increase uterine contractions and promote expulsion
of fetus.
Eyes:
Juice of leaves is instilled in eyes as a remedy for the opacities of cornea.
14.2.7 Phyllanthus amarus Schum.
Botanical Name: Phyllanthus amarus
Family: Euphorbiaceae
Bengali/Vernacular Name: Bhuiamla.
Tribal Name: Grukhri (Marma), Kura Amluki (Tanchangya).
Description
A slender annual herb, 15-45 cm high, branched from the base, with an erect stem
nacked below and slender leafy angular branches above. Leaves very small, 6-8
mm, subsessile, elliptic-obovate, oblong or linear, tip rounded, obtuse or acute.
Flowers minute, very numerous, shortly pedicelled. Capsule minute, depressed
globose.
Using Information:
Plant is considered astrigent, deobstruent, stomachic, diuretic, febrifuge and
antiseptic; used for the treatment of jaundice, leucorrhoea, dyspepsia, colic,
diarrhoea, dysentery, dropsy, gonorrhoea and diseases of urinogenital system; also
useful in diabetes, scabies and ringworms. Young tender shoots are good for
chronic dysentery. Hot infusion of the leaves is drunk to stop acute pain in the
stomach. Fresh roots are beneficial in jaundice (Yusuf et al. 2009).
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The decoction of the root and leaves cures intemittent fevers and their infusion is a
good tonic and diuretic when taken cold in repeated doses. Juice is also used to
sores and ulcers.The ethanolic extract of the plant showed significant preventive
effect against Benign Prostatic Hyperplasia in experimentally induced rats using
Testosterone undeconate. It reduced the elevated organ weights and Prostatic
serum acid phosphatase level. Histopathological examinations confirm the
protective effect of the extract (Kumar et al., 2006).
Chemical Constituents:
Three lignans – niranthin, nirtetralin and phyltetralin have been isolated from
leaves. Leaves also contain phyllanthin and hypophyllanthin. Estradiol has been
detected in bark and roots. Root also contains Kaempferol-4´-rhamnopyranoside,
eriodictyol-7-rhamnapyranoside and lup-20(20)-en-3β-ol and its acetate (Rastogi
& Mehrotra, 1990 & 93).
Distribution:
All over the country in fallow lands.
14.2.8 Aloe barbadense
Botanical Name: Aloe Perryi (J. G. BAKER), Aloe vera (LINN)
Family: Liliaceae
Common Name: Gwarpatha
Part Used: Leaves
Habitat
Aloes are indigenous to East and South Africa, but have been introduced into the
West Indies (where they are extensively cultivated) and into tropical countries, and
will even flourish in the countries bordering on the Mediterranean.
The drug Aloes consists of the liquid exuded from the transversely-cut bases of the
leaves of various species of Aloes, evaporated to dryness.
Description
They are succulent plants belonging to the Lily family, with perennial, strong and
fibrous roots and numerous, persistent, fleshy leaves, proceeding from the upper
part of the root, narrow, tapering, thick and fleshy, usually beset at the edges with
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spiney teeth. Many of the species are woody and branching. In the remote districts
of S.W. Africa and in Natal, Aloes have been discovered 30 to 60 feet in height,
with stems as much as 10 feet in circumference.
The flowers are produced in erect, terminal spikes. There is no calyx, the corolla is
tubular, divided into six narrow segments at the mouth and of a red, yellow or
purplish colour. The capsules contain numerous angular seeds.
Constituents
The most important constituents of Aloes are the two Aloins, Barbaloin and
Isobarbaloin, which constitute the so-called 'crystalline' Aloin, present in the drug
at from 10 to 30 per cent. Other constituents are amorphous Aloin, resin and Aloeemodin. The proportion in which the Aloins are present in the respective Aloes is
not accurately known.
Medicinal Action and Uses
The drug Aloes is one of the safest and best warm and stimulating purgatives to
persons of sedentary habits and phlegmatic constitutions. An ordinary small dose
takes from 15 to 18 hours to produce an effect. Its action is exerted mainly on the
large intestine, for which reason, also it is useful as a vermifuge. Its use, however,
is said to induce Piles.
There is little to choose medicinally between the Curacoa and Socotrine varieties,
but the former is somewhat more powerful, 2 grains of Curacoa Aloes being equal
to 3 grains of Socotrine Aloes in purgative action. The latter is more expensive, but
varies much in quality.

14.3 Aromatic Plants
14.3.1 Mentha arvensis
Botanical: Mentha arvensis
Family: N.O. Labiatae
Common Name: Mint
Habitat
It is a perennial, the root-stock, as in all the Mints, creeping freely, so that when
the plant has once taken hold of the ground it becomes very difficult to eradicate it,
as its long creeping roots bind the soil together and ultimately overrun a
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considerable area. It is generally an indication that the drainage of the land has
been neglected. It is abundantly distributed throughout Britain, though less
common in the northern counties and flourishes in fields and moist ground, and
Peppermint growers must be ever watchful for its appearance.
The Corn Mint (Mentha arvensis) is the type species of the Japanese Menthol
plant, but is not endowed with useful medicinal properties, great care indeed, as
has been mentioned, having to be taken to eradicate it from Peppermint
plantations, for if mingled with that valuable herb in distilling its strong odour
affects the quality of the oil.
Description
It is a branched, downy plant. From the low, spreading, quadrangular stems that lie
near the ground, the flowering stems are each year thrown up, 6 to 12 inches high.
The leaves, springing from the stems, in pairs, are stalked, their outlines freely
toothed. The upper leaves are smaller than the lower, and the flowers are arranged
in rings (whorls) in their axils. The flowers themselves are small individually, but
the delicacy of their colour and the dense clusters in which they grow, give an
importance collectively, as ring after ring of the blossoms form as a whole a
conspicuous head. The flowering season lasts throughout August and September.
This mint varies considerably in appearance in different plants, like all the other
native species of mint, some being much larger than others, with a more developed
foliage and a much greater hairiness of all the parts. It has a strong odour that
becomes more decided still when the leaves are bruised in any way.
It is said that the effect of this plant, when animals eat it, is to prevent coagulation
of their milk, so that it can hardly be made to yield cheese.
14.3.2 Rosa Species
Botanical Name: Hibiscus rosa-sinensis,
Family: Malvaceae
Common Name : Chinese hibiscus, China rose,
It is native to East Asia. It is the most widely used flower in laboratory
experiments by scholars and universities to study floral characteristics.
Description
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Hibiscus rosa-sinensis is a bushy, evergreen shrub or small tree growing 2.5–5 m
(8–16 ft) tall and 1.5–3 m (5–10 ft) wide, with glossy leaves and solitary, brilliant
red flowers in summer and autumn. The 5-petaled flowers are 10 cm (4 in) in
diameter, with prominent orange-tipped red anthers.
Vegetative characters
The root is a branched tap root. The stem is erect, green, cylindrical and branched.
The leaf is simple, with alternate phyllotaxy and is petiolate. The leaf shape is
ovate, the tip is acute and margin is serrated. Venation is unicostate reticulate. Free
lateral stipules are present.
Floral characters
The flower is complete (bisexual), actinomorphic, pentamerous, hypogynous, and
solitary.[citation needed] It can bloom all year round.
Cultivation
It is widely grown as an ornamental plant throughout the tropics and subtropics. As
it does not tolerate temperatures below 10 °C (50 °F), in temperate regions it is
best grown under glass. However, plants in containers may be placed outside
during the summer months or moved into shelter during the winter months.
Numerous varieties, cultivars, and hybrids are available, with flower colors ranging
from white through yellow and orange to scarlet and shades of pink, with both
single and double sets of petals. The cultivar 'Cooperi' has gained the Royal
Horticultural Society's Award of Garden Merit.
Ecology
Despite its size and red hues, which are attractive to nectarivore birds, it is not
visited regularly by hummingbirds when grown in the Neotropics. Generalist and
specialist species, like the sapphire-spangled emerald, Amazilia lactea, or longbilled species, like the stripe-breasted starthroat, Heliomaster squamosus, are
occasionally seen to visit it, however. In the subtropical and temperate Americas,
hummingbirds are regularly attracted to it.The stamens of the flower are partly
fused into a cylinder that surrounds the style
A dark pink cultivar
Hibiscus rosa-sinensis is the national flower of Malaysia, called Bunga Raya in
Malay. Introduced into the Malay Peninsula in the 12th century, it was nominated
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as the national flower in the year 1958 by the Ministry of Agriculture amongst a
few other flowers, namely ylang ylang, jasmine, lotus, rose, magnolia, and medlar.
On 28 July 1960, it was declared by the government of Malaysia that Hibiscus
rosa-sinensis would be the national flower.
The word bunga in Malay means "flower", while raya in Malay means
"celebratory" or "grand". The Hibiscus rosa-sinensis is literally known as the
"celebratory flower" in Malay. The red of the petals symbolizes the courage, life,
and rapid growth of the Malaysian, and the five petals represent the five Rukun
Negara of Malaysia. The flower can be found imprinted on the notes and coins of
the Malaysian ringgit.
Uses
A white cultivar
The flowers of Hibiscus rosa-sinensis are edible and are used in salads in the
Pacific Islands.[citation needed] The flower is additionally used in hair care as a
preparation. It is also used to shine shoes in certain parts of India. It can also be
used as a pH indicator. When used, the flower turns acidic solutions to a dark pink
or magenta color and basic solutions to green. It is also used for the worship of
Devi, and the red variety is especially prominent, having an important part in
tantra. In Indonesia, these flowers are called "kembang sepatu", which literally
means "shoe flower".
Pink Hibiscus in South India
Hibiscus rosa-sinensis is considered to have a number of medical uses in Chinese
herbology. It may have some potential in cosmetic skin care; for example, an
extract from the flowers of Hibiscus rosa-sinensis has been shown to function as an
anti-solar agent by absorbing ultraviolet radiation.

227

14.3.3 Pogostemon cablin

Fig. 14.3 : Pogostemon cablin
Botanical Name: Pogostemon cablin
Family: Lamiaceae
Common
Name:
Patchouli (Pogostemon
also patchouly or pachouli)
Cultivation

cablin (Blanco)

Benth;

Patchouli grows well in warm to tropical climates. It thrives in hot weather but not
direct sunlight. If the plant withers due to lack of water, it will recover well and
quickly after rain or watering. The seed-producing flowers are very fragrant and
blossom in late fall. The tiny seeds may be harvested for planting, but they are very
delicate and easily crushed. Cuttings from the mother plant can also be rooted in
water to produce additional plants.
Extraction of essential oil
Extraction of patchouli's essential oil is by steam distillation of the leaves,
requiring rupture of its cell walls by steam scalding, light fermentation, or drying.
Leaves may be harvested several times a year and, when dried, may be exported
for distillation. Some sources claim a highest quality oil is usually produced from
fresh leaves distilled close to where they are harvested; others that baling the dried
leaves and fermenting them for a period of time is best.
Aroma profile
Germacrene-B
Patchoulol
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Norpatchoulenol
Uses
Perfume
The heavy and strong scent of patchouli has been used for centuries
in perfumes and, more recently, in incense, insect repellents, and alternative
medicines. It is cultivated for their essential oil, known as patchouli oil.
Patchouli is used widely in modern perfumery, by individuals who create their own
scents, and in modern scented industrial products such as paper towels,
laundrydetergents, and air fresheners. Two important components of its essential
oil are patchoulol and norpatchoulenol.
Insect repellent
One study suggests that patchouli oil may serve as an all-purpose insect
repellent.] More specifically, the patchouli plant is claimed to be a potent repellent
against theFormosan subterranean termite.
During the 18th and 19th century, silk traders from China traveling to the Middle
East packed their silk cloth with dried patchouli leaves to prevent moths from
laying their eggs on the cloth. It has also been proven to effectively prevent female
moths from adhering to males. Many historians speculate that this association with
opulent Eastern goods is why patchouli was considered by Europeans of that era to
be a luxurious scent. It is said that patchouli was used in the linen chests of Queen
Victoria in this way.
Incense
Patchouli is an important ingredient in East Asian incense. Both patchouli oil and
incense underwent a surge in popularity in the 1960s and 1970s in the US and
Europe, mainly as a result of the hippie movement of those decades.
Culinary
Patchouli leaves have been used to make an herbal tea. In some cultures, patchouli
leaves are eaten as a vegetable.
Toys
In 1985 Mattel used patchouli oil in the plastic used to produce the action
figure Stinkor in the Masters of the Universe line of toys.
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14.3.4 Origanum vulgare
Botanical Name: Origanum vulgare subsp. gracile
Common Name: Russian oregano
Family: Lamiaceae
Description
Native Range: Kyrgyzstan
Zone: 4 to 8
Height: 1.00 to 1.50 feet
Spread: 1.00 to 1.50 feet
Bloom Time: July to October
Bloom Description: White to pink
Sun: Full sun
Water: Dry to medium
Maintenance: Low
Suggested Use: Annual, Herb, Naturalize
Flower: Showy
Leaf: Fragrant
Tolerate: Deer, Drought, Erosion, Dry Soil, Shallow-Rocky Soil
Garden locations
Culture
Easily grown in average, dry to medium moisture, well-drained soils in full sun.
Provide some shade at the heat of the day for golden and variegated leaf forms.
Does very well in gritty, sandy loams. Good heat and drought tolerance. Best to
shear plants back regularly before flowering to keep the planting tidy and to induce
growth of new leaves. Best propagated from cuttings taken from plants whose
leaves have a proven superior aroma/taste (seed-grown plants sometimes have little
aroma or flavor) when harvest of leaves for culinary purposes is desired. Leaves
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with good flavor may be clipped fresh as needed or dried for year-round use. Best
leaf flavor usually occurs just prior to flowering.
Characteristics
Origanum vulgare, commonly known as oregano, is a bushy, rhizomatous, woodybranched perennial which typically grows to 1-3’ tall and to 2’ wide on square
stems clad with aromatic, glandular-spotted, rounded to ovate leaves (to 1 1/2”
long) which are usually entire but sometimes have slightly toothed margins. Tiny,
two-lipped, pinkish-purple or white flowers (typical mint family), each with 4
protruding stamens and leafy purple-toned bracts, bloom in axillary or terminal
corymb-like spikelets which rise above the foliage in summer. Plants are native
from Europe to central Asia, but have escaped gardens and naturalized in parts of
the eastern and far western U. S. and Canada.
Origanum vulgare plants are primarily sold in commerce today under a number of
different cultivar, subspecies or varietal names, each geared toward a specific
culinary and/or ornamental usage. Some plants produce leaves with great
flavor/aroma (e.g., O. vulgare subsp. hirtum known as Greek oregano is the
standard culinary spice rack oregano) but have little ornamental value. Other plants
have great ornamental value in regard to having golden, variegated or curly leaves
(e.g., O. vulgare ‘Aureum’ features golden yellow foliage) but little or no culinary
value. The straight species is a robust but relatively common plant that is, as a
general rule, seldom sold for a specific ornamental or culinary use.
Flavorful leaves from certain O. vulgare cultivars, subspecies or varietal plants are
commonly used, either fresh or dried, as culinary herbs for a variety of food dishes,
particularly in tomato sauces used in Italian cuisine and pizza, but also in a number
of additional applications including rice, soups, stews, dressings, vegetable dishes,
egg dishes, dips and herbal vinegars. Leaf flavor can vary considerable depending
on climate and growing conditions.
The genus Origanum contains 45 species, 6 subspecies and 3 varieties. The
common name of oregano describes a flavor as opposed to a specific botanical
genus or species.
Genus name is the classic Greek name for these aromatic plants.
Specific epithet is from the Latin vulgaris meaning common.
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Subsp. gracile, commonly known as Russian oregano, is a hardy perennial grown
primarily in herb gardens for culinary use, but is sometimes also grown for
ornamental purposes. It is native to Turkey, Iraq, Iran, Afghanistan and India. It
typically grows to 18” tall and features dark green leaves and pink or white flowers
with green to purplish bracts. Spicy and pungent leaf flavor is much stronger than
that found on straight species plants.
Subsp. name comes from the Latin word gracilis meaning slender and graceful.
Garden Uses
Group or mass in herb gardens, border fronts, cottage gardens or rock gardens.
Also effective as an edger or groundcover. Pots, window boxes, and containers.
Cultivars with attractive foliage are used as ornamentals.
14.3.5 Vetiveria zizanioides (L.) Nash.
Botanical Name: Vetiveria zizanioides
Family: Poaceae
Common Name: Khas-khas; Bena, Gandhabena, Gandhamul, Benamul.
Description of the Plant
A densely tufted perennial grass. Rootstock branching with spongy aromatic roots.
Culms stout, up to 1.8 m high. Leaf-sheaths compressed, especially the lower
which are sharply keeled; blades narrowly linear, acute, 30-90 cm long, erect,
rigid. Panicle oblong, up to over 30 cm long, usually contracted; rachis stout
smooth. Racemes up to 5 cm long, very slender. Sessile spikelets linear-lanceolate
to almost linear, acute, 4.2-4.8 mm long.
Uses
Roots are tonic, refrigerant, stomachic, astringent, stimulant, diuretic,
antispasmodic and emmenagogue. As a cooling it is used in fevers, inflammations
and irritability of stomach. Essence of root is used to check vomiting of cholera.
Grass in the form of cigarettes relieves headache.
Chemical constituents
Root contains an essential oil called Vetiver oil, is composed of azulene,
nootkatane and eudesmane sesquiterpene compounds, which include nootkatene,
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valencene, isovalencenol, isovalencenic acid, nootkatone, α-vetivone, 7-epinootkatone, β-vetivene, γ-vetineve, bicyclovetivenol, valerianol, vetiselinene,
isovetiselinenol, vetiselinenol and δ-selinene (Ghani, 2003). A new C14 ketone,
khusimone, a new norterpenoid (Rastogi & Mehrotra, 1993) and a new
sesquiterpene hydrocarbon – isobisabolene have also been isolated from oil. In
addition essential oil also contains khusol, khusinol; a new epoxy alcohol –
khusinol oxide; khusenic and isokhusenic acids (Rastogi & Mehrotra, 1990).
Distribution
All over Bangladesh in low lying areas, near water bodies.
14.3.6 Jasminum grandiflorum
Botanical Name: Jasminum grandiflorum
Family: Oleaceae and Jasminaceae
Common Name: Jasmines
The Jasmine, or Jessamine (the name derived from the Persian Yasmin), belongs
botanically to the genus Jasminum, of the natural order Oleaceae, which contains
about 150 species, mostly natives of the warmer regions of the Old World. About
forty of these are cultivated in our gardens.
Description
Their leaves are mostly ternate or pinnate; the flowers, usually white oryellow,
with a tubular, five- or eight-cleft calyx, a cylindrical corolla-tube, with a
spreading limb, two stamens enclosed in the corolla-tube and a two-celled ovary.
Habitat
The common white jasmine (Jasminum officinale), one of the best known and most
highly esteemed of British hardy ligneous climbers, is a native of Northern India
and Persia, introduced about the middle of the sixteenth century. In the centre and
south of Europe it is thoroughly acclimatized.
Although it grows to the height of 12 and sometimes 20 feet, its stem is feeble and
requires support. Its leaves are opposite, pinnate and dark green, the leaflets are in
three pairs, with an odd one and are pointed, the terminal one larger with a tapering
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point. The fragrant flowers bloom from June to October; and as they are found
chiefly on the young shoots, the plant should only be pruned in the autumn.
Medicinal Action and Uses
The roots of several species of Jasminum have had various ill-defined uses in
medicine - that of J. officinale is mentioned by Millspaugh (American Medicinal
Plants) as 'a proven plant' in the homoeopathic sense, though he adds: 'the authority
for the use of which I am unable to determine.'
Constituent
The essential oil of J. grandiflorum contains methyl anthranilate, indol, benzyl
alcohol, benzyl acetate, and the terpenes linalol and linalyl acetate.
As essential oil is distilled from Jasmine in Tunis and Algeria, but its high price
prevents its being used to any extent.
The East Indian oil of Jasmine is a compound, largely contaminated with
sandalwood-oil.
Syrup of Jasmine is made by placing in a jar alternate layers of the flowers and
sugar, covering the whole with wet doths and standing it in a cool place. The
perfume is absorbed by the sugar, which is converted into a very palatable syrup.
From the leaves of J. fruticans, the glucoside Jasminin has been isolated, and from
the shoots of J. nudiflorum, the glucoside, Jasminiflorin.
14.3.7 Cymbopogon Species
Botanical Name : Cymbopogon Citratus
Family Name : Poaceae
Common Name : Lemongrass, Ginger Grass
Part Used : Lemongrass Leaves, Lemongrass Oil.
Habitat : Culivated in north india.
Product offered : Lemongrass Leaves, Lemongrass Oil
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Fig. 14.4 : Cymbopogon Species
Uses
As a medicinal plant, lemongrass has been considered a carminative and insect
repellent. It is used in herbal teas and other nonalcoholic beverages in baked goods,
and in confections. Oil from lemongrass is widely used as a fragrance in perfumes
and cosmetics, such as soaps and creams. Citral, extracted from the oil, is used in
flavoring soft drinks in scenting soaps and detergents, as a fragrance in perfumes
and cosmetics, and as a mask for disagreeable odors in several industrial products.
Citral is also used in the synthesis of ionones used in perfumes and cosmetics.
Source of lemongrass oil used to flavor teas, ice cream, candy, pastries, desserts
and chewing gum. Also used in cosmetics and perfumes. Quick growing clumps.
Can be used instead of the classic lemongrass (Thai) in culinary dishes. The oil is
used in perfume, makeup, soap, hair products, cleaner, antifungal agents, incense,
and potpourri. Lemongrass oil revitalizes the body and relieves the symptoms of
jetlag, clears headaches and helps to combat nervous exhaustion and stress-related
conditions.
14.3.8 Pandanus odoratissimus L. F.
Botanical Name: Pandanus odoratissimus
Family: Pandanaceae
Common Name: Keya, Ketaky, Keora, Keurikanta, Kewa kanta.
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Description
A much-branched shrub or a small tree, up to 6 m high; stem supported by aerial
roots. Leaves 0.9-1.5 m long, ensiform, caudate-acuminate, the marginal spines
pointing forward. Male fowers: spadix with numerous subsessile cylindric spikes.
Female flowers: spadix solitary, 5 cm diam. Fruit an oblong or globose
syncarpium, 15-25 cm long.
Using Information
Leaves are alexiteric, tonic and aphrodisiac; used in leprosy, small-pox, syphilis,
scabies and leucoderma. Leaves and spadix are used in diabetes. The oil and otto
obtained from the bracts are considered stimulant and antispasmodic and are
administered in headache and rheumatism. The root is considered diuretic,
depurative and tonic (Yusuf et al. 2009).
Chemical Constituents
Bracts of flowers yield an essential oil containing methyl ether of β-phenylethyl
alcohol as principle constituent (70%). Essential oil obtained from blossoms (0.10.3%) contains benzyl benzoate, benzyl salicylate, benzyl acetate, benzyl alcohol,
geraniol, linalool, linalyl acetate, bromostyrene, guaicol, phenylethyl alcohol and
aldehydes (Chopra et al., 1992). The oil also contains terpinenol (Ghani, 2003).
Distribution
Coastal areas including St. Martin’s and sporadically in other districts

14.4 Viva –voce
1.
2.
3.
4.
5.
6.

What is the importance of Pandanus?
Write short note on sarpagandha.
Write names of five medicinally important plants of your locality.
What are aromatic plants?
List the medicinal importance of any three medicinal plants?
Give examples each of medicinal and aromatic plants.
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15.0 Objectives
The objective of the unit is to discuss
 the economic botany and ethnobotany of Gums, Resins, Tannins, Dyes.

15.1 Introduction
Utilization of native woody vegetation is important to the livelihood of the people
in arid zones. Foodstuffs, tannins and gum, essential oils, pharmaceutical products
are only a few of the numerous non-wood products obtained from woody
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vegetation. Although called minor forest products, they are of vital importance to
the people and often constitute an important part of the total forest revenue.
Of the 350,000 plant species that have been described by botanists, only 3,000 are
reported to be sources of useful material for people. Less than 100 of these plants
are cultivated on a large scale and none are xerophytic. However, the search for
native xerophytic plants of economic value has greatly intensified in recent years.
According to the type of their utilization, non-wood products from dry land
vegetation can be divided into the following groups: foliage and fruits, tannins,
gums and resins, oils and extracts, fibres and medicinal plants. These products are
reviewed in the following sections.

15.2 Chemical Nature of Gums and Resins
When we think of plant products we think of wood, of medicinal herbs, of
vegetables and maybe even essential oils, fibres and dyes. But rarely will we think
of gums and resins - the sticky stuff that many plants usually exude when their
protective membrane or bark has been injured. (Some also excrete resin freely,
without any prior injury). Resins, gums and latex are almost ubiquitous in the plant
kingdom and many of them continue to play an important role in our daily lives.
Most famously, Frankincense and Myrrh, two oriental species of Burseraceae trees
also know as the family of ‘balsam trees’ has engraved themselves on our
consciousness ever since the three holy men presented the baby messiah with this
sacred gift. Few who have not heard the names - but even fewer who know what
they are, where they come from, smell like or what they do.
Numerous plants produce some kind of resin, latex or gum, but only a few are
commercially important today, even though their uses and applications are truly
manifold. They have been used as adhesives, emulsifiers, thickening agents, they
are added to varnishes, paints and ink; they lend their aromas to perfumes and
cosmetics and even play a role in pharmacy and medicine.
The ancients regarded the fragrant resins and oils as sacred and considered them
the life blood of the plant, the carrier of its soul, and burnt them ritually as a
sacrifice to the Gods. It was believed that the Gods lavished themselves on scent,
rather than substance. Scent is the subtle (or not so subtle) body of a being, the
medium by which messages are transmitted chemically, below the threshold of
consciousness. We still use this method of communication, though our aim is
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usually to get the attention of the opposite sex, rather than to win favour with the
Gods.
We move on to a detailed examination of specific plant gums and resins, and
examine the different chemotypes of these exudates.
15.2.1 Gums
Gums are substances that are either water soluble or can absorb water - they are not
soluble in oil. Chemically they are complex polysaccharides (Carbohydrates).
Gums either derive from the a resinous sap or from the endosperm of certain seeds,
e.g. like Guar Gum, which is derived from the seeds of Cyamopsis tetragonolubus,
an African herbaceous plant of the pea family. Gums are widely used as
emulsifying and thickening agents in the food industry, but they also find uses in
other industries, from pharmacy to cosmetics and skin care products, to the
manufacture of inks, paper, watercolours and even the adhesive on the back of
stamps. Water soluble gums also play an important role in a healthy diet as they
are able to bind endotoxins and help to excrete them by adding bulk to the stool.
Psyllium seed - a well known dietary supplement often used for minor constipation
is a prime example of this action. Some seaweeds also yield gums - e.g. agar agar
is a well known and widely used in cooking as a thickener.
15.2.2 Resins
These most commonly found types of plant exudates are chemically completely
different to gums. Resins are terpene-based compounds. Terpenes constitute one of
the largest groups of plant chemicals, and they can be very complex. They are not
water soluble, but can be either oil soluble or spirit soluble, depending on their
specific chemical composition.
Most resins and latexes are obtained from the tree trunk by making incisions, and
'bleeding' the tree - a process that is known as 'tapping'. While it is possible to
harvest resins sustainably, it must be remembered that deliberately injury puts a
considerable strain on any tree and there must be strict limits to the number of
incisions and period of productivity. Recent research has shown that the
carbohydrates present in the exudates are important energy reservoirs for the trees
concerned and that excessive tapping reduces the numbers of flowers and the size
and viability of the seeds. Such guidelines are particularly important to observe
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where the gum is collected from wild populations where regeneration is left to
nature.
Resins used to be much more commonly utilized in industry, e.g. in the production
of oil paints and varnishes or to waterproof ships. These days their industrial uses
have largely been diminished in favour or synthetic substitutes. Some resins have
powerful medicinal properties that have long been utilized in herbal medicine, but
others can be toxic. For example resins derived from certain plants of the
Artemisia family or from the Cypress contain thujone, which is a known
neurotoxin.
Oleoresins
These resins are chemically terpene compounds with a high volatile oil content.
Because of the rich oil content they are softer and more pliable than resins. The
volatile oil content is often extracted by solvent extraction to create various
essential oils that are used in perfumery or as scenting agents for numerous
household products. The term 'Gum-Resin' is also sometimes erroneously applied,
but it is a confusing oxymoron and should not be used.
Latex
As the term implies, latex has a milky appearance: it is usually found as a white,
thin, slightly sticky substance, which coagulates by boiling. The degree of
elasticity of the resulting coagulant depends on the nature of its polyisoprenes. Cispolyisoprenes confer a greater degree of elasticity. The best known and most
important plant latex is derived from the rubber tree. A whole boom and bust
economy flourished in the Amazon at one time - until by an act of biopiracy some
rubber tree seeds where stolen and planted in a plantation in India, thus breaking
the monopoly dependence on South-American supplies. But it wasn't long before
natural rubber was replaced by synthetic substitutes and plastics. Latex has found
many applications from sealant paints to rubber tires, to insulating sheathing for
electrical wires to rubber gloves, boots and other kinds of eclectic apparel.
Balsam
This term has long been used as a rather vague description for any soothing
resinous fragrant plant exudates. These days chemists use the term to describe a
rather distinct class of resinous substance, which contains high amounts of
cinnamic and benzoic acids and their esters as well as essential oils, which lends
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them their characteristic balsamic scent. Typical examples of balsams are Balsam
of Peru, Tolu Balsam, Balm of Gilead, and the Balsams of Copaiba. Physically
these substances can vary greatly - they can be a clear, viscous substance or a dark
sticky mass, but upon exposure to air they all sooner or later tend to solidify.
Traditionally balsams are used medicinally, often for skin complaints or respiratory
afflictions. They are widely used as aromatic agents for skin care products or in
perfumery. However, some people are highly allergic to benzoic acid an can react
severely to even small amounts.

15.3 Chemical Nature of Vegetable Tannins
15.3.1 Acacia nilotica (Acacia)

Fig. 15.1 : Acacia nilotica
The wood of Acacia nilotica was used by ancient Egyptians to make statues and
furniture.
Spiny branch and yellow inflorescences of Acacia nilotica (Photo: Michelle Greve)
Scientific name:
Acacia nilotica (L.) Delile
Family : Leguminosae/Fabaceae - Mimosoideae
Common name:
acacia, Egyptian mimosa, Egyptian thorn, red thorn. Babool, babul (in India).
Burkill gives at least 129 different names for this plant as a whole or for the fruit
and seeds.
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Habitat:
This species can withstand extremely dry environments and can also endure floods.
It thrives under irrigation.
Uses:
Acacia nilotica has been used since early Egyptian dynasties. Disocorides (the
Greek philosopher, physician and ‘father of botany’ c.40 to 90 A.D.) described in
his Materia Medica a preparation extracted from the leaves and fruit pods. He
called this ‘akakia’, and it is from this word that the modern name is derived. The
origin of the name Acaciameans 'spiny' which is a typical feature of the species.
Geography and distribution
Acacia nilotica is widespread in subtropical and tropical Africa from Egypt to
Mauritania southwards to South Africa, and in Asia eastwards to Pakistan and
India.
It has been introduced in China, Australia (in Northern Territory and
Queensland where it is considered to be a pest plant of national importance), the
Caribbean, Indian Ocean islands, Mauritius, the United States, Central America,
South America and the Galápagos Islands. It has naturalized in several countries
where it has been introduced as a medicinal, forage and fuelwood plant.
Some African subspecies occur in wooded grassland, savanna and dry shrub forest.
Other subspecies are restricted to riverine habitats and seasonally flooded areas.
The subspecies nilotica is adapted to periodic flooding followed by extended
droughts. It grows at up to 1,500 m above sea level, although only to 500 m in the
Himalaya mountains. It grows best in alluvium soil but also grows well on
heavy clay soil with a pH range of 5 to 9.
There are nine subspecies of Acacia nilotica, which occur in Africa (two in
southern Africa), India and Pakistan.

243

Fig. 15.2 : Acacia nilotica tree
Uses
Medicinal
Acacia nilotica has a wealth of medicinal uses. It is used for stomach upset and
pain, the bark is chewed to protect against scurvy, an infusion is taken for
dysentery and diarrhoea. In Nigeria it is one of the standard drugs for treating
diarrhoea. It has also been used to eliminate stomach worms, as an antiseptic for
open wounds and as an expectorant for treating coughs. The species has also been
used in veterinary medicine, for example as a molluscicide to reduce liver-flukes in
cattle.
Gum
Gum is present in the bark and tends to be dark in colour. This species may indeed
have been the original source of true gum arabic which is now obtained
commercially from Senegalia senegal. The Acacia nilotica gum, samogh or samuk
(arabic) is sold in balls and is commercially of inferior quality. It has been used as
an emulsifying agent and emollient. It is edible and is used to relieve throat and
chest complaints.
Other uses
The pods are desirable as fodder for cattle, and the leaves, young shoots and young
pods are thought to aid milk production.
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Acacia nilotica wood burns without too much smoke and provides good charcoal.
The flowers provide pollen and nectar for bees. This species is suitable for live
fencing, mine timber, railway sleepers, boat building, wheels, and water wells as
its wood is durable and resistant to borers and termites.
The sap-wood and heart-wood was used in ancient Egypt for house beams,
furniture, panelling and statues as it was regarded as impervious to insect and
fungus attack. The bark contains tannins and has been used to preserve and soften
leather. Phytochemical analysis has shown the presence of two types of tannin
(gallotannins and catechins) which explain its therapeutic action as well as its use
in tanning hides.
Babul (subspecies indica) is a popular farm tree of the central plains of India. More
recently, interest has centred on the fastigiate form (subspecies cupressiformis).
This subspecies makes an ideal windbreak to surround fields as its narrow crown
shades less than other windbreak species.
In shamanism Acacia nilotica has been used to drive away evil spirits.
15.3.2 Tea: Camellia sinensis (tea)
Tea is the most important non-alcoholic beverage in the world, and over three
million tonnes are grown annually.

Fig. 15.3 : Flowers of Camellia sinensis
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Botanical Name: Camellia sinensis (L.) Kuntze
Family: Theaceae
Common name: tea (English); cha, chai (Hindi); thayilai (Tamil)
Uses:
A major beverage which has given rise to a variety of social conventions in
different parts of the world (such as tea ceremonies in Japan, and the concept of a
'tea break' in Britain); also used medicinally as a stimulant.
Description
Tea is a shrub, grown for a hot drink made from its leaves. It is appreciated for its
stimulant properties and health benefits, and as the centre of social rituals such as
the Japanese tea ceremony and British teatime. Two varieties are
recognised; Camellia
sinensis var. sinensis (Chinese
tea)
and C.
sinensis var. assamica (Assam tea, Indian tea). For centuries it was thought that
black and green teas came from different plants. In fact they come from the same
species, but black tea is fermented.
Overproduction of tea in recent years has led to falling tea prices and a poor wage
for workers. Fair Trade tea producers pay suppliers a higher price and this leads to
better pay for workers. Consumers are now beginning to favour Fair Trade
products.
Geography and distribution
The origin of tea is not clear. Camellia sinensis var. sinensis is probably native to
western Yunnan, while C. sinensis var. assamica is native to the warmer parts of
Assam (India), Burma, Thailand, Laos, Cambodia, Vietnam and southern China.
'Wild' tea plants can be found growing in forests, but these may be relics of past
cultivation.
Description
Overview: An evergreen shrub, which can grow up to 17 m high. In cultivation, it
is usually kept below 2 m high by pruning.
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Fig. 15.4 : Leaves of Camellia sinensis
Leaves: Bright green, shiny, often with a hairy underside.
Flowers: Scented, occurring singly or in clusters of two to four.
Fruits: Brownish-green, containing one to four spherical or flattened seeds.
Varieties
Camellia sinensis var. sinensis is hardier than Assam tea, and has relatively small
and narrow leaves. Its leaves are used to produce green tea and China black tea.
C. sinensis var. assamica is much taller in its natural state (than when cultivated)
and can grow into a loosely branched tree to a height of about 17 m. It is a less
hardy variety with larger, rather droopy, leathery leaves, which are used to make
Assam (Indian) black tea.
Uses
Early uses of tea in China
In China, tea has been used as a medicinal infusion, for chewing and as a pickle for
over 4,000 years. There is written evidence from the T'ang dynasty in AD 650 that
tea was being cultivated in most of the provinces of China and that the process of
making tea was well established.
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Tea in Japan
Tea was introduced into Japan in about 600 AD by Buddhist priests returning
home after studying in China. During the 8th and 9th centuries its use was
widespread in courtly and monastic circles and a tea culture developed. By the
1330s onwards, all Japanese social classes drank tea.
Medicinal uses
In China, the medicinal effects of tea have a history dating back almost 5,000
years. The use of tea in traditional Chinese medicine is well documented and it is
suggested that it could be used as a cure for over 200 illnesses.
Tea is not an important medicine in the main medical traditions of South Asia.
Medicinally, tea has been most used as a stimulant, as an astringent lotion which
may be used as a gargle or injection, for some digestive problems and to reduce
sweating in fevers. In Tamil Nadu, tea leaves have been used homeopathically for
mania, paralysis, nervousness, neuralgia and sleeplessness.
Tea's stimulant effects are caused by xanthines such as caffeine. Caffeine is
included in small doses in some over-the-counter medicines for its stimulant effect,
and is often combined with medicines that treat pain, such as aspirin. An infusion
of tea leaves was once used as a remedy for insect bites.
Active compounds in tea
The last decade has seen huge interest in tea's medicinal properties. Tea contains
the compound theophylline, which is used in a licensed medicine for the treatment
of respiratory diseases such as asthma.
Tea also contains flavonoids, compounds reported to have anti-oxidant properties
and which may be beneficial to health, such as in the prevention of heart disease
and cancer. Tea flavonoids are also reported to reduce inflammation and to have
antimicrobial effects.
Some studies suggest that tea may help prevent tooth decay. Tea is also used in
some cosmetic products for its astringent effect. The chemical composition of tea
may vary depending on a number of factors, such as the conditions in which the
plant is grown and how the leaves are processed.
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Cultivation
Tea has been grown from seed at Kew, as well as being brought in as young plants.
The tea bushes growing outside in the Woodland Glade were planted in 1992 and
have proved to be hardy, surviving snow and winter temperatures of -8˚C.
Mulch is applied around the bushes to encourage healthy growth, and in the spring
they are fed with a controlled-release fertiliser. The soil they are grown in has a
low pH, which suits tea as it requires acid soil. The bushes are watered during long
dry spells.
The plants are slow-growing and produce white flowers in the autumn.
15.3.3. Terminalia belerica
Terminalia bellirica is a handsome tree, with characteristic bark and obscurely 5angled fruits. For thousands of years Asians alike have used Terminalia belerica
for its tonic effects. Terminalia belerica is a large decidious tree that is widely
known for its unique laxative and astringent qualities, so that as it purges the
bowels it also tones the tissues of the digestive tract. It is an ingredient in Triphala
and has rejuvenating, cardio-protective, antacid, antioxidant, and antibacterial
properties.
Habitat:
This herb, which is an important Ayurvedic herb, is a tree found throughout the
Indian forests and plains.It is a large deciduous tree. Leaves are alternate, broadly
elliptic or elliptic-obovate, puberulous when young but glabrous on maturity and
the nerves are prominent on both surfaces. Flowers are in axillary, spender spikes
longer than the petioles but shorter than the leaves. Calyx lobes are pubescent
outside. The fruits are green and inflated when young and yellowish and shrink
(nearly seen as ribbed) when mature. The nut is stony.
Morphology Description (Habit): A tall tree, with characteristic bark. The stems
are straight, frequently buttressed when large; the leaves, broadly elliptic, clustered
towards the ends of branches; the flowers are solitary, simple, axillary spikes; the
fruits, are globular and obscurely 5-angled.
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Fig. 15.5 : Terminalia belerica

15.4 Chemical nature of Vegetable Dyes
15.4.1 Turmeric
Botanical Name: Curcuma longa
Family: Zingiberaceae
Common Name: Haldi
Description:
Curcuma longa is a perennial plant with roots or tubers oblong-palmate, and deep
orange inside.
Geographic Distribution:
Because of ancient trade, the origin of Turmeric cannot accurately be
reconstructed, probably South East Asia or South Asia.
Food Uses:
Fresh Turmeric leaves are used in some regions of Indonesia and in Western
Sumatra as a flavouring.
Turmeric comes from the root of Curcuma longa.
Medicinal Uses:
Turmeric has long been used in Asian traditional medicine as a stomach tonic and
blood purifier, and for the treatment of liver ailments, skin diseases and wound
healing. It also was used externally, to heal sores, and as a cosmetic.
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Scientific Research:
The yellow-orange color of Turmeric comes from yellow pigment found in the
rhizomes called curcumin. Supplements standardized to curcumin are now found in
the market.
Indigenous Practices:
Turmeric, with its brilliant yellow color, has been used as a dye, medicine, and
flavoring since 600 BC.
15.4.2 Indigo
Botanical: Indigofera tinctoria
Family: Leguminosae
Common Nmae: Blue/ Neel
Habitat
India; cultivated in sub-tropical countries.
Description
A blue dyestuff is obtained from the various species of Indigofera. It does not exist
ready formed, but is produced during fermentation from another agent existing in
the plant. This is called Indocan, and is yellow, amorphous, of a nauseous bitter
taste with an acid reaction; readily soluble in water, alcohol and ether.
Medicinal Action and Uses
Indigo was at one time much used in medicine, but now is rarely employed. It is
said to produce nausea and vomiting.
It is a very well-known and highly important dye, millions of pounds being
exported from India annually.
An artificial product, Indigotine, is manufactured chemically and used as a
substitute.
Indigo dye
Names: 2,2'-Bis(2,3-dihydro-3- oxoindolyliden), Indigotin
Chemical formula: C16H10N2O2
Indigo dye is an organic compound with a distinctive blue color (see indigo).
Historically, indigo was a natural dye extracted from plants, and this process was
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important economically because blue dyes were once rare. A large percentage of
indigo dye produced today – several thousand tons each year is synthetic. It is the
blue often associated with blue jeans.
The primary use for indigo is as a dye for cotton yarn, which is mainly for the
production of denim cloth for blue jeans. On average, a pair of blue jean trousers
requires 3–12 g of indigo. Small amounts are used for dyeing wool and silk.
Indigo carmine, or indigo, is an indigo derivative which is also used as a colorant.
About 20 million kg are produced annually, again mainly for blue jeans.[1] It is
also used as a food colorant, and is listed in the United States as FD&C Blue No. 2.
Natural indigoes
Plant sources
A variety of plants have provided indigo throughout history, but most natural
indigo was obtained from those in the genus Indigofera, which are native to the
tropics. The primary commercial indigo species in Asia was true indigo (Indigofera
tinctoria, also known as I. sumatrana). A common alternative used in the relatively
colder subtropical locations such as Japan's Ryukyu Islands and Taiwan is
Strobilanthes cusia. In Central and South America, the two species grown are I.
suffruticosa (añil) and dyer's knotweed (Polygonum tinctorum), although the
Indigofera species yield more dye.
Extraction
The precursor to indigo is indican, a colorless, water-soluble derivative of the
amino acid tryptophan. Indican readily hydrolyzes to release β-D-glucose and
indoxyl. Oxidation by exposure to air converts indoxyl to indigo. Indican was
obtained from the processing of the plant's leaves, which contain as much as 0.2–
0.8% of this compound. The leaves were soaked in water and fermented to convert
the glycoside indican present in the plant to the blue dye indigotin. The precipitate
from the fermented leaf solution was mixed with a strong base such as lye, pressed
into cakes, dried, and powdered. The powder was then mixed with various other
substances to produce different shades of blue and purple.
Cultivation
Indigo was a major export crop that supported plantation slavery in colonial South
Carolina in the 18th century.
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The demand for indigo in the 19th century is indicated by the fact that in 1897,
7,000 km2 (2,700 sq mi) were dedicated to the cultivation of indican-producing
plants, mainly in India. By comparison, the country of Luxembourg is 2,586 km2
(998 sq mi).
Peasants in Bengal revolted against unfair treatment by the East India Company
traders/planters in what became known as the Indigo revolt in 1859, during the
British Raj of India. In literature, the play Nil Darpan by Dinabandhu Mitra is
based on the slavery and forced cultivation of indigo in India.
History of natural indigo
Indigo was used in India, which was also the earliest major center for its
production and processing.[4] The I. tinctoria species was domesticated in India.
Indigo, used as a dye, made its way to the Greeks and the Romans, where it was
valued as a luxury product.
Indigo is among the oldest dyes to be used for textile dyeing and printing. Many
Asian countries, such as India, China, Japan, and Southeast Asian nations have
used indigo as a dye (particularly silk dye) for centuries. The dye was also known
to ancient civilizations in Mesopotamia, Egypt, Britain, Mesoamerica, Peru, Iran,
and Africa.
India is believed to be the oldest center of indigo dyeing in the Old World. It was a
primary supplier of indigo to Europe as early as the Greco-Roman era. The
association of India with indigo is reflected in the Greek word for the dye, indikón
(ινδικόν, Indian). The Romans latinized the term to indicum, which passed into
Italian dialect and eventually into English as the word indigo.
15.4.3 Bixa orellana
Botanical Name: Bixa orellana
Common Names: Anatto
Description:
A profusely fruiting shrub, reaching 6 - 20 feet tall and age up to about 50 years.
Annato has pointed leaves and pink, white or a pinkish-white flowers.
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Geographic Distribution:
A native of Tropical America and introduced to Guam by the Spanish from
Mexico. In Hawai'i annatto is usually cultivated but also occasionally naturalized
on edges of forest, in thickets, and in waste places
Food Uses:
The seeds are processed to obtain the orange-yellow pigments, bixin and norbixin
(carotenoids). Traditionally, the crushed seeds are soaked in water that is allowed
to evaporate.
Medicinal Uses:
In Suriname's traditional medicine, the entire plant is used against fever and
dysentery. A decoction of the leaves is used to stop vomiting and nausea.
Scientific Research:
Much has been done in the laboratory validating annatto's traditional uses and
offering new ones. A water extract of the root demonstrated hypotensive activity in
rats, as Peruvian herbal systems have practiced.

15.5 Viva –Voce
1.
2.
3.
4.
5.
6.

What are Gums?
What are Tannins?
What are resins?
Give one example of Resins.
Give one example of tannins.
Give one importance each of gums, resins and tannins.

15.6 References
 The Tannin Handbook, Ann E. Hagerman, 1988 (book)
 "Condensed tannins". Porter L. J., 1989, in Natural Products of Woody Plants
I, Rowe J. W. (ed), Springer-Verlag: Berlin, Germany, pages 651–690
 "Plant Resins: Chemistry, evolution, ecology, and ethnobotany", by Jean
Langenheim, Timber Press, Portland, OR. 2003

254

Unit-16
Study of Economic Botany of
Fire-wood & Timber yielding Plants
Structure of the unit:
16.0 Objectives
16.1 Introduction
16.2 Economic Botany of Fire-Wood and Timber Yielding Plants
16.2.1 Bamboo
16.2.2 Teak
16.2.3 Rattans
16.3 Viva-Voce
16.4 References

16.0 Objectives
The objective of this unit is to discuss
 the economical and ethnobotanical aspects of fire-wood and timber yielding
plants

16.1 Introduction
Firewood is any wooden material that is gathered and used for fuel. Generally,
firewood is not highly processed and is in some sort of recognizable log or branch
form, compared to other forms of wood fuel like pellets or chips. Firewood can
either be seasoned (dry) or unseasoned (fresh/wet). It can be classed
as hardwood or softwood.
Firewood is a renewable resource. However, demand for this fuel can outpace its
ability to regenerate on local and regional level. Good forestry practices and
improvements in devices that use firewood can improve the local wood supplies.
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16.2 Economic botany of Fire-Wood and Timber Yielding
Plants
16.2.1 Bamboo
Botanical Name: Bambusa vulgaris
Family: Poaceae
Common Names: Bamboo
Description
Bamboos are a group of woody perennial evergreen plants in the true grass family
Poaceae. Some of its members are giants, forming by far the largest members of
the grass family.There are 91 genera and about 1,000 species of bamboo.They are
found in diverse climates, from cold mountains to hot tropical regions.Although
bamboo is a grass, many of the larger bamboos are very tree-like in appearance and
they are sometimes called "bamboo trees".
The stems, or 'culms', can range in height from a few centimetres to 40 metres,
with stem diameters ranging from 1 mm to 30 cm.The stems are jointed, with
regular nodes.Many bamboos are popular in cultivation as garden plants. In
cultivation, care needs to be taken of their potential for invasive behaviour.They
spread mainly through their roots and/or rhizomes, which can spread widely
underground and send off new culms to break through the surface
Gramineae, the grass family, has provided civilization throughout history with a
bounty of food and many other uses. The top three economically important plants
of the world are grasses: wheat corn, and rice. Human kind probably would not
have survived if not for the grasses.
The sub-family Bambusoideae, is certainly no exception. These are the bamboos.
Consisting of 75 genera and over 1000 species, these unique plants have played a
diverse and important role in the development of society, as we know it today.
Morphology
The bamboo plant is constructed of a system of segmented axes. This is depicted
by the regular internodal lengths and prominent nodes (McClure 10). They
resemble telescoping antennas, but at a constant diameter.
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The culm is the above ground stem, this is what is used for most all of the many
applications. The culm is woody and either hollow or solid, however most species
exhibit some degree of hollowness. The length and thickness of the culm varies
greatly between species. Some species can get as tall as 130 feet and be more than
a foot in diameter--these have been reported to grow at nearly two inches each
hour (Hanke 291). Indeed this would be impressive to see, definitely not like the
grasses most of us are familiar with.
Branches, also segmented. arise from the culm. Upon the branches are to be found
leaves, with petioles. The fact that the leaves have petioles helps to set the
bamboos apart from the other grasses. The leaves and young shoots are the parts
eaten by Pandas. The Panda subsists on no other plant or food source.. Bamboos
alone keep them going strong.
New culms, or shoots, are produced from an extensive rhizome system. Simply,
rhizomes are modified stems, usually growing underground . The rhizomes cause
the "clump habit" of growth exhibited by the bamboos. "Clump habit" refers to the
culms growing in close proximity to each other, such as a "tuft of grass", so to
speak. There are basically two types of rhizomes'. pachymorph and leptomorph.
Most species exhibit both, to a greater or lesser degree. Pachymorph rhizomes are
very compact. They are associated with autumnal growth and produce a dense
clump of culms. Leptomorph rhizomes, associated with spring growth, spread a
little more. than pachymorph, in some cases a lot more. In other words they are
responsible for the lateral growth of a given stand, or clump, of a bamboo species.
Knowledge of rhizomes is also necessary for species identification. The keys in
McClure's book, to North American species, use rhizome types as the first step
toward identifying bamboo species.
Uses
It was recently discovered that some extracts from bamboo bark inhibit bacterial
growth, especially a species of Staphylococcus. This could have a profound impact
on the food industry as a natural preservative.
Bamboo could also provide livestock with feed. "Bamboo hay contains four times
the protein of other fodder grasses ".
Also, with bamboo, wells can be drilled. Some third world countries have been
able to get water from wells drilled with bamboo. Some wells have been drilled to
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1,600 feet deep. It requires no electricity and no drilling rig One place has put 494
acres of land under irrigation with bamboo pipes and bamboo drilled wells.
The uses for bamboo are unlimited. From fishing rods to food preservatives to
scaffolding on skyscrapers, bamboo is truly "king of the grasses".
Bamboos are giant, fast-growing grasses that have woody stems. They are
distributed in tropical and subtropical to mild temperate regions, with the heaviest
concentration and largest number of species in East and Southeast Asia and on
islands of the Indian and Pacific oceans. A few species of bamboo belonging to the
genus Arundinaria are native to the southern United States, where they form dense
canebrakes along riverbanks and in marshy areas.
The woody, hollow aerial stems (culms) of bamboo grow in branching clusters
from a thick underground stem (rhizome). The culms often form a dense
undergrowth that excludes other plants. Bamboo culms can attain heights ranging
from 10 to 15 cm (about 4 to 6 inches) in the smallest species to more than 40 m
(about 130 feet) in the largest. Mature bamboos sprout horizontal branches that
bear sword-shaped leaves on stalked blades; the leaves on young culms arise
directly from the stem. Though the culms of some species grow quickly (as much
as 1 foot [0.3 m] per day), most bamboos flower and produce seeds only after 12–
120 years’ growth, and then only once in their lifetime.
Bamboos are used for a great variety of purposes, especially in East and Southeast
Asia. The seeds are eaten as grain, and the cooked young shoots of some bamboos
are eaten as vegetables, especially in Chinese cuisines. The raw leaves are a useful
fodder for livestock. The pulped fibres of several bamboo species, especially
Dendrocalamus strictus and Bambusa arundinacea, are used to make fine-quality
paper. The jointed stems of bamboo have perhaps the most numerous uses; the
largest stems supply planks for houses and rafts, while both large and small stems
are lashed together to form the scaffoldings used on building-construction sites.
The stems are also split up to make buckets and pipes or are used to make
furniture, walking sticks, fishing poles, garden stakes, and other utensils. Some
species of bamboo are used as ornamentals in landscape gardens. The fine-grained
silica produced in the joints of bamboo stems has been used as a medicine in the
Orient for centuries under the name tabasheer. East Asian artists, poets, and
epicures have long celebrated the beauty and utility of bamboo in paintings and
verse.
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Indigenous Practices
Bamboo, as well as niu, coconut, is one of the most useful and practical plants for
humankind, providing water storage, food, raw materials for household and garden
use, musical instruments and more.
Bamboo wood has silica in its cell walls and is hard, straight, strong, flexible, light
and easily split. Split bamboo can be made into mats, hats, screens, baskets, fans,
umbrellas, brushes, paper, ropes, roofing tiles, wall mats, or as a part of the sleds of
old Hawai'i, called holua.
The stem of bamboo has been carbonized for use as electric lamp filaments, in
goldsmithery, and tabashir, a fine powder used as a chemical catalyst.
(Krauss, Beatrice H. 1993. Plants in Hawaiian Culture.)
16.2.2 Teak
Botanical Name: Tectona Grandis
Family: Verbenaceae
Common Name : Saka, Burma teak, Rangoon teak, moulmein teak, gia thi, jati sak,
kyun, mai sak, rosawa and tekka are the other names used for the Teak tree.

