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1.0  Objectives |
In the initial phase of water resources development during the plan period after
- independence, rapid harnessing of water resources was the prime objective. Accord-
ingly, the State Governments were encouraged to expeditiously formulate and develop
water resources projects for specific purposes like irrigation, flood control, hydro-
power generation, drinking water Supply, industrial, and various miscellaneous uses.
As a result, a large number of projects comprising dams, barrages, hydropower
structures, canal network etc. have come up all over the country in successive Five

Year Plans. A milestone in water resources development in India is creation of a huge
storage capability. Because of these created storage works it has now become possible
to provide éssu"red irrigation in the command area, to ensure supply for hydropower
and thermal power plants located at different places and to meet requirement for various
other uses. Flood moderation could be effected in flood prone basins, where storage -
has been provided. Besides, supply of drinking water in remote places throughout

. the year has become possible in different parts of the country. :

1.1  Introduction
111 Water

Water is often believed to have spiritUal powers. In Celtic mythology, Sulis
is the local goddess of thermal springs; in Hinduism, the Ganges is also per-
sonified as a goddess, while Saraswati has been referred to as goddess 7
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in Vedas. In addition, water is one of the "panch-tatvas" (basic 5 elements,
others including fire, earth, space, air). Alternatively, gods can be patrons
of particular springs, rivers, or lakes: for example in Greek and Roman
mythology, Peneus was a rivef “god, one of the three thousand Oceanids.
In Islam, not only does water give life, but every life is itself made of water:
"We made from water every living thing".

Water is a chemical substance that is essential to all known forms of 11fe
It covers 71% of Earth's surface. There are 1.4 billion cubic kilometres -
(330 million mi®) of it available on Earth. It appears mostly in the oceans
- (saltwater) and polar ice caps, but it is also present as clouds, rainwater,
rivers, freshwater aquifers, lakes, airborne vapour, and sea ice. Water in
these bodies perpetually moves through a cycle of evaporation, precipi-
tation, and runoffto the sea. Water i§ a colourless, tasteless, and odourless
liquid at ambient temperature and pressure. It is a very important solvent.
© Clean water is essential to human life. In many parts of the world, itisin
 short supply. Outside our planet, a significant quantity of water is thought
to exist at the north and south poles of the planet Mars, and on the moons
- Europa and Enceladus.’ : :

1.1.2° General Facts

World oceans cover about three fourth of earth's surface Accordmg tothe -

- UN estimates, the total amount of water on earth is about 1400 million cubic
kilometre that is enough to cover the earth with a layer of 3000 metres
depth. However, the fresh water constitutes a very small proportion of this
enormous quantity. About 2.7 percent o of the total water available on the

i earth is fresh water of which about 75.2 percent lies frozen in Polar Regions

~ and another 22.6 percent is present as ground water. The rest is available
" in lakes, rivers, atmosphere, moisture, soil, and vegetation. What is effec-
“tively avallable for consumption and other usesis a small proport1on ofthe
quantity available in rivers, lakes, and ground water. The crisis about water

. resources development and management thus arises because most of the
~ water is not available for use and secondly itis characterized by its highly
uneven spatial distribution. Accordingly, the importance of water has been

- recognised and greate1 empha31s is being laid on its economic use and better

E management

. Wateronthe earthisin motlon through the hydrologlcal cycle. The utlllsatlon
 of water formost of the usersi.e. human, animal or plant involves movement
of water. The dynamic and renewable nature of the water resources and
 the recurrent need for its utilisation requires that water resources are measured
in terms ofits flow rates. Thus, water resources have two facets. The dynamic

© resource, measured as flow is more relevant for: most of developmental needs.
The static or fixed nature of the reserve, involving the quantity of water,
~ the length of area of the water bodies is also relevant for some activities

like pisciculture, nav1gat10n etc.

1.2 Irrlgatlon World | |
Analysing the country-w1se geographmal area, arable land and 1rr1gated area inthe

2



World, 1t is found that among the continents largest geographical area lies in Africa

~which is about 23 percent of the world geographic area. However, Asia (excluding
“erstwhile countries of USSR) with only 21 percent of world geographical area has

about 32 percent of world's arable land followed by North Central America having
about 20 percent of World's arable land. Africa has only 12 percent of world's arable

land. Tt has been seen that irrigated area in the World was about 18.5 percent of

the arable land in 1994. In 1989, 63 percent of world's irrigated area was in Asia,
whereas in 1994 this percentage has gone up to 64 percent. Also, 37 percent of
arable land of Asia was irrigated in 1994. Among Asian countries, India has the largest

~ arable land, which isclose to 39 percent of Asra s arable land Only United States _
“of America has more arable land than Indla

1.3

Water in Indlan Perspectlve

General

Indiaisaland of many rivers and mountams Its geographical area of about 329 million
hectare is criss-crossed by a large number of small and big rivers, some of them ﬁgurmg
amongst the mighty rivers of the world. The rivers and mountains have a greater

- significance in the history of Indian cultural development, religious and spiritual life.

It will not be an exaggeration:to say that the rivers are the heart and soul of Indian

. Indiaisaunien of States witha federal set up. Pohtlcally, the country is d1v1ded into

28 States and 7 Union Territories. A major part of India's population of 1,027,015,247
(2001 census) is rural and agrlculturally or1ented for whom the rivers are the source

of their prosperity. - ,
S Phys1ograph1cally, Indla may be dlvrded into seven well deﬁned regions. These are:

1 The Northern Mountams comprising the mlghty Hlmalayan ranges;

20t The Great Plalns traversed by the Indus and Ganga Brahmaputra river systems

~ As'much’as one third of this lies in the arid zone of western Rajasthan. The
. remammg atea is mostly fertile plains; -

3 TheCentral nghlands consisting ofawide belt of hills runnmg east west startmg

from Aravalli ranges in the west and terminating in a steep escarpment in the
east. The area lies between the Great Plams and the Deccan Plateau;

o .,_ 4 . “The Pemnsular Plateaus compnsmg the Western Ghats, Eastern Ghats, North

- 'Deccan Plateau, South Deccan Plateau and Eastern Plateau;

5 o The East Coast, a belt of land of about 100-130 km wide, bordering the Bay

o of Bengal land lylng to the east of the Eastern Ghats;

. 6. . The West. Coast -4 NArrow: belt of land of about 10-25 km w1de, bordermg ’

the Arabian Sea and lying to the west of the Western Ghats, and;

ST Theislands, comprxsmg the coral islands of Lakshadeep in Arabian Sea and

- Andaman and Nlcobar Islands of the Bay of Bengal

o .v'.l‘;S‘l Climate

~ -« Thepresence of the great mountain'mass formed by ‘the Himalayas and
. +its spurs.on the North-and of the ocean on the South are the two major
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influences operating on the climate of India. The first poses an impenetrable
barrier to the influence of cold winds from central Asia, and gives the sub-
continent the elements of tropical type of climate. The second, which is the
source of cool moisture-laden winds reaching India, gives it the elements
of the oceanic type of climate.