Fig. 16.1 : Teak tree
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Description
Teak is tall evergreen tree. It has yellowish blonde to reddish brown wood. It
attains the height of about 30 meter. The fruit is a drupe. It has bluish to white
flowers. It produces the large leaf similar to the tobacco leaf. The bark is whitish
gray in colour. It is generally grown straightwith the uneven texture, medium
lusture and the oily feel. The upper surface of the tree is rough to touch and the
inner surface has hairs. The fruit is enclosed by the bladder like calyx, which is
light brown, ribbed and papery.
Other species : Tectona grandia, Tectona hamiltoniana, and Tectona
philippinensis are the other related species of the Teak tree.
Habitat
Teak is well grown in all the parts of India. It is also found in the Gir National
Park, Satpura National Park, Pench Tiger Reserve in India.
Cultivation
The new plants can also be propagated from cuttings. It is usually planted when the
four to six weeks old. Plough the land thoroughly and level it. The best season to
plant the teak is monsoon, most probably after the first shower. Carry out weeding
operations regularly. Teal requires loamy soil rich in humus and having the right
content of moisture with good drainage. It grows well in hilly and dry areas. It
requires a dry tropical climate for its growth. It flowers in february and March.
Uses
Medicinal uses : Teak also holds the medicinal value. The bark is bitter tonic and
is considered useful in fever. It is also useful in headache and stomach problems.
Digestion may be enhanced by the teak wood or bark.
Other uses : It is used in the furniture making, boat decks and for indoor flooring.
It is widely used to make the doors and house windows. It is resistant to the attack
of termites. Its wood contains scented oil which is the repellent to insects. The
leaves yield the dye which is used to colour the clothes and edible. Teak is
probably the best protected commercial species in the world.
16.2.3 Rattans
Rattan (from the Malay rotan) is the name for the roughly 600 species of palms in
the tribe Calameae (Greek 'kálamos' = reed), native to tropical regions of Africa,
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Asia and Australasia. Rattan is also known as manila, or malacca, named after the
ports of shipment Manila and Malacca City, and as manau (from the Malay rotan
manau, the trade name for Calamus manan canes in Southeast Asia.).
Structure
Most rattans differ from other palms in having slender stems, 2–5 cm diameter,
with long internodes between the leaves; also, they are not trees but are vine-like,
scrambling through and over other vegetation. Rattans are also superficially similar
to bamboo. Unlike bamboo, rattan stems ("malacca") are solid, and most species
need structural support and cannot stand on their own. However, some genera
(e.g. Metroxylon, Pigafetta, Raphia) are more like typical palms, with stouter, erect
trunks. Many rattans have spines which act as hooks to aid climbing over other
plants, and to deter herbivores Rattans have been known to grow up to hundreds of
metres long. Most (70%) of the world's rattan population exist in Indonesia,
distributed among Borneo, Sulawesi, Sumbawa islands. The rest of the world's
supply comes from the Philippines, Sri Lanka ,Malaysia and Bangladesh
Economic and environmental issues
In forests where rattan grows, its economic value can help protect forest land, by
providing an alternative to loggers who forgo timber logging and harvest rattan
canes instead. Rattan is much easier to harvest, requires simpler tools and is much
easier to transport. It also grows much faster than most tropical wood. This makes
it a potential tool in forest maintenance, since it provides a profitable crop that
depends on rather than replaces trees. It remains to be seen whether rattan can be
as profitable or useful as the alternatives.
Rattans are threatened with overexploitation, as harvesters are cutting stems too
young and reducing their ability to re sprout .Unsustainable harvesting of rattan
can lead to forest degradation, affecting overall forest ecosystem services.
Processing can also be polluting. The use of toxic chemicals and petrol in the
processing of rattan affects soil, air and water resources, and also ultimately
people's health. Meanwhile, the conventional method of rattan production is
threatening the plant's long-term supply, and the income of workers.
Uses
Generally, raw rattan is processed into several products to be used as materials
in furniture making. The various species of rattan range from several millimetres
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up to 5–7 cm in diameter. From a strand of rattan, the skin is usually peeled off, to
be used as rattan weaving material. The remaining "core" of the rattan can be used
for various purposes in furniture making. Rattan is a very good material mainly
because it is lightweight, durable, suitable for outdoor use, and—to a certain
extent—flexible.
Furniture making
Rattans are extensively used for making furniture and baskets. When cut into
sections, rattan can be used as wood to make furniture. Rattan accepts paints
and stains like many other kinds of wood, so it is available in many colours; and it
can be worked into many styles. Moreover, the inner core can be separated and
worked into wicker
Handicraft and arts
Many of the properties of rattan that make it suitable for furniture also make it a
popular choice for handicraft and art pieces. Uses include rattan baskets, plant
containers and other decorative works.
Due to its durability and resistance to splintering, sections of rattan can be used
as staves or canes for martial arts 70 cm-long rattan sticks, called baston, are used
in Filipino martial arts, especially Arnis/Eskrima/Kali and for the striking weapons
in the Society for Creative Anachronism's full-contact "heavy combat.
Along with birch and bamboo, rattan is a common material used for the handles in
percussion
mallets,
especially
mallets
for keyboard
percussion (vibraphone, xylophone, marimba, etc.).
It is also used to make walking sticks and crooks for high-end umbrellas
Rattan as a shelter material
Most natives or locals from the rattan rich countries employ the aid of this sturdy
plant in their home building projects. It is heavily used as a housing material in the
rural areas. The skin of the plant or wood is primarily used for weaving.
Food source and medicinal potential
The fruit of some rattans exudes a red resin called dragon's blood. Some rattan
fruits are edible,with sour taste akin to citrus. This resin was thought to have
medicinal properties in antiquity and was also used as a dye for violins among
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other things The resin normally results in a wood with a light peach hue. In the
Indian state of Assam, the shoot is also used as vegetable.
Corporal punishment
Thin rattan canes were the standard implement for school corporal punishment in
England and Wales, and are still used for this purpose in schools in Singapore,
Malaysia and several African countries - and similar canes are used for military
punishments in the Singapore Armed Forces Heavier canes, also of rattan, are used
for judicial corporal punishments in Malaysia Aceh, Singapore and Brunei
Other uses
Traditionally
the
women
of
the Wemale ethnic
group
of Seram Island, Indonesia wore rattan girdles around their waist.
In early 2010, scientists in Italy announced that rattan wood would be used in a
new "wood to bone" process for the production of artificial bone. The process takes
small pieces of rattan and places it in a furnace. Calcium and carbon are added.
The wood is then further heated under intense pressure in another oven-like
machine and a phosphate solution is introduced. This process produces almost an
exact replica of bone material. The process takes about 10 days. At the time of the
announcement the bone was being tested in sheep and there had been no signs of
rejection. Particles from the sheep's bodies have migrated to the "wood bone" and
formed long continuous bones. The new bone-from-wood programme is being
funded by the European Union. Implants into humans are anticipated to start in
2015.

16.3 Viva –Voce
1.
2.
3.
4.
5.

Write the importance of Teak?
How are rattans useful?
What is the botanical name of Bamboo?
Write the family of teak.
What is the botanical name of Teak?
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Unit–17
Scientific Visit
Structure of the unit:
17.0
17.1
17.2
17.3
17.4
17.5
17.6
17.7
17.8
17.9
17.10

Objectives
General Tips for planning a visit in the field
Visit to a National Park
Visit to a Sanctuary
Visit to a Biosphere Reserve
Visit to a Wetland
Visit to a Botanical Garden
Visit to a CSIR laboratory
Visit an ICAR Research Institute
Viva-Voce
References

17.0 Objectives
After studying this unit, the students will be able to Contribute to and learn about the most recent advances in this field.
 Undertake Research and development into plant taxonomy and genetics,
phytochemistry and useful properties.
 Collect information of plants that can withstand degraded and changing
environments (especially important in face of the threats posed by climate
change).
 Learn about national parks are, who looks after them, who lives in them and
the challenges they face.
 Inspire people through outdoor learning experiences to help care for the
environment and for national parks in particular and to make choices in
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their daily lives that will benefit the environment and promote sustainable
development.

17.1 General Tips for planning a visit in the field
To get the most out of a trip to the field, a few set rules need to be followed. If you
plan a safe, achievable trip with clear objectives your trip will be fun, stimulating
and worthwhile.
Always follow the advice and guidance of your local education authority or
governing body. These tips give basic sound practice for trips in the outdoors.
 Pre-Check: Even if you're just planning a day visit to run yourself, get an upto-date advice on where to go, weather and road conditions, safety and access
advice, and the most suitable activities to do.
 Plan a Pre-Visit: If possible visit the site before your field trip. Assess the
facilities like toilets and car parks. Check the terrain is suitable for this activity
and your group. Note any potential hazards.
 Think about transport: Remember that your group will each have a backpack
with them, as well as any teaching equipment you are taking, so make sure
your vehicle has enough room.
 Take the right kit: Take the right clothing, the right food and the right
equipment to keep everyone safe and comfortable.
 Health and Safety: The teams should be made aware of health and safety
procedures and risk assessments.
 Insurance: Check with your local education authority and / or governing body
that you have the necessary insurance cover needed for your trip, including
transportation, activities and any residential stays.
 Sloping or boggy ground, rain, wind, hot sun, and fatigue can slow you down.
Make sure you allow plenty of time to return to your vehicle or accommodation
before it gets dark.
 Don't count on the weather: Check the weather forecast in the days before
your visit.
Group safety should be the top priority in planning your trip and in each
activity. Have clear objectives for the trip and for each activity.
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Students should be told enough about the objectives so they know what they
are meant to accomplish by the end of the trip.
In the process of planning, everyone should act accordingly to conserve the
environment and minimize the impact of visit on the field
Think about local people and visitors and your effect on them

17.2 Visit to a National Park
National Park is an area having adequate ecological, faunal, floral,
geomorphological, natural or zoological significance. The National Park is
declared for the purpose of protecting, propagating or developing wildlife or its
environment, like that of a Sanctuary
The purpose of an educational science trip is to provide students with experiences
outside their everyday activities, such as going to A Protected Area (National Park,
Sanctuary, and Biosphere Reserve)1. the aim of this type of trip for students is to observe ecosystems in their natural
state
2. to develop a lifelong interest in science, nature, and the environment
3. to promote an understanding of local environmental issues, and inspire a
lifelong calling to use science as a way to leave a positive impact on global
communities
4. to identify environmental and societal issues that are affecting communities and
ecosystems on a global scale
5. students should be able to identify Objectives of establishment of National park
6. Contribute to and learn about the most recent advances in this field.
7. Undertake Research and development into plant taxonomy and genetics,
phytochemistry and useful properties.
8. Collect information of plants that can withstand degraded and changing
environments (especially important in face of the threats posed by climate
change).
9. Learn what national parks are, who looks after them, who lives in them and the
challenges they face.
10. Inspire people through outdoor learning experiences to help care for the
environment and for national parks in particular and to make choices in their
267

daily lives that will benefit the environment and promote sustainable
development.
Table 17.1 : List of National Parks in Rajasthan
S.
No.

Name of National Parks/
Wild Life Sanctuary

1

Keoladeo National Park

2

Ranthambore National Park

District

Area
(km2)

Bharatpur

28.73

Sawai Madhopur

392.50

Things to do:
Visit to a National Park can be planned checking the availability and permission to
visit. Students will need to prepare a report of the following data related to various
aspects of the institute:
 Brief History of the Park.
 Status of the Park
 List of major Flora and Fauna with special
Endemic/Rare/Endangered species.
 List of Research activity being undertaken in that area.
 List of research projects related to National Park

reference

to

17.3 Visit to a Sanctuary
Sanctuary is an area which is of adequate ecological, faunal, floral,
geomorphological, natural or zoological significance. The Sanctuary is declared for
the purpose of protecting, propagating or developing wildlife or its environment.
Certain rights of people living inside the Sanctuary could be permitted. Further,
during the settlement of claims, before finally notifying the Sanctuary, the
Collector may, in consultation with the Chief Wildlife Warden, allow the
continuation of any right of any person in or over any land within the limits of the
Sanctuary.
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Objectives of visiting a Wildlife Sanctuary
1. The aim of this type of trip for students is to observe ecosystems in their natural
state to develop a lifelong interest in science, nature, and the environment.
2. To promote an understanding of local environmental issues, and inspire a
lifelong calling to use science as a way to leave a positive impact on global
communities.
3. To identify environmental and societal issues that is affecting communities and
ecosystems on a global scale.
4. Students should be able to identify Objectives of establishment of Sanctuary.
Table 17.2 : List of Wildlife Sanctuaries in Rajasthan
S.
No.

Name of Wild Life (WL)
Sanctuary

District

Area
(Sq.km.)

1

Bandh Baratha WL Sanctuary

Bharatpur

199.50

2

Bassi WL Sanctuary

Chittorgarh

138.69

3

Bhensrodgarh WL Sanctuary

Chittorgarh

229.14

4

Darrah Game Sanctuary

Kota, Jhalawar

274.41

5

Desert WL Sanctuary

Barmer, Jaisalmer

3,162.00

6

Fulwari ki Nal WL Sanctuary

Udaipur

492.68

7

Jaisamand WL Sanctuary

Udaipur

52.34

8

Jamwa Ramgarh WL Sanctuary

Jaipur

300.00

9

Jawahar Sagar WL Sanctuary

Kota

153.41

10

Keladevi WL Sanctuary

Karoli, Sawai
Madhopur

676.40

11

Kesarbagh WL Sanctuary

Dholpur

14.76

12

Kumbalgarh WL Sanctuary

Udaipur,
Rajsamand,Pali

608.57

13

Mount Abu WL Sanctuary

Sirohi

112.98
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14

Nahargarh WL Sanctuary

Jaipur

50.00

15

National Chambal WL
Sanctuary

Kota, S.Madhopur,
Bundi, Dholpur,
Karauli

280.00

16

Ramgarh Vishdhari WL
Sanctuary

Bundi

252.79

17

Ramsagar WL Sanctuary

Dholpur

34.40

18

Sajjangarh WL Sanctuary

Udaipur

5.19

19

Sariska WL Sanctuary

Alwar

557.50

20

Sawai Manshingh WL
Sanctuary

Sawai Madhopur

127.76

21

Shergarh WL Sanctuary

Kota

98.70

22

Sitamata WL Sanctuary

Chittorgarh,Udaipur

422.94

23

Tal Chappar WL Sanctuary

Churu

7.19

24

Todagarh Rawali WLSanctuary

Ajmer, Pali,
Rajsamand

463.03

25

Van Vihar WL Sanctuary

Dholpur

25.60

Things to do:
Visit to anyone of the above mentioned Wildlife sanctuaries can be planned
checking the availability and permission to visit. Students will need to prepare a
report of the following data related to various aspects of the institute:
 Brief History of the Wildlife sanctuary.
 Status of the Wildlife sanctuary.
 List of major Flora and Fauna with special
Endemic/Rare/Endangered species.
 List of Research activity being undertaken in that area.
 List of research projects related to Wildlife sanctuary.
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to

17.4 Visit to a Biosphere Reserve
Biosphere reserves are areas of terrestrial, marine and coastal ecosystems
promoting solutions to reconcile the conservation of biodiversity with its
sustainable use. They are internationally recognized, nominated by national
governments and remain under sovereign jurisdiction of the states where they are
located. Biosphere reserves serve in some ways as 'living laboratories' for testing
out and demonstrating integrated management of land, water and biodiversity as
well as ‘Science for Sustainability support sites’ – special places for testing
interdisciplinary approaches to understanding and managing changes and
interactions between social and ecological systems, including conflict prevention
and management of biodiversity.
Biosphere reserves have three interrelated zones that aim to fulfill three
complementary and mutually reinforcing functions:
1. Core area- The core area(s) comprises a strictly protected ecosystem that
contributes to the conservation of landscapes, ecosystems, species and genetic
variation.
2. Buffer area- The buffer zone surrounds or adjoins the core areas, and is used
for activities compatible with sound ecological practices that can reinforce
scientific research, monitoring, training and education.
3. Transition area- The transition area is the part of the reserve where the greatest
activity is allowed, fostering economic and human development that is socioculturally and ecologically sustainable.
Objectives of visiting a Biosphere reserve
1. The aim of this type of trip for students is to observe ecosystems in their natural
state to develop a lifelong interest in science, nature, and the environment.
2. To promote an understanding of local environmental issues, and inspire a
lifelong calling to use science as a way to leave a positive impact on global
communities.
3. To identify environmental and societal issues those are affecting communities
and ecosystems on a global scale.
4. Students should be able to identify importance of different areas of a Biosphere
reserves.
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Table 17.3 : List of Designated Biosphere Reserves (BRs)
S.
No.

Name of the BR
Date of
& total
Designation
geographical area
(Km2)

Location in the State (s)/Union
Territory

1

Nilgiri (5520)

1.8.1986

Wynad, Nagarhole, Bandipur,
Madumalai, Nilambur, Silent Valley
and Siruvani hills in Tamil Nadu,
Kerala and Karnataka.

2

NandaDevi
(5860.69)

18.1.1988

Part of Chamoli, Pithoragarh and
Almora districts in Uttarakhand.

3

Nokrek (820)

1. 9.1988

Part of East, West and South Garo
Hill districts in Meghalaya.

4

Manas (2837)

14.3.1989

Part of Kokrajhar, Bongaigaon,
Barpeta, Nalbari, Kamprup and
Darang districts in Assam.

Sunderban (9630) 29.3.1989

Part of delta of Ganges &
Brahamaputra river system in West
Bengal.

5

6

Gulf of Mannar
(10500)

18.2.1989

India part of Gulf of Mannar
extending from Rameswaram island
in the North to Kanyakumari in the
South of Tamil Nadu.

7

Great Nicobar
(885)

6.1.1989

Southernmost island of Andaman
and Nicobar Islands.

8

Similipal (4374)

21.6.1994

Part of Mayurbhanj district in
Orissa.
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9

Dibru-Saikhova
(765)

28.7.1997

Part of Dibrugarh and Tinsukia
districts in Assam.

10

Dehang-Dibang
(5111.5)

2.9.1998

Part of Upper Siang, West Siang and
Dibang Valley districts in Arunachal
Pradesh.

11

Pachmarhi
(4981.72)

3.3.1999

Part of Betul, Hoshangabad and
Chhindwara districts in Madhya
Pradesh.

Khangchendzonga 7.2.2000
(2931.12)

Part of North and West districts in
Sikkim.

12
13

Agasthyamalai
(3500.36)

12.11.2001

Part
of
Thirunelveli
and
Kanyakumari districts in Tamil
Nadu and Thiruvanthapuram,
Kollam and Pathanmthitta districts
in Kerala.

14

AchanakmarAmarkantak
(3,835. 51)

30.3.2005

Part of Anuppur and Dindori
districts of Madhya Pradesh and
Bilaspur district of Chattisgarh.

Kachchh (12,454) 29.1.2008

Part of Kachchh, Rajkot,
Surendranagar and Patan districts in
Gujarat.

15

16

Cold Desert
(7,770)

28.8.2009

Pin Valley National Park and
surroundings; Chandratal & Sarchu;
and Kibber Wildlife sanctuary in
Himachal Pradesh.

17

Seshachalam
(4755.997)

20.9.2010

Seshachalam hill ranges in Eastern
Ghats encompassing part of Chittoor
and Kadapa districts in Andhra
Pradesh.

18

Panna (2998.98)

25.8.2011

Part of Panna and Chhattarpur
districts in Madhya Pradesh
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Ministry of Environment, Forests and Climate Change
* Sites with bold letters have been included in the World Network of BRs of
UNESCO.
Things to do:
Visit to anyone of the above mentioned Biosphere reserves can be planned
checking the availability and permission to visit. Students will need to prepare a
report of the following data related to various aspects of the institute:
 Brief History of the Biosphere reserve.
 Status of the Biosphere reserve (Name of any Protected Area )
 List of major Flora and Fauna with special reference to
Endemic/Rare/Endangered species.
 List of Research activity being undertaken in that area.
 List of area (km2) covered under Core, Buffer and Transition areas of the
Biosphere reserve visited.
 List of research projects related to Wildlife sanctuary.
 List of the various communities residing in the transition area and their means
of livelihood.

17.5 Visit to a Wetland
Sambharlake in Rajasthan is the largest salt water lake in India. This saline
wetland is elliptical in shape with length of 35.5 km and breadth varying between 3
km and 11 km. It is located in the districts of Nagaur and Jaipur and it also borders
the Ajmer district. The circumference of the lake is 96 km, surrounded on all sides
by the Aravalli hills. The water depths of this lake vary from 60 cm during dry
season to about 3 m after the monsoons. The area of this waterbody varies
accordingly between 190 to 230 square kilometers in these two seasons. The water
from two major ephemeral streams namely Mendha, Runpangarh along with
numerous rivulets and surface runoff feed the lake. Mendha and Runpangarh drain
an area of 3600 sq km and 625 sq km before entering the lake.
Objectives- After visiting sambhar lake students should able to understand1. Geography of Sambhar lake
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2. Ecological importance of Wetlands special reference to Sambhar lake
3. Economic importance of Wetlands special reference to Sambhar lake
4. Flora and Fauna of Sambhar lake
Things to do:
Visit to Sambhar Lake can be planned checking the availability and permission to
visit. Students will need to prepare a report of the following data related to various
aspects of the institute:
 Brief History of the lake.
 Sambhar as Ramsar site.
 List of major Flora and Fauna with special
Endemic/Rare/Endangered species.
 List of any commercial activity being undertaken in that area.
 List of research projects related to Sambhar Wetland.

reference

to

17.6 Visit to a Botanical Garden
Botanical gardens are the institutions or establishments where plants are cultivated
and maintain for scientific, educational, and ornamental purposes. Plants from
different varieties including ornamental, wild and medicinal from different
geographical regions are maintained in botanical gardens.
Objectives of visiting a Botanical Garden
1. Botanical gardens provide valuable information on various plants Local flora,
bonsai, rare plants etc. They act as “outdoor laboratories” for students and
researchers.
2. Students will be able to learn that Botanical gardens supply wide range of plant
species, seeds, flowers, fruits for botanical research.
3. Students will be able to learn instructions for home gardening’s, propagation of
plants; supply plant resource.
4. Students will be able to learn the idea of Urban greening which involves the
improvement of neighbourhood quality through planting and green
landscaping.
5. Horticulture and cultivation skills can be developed in botanical garden
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6. Students should be able to identify importance of Botanical Gardens in our
Society.
List of some important Botanical Gardens in India: Acharya Jagadish Chandra Bose/Indian botanical garden, Kolkata
 NBRI / National Botanic Garden-National Botanical Research Institute located
at Lucknow (UP)
 Botanical Garden of Forest Research Institute, Dehradun
 Garden of Agri horticultural society of India, Kolkata
 Lal Bagh, Bangalore
 Governmentbotanical garden, Ooty
 Brindavan garden, Karnataka
Things to do :
Visit to any one of these places listed above can be planned checking the
availability and permission to visit. Students will need to prepare a report of the
following data related to various aspects of the garden:
 Name and Brief History of the Botanical Garden.
 List of the various Infrastructural Facilities in that area (Green House, Nursery
Beds, etc.
 List of Various plants growing there including any speciality of that Garden.
 Any Special Activity being undertaken by the Botanical Garden (an exhibition
or sale, etc).

17.7 Visit to a CSIR Laboratory
Council of Scientific and Industrial Research (CSIR), established in 1942, is an
autonomous body registered under the Registration of Societies Act of 1860. It is
the largest research and development (R&D) organization in India. It runs 37
laboratories and 39 field stations or extension centers spread across the nation, with
a collective staff of over 13,375. Although it is mainly funded by the Ministry of
Science and Technology, it operates as an autonomous body. The research and
development activities of CSIR
broadly includes ocean sciences, Life
sciences, food, petroleum, leather,
and environment
as
well
as
metallurgy, chemicals, mining, aerospace engineering, Structural engineering, etc.
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Table 17.4 : Research laboratories in the field of Life Sciences under CSIR
S.
No.

Name &
Location

Major Programmes /Thrust Areas

Website

1

Centre for
Cellular and
Molecular
Biology
(CCMB),
Hyderabad,
Andhra
Pradesh

In basic research, the areas arewww.ccmb.res.in
Biotechnology and Biomedicine,
Genetics, Molecular Biology,
Biochemistry & Biophysics,
Genomics, Bioinformatics; Under
socially relevant research, the areas
are- DNA Fingerprinting,
Conservation of endangered animals
(wildlife), Molecular Diagnosis
(Chromosome & DNA), Genetic
diversity in tribal population in
India.

2

Central Drug
Research
Institute
(CDRI),
Lucknow,
Uttar Pradesh

The institute’s basic objective is
www.cdriindia.org
discovery and development of new
drugs and contraceptive agents, and
development of innovative,
economic and environment friendly
process technologies for known
drugs and drug intermediates. The
thrust of research is on tropical
diseases, cardiovascular disorders,
metabolic diseases, and some other
problems such as ulcers. Synthetic
routes as well as natural products
are explored to obtain drugs.
Natural products explored include
terrestrial plants including Indian
traditional remedies, and marine
flora and fauna for search of novel
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molecules for drug development.
The institute is equipped with latest
facilities, infrastructure and
expertise to utilize both
conventional as well as target- based
molecular approaches utilizing
inputs of molecular and structural
biology, genomics, proteomics,
bioinformatics, etc. and by utilizing
high throughput technologies.
3

Central
Institute of
Medicinal and
Aromatic
Plants
(CIMAP),
Lucknow,
Uttar Pradesh

Conservation and utilization of
www.cimap.res.in
genetic resources of medicinal and
aromatic plants; Bioprospection and
development of technologies for
therapeutic, nutraceutical,
agrichemical and health care
products; Bio-village approach for
mission programme on technology
dissemination in geranium, rose,
mints, rosemary and Cymbopogon
grasses; Development of improved
varieties and their agrotechnologies
for priority plants.
Development and up-scaling of
processing technologies for indemand and value added products;
plant genomics and biotechnological
improvements in Catharanthus,
Withania and Mentha species; Plant
tissue culture technology for
developing high throughput
regeneration and secondary
metabolite production; Integrated
nutrient and pest management
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strategies leading to near organic
farming; Basic research in selected
medicinal and aromatic plants for
future exploitation. State-of-the-art
research facility for biotechnology,
quality and analytical testing
4

Institute of
Genomics and
Integrative
Biology
(IGIB), Delhi

Allergy and Infectious Diseases,
www.igib.res.in
Genomics and Molecular Medicine,
Gene Expression Profiling &
Comparative Genomics, Genome
Informatics, Proteomics and
Structural Biology, Environmental
Biotechnology, Bioactive molecules
and Technology Development Unit,
Design and Synthesis of Nucleic
Acid and Peptides.

5

Institute of
Himalayan
Bioresources
Technology
(IHBT),
Palampur,
Himachal
Pradesh

Floriculture tea sciences,
www.ihbt.res.in
biotechnologies and natural plant
product, Conservation Biology Cell
and Tissue Culture, Genomics,
Proteomics, Natural Products
Chemistry, Agro-Chemicals,
Chemical Engineering, Plant
Virology, Pesticide Residues,
Diagnostics.

6

Indian Institute
of Integrative
Medicine
(IIIM), Jammu,
J&K

Agrotechnology of medicinal &
aromatic plants, identification
/authentication of medicinal plants,
synthetic (chiral) and natural
product chemistry, herbal drugs,
selected biological screening,
bioprospecting microbial
biodiversity for industrially useful
279

www.rrljammu.org

enzymes, molecular biology & gene
cloning, fermentation technology,
quality control and standardization
of herbal drugs, establishment of
gene bank, bioinformatics,
pharmacology
phytochemicals/herbal
drugs/nutraceuticals research.
Chemical Engineering & Design
backup for packaging of
technologies
7

National
Botanical
Research
Institute
(NBRI),
Lucknow,
Uttar Pradesh

Conservation and conversion of
www.nbri-lko.org
non-crop plant genetic resources
into economic wealth with
appropriate S&T intervention.
Development of value added
products.
Plant-based Herbal Formulations,
Pharmacognosy,
Ethnopharmacology, Nutraceuticals,
Plant Biotechnology Plant
Molecular Biology & Genetic
Engineering, Environmental
Sciences Biofuel Eco-Restoration,
Tree Biology, Biomass Biology,
Biodiversity, Biofertilizer,
Rehabilitation of degraded soils,
mined sites, Agrotechnologies for
economically important plants
wasteland utilization, Conservation
Biology, Floriculture, Medicinal
Plants, Eco- education,
Bioinformatics, Taxonomy, Biology
of Lower Plants, Environmental
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Monitoring, Phytochemistry,
Entomology, Genetics.
8

National
Environmental
Engineering
Research
Institute
(NEERI),
Nagpur,
Maharashtra

Pollution monitoring & mitigation www.neeri.res.in
systems and devices; Industrial
waste minimization and cleanup;
Developing green technologies for
environment; Environmental impact
and risk assessment and audit;
Molecular environmental
nanotechnology; Environmental
nanotechnology; Genomics enabled
environmental biotechnology;
Predictive modeling of multimedia
environmental quality;
Quantification of environmental
complexity; Vulnerability of water
resources.

9

North-East
Institute of
Science and
Technology
(NEIST),
Jorhat, Assam

Medicinal Chemistry, Natural
www.rrljorhat.res.in;
Products Chemistry, Synthetic
www.neist.res.in
Organic Chemistry, Biotechnology,
Medicinal, Aromatic & Economic
Plants, Geosciences, petroleum &
Natural Gas, Material Science, Coal,
Applied Civil Engineering,
Chemical Engineering, Cellulose
Pulp & Paper and Utilization of
Mineral Resources

10 Institute of
Microbial
Technology
(IMTECH),
Chandigarh

Molecular biology and Microbial
Genetics; protein science and
engineering; Fermentation
technology including applied
microbiology; cell biology and
immunology; Operation and
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www.imtech.res.in

maintenance of Microbial Type
Culture Collection and Gene Bank 11 Institute of
Minerals &
Materials
Technology
(IMMT),
Bhubaneswar,
Orissa

Mineral Processing Technology,
Extractive metallurgy, preparation
of Special Materials and alloys,
Design & Project engineering,
preparation of Inorganic and
Organic chemicals, Energy &
Environment management,
Cultivation & Utilization of
aromatic, medicinal and other
economic plants; and development
of new analytical methods.

12 Indian Institute
of Chemical
Biology
(IICB),
Kolkata, West
Bengal

Natural products of medicinal,
www.iicb.res.in
biological and industrial value and
synthetic duplication of products of
interest; development of innovative
immunoassay techniques; gene
regulation of hormones and their
actions, genetic polymorphisms in
pathology in Indian population,
understanding the basis of
parasitism and development of
biotechnologies applicable to the
diagnosis and chemotherapy of
visceral leishmaniasis; investigation
of the molecule basis of
pathogenicity of Vibrio cholerae
and development of novel
approaches towards fertility control
and regulation; delineation of the
cellular and molecular basis of brain
development and genesis and
therapy of neurological diseases;
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www.immt.res.in

investigation of gastric physiology;
development of tissue-targeted
drug-delivery systems; investigation
of the molecular mechanism of
biocatalysis; studies on
carbohydrates, development of
radiopharmaceuticals for
myocardial imaging and renal and
hepatobiliary studies; protein
engineering models for self
organizational phenomena in living
systems, bioinformatics, molecular
modeling and development of novel
herbal medicines for common
diseases.
13 Central Food
and
Technological
Research
Institute
(CFTRI),
Mysore,
Karnataka

Development of food products and www.cftri.com
processes for optimal utilization of
country’s agricultural produce;
Value added convenience products;
upgradation of traditional food
technology & development of
appropriate technologies for
reducing/eliminating post-harvest
losses and shelf-life studies,
biotechnology; basic research
related to food additives, flavours,
colorants, pre and probiotics,
physical properties of foods,
micronutrients, food toxicity and
safety, food microbiology, food
chemistry, enzymatic and molecular
biology, bioactive materials, food
packaging, GM food analysis and
nutrigenomics.
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Things to do:
Visit to any one of these places listed above can be planned checking the
availability and permission to visit. Students will need to prepare a report of the
following data related to various aspects of the institute:






Name and Brief History of the Institute.
Name of the Head/ Director/ Dean.
List of the Major Programmes/Thrust Areas.
List of the various Equipments/Infrastructural Facilities for Research.
List of the Ongoing Research Programmes/ National or International
Collaborations, if any.
 List of Achievements of the Institute.

17.8 Visit to an ICAR Research Institute
The Indian Council of Agricultural Research (ICAR) is an autonomous
organization under the Department of Agricultural Research and Education
(DARE), Ministry of Agriculture, Government of India.








Functions- To plan, undertake, aid, promote and co-ordinate education,
research and its application in agriculture, agroforestry, animal husbandry,
fisheries, home science and allied sciences
To act as a clearing house of research and general information relating to
agriculture, animal husbandry, home science and allied sciences, and fisheries
through its publications and information system; and instituting and promoting
transfer of technology programmes
To provide, undertake and promote consultancy services in the fields of
education, research, training and dissemination of information in agriculture,
agroforestry, animal husbandry, fisheries, home science and allied sciences
To look into the problems relating to broader areas of rural development
concerning agriculture, including postharvest technology by developing cooperative programmes with other organizations such as the Indian Council of
Social Science Research, Council of Scientific and Industrial Research, Bhabha
Atomic Research Centre and the universities
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To do other things considered necessary to attain the objectives of the Society
Things to do:


Visit to ICAR can be planned checking the availability and permission to visit.
Students will need to prepare a report of the following data related to various
aspects of the institute:






Name and Brief History of the Institute.
Name of the Head/ Director/ Dean.
List of the Major Programmes/Thrust Areas.
List of the various Equipments/Infrastructural Facilities for Research.
List of the Ongoing Research Programmes/ National or International
Collaborations, if any.
 List of Achievements of the Institute.

17.9 Viva-voce
1
2
3
4
5
6
7
8
9
10

What is National Park? What are the functions of National Park?
What is Wildlife Sanctuary? What are the functions of Wildlife Sanctuary?
What is the difference between a National Park and Wildlife sanctuary?
What is Biosphere Reserve? What are the functions of Biosphere?
What is Core area, Buffer area and Transition area of a Biosphere Reserve?
What are wetlands?
What is Ramsar site? How many Ramsar sites are present in Rajasthan?
What is Botanical Garden?
What are the functions of CSIR? Name any CSIR laboratory present in
Rajasthan.
What are the functions of ICAR?

17.10 References
 http://www.csir.res.in
 http://www.icar.org.in
 www.moef.gov.in
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 www.iucn.org
 India's fifth national report to the Convention on Biological Diversity, Ministry
of Environment and forests, Government of India, 2014.
 India's forth national report to the Convention on Biological Diversity, Ministry
of Environment and Forests, Government of India, 2009.
 Annual report 2014-15, Ministry of Environment and Forests and Climate
Change, Government of India.
 Ecology and Environment, P.D. Sharma
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Unit-18
Technique of Plant Tissue Culture -I
Structure of the Unit:
18.0 Objectives
18.1 Introduction
18.2 Media Preparation
18.3 Surface Sterilization and Inoculation of Explants
18.3.1 Surface-sterilizing Plant Material
18.3.2 Inoculation of Explants
18.4 Callus Culture
18.5 Cell Suspension Culture
18.6 Somatic Embryogenesis
18.7 Viva-voce
18.8 References

18.0 Objectives
The aim of this unit is to study the various techniques such as media preparation
callus culture, somatic embryogenesis and cell suspension culture.

18.1 Introduction
Various techniques used in the field of plant tissue culture deals with the study of
cell in general and tissues in particular to study the morphogenetic aspect of the
plant The basic nutritional requirements of cultured plant cells as well as plants are
very similar. However, the nutritional composition varies according to the cells,
tissues, organs and protoplasts and also with respect to particular plant species. The
appropriate composition of the medium largely determines the success of the
culture. A wide variety of salt mixtures have been reported in various media.
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18.2 Media Preparation
Objective : To demonstrate Media Preparation
Media
The basic nutritional requirements of cultured plant cells as well as plants are very
similar. However, the nutritional composition varies according to the cells, tissues,
organs and protoplasts and also with respect to particular plant species. The
appropriate composition of the medium largely determines the success of the
culture. A wide variety of salt mixtures have been reported in various media.
A nutrient medium is defined by its mineral salt composition, carbon source,
vitamins, growth regulators and other organic supplements. When referring to a
particular medium, the intention is to identify only the salt composition unless
otherwise specified. Any number and concentration of amino acids, vitamins,
growth regulators and organic supplements can be added in an infinite variety of
compositions to a given salt composition in order to achieve the desired results.
Units for solution preparation
The concentration of a particular substance in the media can be expressed in
various units that are as follows:
Units in weight
It is represented as milligram per litre (mg/l) 10-6 = 1.0 mg/l or 1 part per million
(ppm) 10-7 = 0.1 mg/l.
10-8 = 0.001 mg/l or 1 μg/l.
Molar concentration
A molar solution (M) contains the same number of grams of substance as is given
by molecular weight in total volume of one litre.
1 molar (M)

= the molecular weight in g/l

1 mM

= the molecular weight in mg/l or 10-3 M

1 μM
= the molecular weight in μg/l or 10-6 M or 10-3 mM.
Conversion from milli molar (mM) to mg/l
For example, molecular weight of auxin 2,4-D = 221.0 1M 2,4-D solution consists
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of 221.0 g per litre
1 mM 2,4-D solution consists of 0.221 g per litre = 221.0 mg per litre 1 μM 2,4-D
solution consists of 0.000221 g/l = 0.221 mg/l
Conversion from mg/l to mM
The molecular weight of CaCl2 - 2H2O
= 40.08 + 2 x 35.453 + 4 x 1.008 + 2 x 16 = 147.018
(the atomic weights of Ca, Cl, H and O being 40.08, 35.453, 1.008 and 16.0
respectively).
If, 440 mg/l of CaCl2 - 2H2O is to be converted into mM; then
The number of mM CaCl2 . 2H2O =
No. of mg CaCl2 - 2H2O
Molecular weight of CaCl2.2H2O

440
=

= 2.99 mM

147.019
Thus, 440 mg/l CaCl2 - 2H2O = 2.99 mM
Requirements
Glassware / plasticware / minor items, Aluminium foil
Beakers of different sizes from 50ml to 2000ml Chemicals of Analar grade,
depending upon the medium Conical flasks (with wide mouth) of different
capacities
(100ml, 150ml, 250ml, 11, 2.5l) Culture tubes (25mm x 150 mm) Funnels
Glass markers
Graduated cylinders of various capacities
Measuring cylinders of various capacities
Non-absorbent cotton and muslin/cheese cloth for cotton plugs
Petri dishes of different sizes (glass or sterilized plastic)
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Pipettes (different capacities from 1ml to 10ml)
Sterile filtration assembly
Wrapping paper (brown sheet)
Media composition
A number of basic media are listed in Table 1. The salt composition of Murashige
and Skoog (1962) nutrient medium, referred to as MS medium, is very widely used
in different culture systems as it gives satisfactory results. But it must be
remembered that it is not always the best medium. Generally, in all the media, the
nutritional milieu consists of inorganic nutrients, carbon and energy sources,
vitamins, growth regulators, and complex organic supplements. It is desirable to
choose a composition according to the knowledge of the physiology of species visa-vis mineral nutrition.
Inorganic nutrients
Mineral elements are very important in the life of a plant. Besides, C, H, N, and O,
12 other elements are known to be essential for plant growth. According to the
recommendations of the International Association for Plant Physiology, the
elements required by plants in concentration greater than 0.5 mmol/l are referred to
as macroelemetns or major elements and those required in concentration less than
the prescribed amount are microelements of minor elements. A variety of salts are
supply the needed macro and micronutrients that are the same as those required by
the normal plant.
Major salts: The salts of potassium (K), nitrogen (N), calcium (Ca), magnesium
(Mg),phosphorus (P) and sulphur (S) are required in macro or millimole quantities.
Nitrogen is generally used as nitrate or ammonium salts, sulphur as sulphates and
phosphorus as phosphates.
Minor salts: The salts of iron (Fe), manganese (Mn), boron (B), copper (Cu), zinc
(Zn),iodine (I), molybdenum (Mo) and cobalt (Co) are required in micromolar
concentrations and are considered to be minor salts. These salts are essential for
the growth of tissues and are required in trace quantities.
To achieve the maximum growth rate, the optimum concentration of each nutrient
can vary considerably. The mineral composition of a culture medium is defined
precisely by the equilibrium of the concentrations of differentiation in a solution.
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When mineral salts are dissolving in water, they undergo dissociation and
ionization. The active factor in the mediums is the ions of different types rather
than the compounds. Therefore, a useful comparison between the two media can be
made by looking into the total concentrations of different types of ones in them. To
choose a mineral composition and then compare their different ionic balances, one
uses ionic concentrations expressed in milli equivalents per litre (Table 2). Any
success with a medium is in all probability due to the fact that the ratios as well as
concentrations most nearly match the optimum requirements for the cells or tissues
for growth and/or differentiation.
Cultured tissues have specific needs vis-a-vis the following ions: K+, NO3-, NH4+,
Ca++, Mg++. Phosphorus is often carried in low concentrations. The ions K+, NO3-,
and NH4+ have a profound influence on the growth of tissues.
Table 18.1 : Composition of Plant Tissue Culture Media
(Values expressed as mg per litre)
Constituent

White

Murashige

Gamborg's

Chu

(1963)

& Skoog (1962) - MS

(1968) - B6

(1978) N6

KCl

65

-

-

-

MgSO4.7H2O

720

370

250

185

NaH2PO4.H2O

16.5

-

150

-

CaCl2.2H2O

-

440

150

166

KNO3

80

1900

2500

2830

Na2SO4

200

-

-

-

NH4NO3

-

1650

-

-

KH2PO4

-

170

-

400

300

-

-

-

(NH4)2SO4

-

-

134

463

FeSO4.7H2O

-

27.8

-

27.8

MnSO4.4H2O

7

22.3

-

-

MnSO4.H2O

-

-

10

3.3

0.75

0.83

0.75

0.8

Ca(NO3)2.4H2O

Kl
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CoCl2.6H2O

-

0.025

0.025

-

ZnSO4.7H2O

3

8.6

2

1.5

CuSO 4.5H2O

-

0.025

0.025

-

1.5

6.2

3

1.6

-

0.25

0.25

-

2.5

-

-

-

EDTA disodium salt

-

37.3

-

37.3

EDTA-Na ferric salt

-

-

43

-

m-inositol

-

100

100

-

Thiamine HCl

0.1

0.1

1.0

1.0

Pyridoxine HCl

0.1

0.5

1.0

0.5

Nicotinic acid

0.5

0.5

1.0

0.5

Glycine

3

2

-

-

Cysteine

1.0

-

10

-

Sucrose

20,000

30,000

20,000

30,000

H 3BO3
Na2MoO4.2H2O
Fe2(SO4)3

In place of FeSO4.7H2O (27.8 mg and EDTA - Disodium salt (37.3 mg), EDTA-Na ferric salt
(40) mg can be added.

Table 18.2 : Composition of Mineral Solutions used in-vitro
Ions

Gautheret

Gamborg

Murashige &
Skoog

White

NO3-

5.49

25.0

39.4

3.34

H2PO4-

0.92

1.1

1.3

0.12

SO4-

1.0

4.0

3.0

8.64

Cl-

-

2.0

6.0

0.88

Total anions (mEq/l)

7.41

32.1

49.7

12.98

K+

2.17

25.0

20.1

1.68

NH4+

-

2.0

20.6

-

Na+

-

1.1

-

2.92
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Ca++

4.24

2.0

6.0

2.54

Mg++

1.0

2.0

3.0

5.84

Total cations (mEq/l)

7.41

32.1

49.7

12.98

Total anions + cations

11.70

60.2

93.3

17.45

(103 M/I)

The role of different elements has been described below:
Nitrogen: Nitrogen is the major component supplied in the form of nitrates or
ammonium salts. Nitrogen is an important part of amino acids, proteins, nucleic
acids. Inorganic nitrogen is utilized in order to synthesize organic molecules. For
most purposes, a nutrient medium should contain from 25 to 60 mM inorganic
nitrogen. The cells may grow on nitrate alone, but often there is a distinct
beneficial effect and requirement for ammonium or another source of reduced
nitrogen. Besides, nitrate alone in the medium drifts the pH towards alkalinity.
Adding a small amount of an ammonium is the range of 25-40 mM and ammonium
in the range of 2-20 mM. Nitrate cannot be simply used to synthesize organic
molecules but has to be reduced to ammonia first. The response to ammonium
varies from inhibitory to essential, depending upon the tissue and the purpose of
culture
In case of amounts in excess of 8 mM of ammonium or if grown solely on this
source of nitrogen, then citrate, malate, succinate or another TCA cycle acid should
be present. Most plants prefer nitrate to ammonium, although the opposite is also
true in some cases.
Potassium: Potassium is required at concentrations of 2 to 26 mM. This element is
generally supplied as the nitrate or as the chloride form and cannot be substituted
by sodium. It is a monovalent cation with high mobility in the plant. Potassium
salts have an important function in the osmotic regulation of the cell. Potassium
ion is essential for the activation of many enzymes. In photosynthesis, K+ regulates
the ion balance and pH of chloroplasts.
Calcium: Calcium is essential for cation-anion balance by counteracting organic
and inorganic anions. A concentration of 1-3 mM of calcium is usually adequate.
Calcium is also important for cell and root multiplication. Calcium, a component
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of the cell wall, is largely bound to the cell wall and membrane. This is because of
the large number of Ca++ binding places on the cell wall and limited mobility of
calcium through the membrane into the cytoplasm. The stability of cell membrane
is highly influenced by Ca++.
Phosphorus: Phosphorus is present in the plant in the form of inorganic phosphate
(iP).A concentration of 1-3 mM phosphate is usual adequate. The high-energy
pyrophosphate bond of phosphorus, when bound to another P atom as in ATP, is
very important for the energy metabolism in the cell. Phosphorous is an essential
element in DNA and RNA nucleic acids. In phospholipids, this element is very
important for the energy metabolism of the plant in form energy-rich phosphate
esters.
Magnesium: A concentration of 1-3 magnesium is usually adequate. This element
is an essential component for many enzymes reactions and is very important in
photosynthesis. Magnesium is indispensable for the energy metabolism of the plant
because of its importance in the synthesis of ATP.
Sulphur: A concentration of 1-3 mM sulphate is usually adequate. These have to
be reduced first for the synthesis of sulphur containing compounds such as amino
acids, proteins and enzymes. Sulphur in its non-reduced form is incorporated in
sulpholipids and polysaccharides.
Boron: Boron is required for the synthesis of cell wall as well as in the
stabilization ofthe constituents of cell wall and cell membrane.
Chlorine: Chlorine is taken up as a chloride and is very mobile in the plant. The
main functions of the ions are in osmoregulation. Chlorides play a role in
photosystem II during the Hill reaction. Chlorine also regulates the opening and
closing of stomata and is thus very important in the regulation of the osmotic
potential of vacuoles as also to turgor-related processes.
Copper: Copper is taken up by the plant as Cu++or as a copper chelate complex.
Within the cell, copper is mostly part of the enzyme complexes and important in
redox reactions executed by these enzymes. It is useful in photosynthesis.
Cobalt: Cobalt is assumed to be important in nitrogen fixation. In higher plants the
function of this element is not very clear.
Manganese: Manganese is taken up by the plant as bivalent unbound Mn++ions.
The element is strongly bound to several metalloproteins. The ion is involved in
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the Hill reaction of photosystem II in which water is split into oxygen and protons.
Molybdenum: Molybdenum is used as a cofactor in many enzymes, including
nitrogenase and nitrate reductase. It is also directly involved in the reduction of N2.
Zinc: Zinc is taken up by the roots as Zn++. It is neither oxidized nor reduced in the
plants. It is an important component of a number of enzymes, e.g. alcohol
dehydrogenase in the meristem zone of the plant. Zinc is also very important for
protein synthesis.
Iron: Iron is generally added as a chelate with ethylene diamine tetra acetic acid
(EDTA).In this form, iron remains available up to a pH of 8.0. It is mainly bound
to chelators and complex compounds in plants. Most plants absorb only ferric ions
(Fe3+). The main function of iron is to form iron chelates and two kinds of proteins:
haeme proteins and iron sulphur proteins. The most well-known haeme proteins
are the cytochromes, functioning as intermediates for electrons required for the
reduction of nitrate to nitrite by the enzyme nitrate reductase in nitrogen
assimilation. The second group of iron-binding proteins are the iron sulphur
proteins. The iron is bound to a thiol group (-SH) of cystine and/or inorganic
sulphur. Ferridoxin is the most common iron sulphur protein. It functions as a
carrier in the electron transport reaction catalyzed by nitrate reductase, sulphate
reductase, the synthesis of NADP+ during photosynthesis and nitrogen reduction by
nitrogenase complex. Iron is also important in the biosynthesis of chlorophyll.
Carbon and energy source
The standard carbon source without exception is sucrose but plant tissues can
utilize a variety of carbohydrates such as glucose, fructose, lactose, maltose,
galactose and starch. In the cultured tissues or cells, photosynthesis is inhibited and
thus carbohydrates are needed for tissue growth in the medium. Sucrose, at a
concentration of 2-5% in the medium, is widely used. The autoclaving process
does cause an alteration in the sugars by hydrolysis but presents no drawbacks to
the growth plan. Most media contain myo-inositol at a concentration of 100-mg per
litre, which improves cell growth.
Vitamins
Normal plants synthesize the vitamins required for growth and development, but
plant cells in culture have an absolute requirement for vitamin B1 (thiamine),
vitamin B (nicotinic acid) and vitamin B6 (pyridoxine). Some media contain
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pantothenic acid, biotin, folic acid, p-amino benzoic acid, choline chloride,
riboflavine and ascorbic acid. The concentrations are in the order of one mg/l.
Myo-inositol is another vitamin used in the nutrient medium with a concentration
of the order of 10-100 mg/l.
Growth regulators
Hormones now referred to as growth regulators are organic compounds that have
been naturally synthesized in higher plants, which influence growth and
development. These are usually active at different sites from where they are
produced and are only present and active in very small quantities. Two main
classes of growth regulators of special importance in plant tissue culture are the
auxins and cytokinins, while others are of minor importance, viz., gibberellins,
abscisic acid, ethylene, etc. Some of the naturally-occurring growth regulators are
indole acetic acid (IAA), an auxin and zeatin and isopentenyl adenine (2 iP) as
cytokinins, while others are synthetic growth regulators. Characteristics of growth
regulators have been shown in Table 18.3.
Table 18.3: Characteristics of Growth Regulators
Name

p-Chlorophenoxy acetic acid

Chemical

Solubility

formula

Molecular
weight

C8H7O3Cl

186.6

96% ethanol

C8H6O3Cl

221.0

96% ethanol, heated

2,4-ichlorophenoxy acetic acid

lightly
C10H9NO2

175.2

1N

NaOH/96%
ethanol

C12H13NO2

203.2

1N

NaOH/96%
ethanol

α-Naphthalene acetic acid

C12H10O2

186.2

1N

NaOH/96%
ethanol

β-Naphthoxy acetic acid

C12H10O3

202.3

1N NaOH

C5H5N5.3H2O

189.1

H2O

(C5H5N5)2.H2SO4.2
H2O

404.4

H2O

C12H11N5

225.2

1N NaOH

Indole-3 acetic acid
Indole-3 butyric acid

Adenine
Adenine sulphate
Benzyl adenine
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benzyl amino purine
N-isopentenyladenine(2 iP)

C10H13N5

203.3

1N

Kinetic

C10H9N5O

215.2

1N NaOH

Gibberellic acid

C19H22O6

346.4

Ethanol

Abscisic acid

C15H20O4

264.3

1N NaOH

Colchicine

C22H25NO6

399.4

H2O

NaOH

Auxins
Auxin was discovered following experiments on the reaction of coleoptile
curvature in Gramineae. It owes its name to its effect on the elongation of cells
(auxesis). Auxins have an indole nucleus with the basic formula C10H9O2N.
A common feature of auxins is their property to induce cell division and cell
elongation. The stimulation of division of cells of cambial origin resulted in initial
successes with in vitro cultures. This effect leads to a number of cells, which
further result in the formation of callus. Auxin has a clear rhizogenic action, i.e.
induction of adventitious roots. It often inhibits adventitious and auxillary shoot
formation. At low auxin concentration, adventitious root formation predominates,
whereas at high auxin concentration, root formation fails to occur and callus
formation takes place. All the plants synthesize auxin that is modulated according
to the stage of development. Auxin is present in sufficient concentration in the
growing shoot tips or flowering tips of plants to ensure cell multiplication and
elongation. Auxin circulates from the top towards the base of the organs with a
polarity strongly marked in young organs. The compounds most frequently used
and highly effective are 2,4-dichlorophenoxy acetic acid (2,4-D), naphthalene
acetic acid (NAA), indole acetic acid (IAA), indole butyric acid (IBA). Other
auxins in use are 2,4,5-trichlorophenoxy acetic acid (2,4,5-T), p-chlorophenoxy
aceticacid (pCPA) and pichoram (4-amino-3,5,6-trichloropicolinic acid).
Cytokinins
Cytokinins were discovered during in vitro culture studies. Coconut milk was
known to have a favourable effect on cellular multiplication and bud formation.
Researchers discovered that an active compound of a purine nature causes such an
effect. This enabled Skoog in 1956 to isolate an active substance from denatured
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RNA, which he called kinetin. Thus, cytokinins are derivatives of adenine and
have an important role in shoot induction. Cytokinins also have a clear effect on
cell division. Often used to stimulate growth and development, they usually
promote cell division if added together with an auxin. Auxins favour DNA
duplication and cytokinins enable the separation of chromosomes. Cytokinins have
a clear role in organogenesis where they stimulate bud formation. They are
antagonistic to rhizogenesis. At higher concentrations (1 to 10 mg/l), adventitious
shoot formation is induced but root formation is generally inhibited. Cytokinins
promote axillary shoot formation by decreasing apical dominance. The most
frequently used compounds are kinetic, benzyl adenine (BA) or 6-benzyl amino
purine (BAP), zeatin, and isopentenyladenine (2 iP). Zeatin and 2 iP are natural
cytokinins. Zeatin, the first endogenous cytokinin, was identified in 1963 in
immature embryos of maize, while 2 iP was discovered a little later from plants
attacked by the bacterium Cornyebacterium fascines.
Stock solutions of IAA and kinetic are stored in amber bottles or bottles covered
with a black paper and kept in the dark since they are unstable in light.
Other Growth Regulators
Gibberellins, although found in all plants and fungi, are unevenly distributed. The
sites of synthesis are very young, unopened leaves, active buds, root tips and
embryos. There are various gibberellin compounds with a similar gibbane nucleus
but differ in the quality and position of the substituents of the nucleus. Gibberellic
acid (GA3) is the most widely used compound.
Gibberellins are normally used in plant regeneration. GA3 is essential for meristem
culture of some species. In general, gibberellins induce elongation of internodes
and the growth of meristems or buds in vitro. In its absence, the culture appears
globular, due to the accumulation of nodes. Gibberellins usually inhibit
adventitious root as well as shoot formation. During organogenesis, gibberellins
are antagonistic. They seem to oppose the phenomenon of dedifferentiation. Thus,
in in vitro cultures, they cannot be used for this purpose, but can be utilized for
explants already organized (meristems, apices, buds).
Abscisic acid is an important growth regulator for induction of embryogenesis.
Abscisic acid was identified in 1965 and since then, has been found in all plants.
This is a growth inhibitor, which seems to be synthesized when a plant is under
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difficult conditions. It has a favourable effect on abscission.
Ethylene is a gaseous compound identified a long time ago, but its functions as a
growth regulator were not evident. Ethylene is produced by cultured cells, but its
role in cell and organ culture is not known. It also influences fruit maturation,
acceleration of the process of leaf or fruit abscission, flowering induction and
tuberization. The practical use of ethylene, which is difficult in a gaseous state,
made great progress after the discovery of 2-chloroethane phosphoric acid. This
product, when applied in a powder form, penetrates the tissue where it liberates
ethylene.
Organic supplements
Certain complex substances are also added in the media which supply organic
nitrogen, carbon or vitamins. Organic nitrogen in the form of casein hydrolysate
(0.2-1 g/l) or certain amino acids such as glutamine and asparagine, nucleotide as
adenine are included in the medium L-glutamine (upto 8 mM, i.e. 150 mg/l) may
replace the casein hydrolysate. The amino acids, when added, should be used with
caution, since they can be inhibitory. The other amino acids included in the media
in mg/l include: glycine (2), aspargine (100), tyrosine (100), arginine (10), cysteine
(10), and aspartic acid, glutamicacid and proline, etc. Only L-isomers are used,
while D-isomers have proved to be ineffective. Adenine or adenine sulphate (2-120
mg/l) is added to agar media for morphogenesis. Addition of TCA cycle acids such
as citrate, malate, succinate or fumarate permits the growth of plant cells on
ammonium as the sole nitrogen source. A variety of extracts, viz., protein
hydrolysate, yeast extract, malt extract, coconut milk, orange and tomato juices
have also been tested. With the exception of protein hydrolysate and coconut milk,
most of the others are used as a last resort. Coconut milk is commonly used at 215% (v/v). The present trend is, however, towards fully defined media and the use
of complex mixtures is losing favour.
Antibrowning compounds: Many plants are rich in polyphenolic compounds. After
tissue injury during dissection, such compounds will be oxidized by polyphenol
oxidases and the tissue will turn brown or black. The oxidation products are known
to inhibit enzyme activity, kill the explants, and darken the tissues and culture
media, a process which severely affects the establishment of explants. Activated
charcoal at concentrations of 0.2 to 3.0% (w/v) is used where phenol-like
compounds are a problem for in vitro growth of cultures. It can adsorb toxic
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brown/black pigments and also stabilize pH. Besides activated charcoal,
polyvinylpyrolidone (250-1000 mg/l), citric acid and ascorbic acid (100 mg/l
each), thiourea or L-cysteine are also used to prevent oxidation of phenols.
Some of the procedures used by various workers to combat this problem of
browning are: (i) Adding antioxidants to culture medium, viz, ascorbic acid, citric
acid, polyvinylpyrolidone (PVP), dithiothreitol, bovine serum albumin, etc. (ii)Presoaking explants in antioxidant before inoculating into the culture medium; (iii)
incubating the initial period of primary cultures in reduced light or darkness
because it is known that phenolic oxidation products are formed under
illumination; and (iv) Frequently transferring explants into fresh medium whenever
browning of the medium is observed.
Gelling agents
i.