India has a very great diversity and variety of climate and an even greater.
variety of weather conditions. The climate ranges from coritinental to oceanic,
from extremes of heat to extremes of cold, from extreme aridity and negligible
rainfall to excessive humidity and torrential rainfall. It is, therefore, necessary
to avoid any generalisation as to the prevalence of any particular kind of
climate, not only over the country as a whole but also over major areas

* init. The climatic condition mﬂuences largelythe water resources utlhsatlon .

of the country
Rainfall

‘Rainfall in India is dependent in differing degrees ori the South-West and

North-East monsoons, on shallow cyclonic depressions and disturbances
and on violent local storms which form regions where cool humid winds

“the sea meet hot dry winds from the land and occasionally reach cyclonic

dimension. Most of the rainfall in India takes place under the influence of
South West monsoon between June and September exceptin Tamil Nadu
where it is under the influence of Northeast monsoon during October and

- November. The rainfall in India shows great variations, unequal seasonal

distribution, still more unequal geographical distribution, and the frequent

. departures from the normal. It generally exceeds 1000 mm in areas to the

East of Longitude 78 degree. It extends to 2500 mm along-almost the entire
West Coast and Western Ghats and over most of Assam and Sub-Hima-
layan West Bengal. On the West of the line joining Porbandar to Delhi and
thence to Ferozpur the rainfall diminishes rapidly from 500 mm to less than
150 mm in the extreme west. The Peninsula has large areas of rainfall less
than 600 mm with pockets of even 500 mm:The estimate of aerial average
rainfall is subjective depending on the method adopted. Therefore, estimates
oflocal rainfall over the country obtained by employing other techniques
may differ, espemally ina vast country like Indla

Temperature

The variations i in temperature are also marked over the Indian sub-con-
tinent. During the winter seasons from November to February, due to the
effect of continental winds over most of the country, the temperature
decreases from South to North. The mean maximum temperature during

 the coldest months of December arid January varies from 29 degree
centigrade in some part of the peninsulato about 18 degree centigrade in

the North, whereas the mean minimum varies from about 24 degree cen-
tigrade in the extreme South to below 5 degree centigrade in the North,

From March to May is usually a period of continuous and rapid rise of
temperature. The highest temperature occurs in North India, pamcularly in
the desert regions of the Northwest where the maximum may exceed 48

-+ degree centigrade. With the advent of South West Monsoon in June, there
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isarapid fall in the maximum temperature in the central portions ofthe country.
The temperature is almost uniform over the area covering two thirds of the

- country that gets good rain. In August, there is amarked fall in temperature
- when the monsoon retreat from North India in September. In Northwest

India, in the month of November, the mean maximum temperature is below
38 degree centigrade and the mean minimum below 10 degree centigrade.
In the extreme North, temperature drops below freezing point

Evaporation

Evaporation rates closely follow the climatic seasons, and reach their peak

*in the summer months of April and May and the central areas of the country

display the highest evaporation rates during this period. With the onset of

" monsoon, there is a marked fall in the rate of evaporation. The annual potential

evaporation ranges between 150 and 250 cm over most parts of the country.
Monthly potential evaporation over the Peninsula increases from 15 cmin
December to 40 cm in May. In the Northeast, it varies from 6 cm in December
to 20 'cm in May. It rises to 40 em in June in West Rajasthan. After the
onset of monsoon, potential evaporation decreases generally all over the
country. ‘

Agro climatic Zones

“The Planning Commission after examining the earlier studies on the

regionalisation of the agricultural economy has recommended that agricul-
tural planning be done based on agro climatic regions. For resource de-
velopment, the country has been broadly divided into fitteen agricultural

regions based on agro climatic features, particularly soil type, climate in-

cluding temperature and rainfall and its variation and water resources
availability as under: :

Western Himalayan division
Eastern Himalayan division
- Lower Gangetic plain region
Middle Gangetic plain region
Upper Gangetic plain region
. Trans-Gangetic plain region
Eastern plateau and hill region
Central plateau and hill region
Western plateau and hill region
Southern plateau and hill region
--East coast plain and hill region
West coast plain and hill region
Gujarat plain and hill regibn
Western plain and hill region

Island region
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Rivers

India is blessed with many rivers. Twelve of them are classified as major

- rivers whose total catchment area is 252.8 million hectare (Mha). Of the
‘ ‘major rivers, the Ganga - Brahmaputra Meghana system is the biggest with
“catchment area of about 110 MHa that is more than 43 percent of the

catchment area of all the major rivers in the country The other major rivers

~ with catchment area more than 10 MHa are Indus (32.1 MHa), Godavari
_(3 1.3 MHa), Krishna, (25.9 MHa) and Mahanadi (14.2 MHa). The -
. catchment area of medium rivers is about 25 MHa and Subernarekha with -

1.9 Mha catchment areas is the largest r1ver among the medium rivers in
the country, - :

o Water Bodies

* Inland Water resources of the country are classified as rivers and canals;
* reservoirs; tanks & ponds; lakes, derelict water; and brackish water. Other

than rivers and canals, total water bodies cover all area of about 7 MHa..

" Ofthe rivers and canals, Uttar Pradesh occupies the First place with the
total length of rivers and canals as 31.2 thousand km, which is about 17

percent of the total length of rivers and canals in the country. Other states

. following Uttar Pradesh are Jammu & Kashmir and Madhya Pradesh. Among _

the remaining forms of the inland water resources, tanks and ponds have

© maximum area (2.9 MHa) followed by reserv01rs (2.1 MHa).

Most of the area under tanks and ponds lies i in Southern States of Andhra

Pradesh, Karnataka and Tamil Nadu. These states along with West Bengal,

Rajasthan and Uttar Pradesh, account for 62 percent of total area under
tanks and ponds in the country. As far as reservoirs are concerned, major

‘states like Andhra Pradesh, Gujarat, Karnataka, Madhya Pradesh,

Maharashtra, Orissa, Rajasthan, and Uttar Pradesh account for larger portion
of area under reservoirs. More than 77 percent of area under beels, oxbow,
lakes, and derelict water lies in the states of Orissa, Uttar Pradesh, and
Assam. Orissa ranks first as regards the total area of brackish water and
is followed by Gujarat, Kerala, and West Bengal. The total area of inland

. water resources is, thus, unevenly distributed over the country with five states
" namely Orissa, Andhra Pradesh, Gujarat, Karnataka, and West Bengal

accountlng for more than half of the country S mland water bodles

1.4

Stages of Irrigation Development

Ancient Time

The history of irrigation development in India can be traced back to prehlstonc times.
Vedas and ancient Indian scriptures made references to wells, canals, tanks and dams
which were beneficial to the community and their efficient operation and maintenance
was the responsibility of the State. Civilization flourished on the banks of the rivers
. and harnessed the water for sustenance of life. According to the ancient Indian writers,
the digging of a tank or well was amongst the greatest of the meritorious acts of a
man. Brihaspathi, an ancient writer on law and politics, states that the construction
. and the repair of dams is a pious work and its burden should fall on the shoulders
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of rich men of the land. Vishnu Purana enjoins meritto a person who affects repairs
to wells, gardens, and dams.

In a monsoon climate and an agrarian economy like India, irri gatlon has played a
major role in the production process. There is evidence of the practice of irrigation
since the establishment of settled agriculture during the Indus Valley Civilization (2500
- BC). These irrigation technologies were in the form of small and minor works, which
could be operated by small households to irrigate small patches of land and did not
require co-operative effort. Nearly all these irrigation technologies still exist in India
with little technological change, and continue to be used by independent households
for small holdings. The lack of evidence of large irrigation works at this time signifies
the absence of large surplus that could be invested in bigger schemes or, in other
words, the absence of rigid and unequal property ri ights. While village communities
and co-operation in agriculture did exist as seen in well developed townships and
economy, such co-operation in the large irrigation works was not needed, as these
settlements were on the fertile and well irrigated Indus basin. The spread of agricultural
settlements to less fertile and irrigated area led to co-operation in 1rr1gat10n devel-
~ opment and the emergence of larger irrigation works in the form of reservoirs and
small canals. While the construction of small schemes was well within the capability
of village communities, large irrigation works were to emerge only with the growth
of states, empires and the intervention of the rulers. There used to emerge a close
link between irrigation and the state. The king had at his disposal the power to mobilize
labour, which could be used for i irrigation works. .

_ Inthe south, perennial irrigation might have begun with construction of the Grand Anicut
by the Cholas as early as second century to provide irrigation from the Cauvery river.
Wherever the topography and terrain permitted, it was an old practice in the region
to impound the surface drainage water in tanks or reservoirs by throwing across an
earthen dam with a surplus welr, where necessary, to take off excess water, and a
sluice at & suitable level to irrigate the land below. Some of the tanks got supplemental
 supply from stream and river channels. The entire landscape in the central and southern

India is studded with numerous irrigation tanks that have been traced back to many

centuries before the beginning of the Christian era. In northern India also, there are
‘a number of small canals in the upper valleys of rivers, which are very old.

Irngatlon during Medieval India

In the medieval India, rapid advances also took place in the construction of inundation
candls. Constructing bunds across streams blocked water. Thisraised the water level
and canals were constructed to take water to the fields. These bunds were built by
both the state and private sources. Ghiyasuddin Tughluq (1220-1250 is credited to
be the first ruler who encouraged digging canals. However, it is Fruz Tughlug (1351-
- 86) who, inspired by central Asian experience, is considered the greatest canal builder
before the nineteenth century. Irrigation is said to be one of the major reasons for
the growth and expansion of the Vijayanagar Empire in southern India in the fifteenth
century. It may be noted that, but for exceptional cases, most of the canal irrigation
before the arrival of the British was of the diversionary nature. The state, through
the promotion of irrigation, had sought to enhance revenue and provide patronage
through rewards of fertile land and other rights to different classes. Irrigation had also
increased employment opportunities and helped in the generation of surplus for the
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maintenance of the army and the bureaucracy. As agricultural development was the
pillar of the economy, irrigation systems were paid special attention. This is demon-
strated by the fact that all the large powerful, and stable empires pald attention to-
irrigation development.

Irrigation development during British

Imgatlon development under British rule began with the renovation, improvement,
and extension of existing works, like the ones mentioned above. When enough
experience and confidence had been gained, the Government ventured on new major
works, like the Upper Ganga Canal, the Upper Bari Doab Canal and Krishna and
Godavari Delta Systems, which were all river-diversion works of consi-erable size.
The period from 1836 to 1866 marked the investigation, development, and comple-
tion of these four major works. In 1867, the Government adopted the practice of
taking up works, which promised aminimum net return. Thereafter, a number of projects
were taken up. These included mejor canal works like the Sirhind, the Lower Ganga,
the Agra and the Mutha Canals, and the Periyar Dam and canals. Some other major
canal projects were also completed on the Indus system during this period. These -
included the Lower Swat, the Lower Sohag and Para, the Lower Chenab and the
Sidhnai Canals, all of which went to Pakistan in 1947.

The recurrence of drought and famines durmg the second half of the mneteenth century
necessitated the development of irrigation to give protection against the failure of crops -
and to reduce large scale expenditure on famine relief. As irrigation works in low
rainfall tracts were not considered likely to meet the productivity test, they had to

be financed from current revenues. Significant protective works constructed during

the period were the Betwa Canal, the Nira Left Bank Canal, the Gokak Canal, the
Khaswad Tank, and the Rushikulya Canal. Between the two types of works, namely

_ productlve and protective, the former received greater attention from the Government.

The gross area irrigated in British India by public works at the close of the nineteenth
century was about 7.5 Mha out of which 4.5 MHa came from minor works, like

tanks, inundation canals etc. for which no separate capital accounts were maintained.
The area irrigated by protective works was only a 11ttle more than 0. 12 MHa.

1.5

i}

Water Resource Development

At the time of commencement ofthe First Five Year Plan in 1951 , population of India |

. was about 361 million and annual food grain production was 51 million tonnes (MT),

which was not adequate. Import of food grains was then inevitable to cover up the
shortage. Attaining self sufficiently in food was therefore given paramount importance
in the plan period and in order to achieve the objective, various major, medium and
minor irrigation and multi-purpose projects were formulated and implemented through

- suceessive Five Year Plans to create additional irrigation potential throughout the country.

This drive compounded with green revolution in the agricultural sector, has enabled
India to become marginally surplus country from a deficit one in food grains.

Thus, the net irrigated area is 39 percent of net sown area and 30 percent of total

~ cultivablearea. As stated earlier, the ultimate potential due to major and medium projects
has been assessed as 58 MHa of which 64 percent is estlmated to be developed.