Agar, the most popular solidifying agent, is a seaweed derivative. Plant
tissue culturists often use Difco Bacto agar at a concentration of 0.6 to 1.0%
(w/v), although other forms of agar (agarose, phytoagar, flow agar, etc.) are
also gaining popularity. Solubilized agar forms a gel that can bind water
and adsorb compounds. The higher the agar concentration, the stronger is
the water bound. With higher concentrations, the medium becomes hard
and does not allow the diffusion of nutrients into the tissues. Thus in vitro
growth may be adversely affected if the agar concentration is too high.
Besides agar, the following alternatives can be used. Alginate can be used
for plant protoplast culture.
ii.
Gelrite at 0.2% can be used for solidification of media. Gelrite gels are
remarkably clear in comparison to those formed by agar. Gelrite requires
both a heating cycle and the presence of divalent cations (Mg++ or Ca++) for
gelation to take place.
iii. Synthetic polymer biogel P200 (polyacrylamide pellets) or a starch polymer
can be used.
iv. Agargel: A mixture of agar and synthetic gel has been developed by Sigma
Company. It has the properties of both synthetic gel and agar.
Liquid media with a support can also be used instead of solid media. Such
media includes
i.
Liquid medium without agar using clean foam plastic, glasswool or
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ii.
iii.
iv.

rockwool as support.
Filter paper-bridge, which is hung in a liquid medium.
Growth on a liquid medium containing glass beads.
Viscose sponge underneath the filter paper as a carrier for a liquid medium
instead of agar.

pH
pH determines many important aspects of the structure and activity of biological
macromolecules. pH is the negative logarithm of the concentration of hydrogen
ions. Nutrient medium pH ranges from 5.0 to 6.0 for suitable in-vitro growth of
explant. pH higher than 7.0 and lower than 4.5 generally stops the growth and
development. The pH of the medium changes during autoclaving. It generally falls
by 0.3 to 0.5 units after autoclaving. If the pH falls appreciably during plant tissue
culture (the medium becomes liquid), then a fresh medium should be prepared.
One should know that a starting pH of 6.0 could often fall to 5.5 or even lower
during growth. pH higher than 6.0 gives a fairly hard medium and a pH below 5.0
does not allow satisfactory gelling of the agar.
General Methodology for Preparation of Medium (MS Medium)
Preparation of stock solutions: Since it is a time consuming and tedious process
to weigh the necessary products each time a medium is prepared, concentrated
solutions of the desired composition of a medium are used which one dilutes
adequately. These concentrated solutions are called stock solutions. Simple stock
solutions comprise only one constituent at a time. Complex stock solutions
comprise several chemicals. Stock solutions of macro and micronutrients, vitamins
and growth regulators are prepared in distilled or high purity demineralized water.
Chemicals should be of the highest grade.
i.
Macronutrient stock solution(s): Usually, the stock solution of
macronutrients is prepared as 10x. Dissolve all the macronutrients one by
one except (CaCl2 for macronutrient stock solution. The stock solution of
CaCl2 should be prepared separately. Another way is to dissolve the
different macronutrients one after the other and CaCl2 is dissolved
separately and later added to the rest of the stock solution in order to avoid
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precipitation.
ii.
Micronutrient stock solution: A stock solution of all the micronutrients
with 100x is generally prepared. Since copper and cobalt are required in
very small quantities, it is preferable to first make a separate stock solution
of these two salts (100x) and then an appropriate volume can be pipetted
and put into the main micronutrient stock solution. These nutrient solutions
can be dispensed in plastic bags with zipper seals and stored frozen (e.g.
10x macronutrient solution is dispensed into a bag containing 100ml of
solution to prepare 1 litre medium).
iii. Iron-EDTA: Iron EDTA should be added fresh. If stock solution (100x)
isprepared, then it should be stored after autoclaving in an amber bottle or a
bottle covered with an aluminium foil.
Vitamins and growth regulators stock solutions: These are simple stock
solutions. All the growth regulators are not soluble in water. Solubility of different
growth regulators is given in Table 4.3. The compound should be dissolved in a
few ml of solvent and then water is slowly added to make the requisite volume.
Concentrations of compounds can be taken as mg/l or in molarity.
Concentration in mg/l - It is preferable to dissolve 50 mg / 100 ml to give a
concentration of 0.5 mg/ml or 100 mg/100 ml in order to give a concentration of 1
mg/ml.
Concentration in mM - The growth regulator solutions can be prepared as 1 mM
for100ml. If a culture medium is to contain 10 μM of the growth regulator (e.g.
2,4-D M.W. = 221.0), then
1M = 221 g/l
1 mM = 221 mg/l or 0.221 mg/ml
The amount in 100 ml stock solution = 0.221 x 100ml = 22.1 mg 10 μM = 2210
μg or 2.210 mg
The required volume of stock solution to be added = 10ml of this stock (22.1 / 10 =
2.210 mg).
1. Media chart is prepared as shown in Table 5. In a sequence, different
components are added into a beaker according to the list : nutrients, iron302

2.
3.
4.
5.

6.
7.
8.

EDTA, vitamins, myo-inositol, growth regulators (if thermostable and
autoclavable), organic supplements, sucrose etc., by using the correctly sized
graduated cylinders or pipettes or balance.
Water is added to just below the final volume (e.g. 800 ml volume for one litre
medium)
pH of the medium is adjusted to the required value (e.g. pH 5.8 for MS) by
adding drop-wise while stirring 1N KOH or 1N HCl.
Required quantity of agar or any other gelling agent is added while the medium
is being stirred.
The solution to brought to the final volume, i,e 1 Litre and heated with
continuous stirring until all the agar is dissolved and the solution becomes
transparent.
The medium is dispensed in glass or polypropylene vessels and plugged with
cotton plugs.
Culture medium is sterilized in an autoclave for 20 min at 121oC at 15 psi (105
kPa).
If the medium contains heat-labile substances :
a. Steps 1- 5 are followed except for the addition of heat labile substances.
b. Culture medium is sterilized as such in a big Erlenmeyer flask without
dispensing in vessels in an autoclave for 20-25 min at 121oC at 15 psi (105
kPa).
c. The thermolabile compound solutions are filter sterilized using millipore or
any other filter assembly using 0.22 μm filter.
d. After autoclaving, the medium is kept in a laminar airflow hood and
allowed to cool to a temperature of around 50oC. The requisite quantity of
the compound is added to the medium with the help of micropipettes while
the medium is being stirred.
e. the medium is dispensed into sterile containers (generally sterile petri
dishes) under the hood of laminar airflow, provided the neck of the
Erlenmeyer flask is passed over a flame before the medium is poured from
it.
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f. Medium is allowed to cool and solidify in a laminar airflow hood.
2. Preparation of the commercial medium:
1. The commercial medium which is obtained contains the nutritional
components, agar and sucrose. But it is devoid of CaCl2 and the growth factors.
These components have to be prepared as stock solution and added in the
medium during preparation.
2. The obtained medium should be dissolved in 1L of water, if the amount of the
total content is mentioned it should be weighed and dissolved in the appropriate
amount of water and should be heated for complete dissolving of agar. The
medium while heating should be stirred continuously in order to prevent
charging of agar.
3. After dissolving it the required amount is dispensed into culture tubes and kept
for autoclaving.
4. After sterilization the medium is cooled to the room temperature.
5. Medium is allowed to cool and solidity in a laminar airflow hood.
Storage of media
After cooling, the media containers are stored preferably at 4-10oC but that is not
absolutely necessary. Medium should be used after 3-4 days of preparation, so that
it medium is not properly sterilized, contamination will start to appear.
Table18.4 : Preparation of Murashige and Skoog (MS) medium
Constituent

Concentration in
MS medium (mg/l)

Concentration in the
stock solution

Volume to be
taken/litre of

(mg/l)

medium

100 ml

Macronutrients (10x)

Stock solution I

NH4NO3

1650

16500

KNO3

1900

19000

MgSO4 . 7H2O

370

3700

KH2PO4

170

1700

CaCl2 2H2O

440

4400

100 ml

Micronutrients (100x)

Stock solution III

H3BO3

6.2

620

10 ml

Macronutrient (10x) Stock solution II
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MnSO4 . 4H2O

22.3

2230

ZnSO4 . 7H2O

8.6

860

Kl

0.83

83

Na2MoO4.2H2O

0.25

25

CuSO45H2O

0.025

2.5

CoCl2 . 6H2O

0.025

2.5

40

Added fresh

Nicotinic acid

0.5

50 mg/100 ml

1 ml

Thiamine HCl

0.1

50 mg/100 ml

0.2 ml

Pyridoxine HCl

0.5

50 mg/100 ml

1 ml

Myo-inositol

100

Added fresh

Glycine

2.0

50 mg/100 ml

Sucrose

30,000

Added fresh

Agar

8000

Added fresh

Iron source
Fe EDTA Na salt
Vitamins

Others
4 ml

pH 5.8

Table 18.5 : Nutrient medium chart for preparation of culture medium
Constituents

Stock

Quantity

Quantity required

solution

required for 1 L

For volume of

(conc.)

Medium under preparation
(e.g. 500ml)

Solution III
Iron-EDTA

Added fresh

40 mg

20 mg

Nicotinic acid

50 mg/100 ml

0.5 mg/l = 1 ml

0.5 ml

Thiamine HCl

50 mg/100 ml

0.1 mg/1 = 0.2ml

0.1 ml

Pyridoxine HCl

50 mg/100 ml

0.5 mg/l = 1ml

0.5 ml

Myo-inositol

Added fresh

100 mg

50 mg

Na salt
Vitamins
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Others
Glycine

50 mg/100 ml

2 mg/l = 4ml

2.0 ml

Sucrose

Added fresh

30 g

15 g

Agar

Added fresh

8g

4g

Growth
Regulators

pH

18.3 Surface Sterilization and Inoculation of Explants
18.3.1 Surface-sterilizing Plant Material
1.
Preparation of Stock Plants : Prior good care of stock plants may lessen
the amount of contamination that is present on explants. Plants grown in the
field are typically more “dirty” than those grown in a greenhouse or growth
chamber, particularly in humid areas like Florida. Overhead watering
increases contamination of initial explants. Likewise, splashing soil on the
plant during watering will increase initial contamination. Treatment of
stock plants with fungicides and/or bacteriocides is sometimes helpful. It is
sometimes possible to harvest shoots and force buds from them in clean
conditions. The forced shoots may then be free of contaminants when
surface-sterilized in a normal manner. Seeds may be sterilized and
germinated in vitro to provide clean material. Covering growing shoots for
several days or weeks prior to harvesting tissue for culture may supply
cleaner material. Explants or material from which material will be cut can
be washed in soapy water and then placed under running water for 1 to 2
hours.
2.
Sodium Hypochlorite : Sodium hypochlorite, usually purchased as laundry
bleach, is the most frequent choice for surface sterilization. It is readily
available and can be diluted to proper concentrations. Commercial laundry
bleach is 5.25% sodium hypochlorite. It is usually diluted to 10% - 20% of
the original concentration, resulting in a final concentration of 0.5 - 1.0%
sodium hypchlorite. Plant material is usually immersed in this solution for

306

3.

4.

5.

6.

7.

8.

10 - 20 minutes. A balance between concentration and time must be
determined empirically for each type of explant, because of phytotoxicity.
Ethanol (or Isopropyl Alcohol) : Ethanol is a powerful sterilizing agent
but also extremely phytotoxic. Therefore, plant material is typically
exposed to it for only seconds or minutes. The more tender the tissue, the
more it will be damaged by alcohol. Tissues such as dormant buds, seeds,
or unopened flower buds can be treated for longer periods of time since the
tissue that will be explanted or that will develop is actually within the
structure that is being surface-sterilized. Generally 70% ethanol is used
prior to treatment with other compounds.
Calcium Hypochlorite : Calcium hypochlorite is used more in Europe than
in the U.S. It is obtained as a powder and must be dissolved in water. The
concentration that is generally used is 3.25 %. The solution must be filtered
prior to use since not all of the compound goes into solution. Calcium
hypochlorite may be less injurious to plant tissues than sodium
hypochlorite.
Mercuric Chloride : Mercuric chloride is used only as a last resort in the
U.S. It is extremely toxic to both plants and humans and must be disposed
of with care. Since mercury is so phytotoxic, it is critical that many rinses
be used to remove all traces of the mineral from the plant material.
Hydrogen Peroxide : The concentration of hydrogen peroxide used for
surface sterilization of plant material is 30%, ten times stronger than that
obtained in a pharmacy. Some researchers have found that hydrogen
peroxide is useful for surface-sterilizing material while in the field.
Enhancing Effectiveness of Sterilization Procedure : Surfactant
(e.g.Tween 20) is frequently added to the sodium hypochlorite. A mild
vacuum may be used during the procedure. The solutions that the explants
are in are often shaken or continuously stirred.
Rinsing : After plant material is sterilized with one of the above
compounds, it must be rinsed thoroughly with sterile water. Typically three
to four separate rinses are done.
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Use of Antibiotics and Fungicides in Vitro : We have found that the use
of antibiotics and fungicides in vitro is not very effective in eliminating
microorganisms and these compounds are often quite phytotoxic.
10. Plant Preservative Mixture : PPM™ is a proprietary broad-spectrum
biocide, which can be used to control contamination in plant cell cultures,
either during the sterilization procedure, or as a medium component.
PPM™ comes in an acidic liquid solution (pH 3.8). The recommended dose
is 0.5–2.0 mL of PPM™ per liter of medium. Higher doses are required to
treat endogenous contamination and for Agrobacterium.
Its makers say that PPM™ has several advantages over antibiotics: It is
effective against fungi as well as bacteria, thus it can be substituted for a
cocktail of antibiotics and fungicides. PPM™ is less expensive than
antibiotics, which makes it affordable for wide and routine use. The
formation of resistant mutants toward PPM™ is very unlikely because it
targets and inhibits multiple enzymes. Many antibiotics adversely affect
plant materials. If used as recommended, PPM™ does not adversely affect
in vitro seed germination, callous proliferation, or callous regeneration.
Seeds and explants with endogenous contamination can be sterilized at
doses of 5-20 mL/L of PPM™. This is useful when routine surface
sterilization is insufficient.
Aseptic Culture Technique
9.

All tissue cultures are likely to end up contaminated if the inoculum or explant
used is not obtained from properly disinfected plant material. To obtain sterile
plant material is difficult because in the process of sterilization living materials
should not lose their biological activity; only bacterial or fungal contaminants
should be eliminated. Plant organs or tissues are, therefore, only surface-sterilized
by treatment with a disinfectant solution at suitable concentrations for a specified
period. The disinfectants most widely used and their concentrations in the solution
are given in Table.
Fairly hard explants are treated directly with disinfectants. For example, in the
culture of mature seeds or mature endosperm (euphorbiaceous plant), whole seeds
or decoated seeds are surface-sterilized. An explant that carries a heavy load of
micro-organisms needs to be washed in running tap-water for 1-2 hr prior to its
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treatment with disinfectant solution. Ethyl alcohol or isopropyl alcohol is used to
surface sterilize delicate tissues such as shoot apices,
Table 18.5 : Disinfectants used for Sterilizing Plant Material
Concentration

Duration of
treatment (min)

0.01-0.1%

5-20

Bromine water

1-2%

2-10

Calcium hypochlorite

9-10%

5-30

Ethyl alcohol

75-95%

Hydrogen peroxide

3-12%

5-15

Mercuric chloride

0.1-1.0%

2-10

1%

5-30

0.5-5%

5-30

Disinfectant
Benzalonium chloride

Silver nitrate
Sodium hypochlorite

-

-

Pollen grains, and shoot or flower buds. Such explants are given a rinse in 70%
ethanol for a few seconds and then left exposed in the sterile hood until the alcohol
evaporates. Usually shoot apices or pollen grains are free from micro contaminants
and may be used for inoculation without surface sterilization. Addition of a few
drops of a surfactant (Triton-X or Tween-20) to the solution or treating the plant
material in a solution of Cetavlon for 2 min before exposing to sterilant may
enhance sterilization efficiency.
18.3.2 Inoculation of Explants
In the nutrient medium – the process of inoculation is carried out in the laminar air
flow technique. Keeping all the sterile culture conditions the explant is inoculated
on the medium using a pair of sterile forcipes.
Stage 1 last for 3 months to 2 years and requires at least 4 passages of the
subculture usually explant carrying a performed vegetative bud are suitable for
enhanced axillary ranching. If stock plants are tested virus free than the most
suitable explants are nodal cuttings. The disadvantages of using small size explant
are that they have a low survival rate and show slow initial growth therefore,
subterminal or slightly older segments are described.
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18.4 Callus Culture
Callus is an actively-dividing non-organized mass of undifferentiated and
differentiated cells often developing either from injury (Wounding) or in tissue
culture in the presence of growth regulators. Explants from both mature and
immature organs can be induced to form callus. However, explants with mitotically
active cells (young, juvenile cells) are generally good for callus initiation. Callus is
produced on explants in-vitro from peripheral layers as a result of wounding and in
response to growth regulators, either endogenous or exogenously supplied in the
medium. The season of the year, donor conditions of the plant, the age and
physiological state of the parent plant contribute to the success of organogenesis in
cell cultures.
Growth regulator concentration in the culture medium is critical for
morphogenesis. Auxin, at a moderate to high concentration, is the primary
hormone used to produce callus. In some species, a high concentration of auxin
and a low concentration of cytokinin in the medium promote abundant cell
proliferation with the formation of callus. Callus may be serially subcultured and
grown for extended periods, but its composition and structure may change with
time as certain cells are favoured by the medium and come to dominate the culture.
Callus tissue from different plants species may be different in structure and growth
habit: white or coloured, soft (watery) or hard, friable (easy to separate in to cells)
or compact. The callus growth within a plant species is dependent on various
factors such as the original position of the explant within the plant, and the growth
conditions.
Although the callus remains unorganized, with increasing growth, some kinds of
specialized cells may be formed again. Such differentiation can appear to take
place at random, but may be associated with centers of morphogenesis, which can
give rise to organs such as roots, shoots and embryos.
Objective; To Demonstrate Technique of Callus Culture
Materials and Equipments:
Plant material: Capsicum annuum
Reagents and other requirements
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1.
2.
3.
4.
5.
6.
7.
8.

Culture tubes or conical flasks containing media
Sterile Petri dishes
Scalpel, blades, forceps and steel dissecting needles
Sterile distilled water
Alcohol
Detergent
Sterilants – HgCl2, Sodium. Hypochlorite
Nutrition medium reagents – MS basic salts and vitamins Growth regulators
– 2, 4-D

Media
Seed Germination: MS Medium
Callus Induction: MS + 2, 4-D (2mg/lL)
I.
Seed Germination
1. The seeds washed by submerging in water with a few drops of detergent in a
beaker with vigorous shaking.
2. The seeds were submerge in 70% alcohol for 40 s after which the alcohol was
decanted.
3. The seeds were transfer to a flask containing 20% commercial sodium
hypochlorite solution and left there for 20 min for surface sterilization. Later
they were rinsed thrice with sterile distilled water.
4. 2-3 seeds were placed on the surface of MS medium and incubated at 25oC for
16 h photoperiod.
5. Observe regularly for germination. If need be, transfer the individual plantlets
to half MS medium.
II. Callus Induction
1. The leaves were removed from in vitro germinated seeds 2 weeks were cut into
pieces and placed on the MS medium. As a control measure; some explants
should be inoculated on MS medium without hormones.
2. The cultures were incubated in dark at 25oC. Callus started appearing within 2
weeks and good callus growth can be observed in 3-4 weeks.
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3. Callus can be sub cultured after the 4th week on fresh medium with the same
composition.
Result:
The undifferentiated mass of cells was formed from the inoculated leaf explant.

Fig.18.1 : Callus culture

18.5 Cell Suspension Culture
Objective : To demonstrate the phenomena Cell suspension culture
A cell suspension culture consists of cell aggregates dispersed and growing in a
moving liquid media. It is normally initiated by transferring pieces of
undifferentiated and friable callus to a liquid medium, which is continuously
agitated by a suitable device. Suspension cultures can also be started from sterile
seedlings or imbibed embryos or leaves by the mechanical method. Leaves or the
other tissues (e.g. hypocotyl, cotyledon, etc.) can be gently grinded or soft tissues
can be broken up in a hand-operated glass homogenizer. This homogenate,
containing intact living cells, dead cells and cell debris is cleared by filtration and
centrifugation and then transferred to moving liquid medium.
For general purpose, the objective with cell suspension cultures is to achieve rapid
growth rates, along with uniform cells, all the cells being viable. Cells should be
subcultured at weekly intervals or less if they are to be used for experimental
purposes. Optimally, suspension cultures passage length is 1-2 weeks, but the exact
time and the dilution required must be determined for each cell line. Dilutions of
1:4 after 1 week or 1:10 after 2 weeks are commonly used. It is recommended that
a small sample should be withdrawn and the cell density determined before sub
culturing.
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Materials and Equipments:
Shaker, Centrifuge, Microscope, Haemocytometer
Reagents and other requirements
Sterilants – alcohol, HgCl2, sodium hypochlorite
Nutrient medium reagents -MS basic salts and vitamins
Growth regulators - 2, 4-D
Seedlings of Phaseolus mungo
Media MS + (1.5mg/l) 2, 4-D
Procedure
1. Seeds are germinated in vitro.
2. Seedlings are collected when the cotyledons are fully expanded and the
epicotyls are beginning to emerge (2-weeks). Each seedling is place on a sterile
slide/Petri dish and crushes the explants gently.
3. MS liquid medium is prepared. For experiment purposes, 15 ml medium in a
125 ml Erlenmeyer flask is taken. Sterilize the opening of a flask with the
flame of a burner in the hood.
4. Pieces of the gently crushed plant material are transferred to sterile petridish to
the liquid media using pipette.
5. The culture is incubated on a gyratory shaker set at 125 rpm under controlled
conditions of temperature.
6. An aliquot from the flask on a glass slide while maintaining sterile conditions.
Cell count
The cell number in very finely divided suspensions may be counted directly in a
haemocytometer. However, most cultures usually contain aggregates and it is
difficult to count the number of cells in each clump. Thus clumps are generally
broken and then the cell number is counted.
1.

Place the haemocytometer and focus the center 25 squares.

2.

Place the coverslip and Pipette out 100 μl of suspension into a
sterilehaemocytometer
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3. The cells were counted in 4 corner squares and the center one is counted.
4. The number and the average are counted.
Result
Suspension culture containing clumps was observed

Fig.18.2 : Cell suspension culture and regeneration of plant through
Embryogenesis

18.6 Somatic Embryogenesis
Objective : To demonstrate somatic embryogenesis.
The developmental pathway of numerous well – organized small embryoids
resembling zygotic embryos from the embryogenic potential of a somatic plant cell
of the callus tissue or cells of suspension culture is known as somatic
embryogenesis. J. Reinnert (1958-1959) first reported somatic embryogenesis in
Daucus carrota. Capability of somatic plant cells of a culture to produce
embryoids is known as embryogenic potential.
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Principles:
It can be done by 2 ways:

Fig. 18.3 : Somatic Embryogenesis in Carrot
1. Direct/PEDC (preembryogenic determined cells):
Predetermined fate to form embryo and await some kind of stimulation
from embryoid.
2. Indirect/IEDC Induced embryogenkic determined cells
Callus: Cells on callus then form embryoid. No predestined fate, it is
induced embryoid form.
(i)
Somatic embryogenesis is initiated in 2 different phases:
(a) Direct: In some cultures the somatic embryogenesis is initiated
by pre-embryogenic determined cells (PEDC). In PEDC's the
embryogenic pathway is predetermined and the cells appear to
only wait for synthesis of an induces or removal of an inhibitor
to resume independent mitotic divisions, in order to exhibit their
embryogenic potential.
(b) Indirect: In some cases, the somatic embryo development needs
some kind of callus formation and embryoids emerge from
induced embryogenic determined cells (IEDC's) IEDC's require
redetermination to the embrygoenic state by exposure to specific
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growth regulators such as 2,4-D. In most of the cases, indirect
embryogenesis occurs. In indirect somatic embryogenesis, where
it has been induced under in vitro conditions, 2 different media
are required.
Procedure for inducing somatic embryogenesis in some tissue cultures
1.
2.

3.

4.

5.

6.

7.

Mature leaves taken from plagiotrophic shots are surface-sterilised and
washed following the procedure mentioned in A and B.
The lamina between the midrib and the margin is cut into 7 mm2 pieces,
avoiding the apical and basal portions, in saline-sugar solution made of
half-strength inorganic salts of MS medium, 10 mg l–1 thiamine-HCl, 86 mg
l–1 L-cysteine-HCl, 99 mg l–1 myoinositol, and 3% sucrose.
Excised leaf pieces are now transferred to the same medium solidified with
1 % agar in petri dishes and stored in the dark. The adaxial surface of the
leaf pieces should always be placed facing the medium.
4. After 30 hr, the leaf pieces are cultured in jars containing 'conditioning
medium' constituted by inorganic salts of MS medium, 10 mg rl; thiamineHCI, 86 mg l–1 cysteine-HCl, 99 mg 1–1 myoinositol, 4% sucrose, 4.5 mg l–1
kinetin, 1 mg 1–1 2,4-D, and 1% Difco bacto agar. Cultures are stored in
darkness at 25±1°C.
The callus tissue develops from leaf tissues in 40-45 days. Small pieces of
callus tissue, or the entire callus, are then transferred to an 'inducing
medium' in which inorganic salts (except KNO3) and sucrose have been
reduced to half strength, and the hormonal combination changed to 0.6 mg
1–1 kinetin ± 0.1 mg 1–1 NM. The cultures are maintained in 12 hr light
(4600 lx) at 24-28°C.
Somatic embryo formation occurs within 13-15 weeks at a low frequency
initially and then high frequency somatic embryos appear after another 3-6
weeks.
Embryos germinate into plantlets in situ. To stimulate embryo germination,
the proembryogenic tissue (4-6 weeks old) is taken from the 'inducing
medium' and grown on another medium of the same composition but
lacking agar and kinetin. After maintaining the cultures in the light at 26°C
for 4-6 weeks, torpedo-shaped embryos develop. These embryos are
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transferred to a saline-agar medium containing 0.5-1 % sucrose and
maintained in light.
Results
Somatic embryos were observed.

18.7 Viva -Voce
1.
2.
3.
4.
5.

What is MS Media?
What is surface sterilization?
What do you mean by callus culture?
What is suspension Culture?
What are somatic embryos?
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Techniques of Plant Tissue Culture-II
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Protoplasts Isolation, Protoplasts Culture and Protoplasts Fusion
Glossary
Viva-voce
References

19.0 Objectives
After studying this unit you will be able to learn about:
 Laboratory Organization, Laboratory and Personal Safety
 Nutritional requirement as per type of tissue culture technique
 Technique of Protoplast Culture, Anther Culture etc.

19.1 Introduction
Plant Cell and Tissue Culture
During the last two decades plant cell, tissue and organ culture have developed
rapidly and become a major biotechnological tool in agriculture, horticulture,
forestry and industry. The techniques of tissue culture in combination with genetic
manipulation have also become important for the development of transgenic crops.
Even when genetic manipulation is not a requirement, plants cell tissue culture
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technique is used as in alternative to vegetative propagation. Shoot tip propagation
is often used commercially for rapid and consistent reproduction of elite or
difficult to propagate genotypes.
In plant tissue culture experiments, unless single cell cultures are absolutely
necessary, more often, explants (pieces of differentiated tissues) are used to initiate
t growth in culture. Problems which were not feasible through conventional
techniques, now have been solved via plant tissue culture techniques, for example,
inter-and intra-specific crosses, micropropagation, somaclonal variation,
encapsulated seeds, etc.
Cell and Organ Differentiation
When an explant from differentiated tissue is used for culture on a nutrient
medium, the non-dividing, quiescent cells first undergo certain changes to achieve
a meristematic state. The phenomenon of the reversion of mature cells to the
meristematic state leading to the formation of callus is called ‘dedifferentiation’.
The component cells of callus have the ability to form a whole plant,this
phenomenon is described as ‘redifferentiation’. These two phenomenons of
dedifferentiation and redifferentiation are inherent and described as ‘cellular
totipotency’,a property found only in plant cells and not in animal cells. In
other words, a differentiated plant cell retains its capacity to give rise to a whole
plant, where as an animal cell loses this capacity of regeneration after
differentiation. Generally a callus phase is involved before the cells can undergo
redifferentiation leading to regeneration of a whole plant, but rarely the
dedifferentiated cells can give rise to whole plants directly without an intermediate
callus phase. These aspects of tissue culture, its application in ‘clonal propagation’
or ‘micropropagation’ and ‘somaclonal variation’ are being discussed in this
chapter.
Totipotency
Totipotency is the basis of plant cell and tissue culture: Each living cell, of a
multicellular organism, is capable of independent development, when provided
with suitable conditions (white, 1963). Morgan (1901) coined the term
‘totipotency’ to denote the capacity of cell to develop into an organism by
regeneration. However, the concept of totipotency is important in tissue culture.
Use of multicellular organisms in research, as biological units, is rather difficult;
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therefore, attempts to study an organism by reducing to its constituent cells and
subsequently the cultured cells as basic organism, are of fundamental importance.
Cytodifferentiation
All undifferentiated callus cells parenchymatous in nature. The differentiation of
these cells into a variety of cells is required during redifferentiation of these cells
into whole plants. In this connection, the study of differentiation into vascular
tissue has received maximum attention. It has been proved that ‘auxin’ and
‘sucrose’ play a major role in vascular differentiation and cytokinins and
gibberellins promote differentiation into xylem tissue. At low concentration, auxin
stimulates xylem formation and there is inverse relationship between auxin
concentration and the degree of xylem differentiation. This effect of auxin is
dependent on the presence of sugar, since the relative amount of xylem and phloem
formed, can be altered by varying the sucrose concentration. In some studies ,1%
sucrose with 0.55m per litre of auxin or 1AA induced little xylem formation; 2%
sucrose favoured better xylem formation (with little phloem), 2.5-3% sucrose
induced equal xylem and phloem differentiation and 4% sucrose induced only
xylem formation (with little or no phloem). Sugars, other than sucrose (e.g.
maltose, glucose, fructose, etc.) have also been used to stimulate vascular
differentiation. Besides auxin and sucrose, cytokinins and gibberellins have also
been shown to play a role in xylem differentiation.
Organogenic Differentiation
For the regeneration of a whole plant from a cell or from a callus mass,
cytodifferentiation is not enough; there should be differentiation leading to
organogenesis (organ formation = formation of stem, roots, flowers, etc.). This
may occur either through ‘shoot bud differentiation’ or through ‘somatic
embryogenesis’. In the former, shoot buds (monopolar structures) are formed while
in the latter, somatic embryos (bipolar structures) are formed, both leading to
regeneration of whole plants.
(1) Shoot bud differentiation: Shoot bud differentiation is stimulated in plants
by a variety of chemical and physical factors, but these factors vary widely
for different plant materials, in this connection, the relative ratio of
cytokinin (kinetin) to auxin (IAA) was considered important in determining
the nature of organogenesis in tobacco pith tissue. It was shown that high
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(2)

level of kinetin caused bud initiation, while high concentration of auxin
favoured rooting. However, there are other studies which suggested that the
type of organ (root or shoot) formed was exclusively determined by the
concentration of auxin (NAA) and not by the ratio of cytokinin to auxin. In
most cereals, callus tissue exhibits organogenesis, when it is transferred
from a medium containing 2, 4-D to a medium lacking it or where 2,4-D is
replaced by IAA or NAA.
The requirement of cytokinin and auxin for bud differentiation depends on
the endogenous levels of these two classes o substances in the tissues used
for culture. Shoot bud formation is also controlled by the size and source of
the explants. The larger the explant (containing parenchyma, cambium and
vascular tissue), the better are the chances of shoot budd formation,
irrespective of auxin-cytokinin concentration. Similarly, depending upon
the plant species, leaves or leaf fragments, root sections and inflorescence
sections or cotyledons may be used as explants leading to the formation of
adventitiousbuds.
Somatic embryogenesis: Formation of embryo (a bipolor structure)from
somatic cell which has both shoot and root meristem either directly from
the explants (adventitious origin) or de novo origin from callus and cell
culture induced from the explant is known as somatic embryogenesis. It is
demonstrated that embryo development is not the monopoly egg cell but
any cell of embryo sac or any other part of sporophyte may give rise to an
embryo. However, in nature, embryos can not develop outside the ovules,
although in several species (Citrus, Mangifera), adventive embryos
(embryos developing from sporophytic tissue) may develop from nucellar
cells or integuments of the ovule outside the embryo sac. These embryos,
however, mature, only when pushed into the embryo sac, suggesting that
embryo sac should have a special environment, which facilitates the
development of embryo and the same should be made available in culture if
somatic embryogenesis needs to be induced.
Somatic embryogenesis in culture was demonstrated for the first time in
carrots (Daucus carota), where bipolar embryos developed from single
cells(Fig. 19.1).However, somatic embryogenesis is influenced by plant
extracts, growth regulators and by the physiological state of calli. 2, 4-D in
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the medium which is least conducive for embryogenesis in plants like
cabbage or carrot. On the other hand, cytokinins and gibberellins caused a
partial or complete inhibition of growth of the potential embryonic cells. It
has also been shown that nitrogen supplied in the form of NH4+ ions or as
casein hydrolysate (rather than as nitrate), stimulates somatic
embryogenesis.

Fig.-19.1: Protocol for Somatic embryogenesis (in carrot for example)
Clonal Propagation or Micropropagation
A variety of plant species can be conveniently propagated through the techniques
of cell, tissue or organ culture. This is popularly described as
clonalpropagation.Clonal propagation in vitro is called Micropropagation. The
significant advantage of micro propagation is , large number of plants can be
produced starting from a single individual..
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Advantages of Micropropagation
The major benefits of micropropagation include the following: (i) rapid
multiplication of superior clones and maintenance of uniformty; (ii) multiplication
of disease free plants (iii) multiplication of sexually derived sterile hybrids. In
most cases, clonal propagation is achieved by placing sterilized shoot tips or
axillary buds onto a culture medium which induces formation of multiple shoot
buds.
Stages Involved in Micropropagation
For initiating micropropagation, axillary buds, shoot tips or adventitious roots are
used as the explants, and the following four stages are involved in the entire
process of micropropagation:
(i)
Stage-I involves selection of suitable explants their sterilization and
transfer to nutrient media or establishment of tissue in vitro.
(ii) Stage-II involves multiplication of shoots (often media are not changed
between stage I and stage II).
(iii) Stage-III concerns root formation or transfer of shoots to a rooting medium
followed by planting in to soil and conditioning of propagules prior to
transfer to the green house; this stage requires high intensity and alteration
of media for promotion of root formation.
(iv) Stage-IV involves growth in pots followed by field trials. The number of
stages in micropropagation may sometimes be reduced to three two.
History of Tissue Culture Techniques
The in vitro techniques were developed initially to demonstrate the totipotency of
plant cells predicted by Haberlandt in 1902.
Totipotency is the ability of a plant cell to perform all the functions of
development, which are characteristic of zygote, i.e., ability to develop into a
complete plant. In 1902, Haberlandt reported culture of isolated single palisade
cells from leaves in Knop’s salt solution enriched with sucrose. The cells remained
alive for up to 1 month, increased in size, accumulated starch but failed to divide.
Efforts to demonstrate totipotency led to the development of techniques for
cultivation of plant cells under defined conditions. This was made possible by the
brilliant contributions from R.J. Gautheret in France and P.R. White in U.S.A.
during the third and the fourth decades of 20th century. Most of the modern tissue
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culture media derive from the work of Skoog and coworkers during 1950s and
1960s.
Hanning“(1904) did the first embryo culture, although crude,..; He cultured nearly
mature embryos of certain crucifers and grew them to maturity. The technique was
utilized by Laibach in 1995 to recover hybrid progeny from an interspecific cross
in Linum. Subsequently, contributions from several workers led to the refinement
of this technique.
Guhaandmaheshwari(1964) first produced haploid plants from pollen grains by
culturing anthers of Datura. This marked the beginning of anther culture or pollen
culture or the production of haploid plants. The technique was further developed
by many workers, more notably by J.P. Nitch, C. Nitch and coworkers. These
workers showed that isolated microspores of tobacco produce complete plants.
Cocking (1960) produced large quantities of protoplasts by using cell wall
degrading enzymes. Plant protoplasts are naked cells from which cell wall has been
removed. The techniques of protoplast production have now been considerably
reined. It is now possible to regenerate whole plants from protoplasts and also to
fuse protoplasts of different plant species
Carlson and coworkers (in 1972) produced the first somatic hybrid plant by fusing
the protoplasts of Nicotiana glauca and N. langsdorifii. Since then many divergent
somatic hybrids have been produced.
A successful establishment of callus cultures depended on the discovery of IAA
(indole-3-acetic acid), the endogenous auxin, and of the role of B vitamins in plant
growth and in root cultures.
Gautheret, White and Nobecourt (1939).Established the first continuously
growing callus cultures from cambium tissue.
Miller and coworkers in 1955 subsequently discovered the kinetin and enabled the
initiation of callus cultures from differentiated tissues
Shoot bud differentiation from tobacco pith tissues cultured in vitro was reported
by Skoog in 1944.
In 1957 Skoog and Miller proposed that root-shoot differentiation in this system
was regulated by auxin-cytokinin ratio. The first plant from a mature plant cell was
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regenerated by Braun in 1959. Development of somatic embryos was first reported
in 1958-1959 from carrot tissues independently by Reinert and Steward.
Thus, the tissue culture techniques have made a great progress. within a brief
period. The plant tissue culture technique has application in both basic and applied
researches in a number of fields.

19.2 Laboratory Organization
The term “plant tissue culture”, broadly refers to the In vitro cultivation of all plant
parts from a single cell, a tissue or an organ on nutrient medium under aseptic
conditions. The underlying principles involved in plant tissue culture are, firstly a
plant part from the intact plant and its inter-organ/inter-tissue is isolated. Secondly,
it is necessary to provide an appropriate environment in which plant can express its
intrinsic or induced potential. That means that a suitable culture medium and
proper culture conditions are necessary. Finally, the above procedures must be
carried out aseptically. The focus in laboratory organization must be on
maintaining aseptic conditions. The basic rule which is essential in the planning of
an efficient and functional laboratory facility is, the order and continuous
maintenance of cleanliness because all operations need to be done in aseptic
conditions.
Washing Facility: A large area for sinks, for washing, for draining and drying is
very necessary. The conventional method for cleaning laboratory glassware
involves chromic acid-sulphuric acid soak followed by thorough washing with tap
water and subsequent rinsing with distilled water. However, due to the corrosive
nature of acids, it is recommended that for routine procedures glassware should be
soaked in a 2% detergent cleaner for 16 h followed by washing with 60-700C hot
tap water, and finally distilled water. The cleaned glassware should be dried at
150-2000C in a convection-drying oven for 1-4 h.
Only highly contaminated glassware should be first treated in a chromic acid bath
for 16 h. Some precautions must be taken during acid cleaning: (i) handling of acid
and processing of glassware in the acid should be done in a fume hood; (ii) never
add water to acid but for dilution, acid should be added slowly to the water while
stirring; (iii) after acid cleaning, if the solution in the acid becomes dark coloured,
it should be discarded. However, with the availability of reusable plasticware, it is
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recommended that these should be washed with mild detergents followed by a
rinse with tap water and then distilled water.
The following precautions should be followed:
1.
Contents of containers should be discarded immediately after completion of
an experiment.
2.
The containers with . contaminated media should not be emptied in the
laboratory sink.
3.
Flasks or beakers used during media preparation should be rinsed
immediately after dispensing the media into culture vessels to prevent
drying of the residual agar in the beaker .
General laboratory and media preparation area:
This part is a central section of the laboratory where most of the activities are
performed. The general laboratory section includes the area for media preparation
and autoclaving of media. The area to be set-aside for media preparation should
have ample storage area and bench space for keeping chemicals, glassware, culture
vessels, closures and other items needed to prepare media. The following
equipment items are essential:
Laminar air flow hood
Autoclave (available as horizontal or upright) or pressure cookers
Refrigerator
Freezer
Balances, preferably electronic
pH meter
Water distillation unit
Magnetic stirrer (with hot plate)
Ovens
Water bath with temperature control
Hot plate/ gas plate
Microwave oven for heating agar media
Centrifuge
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Shaker, gyratory with platform and clips for different size flasks
Dissecting microscope
Lab carts, Trays, Culture vessels, cotton plugs, aluminium foil, brown sheets.
Important points:
 A laboratory should have an inventory and up-to-date record of all the
equipment and their operating manuals.
 Up-to-date record of all the chemicals including the name of manufacturer and
the grade.
 All chemicals should be assigned to specific areas and arranged alphabetically.
 Special handling or storage procedures should be posted in the records so that
retrieving of chemicals becomes easy because chemicals need storage at
different temperatures.
 Strong acids and bases should be stored separately.
 Solvents such as chloroform, alcohol, phenol which are volatile or toxic in
nature, must be stored in a fume hood.
 Hygroscopic chemicals must be stored in desiccators to avoid caking.
 Chemicals kept in refrigerators or freezers should be arranged either
alphabetically or in baskets.
Transfer area: Tissue culture techniques can be successfully carried out in a very
clean laboratory, dry atmosphere with some protection against air-borne
microorganisms. But it is advisable that a sterile dust-free room should be available
for routine transfer and manipulation work.
Generally the laminar air flow cabinet is used for aseptic manipulations. It is
cheaper and easier to install than a transfer room. The cabinet should be designed
with horizontal airflow from the back to the front. If pathogens or Agrobacteriummediated transformation work is to be carried out in the airflow cabinets,vertical
flow sterile cabinet is recommended. Air is forced into a cabinet through small
motor into the unit through a coarse filter where large dust particles are separated
and then subsequently passes through a bacterial 0.3 m HEPA (high efficiency
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particulate air) filter. Filtered air flows outwards over the working bench at a
uniform rate.
The air coming out of the fine filter is ultra clean (free from fungal or bacterial
contamination) and its velocity prevents the microbes contamination of the
working area by a worker who is sitting in front of the cabinet. It has been
observed that a 0.3 m HEPA filter shows 99.97 to 99.99% efficiency. One or
more laminar airflow cabinets can be housed in transfer area. The roof of some of
the cabinet has an ultraviolet (UV) germicidal light which is used to sterilize the
interior of chamber. These are turned on about 30 min prior to using the chamber
but must be turned off during operations. Besides before starting work, it is
desirable to swab down the inside of cabinet and the table top with 70% alcohol.
Culturing facilities: Plant tissue cultures should be incubated under of wellcontrolled temperature, illumination, photoperiod, humidity and air circulation.
Incubation culture rooms, commercial available incubator cabinets, large plant
growth chambers, and walk-in environmental rooms satisfy this requirement. For
incubating cultures these facilities can also be constructed by developing a room
with proper air-conditioning, perforated shelves to support culture vessels,
fluorescent tubes and a timing device to set light dark regimes (photoperiods)
which are the standard accessories.
In addition, a dark area simply closed off from the rest of room with thick black
curtains is necessary if some cultures require continuous darkness. This type of
culture room can also be used to house a variety of liquid culture apparatus
including gyratory and reciprocating shakers or a variety of batch and continuous
bioreactors etc. For most culture conditions the temperature control should be
adequate to stay within ± 10C. The photoperiod may be set according to the
specific types of culture. Lighting is adjusted in terms of quantity and photoperiod
duration by using automatic clocks. Cultures are generally grown in diffused light
(less than 1 klx) but provisions to keep them at higher light intensity and also in
dark must be made. Provision of humidity range of 20-98% with ± 3% should be
made.
Greenhouses: Greenhouses are required to grow regenerated plants for further
propagation and for growing plants to maturity. This facility is required as a
transitional step of taking plant materials from culture containers present in the
controlled room to the field. Thus in the greenhouse, plants are acclimatized and
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hardened before being transferred to the field conditions. The plants are grown in
the greenhouse to develop adequate root systems and leaf structures to withstand
the field environment. The greenhouse should be equipped with cooling and
heating systems to control temperature. For maximum use, the houses should have
an artificial lighting system. The lights should include a mixture of fluorescent and
incandescent light or contain lamps designed to provide balanced wavelengths of
light for plant growth and photosynthesis.