1.5.1 - Hydro-Electric power
India has a vast potential for hydro-power generation, particularly in the
) .



‘northern and north-eastern region. As per an estimate of Central Electricity

Authority, the potential in the country is assessed as 84,000 MW at 60
percent load factor, which is equivalent to about 450 billion units of annual

-energy generation. The basin wise distribution is as given below:

S.No| Basin : , Potential at 60 percent
: : : load factor (MW)
1. | IndusBasin | 20,000
|2. | BrahmaputraBasin 35,000
3. Ganga Basin ~ 11,000 -
4. Central India Basin | 3,000 -
5. West Flowing River System -1 6,000
6. East Flowing River System 9,000
“Total | 84,000

At the time of independence, out of total installed capac1ty of 1362 MW, hydro-
power generation capacity stood at 508 MW. The capacity has since been raised
to about 13,000 MW. In-addition, 6,000 MW is available from projects under
construction. A potential of about 3,000 MW is contemplated from projects already
cleared. The total potential harnessed/under harnessing would thus be about 22, 000
MW, which is nearly one-fourth of the estimated potential.

1.5.2

Domestic water supply

The National Water Policy has assigned the highest priority to drinking water
supply needs followed by irrigation, hydro-power, navigation and industrial -
and other uses. In the successive five-year plans and the intervening annual
plans, efforts have been made to rapidly develop water supply and sani-
tation systems. In the context of the "International Drinking Water Supply

and Sanitation Decade", the Government of India launched the decade

program in April, 1981 with a view to achieving population coverage of
100 percent water supply facilities in urban and rural areas, 80 percent

B W areas respectlvely by the end of the decade i.e. March, 1991, However 7

1.5.3

due to financial and other constraints the targets originally set for the decade -
were scaled down to 90 percent in the case of urban water supply and
85 percent in the case of rural water supply, 50 percent in the case of urban -

~ sanitation and 5 percent in the case of rural sanitation respectively. As per
~ policy adopted, provision for drinking water is to be made in all water

resources projects. The drinking water requirements of most of the mega
cities/cities in India are met from reservoirs of itrigation/multi-purpose schemes
existing in near by areas and even by long distance transfer. Delhi getting
drinking water from Tehri Dam and Chennai city from Krishna Water through

Telugu Ga_ﬂga Project are typical examples.

.Navigation

Total navigable lerlgth of inland Water—ways'in the bcountry is 15,783 km
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of which maximum stretch lies in the state of Uttar Pradesh followed by
West Bengal, Andhra Pradesh, Assam, Kerala, and Bihar successively.
Amongst the river system, the Ganga has the largest navigable length followed
by the Godavari, the Brahmaputra, and the rivers of West Bengal. Wa-
terways have the unique advantage of access1b111ty to interior plaees Besides,

 they provide cheaper means of transport with far less pollution and com-

municational obstacles. The waterways traffic movement has gone up pro- -
gressively from 0.11 MT in 1980-81 to 0.33 MT in 1994-95. The de-

“velopment of inland water transport is of crucial importance from the point

of energy conservation as well. The ten waterways identified for consid-
eration for being declared as national waterways are namely: '

The Ganga-Bhagirath-Hoogli

The Brahmaputra '

The Mandavi, Zuan river and the Cumbarjua Canal in Goa
' The Mahanadi

The Godavari

The Narmada

The Sunderbans Area

The Krishna
“The Tapi

The West Coast Canal

The Ganga-Bhagxrath—Hoogh and Brahmaputra have already been declared
National Waterways. Farakka Navigation Lock has been opened for trans-
port, thus allowing transport for upstream reaches of Ganga with Calcutta.
With network of national waterways the carriage and cargo in this sector
in the 10 river systems is expected to 1ncrease by 35 MT per year.

Industrial Use’
Abasic necess1ty of industrial development is adequate ava11ab111ty of water.

* The Second Irrigation Commission in its report of 1972 recommended a
“provision of 50 billion cubic metres (BCM) for industrial purpose for the

country as a whole. However, a recent assessment indicates that require-
ment for industrial use during 2000 AD will be about 30 BCM. While it
will rise to 120 BCM by 2025:AD.

Inland Plsclculture

Because of water resources development works, apart from the major ob-

jectives there has been development in various other sectors as well. Among
~ them, development in inland fish production occupies a prominent place.

During 1950-51, total inland fish production stood at 0.22 MT which by
1994-95 had gone up to 2.08 MT India has now the distinction of being
the seventh largest producer of fish in the world and second largest pro-
ducer of inland fish after China. Amongst the states, West Bengal is the

‘highest producer followed by Andhra Pradesh and Bihar. These three states
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put together producé about 50 percent of total inland fish production in
the country, while West Bengal alone accounts for about one third of the
.production.

1.5.6  Water "development & health

While water is essential for sustenance of human life, it can as well create
problems concerning human health being a carrier of vectors for diseases -
such astyphoid, cholera, diarrhoea, malaria, filariasis, shistosomiasis etc.
if mismanaged. Water development projects have, however, contributed
positively to the human health in the country. Among the human health benefits,
the important one is improved diets resulting from an increased production -
of staple foods, new opportunity of growing fruits and vegetables and
increased purchasing power for foods not produced by those on farm. Other
nutrition improvement is due to development of pisciculture and better facilities
for feeding and watering the domestic livestock, which can also improve -
diet and income’ considerably. The development of water development

projects not only enabled the country to overcome floods and drought but
also have provided enough food and fibre for the ever increasing population.
Water development projects have facilities in providing safe water forhuman
consumption, considering scarcity of water now faced in most parts of the
country. :

Almost all the projects implemented in the country provide water for domestic
purpose although primarily some of the projects were not meant for this
purpose. With 80-90 percent precipitation accruing during monsoon only,
it has become imperative to store water for domestic use. Water supply
 also has helped to keep populated areas clean and hygienic through better
drainage and improved samta’uon Water supply has thus contnbuted in -
improvement of health.