19.3 Laboratory and Personal Safety
New workers should be given some orientation before starting work. It should
include instructions on how to operate various equipment such as pH meter,
balance, laminar airflow, microscope, gas burner etc. Special instructions should
be given on potential for fire, broken glass, chemical spills or accidents with sharpedged instruments. The following regulations/ instructions should be followed :
1.
Toxic chemicals should be handled with appropriate precautions and should
be discarded into separately labeled containers
Organic solvents (e.g. alcohol, chloroform, etc.)
Mercury compounds (e.g. mercuric chloride)
Halogens and mutagenic chemicals .
2.
Broken glass and scalpel blades must be disposed into separate marked
containers.
3.
Pipettes, tips, Pasteur pipettes and other items used for genetically modified
organisms and various materials used in the pathogen work should be first
collected in autoclavable bags, autoclaved and then disposed off.
4.
A pipettor should always be used for pipetting any solution.
5.
First-aid kits should be placed in every laboratory and the staff should know
its location and how to use it.
6.
Fire extinguishers should be provided in each laboratory. Some portable
extinguishers should also be placed at convenient sites for easy handling by
amateurs.
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19.4 Nutritional Requirements for Tissue Culture
The greatest progress towards the development of nutrition medium for plant cells
grown in culture took place in 1960s and 1970s. The basic nutritional requirements
of cultured plant cells are very similar to those utilized by plant. However, the
nutritional composition varies according to the cells, tissues, organs and
protoplasts and also with respect to particular plant species. So in a discussion on
nutrition media, it is important to recognize what type of culture. i.e. callus, cell,
organ or protoplast is to be studied and what are the objectives and purposes of the
investigation.
Different types of culture have unique requirement of one or more nutritional
components. A wide variety of salt mixtures have been reported in various media.
A nutrient medium is defined by its mineral salt composition, carbon source,
vitamins, growth regulators and other organic supplements which include organic
nitrogen, acids and complex substances, When reference is made to a particular
medium, the intention is to identify only the salt composition unless otherwise
specified. Any number and concentration of amino acids, vitamins, growth
regulators of organic supplements can be added in an infinite variety of
compositions to a given salt composition to achieve the desired results.
Media Composition
Various basic media have been listed in table (19.1). The MS medium of
Murashige and Skoog (1962) salt composition is very widely used in different
culture systems. In the development of this medium and also other media, it was
demonstrated that not only the presence of necessary nutrients but also the actual
and relative concentrations of various inorganic nutrients are crucial.
The B5 medium of Gamborg et al. (1968) or its derivatives have been useful for
cell and protoplast culture. This medium was originally designed for callus and
suspension cultures but it has also been effectively used for plant regeneration. It
diifers from MS medium in having much lower amounts of nitrate in the form of
ammonium.
The N6 medium was developed for cereal anther culture and used successfully with
other type of cereal tissue culture (Chu 1978). Any success with a medium is in all
probability due to the fact that the ratios as well as concentrations most nearly
match the optimum requirements for the cells or tissues for growth and/or
330

differentiation. The nutritional media generally consists of inorganic nutrients,
carbon and energy sources, vitamins, phytohormones (growth regulators) and
organic supplements which include organic nitrogen, acids and complex
substances.
Inorganic nutrients
Mineral elements are very important in the life of a plant. For example, calcium is
a component of the cell wall, nitrogen is an important part of amino acids, proteins,
nucleic acids and vitamins, and magnesium is a part of chlorophyll molecules.
Similarly iron, zinc and molybdenum are parts of certain enzymes, Besides
Carbon, Hy2drogen, Nitrogen Oxygen and12 other elements are
Table 19.1 : Composition of Various Plant Tissue Culture Media
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essential for plant growth. According to the recommendations of international
Association for Plant Physiology, the elements required by plants in loncentration
greater the 0.5 mmoI/l are referred to as macro/major elements and those required
in concentration less then that are micro/minor elements. The following are
required in macro-or millimole quantities : N,K,P,Ca, S and Mg. The essential
micronutrients which are required in micromolar concentrations include iron (Fe)
Manganese (Mn), boron (B), copper (Cu),zince (Zn), iodine (I) molybdenum (Mo)
and cobalt (Co) for achieving maximum growth rate, the optimum concentration of
each nutrient can vary considerably. The mineral composition of culture medium
is defined precisely by the equilibrium of the concentration of different ions in a
solution. When mineral salts are dissolved in water, they undergo dissociation and
ionization. The active factor in the medium is the ions of different types rather
than the compounds therefore, a useful comparison between the two media can be
made by looking into the total concentrations of different types of ions in them. To
choose a mineral composition and then compare their different ionic balances, one
uses ionic concentration expressed in mill equivalents per liters (Table 3.2) For
most purposes a nutrient medium should contain form 25 to 60 mM inorganic
nitrogen. The cells may grow on nitrate alone, but often there is a distinct
beneficial effect and requirement for ammonium or another source of reduced
nitrogen. Besides, nitrate alone in the medium drifts the pH towards alkalinity.
Adding a small amount of and ammonium compound together with nitrate checks
this drift. Nitrate is used in the range of 25-40 mM and ammonium in the range of
2-20 mM. The response to ammonium or if grown solely on this source of
nitrogen, then citrate, malate, succinate or another TCA cycle acid should be
present. Most plants prefer nitrate to ammonium, although the opposite is also true
in some cases. Potassium is required at concentration of 2 to 26 mM. Potassium is
generally supplied as the nitrate or as the chloride form and sodium cannot be
substituted for potassium. A concentration of 1-3mM calcium, sulphate, phosphate
and magnesium is usually adequate, Iron is generally added as a chelate with
ethylene diamine tetra acetic acid (EDTA). In this form remains available up to a
pH of 8.0
Carbon and Energy Source
The standard carbon source without exception is sucrose but plant tissues can
utilize a variety of carbohydrates such as glucose, fructose, lactose, maltose,
332

galactose and starch. In the cultured tissues or cells, photosynthesis is inhibited and
thus carbohydrates are needed for tissue growth is rapidly converted in to glucose
and fructose. Glucose is then utilized first, followed by fructose. Sucrose is
generally used at a concentration of 2-5%. Most media contain myoinositol at a
concentration of ca. 100mg/I, which improves cell growth.
Vitamins
Normal plants synthesize the vitamins required for growth and development. But
plant cells in culture have an absolute requirement for vitamin B1 (thiamine),
vitamin B (nicotinic acid) and vitamin B6 (pyridoxine). Some media contain
pantothenic acid, biotin, folic acid, p-amino benzoic acid, choline chloride the
concentration are in the order of one mg/l. myo-inositol is another vitamin used in
the nutrient medium with a concentration of the order of 10-10 mg/l.
Growth Regulators
Hormones now referred to as growth regulators are organic compounds that have
been naturally synthesized in higher plants, which influence growth and
development. They are usually active at a site different from where they are
produced and are only present and active in very small quantities. Apart from
natural compounds, synthetic compounds have been developed which correspond
to the natural ones. There are two main classes of growth regulators that are of
special importance in plant tissue culture.
These are the auxins and cytokinins, while others viz. gibberellins, abscisic acid,
ethylene, etc. are of minor importance. Some of the naturally occurring growth
regulators are the auxin indole acetic acid (IAA) and the cytokinins zeatin and
isopentenyladenine (2 iP), while others are synthetic growth regulators. The
charcteristcis of growth regulators are listed in Tables.
Auxins
A common feature of auxins is their property to induce cell division, cell
elongation and formation of callus. Auxin has a clear rhizogenic action i.e.
induction of adventitious roots. It often inhibits adventitious and axillary shoot
formation. At low auxin concentrations, adventitious root formation predominates,
whereas at high auxin concentrations, root formation fails to occur and callus
formation takes place. Auxin is present in sufficient concentration in the growing
shoot tips or flowering tips of plants to ensure multiplication and elongation. Auxin
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circulates from the top towards the base of the organs with a polarity strongly
marked in young organs. The compounds most frequently used are highly effective
2,4-dichlorophenoxy acetic acid (2,4-D), naphthalene acetic acid (NAA), indole
acetic acid (IAA), indole butyric acid (IBA), 2, 4, 5-trichlorophenoxy acetic acid
(2,4,5-T), p-chlorophenoxy acetic acid (PCPA) and picloram (4-amino-3,5,6trichloropicolinic acid).
Cytokinins
Cytokinins are derivatives of adenine and have an important role in shoot
induction. Cytokinins also have a clear effect on cell division. These are often used
to stimulate growth and development. They usually promote cell division if added
together with an ausin. Cytokinins have a clear role in organogenesis where they
stimulate bud formation. They are antagonistic to rhizogenesis. At higher
concentrations (1 to 10mg/1), adventitious shoot formation is induced but root
formation is generally inhibited. Cytokinins promote axillary shoot formation by
decreasing apical dominance. The most frequently used cytokinins are 6-benzyl
amino purine (BAP) or 6-benzyladenine (BA), N-(2-furfurylamino) 1-H-purine-6amine (kinetin), 6-(4-hydroxy-3methyl-trans-2-butylamino) purine (zeatin), and
isopentenyladenine (2 iP). Zeatin and 2-iP are naturally occurring cytokinins while
BA and kinetin are synthetically derived cytokinins. Subsequently it was
discovered that N, N’-diphenyl urea (DPU), thidiaziron, N-2-chloro-4-puridyl-Nphenyl urea (CPPU) and other derivatives of diphenyl urea show the cytokinin type
activity.
Stock solutions of IAA and kinetin are stored in amber bottles or bottles covered
with a black paper and kept in dark since they are unstable in light.
Other growth regulators
Gibberellins, although found in all plants and fungi, are unevenly distributed. The
sites of synthesis are very young, unopened leaves, active buds, root tips and
embryos. Gibberellins are normally used in plant regeneration. GA3 is essential for
meristem culture of some species. In general, gibberellins induce elongation of
internodes and the growth of meristems or buds in vitro. Gibberellins usually
inhibit adventitious root as well as shoot formation. During organogenesis,
gibberellins are antagonistic. They seem to oppose the phenomenon of
dedifferentiation.
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Abscisic acid is an important growth regulator for induction of embryogenesis.
This is a growth inhibitor, which seems to be synthesized when a plant is under
difficult conditions. It has a favorable effect on abscission.
Ethylene is a gaseous compound identified a long time ago, but its functions as a
growth regulator were not evident. Ethylene is produced by cultured cells, but its
role in cell and organ culture is not known. The practical use of ethylene, which is
difficult in a gaseous state, made great progress after the discovery of 2choroethane phosphoric acid. This product, when applied in a powder form,
penetrates the tissue where it liberates ethylene.
Organic supplements
Organic nitrogen
Cultured cells are normally capable of synthesizing all thee required amino acids,
but it is often beneficial to include organic nitrogen in the form of amino acids
such as glutamine and aspargine and nucleotide such as adenine. For cell culture, it
is good to add 0.2 to 1.0 g/l of casein hydrolysate or vitamin-free amino acids. In
some cases L-glutamine (up to 8mM or 150 mg/1) may replace the casein
hydrolysate. The amino acids when added should be used with caution, since they
can be inhibitory. The amino acids included in the media and amount in mg/l are:
glycine (2), aspargine (100), tyrosine (100), arginine sulphate (2-120 mg/l) is
added to the agar media for morphogenesis.
Organic acids
Plant cells are not able to utilize organic acids as a sole carbon source. Addition of
TCA cycle acids such as citrate, malate, succinate or fumarate permits growth of
plant cells on ammonium as the sole nitrogen source. The cells can tolerate a
concentration of upto 10mM of the acid. Pyruvate may also enhance growth of
cells cultured at low density.
Complex substances or other attitives
A variety of extracts viz. protein hydrolysate, yeast extract, coconut milk, orange
and tomato juice have been tested. With the exception of protein hydrolysate and
coconut milk, most others are used as the last resort, if used at higher
concentration, the complex substances may adversely affect cell growth. It is
advisable to make a preliminary test in a range of 0.1 to 1.0 g/I to assess its effect
on growth. Coconut milk is commonly used at 2-15% (v/v) the present trend is,
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however, towards fully defined media and the use of complex mixtures is losing
favour.
Anti browing compounds
Many plants are rich in polyphenolic compounds. After tissure injury during
dissection, such compounds will be oxidized by polyphenol oxidases and the tissue
will turn brown or black. The oxidation products are known to inhibit enzyme
activity, kill the explants, and darken the tissues and culture media, a process
which severely affects the establishment of explants Activated charcoal is
generally acid washed and neutralized (if not done) at concentrations of 0.2 to 3.0
(w/v) in the medium where phenol like compound are a problem for in vitro
growth of cultures. It can absorb toxic brown/black pigments and stabilizes pH. It
also helps to reduce toxicity by removing toxic substances produced during the
culture and permits unhindered cell growth, Besides activated charcoal,
polyvinlpyrrolidone (250-100 mg/I) citric acid and ascorbic acid (100mg/I each)
Gelling Agents
Agar, a seaweed derivative, is the most popular solidifying agent. it is a
polysaccharide with a high molecular mass and has the capability of gelling
media. Solublized agar forms a gel that can bind water and adsorb compounds. The
higher the agar concentration, the stronger is the binding of water. Plant tissue
culturists often use Difco Bacto agar at a concentration of 0.6 to 1.0% (w/v),
although other forms of agar (agarose,phytagar, flow agar, etc.) are also becoming
popular. In vitro growth may be adversely affected if the agar concentration is too
high. With higher concentrations the medium becomes hard and does not allow the
diffusion of nutrients into the tissues. Impurities, if present in the agar can be
removed for critical experiments on nutrient studies. The procedure involves
washing age in double distilled water for atleast 24h, rinsing in ethanol and then
drying at 600 C for 24h. Agar has several advantages over other gelling agents as :
(i)
agar gels do not react with media constituents;
(ii) agar is not digested by plant enzymes and remains stable at all feasible
incubation temperatures. Besides agar, the following alternatives are also
available.
i.
Alginate can be used for plant protoplast culture
ii.
Gelrite at 0.2% can be used for solidification of media.
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iii.

Synthetic polymer biogel P200 (polyacrylamide pellets) or a starch
polymer can be used.
iv. Agargel: A mixture of agar and synthetic gel has been developed by Sigma
company. It has the properties of both synthetic gel and agar.
v.
The FMC Corporation has developed a highly purified agarose called Sea
plaque (k) which can be used in the recovery of single protoplasts from
cultures.
pH (Hydrogen Ion Concentration
pH determines many important aspects of the structure and activity of biological
macomoleculoes. pH is the negative logarithm of the concentration of hydrogen
ions. Nutrient medium pH ranges from 5.0 to 6.0 for suitable in vitro growth of
explants. pH higher than 7.0 and lower than 4.5 generally stops growth and
development. The pH before and after autoclaving is different. It generally falls by
0.3 to 0.5 units after autoclaving. If the pH falls appreciably during plant tissue
culture (the medium becomes liquid), then a fresh medium should be prepared. It
should be known that a starting pH of 6.0 could often fall to 5.5 or even lower
during growth, pH higher than 6.0 gives a fairly hard medium and a pH below 5.0
does not allow satisfactory gelling of the agar.
Objective : General Methodology for medium Preparation
Preparation of macro-and micronutrient stock solutions (Table-19.2)
Stock solutions of macro- and micronutrients vitamins and growth regulators are
prepared in distilled or high purity demineralized water. Chemicals should be of
the highest grade usually the stock solutions of macro and micronutrients are
prepared as 10x and 100x concentrations as shown in Table. These nutrient
solution can be dispensed in plastic bags with zipper seals and stored frozen (e.g.
10x macronutrient solution dispensed into a bag containing 100ml of solution for
preparation of 11 medium), While dissolving the nutrients in water, one compound
is added at a time to avoid precipitation. For macronutrient stock solution, calcium
chloride is dissolved separately in water and then added to the rest of the solution
to avoid precipitation. Preparation of vitamin and growth regulator stock solutions
Preparation of vitamin and growth regulator stock solutions (Table-19.3)
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All the growth regulators are not soluble in water. The compound should be
dissolved in few-ml of solvent and then water slowly added to make up to the
requisite volume Concentrations of compounds can be taken as mg/I or in moiarity.
Table 19.2: Preparation of stock solution of Murashige and Skoog
(MS) medium

Table19.3: Preparation of stock solutions of growth regulators

Make up the solution to the final volume. Add the needed amount of agar (e.g. 6-8
g/l) or any other gelling agent. Heat the solution while stirring until the agar is
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dissolved. The solution becomes transparent when the agar is completely
dissolved. Distribute the medium in glass or polypropylene vessels and plug it with
cotton or cover it with aluminum foil.
The culture medium is sterilized in an autoclave for 20 min at 1210C at 15 p.s.i. if
filter-sterilized hormones/compounds are to be added, then these are added to the
autoclaved medium. Medium is cooled in laminar airflow to 50-600 C, the
hormones are added by Millipore or any other filter assembly using 0.22 mm.
filter, and then dispensed in to sterile vessels, After cooling, the media are
preferably stored at 4-100-C.
It is advisable to mark each vessel to show the precise medium and date of
preparation. The culture medium should be used 3-4 days after preparation, so that
if it is not properly sterilized contamination will start appearing and this medium
can be discarded.

19.5 Aseptic Culture Techniques
Sterilization is a procedure used for elimination of microorganisms. The
maintenance of aseptic (free from all microorganisms) or sterile conditions is
essential for successful tissue culture procedures. The need for asepsis requires that
all culture vessels, media, and instruments used in handling tissues and explants
itself be sterilized. The importance is being laid on keeping the air, surface and
floors free of dust.
All operations are carried out in laminar airflow sterile cabinets. An obvious
precaution is not share these cabinets and areas of tissue culture work should not
be with other microbiologists and pathologists. If tissue culture work itself requires
screening against pathogens or isolation of toxins etc., then the pathological work
area must be separated. The cabinets for plant tissue culture work should have a
horizontal work area must be separated. The cabinets for plant tissue culture work
should have horizontal airflow from back toward the front, while vertical airflow
cabinets are preferable for working with pathogens or Agro bacterium-mediated
transformation.
Sterilization of media Instruments and Containers
The most popular method of sterilizing culture media and apparatus is by
autoclaving the material using steam/dry sterilization
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Steam Sterilization
Most nutrient media are sterilized by using an autoclave. Autoclaving is a method
of sterilizing with water vapour under high pressure. All microbes are killed on
exposure to the superheated steam of an autoclave. It is a normal practice now to
sterilize glassware and other accessories viz. cotton plugs, plastic caps, pipettes,
filters, gauge etc. in a commercial available autoclave. The standard conditions for
autocalving media are 1210C with pressure of 15 psi for 20 min. Theses conditions
are followed for test tubes or other containers containing between 20-50 ml of
nutrient media and also for plastic labware which can be repeatedly autoclaved An
autoclave has a temperature range of 115-1350C. Good sterilization relies on time,
pressure, temperature and volume of the object to be sterilized.
Precaution for material in the bottles:
Bottles when autoclaving should not be tightly packed and their tops should be
loose. After autoclaving, these are kept in the laminar airflow and tops of bottles
are tightened when they are cool.
During and after autoclaving, the following points should be considered :
i.
The pH of the media is lowered by 0.3-0.5 units.
ii.
Autoclaving at too high temperature can caramelize sugars, which may be
toxic.
iii. Volatile substances can be destroyed by the use of an autoclave.
iv. Autoclaving for too long periods can precipitate salts, and depolymerize the
agar
v.
Care should be taken to use the correct duration and temperature.
vi. For sterilization of liquid material (media, water) wet of steam sterilization
employing cooker can be used but with a precaution of slow exhaust.
Dry sterilization
The sterilization of glassware and metallic instruments can be carried out in dry
heat for 3h at 160-1800C (An exposure of 1600C dry heat for 2h is regarded as
equivalent to moist heat (steam) sterilization at 1210C for 15 min). Dry good
(instruments, empty glassware) can either be warpped in aluminum foil, brown
paper or sealed metal containers to maintain sterility.
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Disadvantages of dry heat sterilization are poor circulation of air and slow
penetration of heat. Therefore. Sterilization by autoclaving is always
recommended.
Ultra Violet Sterilization
Sterilization of nutrient media by irradiation (via gamma rays) is not ever used for
tissue culture media preparation because it is extremely expensive as compared to
the usual method of autoclaving. The disposable plastic wares are generally UVradiation sterilized. The sterilized autoclaved media are then dispensed into these
sterilized containers in the laminar airflow cabinet. Radiation treatment is generally
not used in research laboratories. Also UV irradiation may generate PCR inhibitors
and ruin plasticware and pipettes.
Maintenance of Aseptic Conditions
The following procedures/techniques are employed during aseptic transfer.
Alcohol Sterilization
It is essential that worker’s hands should be relatively aseptic during manipulation
work. A wash with an antibacterial detergent followed by spraying of 70% ethanol
on hands is quite effective. The laminar airflow cabinets should also be sprayed
with 70% ethanol before use.
Flame sterilization
This method is used for sterilization of instruments that are continuously used
during manipulation work. Instruments are soaked in 70-80% alcohol followed by
flaming on a burner in the laminar airflow hood, which should be carried out
repeatedly while aseptic manipulation work is in progress. This is essential even if
instruments have been subjected to prior dry or steam sterilization. Culture
containers should be covered as quickly as possible after an operational step is
completed.
Talking in the hood should be avoided. If necessary, turn your face either left or
right, but the hands should remain inside the cabinet.
Set up all materials including containers, media, etc. in one side of the cabinet. It
should not disturb the airflow pattern. Material should not come in the path of
transfer work to be carried out in the cabinet.
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Sterilization of Explant
Chemical Sterilization
Plant material can be surface sterilized by a variety of chemicals. It is the
eradication of microorganisms with the aid of chemicals. The type and
concentration of chemical sterilant to be used and exposure time must be decided
upon empirically. Some of the commonly used chemical sterilants and their
effectiveness is shown in a comparative form in table. It is frequently seen that
over sterilization leads not only to the complete removal of all microorganisms but
is also lethal to the plant tissue. It is therefore important to determine the optimal
conditions for each tissue.
1. Sodium hypochlorite (NaClO) (1% solution), commercial bleach: It is
generally available with 5% active chlorine content, so 20% can be used or
normal sterilization.
2. Calcium hypochlorite Ca(CIO)2: It is in a powder form. It is mixed well with
water, allowed to settle and the clarified filtered supernatant solution is used for
sterilization. Generally, 4-10g/100ml of Ca(CIO)2 is used. Calcium
hypochlorite enters the plant tissue slowly as compared to sodium hypochlorite.
It can be stored only for a limited period of time because of deliquescent (takes
up water) nature.
3.
bromine water (1% solution).
4. Mercuric chloride (0.01 to 1% solution): It is dissolved in water to make the
solution. Mercuric chloride is an extremely toxic substance for plants, so
rinsing must be very thorough. It should b disposed off in a separately marked
container.
5. Alcohol: 70% alcohol is used for sterilization of plant material by dipping them
for 30 sec to 2min. Generally, alcohol treatment is treated with another
chemical sterilant.
6. Hydrogen peroxide (10%)
7. Silver nitrate (1% solution)
8. Antibiotic (4-50 mg/I solution)
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Protocols
Sterilization of Seeds
1. Take seeds in a tea strainer/nylon net pouch/muslin cloth and wahed in running
tap water. If seeds are highly infected then first wash them in a beaker with few
drops of liquid detergent.
2. After washing, seeds are treated with 70% alcohol (for 30 sec to 2 min) in a
beaker. The alcohol is then decanted.
3. Then treat seeds with 20-40% solution of sodium hypochlorite solution
(preferably 40%) containing 2-3 drops of Tween 20 for 10-20 min with stirring.
Alternatively, treat the seeds with 0.1 to 1% solution of mercuric chloride for 210 min or treat the seeds with 4-10% saturated solution of calcium hypochlorite
for 10-20 min.
4. In a sterile laminar airflow hood, decant the chemical sterilant and wash the
seeds thoroughly with sterile distilled water.
Sterilization of Buds, Leaf, Stem, roots, Tubers, Scales, etc.
1. Treat the tissue with 70% alcohol (for 30 sec to 2 min) in by submerging in it.
Tubers, roots and bulbs should be thoroughly washed in detergent and running
tap water before alcohol treatment.
2. Tissue is then treated with 20% sodium hypochlority solution (1% active
chlorine content) for 5-10 minutes. Concentration and time can be varied
depending upon the tissue and degree of contamination.
3. In a sterile laminar airflow hood, decant the chemical sterilant and wash the
tissue thoroughly with sterile distilled water.
Sterilization of the Tissue, Immature embryos, Ovules and Flower Buds for
Anther Culture
1.

2.

The whole enclosing tissue is surface sterilized, e.g. ovary, developing
seeds of wheat/barley/maize/rice etc. for immature embryos flower buds for
anther culture.
Tissue is submerged in 20% sodium hypochlorite solution containing 2-3
drops of Tween 20 for 5-10 min with stiring.
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3.
4.

In a sterile laminar airflow hood, decant the chemical sterilant and wash the
tissue thoroughly with sterile distilled water.
Dissect-out/excise the required explants.

19.6 Organ Culture
Objective: Demonstration of organ culture
Young leaf, node, internodes, hypocotyls, epicotyls, embryo & Immature embryo
etc. can be used as explants for organ culture
Experimental Outline
(1) Cut young leaves, internodes, nodes, epicotyls.
(2) Surface sterilize with detergent.
(3) Surface sterilize with HgCl2 (3-5 min).
(4) Thorough washing with sterilized water 3 – 4 times
(4) Inoculate in MS medium.
Materials required
(1) Plant material: young leaves, internodes, nodes and hypocotyls etc.
(2) MS basal medium
(3) IAA, and 2,4-D.
(4) 5% teepol or any detergent & 0.05% mercuric chloride (HgCl2).
(5) Scalpel. & Forceps.
(6) Disposable petridishes (commercially sterilized) or tissue culture bottles.
(7) Laminar flow chamber
Pre-lab Preparation
(1) Prepare MS medium supplemented with different growth hormones.
(2) Surface sterilize the explants properly with detergent, sterilant and wash
with running tap water and lastly wash with double distilled water.
Method
(1)

Cut young leaves collected from the field in to small pieces using a
razor/blade or scalpel or collect other explants.
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(2)
(3)
(4)
(5)
(6)

Wash the leaves /explants first with 5% teepol, constantly shake the
container for 3-4 minutes.
Wash thoroughly with running tap water.
Surface sterilize with 0.05% HgCl2 for 3-5 minutes.
Rinse them with sterile distilled water.
Put all the pieces of explants in a sterile petridish and inoculate into MS
medium supplemented with different hormones.

Result
Auxin (NAA and 2,4-D) induces callus from the explants, low level NAA induces
root and high level 2,4-D induces callus formation. Auxin (IAA) in combination
with a cytokinin BA induces shoot. IAA and BA is good for shoot induction and
maximum number of shoots produced at on IAA in combination with BA.
Wash approximately 50 mm tall plantlets with tap water and transfer it into small
pot containing autoclaved potting. Compost cover each plantlet with a glass beaker
to prevent desiccation and maintain the plants in a humid green house. After one
week remove the beaker and transfer to a large pot.
Objective: Demonstration of Anther Culture
Materials
Flower bud of Nicotiana tobacum (for example), scalpel, forceps, dissecting
needles, petridishes, pipettes, double distilled water, culture tube, MS medium
supplemented with sucrose (2% w/v) and agar (0.6 – 0.8% ethanol, 70% ethanol,
spirit lamp, microscope, microscope slides and coverslips, acetocarmine stain,
refrigeration unit (7-80C), growth chamber (light intensity with 300 and 5000 lux),
colchicines (0.5% w/v), parafilm (one roll).
Experimental Outline
Surface sterilize bud (for 10 min). Carryout acetocarmine Squash to determine
Stages of pollen Development
Dissect out anthers Remove filaments  Culture the anther lobes on solid
medium/liquid medium  Embryoids develop  Haploid plant
345

Pre-lab Preparations
First of all flower buds are collected. This time usually length of corolla is 21-23
mm. It is considered, at this stage pollen have completed the first mitosis. Flower
buds should be prechilled at 7-8 0C for 12 days prior to culture. The flower buds
are collected. should have corolla length of 21-23 mm (at that stage the pollen have
completed the first mitosis) should be pre-chilled approximately 12 days (7-80C)
prior to culture.
Method.
(1) Select the flower buds and prechill it for 12 days at 7-80C.
(2) Surface sterilize the buds with 10% sodium hypochlorite and 5% teepol for
10mm.
(3) Wash the bud again with sterile double distilled H2O).
(4) With the help of forceps and dissecting needle tear open the buds and
remove the anthers.
(5) Take one anther of the group and prepare a squash in acetocarmine and
observe it under microscope, the pollen should exhibit the first of pollen
division.
(6) The remaining anthers will also be at the same stage so for these the
filaments are removed and inoculate on medium for culturing at 250C and
keep them in darkness for 2-4 weeks.
Result
(1)
(2)

(3)
(4)

After plantlet formation is initiated light is essential so keep them under
continuous illumination (300 mx) lux.
Separate the plantlets (3 mm in length) with forceps and inoculate in the
medium identical to the anther culture (agar 0.5% w/v) and other
compounds are provided in half strenght.
Now, illuminate the plants to day light region at about 2000 lux with help of
white fluorescent lamps.
Wash approximately 50 mm tall plantlets with tap water and transfer it into
small pot containing autoclaved potting compost. Cover each plantlet with a
glass beaker to prevent desiccation and maintain the plants in a humid
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greenhouse. After one week remove the beaker and transfer to larger pots.
Observe the zygotic embryos through stereomicroscope.

19.7 Preparation of Isolated Protoplasts, Culture and Fusion
Objective: Isolation of protoplasts from onion bulbs
Materials required
Plant material. Red onion, select a firm unblemished bulb.
Petridishes microscope slides with depressions or wells or the container of choice
for digesting the plant tissue, small test tubes.
Microscope. An inverted microscope, generally found in tissue culture lab,
dissecting microscope.
Pre-lab Preparations
Pasteur pipetts and enzyme solution 1.5%, cellulose 1.5%, macerase 0.2%,
pectinase 0.4% M, mannitol 66 mM CaCl2, 40% polythene glycol -pH 6.0.
Solution W10. Solution 10:9 parts solution A: 0.4 M glucose 66 mM CaCl2 10%
glycine – KOH buffer pH 10.5.
Preparation of protoplasts (1 hr.)
Fusion experiment (45 min)
Filter the enzyme solution through a 0.45 m filter (Gelman) before use. The
enzyme solution can be stored frozen for several months without significant loss of
activity.
Method
(1)

(2)

Using a razor blade or scalpel, cut a small square of tissue (about 1 cm)
from one of the layers of a red onion. You will notice on the cut edge that
the tissue is only red on one surface. Slice the tissue again in layer cake
fashion, to expose cells that were buried in the center of the square.
Place the half of your tissue containing both red and white cells face down
in a small pool of enzyme solution. Cover the container in which the tissue
is being digested to prevent the enzyme solution from evaporating. Allow
the enzyme to work for 1 hour. Examine the tissue kept for enzymatic
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(3)

(4)
(5)

(6)

digestion periodically to monitor the release of protoplasts. Agitate the
mixture at short interval gently.
After few hours, remove bits of undigested tissue with forceps. Take two
drop of solution on a slide and see in microscope. Protoplasts are spherical
in a structures. Do not cover them with a coverslip. Examine the slide on
the microscope to see both red and colorless protoplasts. Ensure the
adequate number of protoplast.
Place the slide on the lab bench where it will not be disturbed and allow the
protoplasts to settle onto the glass slide in about 15-20 minutes.
Add one drop of PEG fusion buffer to the protoplasts. Check the slide on
the microscope at this point. One can see the protoplasts clumping together.
Wait for 15 minutes, then carefully remove the liquid from the slide with a
pipette. The protoplasts should remain behind.
Add two drops of solution W 10 to the slide. Examine slide in the
microscope periodically over the next 20 minutes during which fusion may
begin to occur. At the end of this time, if no fusion has occurred, add
several drops of medium to the slide and view again.

Result
Colorless and red protoplasts, fusion products should be present.
Label the following. Plasma memberane, vacuole, nucleus.
The plant material used in the experiment, red onion, was chosen because it is
readily available and produces a good yield of protoplasts within the time of
limitation imposed by a laboratory class.
The other benefit of using red onion for this experiment is that digestion of the red
onion tissue gives a mixed population of cells, red and colorless. This means that
for the fusion experiment, it is not necessary to prepare two different plant tissues.
Protoplasts may be prepared before class and used for fusion experiment alone
during the laboratory period.
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Objective: Demonstration of Culture of Protoplasts
Preparation of culture medium.
Materials required
Tobacco leaf protplasts (for example) macronutrients, micronutrients, iron source,
vitamins, carbohydrate source, growth regulators, culture bottles mannitol, laminar
flow chamber and culture rack fitted with lighting system.
Pre-lab Preparations
Composition of Nagata and Takebe (NT) medium (1971) for protoplast
culture.
Constituents
Amounts in mg/l-1
Macro-nutrients
NH4NO3
KNO3
CaCl2, 2H2O
MgSO4, 7H2O
KH2PO4
Micro-nutrients

825
950
220
1233
680

KI
H3BO3
MnSO4, 4H2O
ZnSO4, 4H2O
Na2MoO4, 5H2O
CuSO4, 5H2O
Iron source

0.83
6.2
22.3
8.6
0.25
0.025

FeSO4 7H2O
Na2EDTA, 2H2O
Vitamins

27.8
37.3

Meso-inositol

100
349

Thiamine HCl
Carbohydrate source

1

Sucrose
Growth substances

1%

-napthalene acetic aid (NAA)
6-Benzylaminopurine (6-BAP)
Plasmolyticum

3
1

Mannitol
pH
for solid medium 1.6% or 0.8% agar is added.

13%-0%
5.8

General method
(1)

The protoplasts density in liquid NT medium* are counted with the help of
haemocytometer. The protoplast density is adjusted to 1x105 to 2x105
protoplast/ml.
(2) Agar solidified (1.6% Difco agar) NT medium is melted.
(3) The tight lid of Falcon plastic petridish (35 mm diameter 5 mm thickness) is
opened and 1.5 ml of protoplast suspension is taken. To this equal aliquot of
melted agar medium is added when it cools down at 370C to 400C.
(4) The lid is quickly replaced tightly and the whole dish is swirled gently to
disperse the protoplast agar medium mixture uniformly throughout the dish.
(5) The medium is allowed to solidify. The petridish is then inverted.
(6) The cultures are subcultured periodically in the same solid medium (0.8%
agar) with gradually reducing mannitol.
Several other methods have been described for the culture of protoplasts,
such as droplet culture, coculture, feeder layer, hanging droplets and
immobilized/bead culture.
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Other Methods
Droplet culture
Suspending protoplasts in liquid culture media are placed on petridishes in the
form of droplet with the help of a micropipette. This method enables the
subsequent microscopic examination of protoplast development. In this method,
cultured protoplast clump together at the centre of droplets.
Coculture
Sometimes a reliable fast growing protoplast is mixed in varying ratio with the less
fast growing protoplast. The mixed protoplasts are plated in solid medium. The fast
growing protoplast presumably provides some growth factors which induces the
growth and development of the desirable protoplasts. This is known as coculture
technique.
Feeder layer techniques
Fast growing protoplasts are sometimes made mitotically blocked protoplast by
low doses of X-ray treatment. Such irradiated protoplasts are plated with agar
medium. Upon this thin solidified layer of irradiated protoplast, desirable
protoplasts are again plated at a low density with agar medium. As a result, it
makes two agar layers containing irradiated protoplast in lower layer and desirable
protoplast in upper layer. The lower irradiated protoplast is known as feeder layer
which improves the growth and development of normal protoplasts even at lower
density (fig.).
The technique of using X-irradiated protoplasts as feeder cells to stimulate growth
of viable protoplasts at low density.
Hanging droplet method
Culture of protoplasts in an inverted liquid droplet (0.25-0.50 m) is known as
hanging droplet method. Each droplet contains very small group of protoplasts. A
number of droplets are generally placed on the inner surface of the lid of a
petridish. Very thin layer of water is generally kept on the lower part of the
petridish to make a humid condition inside the petridish as well as to prevent the
desiccation of the droplets. This technique facilitates to observe the development
of protoplast under microscope. Protoplasts also gets better aeration as they go
down to the hanging surface of the droplets.
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Bead culture
Sometimes protoplast suspension is mixed with several polymer like alginate,
carrageenan etc. as well as melted standard difco agar. Small beads are made by
dripping the mixture into liquid medium. After that, beads in liquid medium are put
on moving shaker. Entrapped protoplasts culture has shown several advantages
over static liquid culture or slowly moving liquid culture where the protoplast
suffers the mechanical breakage. This technique increases.
Objective: Demonstration of Protoplast Fusion
Material required
Tobacco (for example) protoplast from mesophyll tissue, PEG, calcium chloride,
centrifuge, osmoticum sugar, pasture pipette, microscope, cover slip.
Pre-lab preparation: Fusion experiment are performed in continuation with
protoplast isolation experiment.
Method:
(i)

(ii)
(iii)
(iv)

(v)
(vi)

The isolated protoplasts are mixed in a container aseptically with the
enzyme solution. The quantity of the protoplast from two parents should be
in a ratio of 1:1. The suspension is passed through a 6.2mm pore size filter.
The filtrate is collected and kept in a centrifuge tube with screw cap.
The centrifuge tube containing filtrate is centrifuged at 50g for 6 min to
sediment the protoplast.
The supernatant is taken out with a Pasteur pipette.
The remanant portion of the centrifuge tube (i.e. protoplast) is washed with
10ml of solutionI which contains 500m mol 1-1 glucose or sucrose, 0.7m
mol 1-1 KH2PO4, H2O and 3.5 m mol 1-1 CaCl2, 2H2O with pH 5.5 (adjust
with 1 N HCL and 1 M KOH).
The washed protoplasts is resuspended in the same solution and the
suspension is made with 4-5% (v/v) protoplast ml-1.
Now a petridish of size 60 x 15 mm is taken. 2-3 ml drop of silicon 200fluid
(100cs) is kept in the petridish. The solution drop (silicon) is covered with
22 x 22 cm coverslip.
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(vii) From centrifuge tube, washed protoplast suspension is pipetted and 150 ml
of the protoplast are poured on to the coverslip with a Pasteur pipette.
(viii) The protoplast suspension on the coverslip is observed to form a thin layer
after 5 minute.
(ix) After thin layer is formed on the cover slip, 450 l of PEG solution is
added drop by drop on the protoplast suspension. Now observe under
inverted microscope and notice adhesion of protoplast.
(x) Now the protoplastare incubated in the PEG solution for 10-20 min. at room
temperature.
(xi) In next step, solution-II used is which contain (CaCl2, 2H2O 300 mol 1-1
glucose) . Two aliquots of solution II is gently added on the protoplast
culture at 10 min intervals. After another 10 minutes add 1 ml of protoplast
in culture medium.
(xii) Protoplast are washed repeatedly with fresh protoplast culture medium
(10ml) at every 5 min. intervals.
(xiii) In this step the parent protoplasts are distinguishable and the formation of
hererokaryon is observed.
(xiv) The fused and unfused protoplasts are cultured and additional medium is
placed in the form of droplet around coverslip to maintain the humidity
inside the petridish 500-1000.
(xv) All procedures should be done in aseptic condition (After Kao, 1976).

19.8 Glossary





General terms
Explant : A piece of tissue used to initiate tissue culture.
Excise : Cut out (with knife/scalpel etc.) the plant tissue or organ for culture.
Micropropagation : Use of small piece of tissue such as meristem to grow in
culture to produce large number of plants.
 Morphogenesis : The development of a structure from an unorganized state to
a differentiated and organized state.
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 Osmoticum : Agents like PEG, Mannintol, glucose sucrose which maintains
the osmotic potential of a nutrient medium equivalent to that of cultured cells.
 Regeneration : Refers to the development of organized structures like roots,
shoots, shoot buds, buds, somatic embryos etc from cultured cells/tissues.
 Gynogenesis – Formation of any organsed structure like root/shoot from
ovule or egg invitro.
 Tissue culture : The rearing of cells or tissue in an artificial medium under
controlled condition.
 Totipotency : A property of a normal cells that they have the genetic potential
to give rise to a complete individual.
 Totipotent : The ability of a cell to respond according to environmental stimuli
and decide to form differentiated cell types.
 Suspension culture : A culture consisting of cell aggregates initiated by
placing callus tissue or some time seeding in anagitated medium.
 Strain : A genetic Variant of multicellular organism.
 Soma clonalVariation : Var iation that occurs in cell cultures and tissues
which may be genetic / epigenetic.
 Protoplast : Plant cells whose cell wall has been removed and the cell take
the spherical shape then cell is called protoplast/ in other words cell devoid
of cell wall is called Protoplast.
 Organ culture : Culture of an organ in-vitro.
 Callus : A n unorganized mass of plant cells capable lof cell division and
growth in vitro.
 Caulogenesis : Shoot induction from callus
 Aseptic : Free from all micro-organism.
 Auxins = A class of plant growth regulators that stimulate cell division, cell
elongation apical dominance, root t initiation e.g. 2, 4-D, IAA, IBA, NAA
 Clonal propagation: Vegetative propagation of plants considered to be
physiologically or genetically uniform which originated from a single
individual or explants is called clonal propagation.
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 Embryoid : Embryo like structure produced as a result of differentiation
process such as embryogenesis and androgenesis.
 Somatic Embryogenesis : process of development of embryo from a somatic
cell.
 Explant : The tissue taken from a plant or seed and transferred to a cultured
medium to establish a tissue culture system or regenerate a plant.

19.9 Viva-voce
1. What do you understand by totipotency?
2. Mention name of some osmoticum.
3. What is an explants?
4. What is a strain?
5. What is protoplast?
6. Define callus.
7. Name any 2 Auxins.
8. Define somatic Embryogenesis.
9. What do you mean by clonal propagation?
10. Define somaclonal variation.
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Unit - 20
Techniques of Genetic Engineering in Plants-I
Structure of the Unit:
20.0 Objectives
20.1 Introduction
20.2 Electrophoretic Analysis of Restriction Fragments
20.3 Making DNA Visible
20.4 Restriction Digestion of DNA
20.5 Restriction Endonuclease Digestion of a Plasmid
20.6 Blotting Techniques
20.6.1 Southern Blot
20.6.2 Northern Blot
20.6.3 Western Blot
20.7 Ploymerase Chain Reaction (PCR)
20.8 Random Amplified Polymorphic DNA (RAPD)
20.9 Viva-Voce
20.10 Reference

20.0 Objectives
After going through this unit you will be able to understand:
 Digestion of Genomic DNA
 Digestion of Plasmid
 Polymerase Chain Reaction
 Blotting Techniques
 RADP analysis
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20.1 Introduction
Restriction endonucleases are enzymes that cleave the sugar-phosphate backbone
of DNA strands. The vast majority of these enzymes have been isolated from
bacteria, where they carry out a host-defense function for the cell. These enzymes
recognize a specific DNA base sequence and cleave both strands of a doublestranded DNA molecule at or near the recognition site. All restriction enzymes fall
into one of three classes, based upon their molecular structure and need for specific
co-factors. Class I endonucleases have a molecular weight around 300,000 daltons,
are composed of non-identical sub-units, and require Mg2+, ATP (adenosine
triphosphate), and SAM (S-adenosyl-methionine) as cofactors for activity. Class II
enzymes are much smaller, with molecular weights in the range of 20,000 to
100,000 daltons. They have identical sub-units and require only Mg2+ as a cofactor.
The Class III enzyme is a large molecule, with a molecular weight of around
200,000 Daltons, composed of non-identical sub-units. These enzymes differ from
enzymes of the other two classes in that they require both Mg2+ and ATP but not
SAM as co-factors. Class III endonucleases are the rarest of the three types.

20.2 Electrophoretic Analysis of Restriction Fragments
A restriction enzyme acts like molecular scissors, making cuts at the specific
sequence of base pairs that it recognizes. The three-dimensional structure or shape
of a restriction enzyme allows it to fit perfectly in the groove formed by the two
strands of a DNA molecule. When attached to the DNA, the enzyme slides along
the double helix until it recognizes a specific sequence of base pairs which signals
the enzyme to stop sliding. The enzyme then chemically separates, or cuts, the
DNA molecule at that site-called a restriction site.
If a specific restriction site occurs in more than one location on a DNA molecule, a
restriction enzyme will make a cut at each of those sites, resulting in multiple
fragments of DNA. Therefore, if a given piece of linear DNA is cut with a
restriction enzyme whose specific recognition sequence is found at five different
locations on the DNA molecule, the result will be six fragments of different
lengths. The length of each fragment will depend upon the location of restriction
sites on the DNA molecule.
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A DNA fragment that has been cut with restriction enzymes can be separated using
a process known as agarose gel electrophoresis. The term electrophoresis means to
carry with electricity. Agarose gel electrophoresis separates DNA fragments by
size. DNA fragments are loaded into an agarose gel slab, which is placed into a
chamber filled with a conductive buffer solution. A direct current is passed
between wire electrodes at each end of the chamber. Since DNA fragments are
negatively charged, they will be drawn toward the positive pole (anode) when
placed in an electric field. The matrix of the agarose gel acts as a molecular sieve
through which smaller DNA fragments can move more easily than larger ones.
Therefore, the rate at which a DNA fragment migrates through the gel is inversely
proportional to its size in base pairs. Over a period of time, smaller DNA
fragments will travel farther than larger ones. Fragments of the same size stay
together and migrate in single bands of DNA. These bands will be seen in the gel
after the DNA is stained. An analogous situation is one where all the desks and
chairs in the classroom have been randomly pushed together. An individual student
can wind his/her way through the maze quickly and with little difficulty, whereas a
string of four students would require more time and have difficulty working their
way through the maze.

20.3 Making DNA Visible
Procedure
DNA is colourless so DNA fragments in the gel cannot be seen during
electrophoresis. A loading dye containing two blue dyes is added to the DNA
solution. The loading dye does not stain the DNA itself but makes it easier to load
the gels and monitor the progress of the DNA electrophoresis. The dye fronts
migrate toward the positive end of the gel, just like the DNA fragments. The
“faster” dye comigrates with DNA fragments of approximately 500 bp, while the
“slower” dye comigrates with DNA fragments approximately 5 kb in size. Staining
the DNA pinpoints its location on the gel. When the gel is immersed in Fast Blast
DNA stain, the stain molecules attach to the DNA trapped in the agarose gel.
When the bands are visible, your students can compare the DNA restriction
patterns of the different samples of DNA.
The band patterns that will be obtained by your students following electrophoresis
of DNA samples that have been digested using three different restriction digestion
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enzymes are shown in Figure 2. By convention, the lanes are numbered from the
top left. Notice that each restriction enzyme produces a unique banding pattern in
each lane. The relative size of fragments in each band can be determined by
measuring how far each band has travelled from its origin. Since the fragment sizes
are known for the HindIII lambda digest, this sample will function as a DNA
standard or marker.
1
2
3
4
5

Figure-20.1 : Electrophoresis of DNA by Different Restriction Enzymes

20.4 Restriction Digestion of DNA
Restriction enzymes such as EcoRIrecognize specific sequences of DNA and
cleave the phosphodiester bond on each strand at that sequence. After digestion
with a restriction enzyme, the resulting DNA fragments can be separated by
agarose gel electrophoresis, and their corresponding sizes can be estimated. In this
experiment, we will perform a restriction digest using the restriction enzyme EcoRI
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on λ-phage DNA that has already been digested by the enzyme HindIII. (Please
see the attached sequence site sheet for exact fragment lengths)
The recognition site of EcoRIis:
5’…G’AATTC…3’
3’…C’TTAAG…5’
Materials
 λ-DNA/HindIIIsolution (5 μl = 2.5 μg)
 EcoRIenzyme (0.5 μl = 10 units)
 10X EcoRIbuffer (5 μl)
 DD-H2O (double-distilled)
 37ºC incubator
 65ºC bath
 Micropipettes and tips
 Gel dish
 6X loading dye
 1X TAE Buffer
 1X TAE-agarose gel
 100 bp dyed DNA ladder
Procedure
In a one ml centrifuge tube add the following components in this order:
5 μl λ-phase DNA/HindIII
5 μl 10X EcoRI buffer
39.5 μl DD-H2O
0.5 μl EcoRIenzyme
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Mix the final solution with the pipette tip. Do not vortex as this will rip the
DNA.Spin down the tube in the micro-centrifuge to ensure all liquid is at the
bottom.
Place the tube in the 37º C bath for about 2 hours to facilitate digestion.
Meanwhile, clean the gel dish with ethanol and DI water. Heat the agarose gel to
about 65 ºC to liquefy, and pour about 35ml (1/3 full) into the sealed gel tray
ensuring there are no bubbles in the liquid (ask for help here). Make sure the lane
comb is properly in place before pouring the gel. Allow about 25 minutes for the
gel to cool and solidify. Once fully solidified, remove the lane comb, and rotate the
gel tray 90 degrees so that the gel wells are exposed to the negative terminal
reservoir. Fill each of the reservoirs with 1X TAE buffer until the gel is submerged
with about 1mm of buffer. Set the power supply to 60VDC and 120 minutes, but
do not start it yet.
About now your digestion should be complete. Place the centrifuge tube into the
65ºC bath for about 5 minutes. This effectively destroys the enzymes and stops
digestion. Remove the centrifuge tube from the bath and let it cool for a few
minutes. Place 10 μl of 6X loading dye in the centrifuge tube and stir gently with
the pipette tip. You are now ready to start the gel.
Pick someone in your group with a steady hand to place about 15 μl of your digest
in the first lane of the gel, 15 μl of the dyed 100bp ladder solution in the third lane,
and 15 μl of the dyed λ-phage DNA/HindIIIsolution in the fifth lane. Secure the
electrophoretic lid, and start the power supply. Be careful not to shake or jostle the
gel. Within a few minutes you should be able to see the loading dye moving in the
gel. When the 120 minutes is up, the power supply will automatically turn off.
Carefully remove the gel tray and gel from the TAE buffer solution and place it in
the Ethidium Bromide staining bath for approximately 8 minutes. Make sure to
thoroughly rinse the gel tray and spatula after contact with the Ethidium Bromide.
Next rinse the gel in the water bath for 20 minutes.
Precautions
Ethidium bromide is a dangerous mutagen and carcinogen, do not splash or spill it.
You must wear nitrile gloves, safety glasses and a lab coat during this step.
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Figure-20.2 : Restriction Digestion of DNA by HindIII& EcoRI

20.5 Restriction Endonuclease Digestion of a Plasmid
The plasmid cloning vector, pBR325, carries genes coding resistance to the
antibiotics tetracycline, ampicillin and chloramphenicol. Unique restriction sites
are located in each antibiotic resistance gene, for example, PstI in ampicillin,
BamHI in tetracycline and EcoRI in chloramphenicol and at other positions around
the plasmid, e.g., HindIII which is located in the promoter for the tetracycline
resistance gene. The location of unique restriction sites at various positions around
the plasmid permits the formation of easily visualized and well separated
restriction fragments. Thus, this vector is well suited for use in instructional
restriction analysis protocols. Using this vector also introduces the student to the
structure and utilization of the widely utilized plasmid cloning vector pBR322 and
its derivatives. Students digest pBR325 with HindIII and PstI, perform agarose gel
electrophoresis, and estimate the fragment sizes from a standard curve generated
from a λHindIII digest. In this exercise, this plot includes the 23,130 base pair (bp)
λ fragment to illustrate the limited resolution range of agarose gels and the
necessity of having points on the standard curve bracket the experimental
measurements.
Materials
Restriction enzymes, restriction buffers, and λ DNA; pBR325. Plasmid DNA was
resuspended in sterile TE buffer to 0.1 μg/μL, and λ DNA to 0.4 μg/μL.
Electrophoresis reagents (agarose, loading dye, Tris-Borate-EDTA (TBE) buffer,
ethidium bromide solution) and Tris-EDTA buffer. Tris-EDTA (TE) is 10mM
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Tris-HCl (pH 8.0), 1mM EDTA (pH 8.0); 5X TBE stock solution is 54 g Tris base,
27.5 g boric acid, 20 ml 0.5 M EDTA (pH8.0); loading dye is 0.25% bromophenol
blue, 0,25% xylene cyanol FF, 40% (w/v) sucrose in water.
Procedure
First added all reagents as listed in Table 1 to digest plasmid (0.5 μg) with HindIII
and PstI in both single and double digests. A HindIII digest of λ DNA (2 μg) was
also performed to provide molecular weight standards on the agarose gel. After
incubation for 1 hour at 37°C, samples were heated to 60°C for 3 minutes to melt
the λ cohesive ends before loading on a 0.8% agarose gel and performing
electrophoresis at 80-100 volts for approximately 1 hour until the dye front was 1-2
cm from the end of the gel. If the experiment could not be completed in one
laboratory session, samples were frozen after the restriction digestion and the 60°C
incubation and electrophoresis was performed during a second session. The
technician stained the gels in 1 μg/mL ethidium bromide for at least 1 hour and
rinsed with water before viewing on an ultraviolet emitting trans illuminator. The
gels were photographed with Polaroid 667 film. The fragment migration distances
were measured on an 8 X 11 inch print of the digitized photograph or alternatively,
an expanded copy, or the Polaroid print itself.
The double digest each cleave pBR325 only once and at different sites on the
plasmid. Most undigested plasmid migrates closer to the wells than the linear
pBR325 in the single digest lanes, confirming that both restriction enzymes
cleaved pBR325 and emphasizing the need to compare like conformations in size
determinations
Table-20.1 Restriction Reaction Mixers
Tube Water

Buffer

DNA

1.

10 μL

4 μL 5X HindIII buffer

5 μL λ

2.

10 μL

4 μL 5X PstI buffer

5 μL plasmid
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Enzyme
1 μL
HindIII
1 μL PstI

3.

9 μL

4 μL 5X HindIII buffer

5 μL plasmid

1 μL PstI
and 1 μL
HindIII

4.

10 μL

4 μL 5X HindIII buffer

5 μL plasmid

1 μL
HindIII

5.

11 μL

4 μL 5X HindIII buffer

5 μL plasmid

---------

.

Figure-20.3 : Electrophoresis of Digested Plasmid
Precautions
Students were carefully supervised when they started the electrophoresis to prevent
any safety hazards. Staining was with 1 μg/mL ethidium bromide which is a
mutagen and suspect carcinogen. Therefore, to minimize risk, students were not
allowed to handle the staining solution, aerosols were avoided, and a 5 mg/mL
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stock solution was purchased, not a powder. Ethidium bromide solution was
chemically inactivated before disposal or collected on commercially available
filters which were discarded with hazardous waste. To protect the retina and skin
from shorter wavelength ultraviolet light, an ultraviolet absorbing shield was
always used when viewing gels.

20.6 Blotting Techniques
Blotting is the technique in which nucleic acids or proteins are immobilized onto a
solid support generally nylon or nitrocellulose membranes. Blotting of nucleic acid
is the central technique for hybridization studies. Nucleic acid labelling and
hybridization on membranes have formed the basis for a range of experimental
techniques involving understanding of gene expression, organization, etc.
Identifying and measuring specific proteins in complex biological mixtures, such
as blood, have long been important goals in scientific and diagnostic practice.
More recently the identification of abnormal genes in genomic DNA has become
increasingly important in clinical research and genetic counselling. Blotting
techniques are used to identify unique proteins and nucleic acid sequences. They
have been developed to be highly specific and sensitive and have become
important tools in both molecular biology and clinical research.
General Principle
The blotting methods are fairly simple and usually consist of four separate steps:
electrophoretic separation of protein or of nucleic acid fragments in the sample;
transfer to and immobilization on paper support; binding of analytical probe to
target molecule on paper; and visualization of bound probe. Molecules in a sample
are first separated by electrophoresis and then transferred on to an easily handled
support medium or membrane. This immobilizes the protein or DNA fragments,
provides a faithful replica of the original separation, and facilitates subsequent
biochemical analysis. After being transferred to the support medium the
immobilized protein or nucleic acid fragment is localized by the use of probes,
such as antibodies or DNA, that specifically bind to the molecule of interest.
Finally, the position of the probe that is bound to the immobilized target molecule
is visualized usually by autoradiography. Three main blotting techniques have been
developed and are commonly called Southern, northern and western blotting.
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20.6.1 Southern Blot
Southern blot is a method used to check for the presence of a DNA sequence in a
DNA sample. The method is named after its inventor, the British biologist Edwin
Southern. The procedure for Southern blot technique is as detailed below:
Procedure
Restriction endonucleases are used to cut high-molecular-weight DNA strands into
smaller fragments, which are then electrophoresed on an agarose gel to separate
them by size. If the DNA fragments are larger than 15 kb, then prior to blotting, the
gel may be treated with an acid, such as dilute HCl, which depurinates the DNA
fragments, breaking the DNA into smaller pieces, thus allowing more efficient
transfer from the gel to membrane.If alkaline transfer methods are used, the DNA
gel is placed into an alkaline solution (containing NaOH) to denature the doublestranded DNA. The denaturation in an alkaline environment may improve binding
of the negatively charged DNA to a positively charged membrane, separating it
into single DNA strands for later hybridization to the probe and destroys any
residual RNA that may still be present in the DNA.
A sheet of nitrocellulose (or nylon) membrane is placed on top of (or below,
depending on the direction of the transfer) the gel. Pressure is applied evenly to the
gel (either using suction, or by placing a stack of paper towels and a weight on top
of the membrane and gel), to ensure good and even contact between gel and
membrane. Buffer transfer by capillary action from a region of high water potential
to a region of low water potential (usually filter paper and paper tissues) is used to
move the DNA from the gel on to the membrane; ion exchange interactions bind
the DNA to the membrane due to the negative charge of the DNA and positive
charge of the membrane.
The membrane is then baked in a vacuum or regular oven at 80°C for 2 hours or
exposed to ultraviolet radiation (nylon membrane) to permanently attach the
transferred DNA to the membrane.
The membrane is then exposed to a hybridization probe-a single DNA fragment
with a specific sequence whose presence in the target DNA is to be determined.
The probe DNA is labelled so that it can be detected, usually by incorporating
radioactivity or tagging the molecule with a fluorescent or chromogenic dye.
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After hybridization, excess probe is washed from the membrane and the pattern of
hybridization is visualized on X-ray film by autoradiography in the case of a
radioactive or fluorescent probe, or by development of colour on the membrane if a
chromogenic detection method is used.

Fig. 20.4 : Procedure of Southern Blotting
Hybridization of the probe to a specific DNA fragment on the filter membrane
indicates that this fragment contains DNA sequence that is complementary to the
probe. The transfer step of the DNA from the electrophoresis gel to a membrane
permits easy binding of the labelled hybridization probe to the size-fractionated
DNA. Southern blots performed with restriction enzyme-digested genomic DNA
may be used to determine the number of sequences (e.g., gene copies) in a genome.
A probe that hybridizes only to a single DNA segment that has not been cut by the
restriction enzyme will produce a single band on a Southern blot, whereas multiple
bands will likely be observed when the probe hybridizes to several highly similar
sequences (e.g., those that may be the result of sequence duplication). Modification
of the hybridization conditions (ie, increasing the hybridization temperature or
decreasing salt concentration) may be used to increase specificity and decrease
hybridization of the probe to sequences that are less than 100% similar.
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20.6.2 Northern Blot
The northern blottechnique is used to study gene expression by detection of RNA
(or isolated mRNA) in a sample. With northern blotting it is possible to observe
cellular control over structure and function by determining the particular gene
expression levels during differentiation, morphogenesis, as well as abnormal or
diseased conditions. This technique was developed in 1977 by James Alwine,
David Kemp and George Stark at Stanford University. Northern blotting takes its
name from its similarity to the first blotting technique, the Southern blot. The
major difference is that RNA, rather than DNA, is analyzed in the northern blot.

Fig. 20.5: Procedure of Northern Blotting
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Procedure
The blotting procedure starts with extraction of total RNA from a homogenized
tissue sample. The mRNA can then be isolated through the use of oligo (dT)
cellulose chromatography to maintain only those RNAs with a poly (A) tail. RNA
samples are then separated by gel electrophoresis. A nylon membrane with a
positive charge is the most effective for use in northern blotting since the
negatively charged nucleic acids have a high affinity for them. The transfer buffer
used for the blotting usually contains formamide because it lowers the annealing
temperature of the probe-RNA interaction preventing RNA degradation by high
temperatures. Once the RNA has been transferred to the membrane it is
immobilized through covalent linkage to the membrane by UV light or heat. After
a probe has been labeled, it is hybridized to the RNA on the membrane. The
membrane is washed to ensure that the probe has bound specifically. The hybrid
signals are then detected by X-ray film and can be quantified by densitometry.
Reverse Northern Blot
A variant of the procedure known as the reverse northern blot is occasionally used.
In this procedure, the substrate nucleic acid (that is affixed to the membrane) is a
collection of isolated DNA fragments, and the probe is RNA extracted from a
tissue and radioactively labelled. The use of DNA microarrays that have come into
widespread use in the late 1990s and early 2000s is more akin to the reverse
procedure, in that they involve the use of isolated DNA fragments affixed to a
substrate, and hybridization with a probe made from cellular RNA. Thus the
reverse procedure, though originally uncommon, enabled northern analysis to
evolve into gene expression profiling, in which many (possibly all) of the genes in
an organism may have their expression monitored.
20.6.3 Western Blot
The western blot (alternatively, immunoblot) is used to detect specific proteins in a
given sample of tissue homogenate or extract. The method originated from the
laboratory of George Stark at Stanford. The name western blotwas given to the
technique by W. Neal Burnette.
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Procedure
Tissue preparation
Samples may be taken from whole tissue or from cell culture. In most cases, solid
tissues are first broken down mechanically using a blender (for larger sample
volumes), homogenizer (smaller volumes) or sonication. Assorted detergents, salts
and buffers may be employed to encourage lysis of cells and to solubilize proteins.
Protease and phosphatase inhibitors are often added to prevent the digestion of the
sample by its own enzymes. Tissue preparation is often done at cold temperatures
to avoid protein denaturing. A combination of biochemical and mechanical
techniques, including various types of filtration and centrifugation can be used to
separate different cell compartments and organelles.
Gel electrophoresis
The proteins of the sample are separated using gel electrophoresis. Separation of
proteins may be by isoelectric point (pI), molecular weight, electric charge or a
combination of these factors. SDS-PAGE (SDS polyacrylamide gel
electrophoresis) maintains polypeptides in a denatured state once they have been
treated with strong reducing agents to remove secondary and tertiary structure and
thus allows separation of proteins by their molecular weight. Sampled proteins
become covered in the negatively charged SDS and move to the positively charged
electrode through the acrylamide mesh of the gel. Smaller proteins migrate faster
through this mesh and the proteins are thus separated according to size. The
concentration of acrylamide determines the resolution of the gel - the greater the
acrylamide concentration the better the resolution of lower molecular weight
proteins. The lower the acrylamide concentration the better the resolution of higher
molecular weight proteins. Proteins travel only in one dimension along the gel for
most blots.
Samples are loaded into wells in the gel. One lane is usually reserved for a marker
or ladder, a commercially available mixture of proteins having defined molecular
weights, typically stained so as to form visible, coloured bands. When voltage is
applied along the gel, proteins migrate into it at different speeds. These different
rates of advancement separate into bands within each lane. It is also possible to use
a two-dimensional (2-D) gel which spreads the proteins from a single sample out in
two dimensions. Proteins are separated according to isoelectric point (pH at which
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they have neutral net charge) in the first dimension, and according to their
molecular weight in the second dimension.
Transfer
In order to make the proteins accessible to antibody detection, they are moved
from within the gel onto a nitrocellulose or polyvinylidene difluoride (PVDF)
membrane similar to Southern blot DNA transfer. Another method for transferring
the proteins is called electro blotting and uses an electric current to pull proteins
from the gel into the PVDF or nitrocellulose membrane. The proteins move from
within the gel onto the membrane while maintaining the organization they had
within the gel. As a result of this "blotting" process, the proteins are exposed on a
thin surface layer for detection. Protein binding is based upon hydrophobic
interactions, as well as charged interactions between the membrane and protein.
Nitrocellulose membranes are cheaper than PVDF, but are far more fragile and do
not stand up well to repeated probings.
The uniformity and overall effectiveness of transfer of protein from the gel to the
membrane can be checked by staining the membrane with Coomassie or Ponceau S
dyes. Ponceau S is the more common of the two, due to Ponceau S's higher
sensitivity and its water solubility makes it easier to subsequently destain and
probe the membrane.
Blocking
Since the membrane has been chosen for its ability to bind protein and both
antibodies and the target are proteins, steps must be taken to prevent interactions
between the membrane and the antibody used for detection of the target protein.
Blocking of non-specific binding is achieved by placing the membrane in a dilute
solution of protein - typically Bovine serum albumin (BSA) or non-fat dry milk
(both are inexpensive), with a minute percentage of detergent such as Tween 20.
The protein in the dilute solution attaches to the membrane in all places where the
target proteins have not attached. Thus, when the antibody is added, there is no
room on the membrane for it to attach other than on the binding sites of the
specific target protein. This reduces "noise" in the final product of the Western
blot, leading to clearer results, and eliminates false positives.
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Detection
During the detection process the membrane is "probed" for the protein of interest
with a modified antibody which is linked to a reporter enzyme, which when
exposed to an appropriate substrate drives a colourimetric reaction and produces a
colour. For a variety of reasons, this traditionally takes place in a two-step process,
although there are now one-step detection methods available for certain
applications.
Two step
 Primary antibody
Antibodies are generated when a host species or immune cell culture is exposed to
the protein of interest. Normally, this is part of the immune response; whereas here
they are harvested and used as sensitive and specific detection tools that bind the
protein directly. After blocking, a dilute solution of primary antibody (generally
between 0.5 and 5 micrograms/ml) is incubated with the membrane under gentle
agitation. Typically, the solution is composed of buffered saline solution with a
small percentage of detergent, and sometimes with powdered milk or BSA. The
antibody solution and the membrane can be sealed and incubated together for
anywhere from 30 minutes to overnight. It can also be incubated at different
temperatures, with warmer temperatures being associated with more binding, both
specific (to the target protein, the "signal") and non-specific ("noise").
 Secondary antibody
After rinsing the membrane to remove unbound primary antibody, the membrane is
exposed to another antibody, directed at a species-specific portion of the primary
antibody. This is known as a secondary antibody, and due to its targeting
properties, tends to be referred to as "antimouse," "anti-goat," etc. Antibodies come
from animal sources (or animal sourced hybridoma cultures); an anti-mouse
secondary will bind to just about any mouse-sourced primary antibody.
This allows some cost savings by allowing an entire lab to share a single source of
mass produced antibody, and provides far more consistent results. The secondary
antibody is usually linked to biotin or to a reporter enzyme such as alkaline
phosphatase or horseradish peroxidase. This means that several secondary
antibodies will bind to one primary antibody and enhance the signal.
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Most commonly, a horseradish peroxidase-linked secondary is used in conjunction
with a chemiluminescent agent, and the reaction product produces luminescence in
proportion to the amount of protein. A sensitive sheet of photographic film is
placed against the membrane, and exposure to the light from the reaction creates an
image of the antibodies bound to the blot. A cheaper but less sensitive approach
utilizes a 4-chloronaphthol stain with 1% hydrogen peroxide; reaction of peroxide
radicals with 4-chloronaphthol produces a dark brown stain that can be
photographed without using specialized photographic film.
As with the ELISPOT and ELISA procedures, the enzyme can be provided with a
substrate molecule that will be converted by the enzyme to a colored reaction
product that will be visible on the membrane (see the figure below with blue
bands).
A third alternative is to use a radioactive label rather than an enzyme coupled to
the secondary antibody, such as labeling an antibody-binding protein like
Staphylococcus Protein A with a radioactive isotope of iodine. Since other methods
are safer, quicker and cheaper this method is now rarely used.

Fig. 20.6 : Procedure of Western Blotting
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Fig. 20.7 : Detection in Western Blotting

20.7 Ploymerase Chain Reaction (PCR)
Sometimes called "molecular photocopying (also known as People Choice
Reaction)," the polymerase chain reaction (PCR) is a fast and inexpensive
technique used to "amplify" - copy - small segments of DNA. Because significant
amounts of a sample of DNA are necessary for molecular and genetic analyses,
studies of isolated pieces of DNA are nearly impossible without PCR
amplification. PCRis a revolutionary method developed by Kary Mullis in the
1980s. PCR is based on using the ability of DNA polymeraseto synthesize new
strand of DNA complementary to the offered template strand. Because DNA
polymerase can add a nucleotide only onto a preexisting 3'-OH group, it needs
a primer to which it can add the first nucleotide. This requirement makes it
possible to delineate a specific region of template sequence that the researcher
wants to amplify. At the end of the PCR reaction, the specific sequence will be
accumulated in billions of copies.

375

Fig. 20.8 : Typical PCR Machine
Material for PCR
DNA template
The sample DNA that contains the target sequence. At the beginning of the
reaction, high temperature is applied to the original double-stranded DNA
molecule to separate the strands from each other.
DNA polymerase
A type of enzyme that synthesizes new strands of DNA complementary to the
target sequence. The first and most commonly used of these enzymes is Taq DNA
polymerase (from Thermis aquaticus), whereas Pfu DNA polymerase
(from Pyrococcus furiosus) is used widely because of its higher fidelity when
copying DNA. Although these enzymes are subtly different, they both have two
capabilities that make them suitable for PCR. They can generate new strands of
DNA using a DNA template and primers, and they are heat resistant.
Primers
Short pieces of single-stranded DNA that are complementary to the target
sequence. The polymerase begins synthesizing new DNA from the end of the
primer.
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Nucleotides (dNTPs or deoxynucleotide triphosphates)
Single units of the bases A, T, G, and C, which are essentially "building blocks"
for new DNA strands. Triphosphates of deoxynucleotides like ATP, TTP, GTP and
CTP are basic components for PCR.
Procedure
Typically, PCR consists of a series of 20-40 repeated temperature changes, called
cycles, with each cycle commonly consisting of 2-3 discrete temperature steps,
usually three. The cycling is often preceded by a single temperature step at a high
temperature (>90°C), and followed by one hold at the end for final product
extension or brief storage. The temperatures used and the length of time they are
applied in each cycle depend on a variety of parameters. The overall mechanism of
PCR is divided in three steps. These are as follows1. Denaturation-Separating the Target DNA
During the first step of PCR, called denaturation, the tube containing the sample
DNA is heated to more than 900C (1940 Fahrenheit), which separates the doublestranded DNA into two separate strands. The high temperature breaks the
relatively weak bonds between the nucleotides that form the DNA code.
2. Annealing-Binding Primers to the DNA Sequence
PCR does not copy the all of the DNA in the sample. It copies only a very
specific sequence of genetic code, targeted by the PCR primers. To do this, PCR
uses primers, man-made oligonucleotides (short pieces of synthetic DNA) that
bind, or anneal, only to sequences on either side of the target DNA region. Two
primers are used in step two - one for each of the newly separated single DNA
strands. The primers bind to the beginning of the sequence that will be copied,
marking off the sequence for step three. During step two, the tube is cooled and
primer binding occurs between 400 and 600C (104 – 1400 Fahrenheit) for 20 to
40 seconds. Step two yields two separate strands of DNA, with sequences
marked off by primers. The two strands are ready to be copied.
3. Extension-Making a Copy
In the third phase of the reaction, called extension, the temperature is increased
to approximately 720C (161.50 Fahrenheit). Beginning at the regions marked by
the primers, nucleotides in the solution are added to the annealed primers by
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the DNA polymerase to create a new strand of DNA complementary to each of
the single template strands. After completing the extension, two identical copies
of the original DNA have been made.
After making two copies of the DNA through PCR, the cycle begins again, this
time using the new duplicated DNA. Each duplicate creates two new copies and
after approximately 30 or 40 PCR cycles, more than one billion copies of the
original DNA segment have been made. Because the PCR process is automated, it
can be completed in just a few hours.
In a healthcare setting, PCR makes enough copies of target DNA from the clinical
sample to allow analysis; the results of these diagnostic and monitoring tests
provide clinicians and other healthcare providers with information to guide
treatment.
Table- 20.2 Preparation of DNA per PCR Cycle
PCR Cycle

Target Copies

1

2

2

4

3

8

4

32

5

64

6

128

7

256

8

512

9

1024

10

32,768

15

1,048,576

20

33,554,432

25

1,073,741,842
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Fig. 20.9 : Mechanism of PCR

20.8 Random Amplified Polymorphic DNA(RAPD)
Random amplified polymorphic DNA (RAPD) is a PCR based technique for
identifying genetic variation. It involves the use of a single arbitrary primer in a
PCR reaction, resulting in the amplification of many discrete DNA products. The
technique was developed independently by two different laboratories (Williams et.
al., 1990; Welsh and McClelland, 1990) and called as RAPD and AP-PCR
(Arbitrary primed PCR) respectively. This procedure detects nucleotide sequence
polymorphisms in a DNA amplification-based assay using only a single primer of
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arbitrary nucleotide sequence. In this reaction, a single species of primer binds to
the genomic DNA at two different sites on opposite strands of the DNA template.
If these priming sites are within an amplifiable distance of each other, a discrete
DNA product is produced through thermocylic amplification. The polymorphisms
between individuals result from sequence differences in one or both of the primer
binding sites, and are visible as the presence or absence of a particular RAPD
band. Such polymorphisms thus behave as dominant genetic markers.
Principle
The RAPD technique is based on the polymerase chain reaction (PCR). A target
DNA sequence is exponentially amplified with the help of arbitrary primers, a
thermostable DNA polymerase, dideoxy nucleotide tri-phosphates, magnesium and
reaction buffer. The reaction involves repeated cycles, each consisting of a
denaturation, a primer annealing and an elongation step. In the first step the DNA
is made single stranded by raising the temperature to 940C (denaturation). In the
second step, lowering of the temperature to about 40 to 650C results in annealing of
the primer to their target sequences on the template DNA (annealing step). In the
third cycle, temperature is chosen where the activity of the thermostable Taq DNA
polymerase is optimal, i.e., usually 720 C.
The polymerase now extends the 3’ ends of the DNA-primer hybrids towards the
other primer binding site. Since this happens at both primer-annealing sites on both
the DNA strands, the target fragment is completely replicated. Repeating these
three step cycles 40 to 50 times results in the exponential amplification of the
target between the 5’ ends of the two primer binding sites. Amplification products
are separated by gel electrophoresis and visualized by ethidium bromide staining.
Instruments
PCR machine, microcentrifuge, 100V power supply, Gel electrophoresis tank, gel
mould and slot former, UV transilluminator, Camera, autopipettes, vortex.
Reagents
1. Taq DNA polymerase
2. Genomic DNA (5ng/μl)
3. dNTP mix (2mM each of dATP, dCTP, dGTP and dTTP)
4. MgCl2 (25mM)
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5. Buffer for DNA polymerase
6. 10-mer oligonuleotide primers (5μM)
7. Sterile distilled water
8. Electrophoresis grade agarose
9. 0.5X TBE buffer
10. Ethidium bromide solution (10mg/ml)
11. DNA length marker
12. Loading buffer
Miscellaneous: Thin walled PCR tubes, tips, tissue paper.

Fig. 20.10 : Procedure of RAPD
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Procedure
1. Each 10μl of reaction mix contains followingTable- 20.3 Component of RAPD
Component

Volume

Final Concentration

Genomic DNA

3.0μl

15ng

Buffer

1.0μl

1X

dNTPs

1.0μl

0.2mM

Primer

0.6μl

0.6μM

Taq DNA pol

0.2μl

1 unit

MgCl2

1.0μl

2.5mM

Water

to 10μl

Prepare a master mix (for all samples + control) that contains all the above
components except the DNA.
 Thaw all components completely
 Vortex the MgCl2 vigorously
 Vortex the mastermix to mix all components before aliquoting
2. Aliquot into PCR tubes and adds the template DNA and mix well.
3. Place the PCR plate carrying the reaction tubes in the sample block of the
thermocycler.
4. Carry out an initial denaturation step at 940C for 4min followed by 40 cycles
with the following cycle parameters:
Step 1
940C for 1min
Step 2
350C for 1min
Step 3
720C for 2min
Extend the 720C step of the final cycle by 5min
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5. When the amplification has finished, add 3μl of the loading dye to each sample.
6. Prepare a 1.2% agarose gel in 0.5X TBE buffer containing ethidium bromide
(5μg/ml of gel).Load the DNA length marker and the samples. Run the gel in
0.5 x TBE buffer at 55V for 4 h.
7. Visualize the gel on a UV transilluminator. If required the gel can be
photographed using Polaroid 665 or 667 films and analysed further.

20.9 Viva-Voce
1.
2.
3.
6.
7.
8.
10.
11.
12.
13.
14.
15.

What is blotting technique?
Blotting techniques are used for?
Which method is used to check for the presence of DNA?
Who invented Southern blot?
Who invented Northern blot?
Which method is used to check for the presence of RNA?
What is other name of Immunoblot?
Which method is used to check for the presence of protein?
What is PCR?
What is full form of RAPD?
What is a primer?
What is restriction enzyme?
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Unit - 21
Techniques of Genetic Engineering in Plants-II
Structure of the Unit:
21.0
21.1
21.2
21.3
21.4
21.5

Objectives
Recombinant DNA Cloning Experiment
Direct gene transfer to immature embryos (Maize Plants) by using
Biolistic Guns
Genetic Transformation of Plants by using Agrobacterium
Viva-voce
References

21.0 Objectives
After going through this unit you will be able to understand:
 Molecular cloning
 Biolistic gene transfer method in plants
 Indirect gene transfer method in plants by using Agrobacterium

21.1 Recombinant DNA Cloning Experiment
Introduction
In this laboratory, you will carry out a simple cloning experiment in E. coli.
Specifically, you will first create a recombinant DNA molecule by carrying out a
ligation reaction, with the goal of connecting a linear DNA molecule (desired
DNA) with a bacterial plasmid called pUC19 cloning vector. Next, you will
introduce the products of this ligation reaction into E. coli cells in a standard
technique called a transformation experiment, and select for cells that have taken
up plasmid DNA, based on an ampicillin resistant phenotype conferred to the cells
by a plasmid-encoded gene (Ampr). Finally, you will screen putative transformants
to identify ones that have the recombinant plasmid. Colonies containing the
uninterrupted pUC vector will be blue on Lamp X-gal plates. Colonies containing a
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pUC vector with a piece of DNA interrupting the gene for the a-donor peptide will
not make βgalactosidase and will be white.
Requirements
























pUC19 cloning vector
Restriction endonuclease (EcoR1)
10X buffer for the restriction endonuclease (EcoR1)
Gel loading dye 6X
MQ water/Nuclease free water
Agarose
Ethidium bromide
Diethylpyrocarbonate (DEPC) (1% solution in ethanol)
E. coli strain
3 M NaOAc
5X ligation buffer (0.25 M Tris, pH 7.6; 50 mM MgC12; 5 mM ATP; 5 mM
DTT; 25% (w/v) polyethylene glycol 8000; from Gibco/BRL.)
Ligase
DNA marker
0.1 M M CaC12
X-gal
Ampicillin
Lamp X-gal plates (Ampicillin in the plates is at 50-100µg/ml; X-gal is at 40µg/ml)
Dimethylformamide
10X TBE Gel Running Buffer (0.89M Tris base, 0.89M boric acid and 20mM
EDTA (pH 8.0)
agarose gel electrophoresis apparatus and power supply
37°C water bath
pipettors (0.5–10µl and 10–200µl) and appropriate sterile pipet tips
Gel documentation system
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 Cooling centrifuge
 1.5ml sterile tubes
 gloves
Schedule for Recombinant DNA Cloning Experiment
 DAY 1 (2-3 hr): Cut insert and vector DNA, check an aliquot of digestion
reaction on gel, inactivate restriction enzyme, precipitate the DNAs together.
 DAY 2 (1/2 to 1 hr): Set up ligation of samples.
 DAY 3 (2-3 hr): Transform ligated DNA into E. coli.
 DAY 4 (1/2 to 1 hr): Check results, streak white colonies from Lamp-X-gal plates.
Inoculate 2-ml cultures for mini-prep analysis of insert DNA.
 This recombinant DNA cloning experiment uses a large DNA cosmid that will
be subcloned. Subclones will be used as hybridization probes. The procedures
can readily be applied to other DNAs to be cloned.
Restriction Digestions for Cloning
1. Set up restriction endonuclease digestions of vector DNA and insert DNA.
Different groups will clone with different restriction endonucleases. Use a
restriction endonuclease that has a unique site within the pUC19 cloning
vector. Because the cosmid is a large DNA (about 40 kb), there are many
restriction endonuclease sites for the enzymes used within the cosmid.
Remember to check that the appropriate 10X buffer for the restriction
endonuclease is used.
A) Set up restriction endonuclease digestion of the DNA to be cloned, called
insert DNA. An example is given below.
 For insert DNA, cosmid 203 DNA, labeled "I" for insert DNA-in a
microfuge tube, carefully place the following:
 3.5µg = X µl DNA; this will vary, depending on the concentration of
that particular DNA preparation. In this example 3.5µg = 20µ1 of
cosmid 203 DNA.
 22 µl of sterile distilled H20; add water to bring the sample to the
desired final volume.
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2.

3.
4.

5.

 5µl of 10X restriction endonuclease buffer for the restriction
endonuclease to be used. The volume of 10X buffer used must be 1/10
of the final reaction volume.
 3µl of restriction endonuclease (30 units of enzyme). Add the enzyme
last. Mix gently. Keep enzyme on ice. Return to -200 C freezer as soon
as possible.
 The total volume of reaction is 50 µl. The concentration of DNA is now
0.07 µg/ µl.
B) Set up the digestion of the vector DNA, labeled "V". For the vector DNA,
pUC19:
 1.0µg = 2µl DNA.
 12 µl H20; add sterile distilled water.
 3 µl of 10x restriction endonuclease buffer. The vector and insert DNA
are cut with the same restriction endonuclease so that they will have
"compatible sticky ends."
 3 µl restriction endonuclease.
 The total volume of reaction is 30 µl. The concentration of this DNA is
now 0.033 µg/ µl.
Mix each reaction by inverting the closed microfuge tube several times and
spinning the tube for a few seconds in a microfuge to remove droplets of
solution from the sides of the microfuge tube.
Incubate the restriction digestion reactions (vector digestion and insert
digestion) in a 370 C water bath for approximately 1 hr.
After approximately 30 min of incubation of the restriction digestions, remove
a small aliquot from each tube into microfuge tubes. Be sure to return the rest
of the restriction digestions to the 370 C water bath to continue incubating for
the full hour. For example, for the insert restriction digestion, take 7 µl of the
digestion reaction; for the vector reaction, take 15 µl. To each aliquot, add 3-5
µl of gel loading dye.
Check the extent of restriction endonuclease digestion by gel electrophoresis.
Load the samples in the wells of an 0.8% agarose mini-gel. Set the power
supply at 100-125 V. Watch the gel; once the blue dye front has migrated
about 1/4 the length of the gel, stop the electrophoresis and stain the gel in
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ethidium bromide. (A gel containing ethidium bromide could be run. However,
the student must be extremely careful about handling the large volume of gel
buffer that contains ethidium. Also, the presence of ethidium bromide slows
the rate of migration of a DNA fragment approximately 10-15%. Occasionally,
when a gel with ethidium bromide is run, the staining does not work well and
the gel must be restained anyway. Generally, it is simpler to stain the gel after
electrophoresis. Typically, 10 or 15 min of staining is sufficient.)
6. Check the gel to see if the restriction digestions are complete. If digestion is
not complete, add an additional aliquot of restriction endonuclease and
incubate for an additional 30 min. Generally, an excess of restriction
endonuclease should be used to ensure complete cutting in a reasonable period
of time. See step 1. A large amount of vector DNA (approximately 0.5µg) is
run on a gel to make it easier to detect any uncut vector. Because uncut vector
transforms more efficiently than the recombinant molecules and because
nothing can be cloned into an uncut vector, it is essential that the cutting of the
vector be complete.
7. After determining that the digestions are complete, inactivate the restriction
enzymes before ligating the two DNAs together. The simplest way to
inactivate a restriction endonuclease is by a heat treatment at 650 C for 10-20
min. Check the information from the supplier of the restriction enzyme to
determine if the enzyme used can be heat inactivated. An alternative method
for inactivating restriction endonucleases is to use diethylpyrocarbonate
(DEPC).
Caution: Diethylpyrocarbonate is toxic. The container of DEPC may be under
pressure. Wear gloves when handling DEPC. Use a fume hood. Do not inhale the
vapors. Read the supplier's information about safety precautions for the use of
DEPC.
(Dilute the DEPC liquid from the reagent bottle: Place 2µl of concentrated DEPC
into 198 µl of 100% ethanol. Mix well. Add 1/10 volume of the diluted DEPC to
each restriction digestion microfuge tube. Vortex to mix well. Incubate the tubes at
650 C for 10 min. At 650C DEPC breaks down into CO2 and ethanol.)
Caution: Use only the amount of DEPC prescribed. A large excess of DEPC may
not be destroyed by the 650 C treatment. If too much DEPC is used, it may
interfere with the ligation reaction.
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8. Once the cutting is complete and the restriction enzymes have been
inactivated, combine the vector and insert DNAs.
 Add 0.1µg of vector to all of the remaining insert DNA. This is a ratio of
vector to insert of 0.1 µg vector to 3 µg insert DNA (1:30 ratio), which has
been found empirically useful in cloning cosmid fragments. Depending on
the sample volume, it may not be necessary to precipitate the sample. In this
case, it is necessary. Add 3µ1 of vector to all of the insert DNA.
 Add 1/10 volume of 3 M NaOAc
 Add 2 volumes of cold ethanol.
9. If a ligation reaction is to be set up immediately, place the precipitated DNAs
in a dry ice/ethanol bath for 10 min. Thaw the sample and centrifuge in a
microfuge for 10 min. Then proceed with setting up the ligation, steps 11-14.
10. If a ligation reaction will be set up at a later time, store the precipitated DNAs
in ethanol at -200 C. Centrifuge the sample for 10 min in a microfuge.
Ligation
11. Decant the ethanol. Wash the pellet with 70% ethanol. Centrifuge the sample
again. Decant the 70% ethanol. Dry the sample completely in a Speed-vac.
12. To the dry sample, add 7µl sterile-distilled water. Resuspend the DNA
completely. Add 2 µl 5X ligation buffer. (5X ligation buffer is 0.25 M Tris, pH
7.6; 50 mM MgC12; 5 mM ATP; 5 mM DTT; 25% (w/v) polyethylene glycol
8000; from Gibco/BRL.) Add 1 µl ligase (4-6 units / µl). Mix thoroughly using
the Pipetman tip. Let the ligation reaction incubate at 16 0C overnight, at room
temperature overnight, or at 37 0C for 1 hr.
13. To check the extent of ligation, remove a 1 µl aliquot of the ligation sample
before the ligase is added. Place the aliquot in 10 µl of water and 3 µl of gel
loading dye. This is a ligation time "zero" sample.
14. At the end of the ligation, take an additional 1 µl aliquot of the ligation sample.
Place the aliquot in 10 µl of water and 3 µl of gel loading dye. This is a
ligation time "infinity" sample.
Bacterial Transformation and selection
1. When the ligation reaction is over, proceed with the bacterial transformation
procedure. Alternatively, the ligated sample can be stored at -20 0C until the
transformation. During the waiting periods of the transformation protocol,
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2.
3.

4.
5.
6.

7.

8.

check the ligation reaction by running the time zero and time infinity ligation
samples and a molecular weight standard on an 0.8% agarose gel. It is
expected that at least some lower molecular weight bands on the gel will
disappear and that higher molecular weight bands or smears will appear in the
sample that was ligated.
Let frozen competent DH5α E. coli cells thaw on ice.
Add 92 µl of ice-cold 0.1 M CaC12 to the remaining 8 µl of the ligation
reaction. (Two 1 µl aliquots were removed to check the ligation reaction
products on a gel.) Mix using a micropipettor. Transfer the DNA and CaC12
solution to a thin-walled 5-ml clear plastic tube on ice.
Gently add 200 µl thawed competent cells. Let the cells and DNA incubate on
ice for 45-60 min.
Heat shocks the cells by taking the tube rapidly from the ice to a 42 0C water
bath. Keep the tube at 42 0C for 2 min.
Using aseptic technique, add 2.7 ml pre-warmed (37 0C) L broth.
(Transformation protocols vary at this step. In some protocols the sample is
put back on ice for a few minutes after the heat shock.)
Incubate the cells at 37 0C for 45-60 min. (Transformation protocols again
vary. Some protocols specify shaking the cells during the incubation at 37 0C
other protocols do not. The cells are somewhat fragile at this point and should
be handled gently.) This incubation period allows time for the plasmids that
have been taken up to become established and the antibiotic resistance marker
to be expressed. (When selecting for ampR, the incubation period is not
essential.)
Plate 0.1-ml aliquots of the transformed E. coli cells on Lamp X-gal plates.
(Ampicillin in the plates is at 50-100µg/ml; X-gal is at 40µg/ml. To make the
plates, the appropriate amount of X-gal is dissolved in a minimal amount of
dimethylformamide.
Caution: When handling DMF, use a glass, not a plastic, tube for the DMF.
Alternatively, a stock of X-gal can be made. Make a 20 mg/ml solution of Xgal in DMF. Store the solution wrapped in aluminum foil to protect it from the
light, at -20 0C. When plating out cells, place an aliquot of cells in the center of
the agar on the plate. Dip a bent glass rod (called a "hockey stick") into a
beaker of alcohol. Remove the rod, let excess alcohol drain, and pass the rod
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through a Bunsen burner flame to ignite the alcohol. Let the rod cool and then
use the rod to spread the cells evenly across the surface of the agar.
Caution: Be careful when flaming the bent glass rod! Do not set fire to the
alcohol in the beaker. Have a beaker large enough to cover the alcohol
containing beaker nearby. In the event of an alcohol fire, the larger beaker can
be placed over the burning beaker to smother the fire. Review how to respond
to a fire before beginning this part of the lab. Transformed cells that were not
plated may be stored at 4 0C until the next day. More cells may be plated out
the next day if needed.
9. Incubate the plates, inverted, at 37 0C for 16-24 hr. Colonies containing the
uninterrupted pUC vector will be blue on Lamp X-gal plates. Colonies containing a
pUC vector with a piece of DNA interrupting the gene for the a-donor peptide
will not make βgalactosidase and will be white. Note that Lamp plates kept at 37
0
C for more than 24 hr may show growth of satellite colonies around an
ampicillin-resistant colony because the ampicillin-resistant colony has degraded
the antibiotic in the medium around the colony. Satellite colonies are not
ampicillin resistant.

21.2 Direct gene transfer to immature embryos (Maize
Plants) by using Biolistic Guns
Introduction
Prof Sanford and colleagues at Cornell University (USA) developed the original
bombardment concept in 1987 and coined the term “biolistic” (short for “biological
ballistics”) for both the process and the device. It also termed as particle
bombardment, particle gun, micro projectile bombardment and particle
acceleration. It employs high-velocity micro projectiles to deliver substances into
cells and tissues. In this method, the foreign DNA containing the genes to be
transferred is coated onto the surface of minute gold or tungsten particles (1-3
micrometers) and bombarded onto the target tissue or cells using a particle gun
(also called as gene gun/shot gun/microprojectile gun).
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Requirement
Plant material
Immature embryos of Maize are excised from seeds harvested 15-20 days after
self-pollination. Whole ears are surface-sterilized with 70% ethanol for 1 min.,
followed by 20% Clorox containing 10 drops/L of polyoxyethylene sorbitan
monooleate (Tween-80), for 30 min. and rinsed 3 times with sterile distilled water.
Excising immature embryos from maize
1. Place a dissecting scope under the transfer hood and one petri dish on the
scope.
2. Hold the ear in the petri dish and spear the end of the ear on the silk scar side of
the kernel with a dissecting needle to anchor the ear while isolating the embryo.
3. Cut off the tops of the kernels with a sharp scalpel blade while the kernels are
still on the cobs.
4. Dig the endosperm and embryo out of the kernel cup with a spatula. Sometimes
the embryo will come out with the endosperm, other times embryos will stay in
the kernel.
5. Note: If the ear is young and the embryos are less than 1 mm long, they may be
the same transparent color as the endosperm and therefore difficult to find.
Usually in transformation experiments, immature maize embryos 1.0–1.5 mm
long are isolated and then cultured with the scutellar side facing upward.
6. Place the embryo on the prepared media (N6C1) with the scutellar side up and
the embryo axis side in contact with the media. Up to 20 embryos can be
placed on a petri dish with 10 ml N6C1 for callus initiation. Wrap the dishes
with parafilm and incubate at 28°C in darkness for 4–7 days. Dishes may be
placed in an unlit growth cabinet or in a light-tight box in a growth culture
room.
Plasmid DNA
The DNA for bombardment is adjusted to a concentration of 1 µg/µ in TE buffer
(1mM Tris, pH 7.8; 0.1 Mm Na2EDTA) and is stored at -20°C.
Microprojectiles and preparation of gold particles
1. Store dry tungsten microcarriers in a dry, non-oxidizing environment. Gold
particles with a diameter of 1.0 µm (available in Bio-Rad) are used.
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2. Place 40 mg of dry microcarriers, tungsten or gold, per 1 ml of 100% ethanol in
a microtube. Vortex on high for 1-2 minutes or sonicate using a standard tip at
low power for 30 seconds. Repeat three times.
3. Centrifuge the microtube at 10,000 rpm for 1 minute. Remove the supernatant,
add 1 ml of sterile distilled water, resuspend, centrifuge, and remove
supernatant; repeat the process. Resuspend the macrocarriers in 1 ml of sterile
distilled water. Aliquot 50 µ (for 4-8 bombardments) of the final suspension
into microtubes, while continually vortexing the suspension. Gold aliquots can
be stored at 4°C or room temperature.
Solutions
Preparation of 2.5M CaCl2 (calcium chloride)
 Weigh out 36.75 g calcium chloride and dissolve completely with 80 ml
deionized water into 200 ml beaker and bring volume up to 100 ml. Stir the
solution well with a magnetic stirrer. Filter and sterilize the solution. Pipette
into sterile 2 ml tubes. Store this solution at -20°C. Use fresh solution for
bombardment.
Preparation of 0.1M Spermidine
 A spermidine C7H10N3 (N-[3-Aminopropyl] -1,4-butanediamine with
FW=145.2) is air sensitive and very hydroscopic (a Sigma product).
 Dissolve 1.012g of the spermidine in 50 ml distilled water (0.1M). This
solution should have pH=11-12. Filter and sterilize the solution and pipet out
50 µ into each eppendorf tube. Store at 4oC. Use fresh solution for
bombardment.
Biolistic Guns
 Biolistic ® PDS-1000/He Particle Delivery System available from Bio-Rad
Laboratory.
 The PDS-1000/He requires a cylinder of high purity compressed helium
(99.999% pure.) The pressure of the tank should be 2,000 to 2,600 psi.
 The PDS-1000/He also requires an oil filled, rotary vacuum pump (single or
dual chamber) with a capacity of 90-150 lpm (3-5cfm). This pump must be
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capable of pulling pressure inside the sample chamber to 27 inches Hg within
30 seconds.
 Fifty fresh embryos of maize (1-2.5 mm in length are best), aseptically
removed from maize caryopses or embryos previously on callus initiation
medium for 4 days (placed on disposable petri dishes (100 mm diameter, 15
mm deep) with 10 ml agar-solidified medium N6C1. The embryos should be
arranged in a circle about 2 cm in diameter in the center of each plate. For
osmotic pre-bombardment treatments the material should be placed onto callus
induction medium N6C1 containing 12% maltose and kept on the material for
approximately 4 hours.
 Sterilized stainless steel mesh for the PDS-1000/He, available through Bio-Rad
Labs. Sterilize by autoclaving.
 Sterilize macrocarrier sheets, rupture disks, and stopping screens by placing
them in absolute 100% ethanol in a petri dish and allowing the alcohol to
evaporate underneath a transfer hood.
Various Media
Media for embryogenic callus initiation
Cultured maize embryos proliferate on N6C1 medium
Media for selection
Medium for selection of maize transformation is N6C1 supplemented with the
concentration of the selective agent used in the experiment.
Medium for regeneration
MSRB5C is the medium used for maize regeneration, but supplemented with the
concentration of the selective agent (bialaphos).
Medium for root formation
MSEB1C is the rooting medium used for maize, but supplemented with bialaphos.
Gene delivery procedures
1. For bombardment of 20 petri dishes with rings of about 50 embryos, we use the
following procedure:
2. Take the solution of size 1 µm gold particles (40 mg gold particles suspended
in 1 ml distilled water using a procedure from Bio-Red instruction manual)
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stored at 4oC and sonicate well to ensure complete mixing and suspension of
particles.
3. Prewashed 50µ aliquots of gold particles are coated with 5µ plasmid DNA (1
µg/1µ stored at -20oC) or 2.5µ DNA from two different plasmids. Keep them
on the ice.
4. Mix 20µ of 0.1M spermidine (stored at 4oC) and 50µ of 2.5M CaCl2 (stored at
4oC) in a centrifuge tube (1.5 ml) and vortex to speed to maximize mixing.
5. Add this solution to the DNA/particles mixture. Vortex these mixtures on the
vortex shaker with a multiple-platform head for 3 minute at room temperature.
Centrifuge the solution in a microfuge for 1 min. at 13,000 rpm to spin down
particles.
6. Remove and discard supernatant, being careful to leave all particles behind.
7. Wash the DNA/particles by adding 250µl of 75% ethanol, and vortex to make
sure all particles are resuspended and washed.
8. Centrifuge the mixture for 1 min. to spin down particles.
9. Carefully remove and discard the supernatant.
10. Resuspend the pellets in 240µl absolute ethanol using the vortex and check to
be sure that all particles are resuspended.
11. Position the macrocarrier in the macrocarrier holder. The outside edge of the
macrocarrier should be securely inserted under the lip of the macrocarrier
holder.
12. Using an automatic pipette, remove 5µl from this suspension and spread 3-5µl
of the aliquot onto the centre of the inner circle of each macrocarrier disk.
13. Air-dry for about 2 minutes to allow the ethanol to evaporate. The
macrocarriers are now ready for bombardment. To obtain the best results, use
the prepared macrocarriers as soon as possible.
14. Bombard target plates (embryos pre-treated on N6C1/E3 media containing 12%
maltose) with one shot each using the following gene delivery parameters:
position the target material approximately 8cm below the microprojectile
stopping plate (3rd shelf from bottom microcarrier assembly); bombard all
target materials twice, using particle densities of 30µg per shot; use rupture
discs with a burst pressure of 1,100 psi.
15. Observe target plates after one day and transfer bombarded materials to the
fresh media. The number of transiently expressing cells on the embryos in each
ring will show the effect of target tissue placement on gene delivery.
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Operating procedure for gene gun PDS-1000/He
Loading the rupture disk
 Unscrew the rupture disk retaining cap from the gas acceleration tube.
 Place the rupture disk of desired burst pressure in the recess of the rupture disk
retaining cap and screw the cap onto the gas acceleration tube using a counterclockwise motion; hand-tighten the cap. If the retaining cap is not tightened
sufficiently, the rupture disk may slip out of place before it ruptures.
Loading the microcarrier launch assembly
1.
2.
3.
4.

Remove the macrocarrier launch assembly from the sample chamber.
Unscrew the macrocarrier cover lid from the assembly.
Place a sterile stopping screen on the stopping screen support.
Never operate the PDS-1000/He without a stopping screen in place. If you do,
your sample will be destroyed.
5. Install the microcarrier holder with macrocarrier on the top rim of the fixed
nest. The microcarriers should face down towards the stopping screen.
6. Place the microcarrier cover lid on the assembly and turn clockwise until snug;
it doesn’t have to be tight.
7. Place the microcarrier launch assembly in the second slot from the top in the
sample chamber.
Positioning the sample
 Put the petri dish containing the sample on the petri dish holder. Place the petri
dish holder at the desired level inside the sample chamber. The target material
is positioned approximately 8 cm below the microprojectile stopping plate (3rd
shelf from bottom microcarrier assembly).
 Close and latch the sample chamber door.
Firing the PDS-1000/He
1. Turn the PDS-1000/He power to ON.
2. Turn the vacuum pump to ON. To start, use a vacuum of 26–30 inches of
mercury or, in the highlands of Mexico, 16–19 inches of mercury (the altitude
affects the pressure).
3. Put the vacuum switch in the HOLD position.
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4. Press and hold the FIRE switch to allow pressure to build in the acceleration
tube. It should take about 12–15 seconds to fill to burst pressure.
5. Release the FIRE switch immediately after the disk ruptures.
6. Release the vacuum in the sample chamber by setting the vacuum switch to the
VENT position.
7. After the vacuum is released, open the sample chamber door. Remove the petri
dish and treat as appropriate.
8. Remove the microcarrier launch assembly. Discard the microcarrier and
stopping screen from the microcarrier launch assembly.
9. Unscrew the rupture disk retaining cap from the gas acceleration tube. Remove
the remains of the rupture disk.
10. Clean the gun by spraying with ethanol.
Shutting down the PDS-1000/He
 If the PDS-1000/He is not going to be used again, close the main valve on the
helium cylinder and release the helium pressure. Turn the power OFF.
 Observe target plates after 1 day and transfer bombarded materials to fresh
media. The number of transiently expressing cells on the embryos in each ring
will show the effect of target tissue placement on gene delivery.
Selection of transformed Maize embryos/calli and recovery of transgenic
plants
1. Selection of transformed cells is achieved using either phosphinothricine (PPT)
or bialaphos (B) (Meiji Seika Kaisha, Japan).
2. After bombardment immature embryos or calli are transferred individually to
the N6C1 medium, or to the first selection medium containing 1 mg/l
PPT/bialaphos, and cultured for 7 days in darkness.
3. Calli that show visible signs of growth should be cut into small 2 cm parts and
transferred onto the second selection medium—which is the same as the callus
induction medium N6C1 containing 5 mg/l PPT/bialaphos—for 3 weeks.
4. Calli that fail to demonstrate growth after 10 days should be discarded.
5. Calli that grow should be transferred onto N6C1B10 containing 10 mg/l
PPT/bialaphos. Keep this material for 3 weeks.
6. The duration of the selection process is about 50–75 days on the respective
medium with 5 and 10 mg/l PPT/bialaphos, depending of the genotype used.
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7. Keep all culture at 28oC under dark conditions in the growth culture chamber.
8. Each putative transgenic calli will become a mass of embryogenic Type I callus
growing in the presence of the bialaphos selection agent.
9. A range of concentrations from 1 to 10 mg/L of PPT or bialaphos should be
tested with nontransformed calli to get a more efficient selection system.
10. Approximately 20 target plates should be prepared for each experiment. Two
plates are controls, one grown on N6C1 to monitor health of the culture and the
second grown on the same medium but containing 5-10 mg/L bialaphos to
demonstrate response of untransformed cells to selection.
Note: Phosphinothricine inhibits glutamine synthesis, causing a rapid
accumulation of ammonia that leads to plant cell death. Bialaphos is a tripeptide
antibiotic, which consists of PPT and two L-alanine residues. It is an effective
selection agent for transgenic maize calli, however it does not always kill
untransformed cells. In order to achieve optimum selection, subculture the
bombarded cells at low density, about 10 immature embryos per plate.
Plant regeneration of maize plantlets and Basta™ testing
1. All the PPT/bialaphos-resistant callus tissue uniformly growing on the selection
medium should be transferred to the regeneration medium at a temperature of
28°C under a photoperiod of 16 h fluorescent light. Plant regeneration from
resistant calli is performed on the same medium used for regeneration of
tropical maize except that 5 mg/L bialaphos is added to the media.
2. The somatic embryos capable of developing into green shoots within 2-4 weeks
are characterized as putative transformants. The selected plantlets are
transferred to another medium for root formation (MSE) but supplemented with
1 mg/L bialaphos to continue the selection. The plantlets developed on this
medium are transferred to controlled growth chambers and greenhouse
conditions and grown for further analyses.
3. Plants are further selected by painting the fifth or sixth leaf near the tip of the
youngest fully extended leaf with 2% Basta™ solution containing 0.1% Tween
20.
4. Each regenerated plant is tested for its response to Basta‰. The painted leaves
of all control plants (nontransformed) will be completely bleached after one
week.
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5. One week after the first Basta‰ treatment, plants are painted again with a
second concentration of 5% Basta‰ and assessed for damage 1 week after the
herbicide application.
Histochemical GUS activity assay
1. GUS activity can be detected histochemically as described by McCabe (1988).
About 5 immature embryos or calli from each transformed plate of each
experiment are used for GUS assays.
2. GUS-expressing cells are routinely visualized 48 h after microprojectile
bombardment by incubating bombarded immature embryos or calli in 400 µ of
the following X-Gluc solution: 580 mg of ethylenediaminetetraacetic acid
(EDTA); 100 mg of 5-bromo-4-chloro-3-indolyl glucuronide (Sigma); 200µ of
Triton X-100 dimethyl sulfoxide; 2.4 g sodium phosphate (NaH2PO4), 42 mg
potassium ferrocyanide (K4Fe(CN)6.3H2O) and adjusting total volume to 200
ml with distilled water and pH to 7.0. Plant tissue is incubated in the above
mixture at 370 C overnight in darkness. ß-glucuronidase activity is determined
microscopically.