1.6 Surface Water Resources

~ Surface water avallable from different basins in India is 1869.35 cublc Kllometre per
. year. The basm wise detall is as follows o .
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. Cubic Km/Year

S.No{ Name of the River Basin - _ Average annual
: ‘ : : - availability
‘Indus (up to Border) 73.31
12 | canga ' 525.02
b) Brahmaputra ,Barak & Others 5856
3 Godavari 110.54
4 Krishna 78.12
5 = | -Cauvery 21.36
16 Pennar 6.32
7  East Flowing Rivers between Mahanadi & Pennar 22.52
18 East Flowing Rivers between Pennar and
: Kanyakumari - - 16.46
9 Mahanadi 66.88
10 - Brahmani & Baitarni 28.48
11 Subernarekha 12.37
12 | Sabarmati 3.81
13 | Mahi 11.02
14 S| West Flowmg Rivers of Kutch Sabarmati
including Lum 15.1
15 | Narmada _ 45.64
16 | Tapi 14.88
17 | West Flowing Rivers from Tapi to Tadri ' 87.41
18 | WestFlowing Rivers from Tadri to Kanyakuman 113.53
19 Area of Inland drainage in Rajasthan desert NEG.
20 .Minor River Basins Drammg into Bangladesh |
& Burma 31
Total 1869.35

1.7

- Ground water resources

The total replenishable ground water resources of the country have been es-

timated as 434 billion cubic meter (BCM) presuming some quantities of states
. & UT's under estimation. Keeping a provision of about 71 BCM/yr out of

434 BCM, 361 BCM/yr of resources is estimated to be available for irri-
gation. The Net Draft for irrigation is around 150 BCM/yr and the level of
ground water development is 42%. Ground water resources of the country
are given below.
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States .

Total

Net

360.73

Provision| Available Balance| Level of
| No, replenis-| for ground | draft ground | ground
i hable domestic,| water water - | water
ground | industrial| resources| resourcq devel-
water . | & other| for -for = | opment
| resource| uses irrigation future
. , use
BMC/yr| BMC/yr] BMC/yr| BMClyr| BMClyr %
1 | Andhra Pradesh [3529 | 520 30.00 8.57 2143 128.56
2 | Arunachal Pradesh| 1.44° 0.22 1.22 - 1.22 Neg.
3 | Assam 24,72 3.71 21.01 1.84 19.17 | 8.75
4 |Bihar 2699 | 405 |2204 |1063 | 1231 4633
|5 | Chattisgarh 1607 | 241 |1366 | o081 | 128 |59
6 |Delhi 029 018 0.12
7| Goa 022 |o003 fo19 Joo2 [017 |830
8 | Gujarat 2038 |306 [1732. | 955 | 777 |ss16
9- |'Haryana 8.53 | 1.28 | 725 | 813 -0.00 112.18
10 | Himachal Pradesh{ 037 | 008 |029 |.003 | 026 |10.72
11 | Jammu & Kashmir] 4.43 0.66 - |3.76 -0.03 3.73 0.81
12 | Tharkhand 6.53 098 |5.55 1.84 | 371 |[33.13
13 | Karnataka 16.19 2.43 13.76 476 9.00 34.60
14 | Kerala "1 7.90 131 6.59 1.46 | 5.13 22.17
15 | Madhya Pradesh |34.82 | 522 "|29.60 | 802 | 21.58 [27.09
16  ‘Maharashtra | 37.87 12.40 |25.47 9.44 16.04 |37.04
17 | Manipur 3.15 047|268 | Neg |268 |Neg
18 | Meghalaya 054 |008. lod4s o002 |o044 [397
19 | Mizoram Under estimation. '
20 | Nagaland - | 0.72 0.11 0.62 Neg. 0.62 Neg.
.2'1 Orissa 2000 | 3.00 |17.00 3.61 ~13.39 121.23
| 22 | Pusijab 1866 | 1.87 1679 | 1640 | 000 |97.66
23 | Rajasthan 1271 | 199 |1071 ] 926 | 145 |8642
24 | Sikkim - Underestimation :
25 | Tamil Nadu 2639 | 3.96 22.43 1445 | 7.98 64.43
26 | Tripura 066 |010 Jos6 |o019 [038 [3343
27 | Uttar Pradesh | 81.12 | 12.17- | 6895 | 3233 | 3662 |46.89
28 | Uttaranchal 2.70 041 [229 | 0.82 147 |35.78
29 | West Bengal 23.09 346 | 19.63 7.50 12.13 | 38.19
! | TOTAL STATES | 431.77 | 70.92 149.82 | 211.53 | 41.53
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Union Territories
1 | Andamand & ,
| Nicobar . Under estimation
2 | Chandigarh 0030 | 0.025

Dadar & Nagar | E -

Haveli 0.042 0.006 | 0.040 0.005 0.031 | 12.81
4 | Daman & Diu | 0.013 0.002 {0.010 0.008 0.003 70.00
5 | Lakshdweep 0.002 - o007 |
6 Pondibherry‘ 0.029 | 0.004 |0.020° | 0.116 | 0.000

Total U. Territories| 0.116 - | 0.013 | 0.071 0.160 0.035

Grand Total '431 88 7093 | 360.80 149.97 21156 | 4157

centage of NIA to NSA is stated below:

State—vwse Details of Net Imgated Area (NIA), Net Sown Area (NSA) and per-

(000, hectares)

S.Noj States Net sown Net Irrg % of NIA to
area (NSA). area (NIA) .| NSA
1 | Andhra Pradesh s 4528 . | 40.74%
2 Arunachal Pradesh | 164 . = 2 . 25.61%
13 [ Assam | M4 170 6.22%
4 | Bihar 7437 3625 48.74%
5 | Chattisgarh 4763 984 20.66%
6 |Goa 141 23 1631%
7 | Gujarat 9443 2979 31.55%
3 | Haryana 3526 2958 83.89%
9 | Himachal Pradesh = | 555 126 22.70%
10 | Jammu & Kashmir - |. 748 311 - 41.58%
11 |Karnataka 10410 2643 2539%
12 | Kerala 2206 381 1727%
13 | Madhya Pradesh | 14664 4135 28.20%
14 - | Maharashtra 17636 - | 2059 16.78%
15 | Manipur 140 e | 46.43%
16 | Meghalaya 230 54 23.48%
|17 |Mizoram =~ | o4 9 9.57%
18 | Nagaland 300 - 7 | 24.00%
19 | Orissa | 5829 1933 | 33.16%
20 |Punjab 4264 s | 844
21 | Rajasthan. 15865 4907 | 3093%
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2 I skkam . % . |17 . | 178%
23 | TamilNadu- | 5303 . | 2888 | 54.46%
24 | Tripura 280 37 .| 1321%
25 | Uttar Pradesh 17612 | 12814 | 72.76%
26 - | West Bengal | 5417 | 2354 43.46%
| Total States | 140971 54616 | 38.74%
| Total UT's 130 66 | 50.77%
Grand Total | 141101 | 54682 | 38.75%