21.3 Genetic Transformation
Agrobacterium

of

Plants

by

using

Introduction
Agrobacterium is a natural genetic engineer a common lab tool for many plant
molecular biologists because it has the unique capacity to transfer a piece of its
own DNA, referred to as T-DNA, into the nuclear genome of plant cells. When
this bacterium infects a plant, it transfers its Ti plasmid to the host cells,
whereupon the T-DNA integrates into the plant DNA, causing the abnormal
proliferation of plant cells that gives rise to a crown gall. The resultant transformed
plant cells produce novel sugar and amino acid conjugates, termed opines, which
can be used by the inciting bacteria. There are significant advantages to using the
Agrobacterium-mediated method of gene transfer, including:
 relatively high frequencies of transformation;
 transfer of relatively large segments of DNA with little rearrangement;
 integration of low numbers of gene copies into plant chromosomes;
 lower cost than the biolistic transformation system.
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For monocotyledons, the most efficient Agrobacterium-mediated gene transfer
system is essentially made up of the following materials, procedures, and factors:
 Plant material and explants
 Tissue culture medium and related conditions
 Bacterial strains and vectors
 Inoculation and co-cultivation
 Selection and regeneration of transgenic plants
 Molecular analyses of transformed materials
Requirement
Media and Solutions
YP medium for bacterial growth
Bacto yeast extract 5 g/L
Bacto peptone
10 g/L
NaCl
5 g/L
Agarose
6 g/L
pH
6.8
After autoclaving put flasks with YP medium into 400C water bath until they cool
enough to add the Kanamycin/Hygromycin
Medium for bacterium suspension N6C1-inf
This is the same N6C1 liquid media supplemented with sucrose 60 g/L, glucose 40
g/L, with pH = 5.2
Medium for co-cultivation N6C1As40
This is the same N6C1 media supplemented with sucrose 30 g/L, glucose 10 g/L
and supplemented with 200µ M acetosyringone, with pH = 5.8.
Medium for selection
Medium for selection of maize is N6C1 supplemented with the concentration of
the selective agent used in the experiment and cefotaxime or timentin.
Medium for regeneration
MSRB5C is the medium used for maize regeneration, but supplemented with the
selective agent (bialaphos) and cefotaxime.
Medium for root formation
MSEB1C is the rooting medium used for maize, but supplemented with bialaphos
and cefotaxim.
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Plant material
 Immature embryos of Maize used for starting in vitro cultures and for
Agrobacterium transformation experiments.
 Excise immature embryos from seeds harvested 15-20 days after pollination.
Surface sterilize whole ears with 70% ethanol for 1 min, follow with treatment
of 20% Clorox containing 10 drops/L of polyoxyethylene sorbitan monooleate
(Tween-80) for 30 min, then rinse 3 times with sterile distillate water.
 Aaseptically remove immature embryos, 1.5- 2.0 mm in size, from the kernels
and place, scutellum up, on the initiation medium for at 4–11 days. Incubate the
cultures in darkness at 280C.
 For embryogenic callus initiation, N6C1 media consists of modified N6 basal
medium (N6), supplemented with 200 mg/L casein hydrolysate, 2.302 mg/L Lproline, 3% sucrose, and 2 mg/L dicamba.
 Intact callus pieces derived from immature embryos (about 50 on a petri dish)
are used for inoculation with A. tumefaciens.
Agrobacterium tumefaciens strains and plasmids for maize transformation
The following strains and plasmids can be used for Agrobacterium transformation:
 LBA4404 pKUbi:CryIA(b)
 LBA4404 containing pBIN UbiGI/Bar:Act /Ubi CryIA(b)
 LBA4404 containing pBIN UbiGI/Bar:Act /Ubi CryIB
 EHA105 containing pBIN UbiGI/Bar:Act /Ubi CryIA(b)
 EHA105 containing pBIN Ubi GI/Bar:Act/Ubi CryIB
pBIN binary vector derived from pBIN 19; Act:5‘ untranslated region of rice Act-1
gene; Ubi:5‘ untranslated region of maize Ubi-1 gene; GI-intron-containing GUS
gene; 1Ab synthetic cry1Ab gene; 1B synthetic cry1B gene
The intron-gus gene expresses gus activity in plant cell but not in the cells of A.
tumefaciens. (A. tumefaciens strains come from Japan Tobacco Inc. Plasmids were
developed at the University of Ottawa by Dr. Illimar Altosaar or at CIRAD by Dr.
R. Frutos and M. Royer)
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Procedure for transformation
Infection
1. Cultures of A. tumefaciens are initiated from glycerol stocks and grown for 3
days on YPHK medium supplemented with 50 mg/L kanamycin and 50 mg/L
hygromycin for LBA4404 pKUbi. CryIA(b).
2. YPK medium supplemented with 100 mg/L kanamycin are used for the rest of
the plasmids.
3. The bacteria are grown in darkness at 28oC in the incubator.
4. Agrobacteria are grown as single colonies on the surface of the agarose solid
bacterial medium in the petridishes.
5. For the initiation of bacterial suspension, take 12 loops from the single colonies
of bacteria and resuspend them in 5 ml liquid N6CI-inf media in the centrifuge
tube.
6. Add 200µM asetocyringon to the suspension.
7. Vortex for 1 min to thoroughly mix the bacteria with the liquid medium.
8. Observe the OD (optical density) of this suspension (OD600). An OD of 1.0-1.5.
should be obtained.
9. Transfer the material from the petri dish to the Agrobacterium suspension,
vortex for 1 min, incubate for 5 min, and transfer onto the surface of the sterile
paper (Kleenex). It is not necessary to completely dry the explants before
placing them on the agar dishes, however, try to avoid transferring too much
solution.
10. Place the embryos on the co-cultivation medium N6CI-As40 and co-cultivate
with Agrobacterium for 2-3 days under dark conditions at 25oC in the
incubator. During incubation, the embryo axes should be in contact with the
medium and the scutella exposed to air.
Selection and regeneration of transformed maize tissue
1. After co-cultivation, the materials are transferred and cultured on solid N6C1
medium without selection and supplemented with 150 mg/L cefotaxime and
timentin or 250 mg/L cefotaxime to stop bacterium growth. Place about 50
embryos in a single petri dish.
2. Keep the material in the incubator for 1 week in darkness at 28oC.
3. Cut the calli into small pieces (approximately 2 mm). Each piece of callus is
taken from an immature embryo; each piece of inoculated callus is then divided
into several small pieces.
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4. Transfer the cut pieces to the selection medium N6C1B5CT supplemented with
5 mg/L bialaphos and 150 mg/L cefotaxime and timentin or N6C1H10C
supplemented with 20 mg/L hygromycin and 250 mg/L cefotaxime.
5. Incubate the material in the incubator for 2 weeks in darkness at 28oC.
6. Excise the materials with a scalpel and subculture the clusters of the cells that
proliferate and show the characteristics of the Type I calli onto the medium
(either N6C1B10CT medium supplemented with 10 mg/L bialaphos and 100
mg/L cefotaxime and 100 mg/L timentin or N6C1H30C supplemented with 30
mg/L hygromycin and 200 mg/L cefotaxime).
7. Incubate the material in the incubator for 3 weeks in darkness at 28oC.
8. Calli propagated from the culture are excised again and cultured on the same
selection medium for the other 3 weeks under the same culture conditions.
9. Clusters formed from the last selection are excised again and cultured on
MSRB5C supplemented with 5 mg/L bialaphos and 200 mg/L cefotaxim or
MSRH30C medium supplemented with 30 mg/L hygromycin and 200 mg/L
cefotaxime for elimination of A. tumefaciens.
10. Transfer petri dishes with the transformed material to a controlled environment
at 28oC, illuminated 16 hours daily (dark for 8 h) for 2 weeks to proliferate
shoots.
11. When the green shoots are formed, place the regenerated material into the same
medium in baby food jars and grow material for plantlet initiation.
12. Cut small plantlets with 3–5 leaves and transfer them into rooting medium
(MSEB1C supplemented with 1 or 3 mg/L bialaphos and 200 mg/L cefotaxime
or MSEH10C supplemented with 10 mg/L hygromycin and 200 mg/L
cefotaxime) for final selection.
NOTE: The Agrobacterium are still alive at this stage of plant development.
13. Plantlets with good root systems are transferred into pots with soil, grown in a
growth culture room, and then transferred to the greenhouse.
Histochemical GUS activity assay
 GUS activity is detected histochemically as described by McCabe (1988).
About 5 immature embryos or calli from each transformed plate of each
experiment are used for the GUS assays. The histochemical assay is for both
maize and wheat material.
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 GUS-expressing cells are routinely seen 48 hours immediately after cocultivation or 3–4 days after cocultivation by incubating immature embryos or
calli in 400 of the following X-Gluc solution: 580 mg of
ethylenediaminetetraacetic acid (EDTA); 100 mg of 5-bromo-4-chloro-3indolyl glucuronide (Sigma); 200µ of Triton X-100 dimethyl sulfoxide; 2.4 g
sodium phosphate (NaH2PO4), 42 mg potassium ferrocyanide
(K4Fe(CN)6.3H2O).
 Adjust total volume to 200 ml with distilled water and adjust pH to 7.0. Plant
tissue is incubated in the above mixture at 370C overnight in darkness. ßglucuronidase activity is determined microscopically.

21.4 Viva-voce
1.
2.
3.
4.
5.

What is plasmid?
What do you mean by genetic transformation?
Describe Biolistic gun gene transfer method.
Which bacterium play important role in genetic transformation?
Define Recombinant DNA.

21.5 References
 Bio-Rad: laboratory manual
 Promega: Molecular biology lab manual
 Susan J. Karcher (1995) Molecular biology A Project Approach, Academic
Press San Diego New York
 Bohorova N (1999) Laboratory protocols: CIMMYT Applied genetic
engineering laboratory
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Unit-22
Plant Diseases Caused by Fungi, Bacteria,
Virus, Phytoplasma & Nematodes
Structure of the Unit:
22.0 Objectives
22.1 Introduction
22.2 Study of Plant Diseases caused by Fungi
22.2.1 Diseases caused by Myxomycotina
22.2.1.1 Damping-off and Root Rot of Seedling
22.2.1.2 Brown spot disease of Maize
22.2.2 Diseases caused by Mastigomycotina
22.2.2.1 Late blight of Potato
22.2.2.2 White rust of Crucifer
22.2.2.3 Green ear disease or Downy mildew of Pearl millet
22.2.2.4 Downy mildew of Maize
22.2.3 Diseases caused by Ascomycotina
22.2.3.1 Stem galls of Coriander
22.2.3.2 Powdery mildew of Peas
22.2.3.3 False smut of Rice
22.2.4 Diseases caused by Basidiomycotina
22.2.4.1 Loose smut of Wheat
22.2.4.2 Stinking smut or Hill bunt of Wheat
22.2.5 Diseases caused by Deuteromycotina
22.2.5.1 Leaf spot or Tikka disease of Groundnut
22.2.5.2 Brown leaf spot of Rice
22.2.5.3 Wilt of Pigeonpea
22.3 Study of Plant Disease caused by Bacteria
22.3.1 Citrus canker
22.3.2 Black arm disease (bacterial leaf blight) of Cotton
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22.4

22.5

22.6

22.7
22.8

22.3.3 Bacterial brown rot or wilt of Potato
Study of Plant Disease caused by Virus
22.4.1 Leaf curl of Tomato
22.4.2 Yellow vein mosaic of Okra
22.4.3 Papaya mosaic (Ringspot disease)
22.4.4 Bunchy top of Banana
Study of Plant Disease caused by Phytoplasma
22.5.1 Little leaf of Brinjal
22.5.2 Mycoplasmal disease of Potato
22.5.3 Rice yellow dwarf disease
Study of Plant Disease caused by Nematodes
22.6.1 Ear Cockles of Wheat
22.6.2 Root knot of Vegetables
22.6.3 Molya disease of Wheat and Barley
Viva-voce
References

22.0 Objectives
The unit will be helpful for study of various diseases of plants caused by Fungi,
Bacteria, Virus, Phytoplasma, Nematodes
Detailed symptoms of these diseases and their causal organisms discussed here to
extend help in observation of diseased parts.

22.1 Introduction
Sign or any objective evidence of the disease or bodily disorder as shown by the
plant is called symptoms of the disease. In some cases symptoms are seen on the
part of the plant either due to character and appearance of the visible pathogen
whereas in other appearance of the symptoms is the result of interaction between
the host and the pathogen with some effect upon or change in the host plant.
Symptoms due to the character and appearance of the visible pathogen or its
structure or organ
A pathogen is present in all the vegetative parts of the host plant however, they
usually form visible reproductive or resting or fruiting structures either outside the
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plant organ or partly emerging from the host tissue. In some cases almost the
entire body of the pathogen including vegetative and reproductive parts remain
external to the host that can be readily seen.
Some of such symptoms are:
Mildews: Mildews appear as white, gray, brownish or purplish patches of varying
size on leaves, herbaceous stem or fruits. In downy mildews the superficial growth
is a tangled cottony or downy layer while in powdery mildews enormous numbers
of spores are formed on superficial growth of the fungus giving a dusty or
powdery appearance.
Rusts: Rusty symptoms appear as relatively small red, brown, black or yellow
coloured pustules of spores, usually breaking through the host epidermis.
Smuts: The affected part of the plant shows a black or purplish –black, sooty or
charcoal like dusty mass. Symptoms appear on floral organs particularly the
ovulary. Symptoms may also be found on stems, leaves as well roots.
White blisters or white rusts: Numerous white, blister-like pustules which upon
breaking exposes white powdery mass of spores on leaves of crucifers.
Scab: Roughened or crust like lesion or freckled appearance of the diseased
organ.
Sclerotia: Sclerotium is a compact, often hard, mass of dormant fungus
mycelium. In some grasses, the sclerotium assumes a characteristic shape and
may be buff or dark brown or purplish in colour.
Blotch: The symptom consists of superficial growth giving the fruit a blotched
appearance.
Fruiting bodies: The causal fungus is identified by means of characteristic spore
bearing structures (sporophores).
Exudations: Such symptoms are found mainly in bacterial diseases. Mass of
bacterial ooze out to the surface of the affected organ seen as drops of various size
or as a thin smear over the surface.
Tar spots: These are somewhat raised, black coated fungus bodies with the
appearance of a flattened out drop of tar on leaves.
Symptoms due to some effect on, or change in the host plant
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As a result of disease there may be marked change in the form, size, colour,
texture, attitude or habit of the whole plant or some of its part or organ. These
changes are brought about by the presence and activity or life processes of some
foreign living organisms and reaction of the host tissues to such activity.
Change in colour or discolouration: These symptoms include Chlorosis; green
pigment may disappear entirely and its place may be taken by the yellow pigment
due to presence of some viral disease. Albinism; the leaves are devoid of any
pigment. Chromosis; green pigment is replaced by red, purple or orange pigment.
Overgrowth or hypertrophy: This symptom includes stimulation of the host
tissue to excessive growth brought about either by hyperplasia or hypertrophy. In
some cases both the conditions are simultaneously present. The most apparent
effect is abnormally increased growth in one or more organ or certain portion of
the plant. There are various forms of overgrowth.
a. Galls: These are the malformations of more or less globose, elongated or
irregular shape. Galls may be fleshy or woody. Warts, tubercles are example
of smaller galls whereas knots are example of larger gall.
b. Curl: Growth in the tissue in a localized area of leaves causes distortion like
curling, puckering and twisting of leaves.
c. Pocket or bladder: fruits are considerably enlarged, distorted often hollowed
and mummified.
d. Witches broom: Numerous slender branches arise from a limited region in
rather close clusters appearing like a broom.
e. Hairy root: Numerous fine fibrous roots are produced which are abnormal.
Atrophy or hypoplasia or dwarfing: Inhibition of growth results in stunting of
whole plant or part of plant.
Necrosis: Necrosis results from death of the cells, tissues or organ of the plant.
There are various types of necrotic symptoms;
a. Spots / shot holes: Dead tissue becomes brown and surrounded by healthy
plant tissue. The shape of the lesion may be round, angular or irregular often
surrounded by purple, red or brown margin.
b. Streaks/ Stripes: These necrotic lesions are elongated but relatively narrower.
c. Canker: A canker is a dead area in the bark or cortex of the stem of varying
size. They are often definitely margined, the surface may be smooth or rough
and is usually sunken. Symptoms appear in bacterial diseases.
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d. Blight: Sudden death of the plant or plant part results in a burnt appearance.
The dead plant part usually turns brown or black and may soon disintegrate.
e. Damping off: The stem near the soil surface is attacked by the pathogen and
affected portion becomes constricted, weak resulting in toppling down and
death of the whole plant.
f. Burns, scald and scorch: Areas in the succulent organs of the plant die and
turns brown due to the effect of high temperature such as in sun scald of apple
and tomato.
g. Rot: The pathogen causes dissolution of middle lamella of plant cells
resulting in decomposition and later death of plant tissue. Symptom caused
mainly by bacteria and fungi.
Anthracnose: Symptoms appear as ulcer like lesions on stem and pod of the host
plant.
Die back: Symptoms characterised by drying of plant organs especially twigs and
branches from the tip backwards.
Wilts: The pathogen causes plugging of water conducting vessels or injury to the
root system. Leaves or other succulent parts of the plant loose their turgity,
becomes flaccid and droop. The symptoms seen first in some leaves later the
whole plant gradually or suddenly dies.
There are other symptoms like alteration in habit (in normal condition prostrate or
creeping becomes ascending or erect, inflorescence may change from head to
spike), premature drooping of plant part, destruction of specific organ or
transformation of organ by new structure (eg. Phyllody in the case of green ear
disease of pearl millet where flower is converted to green leafy structure)

22.2 Study of Plant Diseases caused by Fungi
22.2.1 Diseases caused by Myxomycotina
22.2.1.1 Damping-off and Root Rot of Seedling
"Damping-off" is a general term for the death of seedlings, either before or after
emergence, under damp conditions causing the greatest losses in cool, wet soils.
Damping-off is generally limited to areas where drainage is poor or where soil is
compacted, but whole fields can be affected, especially in early plantings exposed
to rain.
Symptoms: Seedlings affected by damping-off fail to emerge or fall over and die
soon after emergence. Seedling turns pale yellow and stems usually have a dark
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brown, shriveled portion at the soil line. Pythium debaryanum, or damping off,
can cause black and reddish-brown lesions on plants. Infected seedlings will
eventually topple to the ground.

Fig. 22.1 : Symptoms of Damping-off of seedling
Pathogens and Host range: Different species of Phytophthora, Pythium, and
Rhizoctonia spp. Causes damping off and root rot of seedlings. But the most
important of damping off pathogen is Pythium.
Table 1: Diseases caused by different species of Pythium
Pathogen
Host
Disease
P. debaryanum
P.
aphanidermatum
P. indicum
P. graminicolum
P. ultimum
P.myretonianum

Members of family Solanaceae
e.g. Tomato, Tobacco, Chilli
Members of family Caricaceae
e.g. Papaya
Brinjal and Lady’s finger
Members of family Poaceae e.g.
Wheat
cabbages, carrots, cucumbers,
melons
Members of family
Zingiberaceae e.g.Ginger

Damping off
Stem rot and soft rot
Leaky fruit rot
Foot rot
damping-off and root
rot
Foot rot

Besides the host given in the table, Pythium also infects other plants of commercial
importance e.g. Wilt of Piper nigrum, Clump rot in Cardamom and damping-off of
seedling in Pea.
Identification:
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1.
2.

3.

Habit: Pythium species are facultative parasites but most of the species are
found in soil and water as saprophytes.
Vegetative structure: Mycelium forms the vegetative thallus of the fungi.
Mycelium is branched, coenocytic, aseptate but septa are produced at the time
of reproduction. Mycelium is parasitic and are inter or intracellular (some parts
remain inside the host while remaining are outside the host). In some cases all
the mycelium remains inside the host.
Reproductive structures: Pythium species are identified microscopically by
their sexual spore states and sporangia. Asexual reproduction takes place with
the help of biflagellate zoospores produced in terminal zoosporangia which are
formed at the end of mycelium. Sporangia (zoosporangia) of Pythium are of
two types; one is simple, elongated and similar to vegetative mycelia and other
spherical and broader than vegetative hyphae. Sporangia consist of apical
papillae through which numerous vesicles are given out. Content of the
sporangium is transferred into the vesicles where numerous biflagellate
zoospores are produced. Zoospores are kidney shaped, naked, uninucleate, and
vacuolated with two laterally attached flagella. On germination zoospores gives
rise to new mycelium.

Fig. 22.2: Asexual stage of Pythium: A; developing sporangia, B; mature
sporangia
Sexual reproduction is of oogamous type. All the species of Pythium are
homothallic. Oogonium is usually terminal, oval or sphearical and smooth walled
with an apical papilla. It differentiates from vegetative hyphae after septum
formation. The protoplasm of developing oogonium differentiates into peripheral
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priplasm and central ooplasm. All the nucleus except one degenerates in mature
oogonium.

Fig. 22.3: Sexual stage of Pythium: A; Oogonium and antheridium with
fertilization tube, B; Oospore, C; germinating oospore
Antheridia are usually borne on hypha adjacent to the oogonium (monoclinous),
or far off from oogonium (diclinous) or just at the base of the oogonium
(hypogynous). An antheridium is multinucleate, club shaped structure.
A fertilization tube originates from antheridium which penetrates the wall of
oogonium and transfer the male nucleus into the oogonium to form diploid
zygote. Zygote transforms into oospore which is sphearical, ornamental thick
walled structure. Oospore forms many zoospores which on germination give rise
to new mycelium for further infection.
22.2.1.2 Brown spot disease of Maize
Symptom: Symptoms appear as small, round to oblong spots on the leaf blade,
leaf sheath and culms generally occurring in bands. Symptoms also can occur on
the leaf sheath as dark purple circular lesions, which may be confused with
"purple leaf sheath". Symptoms occurrence is more common on lower parts of the
plant than on upper parts.
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Fig. 22.4 Symptoms; Dark circular lesions of Physoderma brown spot on a
leaf sheath.
First appearance of the disease is slightly bleached or yellowish spots about 1mm
in diameter. These spots turn darker and finally brown to reddish brown with
lighter margin. Numerous spots develop in small area. The browning of the tissue
is due to necrosis and accumulation of spores of the fungus. Affected leaves die
prematurely. Plants may lodge during severe infection.
Pathogen and Host range: Physoderma brown spot is caused by the pathogen
Physoderma zeae-maydis ShawIt is an obligate parasite on corn (Zea mays).
Teosinte (Euclaenea Mexicana) is the only other known host.
Identification:
1.
Habit: Water behind the whorl or behind leaf sheaths also provides an
environment for the fungus Physoderma maydis, which is closely related
to other “water-mold” diseases.
2.
Vegetative structure: Mycelium forms the vegetative thallus of the fungi.
Mycelium is branched, coenocytic, aseptate but septa are produced at the
time of reproduction. Mycelium is parasitic and are inter or intracellular.
3.
Reproductive structure: The brown old lesions consists of a large
number of separated, thick walled, spore like bodies called resting
sporangia or resting spores. These resting spores are smooth, brown, and
flattened at one side bearing a lid or cup like structure. On germination of
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resting spores numerous uniflagellate zoospores enclosed in a vesicle
come out. After a period of activity these zoospores lose their flagellum,
become slightly amoeboid and come to rest. Some of them germinate to
produce infection hyphae while other produces secondary sporangia.
Secondary sporangia produce secondary zoospores which are slightly
smaller than primary zoospores.

Fig. 22.5 : Physoderma zeae-maydis: A; resting sporangium, B; Germination
of resting sporangium, C; Zoospore from resting sporangium, D;
Sporangium in host cell, E; Zoospore from secondary sporangium, F;
sammelzellen
The infection hyphae expand within the host cell to form several enlarged
vegetative cells called Sammelzellen. These cells give rise to other thin hyphae
which inturn give rise to more enlarged cells. These cells either directly become
sporangia or produce special hyphae which bear terminal spores.
Sexual reproduction is oogamous type.
22.2.2 Diseases caused by Mastigomycotina
22.2.2.1 Late blight of Potato
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Late blight of Potato was the first plant disease for which a microorganism was
proved to be the causal agent, leading to the birth of plant pathology as a science.
Late blight is the disease that triggered the Irish potato famine of the 1840s.
Symptom:
The disease affects leaves, branches and tubers. The symptoms become apparent
at the time of blossom. Late blight of potato is identified by black/brown lesions
on leaves and stems that may be small at first and appear water-soaked or have
chlorotic borders, but soon expand rapidly and become necrotic. In humid
conditions, Phytophthora infestans produces sporangia and sporangiophores on
the surface of infected tissue. This sporulation results in a visible white growth at
the leading edge of lesions on abaxial (lower) surfaces of leaves. As many lesions
accumulate, the entire plant can be destroyed in only a few days after the first
lesions are observed.

B
A

Fig. 22.6 : Symptoms of late blight: A; lesions on abaxial (lower) surfaces of
leaves, B; Infected tuber
In the later stages underground tubers are also affected. Symptoms on tubers starts
with discolouration of skin, later the infection spread to the inner parts so that the
entire tuber turns brown and decays (brownish dry rot) giving off pungent smell.
Pathogen and Host Range: Phytophthora infestans is the causal organism of the
disease. Its host range include economically important plants Potato, tomato etc.
Phytophthora colocasiae causes leaf blight and rot in Colocasia. P. parasitica
causes Koleroga disease in Areca (nut). It also causes seedling blight of castor. P.
faberi causes bud rot disease in coco and rubber.
Identification:
1.
Habit: Phytophthora is an obligate parasite. Its various species causes
blight, seedling blight and black leg disease of the host.
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2.

Vegetative structure: Vegetative thallus is mycelial structure. Hyphae are
branched, coenocytic, aseptate and with haustoria which are spherical or
knob like and branched. The haustoria helps in the absorption of the food
from the host.

Fig. 22.7 : Phytopthora: A; surface view of leaf showing sporangiophores, B;
T.S. of host leaf showing sporangiophores, C; Single sporangium, D;
Antheridium and oogonium
3. Reproductive structure: Asexual reproduction takes place by sporangia which
are formed on sporangiophore or conidiophore. Sporangiophores develop from
vegetative hyphae and they come out singly or in group through stomata.
Sporangium or conidium is lemon shaped produced terminally on geniculate
(bend like knee) sporangiophore. Branching in sporangiophore is sympodial so
that sporangium later becomes lateral in position. A hyaline apical papilla is
present on the sporangium. Numerous kidney shaped (reinform) zoospores are
produced in sporangium which on germination form new mycelium.
Sexual reproduction is oogamous. Male reproductive structure (antheridium) is
amphigynous i.e. located at the base of oogonium (female reproductive structure)
forming a funnel shaped coller around it or it may be perigynous i.e. develop
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laterally below oogonium. Antheridium is multinucleate in earlier stages but at
maturation only one nucleus remains which act as male gamete. Oogonium is
spherical or pear shaped with a cental prominent nucleus; egg nucleus in the
centre. Peripheral portion of oogonium is known as periplasm, while the central
portion ooplasm. After fertilization a thick walled oospore is produced which
germinate after resting period to form new mycelium.
22.2.2.2 White rust of Crucifer
White rust of Crucifer is found in India on members of family crucifereae e.g.
turnip, radish, cauliflower, cabbage etc.
Symptom: All parts of plant except rot may show symptoms. On the host plant
the pathogen causes two types of symptoms; local and systemic. In local
infection, the preliminary symptoms of the disease appear on the leaves in the
form of shiny white pustules or sori. These pustules are raised, variable in shape
and size ultimately coalesce later to form larger patches. The host epidermis
ruptures after the pustules are fully formed. The exposed sori reveal a white
powdery mass consisting of spores of the fungus.

Fig. 22.8 : Symptoms of white rust on Brassica inflorescence and leaf
The fungus becomes systemic when young stem and inflorescence are infected.
This causes various types of deformities of which hypertrophy is most
pronounced. Due to hypertrophy and hyperplasia in the tissues the floral parts
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show swelling and distortions as a result the axis of the inflorescence and floral
stalk may be enormously thickened. While the floral parts become swollen,
fleshy, green or violet in colour, the petals may become sepal like and stamen
becomes leafy, the carpels become atrophied. This results in sterility in flower.
Pathogen and Host Range: Albugo candida (Lev.) Kunz is the causal organism
of the disease. It is the member of class Oomycetes. It causes disease in Raphanus
stivus (radish), turnip, cauliflower, cabbage etc. Besides this, different species of
Albugo also infects members of family compositeae, amaranthaceae, and
capparidaceae. By the infection of Albugo ipomeae-pandoranae on the members
of family convolvulaceae galls are produced.
Identification:
1. Habit: The fungus is an obligate parasite.
2. Vegetative structure: Mycelium is intercellular, branched, coenocytic and
aseptate. Septa formation occurs at the time of differentiation of sexual
reproductive structures. The hyphae collect beneath the epidermis inti which large
number of knob like haustoria are produced. Haustoria absorbs food material and
nutrition by entering into host cell.
3. Reproductive structure: Asexual reproduction takes place with the help of
conidia or sporangia. The dense mass of hyphae forms the sporangial bed (sori).
The sporangiophores are formed by vertical growth of broad, short, clavate
stalkunder the epidermis. The sporangia or conidia are formed in basipetal
succession in chains, i.e. the first formed being thick walled and at the top. Pads
of gelatinous material are formed between successive conidia and function as the
disjunctors are known as disjunctor cells. Conidia are hyaline and spherical.
Conidia become free after disjunctor absorb moisture and swells releasing conidia
by rupturing epidermis of the host leaf. Conidia germinate to produce zoospores.
Zoospores give rise to new mycelium after germination on the host.
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Fig. 22.9 : Infected host leaf and hypertrophied inflorescence
Sexual reproduction is oogamous. Antheridia and oogonia are formed in the
intercellular spaces of tissue of the host inflorescence when the infection becomes
systemic. The oogonium is globose, terminal or intercalary and consists of about
100 nuclei. The content is clearly demarcated into periplasm and central ooplasm
(oosphere). Ooplasn is uninucleate in A. candida while it is multinucleate in A.
blitii. Single functional female nuclei remain in the centre. Antheridium is
clavate, paragynous and contains 6-12 nuclei.
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Fig. 22.10 : Albugo: A; T.S. of the host leaf showing conidiophore and
conidia, B; conidiophore with chain of conidia, C; sexual reproduction
antheridia and oogonia, D; Post fertilization stage showing oospore
At the time of fertilization a granular body coenocestrum appears in the centre of
the oogonium.
Fertilization results in oospore by the development of three layered thick wall.
22.2.2.3 Green ear disease or Downy mildew of Pearl millet
Downy mildew of pearl millet, sometimes referred to as ‘green ear’ is the most
destructive disease of pearl millet. This disease is widely distributed in temperate
and tropical areas of the world.
In India, the disease is present in all the states where pearl millet is cultivated. In
India, downy mildew epidemics caused substantial yield losses during 1970s and
1980s. Grain yield losses of 10 to 60% have been reported.
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Fig. 22.11 : Symptom of green year: A; on earhead, B; on plant
Symptom: There is considerable variation in the symptoms, which almost always
develop as a result of systemic infection. Symptoms of the disease occur in two
forms. Infected plant remains stunted and pale yellow. Systemic symptoms
generally appear on the second leaf. Leaf symptoms begin as chlorosis
(yellowing) in streaks on the upper surface. Just below these streaks on the on the
lower surface a fine downy growth of the fungus may appear. Soon the chlorotic
area turns brown and in advance stages shredding of the leaves along the veins
occur. Often the nodal buds are stimulated into lateral shoots giving the plant a
bunchy appearance.
Once these symptoms appear, all the subsequent leaves and panicles also develop
symptoms. Severely infected plants are generally stunted and do not produce
earheads (panicles). When earhead is infected, the floral parts are transformed
into twisted, leaf like structures, which can be total or partial, hence the name
'green ear'. Three types of transformation can be found; the cob length may
remain normal but the entire ear is converted into leafy mass, the cob length may
remain normal but only lower part is converted into leafy mass and upper portion
bears grains and in the third type the development of the cob is altogether
suppressed and in its place a bunch of leafy structure is formed.
Pathogen and Host Range: Sclerospora graminicola (Sacc.) Schroet is the
causal agent of the disease downy mildew or green ear disease in bajra. Other
species pathogenic to plants are Sclerospora sorghi and Sclerospora maydes
which causes downey mildew diseases in jowar and maize.
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Identification:
Habit: Sclerospora is an obligate parasite. It is a member of class Oomyceyes.
The fungus is found in all parts of systemically affected plants.
Vegetative structure: Thallus is made up of branched, aseptate and coenocytic
mycelium which is intercellular and well developed. Haustoria come out from
vegetative hyphae which absorb food from host cell.
Reproductive structure: Asexual reproduction takes place by sporangia or
conidia. Sporangia are borne on branched and well developed sporangiophore.
Terminal portion of sporangiophores are swollen and sporangia are developed on
them. Sporangiophores come out singly or in group of 2-3 through stomata. The
sporangia are lemon shaped, smooth, hyaline, elliptical and papillate. They
germinate to liberate 1 to 12 zoospores, which encyst and germinate by germtube
to produce mycelium.

Fig. 22.12 : A; Infected inflorescence of Bajra, B & C; Proliferation in spike
of bajra, D; sporangiophore and sporangia, E; Oospore
Sexual reproduction is oogamous type. Antheridium and oogonium gets separated
from main filament of mycelium by the septum. Antheridium is club shaped
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which is multinucleate but later becomes uninucleate. Oogonium is uninucleate,
spherical structure formed at the tip of hypha. Its central portion is ooplasm while
peripheral portion is periplasm. Fertilization is through fertilization tube which
results in the formation of oospores. Oospores are double layered thick-walled,
spherical, and brownish yellow, 22 to 35 um in diameter. Oospores germinate into
new mycelium after resting period.
22.2.2.4 Downy mildew of Maize
Maize suffers from a number of downy mildew diseases in India. Pathogen of all
types of downy mildews belongs to members of class oomycetes. Of the diseases
the most common and dangerous are downy mildew and brown stripe downy
mildew of maize. In India, annual losses of 20-90% have been reported.

A

B

Fig. 22.13 : Symptom of: A; downy mildew on maize caused by
Peronosclerospora sacchari (Lesions are initially interveinal and appear as
chlorotic, brownish or reddish stripes on the leaves), B; brown stripe downy
mildew caused by Sclerophthora rayssiae var. zeae.
Symptom: The symptoms produced by most of the species causing different
types of downy mildews are more or less similar on maize leaves. In the downy
mildew caused by Peronosclerospora sacchari the most characteristic symptom is
the development of long, rather broad, chlorotic stripes along almost the entire
length of the leaf. Later such stripes coalesce, their margin is lost and irregular
elongated patches are formed. Sometimes puckering and shredding of the leaves
are noticed in later stages.
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The lesions of downy mildew caused by Sclerophthora rayssiae var. zeae are
shorter than those caused by Peronosclerospora species and turn brown rather
early. Necrosis of affected tissue is a prominent feature.
The two types of downy mildews commonly do not occur on the same plant
though occurring in the same field.
Pathogen and Host Range Of the species the most common and dangerous are
Peronosclerospora philippinensis, the cause of “Philippine downy mildew” of
maize and other grasses, Sclerophthora rayssiae var. zeae, the cause of brown
stripe downy mildew of maize. Other widespread species are Peronosclerospora
sacchari, P. sorghi, and P. rayssiae zeae etc. Peronosclerospora philippinensis is
endemic to the Philippines. In addition to maize, the hosts include sugar cane and
other grasses, but yield losses on these other hosts are not well defined.
Identification:
Habit: Being the member of class oomycetes, generally the fungus is obligate
parasite.
Vegetative structure: Mycelium is inter or intracellular, coenocytic, aseptate.
Formation of septa occurs at the time of reproduction.
Reproductive structure: The disease cycle of Peronosclerospora sacchari
involves both sexual and asexual reproduction. Asexual reproduction takes place
by the formation of conidia. This oomycete does not produce zoospores, but
rather the sporangia germinate directly and have been referred to as conidia.
Conidia are borne on massive, wedge shaped, short, stout conidiophores bearing
sterigmata which are dichotomously branched. Conidiophores emerge through
stomata singly or in group of 2 rarely 3. The conidia are thin walled, hyaline,
elliptical, cylindrical or ovate with rounded apex.
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Fig. 22.14 : Conidiophore and conidia of Peronosclerospora sacchari
Sporangiophores of Sclerophthora rayssiae var. zeae differ from conidiophore of
P. sacchari. They are determinate, unbranched and short. They produce sporangia
sympodially in group of 2-6. The sporangia are hyaline, ovate, subclavate,
elliptical or cylindrical having truncate or rounded apex. They germinate to
produce 4-8 zoospores.
Sexual reproduction is oogamous. Oogonia of P. sacchari are reddish brown,
irregularly elliptical. After fertilization oospores are produced which are typically
round and thin walled. Oospores germinate to produce sporangia, which then
release zoospores that penetrate leaf tissue. Oogonia of Sclerophthora rayssiae
var. zeae are subglobose, thin walled, hyaline to light straw coloured with
attached paragynous antheridia. Oospores are spherical or subspherical. Survival
of this pathogen is via oospores in infected seeds and soil or plant debris.
22.2.3 Diseases caused by Ascomycotina
22.2.3.1 Stem galls of Coriander
This is a common and widespread disease of coriander causing heavy damage to
the crop.
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Fig. 22.15 : Symptom of stem gall galls disease on coriander
Symptom: Symptoms appear on all aboveground parts of the plants: leaves,
stems, petioles, and fruits. The small, tumor like swellings that appear on the
stems and petioles are at first glossy but later rupture and become rough.
Swellings are usually 10–12 mm long and 3–5 mm wide and may vary depending
on the dimension of the plant part infected. The leaves become leathery. The
disease affects the fruits last. Affected fruits become deformed and enlarged,
usually two to three times normal size. The clove like appearance of the fruit is
the specific symptom of the disease.
Pathogen and Host Range: Protomyces macrosporus Unger is the pathogen
causing stem gall disease on Coriandrum sativum L. (Coriander - Cilantro)
Identification:
Habit: The fungus is parasitic on Coriandrum sativum L.
Vegetative structure: The mycelium of the fungus is found only in the tumors,
the hyphae are intercellular, closely septate, broad with irregular branching. The
fungus forms bacteria like colonies on Potato-Dextrose-Agar medium.
Reproductive structure: Scattered cells in the hyphae swell, form ellipsoid or
globose bodies which later develops into chlamydospores. Chlamydospores are
surrounded by a thick, hyaline three layered wall. They germinate in water by
rupturing the outer wall (exospore). The inner wall is pushed out to form a
vesicle. The protoplasm of the chlamydospore passes into the vesicle and gathers
towards the periphery. The nucleus divides several times forming 100-200
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daughter nuclei. The protoplasm also divides by cleavage into several uninucleate
masses. Each uninucleate mass again divide to form 4 ellipsoid spores.
These spores after release from vesicle multiply by budding in the yeast like
fashion and causes new infection.

Fig. 22.16: Protomyces macrosporus: A; resting spores in the host tissue, B;
Mycelium with intercalary and terminal young spores, C; Germination of
chlamydospores (resting spores), D; Nuclei move to periphery, E; Spore
mother cell divides into four, F; Discharge of spores.
22.2.3.2 Powdery mildew of Peas
The disease is considered more serious than downey mildew because it occurs
more frequently and covers large host surface area than does the downey mildew.
It usually develops late in the season reaching maximum intensity when pods are
forming. Normally the disease does not cause serious losses if peas are planted in
spring or an early-maturing cultivar is planted. The disease is worst in dry
weather.
Symptom: The first symptom appears on leaf surfaces and then on other green
parts of the plant including stem. Symptom is characterized by powdery white
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mycelium and spores which appears white floury patch on both sides of leaves as
well as on tendril, pods and stem. On some cultivars, affected areas may die. All
cultivars are dwarfed if infested early. Affected pods of some cultivars, including
'Oregon Sugar Pod', develop small brown to black necrotic spots.

Fig. 22.17 : Symptoms of Powdery mildew on pea pod and leaves
Pathogen and Host Range: Erysiphe polygoni DC. Is the causal agent of the
disease powdery mildew of pea. Erysiphe polygoni is an aggregate of many
individual species. The various species described under the name Erysiphe
polygoni on different host in India comprises of 8 species, namely Erysiphe
polygoni, E. pisi, E.barberidis, E. betae, E. heraclei, E. martii, E. renunculi and
E. salvae. Physiological races of the species were considered to attach bean,
urdbean, coriander, turnip, cabbage etc. (= Alphitomorpha poligoni =
Ischnochaeta polygoni). Anamorph of Erysiphe polygoni is Oidium arachidis.
Identification:
Habit: The fungus can be seedborne but usually survives as conidia on living
plants. The fungus is ectotrophic, the entire thallus, except the haustoria, being
present on the surface of the affected parts of the host.
Vegetative structure: The mycelium is generally fine, persistent and rarely thick.
The haustoria develop as outgrowth from lobed swellings (appressoria) on the
sides of the hyphae adjacent of the leaf surface. The appressoria helps in fixing
the mycelium to the host surface. The haustorium arise as a narrow tube from the
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appressorium which penetrate the cell wall and expand into a rounded sac in the
epidermal cell.
Reproductive structure: The conidiophore arises vertically from the superficial
hyphae on the host surface. They are septate bearing several conidia in a chain.
Conidia at the end of conidiophore mature in successive order i.e. spores are
formed in regular order from the tip backward. The conidia are unicellular,
hyaline, elliptical barrel shaped or somewhat cylindrical in shape.

Fig. 22.18 : Erysiphe polygoni: A; Conidiophore, B; oidia & germination of
oidium, C; Haustorium in host cell, D; Asci with ascospores, E; Broken
cleistothecium with asci
Sexual reproductive structure is cleistothecia which are formed as short black,
minute bodies scattered in the mycelial web. The peridium of the cleistothecium
is composed of distinct polygonal cells and is provided with a number of
myceloid appendages. The appendages may be few to many, free or interwoven.
Usually 2-8 asci originating from the same point in a fan like manner are formed
in each cleistothecium. Asci are ovate, nearly sessile and each asci contain 3-8
hyaline, elliptical, unicellular ascospores.
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The interesting feature of the fungus is that hyphal cells, conidiophores, conidia
and haustoria all are uninucleate.
22.2.3.3 False smut of rice
Rice false smut was first reported in the United States in 1997. It was first
recorded in India by Cook in 1818 from Tinnevally in South India. The disease is
now prevalent in all rice growing areas of the world including India.
False smut has been reported to cause some economic losses in Asia, and
occasionally it reduces rice yield and quality in the southern United States.
Symptom: Symptoms are visible on the panicle. Due to the development of the
fructification of the pathogen, scattered individual grains are converted into large,
velvety green masses known as spore balls or galls. These galls contaminate the
grain and fields following harvest. The colour of the galls changes from silvery
white to orange and then to black. The infected kernels are several times the size
of the normal kernels. Their colour is orange yellow on the periphery and white in
the centre.
When mature, the surface of the ball cracks releasing the spores. The disease
reduces both grain yield and grain quality.

Fig. 22.19 : Symptoms of false smut of rice
Pathogen and Host Range: Ustilaginoidea virens (Cooke) Takah is the
pathogen. Earlier described under the name Ustilago virens, a smut fungi as a
member of Ustilaginales but later considered to belonging to order Hypocereales
of subclass Saccharomycetaceae. Oryza sativa L. (rice) is the common host.
Perfect sexual stage is Villosiclava virens.
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Identification:
Habit: The fungus is obligate parasite.
Vegetative structure: Thallus is mycelial.
Reproductive structure: The fructifications replacing the grains reprsents the
conidial and the sclerotial stages of the pathogen. The spore ball consists of
lightly woven mycelium together with the glums and other host tissue.
Chlamydospores formed on spore balls are borne laterally on minute sterigmata
on radial hyphae and are sphearical to elliptical, waxy and olivaceous. The
younger spores are smaller, paler and almost smooth. Some of the green spore
balls develop one to four sclerotia in the centre. When young, they are fleshy
inside but become hard after sometime.

Fig. 22.20 : Ustilaginoidea virens: A; section of outer part of sclerotium, B;
formation of spores, C; spores, D; spore germinating
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22.2.4 Diseases caused by Basidiomycotina
22.2.4.1 Loose smut of Wheat
Loose smut is a serious disease of wheat causing heavy losses in all the wheat
growing areas of the world. The pathogen that causes the disease has the
potentiality of causing devastating losses that can reach 100% of the wheat yield.
The destructive nature of the disease lies in the fact that every head of the affected
plant may be converted into a black mass of spores and no grains are formed.
Symptom: There are no visible symptoms of infection during the life span of
plants till maturity. At early maturity stage, signs of the pathogen start to appear
in wheat fields on a few number of wheat heads (smutted heads) that carry
millions of teliospores. These spores are capable to infect a whole wheat field and
even the neighboring ones. This late symptom can be seen clearly at the field
inspection on a higher level than the healthy un-matured heads.

Fig. 22.21 : Symptom of loose smut of wheat; Healthy ear, infected ear and
ear after liberation of smut spores
The smutted heads consist of a powdery mass of the fungus teliospores covered
by a delicate grayish membrane that will burst releasing the spores to be blown by
wind and fall on the inflorescences of healthy plants and germinate to invade the
ovary of the flower.
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Pathogen and Host Range: Ustilago tritici (Pers.) Rostr. is the pathogen
causing loose smut of wheat (Triticum spp.) that occurs wherever wheat is
cultivated all over the world. Its synonym are Ustilago nuda var. tritici Schaffnit
and Ustilago segetum var. tritici (Pers.) Brunaud (1878). This fungus causes smut
disease in other members of family Poaceae. Examples; U. nuda causing Loose
smut of barley, U. maydis causing smut of maize, U. avenae causing lose smut of
oat. Besides these different species of Ustilago causes covered smut disease in
different members of grass family like U. hordei causing covered smut of barley,
U. kolleri causing covered smut of oats and U. scitamineae causing whip smut of
sugarcane.
Identification:
Habit: Generally species of Ustilago are obligate parasites in natural environment
but have the capacity to survive as saprophytes also. They parasitise plants of
grass family and causes two types of smut diseases in them; loose smut and
covered smut.
Vegetative structure: Thallus is mycelial. Mycelium is well developed,
branched, inter or intracellular and septate without haustoria. Vegetative
mycelium may be mono or dikaryotic. The dikaryotic mycelium possesses two
nuclei of different strain in each cell.
Reproductive structure: The reproductive structures or spores are formed on
hyaline dikaryotic mycelium that grow and thicken, then fragment forming
teliospores (chlamydospores). Spore masses are olive brown. Teliospores are
round or semi-round, double walled, yellowish brown to olivaceous brown with
one side lighter in colour, covered with minute spikes, with diameter 5-9µm.
Mature teliospores are found in the masses of black and sooty substances. In the
earlier stages teliospores are binucleate but become uninucleate later on due to the
fusion of nuclei (karyogamy).
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Fig. 22.22 : Ustilago tritici: A; spore mass, B; sporogenous hypha and smut spore

22.2.4.2 Stinking smut or Hill bunt of Wheat
The disease is also known as covered smut of wheat due to nature of its sori, is of
worldwide occurrence and is more serious than the loose smut of wheat. In India
the disease is confined to the cooler regions such as Kashmir, Himachal Pradesh
and parts of Punjab and western Uttar Pradesh.
Symptom: The fungus attacks seedling of 8-10 days old and become systemic
and grows along the tip of shoot. At the time of flowering hyphae concentrate in
the inflorescence and spikelets and transforming the ovary into smut sorus of dark
green color with masses of chlamydospores.

Fig. 22.23 : Symptoms of stinking smut of wheat
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As the disease is caused by two different pathogens, species produce different
symptoms T. caries (low bunt) affected culms are shorter than the normal and the
plants affected by T. foetida (high bunt) are more often higher than the normal
ones. The diseased plants mature earlier and all the spikelets are affected. The
disease produces slightly discoloured grains which are full of black powder and
gives foul smell hence the name stinking smut. The disease causes loss in yield,
difficulties in thrashing and reduces grain quality.
Pathogen and Host Range: Causal organisms of the disease are Tilletia
caries (synonym Tilletia tritici) and Tilletia foetida (synonym Tilletia laevis) .
These species have a wide host range. The pathogen also affects rye and a number
of grasses such as Agropyron, Lolium, Aegilops and Hordeum. One of the species
Tilletia controversa also causes dwarf bunt of wheat.
Identification:
Habit: The fungus is obligate parasite. Mycelium is systemic and grows along the
growing tip of the host.
Vegetative structure: Thallus mycelial with inter and intracellular mycelium.
Vegetative mycelium of both the pathogen species are dikaryotic or
monokaryotic. The hyphae replace the cells of the seed, and the individual cells of
the smut fungus become teliospores.
Reproductive structure: The spores are intermixed with hyaline sterile cells.
One of the chief morphological distinction is the marking the teliospores.
Teliospores of T. tritici have ridges on their walls which gives them a “warty”
appearance while teliospores of T. laevis have smooth spore walls.
Karyogamy and meiosis occur in the teliospore. When environmental conditions
are favorable, each teliospore germinates by producing a short germ tube,
technically called a basidium. Shortly after the basidium is formed, long threadlike, light-colored, haploid spores are produced, four or more per basidium. These
are called primary sporidia or basidiospores. Genetically compatible sporidia
anastomose (fuse) very quickly in pairs to form an H-shaped structure. This
allows the haploid nuclei in the two sporidia to come together as a dikaryon.
The two nuclei do not fuse together, but function as a pair. The dikaryotic
infectious hypha develops from the H-structure which penetrates the seedling.
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Fig. 22.24 : Germinating teliospores showing basidium, sporidia and Hstructure formed from fused sporidia. (Courtesy M. Brown and H.
Brotzman)
22.2.5 Diseases caused by Deuteromycotina
22.2.5.1 Leaf spot or Tikka disease of Groundnut
Leaf spot or Tikka disease of groundnut is the most important fungal disease of
this crop. When Tikka disease is associated with rust of groundnut, the losses may
be up to 70%.
Symptom: All aerial parts of host plant are attacked by two different fungi but
more severely on leaves. Apart from time of appearance, the symptoms produced
by two different pathogens differ in size, shape and colour of the lesion.
In early leaf spot symptoms, sub-circular dark brown spots are produced on the
upper leaflet surface. The spots are of lighter shade of brown on the lower side of
the leaflets. Yellow halo is seen around the brown spots.
Late leaf spots are nearly circular and darker than early leaf spots and with no or
light yellow halo. The late leaf spots on the lower leaflet surface are rough in
appearance. Circular rings of fungus fruiting structures can be seen on the lower
leaflet surface with the aid of a hand lens. Late leaf spot attack is usually seen
along with rust disease.
Severe disease attack leads to shedding of leaflets resulting in premature ageing
of the crop. Oval to elongate spots similar to early leaf spot are also formed on
stems and pegs.
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Fig. 22.25 : Symptoms of Tikka disease of groundnut on leaves and stem
The lesions caused by both species coalesce as infection develops and severely
spotted leaves shed prematurely. The quality and yield of nuts are drastically
reduced in severe infections.
Pathogen and Host Range: The Tikka disease is caused by two fungi,
Cercosporidium personatum Berk and Curt. (earlier known as Cercospora
personata) and Cercospora arachidicola Hori, both occuring on the same leaves.
Sexual stage (telomorph) of Cercosporidium personatum is M. berkeleyii whereas
Mycosphaerella arachidis is the telomorph of Cercospora arachidicola. More
recently Cercosporidium personatum has been renamed as Phaeoisariopsis
personata. Both the telomorph belong to class Loculoascomycetes of the
Ascomycotina.
Identification:
Habit: The pathogen is obligate parasite.
Vegetative structure: The pathogen Cercospora arachidicola is intercellular and
do not produce haustoria and become intracellular when host cells die.
Cercosporidium personatum produces internal and intercellular mycelium with
the production of haustoria. The mycelium of Cercosporidium personatum in the
host is septate and intercellular sending haustoria into the palisade and mesophyll
cells.
Reproductive structure: Cercospora arachidicola produces abundant
sporulation on the upper surface of the leaves. The stroma is dark brown.
Conidiophores are olivaceous brown or yellowish brown in colour, short, 1 or 2
septate, unbranched and geniculate and arise in clusters. Conidia are sub hyaline
or pale yellow, obclavate, often curved 3-12 septate, 35- 110 x 2.5 - 5.4 µm in
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size with rounded to distinctly truncate base and sub-acute tip. The perfect stage
of the fungus produces perithecia as ascostromata. They are globose with
papillate ostiole. Asci are cylindrical to clavate and contain 8 ascospores.
Ascospores are hyaline, slightly curved and two celled, apical cell larger than the
lower cell.

Fig. 22.26 : Cercosporidium personatum: A; Dense fascicle of conidiophores
on a big stroma, B; Conidia.
In Cercosporidium personatum the conidiophore develop on a dense globular,
brown to black stroma measuring 20-30μ in diameter. The conidiphores are long,
continuous, unbranched, 1-2 septate, geniculate, arise in clusters and olive brown
in colour. The conidia are cylindrical or obclavate, short, measure 18-60 x 610µm, hyaline to olive brown, usually straight or curved slightly with 1-9 septa,
with bluntly rounded ends. The fungus in its perfect stage
produces perithecia as ascostromata which are globose or broadly ovate with
papillate ostiole. Ascostromata are partly embedded in the leaf tissue. Asci are
cylindrical to ovate, contain 8 ascospores. Ascospores are 2 celled and constricted
at septum, and hyaline. The apical cell is larger than the lower cell.
22.1.5.2 Brown leaf spot of Rice
Brown leaf spot, also known as Helminthosporium leaf spot occurs in all ricegrowing areas and was responsible for the Bengal famine in 1942. The disease
attacks the crop from the seedling stage in the nursery to the milk stage in the
field. The damage to the crop results from poor germination of the seed, leaf spot
causing general weakening of the plant and poor grain setting and infection of the
grain making them unsuitable for seed.
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Fig. 22.27 : Symptoms of brown leaf spot of rice
Symptom: Spots vary in shape and size and appear on the coleoptiles of the
leaves, leaf sheath, and glumes. On the coleoptiles, the spots may be brown,
small, and circular or oval. These spots look like sesame seeds; hence, the
alternative name, sesame leaf spot. On the leaves the spots vary in size and shape
but they rarely takes the form of long streaks. The smaller spots are dark brown or
purplish brown. The larger spots are dark brown at the edge but towards the
centre, they may be pale yellow, dirty white, brown or grey. Sometimes spots are
surrounded by yellowish halos, and they may coalesce and become irregular in
shape. Badly affected leaves turns brown and dry out. Leaf sheath have same
symptoms.
Heads fail to emerge from the sheath and perish without developing fully in early
and severe attack. Lesions appear on the heads and black spots appear on the
glums. These spots gradually spread over the entire surface as dark brown or
olivaceous sporophores of the fungus form on the lesioned area. The seeds are
sometimes shrivelled and discoloured.
Pathogen and Host Range: Bipolaris oryzae (Breda de Haan) Shoemaker,
synonym Drechslera oryzae (B.de Haan) Subram, & Jain usually infecting Oryza
sativa L. (rice). Different species of the fungus parasitises Zea mays, Sorghum
Echinicloa and Panicum and causes disease in them.
Diseases caused by the species of Drechslera and Bipolaris were formerly
grouped together as Helminthosporium leaf spot, crown rot, and root rot. Almost
all of the species of Helminthosporium once classified together belong to this
genus. Now, however, they have been segregated into several genera i.e. genera
Bipolaris, Drechslera or Exserohilum.
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Perfect stage of the fungus is identified as Cochliobolus miyabeanus (Ito and
Kuribay) Dickson belonging to Ascomycotina.
Identification:
Habit: The fungi is cosmopolitan, dematiaceous filamentous and have
phytopathogenic species which specifically attack cereals, forages and other crops
causing crop diseases grouped under the term helminthosporiose.
Vegetative structure: The mycelium consists of inter and intracellular prostrate
hyphae and more or less erect conidiophores. The mycelium develops as greyish
brown to dark brown mat on the host plant and in culture. Hyphae are short
segmented on the host plant.
Reproductive structure: Conidiophore arises as lateral branches from vegetative
hyphae. They are stout, erect unbranched except at the base where they are
occasionally branched.
The conidiophores are dark, olivaceous at the base identifying with the colour of
the hyphae and lighter in the colour towards the tip. These conodiophores emerge
in tufts through stomata, characteristically bent and possess knee-joints
(geniculate conidiophore), the points where conidia are attached. The lowest
conidium is the oldest. Conidia are pale to dark brown, usually cylindrical or
subcylindrical, straight, smooth-walled, with rounded ends and are transversely
septate (phragmoconidia).
The conidia germinate characteristically from two end cells hence the name
Bipolaris.