Utilizable Water Résources & Irrigation Performance

1.8

" Fromabove illustrations, it is clear that in India about 1869 cubic kilometre per year
i.e. 1869 BCM per year of surface water and 434 BCM per year of ground water

are available for utilization. Until 1997-98, total 629 BCM per year was being used
for different purposes out of which 524 BCM per year was used for irrigation. It
is clear that there is a huge gap between utilizable water resources and actually utilised.
However, due to poor irrigation techniques and unawareness among the end users,
lot of potential created is resulting in wastage of resources. Many efforts are being
made at the government level to train farmers, to demonstrate new techmques and
to educate them for better irrigation performance '

-~

1.9

Irrlgatlon Potential Created and Utilized

Until year 2002 irrigation potential was created for 93.95 million hectares out of which
80.06 million hectare is utilized from surface & ground water resources. It includes
major, medium & minor irrigation projects (surface & ground water both). Plan wise

- position of irrigation potential created and utilised is given below. -

(In million hectares)
: : Potential created Potential utilised
Plan . |Major & Minor Major & Minor o
' Medium| S.W. | G.W. | Total | Total | Medium | S.W, (G.W. | Total | Total
1 2 | 3141|1516 |7 8 | 9 [ 10| 11| 12
‘Upto - Cumm, 9,70, -6.40 6,50/ 12.900.22.60 ° 9.700 6.40, 6.50 12,90 22.60
1951 | A ' N , . :
(pre-plan) : ’ '

I Plan . {During 2.50 0.03 -1.13 1.16 3.66 1.28 0.03[ . 1.13 1.1 2.44
(1951-56)Cumm,| 12.200 6.43 7.63 14.06 26.26 10.98 6.43 7.63 14.06 25.04

-1l Plan |{During 2,13 0.02 067 0.69 282 207 0.02 0.67 0.69 -2.76
(1956-61)Cumm. 14.33 6.45 8.30/14.7529.08 13.05 6.45 8.30 14.75 27.80 -

111 Plan {During 2.24 003 222 225 449 212 0.03 2,220 .2.25 4.37
(1961-66)icumm) 16.57 6.48 10.52(17.00 33.57 15.17 6.48 10.52 17.00 32.17 .

(1966-69)|

Annual During 1.53 0.02 1.98 2.00 3.53 158 0.02 1.98 2.00 3.58
‘Plans . |[Cumm.| 18.10 6.50 12.50 19.00 37.10 16.75 6.50 12.50 19.00 35.73

IV Plan [During| _ 2.60_ 050 4.00 450 7.0 164 0.50 4.00 450 6.14
(1969-74)Cumm, _ 30.70 7,00 16.50 23.50 44.20__18.39 7.00| 16.50[ 23.50] 41.89

"V Plan |During 4.02. 0500 3.30 3.80 7.82 277, 050 3.30 3.8 6.57

(1974-78)Cumm., 24.72| 7.50{19.80) 27.30 52.02  21.16 7.50, 19.80) 27.30 48.46
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Annual [During 1.89 0.50 2.200 2.700 459 1.48 .0.50 2.20 2.70 4.18
Plans _|Cumm. 26.61] 8.00 22.00 30.00 56.61] 22.64 8.00 22.00 30.00 52.64
l(1978-80) _ _ s .U 2 Rt I
VI Plan |During 1.09 1.700 5.82/. 7.52) 8.61 0.93 1.0l 4.24 5.25 6,18
(1980-85)Cumm.|  27.700 9.70( 27.82/ 37.52 65.22]  23.57 9.01] 26.24] 35.25 58.82]
VII Plan [During 222 1.29 7.80f 9.09 11.31 1.90 0.96 6.91 7.87] 9.77
(1985-90)Cumm.|  29.92 10.99 35.62 46.61] 76.53 25.47 9.97| 33.15 43.12 68.59"
Annual [During 0.82 0.47] 3.27 3.74 456 0.85 0.32 3.10 3.42 4.27
~ Plans [cumm) 30.74 11.4638.89 50.35 81.09 26.32 10.29 36.25 46.54 72.86
(1990-92) , . - ‘ :
VIII Plan |During 221 1.05 1.91 296 5.17 213 0.78 1.45 2.23 4.36
(1992-97)Cumm.|  32.95) 12.51 40.80 53.31) 86.26] - 28.45 11.07) 37.70 48.77 77.22 o
IX Plan [During 4,100 3.59 +3.59 769 2.57 1.22 | 1.22 3.79"
(1997-02)icumm.  37.05 16.10 40.80 56.90 93.95 - 31.02 12.29 37.70] 49.99 81.06

Till IX plan Ultimate Irrigation Potential (UIP) was 139.89 million hectares. State wise
- UIP, Irrigation Potential Created (IPC) and Imgatlon Potential Utilized (IPU) is given

~ below: - (million hectares) -
S Nameofthe .- UIp . . IPC IPU )
2 -State Major &| Minor | Total |Major & Minor | Total | Major & Minor [ Total
0 - Medium Medium Medium :
1 2 3 4 5 R 7 - 8 -9 1. 10 11
1 |Andhra 500 6.26] 11.26] 3.300 3.02] 6.32 3.05 2.78] 5.83
Pradesh E . ' ) )
2 |Arunachal .0.000 0,17 0.17| - 0.00{ - 0.10- 0.10 . 0.00] .0.08 0.08
Pradesh ) . S ‘
3 |Assam 0.97| - 1.90 2.87, 0.24{ 0.60; 0.85 0.17] 0.49 0.67
1 4 Bihar 5.22|- '5.66{ 10.89 2.68| 4.72| ° 7.40 1.7 3.76/. 5.47
5 |Chattisgarh 1.15 0.57 1.72 0.92{ 0:49 -1.41] . 0.76] 0.32] 1.08
6 |Goa 0.06/ . 0.05 0.12 0.02- 0.02] :0.04 - 0.02]. 0.02] 0.04]
7 |Gujarat 3.000 3.10 6.10 1.43] 2.00{ 3.43] 1.30] 1.88 3:.18 .
8 |Haryana ~°3.00 . 1.51 4.51 2.10. ©1.63" 3.73| - 1.85 - 1.58 3.43
9 [Himachal - 0.05] 0.30 0.35 0.01] 0.16/ - .0.17]-..: 0.01 -0.14 0.15
Pradesh : :
10 Ppammu & 0.25 1.11] "1.36 0.18| - 0.38/ 0.56[ - 0.17[0 0.37] 0.54
Kashmir : . ‘ S -
11 Pharkhand 1.28 -1.18/. . 2.46{ = 0.35| 0.59] 0.94 0.23| - 0.47] 0.70
12 [Karnataka 2.50, 3.47 5.97 2,12 1,59 3.71 1.841 1.54|  3.39
13 |[Kerala 1.00] 1.68 2.68 0.61 0.64 1.25 0.56| 0.60, 1.16
14 Madhya - "4.85] 11.36 ©16.21)  1.39] 2.26| 3.64 0.88 2.15 3.03
Pradesh - R RS o R )
15 |[Maharashtra 4.10[ " 4.85 8.95 3.24) 294 6.18 |2.15° 2.56/° 4.70
16 [Manipur 0.14 0.47 0.60 0.16] 0.08] 0.23 0.11] 0.06f 0.17}
17 Meghalaya 0.02] - 0.15 0.17, _0.00[ 0.05 0.05 - 0.00 0.05 0.05
18 [Mizoram 0.00] 0.07 0.07, 0.00; 0.021 0.02 0.00] 0.01 0.01
19 |Nagaland 0.04- 0.08 - " 0.09 0.00, '0.08| 0.08 0.000 0.07] 0.07
20 [Orissa 3:60{ - 5.20 8.80f .1.83] 1.47] 3.30 1.79] 1.34] 3.13
21 {Punjab 3.00, 2.97 5.97 2.541 - 3.43 5.97 2.49] 3.37| 5.85
22 |Rajasthan "2.75]  2.38 5.13[ = 2.48] 245 4.93 - 2.311 2.36] 4.68
23 [Sikkim - 0.020 0.05 " 0.070 - 0.000 0.03 0.03 0.00 0.02] 0.02f
- 24 [Tamil Nadu - 1.50(  4.03] - 5.53] . 1.55 2.12| 367 1.55 2.12] 3.67
25 [Tripura - 0.10] - 0.18 0.28 0.00] ~0.11 0.11 0,00 0.10, 0.10
26 {Uttar 12,15 17.48). 29.64 7.91] 21.60| 29.51 6.33] 17.28 23.61
: Pradesh ’ ' . ' . ’
27 (Uttaranchal 0.35]  0.52 0.86| - 0.28) 0.50] 0.78 0.19;. 0.40, 0.59
28 {West Bengal 2.300 4.62 6.92 1.68 3.79] 5.48 1.531" 3.10] 4.63
Total States .58.37| 81.38] 139.75 37.04] 56.86 93.90] ° 31.01] 49.01] 80.02
[Total UT's 0.10, 0.05{ 0.14 " 0.01] 0.04 0.05 0.00 0.04 0.04
rand 58.47| 81.43( 139.89| 37.05| 56.90| 93.9 31.01 49.05/ 80.06
otal ‘ - " :
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 There is a huge difference between Ultimate irrigation potential, IPC and IPU. Therefore,

IPU may be increased to IPC for optimum utilization of resource.

1.10 Future Needs |
Estimates of total annual requirement df water are given below.
Use N Year _ B
{2010 2025 o 2050
, 1997-98 |.Low | High | % [ Low | High [ % [ Low | High | %
Surface Water ' ' . )
Irrigation| 318 330, 339 48 325/ 366 43| 375 463 39
Domestic| 17} 23 24 3] _30. 36 . 5 48 65 6
Industries - 21 26 26 4 . 47 471 6] 57 57 5
- _Power 7 14 15 2l 25 26| 3 50 56| 5
Navigation: i 7 70 1 10 10 1 15 15 1
Ecology 5 5 1 10 10 1 20 20 2
Evaporation . 36| 42 . 42 6 50 50 6, 76 76 6
' - Totall . - 399 447 458 65 497 545 65 641 752, 64
" lGroundwater - : : : .
Irrigation 206] 213 218 31] 236 245 29 253 344 29
Domestig .13 19 19 2 25 26 3 .42 46 4
~Industries} 29 11 11 1 20 200 2/ 24 @ 24 2
Power 2. -4 4 . 6 7 1 13 . 14 1
Total 230 247| -252| 35 287 .- 298 35 332 428 36
Total Water Use - : '
Irrigation| - 524 543 557 79| 561 611 72\ 628 807 68
Domestic 300 42 43 5 55 62 8 90 111 10
Industries ~ 30 37 37 5 67 67 8 81 81 7
Power : 9 18 19 3 31 33| 4. 63 70 6
Navigation 0 7 7 il .10 10| _1 15 15 1
Ecology| - 0 5 5 1 10 10 1 20 20 2
Evaporation 36| 42 42 6 50 50 6/ 76 76| 6
Grand Total 629 ‘694 710, 100| 784 843 100 973 1180 100
From the table it is evident that there is a need for proper water management in all
the sectors. Wastage should be minimized and better technologies should be adopted
to get better efficiency. Maximum demand shall always be in the irrigated agriculture
therefore, it is the right area where efforts should be to minimise wastage. Where
ever possible recycling of water should be done. Secondly monitoring at 1nd1v1dual
* river basin is desired for optimum utlhzatlon of water.
1.11 Institutional Set up for Water Resources

At the central level, the Union Ministry of Water Resources is responsible for de-
velopment, conservation and management of water as.a national resource i.e. for the
general policy on water resources development and for technical assistance to the

_ states on irrigation, multipurpose projects, ground water exploration and exploitation, .

command area development, drainage, flood control, water logging, soil-erosion prob-

* lems, dam safety and hydraulic structures for navigation and hydropower. It also

oversees the regulation and development of inter-State rivers. These functions are
carried out through various Central Organisations. The Ministry of Urban Develop--
ment handles urban water supply and sewage disposal while Rural Water Supply comes
in the purview of Department of Drinking Water under Ministry of Rural Development,
The subject of Hydroelectric power and thermal power is the responsibility of the
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Ministry of Power. Pollution and environment control comes under the purview of

" the Ministry of Environment and Forests. Water being a State subject, the State
" Governments have primary responsibility for use and control of this resource. The
- administrative control and responsibility for development of water rests with the various

. State Departments and Corporations. The irrigation/ water resources departments
“handle major and medium irrigation. Minor irrigation is looked after partly by water

resources departments, minor irrigation corporations, Zila Parishads/ Panchayats and
by the other departments such as agriculture. Urban water supply is generally the
responsibility of public health departments and panchayats take care of rural water
supply. Government tube wells are constructed and managed by the 1rr1gat10n/ water
resources department or by tube well corporations set up for the purpose. Hydro-
power isthe respon81b111ty of the State Electr1c1ty Boards.. .