Fig. 22.28 : Conidia and conidiophore
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In perfect stage, Cochliobolus miyabeanus, perithecia are produced in clusters and
are globose, pseudoparenchymatous, black with an ostiolar beak. Asci are
cylindrical to long fusiform, slightly curved and contain mostly 4-6 ascospores.
The ascospores are filiform and develop in a close helix in the ascus.
22.2.5.3 Wilt of Pigeonpea
Wilt of pigeonpea or Fusarium wilt is so far is the most destructive disease of red
gram or arhar, the most important pulse crop. The disease is common throughout
India specially being very destructive in Maharashtra, Madhya Pradesh, Uttar
Pradesh and Bihar.
Symptom: Though the peaeonplant is susceptible to the pathogen throughout its
development, Fusarium wilt appears on the young seedlings but highly observed
during flowering and podding stage. Disease symptoms resemble plants suffering
from drought even with availability of plenty of soil moisture leading to sudden
drooping of leaves. Infected plants become yellow and then start drying. Drying
of plants may be partial or complete. The wilting is characterized by gradual,
sometimes sudden yellowing, withering and drying of leaves followed by drying
of the entire plant or sometimes its branches. Partial wilting is also common
showing one side of the stem blackened and few or all branches on that side
wither away, the rest of the plant escaping injury. Patches of the diseased plants
are scattered in the field. These patches develop around the earliest attacked
plants (foci) in a centrifugal manner. Recovery of the affected plant is rare.
Brown or dark purple coloured bands are found on the surface of stem which start
from base to several feet above ground level. Tissues of the root and the base of
the stem show blackening of the tissues either uniformly or in streaks especially
in early stages. When the main stem or primary branches are split open browning
or blackening of the xylem is seen. Wood is the seat of the most pronounced
discolouration. These streaks arise from the discoloured parts of the stem and may
be traced up to a height of several feet on the stem.
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Fig. 22.29 : Symptoms of wilt of pigeonpea
Pathogen and Host Range: The disease is caused by Fusarium udum Butler.
Telomorph of F. udum is identified and described by Rai and Upadhyay (1982) as
Gibberella indica, a member of Ascomycotina.
Identification:
Habit: The fungus is parasite on pigeonpea and mycoparasite on certain fungi.
Some variants of the pathogen are saprophytes while other are weak parasites.
The fungus stays confined to the vascular tissues of the host and is both inter or
intracellular.
The perfect stage G. indica is found on the exposed roots and collar regions of the
stem up to the height of 35cm above ground level. G. indica is heterothallic.
Vegetative structure: Thallus is mycelial. Hypha is hyaline, septate and run
across the host cells growing along the inside of the walls of the vessels of the
vascular tissue the host. This causes plugging of the host vessels.
Reproductive structure: The mycelium produces 3 types of spores within the
host tissue. Microconidia are small, elliptical or curved unicellular or with 1-2
septa measuring 5-15 x 2-4μ. They are formed free on hyphal branches.
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Fig. 22.30 : Fusarium udum: A; hyphae in xylem vessels seen in longitudinal,
B; in transverse section of root.
Macroconidia are produced in small cushions of stromatic mycelium (sporodochia) on
the surface of the host near ground level. The macroconidia are long, curved (fusaroid),
pointed at the tip, and notched at the base, septate with 3-4 septa and measure 15-50 x
3-5μ.
Chlamydospores are also produced in the host as well as in old cultures. They develop
from any cell of the hypha often from cells of the macroconidium. Cells round off and
become thick walled to form chlamydospores. Chlamydospores are oval or sphaerical,
single or in chain, terminal or intercalary and persist in soil for long.

Fig. 22.31: Fusarium udum: A; microconidia, B; macroconidia, C;
chlamydospores
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The perithecia of G. indica are superficial, commonly aggregated, subglobose to
globose, sessile, smooth walled, dark, violet measuring 350-550μ in diameter.
Asci are subcylindrical, broader in the middle, with short stalk, a narrow apex and
a central apical pore. Each asci bear 8, ellipsoid to ovate, hyaline, commonly 2
celled (rarely3-4 celled) ascospores which are constricted at the septa. On
germination ascospores produce conidiophores with bear micro or macroconidia.

22.3 Study of Plant Disease caused by Bacteria
22.3.1 Citrus Canker
The disease was first reported from Japan. Now it is known to occur in practically
every citrus growing areas of the world. Citrus canker is a common bacterial
disease which can be a serious disease where rainfall and warm temperatures are
frequent during periods of shoot emergence and early fruit development
especially in the regions where tropical storms are prevalent. The disease
decreases the market value of the fruits.
Symptom: Although it may affect any part of the tree above the ground, citrus
canker is mostly a leaf-spotting and fruit-rind blemishing disease, but when
conditions are highly favourable for infection, infections cause defoliation, shoot
dieback, and fruit drop.
Leaf Lesions: Citrus canker lesions start as pinpoint spots and attain a maximum
size of 2 to 10 mm diameter. Lesions become visible about 7 to 10 days after
infection on the underside of leaves and soon thereafter on the upper surface. The
eventual size of the lesions depends mainly on the age of the host tissue at the
time of infection and on the citrus cultivar. The young lesions are raised or
‘pustular’ on both surfaces of the leaf, but particularly on the lower leaf surface.
As the disease advances, the surface of the spot become white or greyish and
finally rupture, exposing the light brown, spongy central mass, eventually
becoming corky and crateriform (crater like) with a raised margin and sunken
centre. A characteristic symptom of the disease on leaves is the yellow halo that
surrounds lesions. A more reliable diagnostic symptom of citrus canker is the
water-soaked margin that develops around the necrotic tissue, which is easily
detected with transmitted light.
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Fig. 22.32 : Symptoms of citrus canker on lemon fruit and leaf
Fruit and Stem Lesions: Citrus canker lesions on fruit and stems are superficially
similar to those on leaves. On fruit, the lesions can vary in size extending to 1 mm
in depth because the rind is susceptible for a longer time than for leaves and more
than one infection cycle can occur. Infection of fruit may cause premature fruit
drop but if the fruit remain on the tree until maturity such fruit have reduced fresh
fruit marketability. Usually the internal quality of fruit is not affected, but
occasionally individual lesions penetrate the rind deeply enough to expose the
interior of the fruit to secondary infection by decay organisms. On stems, lesions
can remain viable for several seasons. Thus, stem lesions can support long-term
survival of the bacteria.
Pathogen
and
Host
Range:
Xanthomonas
axonopodis pv. citri and Xanthomonas axonopodis pv.aurantifolii (Synonym
Xanthomonas campestris pv. citri Hasse.) causing diseases in numerous
species, cultivars, and hybrids of citrus and citrus relatives including orange,
grapefruit, mandarin, lemon, lime, tangerine, sour orange, rough lemon,
calamondin and trifoliate orange.
Identification:
Habit: The bacterium is strictly aerobic. Gelatin and starch are hydrolysed.
Nitrite is not formed from nitrate. The maximum and optimum temperature
ranges for growth are to 39°C (95 to 102°F) and 28 to 30°C (82 to 86°F),
respectively. It forms chains and capsule but no spores.
Vegetative structure: The bacterium Xanthomonas campestris pv. citri is a
microscopic bacterium. It is rod-shaped (bacilli), gram-negative and has a single
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polar flagellum (monotrichus). Cells are 1.5-3μ long and 0.5-1.5μ broad.
Colonies on laboratory media (2% sucrose peptone agar) are usually yellow due
to ‘xanthomonadin’ pigment production. When glucose or other sugars are added
to the culture medium, colonies become very mucoid due to the production of an
exopolysaccaride slime. A semi-selective medium can be prepared by adding an
antibiotic, kasugamycin, which inhibits many contaminants but not
xanthomonads.
Reproductive structure: Reproduction in genus Xanthomonas is similar to that
of other bacteria, occurring through asexual binary fission in which each dividing
clonal daughter cell receives an identical copy of the parental genome. No
endospore formation.
22.3.2 Black arm disease (bacterial leaf blight) of Cotton
Among the plant diseases caused by bacteria, blackarm of cotton is a severe one.
It was first described in 1891 by Atkinson from the United States. The disease has
been reported from South America, Egypt, Sudan and other African countries,
U.S.S.R., China, Australia, Sri Lanka, Pakistan and India. Cotton yield losses due
to disease of 10% have been reported.
Symptoms: Bacterial blight can affect the host plant throughout its life cycle
and symptoms vary, to some extent, with plant age and organ affected. Generally
four types of symptoms are produced by the pathogen on the host plant; Leaf
lesions, venial blight, black arm lesions on the stem, boll rot and gummosis (boll
blight)
Spots on cotyledons are circular, dark green and greasy.
In leaf lesions, minute, water soaked spots on the under surface of young leaves.
Infected leaf has angular, dark green water-soaked spots with red to brown margin
that eventually turn dark- brown or black due to death of infected tissues.
Premature falling of leaves (defoliation) occurs during severe infestation.
As the disease progresses, the leaf petiole and stem become infected showing
symptoms in the form of dark brown to black lesions on the stem and fruiting
branches. The lesions are linear and sunken from the surface, after covering the
whole circumference of the stem and branches. The girdling of infected stem with
black lesion is known as black arm syndrome. It causes the plant die and break.
An infected boll has round water-soaked spots causing it to rot. When young bolls
are attacked with several such lesions they may drop off the plant. In severe cases
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infection reaches inside the boll or fruit and causes reduction in size, quality and
quantity of lint formed inside it. The seeds invaded by the pathogen suffer from
reduction in size and loss in viability.
Lesions on boll

Fig. 22.33: Symptoms of Black arm disease of cotton: A; Leaf lesions, B;
venial blight, C; boll rot
Pathogen and Host range: Xanthomonas campestris pv. malvacearum causing
disease in cotton plant. Several species of Xanthomonas causes diseases in citrus,
sweet melon and other fruit crops. Singh et. al. identified 14 races Xanthomonas
campestris pv. malvacearum of from Delhi.
Identification:
Habit: The bacterium is aerobic. In culture, it produces a pale yellow, round, thin,
raised, smooth and shiny slimy colony on nutrient agar medium. Gelatin is
liquefied and starch and casein are digested. Milk is peptonised and coagulated.
Nitrate is not reduced. Optimum temperature for growth in culture varies from
25-32oC with maximum at 42oC and minimum at 6oC. Thermal death point is
50oC.
Vegetative structure: The bacterium is a short motile rod, formed singly or in
pairs and equipped with a single polar flagellum. It is gram negative,
encapsulated, non spore forming and measures 1-1.2 x 0.7 x 0.9µ.
Reproductive structure: Reproduction in genus Xanthomonas is similar to that
of other bacteria, occurring through asexual binary fission in which each dividing
clonal daughter cell receives an identical copy of the parental genome. No
endospore formation.
22.3.3 Bacterial brown rot or wilt of Potato
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Bacterial wilt is widespread in tropical, subtropical and warm temperate areas
throughout the world. Its occurrence has now also been reported from temperate
zones.
Symptoms: The disease causes rapid wilting and death of the entire plant without
any yellowing or spotting of leaves. The infested leaves wilt during the (sunny)
day and sometimes recover during cool hours. The stem wilts or dries up
completely and the remainder of the plant remains healthy. Wilting is first seen as
a drooping of the tip of some of the lower leaves similar to that caused by a
temporary shortage of water. When the stem of a wilted plant is cut across, the
pith has a darkened, water-soaked appearance. There is a greyish slimy ooze on
pressing the stem. In later stages of the disease, decay of the pith may cause
extensive hollowing of the stem. When the diseased tuber is cut, it shows a
browning of the vascular ring and the immediate surrounding tissues. On the cut
surface, a creamy fluid usually appears on the vascular ring. As the disease
progresses bacteria may exude through the eyes; soil will often adhere to the
exuded bacteria, hence the name 'sore eyes' or 'jammy eyes'. Affected roots decay,
becoming dark brown to black in colour. If the soil is moist, diseased roots
become soft and slimy.

A

Fig. 22.34 : A; Rotting of vascular ring, B; Bacterial ooze from vascular ring
of a cut infected potato tuber
Pathogen and host range: Bacterial wilt of potato is caused by Ralstonia
solanacearum (Smith) Yabuuchi et al.; formerly called Pseudomonas
solanacearum (Smith) Smith belonging to order Burkholderiales and family
Ralstoniaceae. Ralstonia solanacearum is a widely distributed pathogen found in
tropical, subtropical, and some temperate regions of the world. The very extensive
host range of the bacterium includes several hundred species representing 44
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families of plants. This organism is the causal agent of brown rot of potato,
bacterial wilt or southern wilt of tomato, tobacco, eggplant, and some ornamentals,
and Moko disease of banana. Primary hosts are Lycopersicon
esculentum (tomato), Nicotiana tabacum (tobacco), Solanum tuberosum (potato),
Musa paradisiaca (banana).
Secondary hosts are Anthurium, Ricinus
communis (castor
bean),
Zingiber officinale (ginger),
Arachis
hypogaea (groundnut), Capsicum annuum.
Identification:
Habit: It is a soilborne bacterial pathogen. The bacterium often attacks the crop in
association with root knot nematodes.
Vegetative structure: Ralstonia solanacearum is a gram-negative motile rod
shaped bacteria. The cells measure 0.5-0.7 x 1.5-2.5 μ and are non-encapsulated.
They are motile by 1-4 polar flagella. However, virulent strains are usually not
flagellated and cells are surrounded by thick polysaccharide material.
Reproductive structure: The organism grows aerobically and does not form
endospores.

22.4 Study of Plant Disease caused by Virus
22.4.1 Leaf curl of Tomato
Tomato leaf curl is a disease caused by group of viruses which cause a range of
destructive plant diseases worldwide. These viruses are constantly evolving and
threaten horticulture in many of the world's tropical and subtropical regions. The
disease has been reported from India, Shri Lanka and South Africa.

Fig. 22.35 : Symptom of leaf curl of Tomato
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Symptom: Affected plants are stunted or dwarfed due to severe stunting of that
result in shortening of internodes, downward rolling and crinkling of the leaves.
In early stages leaflets are rolled upwards and inwards. Leaves are often bent
downwards and are stiff, thicker than normal, have a leathery texture and often
have a purple tinge to the veins on the underside. Young leaves are slightly
chlorotic (yellowish). Flowers appear normal. Fruit, if produced at all, are small,
dry and unsaleable. Affected plants tend to be distributed randomly or in patches.
Pathogen and Host Range Tomato leaf curl virus belongs to a group of viruses
which cause a range of destructive plant diseases worldwide. Tomato leaf curl
virus (TLCV) and tomato yellow leaf curl virus (TYLCV) are the most damaging.
TLCV belongs to geminivirus group. Its synonyms are Tobacco cabbaging virus,
Tobacco curly leaf virus, Tobacco frenching virus, Tobacco leaf curl virus 1,
Tobacco virus 16 and Nicotiana virus 10.
TLCV can be confused with several other tomato disorders such as tomato big
bud, tomato yellow top, physiological leaf roll and phosphate and magnesium
deficiency.
Tomato (Lycopersicon esculentum) is the host plant on which tomato leaf curl
viruses are commonly expressed in the field. However, the range of host plants
that can be infected differs between the viruses, and not all hosts show symptoms
of infection. Numerous host plants have been experimentally infected with TLCV
under glasshouse conditions: Datura stramonium (common thornapple),
Nicotiana benthamiana (native wild tobacco), Nicotiana tabacum (tobacco),
Petunia hybrida (petunia), Phaseoulus vulgaris (French bean), Solanum
melongena (eggplant) and Solanum tuberosum (potato) etc.
Habit,Vegetative structure and Reproduction: The geminate particles of virus
measures 25-30 x 15-20nm. As in geminivirus the single stranded circular DNA
constitute the nucleic acid component of the particle.
The TLCV is neither seed nor sap transmissible but external contamination of
seed may occur. In India transmission by vector is reported. The main agency of
its transmission in nature is the whitefly Bemisia tabaci.
22.4.2 Yellow vein mosaic of Okra
Bhendi yellow vein mosaic was first reported in okra plants in 1924
in India and Sri Lanka. The disease is the most serious handicap in the cultivation
of okra in India.
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Fig. 22.36 : Bhendi (okra) leaf severely infected with Bhendi yellow
vein mosaic virus
Symptom: Systemic symptoms appear on the youngest leaf about 7-8 days after
inoculation. The symptoms include alternate green and yellow patches as a light
green mosaic or regular veinal chlorosis and vein clearing of leaves. On the next
two or three leaves produced, one or more of the principal veins are bordered by
broad chlorotic bands. Leaves produced subsequently show no symptoms.
The yellow network of veins is very conspicuous, and vein and veinlets are
thickened. In severe cases, the chlorosis may extend to the interveinal area and
may result in complete yellowing of leaves. Fruits are dwarfed, malformed, and
yellow green.
Pathogen and Host Range The causal agent is the Bhendi yellow vein mosaic
virus (BYVMV), which is associated with a beta satellite, both of which are
required for infection. BYVMV belongs to the genus Begomovirus,
family Geminiviridae. Host is Abelmoschus esculentus (L.) Moench (bhendi,
okra). It infected 105 species and varieties in 23 dicotyledonous families tested.
Different strains of virus infect other plants of economic importance e.g. Arachis
hypogaea (groundnut),Chenopodium amaranticolor, Cucumis sativus (cucumber).
Nicotiana clevelandii and Vigna sinensis (cowpea).
Habit, Vegetative structure and Reproduction: BYVMV is single-stranded
DNA virus. The virus is readily transmissible by inoculation of sap. The
whitefly Bemisia tabaci (Genn.) sibling species group is the insect vector.
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22.4.3 Papaya mosaic (Ringspot disease)
The papaya mosaic disease is more precisely known as ring spot disease. The
disease was first reported in India from Maharashtra during 1948.
Symptom: Plants contact the infection at all stages of their growth. The initial
symptoms vary considerably according to the age of the plant, time of inoculum,
season and finally condition of the infection (natural or artificial).
The first symptoms appear on top leaves. Leaves show abnormal patterns,
profuse mottling and puckering especially the young ones. The lower mature
leaves show no abnormality. After 30-40 days of appearance of the first symptom
the infected plant shows marked degeneration and reduction in growth resulting in
dwarfing of the whole plant.
Symptoms more conspicuous than mosaic are reduced size of leaves, chlorotic
and malformed appearance, defoliation of older leaves leaving only a tuft of small
leaves at the top. Leaves are often modified into tendril like structure (shoe-string)
and the numbers of lobes per leaf are increased. All the lobes are thin and
distorted.
Sometimes conspicuous dark green spots and elongated streaks appearing like
water soaked areas may appear on petioles and stem. On some fruits mosaic
patches are formed and fruit may remain smaller and get deformed.

Fig. 22.37 : Symptoms of Papaya mosaic disease on fruit and leaf
Pathogen and Host Range: Typical papaya mosaic described only from U.S.A.
and Venezuela is caused by Papaya mosaic virus (Protexvirus group). The mosaic
of papaya in India is caused by Papaya ringspot virus (Potyvirus group).
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Carica papaya (papaya) is the host of the virus. In adition to family Caricaceae the
virus can infect many hosts of family Cucurbitaceae e.g. Cucurbita pepo, C.
maxima, C. vulgaris, Cucumis sativus, Luffa acutangula and Trichosanthes
anguina.
Habit, Vegetative structure and Reproduction: Papaya mosaic virus is sap
transmissible, no vector is known. Whereas Papaya ring spot virus is aphid
transmitted.
The particles are RNA-containing, flexous filaments measuring 800-12nm
(763nm for Indian isolates).
In papaya sap the ring spot virus has thermal inactivation point at 540C-560C and
dilution endpoint at 1:1000. In vitro longevity at room temperature is 26 hours.
The virus is present in all aerial parts of the affected plant including flowers and
pollen but is not seed borne.
22.4.4 Bunchy top of Banana
The disease was first reported in India from Travancore (Kerala) around 1940 and
was supposed to be introduced in India through planting stock from Sri Lanka.
The disease has been reported from Bihar, West Bengal, Assam and Orissa. It is
an economically important disease in banana growing areas because it destroys
the plant causing great financial loss.
Symptom: Symptoms of the disease may become apparent at any stage of life in
very young plant or in fruit bearing adult plants. In badly affected plants, growth
is reduced and emerging leaves develop a choked or '"bunched" appearance
forming a dense rosette. If infected at an early stage, plants become very stunted
and rarely produce bunches. If infected at a later stage, distorted bunches may be
produced.
Affected leaves are more upright with pale yellow margins; and may have
wavyier leaf margins than normal. Dark green, dot-dash flecks appear along leaf
veins adjacent to the midrib; these are most visible when viewed from the
underside of leaves. Flecks in veins can form characteristic 'hooks' into the midrib
from the leaf blade. Vein-flecking can also be seen on the petioles and in the leaf
sheaths of stems.
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Fig. 22.38 : Symptom of bunchy top of banana
The bunches become choked and may split the stem. They are reduced in size and
quite unsaleable. The phloem becomes non-functional. In advance stages of the
disease the root system presents a decayed appearance.
Pathogen: Bunchy top is caused by Banana bunchy top virus (BBTV). The virus
is systemic. The causal agent is transmitted by banana aphid Pentalonia
nigronervosa which spread the disease to healthy plant by feeding the diseased
plant. The virus is not sap transmissible. The banana aphid can retain the virus foe
several weeks and may cover large distances especially when blown by wind.

22.5 Study of Plant Disease caused by Phytoplasma
22.5.1 Little leaf of Brinjal
The disease is found throughout India and Sri Lanka and probably occurs in
neighbouring countries also. In India the disease was first reported from Tamil
Nadu (Coimbatore). The disease causes huge losses of the important vegetable
crop brinjal.
Symptom The characteristic symptom of the disease is the marked reduction in
the size of the leaves (phyllodes). The newly formed leaves become progressively
smaller. The petioles get shorter considerably, many buds appear in the axil of
leaves and internodes get shortened thus giving the plants a bushy appearance.
The leaves appear appressed to the stem and become narrow, soft, glabrous, and
yellow. The internodes are shortened. The axillary buds are stimulated to sprout,
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and they grow into short branches with very small leaves. Reduction in leaf size
and shortened internodes results in rosette appearance of the plants.
In severe cases, affected plants do not bear any fruit, or, if formed, it becomes
hard, tough and fails to mature. When young plants are attacked by pathogen they
do not produce flower and fruits. Flowers if formed they remain green and parts
are deformed leading the plants to be sterile.. There is also loss of germinability
of seeds formed from the infected plants. Early infection results in reduced root
length and fresh and dry root weight more than in late infection.

Fig. 22.39: Symptom of little leaf disease on egg plant
Pathogen and Host Range: Mycoplasma like organism (MLO) or phytoplasma
is the causal agent of the disease on the host Solanum melongena L. (eggplant or
brinjal). The pathogen also occurs on Datura fastuosa and Vinca rosea.
This disease is transmitted by a leafhopper (Hishimonus phycitis) and and
sometimes by Amrasca biguttula.
The MLO is an ovoid or spherical body measuring 40-300nm in diameter and
lacking a rigid cell wall. These structures are present in the sieve tube cell of
phloem of the host petiole, stem, phyllodes and roots. They are also present in the
haemolymph and fat bodies of the vector leaf hopper. Companion cells adjacent
to the sieve tubes show wall ingrowths, dilated endoplasmic reticulum, dilated
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and ruptured cristae, deformed outer mitochondrial membranes and rupture of
plastid plastid membranes and tonoplast.
22.5.2 Mycoplasmal disease of Potato
There are three diseases of potato described in India caused by Mycoplasma like
organism. These are Purple top roll (PTR), Marginal flavescence (MF) and Potato
witches’ Broom disease (PWB). These diseases are widespread in hills and
deccan plateau areas in India. Potato witches' broom disease is sometimes
associated with little tuber disorder of potato tubers causing serious losses in
potato yield. Purple top roll was reported for the first time from India.

A
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Fig. 22.40 : Symptoms of: A; witches broom on potato plant (Typical potato
witches' broom symptoms showing formation of hairy sprouts on infected
potato plants), B; Little tuber disorder, C; purple top disease and D;
Marginal flavescence
Symptom: Symptoms of Purple top roll (PTR) disease is characterised by rolling
and purple or pink colouration of basal parts of leaflets of top leaves. Stunting,
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chlorosis, profuse axillary shoots with aerial tubers and swelling of nodes are
other symptoms.
Marginal flavescence (MF) symptoms are characterized by chlorosis on the
margins of upper leaves. In rare cases the severely affected plants, after exhibiting
flavescence for quite some time, develop pinkish colour at base of the leaflets and
starts rolling. Hairy root symptoms on tubers of affected plants have also been
observed.
Proliferation and leaf narrowing caused by phytoplasma on potato plants results in
typical witches' broom symptoms. Potato witches’ Broom disease (PWB)
symptoms are characterised by Plants are severely stunted and appear bushy due
to loss of apical dominance on vine. Leaves turn light green with reddish-yellow
margins. Very small tubers are formed by the affected plants. Seed tubers from
infected plants sprout producing a very bushy and erect plant. There are many
sprouts per eye. Stolons are long and tuber chaining is seen. Tubers from infected
plants are flabby and produce hair sprouts as might be seen from excess heat (heat
sprouting) and psyllid toxin. This results in typical little tuber disorder in potato
tubers.
Pathogen and Host Range
Spread is via various leafhoppers. The mycoplasma is passed on non-persistently
by leafhoppers that prefer other hosts than potato. These leafhoppers are unable to
pick up the mycoplasma from potato so the presence of another infected host is
required.

Fig. 22.41 : Leafhopper vector Scleroracus dasidus female
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22.5.3 Rice yellow dwarf disease
The disease was first observed in Japan in 1910. Now the disease is widespread in
many south-east Asian countries. In India, the disease has been reported from
many parts of Orissa, Bihar, west Bengal, Andhra Pradesh and Delhi.

Fig. 22.42 : Symptoms of rice yellow dwarf (chlorosis, pronounced stunting
and profuse tillering)
Symptoms
The characteristic symptoms of rice yellow dwarf phytoplasma are general
chlorosis, pronounced stunting and profuse tillering.
Leaves are of abnormal colours, abnormal forms, yellowed or dead. The chlorotic
leaves are uniformly pale-green or pale-yellow. Discoloration first appears on the
emerging young leaves and then chlorosis on all the succeeding leaves. Plants
infected early may die prematurely. Those which survive until maturity produce
only a few defective heads or no heads at all.
Symptoms on Inflorescence exhibit discoloration, twisting and distortion of
panicle. The young infected plants usually produce either no panicle at all or a
few small panicles with unfilled grains.
Plants infected during later growth stages may not develop symptoms before
harvest. They may show chlorotic branches arising from upper nodes or small
chlorotic tillers in the stubble, or no other symptom except distortion of panicles,
or characteristic chlorosis tillering on the ratoon grown on the cut stubbles.
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Pathogen: This disease is caused by phytoplasmas or MLO and these are
generally observed in phloem tubes of yellow dwarf infected rice plants. These
are pleomorphic bodies measured from 80-800 mm, devoid of cell walls and
bound by unit membrane. Besides Oryza sativa (rice) they affect various species
of grass family e.g. Echinochloa colona (junglerice), Hyparrhenia rufa (Jaragua
grass) and Paspalum distichum (knotgrass).

A

B

Fig. 22.43 : A; Rice yellow dwarf phytoplasma organisms in sieve
elements, B; Transmission electron micrograph of rice yellow dwarf
phytoplasma organisms in sieve elements.
The disease is transmitted by leafhopper, Nephotettix virescens. The insect can
acquire the pathogen by feeding on diseased plant by half an hour and require
long incubation period (20 days) to transmit the phytoplasma.
The insects remain infected until they die. A combination of low temperature and
high humidity favours the leafhopper.

22.6 Study of Plant Diseases caused by Nematodes
22.6.1 Ear Cockles of Wheat
It was first noticed in England in the year 1743. Now it is reported from all the
wheat growing regions of the world. In India nematode is a problem. The losses
due to ear cockle disease had been as high as 30-70 per cent in the U.S.A. In India
the disease accounts for a loss of 1-3 per cent every year which may be as high as
50 per cent in individual fields (Vasudeva and Hingorani, 1952). The nematode is
often present in association with the yellow ear rot (tundu or tannan disease)
caused by the bacterium Clavibacter tritici. flour or seed.
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Symptoms
The base of wheat seedling or stem gets enlarged.
Leaves of the infected seedling get twisted and crinkled.
The infected ears are shorter and broader with very short or no awns on the
glumes.
The infected ears are greener than normal healthy ears.
Grains in the affected ears are partially or completely replaced by cockles (galls)
that are hard, dark brown or black.
These stony structures, which are generally 3-5 x 2-3 mm, vary in size from region
to region.
They are filled with nematode larvae which can be seen by soaking the galls in
water and then macerating them.
More than 1000 to 30000 larvae are found in each gall.
Pathogen
Anguina tritici (Steinbuch, 1799) Filipjev, 1936.
The adult female is 2.64-4.36 mm long The middle portion is swollen while
anterior and posterior portions are slender. Mature female is obese and immobile.

Fig. 22.44 :Different stages of nematode disease in wheat
A: infected grains with wheat seed; B: sowing of infected grains with seed;
C:
nematodes coming out from infected grain in soil and infecting the seedling; D: infected
plants with ears; E: infected ovary of wheat; F-G: infected grains in ears

22.6.2 Root knot of Vegetables
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Root-knot nematodes attack a large number of vegetable crops worldwide and in
India. The disease causes considerable damage independently or in association
with fungal and bacterial wilts and root rots.
Symptom
Root-knot nematodes do not produce any specific above-ground symptoms.
Plants grow normally until they reach maturity and symptoms appear only when
nematode populations are built up.
Affected plants have an unthrifty appearance and often show symptoms of
stunting, wilting or chlorosis (yellowing).
Symptoms appearing on the aerial parts are those that are induced by any other
cause including nutritional deficiency. Then they begin to wilt and die back with
flowering, reducing fruit set and fruit development.
Below ground, the symptoms of root-knot nematodes are quite distinctive. The
presence of developing nematodes in the root stimulates the surrounding tissues to
enlarge and produce the galls typical of infection by this nematode.
Lumps or galls ranging in size from 1 to 10 mm in diameter develop all over the
roots. In severe infestations, heavily galled roots may rot away, leaving a poor
root system with a few large galls.
Continued infection of galled tissue by second and later generations of nematodes
causes the massive galls sometimes seen on plants such as tomatoes at the end of
the growing season.
In advance stages the entire root system is crowded with small or large galls.
In potato, the plants may be stunted, sick looking and may show sign of
premature and sudden drying. The nematode infection of the tubers appears as
tiny tubercles but heavy and localised infection stimulates cell division leading to
gall formation.
In tomato the symptoms are more pronounced. Plants are stunted, leaves are
yellowish green to yellow. They tend to drooping followed by sudden wilting if
wilt causing fungi or bacteria are associated. Sometimes there is scorching of the
leaves from margins inward. The main roots and the laterals bear spherical to
elongated galls which are very small in M. hapla is associated otherwise all other
species cause development of large galls of various size and shape.
Root knot nematode can cause galling as well as forking of the carrot root.
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Fig. 22.45 : Root knot disease: A; diseased and healthy root, B; Galling as
well as forking of roots of carrot
Pathogen and Host Range:
Root-knot nematodes (Meloidogyne spp.) are the causal agents of the root knot
disease of vegetables. There are more than 50 species of root-knot nematodes,
though only a few species (e.g. M. javanica, M. incognita, M. arenaria and M.
hapla) are important.
They have a wide host range, and cause problems in many annual and perennial
crops. Many important fruit, vegetable and ornamental crops are good hosts of
these nematodes, including banana, cucurbit, grape, carnations, passionfruit,
nectarine, capsicum, bean, kiwi fruit, chrysanthemum, pineapple, tomato, carrot,
egg fruit, strawberry, rose, peach, celery, ginger, lettuce, papaya and pumpkin.
Tomatoes are among the most seriously affected, with the nematodes causing
problems in all growing areas. The pathogen can infect most other annual plants.
In general, members of the grass family are less susceptible than other plants to
root-knot nematodes.
Nematodes are minute, worm-like animals thread like worms about 0.5mm long
that are very common in soil. They are basically aquatic animals and require a
water film around soil particles before they can move. Root knot nematode
juveniles are active. Nematode eggs will not hatch unless there is sufficient
moisture in the soil. Thus, soil moisture conditions that are optimum for plant
growth are also ideal for the development of root-knot nematode. The length of
the life cycle depends on temperature and varies from 4-6 weeks in summer to 1015 weeks in winter.
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22.6.3 Molya disease of Wheat and Barley
The disease is also known as cereal cyst disease. It is prevalent in isolated pockets
of Rajasthan, Haryana, Punjab, Himachal Pradesh, Jammu & Kashmir and Uttar
Pradesh. Incidence of disease is higher in loamy and sandy soils as compared to
medium and heavy soils. The disease affected areas were found to suffer up to
40% damage. The losses due to infection depends on infection level of the soil,
soil type and soil moisture status.
Symptom: The symptoms of disease include stunting of plants, discoloration of
leaves of resembling nutrient deficiency and poor tillering.
The infected plants appear stunted, pale, and unhealthy showing symptoms
similar to those of nutritional deficiency.
Leaves are discoloured to yellow and often become reddish from the tip.
Under heavy infection, the plants are dwarfed and pale and may not develop
beyond 15 cm in height, tillering is markedly reduced.

Fig. 22.46 : A; Susceptible (S) and resistant (R) plants of barley, B; Pearly
root caused by Heterodera avenae
Roots of infested plants are stunted due to inhibition of growing point of root
causing characteristic rosetting or few rootlets at the extreme end.
In severe cases whole root system becomes dwarfed and matted. In absence of
long root deep penetration is prohibited thus plant shows water deficient
symptoms.
Pearly root symptoms can be seen in severe infection in which slight swelling
appears near the root tip. This is due to glistening white females of the nematodes
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adhering to the root. Later these bodies (cysts) turn brown and may either remain
attached to roots or fall off in the soil after the root decay.
Pathogen and Host Range: Nematode Heterodera avenae is the causal organism
of Molya disease of wheat and barley. It is a cyst forming nematode.
The female usually vary between 0.55 -0.75 mm in length and about two third as
wide as long.

Fig. 22.47: Cyst of Heterodera avenae
Cysts are typically lemon shaped. New cysts have white crystalline layer which is
soon lost and only brown cysts are seen. Mature cysts measure 470-1010x 370730µ. Optimum condition for infection is temperature is 20-220C and soil
moisture of 60%.
The host range of Heterodera avenae is confined to the members of family
Gramineae except one single legume Senebiera pinnatifolia that grow in wheat
and barley fields of Rajasthan. Gramineaceous host include wheat, barley, oat,
rye, bajra, maize and a large number of grasses.

22.7 Viva-voce
1.
2.
3.
4.
5.
6.
7.

Mention most common symptoms observed in fungal diseases of plants.
Name any 3 diseases caused in wheat due to fungal infection
Name any 2 diseases caused by fungi imperfecti in plants.
What do you understand by Ergot?
Name important bacterial diseases of plants
Name any 2 plant parasitic nematode?
What do you understand by damping off seedling?
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8.
9.
10.

Why “tikka” disease has its name?
Name any 2 phytoplasmal disease of plants.
What are the diseases caused by viral infection in plants?

22.8 References




A text book of practical botany by Dr. Ashok Bendre & Dr. Ashok Kumar
Principles of plant pathology by R.S. Singh
Plant pathology by G.N. Agrios

Note:
 Besides these diseases, Plant Diseases incorporated in Theory Course
Book (MBO-09) may be used for plant pathological study.
 Locally available material may be used for plant pathological study.
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Unit – 23
Pathogen and Diseases Development
Structure of the Unit:
23.0 Objectives
23.1 Observation of Fungal Plant Pathogens and their Identification
23.1.1 Identification of Fungi: Plasmodiophora, Phytophthora, Albugo,
Rhizopus, Erysiphae, Aspergillus, Penicillium, Claviceps, Ustilago, Puccinia,
Colletotrichum, Cercospora, Alternaria
23.2 Study of Koch’s Postulates for Evaluation of Pathogenicity
23.3 Isolation of Plant Pathogens and Pure Culture Preparation
23.3.1 Preparation of some Culture Media for Fungi
23.3.2 Pouring the Media for culture
23.3.3 Inoculation of Fungi
23.3.4 Isolation of Pure Culture
23.4 Evaluation of Disease Index and Crop loss
23.5 Glossary
23.6 Viva- voce
23.7 References

23.0 Objectives
After going through this unit, the students will be able to:
 Use microscopy skills for the observation and identification of plant associated
fungal pathogens.
 Understand and apply the principles of and perform Koch’s Postulates with
selected plant pathogens and correctly analyze the results.
 Isolate Plant Pathogens from nature and will learn to perform Fungal Culture
techniques
 Learn to obtain Pure Cultures of Plant Pathogenic Fungi
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 Know the fundamentals of Evaluation of Disease Index and Crop loss

23.1 Observation of Fungal Plant Pathogens and their
Identification
Principle: Fungi are a large group of non chlorophyllous organisms which derive their
nutrition either by being saprophytic or by being parasitic on plants, animals and even
human beings. While leading a parasitic life on plants, these develop numerous
symptoms which are characteristic of an infection by a particular fungus. Further
identification of fungi requires the mounting of its mycelia (if sufficient growth is
there), or by cutting thin sections of the infected area of the diseased plant and
observing them under the microscope. Various asexual and sexual reproductive
fructifications of fungal mycelium enable one to identify a fungus with certainty.
Thus, the identification of fungi depends upon their habit, thallus structure and most
effectively by their reproductive structures.
Materials Required: Diseased Plant samples, slides , needles, forceps, coverslips,
microscopes, Fungal mounting media (Lactophenol 20.0 g; Lactic Acid 20.0 g or 16
ml; Glycerol 40.0 g or 31 ml; water 20 ml ), Cotton Blue dye, razor blades, Distilled
Water.
Procedure:
In the study of fungi it is usually necessary to make either temporary or permanent
mounts of various portions of the material to be used for microscopical examination.
The following are simple methods that are frequently used: I. Preparation of Materials
for Mounting Many fungi may be mounted without sectioning. Portions of the somatic
and reproductive structures may be removed from culture or from the natural
substratum and placed in a drop of the mounting medium on a glass slide. Freehand
sections of larger fungus fruiting bodies should be made for the observation of
structural details. In case the fruiting body is small, or the fungus is growing on a leaf,
it is frequently necessary to place a piece of split pith around the material before
making sections. The material can then be sliced with a sharp razor blade and the
sections may be placed on a drop of the mounting medium.
There are more than one way of studying fungal Pathogens in plants.
1. Many fungi may be mounted without sectioning. Portions of the somatic and
reproductive structures may be removed from culture or from the natural
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substratum and placed in a drop of the mounting medium on a glass slide.For a tuft
of fungal mycelium that can be seen on the diseased part, few mycelia can be
picked up and spread in the drop of lactophenol with the help of a needle and a
forcep. This can be stained with Cotton Blue dye, if required and observe under
microscope.
2. Freehand sections of larger fungus fruiting bodies should be made for the
observation of structural details.
3. For dry, dusty spores (as those of Aspergillus), after putting fungus in the drop of
lactophenol on slide, a glass rod tip moistened with alcohol should be touched on
to it. This can be stained with Cotton Blue dye, if required and observe under
microscope.
4. The affected plant part with the disease symptom can be observed only after
sectioning the material into thin sections using a blade and staining and mounting
in above mentioned ways.
5. It is frequently necessary to place a piece of split pith around the material which
are flattened plant parts such as leaves, flower parts, etc. before making sections.
The material can then be sliced with a sharp razor blade and the sections may be
placed on a drop of the mounting medium.
23.1.1 Identification of Fungi
One may come across many forms and structures while observing fungi but there are a
few common plant pathogenic fungi which can be identified on the basis of their habit,
mycelia, asexual and sexual reproductive structures. Following description can be used
in order to recognize a few common fungal plant pathogens.
Plasmodiophora
The fungus is an obligate endoparasite. It infects the roots of members of Cruciferae,
causing 'club-root' or 'finger-and toe' disease of crucifers.
A transverse section of the infected part of root is cut, stained in cotton blue and
mounted in lactophenol to study the structure.
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Fig 23.1 : Plasmodiophora: Infected cabbage roots; T.s. root of host showing
fungus
1. The plant body is non-septate, naked and multinucleate mass of protoplasm.
2. The nuclei are free in the cytoplasm and not separated by walls hence it is a
plasmodium.
3. Plasmodia form roughly spherical, thin walled zoosporangia which appear packed
in the host cells.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Myxomycota. Thallus naked mass of protoplasm-a plasmodium.
Order-Plasmodiophorales. Swarm cells (gametes) anteriorly biflagellate.
Family--Plasmodiophoraceae. Endoparasite; vegetative development within living
cells of the host.
Genus-Plasmodiophora. (1) Plant body plasmodium, (2) Hypertrophy results in clubshaped malformations
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Phytophthora
About 27 species of this genus are found in India. Some are facultative parasites
(which live in the soil as saprophytes but develop as parasites in the presence of
suitable host), whereas others are parasites on higher plants. P. infestans causes late
blight of potato.
Cut a section of infected part of plant. Stain in cotton blue, mount in lactophenol and
study.

Fig 23.2 : Phytophthora: Infected Potato twig and tubes; T. s. of infected leaf
showing sporangiophores with sporangia
1. Phytophthora is eucarpic, inter- or intracellular parasite.
2. The young mycelium is profusely branched and non-septate but old hyphae at the
time of reproduction is septate.
3. In a diseased patch, certain septate hyphae form the conidiophores which grow out
from the stomata on the underside of the leaf.
4. The conidiophore produces ovoid or lemon shaped, multinucleate, papillate
(papilla lamellated) conidia which are at fIrst terminal but become lateral later on,
due to the sympodial branching of conidiophore.
Cut a section of the infected part of tuber. stain in cotton blue, mount in
lactophenol and study the sex organs.
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5. The oogonium is spherical to pyriform, smooth and hyaline to yellowish. In the
centre is an uninucleate oosphere.
6. The antheridium may either be paragynous i.e. at the side of the oogonium e.g. P.
cactorum or amphigynous i.e. at the base of the oogonium e.g. P. infestans. The
latter condition is more common.
7. Male and female nuclei unite to produce oospore which develops a thick wall
around itself.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Mastigomycotina. Presence of motile spores or zoospores.
Class-Oomycetes. (1) Usually mycelial (aseptate), (2) Zoospores biflagellate.
Order-Peronosporales. (I) Sexual reproduchon aplanogametic (gametes non-motile)
and oogamous, (2) Oogonia contain single egg surrounded by peri plasm.
Family-Pythiaceae. Sporangiophores similar to somatic hypha, or if different, of
indeterminate growth.
Genus-Phytophthora. (1) Conidia formed sympodially, (2) Zoospores liberate
individually and not in a vesicle.
Albugo
All the species of Albugo are obligate parasites on flowering plants especially the
members of Cruciferae causing a common disease, the white rust of crucifers.
Cut a section though a diseased patch on the leaf of radish, stain in cotton blue, mount
in lactophenol and observe.
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Fig 23.3 : Albugo: Infected Leaf of Radish; T.s. of infected host leaf showing
ruptured epidermis and conidia in chains
1. The mycelium is branched, intercellular, unseptate and produce globular or knobshaped haustoria.
2. Asexual reproduction takes place by conidia. The mass of intercellular hyphae
beneath the host epidermis produces vertical palisade-like groups of conidiophores.
3. Each conidiophore bears at its tip a chain of conidia arranged basipetally i.e. the
youngest at the base of the chain and oldest at the top.
Cut a transverse section of radish or toria. Observe the presence of sex organs.
4. The oogonium occurs in the intercellular spaces at the tips of mycelium. It is
spherical with a central ooplasm and peripheral periplasm. The antheridium is
paragynous in position and contains several nuclei.
5. The oospore develops a thick, ornamented and three layered wall.

Fig 23.4 : Albugo: An Oospore
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Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Mastigomycotina. Presence of motile spores or zoospores.
Class-Oomycetes. (1) Usually mycelial (aseptate), (2) Zoospores biflagellate.
Order-Peronosporales. (1) Sexual reproduction aplanogametic (gametes non-motile)
and oogamous, (2) Oogonia contain single egg surrounded by periplasm.
Family-Albuginaceae. (1) Mycelium intercellular, provided with haustoria, (2)
Conidia in chains on clavate conidiophores.
Genus-Albugo. (1) White shining pustules on leaves, (2) Infected parts (stem and
flower) exhibit hypertrophy, (3) Conidia arranged basipetally on conidiophores.
Rhizopus
Most of the species of Rhizopus are saprophytic and grow on dead vegetables or
animal matter. R. stolonifer grows so frequently on bread that it is often called the
'bread mold'. It is also called 'black mold' for its black coloured sporangia and 'Pin
mold' for globose sporangia at the tips of branches look like pin heads. Only a very
few species viz. R. artocarpi and R. arrhizus are weak parasites.
Only a few species of Rhizopus attack the plants.
1. The mycelium shows abundant, white cottony growth. In the older mycelium three
parts of hyphae can be distinguished (i) branched rhizoids that penetrate the
substratum, (ii) stolon or runner growing horizontally above the substratum for
some distance and then bending downward, producing another group of rhizoids
and (iii) the sporangiophores which grow upward in tufts from the point where the
stolons form rhizoids.
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Fig 23.5 : Rhizopus: A portion of mycelium with sporangiophores; Various stages
in sexual reproduction
2. The asexual reproductive structures are sporangia borne by the sporangiophores.
Each sporangiophore is swollen at the tip and forms sporangium.
3. The sporangium has a columella in the centre and the space between columella
and wall of the sporangium is packed with aplanospores. This is known as the
spore sac.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall.
Sub-Division-Zygomycotina. Asexual reproduction by non motile sporesaplanospores.
Class-Zygomycetes. (1) Gametangia morphologically similar, (2) Sexual reproduction
forms a zygospore.
Order-Mucorales. (1) Mostly saprophytic, (2) Asexual reproduction by typical nonmotile aplanospores.
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Family-Mucoraceae. (I) Sporangia with many spores, and well developed columella,
(2) Sporangial wall relatively thin and easily breakable or deliquescent.
Genus-Rhizopus. Sporangiophores arise at rooting nodes of the stolon.
Erysiphae
All the species of Erysiphe are obligate parasites which grow superficially on host
(i.e. as ectoparasites). These generally parasitize angiosperms commonly causing a
disease known as powdery mildew.
Collect hyphae from the leaf surface of pea, stain with cotton blue, mount in
lactophenol and observe.

Fig 23.6 : Erysiphae: Section through host leaf showing haustoria, conidiophores
and conidia; An ascocarp
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1. Since the fungus is an ectoparasite, the mycelium forms a white, interwoven
covering on the host surface. The branched mycelium is septate and the cells are
uninucleate.
2. The conidia are asexual reproductive bodies formed in chains at the tips of
conidiophores.
3. A conidiophore arises vertically from the mycelium. It is unbranched and swollen
at the base in a characteristic manner. Each conidiophore bears at its tip many
conidia arranged in a basipetal chain.
4. Pick up the mycelium at a stage when sexual reproduction is over. Stain in cotton
blue, mount in lactophenol and study the ascocarp.
5. The ascocarp is a cleistothecium. It is formed after fertilization. It is a globose
structure surrounded by a protective covering-the peridium which at maturity
becomes 6-10 cells in thickness.
6. Within the peridium are present many asci which are more or less stalked and
ovate.
7. Each ascus generally contains eight ascospores (four to five in E. polygoni), two or
rarely three in E. cichoracearum.
8. The ascospores are elliptical, one celled, uninucleate and hyaline.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Ascomycotina. (1) Mycelium septate, (2) Spores borne endogenously in
the ascus, (3) Spores in definite numbers, in multiples of two, usually eight.
Class-Plectomycetes. Ascocarp, a cleistothecium.
Order-Erysipha1es. Ectoparasites. Family-Erysiphaceae. (1) Aerial mycelium
hyaline, (2) Enormous production of conidia on host surface gives it a white powdery
appearance.
Genus-Erysiphe. (1) Ascospores one celled, (2) Cleistothecia normally containing
many asci, (3) Appendages or fruiting body hypha-like.
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Aspergillus
Most of the species of Aspergillus are saprophytes growing on decaying vegetables,
butter, bread, rice, jams, leather, cloth, fabrics, etc. However, a few species are
parasites on plants and animals, including human beings. A. niger causes rot disease of
pomegranates, dates and figs. In rot disease, the fruits decay, fungus enters the host
through cuts and wounds in the fruits.
A few hyphae could be mounted in lactophenol after staining with cotton blue.

Fig 23.7 : Aspergillus:A mature conidiophore with chains of conidia; Cross
section of a cleistothecium showing asci
1. The segments of the mycelium are uni- or multinucleate. The pigments in the
cytoplasm give a characteristic colour to the mycelium of various species
(similarly coloured conidiophores and conidia would be present in the same
species).
2. Conidia are asexual reproductive units borne on conidiophores. Each conidiophore
arises from the foot cell of the mycelium and is long and erect hypha, terminating
in a bulbous head-the vesicle.
3. The vesicle develops a number of bottle-shaped structures called the sterigmata
(sing. sterigma) over its entire surface. Each sterigmata cuts off a chain of
basipetally arranged conidia.
4. The conidia are coloured and the colour of the conidia depends upon the species.
Mount mycelium having cleistothecia in lactophenol after staining in cotton blue.
5. The species of Aspergillus developing perfect stage, an ascocarp i.e. cleistothecium
are placed under the genus Eurotium.
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6. Cleistothecium consists of wall called peridium formed by somatic hyphae,
enclosing many asci. Each ascus has eight uninucleate pulley wheel like
ascospores with an outer sculptured epispore and an inner smooth endospore.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Ascomycotina. (1) Mycelium septate, (2) Spores borne endogenously in
the ascus, (3) Spores definite in numbers, in multiples of two, usually eight.
Class-Plectomycetes. Ascocarp a cleistothecium.
Order-Eurotiales. Cleistothecia sessile.
Family-Eurotiaceae. (I) Asci lie scattered, hymenium not formed, (2) Peridium made
of closely interwovenhyphae.
Genus-Aspergillus. Conidiophore unbranched.
Penicillium(Blue Mold)
The fungus is a saprophyte and is commonly found on citrus and other fruits, jellies
and other food stuffs.
A few hyphae could be mounted in lactophenol after staining with cotton blue.

Fig 23.8 : Penicillium:Mycelium bearing conidiophore and chains of conidia; A
cleistothecium
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1. The mycelium is freely branched, septate and each cell is uni- or multinucleate.The
mycelium may grow superficially on the surface of substratum or may penetrate
deeply.
2. The hyphae are generally coloured due to pigments on the surface of hyphal walls.
3. The conidia are the asexual spores borne on long, erect and branched
conidiophores. The branched conidiophore, with its conidia looks like a small
'Penicillus' (a brush in Latin).
4. Each conidiophore grows vertically from the mycelium and branches at its upper
end. The ultimate branches are known as metulae.
5. Each branch of conidiophore ends in bottle shaped sterigmata bearing a group of
conidia arranged basipetally.
6. The conidia are generally blue, sometimes green or -yellow and give characteristic
colour to the colony.
Prepare a slide as usual and search for cleistothecia. Apply little pressure over the
coverslip to break them, so that asci and ascospores come out.
7. The fruiting body or ascocarp is called cleistothecium. It has a wall-peridium made
of sterile hyphae which encloses many asci and paraphyses.
8. The globose or pear-shaped asci lie scattered inside the cleistothecium. Each ascus
has eight uninucleate and wheelshaped ascospores.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division -Eumycota. A definite cell wall present.
Sub-division-Ascomycotina. (1) Mycelium septate, (2) Spores borne endogenously in
the ascus, (3) Spores in definite numbers, in multiples of two, usually eight.
Class-Plectomycetes. Ascocarp, a cleistothecium.
Order-Eurotiales. Cleistothecia sessile.
Family-Eurotiaceae. (1) Asci lie scattered and hymenium not formed, (2) Peridium
(outer wall of cleistothecium) of closely interwoven hyphae.
Genus-Penicillium. Branched, brush-like conidiophore.
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Claviceps (Ergot Fungi)
The fungus is an obligate parasite. C. purpurea causes ergot disease of rye. It also
infects other cereals such as wheat to cause 'Ergot disease'.
Crush the rye grain and study the mycelium.

Fig 23.9 : Claviceps: An infected inflorescence of rye showing sclerotia; Mycelium
showing conidiophores; Germinating sclerotium
1. The mycelium is white, branched, septate and the cells are multinucleate.
2. The conidia are formed inside the grain at the tips of short conidiophores which
form acervulus-like layers. Conidial stage is also known as Sphacelia stage.
3. The conidia are minute, ovoid and uninucleate. These are budded off by each
conidiophore.
4. The conidia are mixed with a sticky, sweet, nectar-like secretion, known as honey
dew. Insects get attached by honeydew and serve to spread the disease.
5. The sclerotia are black and elongated structures which replace the grains in the
inflorescence. After winter, the black sclerotia germinate and form many long,
stalked, mushroom-like and dark purple stromata with globose heads.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Ascomycotina. (1) Mycelium septate, (2) Spores borne endogenously in
ascus, (3) Spores in definite numbers, in multiples of two, usually eight.
Class-Pyrenomycetes. Ascocarp, a perithecium.
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Order--Sphaeriales. (1) Ascospores thread-like, (2) Perithecia within a welldeveloped stroma.
Family--Clavicipitaceae. Perforated cap at the apex of the ascus.
Genus--Claviceps. (1) Sclerotia black & well marked, (2) Ascospores lie parallel in
ascus.
Ustilago (Smut Fungi)
Various species of Ustilago are parasitic in their natural habitat but many of them
grow as saprophytes also. Most of the species infect members of the grass family
(Poaceae) and cause enormous loss. The cereal smuts are classified into loose smut
and covered smut. Both are seed borne types.
Break open or crush the spikelet when young. Search for the mycelium, if seen, stain
with cotton blue and mount in lactophenol.
1. The mycelium is well developed. It is generally intercellular without haustoria but
sometimes, it is intracellular also. The mycelium is branched and septate and can
be seen only in younger portions.
Tap the infected inflorescence or seed on the slide. The spores would be shed.
These could be mounted in glycerine without staining.
2. The mature chlamydospores are black soot-like in colour.
3. Each chlamydospore (teliospores) at maturity is unicellular, uninucleate, diploid
and globose. The wall is thick with exospore and endospore. Exospore is thick and
spiny while endospore is thin and smooth.
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Fig 23.10 : Ustilago: Loose Smut & Covered Smut; Chlamydospores
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Basidiomycotina. (1) Mycelium septate, (2) Characteistic reproductive
body, basidium, (3) Basidiospores usually four, produced exogenously.
Class-Teliomycetes. (1) Basidiocarp lacking, (2) Teliospores or chlamydospores in
sori or scattered, (3) Parasitic on vascular plants.
Order-Ustilaginales. (1) Hyphae inter- as well as intracellular. (2) Teleutospores
(teliospores) mostly intercalary, basidiospores not on sterigmata.
Family-Ustilaginaceae. Chlamydospores formed in the host tissue from the hyphal
cells.
Genus-Ustilago. (1) Chlamydospores separate and not adhering in pairs, (2) Sori dusty
at maturity.
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Puccinia (Rust Fungi)
Species of Puccinia are known as Rusts, because the infected parts look like rusted
iron. All the species are obligate parasites on some of the important cereals viz. wheat,
maize and oat, millets as bajra and jowar. The pycnidial and the aecidial cups are
formed only on alternate hosts such as Berberis, Thalictrum, etc.
To study the mycelial structure, section of a very young wheat leaf is cut. If it shows
inter- or intracellular hyphae, it is stained in cotton blue, mounted in lactophenol and
studied.
1. The uredosori or uredopustules appear as red, oval or lemon shaped lesions on the
leaves and leaf sheaths.
2. The uredospores are produced in massive groups from this mycelium. Each
uredospore is binucleate, stalked and rounded or oblong in shape. It has an outer
exine which is finely verrucose or echinulate and an has inner smooth intine.

Fig 23.11 : Puccinia: A, B & C Wheat leaf showing Stem Rust; T.S. of Leaf
showing Uredospores
A T.s. of the leaf showing teleutosorus could be stained in cotton blue and
mounted in lactophenol.
3. The teleutosori or teleutopustules appear on leaves, leaf sheaths and stem as black,
oval pustules that fuse to form patches in case of severe infection.
4. A teleutosorus in a section reveals the (dikaryotic) intercellular, branched
mycelium, a bunch of teleutospores and the ruptured host epidermis.
5. Each teleutospore is borne terminally by the mycelium. It is stalked, elongated and
bicelled structure. The teleutospore has a very thick but smooth exine and delicate
thin intine. The exine turns black at maturity.
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Fig 23.12 : Puccinia: T.S. of Leaf showing Teleutospores
The pycnidial and the aecidial cups are formed only on alternate hosts such as barberry
plant or Thalictrum. The pycnidial cups are found on the upper leaf surface of
barberry. A T.s. of leaf is cut and stained with cotton blue.

Fig 23.13 : Puccinia: Berberis leaf showing Pycnial cups(A) & Aecial cups(B);
T.S. showing Pycniospores & Aeciospores
6. A mature pycnidium is flask-shaped with a pore known as ostiole at its apex. The
hyphae near the ostiole are unbranched, pointed and orange coloured. These are
called periphysis and project through the ostiole.
7. The cavity of the pycnidium is lined by many elongated and uninucleate
pycnidiophores or spermatophores. The pycnidiophores are arranged in a palisade
like layer and each cuts off a chain of pycnidiospores or spermatia.
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To study the aecidial cup and aecidiospores, a transverse section of barberry leaf is
stained with cotton blue and mounted in lactophenol. The aecidia are generally
present on the lower surface of leaf and thus both pycnidia and aecidia can be seen
in the same section of the host leaf.
8. Each aecidium is cup-like structure with an outer protective layer called peridium.
At the base of aecidium there are many elongated cells known as sporophores,
arranged in a palisade-like manner.
9. Each sporophore cuts off alternately, a small and a large cell. The small cell is a
disjunctor whereas the latter is the aecidiospore.
Identification
Kingdom-Mycota. (1) Chlorophyll absent. (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Basidiomycotina. (1) Mycelium septate, (2) Basidium is reproductive
body, (3) Basidiospores usually four, produced exogenously.
Class-Teliomycetes. (1) Basidiocarp lacking, (2) Teliospores or chlamydospores in
sori or scattered, (3) Parasitic on vascular plants.
Order-Uredinales. (1) Teleutospores formed terminally, (2) Basidiospores on
sterigmata, (3) Infected plants rusty in colour.
Family--Pucciniaceae. (1) Teleutospores stalked, (2) Teleutospores free or united but
never in the form of a layer.
Genus-Puccinia. (1) Teleutospores bicelled, (2) Aecia cupulate
Colletotrichum
Most of the species of Colletotrichum are parasitic on higher plants, such as sugarcane,
cotton, beans, onion, etc. causing red rot in them while others are saprophytes.
Study the section of stem of sugarcane for mycelium.
1. The mycelium is inter- and intracellular. Hyphae are freely branched, septate,
colourless and contain characteristic oil droplets.

486

Fig 23.14 : Colletotrichum: A&B: Lesions on stem and leaf; Acervulus; Conidia
The study of acervulus and conidia can be done by cutting a section of superficial
acervulus or by picking up acervulus by a needle, stain in cotton blue, mount in
lactophenol and study.
2. The conidia are always formed in acervuli. The acervulus is formed on the surface
of the rind as minute black clusters, just above or below the nodes.
3. Each saucer-shaped acervulus has a layer of unseptate conidiophores arranged in a
palisade like manner. Intermixed with conidiophores are black, long, rigid, bristlelike and septate setae. Sometimes, setae form a fringe around the acervulus.
4. The conidia are borne on conidiophores. Each conidium is one celled, falcate and
is typically elongated with rounded ends. It is hyaline and densely granular.
5. The perfect stage is Glomerella singulata.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub-division-Deuteromycotina. Perfect stage absent, reproduction by asexual means
only.
Class-Coelomycetes. Thallospores or conidia borne in pycnidium or acervulus.
Order-Melanconiales. Conidia are borne in acervuli.
Family-Melanconiaceae. Single family.
Genus-Colletotrichum. (1) Acervulus dark coloured, (2) Setae present in or around
acervulus.
487

Cercospora
Majority of the species are facultative parasites. Most of these often are destructive
parasites commonly producing Leaf spot disease in Cereals, Pulses, Oil seeds, Fodder
crops, Vegetables, etc. It also causes Tikka disease of Groundnut.
To study this fungus, the transverse section of the host leaf is stained with cotton bluelactophenol combination.

Fig 23.15 : Cercospora: Infected Leaf of Groundnut; T.S. of Leaf showing conidia
1. Mycelium consists of multicellular, septate and branched hyphae. Parasitic hyphae
is slender and intracellular.
2. The hyphal mass is aggregated beneath the epidermis as pseudoparenchymatous
stroma.
3. A tuft of short, septate, geniculate, (knee-like) thin walled and unbranched
conidiophores emerge through the epidermis. Mature conidiophores are dark
coloured, and somewhat thicker than the rest of the hyphae.
4. Conidium is produced at the tip of conidiophore. Each conidium is inversely
clavate (rounded at base and tapering towards apex) and straight or slightly curved.
It is generally 4-5 septate (at times 12-15 septate).
5. The colour of the conidium ranges from hyaline to ash-gray to light brown.
6. The perfect stage of this form genus is Mycosphaerella.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
consists of fungal cellulose.
Division-Eumycota. Definite cell wall.
Sub-division-Deuteromycotina. (1) Perfect stage absent, (2) Reproduction by asexual
means only.
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Class-Hypbomycetes. (I) Mycelium sterile or bearing spores directly or on special
branches, (2) Not aggregated in pycnidia or acervuli.
Order-Moniliales. Conidia borne on free conidiophores; pycnidia and acervuli never
formed.
Family-Dematiaceae. The mycelium, conidiophore and usually the conidia are brown
and black in colour.
Genus-Cercospora. (1) Conidiophores geniculate, (2) Conidia usually clavate.
Alternaria
Majority of the species of Alternaria are weak parasites in plants as well as animals
but some are saprophytes also. A. solani attacks potato plant and causes early blight of
potato.
Cut a section of host. Stain the section in cotton blue and mount in lactophenol for
study of mycelium.
1. Mycelium is intercellular or sometimes intracellular and yellowish brown in colour.
2. Hyphae are multicellular and branched. Hyphae are also septate. Each cell is
uninucleate.
The study of conidia can be done by staining the transverse section of infected host
leaf in safranin-fast green combination.

Fig 23.16 : Alternaria: Infected leaf of Potato; T.S. showing Conidiophores &
Conidia; A few Conidia
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3. The conidia also are usually yellowish brown in colour. The conidia may either be
single or in chains.
4. These are borne on conidiospores which are not much distinguishable from the
vegetative hyphae emerging through stomata.
5. They are long, dark coloured, muriform (beaked), multicellular and dictyosporous
i.e. spindle shaped or ovoid with both transverse and longitudinal septa.
6. The perfect stage of this form genus is genus Pleospora.
Identification
Kingdom-Mycota. (1) Chlorophyll absent, (2) Reserve food glycogen, (3) Cell wall
of fungal cellulose.
Division-Eumycota. A definite cell wall present.
Sub·division-Deuteromycotina. Perfect stage absent, reproduction by asexual means
only.
Class-Hyphomycetes. (1) Mycelium sterile or bearing spores directly or on special
branches, (2) Not aggregated in pycnidia or acervuli.
Order-Moniliales. Conidia borne on free condidiospores.
Family-Dematiaceae. The mycelium, conidiospore and usually the conidia are brown
or black in colour.
Genus--Alternaria. (1) Conidiospores distinct, mostly erect, (2) Conidia
dictyosporous.

23.2 Study of Koch’s Postulates for Evaluation of Pathogenicity
Principle: Robert Koch (1843-1910) was a German physician and was one of the
founders of microbiology. He gave very famous Koch’s Postulates which says: A specific organism must be always be observed in association with the disease.
 The organism must be isolated from an infected host and grown in pure culture in
the laboratory.
 When organisms from the pure culture are inoculated into a susceptible
host organism, it must cause the disease.
 The infectious organism must be re-isolated from the diseased organism and grown
in pure culture.
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In this experiment, students will be studying above mentioned postulates by using
orange fruit infected with Penicillium notatum mold. Any other plant material,
locally available can be used for this purpose but surface sterilization procedures
must be accordingly followed.
Materials needed: Penicillium notatum mold or an infected orange, 3 oranges,
incubator, 10% bleach solution, apron, gloves, paper towels, detergent, small scrub
brush, wide-mouth jar, portable burner, dissecting needle, large Ziplock bags,
permanent marker, petri dish, potato dextrose agar, sterile swab. Dissecting and
compound microscopes, Microscope slides and cover slips, Sterile water (autoclaved,
or treated with 1 tablespoon of bleach per gallon overnight)
Procedure:
Postulate 1. A specific organism must be always be observed in association with the
disease.
1. Disinfect the work area.
2. Obtain an orange and wash it thoroughly in cool, soapy water, scrubbing with a
scrub brush. Rinse well.
3. Place the orange in a jar and cover with a 10% bleach solution. Let it stand for 10
minutes.
4. Rinse the orange for 10 minutes.
5. Flame a dissecting needle and allow it to cool. Then pierce the skin of the orange
three or four times with the needle.
6. Using a sterile swab, aseptically remove a small sample after flaming the mouth of
the tube of fungus or from the infected orange and smear it over the puncture
wounds in the orange.
7. Place the orange in a Ziploc bag. Label it as “INOCULATED”. The bag will be
allowed to remain at room temperature or in an incubator at 25oC for about a week.
8. The students will look at the oranges under the dissecting microscope, and draw
what they see in their notebook (mycelium and spores, tissue degradation). They
will take a tiny bit of fluff (fungal tissue), and place it in a drop of water on a
microscope slide, cover it with a cover slip, and examine it under the dissecting
scope, again drawing what they see in their notebooks.
Postulate 2. The organism must be isolated from an infected host and grown in pure
culture in the laboratory.
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During the week or so of incubation, you should see a white powdery spore mass on
the orange that soon changes to a greenish color. When the green appears, it is time to
isolate the pathogen.
1. Disinfect work area.
2. Obtain a petri dish of Potato Dextrose Agar. Label the bottom of the plate with
date.
3. With a sterile swab, aseptically transfer some of the spore mass to the plate of
Potato Dextrose Agar. Streak across the plate in parallel lines.
4. Incubate the plates upside down at room temperature or in an incubator at 25oC for
5 - 7 days until the mold produces spores. The plates can be kept at room
temperature, but will grow faster if they are kept in closed plastic containers or
plastic bags closed with twist ties, where temperature and humidity are higher.
5. Prepare a slide of the hyphal mass with spores and identify the pathogen and match
it with the observations from Postulate 1.
Postulate 3. When organisms from the pure culture are inoculated into a susceptible
host organism, it must cause the disease.
Once the culture in the petri dish has produced spores, you can inoculate susceptible
organisms.
1. Disinfect work area.
2. Obtain two oranges and scrub them thoroughly in cool, soapy water. Rinse well.
3. Place the oranges in a jar and cover with a 10% bleach solution. Let stand for 10
minutes.
4. Rinse the oranges for 10 minutes.
5. Flame a dissecting needle and allow it to cool. Then pierce the skin of each orange
three or four times with the needle.
6. Using a sterile swab, aseptically remove a small sample of mold spores from the
petri dish. Smear it over the puncture wounds in one of the oranges.
7. Place the oranges in separate Ziploc bags. One orange will be mock-inoculated in
the same way using a sterile toothpick or a flamed dissecting needle dipped in
sterile water.
(NOTE: Label the orange that is mock inoculated, "CONTROL.")
8. The bags will be allowed to remain at room temperature or in an incubator at 25oC
for about a week.
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Postulate 4. The infectious organism must be re-isolated from the diseased organism
and grown in pure culture.
When the spore mass appears on the inoculated orange, it is time to re-isolate the
culture.
1. Disinfect work area.
2. Aseptically transfer a sample of the spores from the inoculated orange from
Postulate 3 to a petri dish of Potato Dextrose Agar. Label the plate.
3. Incubate for the same length of time that you incubated in Postulate 2.
4. Prepare a slide of the hyphal mass with spores and identify the pathogen and match
it with the observations from Postulate 1.
(NOTE: Examine the plate for variants in the hyphal mass or sporophores, or for other
types of microbes. If more than one type of microbe or fungus is observed, it is not a
pure culture. This would result from improper sterile technique, a mixed infection, or
transfer of other non-pathogenic microbes from the fruit surface. It is important to
have a pure culture at this point in order to properly confirm causation of disease
symptoms by the suspect microbe.)

23.3 Isolation of Plant Pathogens and Pure Culture Preparation
Principle: Plant pathogens include a wide variety of microorganisms such as viruses,
bacteria, fungi, mycoplasmas, etc. and larger organisms like nematodes. In this unit,
by far you have learnt about how to identify common fungal pathogens of the plants
and also how to establish their pathogenicity by going through the procedure of
Koch’s Postulates. The fungal pathogens can be taken up and isolated from any
diseased plant parts using the protocol given under postulate 1 and 2. Isolation is soon
followed by the inoculation of the inoculums on a suitable culture media to get a good
culture growth for further study.
Culture media are mixtures of nutrients or substances used in the laboratory for
cultivation of many microorganisms. Fungi may be cultured on a variety of media
types. These media can be either solid or liquid depending on the experiment to be
performed. Most fungi grow in medium containing a high carbohydrate source,
nitrogen source, a pH of 5-6, and a temperature range from 15-37 C. The type of
medium on which a fungus grows varies from species to species. Some obligate
parasitic fungi, such as the downy mildews, cannot be cultured in vitro, and survive
only on their plant host.
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There can be 2 types of Culture Media:Natural Media: Natural media are composed of natural substrates such as herbaceous
or woody stems, seeds, leaves, corn meal, wheat germ, and oat meal. Natural media
are usually easy to prepare but their composition is largely unknown. Some examples
include corn meal agar, potato dextrose agar, V-8 juice agar, etc.
Synthetic Media: Synthetic media is that which contains ingredients of known
composition. These types of media can be duplicated with exactness each time they are
made and contain defined amounts of carbohydrates, nitrogen, and vitamin sources.
Czapek-Dox medium, glucose-asparagine medium, etc would fall in this category.
23.3.1 Preparation of some Culture Media for Fungi
1. Corn Meal Agar (Many fungi grow on this type of medium and often induces
sporulation).
Corn meal- 20g
Peptone- 20g
Dextrose- 20g
Agar- 15g
Distilled water- 1000 ml
Add the corn meal to the water and simmer for 30 min to 1 hr. Filter through several
layers of cheesecloth. Add the other ingredients to the filtrate, bring up the volume
with distilled water, then autoclave for 20 min at 15 psi on slow exhaust.
2. Potato Dextrose Agar (PDA)
Peeled, diced, potatoes- 200g
Dextrose- 20g
Agar- 15g
Distilled water- 1000 ml
Prepare the potatoes as for corn meal. Autoclave as described above.
3. Vegetable Juice Agar (V-8)
V-8 juice-180ml
Calcium carbonate-2g
Agar- 20g
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Distilled water- 1000 ml
Mix all the ingredients and autoclave as above. Other juices such as tomato or carrot
can be substituted for V-8 juice.
4. Saborauds Medium
Peptone- 10g
Glucose- 20g
Agar- 20g
Distilled water- 1000 ml
All media used in culturing fungi must be sterilized before use. Steam sterilization by
autoclaving is the customary method of sterilizing most culture media, but it cannot be
used with heat labile compounds. Generally, materials are autoclaved for 15-20 min at
15-17 psi, and at temperature of 121 C or 250 F.
Materials required: Dissecting and compound microscopes, apron, gloves, sterilized
glasswares, Microscope slides and cover slips, portable burner, dissecting needle and
loops, permanent marker, petri dishes, test tubes , cotton to make caps, Laminar air
flow table, Incubator, Sterile water, Scalpel knife, Fresh sterilised media (as per
availability), old culture plates or diseased plant samples.
23.3.2 Pouring the Media for culture
A. Making Media Slants
1. Remove caps of sterile tubes and sterilize the mouth of the tubes by passing them
through the flame several times.
2. Dispense 2-3 ml of molten PDA into the tube using sterile pipettes. Do not lay the
cap or pipette down or allow them to touch anything.
3. Replace cap and place tubes at an angle until the medium solidifies.
4. Sterilize mouth of tubes again before replacing cap.
(Note: During slanting, care should be taken not to permit the molten agar to come
in contact with the cap.)
B. Pouring Media Plates
1. Open a bottle of molten Saborauds medium and flame mouth.
2. With your left hand (or other free hand) raise one side of the petri dish cover just
enough to insert the mouth of the bottle.
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3. Pour 20-25 ml of medium into the plate. Replace cover immediately and gently
rotate the plate to spread the agar evenly over the bottom of the dish.
4. Allow the plates to cool sufficiently for the medium to harden before using them.
(NOTE: Observe aseptic conditions all the time when working with culture
media).

Fig 23.17 : Media Plates & Tubes
23.3.3 Inoculation of Fungi
Procedure:
1.

Sterilize the transfer loop or needle by holding the wire in the flame until it is
red hot. Allow loop to cool.
2.
While holding the sterile loop and the old culture, remove the cap.
3.
Briefly heat the mouth of the tube in the flame before inserting needle or loop.
4.
Get spores, mycelia or agar block containing fungal structures from diseased
plant part or an old culture and transfer onto your fresh agar slant. Heat the
mouth of tubes and replace the cap.
5.
Incubate at appropriate temperature until growth has appeared. Store at 5 C for
future use.
(NOTE: For Plate culture same techniques as in tube culture preparation are applied,
but in this case, spores or mycelium or agar block containing these fungal structures
are aseptically transferred onto plates with solidified agar media.)
23.3.4 Isolation of Pure Culture
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To study a fungus in culture, it is utmost necessary to have its pure culture. Following
two techniques can be easily used by students in order to obtain the same.
1. Hyphal Tipping

1.
2.
3.
4.

2.

1.
2.
3.

1.
2.

3.

This technique is used to separate and isolate one species of fungus from an
undesired contaminant(s). It can also be used when isolating a fungal species from
infected plant tissues.
Using the dissecting microscope, view the species of interest at high magnification.
Locate individual strands of hyphae of fungus.
After flaming the scalpel, cut the end of the hyphal strand (about 1 mm from end).
Now take the small piece of agar where the hyphal end is located and transfer to
another agar plate. Several hyphal tips may be required in order to ensure that you
have isolated the fungus of interest.
Single Spore Isolation
This procedure can only be used if the fungus sporulates in culture or on the host
plant. In this, to obtain a pure culture, individual spores from the species of interest
are removed.
While working with plant material, try to observe individual spores from an
infection lesion on the plant using a dissecting microscope.
Dip the needle in sterile distilled water to wet the end and try to remove single
spore from the infected tissue.
Place the spore onto an agar medium.
If the spores are small and are difficult to manipulate, or there are other
contaminating fungi, following method can be used.
With the help of sterilized needle, remove several spores in bulk.
Dilute them in sterile distilled water in a test tube. There may be other
contaminating fungi along with your fungus of interest, so this is done to dilute
them away from each other.
Now, to isolate the fungi from each other, either hyphal tipping or single spore
isolation can be done without mixing nearby contaminants.

23.4 Evaluation of Disease Index and Crop loss
Plant diseases have affected the mankind from ancient times. Efforts such as disease
management, pest management, crop improvement have always been made in order to
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minimize the production losses. These strategies can be made more effective if
assessment or measurement of disease and its effects on crop yield is done beforehand.
Thus a disease is needed to be measured in order to know the prevalence and extent of
damage caused by a disease and to develop effective management strategies. These
studies are done at the level of populations of pathogens and hosts.
The three categories of disease damage are: The whole plant is killed/ damaged
 Localized part of plant or the field is affected.
 The effect of disease outbreak persists over several seasons.
Disease is measured in term of intensity and disease intensity can be expressed
either as Disease Incidence or Disease Severity. The choice between evaluation
of disease according to its incidence or severity depends largely on categories of
disease damage.

Disease Incidence
Disease evaluation according to the incidence is suitable for most diseases in the early
stages of their epidemic and it applies mainly to diseases which affects whole plants
such as systemic virus diseases, wilts, smuts, fruits rots etc, or when the disease causes
similar amounts of damage on plants within a crop. Disease incidence generally tells
about the prevalence of the disease in a given area or host population.
It is the percentage of diseased plants or parts in the sample or population of plants. It
can be the proportion or percentage of diseased leaves in a plant, diseased stalks or a
tiller or diseased seedlings in a field.
Disease incidence = No. of infected plants x100/ Total no. of plant
assessed
Disease Severity
When the amount of disease is measured as the proportion of the area of a plant or
plant organ e.g. leaf area that is affected, it is disease severity. In some cases, the
proportion of leaves or branches infected may provide a measure of disease severity. It
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is necessary to assess disease severity in situations where diseases cause different
levels of damage on different plants within a crop. Disease severity is also a better
indicator of crop loss as impact of many diseases on yield is often determined by the
extent of damage on a nearly mature plant, for e.g. on the ears of cereals. It is more
appropriate in diseases like rusts, downy and powdery mildews, leaf spots and other
similar disease. It tells about the extent of damage caused by the disease.
Disease severity is the percentage of relevant host tissues or organ covered by
symptom or lesion or damaged by the disease. Severity results from the number and
size of the lesions.
Disease severity or Infection index
= (Sum of all Disease Rating /Total No. of Rating x Maximum
Disease Grade) x 100
The most common method of estimating disease severity is the use of Visual
assessment methods which include a set of diagrams called as Standard area
diagrams and Descriptive keys better known as disease assessment keys of a crop
describing commonly infected leaves, inflorescences, fruits or whole plants showing
different disease severities as blackened areas. Severity scales are adjusted to take into
account the above concepts of visual perception. Samples of the crop are then
compared with these diagrams to allow an assessment of severity.
Standard Area Diagrams
Standard area diagrams allow estimation of intermediate levels of disease severity by
comparing a diseased plant with diagrams showing both more and less disease. These
diagrams have been prepared for various diseases.
Here the pictorial representation of the host plant with known and graded amounts of
disease is compared with diseased leaves to allow estimation of disease severity.
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Fig 23.18 : Standard Area Diagrams :
A. Leaf rust of cereals showing 1, 5, 15, 25% leaf area infected
B. Stem rust of cereals showing 1, 5, 25, 50% stem area infected
Descriptive Keys
For assessing the disease severity the descriptive keys have also been standardized for
various diseases. In this, the pictorial diagrams of the plants with varying amounts of
types of disease symptoms are categorized with descriptions. These are widely used
and are of many types ranging from disease rating on numerical scale to subjective
estimates as severe, moderate etc.
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Table 1.1 Descriptive Key for assessment of late blight of potato
caused by Phytophthora infestans
%
Severity

Symptoms

0

Disease not seen in field

0.1

Only a few plants affected here and there. Up to one or two spots in
10.8 m radius.

1

Up to ten spots per plant or general light spotting

5

About fifty spots per plant, or up to one leaflet in ten attacked

25

Nearly every plant with lesions; plants still retaining normal form;
fields may smell of blight but look green although every plant
affected.

50

Every plant affected and about half of the leaf area destroyed by
blight; field looks green flecked with brown.

75

About three-quarters of the leaf area destroyed by blight; field looks
neither predominantly brown or green. In some varieties the youngest
leaves escape infection so that the green is more conspicuous.

95

Only a few leaves left green, but stems green

100

All leaves dead, stems dead or dying.

An example of Disease assessment is done for a spot disease of pods.
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Table 1.2 Severity Scale for spot disease in pods
Disease Grade

Severity scale

0

No disease on leaf and pods

1

Small brown spot covering <1% leaf area
(pin point spots on pod)

3

Brown sunken spots 1-10% leaf area (< 1% pod area)

5

Brown spots 11-25% leaf area (1-10% pod areas)

7

Circular brown sunken spots
26-50% leaf area(11-25% pod area)

9

Circular to irregular >51% leaf area (>26% pod area)

0
1
3
5
7
9
Fig 23.19 : Picture showing actual spots on pods and their grades
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Table 1.3 Observation table
Disease grade No. of ratings

Total disease rating

0

5

0

1

5

5

3

8

24

5

4

20

7

8

56

9

4

36

Disease severity or Infection index
= (Sum of all Disease Rating /Total No. of Rating x Maximum
Disease Grade) x 100
Sum of all Disease Ratings = 186
Total No. of Ratings = 34
Maximum Disease Grade = 9
Disease severity = {186/ 34 x 9} X 100 = 60%
Thus, for the given disease, the Disease Severity is calculated as 60%.
Measurement of disease severity is more difficult and error-prone than measurement
of disease incidence. Disease incidence is based on counting infected and uninfected
units of the crop (whole plants for systemic diseases, inflorescences for smuts, leaves
for leaf spots and rusts etc.). From these counts the proportion of units infected is
calculated. The main problem in determining disease incidence is establishing the
extent of sampling that is required to adequately represent the crop. A disease index
for a crop can be obtained by summing the individual disease assessments and then
dividing this by the number of plants assessed.
Crop Losses
Reduced yields caused by pests and diseases are commonly referred to as 'crop losses',
Although it is known that plant diseases reduce crop yields compared to yields that
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could be expected in the absence of disease, it is usually difficult to obtain accurate
quantitative estimates of yield reductions caused by specific diseases.
Disease and crop loss assessments are necessary before the economic impact of a
disease and the benefit of particular control strategies can be determined. The
economic advantage of any control strategy can be estimated by applying the
following formula:
Economic advantage of disease control (in Rs.) = Expected return if
disease is controlled(in Rs.)– (Expected return if the disease is left
uncontrolled +Cost of control treatment) (in Rs.)
The economic advantage of control is clearly affected by the difference between the
economic return if the disease is controlled and the return if it is not, which is
determined by the 'crop loss' caused by the disease.
Often in the past the economic value of control measures was based on vague
qualitative assessments. The growth of the crop, its yield potential, the development of
the disease and its impact on yield all have to be measured quantitatively as a basis for
predicting the impact on yield of particular levels of disease. This information can be
used to plan the implementation of control measures.

23.5 Glossary
 Symptoms : the observable evidence of the plant’s response to the disease process.
 Signs : visible pathogen structures.
 Sterile technique : a laboratory method that prevents unintentional introduction of
microbes to surfaces by using sanitation and sterilization techniques.
 Mycelium : the mass of strand-like hyphae that form the body of the fungus.
 Spore : the reproductive unit of a fungus; can be asexual or sexual.
 Hypha(e) : tube like filaments that make up the body of the fungus.
 Surfacesterilization : the process of sanitizing the exterior plant tissues.
 Inoculation : the process of purposefully transferring viable microbes to tissues or
culture media.
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 Infection : the presence of viable and actively growing pathogens on or in host
tissues.
 Incubation : the period of time in the right conditions required for signs and
symptoms of disease to emerge or for cultured pathogens to grow.
 Mock-inoculation : It mimics the inoculation process, except that no microbes are
transferred. This is a control for sterile technique and for association of symptoms
with the suspect causal agent.

23.6 Viva-voce
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

What are the fundamentals of Koch’s Postulates?
How would you determine whether the symptoms were caused by a plant
pathogen?
What is the need of “mock inoculation” in an experiment?
What are the limitations and complications of Koch’s Postulates?
What does surface sterilization accomplish?
What are the two types of culture media?
Give two examples of natural media for fungal cultures.
Give two examples of synthetic media for fungal cultures.
How can Disease Severity be calculated?
What is the benefit of Disease assessment?
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Unit – 24
Biochemical and Microbiological
study of Pathology
Structure of the Unit :
24.0 Objectives
24.1 Estimation of Culture Filtrates of Fungi: Cellulose, Pectinase, Protease and
Amylase
24.2 Estimation of Protein and Amino-acids
24.3 Evaluation of Fungicidal Efficacy
24.4 Viva-Voce
24.5 References

24.0 Objectives
After going through this unit you will be able to:
 Understand and perform the biochemical estimation of different enzyme
like cellulaose, Pectinase, Protease and Amylase in the fungal culture
filtrate.
 Understand and able to perform the biochemical estimation of Protein
and Amino acids
 Understand and able to evaluate fungicidal efficacy

24.1 Estimation of Culture Filtrates of Fungi: Cellulose, Pectinase,
Protease and Amylase
Introduction
Fungi are microorganisms which are well known for their wide range of novelty of
enzymes they produce and enzymes of fungal origin are used in the industrial process
for which, amount to billions of dollars of revenue annually.
Principle
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Due to their diversity, fungi have been recognized as a source of new enzymes with
useful and/or novel characteristics. Filamentous fungi are particularly interesting due to
their easy cultivation, and high production of extracellular enzymes of large industrial
potential.
Nowadays enzymes are used in large scale in the textile (amylase, cellulose,
oxidoreductase); detergents (protease, lipase, cellulose, amylase and oxidoreductase),
food (pectinase, protease, cellulose and oxidoreductase); paper (xylanase, oxidoreductase and lipase) and leather (protease and lipase) industries.
Materials Required
Media: Potato dextrose agar (PDA), Sabouraud’s dextrose agar (SDA) or Czapek Dox
agar (CZA), Casein agar plates, Chloramphenicol, 0.1% Congo red solution.
Starch agar (containing peptone, 1%; yeast extract, 1%; KH2PO4, 0.5%; agar 2% and
supplemented with 1% (w/v) starch
Iodine solution (Iodine - 0.2g, Potassium Iodide- 0.4g, Distilled water- 100ml),
1% soluble starch as substrate, prepared in sodium phosphate buffer (0.1 M, pH 6.0).
Methodology:
A. Collect the soil samples from 6 to 10 inch depth of soil from different zones. The
soil samples should be sieved and processed aseptically for the isolation of fungi.
Inoculate the soil samples on the Potato dextrose agar (PDA), Sabouraud’s dextrose
agar (SDA) or Czapek Dox agar (CZA) by Spread plate technique following serial
dilution or Soil direct plating technique. Add Chloramphenicol in the media to
prevent the growth of bacteria. The fungal species identification is based on Cultural
and morphological characteristics using standard manuals.
For the screening of fungal pathogen for cellulase production, inoculate the fungal
isolates on cellulose media and incubated at 25*C for 7 days. Flood the plates with
0.1% Congo red solution and observe for zone of clearance.
B. Screening for Enzymes Amylase:
Screening for Amylase Production Preliminary screening is done by inoculating the
fungal isolates on starch agar (containing peptone, 1%; yeast extract, 1%; KH2PO4,
0.5%; agar 2% and supplemented with 1% (w/v) starch (HiMedia) as a carbon source
and supplemented with antibacterial antibiotic chloramphenicol) plate with fungal
isolates. After incubation, the plates were flooded with Iodine solution (Iodine - 0.2g,
Potassium Iodide- 0.4g, Distilled water- 100ml), and observed for the clear zone of
hydrolysis surrounding the colony (Aneja,1996; Kathiresan and Manivannan, 2006).
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C. Screening for Protease Production:
The fungal isolates were inoculated on Casein agar plates and incubated at 25oC for 4
days. After incubation, the plates were observed for the clear zone surrounding the
colony (Aneja, 1996).
D. Determination of Amylase Activity: The amylase activity of the crude enzyme was
determined using 1% soluble starch as substrate, prepared in sodium phosphate buffer
(0.1 M, pH 6.0). The reaction mixture containing 0.5 ml of enzyme and 0.5 ml of
substrate (1% starch) by maintaining a blank containing 0.5 ml of enzyme and 0.5 ml of
buffer was incubated at 30˚C for 15 min in a water bath. The DNS method was
followed for the incubated samples and optical density was read at 540 nm against
blank. A standard curve of glucose (1mg/ml) was developed under identical conditions
to determine the reducing sugars formed. The enzymatic activity of filtrate was
expressed as Unit per ml (U/ml), which is defined as the amount of enzyme which
liberates 1 μmol of reducing sugar per ml per minute under assay conditions.
Results and Discussion
More than 200 fungal isolate can be isolated from soil by different techniques. The
isolates generally belongs to the genera Aspergillus (A. niger, A. flavus, A. terreus, A.
fumegatus, A. nidulans, A. versicolor), Penicillium, Trichoderma, Fusarium,
Cladosporium,Pacillomyces, Gliocladium, Scopulariopsis, Verticillium, Curvularia,
Alternaria, Rhizopus and Mucor. The members of Aspergillus, Penicillium and
Trichoderma are dominant among fungal isolates.
More than 85% of the isolates showed the amylase production, followed by Cellulase ,
CMCase, protease and lipase.
Quantitative estimation of cellulose
Principle:
The test fungi are first grown on cellulose basal medium (CBM). Carboxymethyl
cellulose degradation around the colony appeared as yellow opaque area against red
colour for undegraded carboxymethyl cellulase. Congo red stain binds with β-1-4
linked glycosidic bonds. Fungal strains producing cellulase will hydrolyse all cellulose
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around their colonies in CBM-CMC plate so that Congo red does not bind around these
colonies and a clear yellow opaque zone appears.
Materials required:
cellulose basal medium (CBM), carboxymethyl cellulose (CMC), 2% w/v aqueous
Congo red (C.I 22120), 1M NaCl.
Cellulolytic activity of the fungal isolates was determined by following the method of
Pointing (1999). This method gives a positive or negative indication of enzyme
production by a particular fungal species and is useful in screening a large number of
isolates. In this method, the test fungi are first grown on cellulose basal medium
(CBM) for 5-6 days. Then agar discs were cut from the margin of the test colony and
put over CBM plated petriplate supplemented with carboxymethyl cellulose (CMC).
The petriplates were incubated in darkness for 2-5 days till the colony attained a
diameter of approximately 30mm. The petriplates were then flooded with 2% w/v
aqueous Congo red (C.I 22120) and left for 15 minutes. The stain was then poured off
and agar surface was rinsed with distilled water. The petriplates were again flooded
with 1M NaCl to destain for about 15 minutes. Finally, NaCl solution was also poured
off. The carboxymethyl cellulose degradation around the colony appeared as yellow
opaque area against red colour for undegraded carboxymethyl cellulase. Congo red
stain binds with β-1-4 linked glycosidic bonds. Fungal strains producing cellulase will
hydrolyse all cellulose around their colonies in CBM-CMC plate so that Congo red
does not bind around these colonies and a clear yellow opaque zone appears. The
diameter of yellow opaque area gives a direct qualitative estimate of the efficiency of
cellulolytic activity of the test fungus.
Fungal species producing large opaque zones were selected for the quantitative
estimation of amount of cellulase produced by them. First of all, production medium
(CBM without agar) was prepared and about 100ml of production medium was put in
each 250ml conical flasks. Then discs of the selected fungal cultures were cut and
inoculated in the production medium. The inoculated flasks were incubated for 5-6 days
at 28ºC and then centrifuged at 10,000g for 10 minutes. The supernatant, which was
enzyme equivalent was taken and was assayed by dinitrosalicylic acid (DNSA) method
as given by Miller et al., (1960). Cellulase activity was determined by mixing 0.5ml of
1.0% (w/v) CMC (prepared in 0.5ml of 10mM phosphate buffer pH-7.0) with 0.5ml of
crude extracellular enzyme source and incubating at 50ºC for 15 minutes (Casimir et al.,
1996). The reaction was stopped by addition of 1.5ml of 3,5-dinitrosalicylic acid
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(DNSA) and the contents were boiled for 10 minutes. The addition of DNSA (3,5dinitrosalicylic acid) was a redox reaction in which DNSA reacts with reducing sugars
at 90ºC in alkaline condition. Reducing sugars get converted into corresponding acids
of sugars and 3,5- dinitrosalicylic acid gets converted into 3-amino,5-nitro-salicylic
acid. 3,5-dinitrosalicylic acid has yellow colour, which changes to orange red on
reduction into 3-amino, 5-nitro salicylic acid. The colour developed was read in a
spectrophotometer at 575nm.
Results:
The amount of reducing sugar liberated was quantified using glucose as standard One
unit of cellulase was defined as the amount of enzyme that liberates 1µmol of glucose
equivalents per assay condition (Mandels et al., 1981) and is calculated as: 1 Enzyme
Unit = µmol/ml/min.
The fungal species positive for cellulase production are Chaetomium globosum,
Trichoderma koningii, Penicillium chrysogenum, P. griseofulvum, Fusarium oxysporum
and F. verticilloides produced large opaque zones, whereas Aspergillus niger, A.
japonicus, A. nidulans, Penicillium oxalicum, Fusarium solani and F. pallidoroseum
produced comparatively smaller zones.
Rhizopus oryzae, Mucor hiemalis, Syncephalastrum racemosum, Chaetomium indicum,
Eurotium chevalieri, Aspergillus ochraceus, Aspergillus terricola var. americana,
Aspergillus versicolor, Paecilomyces lilacinus and Penicillium brevicompactum did not
show cellulolytic activity.
Precautions:
1.
Add Chloramphenicol in the media to prevent the growth of bacteria.
2.
The colour developed should be read in a spectrophotometer at proper
wavelength.
3.
Fungal species producing large opaque zones should be selected for the
quantitative estimation of amount of cellulase produced.
4.
Soil samples should be sieved and processed aseptically for the isolation of
fungi.
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24.2 Estimation of Protein and Amino-acids
Objective : Protein estimation by the modified Lowry Method
Introduction
Proteins are macromolecules made up of amino acids. Some proteins are soluble in
water while others are soluble in salt solution. The extraction of Protein is generally
done at low temperature as they tend to denature at high temperatures.
A number of methods are used for quantitative estimation of Protein depending upon
the detection of peptide bonds or individual amino acids.
Principle:
The principle behind the Lowry method of determining protein concentrations lies in
their activity of the peptide nitrogen[s] with the copper [II]ions under alkaline
conditions
and
the
subsequent
reduction
of
the
FolinCiocalteayphosphomolybdicphosphotungstic acid to hetero- polymolybdenum blue by
the copper-catalyzed oxidation of aromatic acids. The Lowry method is sensitive to pH
changes and therefore the pH of assay solutionshouldbemaintainedat10-10.5.
The Lowry method is sensitive to low concentrations of protein. Dunn [1992] suggests
concentrations ranging from 0.10-2 mg of protein per ml while Price [1996] suggests
concentrations of 0.005- 0.10 mg of protein per ml. Major disadvantage of the Lowry
method is the narrow pH range within which it is accurate.
Materials Required:
Reagent A: 0.5 g copper sulphate (CuSO1,51-1~0) and 1 g of sodium citrate dissolved
in 100 ml of distilled water.
Reagent B: 20 g of sodium carbonate (Na2CO3) and 4 g sodium hydroxide were
dissolved in 1 litre water.
Reagent C: To 50 ml reagent B, 1 ml reagent A was added.
Reagent D: Folin-ciocalteau reagent was prepared by adding equal volume of distilled
water to the commercial reagent. Reagents C and D were prepared fresh at the time of
use
Protein Standard: Standard curve of protein was prepared by using known
concentrations of Bovine Serum Albumin (BSA).
511

Centrifuge, Spectrophotometer, cuvetts, pipettes, micropipettes and test tubes.
Method
Extraction of Protein:
Weigh about 20 germinating seeds (legumes/mustard/maize) and grind them with 1.5 g
quartz sand with 12 ml of buffer solution for 10 minutes in a mortar and pestle. Transfer
the homogenate to a centrifuge tube and centrifuge. Remove the supernant carefully
using a pipette. Store the extract in a refrigerator till use.
Preparation of standard curve of bovine serum albumin(BSA):
Prepare a stock solution of BSA by dissolving 50mg of BSA in 50 ml of distilled water.
Dilute 10 ml this solution by adding 40ml of distilled water to make a final volume of
50 ml.This solution now contains 200microgram BSA /ml. From this prepare further
BSA solutions containing (10,20,50, 100, 200microgram of protein per ml water by
appropriate dilutions. Prepare one ml each of these solutions in separate test tubes. Add
10ml of reagent A and after 10 minutes add 1ml of reagent B. Mix well and incubate at
room temperature for one hour.A blue colour appears. Take few ml of the aliquot in a
cuvette and measure the absorbance at 500 or 750nm. For blank use distilled water
instead of protein extract. Add the reagent A and B in same way.
Plot the absorbance against the amount of BSA in microgram.
Estimation of Protien:
Pipette one ml of appropriately diluted protein extract (containing 20 to 200microgram
of protein) into a test tube. Add necessary reagents and determine the absorbance at
500-750nm following the same procedure as prescribed above.
Determine the concentration of protein using the standard curve prepared above.
Results:
Protein content was expressed in microgram of protein/g of fresh plant material.
Precautions:
1. Cuvette should be properly washed and rinsed while taking the readings.
2. Sample should be fresh.
3. Dilutions should be properly prepared.
4. Samples should be kept at room temperature.
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 Qualitative estimation of proteins & amino-acid can be performed by Ninhydrin
method

24.3 Evaluation of Fungicidal Efficacy
Introduction
Fungi are the number one cause of crop loss worldwide. A fungicide is a specific type
of pesticide that controls fungal disease by specifically inhibiting or killing the fungus
causing the disease. Not all diseases caused by fungi can be adequately controlled by
fungicides. Fungicides are often a vital part of disease management as (a) they control
many diseases satisfactorily.
Principle
A very common active ingredient is sulfur, present at 0.08% in weaker concentrates,
and as high as 0.5% for more potent fungicides. Fungicides in powdered form are
usually around 90% sulfur and are very toxic. Fungicides are used only in a protective
manner, rather than to try to cure already-infected crops. Far fewer fungicides have
curative/eradicative ability than protectant.
In this practical the effectiveness of various fungicide is tested against pathogenic fungi
infecting various host plants.
Materials Required:
3.9 g Difco potato dextrose agar (Becton- Dickinson), 10 g agar, 200 mg streptomy cin
sulfate, 50 mg chlorotetracycline HCl, 120 mg neomycin sulfate in 1.0 liter distilled
water.
Captan 400, Dividend 3FS, Maxim 4FS. Fungal isolate of pathogenic fungi, Seeds of
plants.
Methodology:
The plant pathogenic fungal isolate was cultured on PD Agar and a spore suspension
was prepared in sterile distilled water (106 spores/ml). The suspension (0.5 ml) was
spread on the surface of a weak potato dextrose agar medium with antibiotics.
Antibiotics were included to suppress the growth of seedborne bacteria. The cultures
were incubated in the dark for 4 days, at which time the agar surface was completely
colonized. Seed of two maize hybrids was treated with a single rate of one of the
following fungicides: captan (62.5 g a.i./100 kg seed), difenoconazole (24 g a.i./100 kg
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seed), or fludioxonil (, 2.5 g a.i./100 kg). Seeds were placed on the surface of the agar
already colonized by pathogenic fungal isolate( Fusarium isolates) and incubated in the
dark for 2 weeks.
Observations:
Treatments will be evaluated by assessing germination (seeds were considered
germinated if the radicle was >5 mm long), the percentage of seeds visibly colonized by
the fungus, the percentage of seeds or radicles visibly decayed (seeds were considered
decayed if either the seed or radicle was visibly rotted), and length of the radicle (cm).
The experiment is to be set with four fungicide treatments (captan, difenoconazole,
fludioxonil, and no fungicide) with three replications of 10 seeds for each treatment
combination. The three replications will be arranged in a completely randomized
design within each incubator. The experi ments should be continued until the radicle
length in the noninoculated treatments reached approximately 2 cm.
ANOVA should be conducted separately for each fungicide to assess the effects of
fungicide treatment, fungal isolate, and their interaction on germination, colonization of
seeds, radicle length, and seed/radicle decay.
Results:
The results were evaluated by comparing F values for the effects of fungal isolate,
fungicide, and their interaction.
II. Growth chamber experiments
The growth chamber experiment can be conducted three times with the same
fungicide-treated seed used in the laboratory experiments. Inoculum of fungal isolates is
prepared. A mixture of sand (1,900 ml), corn meal (380 ml), and water (110 ml) is
autoclaved in bags for 1 hour at 121°C on two consecutive days. Each bag is
inoculated by injecting 2 ml of a spore suspension (106 spores/ml) of one of the
pathogenic fungal isolates, prepared from cultures on CLA. The bags are then incubated
in the dark at ambient temperature (20 to 24°C) for 6 days, with mixing every day.
Sterilized 21 cm tall PVC cones are filled to 16 cm with sterilized sand. A small piece
of paper towel is placed in the bottom of each cone to partially retard drainage. One
seed per cone is placed on top of the sand and covered with 3 cm of the fungal
inoculum (or sterile sand for the control). Treatments are randomized and placed in a
growth chamber at 15°C, 50% relative humidity, and a 12 hour photoperiod. Emergence
is assessed after 8, 13, 20 days, and 21 days, the plants are removed from the cones and
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washed. Root and shoot lengths are measured, and root health will be assessed on a 1 to
5 scale:
1 = lateral roots nearly absent and >60% of root system with symptoms of decay
2 = lateral roots sparse and >40 to 60% root system with symptoms of decay
3 = lateral roots reduced and >20 to 40% root system with symptoms of decay
4 = well developed lateral roots and ≤20% root system with decay symptoms
And, 5 = well developed root system with negligible decay symptoms.
Whole plants are oven-dried at 150°C for 24 hour and weighed for comparison of plant
dry weights among treatments. ANOVA is conducted on data for emergence, shoot and
root lengths, root health, and dry weight. Each experiment is considered as a replicate
block for the analysis; individual observations were the means for the seven plants
receiving a given treatment in each experiment. Mean separation was conducted using
the Waller- Duncan k-ratio (k = 100) to compare fungicide treatments and Fusarium
isolates was used to compare results.
Precautions:
1.
Handle the fungicide carefully.
2.
Optimum conditions for the seed growth should be maintained.
3.
There should be no mixing of pathogenic fungal filtrates while inoculating the
fungal cultures on the PDA media for the identification of fungicidal efficacy of
pathogen towards specific fungal isolates.

24.4 Viva-Voce
1
2
3
4
5
6
7
8
9
10

What is the function of cellulose?
What is the function of amylase?
What do you mean by fungicide?
Define the mode of action of Fungicide?
Name some fungicide?
What do you mean by fungicidal efficacy?
Define Protein?
Name the techniques used for quantitative estimation of protein?
Give two properties of protein?
Name few fungal species isolated from soil?
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Unit-25
Diseased Plant Material
Structure of Unit
25.0
25.1
25.2
25.3
25.4
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Introduction
Collection of Diseased Plant Material
Viva-voce
References

25.0 Objectives
After going through this unit you will be able to know:
 The different methods of collection and preservation of diseased plant
material

25.1 Introduction
Disease is an impairment of the normal state of the living (plant) that interrupts,
modifies, (or stresses) vital functions. Disease is a response to specific causal
agents (biotic or abiotic), inherent defects of the organism, or combinations of
these factors.
Diseases are recognized by the resulting symptoms expressed by the host, and
signs (actual manifestations) of the causal agent. Taken together, symptoms
expressed by the host and signs of the causal agent are called the disease
syndrome. The causal agents, as the term is used in the above definition of disease,
can be biotic (living or infectious), or abiotic (nonlivingor non-infectious).
Biotic causal agents of disease are termed pathogens. Examples of biotic causal
agents (pathogens)of plant disease are fungi, bacteria, mycoplasmas, spiroplasmas,
viruses, viroid, nematodes, protozoans, and parasitic higher plants. Examples of
abiotic causal agents of plant disease are temperature extremes, moisture extremes,
nutrient extremes, light extremes, soil pH extremes, air pollution, oxygen
deficiency, pesticide phyto-toxicity, cultural malpractices.
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Collection of diseased plant material involves two activities—gathering the
specimens and recording the information. During vegetation sampling, collect
representative specimens of relevant disease that are important to meet your
collection needs.
Your collection may also represent a range extension or contribute to the
knowledge of a plant’s pathological aspect. A good-quality diseased plant
collection requires considerable advance preparation and a lot of effort.

25.2 Collection of Diseased Plant Material
Objective: To know the procedure to collect and preserve the diseased plant
material
Requirement: paper bags, Scissors, Forceps, Hand lens, Napthalene balls etc.
Procedure:
 The field study of diseased plant material includes surveys, field trips,
collection of diseased specimens from the field and isolating the pathogen fron
the diseased parts.
 The diseased plant parts are to be collected with utmost care and transported to
the laboratory under aseptic conditions.
 Usually the diseased plant part are collected in sterile polythene covers and on
reaching lab it is surface disinfected and kept for isolating the pathogen.
 The plants or plant parts, collected fresh need to be immediately killed and
subsequently preserved for a long time. For this purpose, a few chemicals are
used which do not cause any structural disturbance or distortion of the material.
 Formalin-aceto-alcohol, formalin-propionoalcohol, Navashinfluid and Bouin’s
fluid are some of the common agents used. Plants are generally fixed
immediately after collection or can also be fixed after brining them to
laboratory. The material must be kept completely immersed in preservatives.
 Most common preservatives used are FAAs 70% alcohol. Ethylalcohol (95%)
= 5 cc; Glacial acetic acid (95%) = 5cc and Formalin (40%) = 5cc. for FAA
preparation are used.
 In lab we also maintain a collection of dried specimens or cultures. A collection
of herbarium specimen is a basic requirement to store information.
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Fig. 25.1 : Arrangement of specimens on flimsies (newsprint folder)
 Herbarium sheet is prepared by pressing them to avoid its rotting and
dehydration.
Collected specimen should be dried and mount on herbarium sheet. The
preserved material should be washed after 24 hrs. with water and after
washing it should be preserved in 70% alcohol for longer time. Complete
specimen is preserved in FAA for demonstration.

Fig. 25.2 : Arrangement of Dried Specimens on Herbarium Sheets

 Photographs can also be taken in field also for their study in nature.
 Sections of preserved material are cut in suitable planes from desired region.
To distinguish different tissues, cells or inclusions specific stains are used such
as cotton blue, aniline blue, crystal violet, fast green and safranin etc. These
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stains are used in different combinations also. For temporary and permanent
preparations different techniques are used.
 Mounting is necessary to properly position an object for clear view.
Lactophenol, glycerine and glycerine jelly are used for temporary mounting
while Canada balsam is used for permanent mounting.

25.3 Viva-voce
1.
2.
3.
4.
5.

What is herbarium?
Mention names of some common preservatives.
What is used for permanent mounting?
Mention names of some commonly used stains.
What are the procedures by which the pathological specimens are collected?
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