1.12  Self Assessment Test
- 1 . What are the well defined Regions in India Physiographically?
2. How many water ways are fit for Navigation in India?
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UNIT-2
FLOW MEASUREMENT

STRUCTURE
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2.2 - Choice of Flow Measuring Structures

23 Principél Methods For Measurement Of Dischérges

24  Main Requirément For Flow Measurement

25  Afea Velocity Method o

2.6 - Area Slope Method |

2.7 Use OfHydraulic Structures

2.8  Measurement By Stage Discharge Curve ,
2.9  Designing Of Standing Wave Flume For Discharge Measurement
2.10.  Self Assessment Test

2.11 Key words |

E - 212 Suggested Readings

2.0 Objectives

The aim of this unit is to acquaint the students/users to know

e Basic concept of flow measurement
e Choice of flow measurement method
e Techniques of flow measurement

o Basic cbr,icept of various hydraulic stmcﬂnés

2.1  Introduction

Water is a limited resource. With ever increasing population and industrialization its
- demand is also on the rise. Knowledge of quantity of water available and that being
utilised is therefore first stage in efficient management of this vital resource. In any
irrigation system, therefore, to make the distribution and utilisation of water more
effective, it is necessary to know and also adjust the discharges in conveyance systems.
Flow measurements are therefore essential for efficient irrigation management.

Water measurement is important for :
@ Water conservation. -
Equitable distribution of water
Determining the amount of water available
Meeting legal obligations.

Successful management of available supply.
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Since most of the irrigation ciiannels are not provided with metering devices at head

- regulators or at each diversion, it is necessary to fix a stage- dlscharge relatlonshlp

and for that, too, ‘measurement of actual flow is necessary.

2.2

" Choice of Flow Me‘asuring Structures

Factors effecting choices are :
(A) Water quality Criteria.
() No restrictions for pure (ordinary) and clean water.
(ii) Presence of chemical may affect choice of material.
(i) Presence of silt & debris may affect selection of device.
(B) Water Quantlty Criteria. i

() Thin plate devices for very small to small dlscharges eg. laboratories, drain
age gallery etc. . ,

(ﬁ) Flumes for medium discharges eg. minors, distributories etc.

(i) Long base structures for high discharges eg. main canals, river streams etc.

2.3

Principal methods for measurement of dlscharge in open
channels

The prmc1pal aim of flow measurement by any method is to estabhsh arelationship
between discharge & depth of ﬂowmg water. :

‘h=#m 9> Q=27

¥

Practical Limltatlon '

All methods of flow measurement are subJect to errors

Howto minimize errors

- Follow the recommendations of relevant National and Intemational standards

- The dccuracy of measurement depends upon the evaluation of coefficients in the
discharge equation :

- Must be done precisely

~ Basically, the water flow measuring methods are of two types:
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(1) Indirect Method

Inthis average ve1001ty of flow is obtained and the discharge is computed by multiplying
cross-sectional area of the water body in the system with velocity.

This method is also called Area Velocity mtgthoci.

- (ii) Direct Method

Discharge is directly obtamed by measuring depth of flow, throug,h standard structures
like; Notches, Weirs, Flumes, Orifices, etc. '

~ For the measurement of water flow, a number of standard structures have been

developed which are calibrated to indicate discharge at different water levels. Already
some structures are available in each system. These structures can be used for flow
measurements. However, these structures need to be re-calibrated in-situ wherever
needed. ’ -

The flow measurement methods can be compiled as :
(1) Area Velocrcy Method

. (2) . Area Slope Method.

(3) Stage Discharge Curve Method.

(4 Use of Hydraulic.Structure.

(5) Chemical Method.
(6) Tracer Techmque |

2.4

MAIN REQUIREMENTS FOR FLOW MEASUREMENT

“a. The depth of the flow of water ina spemﬁed reach

b. The cross-sectional area of the channel atthe dlepth through which water is flow-
ing; and

c. The velocity of the flow.

2.5

Indirect Methdds for Measuring Water Flows

251 Pre‘requirements .

L -~ A measuring rod, with clear markings is installed to measure the depth of
the flow. Either a vertical staff gauge is fixed in the centre of the system
or a gauge is marked along the side of the channel. The zero of the gauge
is fixed at the bed level of the canal.

1L The cross-section of the channel at the gauge site is plotted on a graph
paper and the areas are worked out at different depths Atableis prepared
with depths and corresponding areas.

I . The velocity of water is assessed using the float method. Any material which
~ floats on water may be used for assessment of velocity in the canal, like
~ adry twig, a leaf, etc. '

Iv. For farmers to understand three distinct marks of identification with different
colors; like red, green, and black, can be made on the gauge corresponding
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2.5.2

253

‘surement of mean

to expected full supply, three-fourth supply and half supply against promised
quota. ThlS will help WUAs to understand the supplies of i irrigation water.

.'_ AR_EA VELOCITY METHOD:
' In this method discharge is computed as
. Q=AxYV, where Q is the dlscharge

‘;A is the cross sectional flow area & V is the mean velocny of flow

In this method, two

stages are required
@) 'fo;eA a- .
surement of Area | i - 0.6d
@ Mea- Vien

velocity ' : - ‘
A Fig:1 Variation of velocity across depth
() Measurementof . g P veloely PR
cross sectional area is
done using chain, tape, scale etc. Total cross sectlonal flow area is deter-

mined

(i) Measurement of mean velocny

The Velocity of flow in an open channel is not uniformly dlstnbuted inany
X-section. It varies across the depth of flow. The velocity is zero at the
bottom of the canal while at the surface it is nearly maximum. The mean
velocity is computed by determining the flow veloc;ty at different depths
& thereafter plotting the variation. The mean velocity is the total area divided
by the depth of flow. This is a quite cumbersome process & hence prac-
tically, mean velocity can be computed as one of the following:

1V, =(V02d+V08d)/2
2.V . =V06d
Where V___=mean velocity of flow

mean

v 02; = Velocity at 0.2 depth from top -
V 454 = Velocity at 0.8 depth from top -

V= Velocity at 0.6depth from top

The average velocity (Vmean) at any X-section liesat about 0.6 times the
depth of flow from top surface.

Dlscharge (Q) =V X A

mean

~All that is needed now is to measure V and X-section area‘(A). '

Velocity Measurements :

'Either of the followmg methods can be used to measure mean velomty of
the flow:
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2.5.3.2

‘ing simple principle of Float

_ determined. A float is

 Surface float method 7
gives the surface ve-
locity & is a very rough Flow
method for determining —
of velocity. Double '
float method is an im- "
proved method over 0.2d 1
_surface float & gives
| ?ggﬁ)ﬁgﬁg:ﬁﬁé Double float method

Surface Floét Method.

Surface float is nothing
but matter which floatson | v L
water surface. By apply-

physics, surface velocityis -

made to flow on water * FLOW
surface & thereafter time
is computed in traveling a PLAN
known distance. Thus ve-
1001ty is determined.

Surface Velocity = Distance (L) /Time Taken (T)

Surface float method glves surface velocity of flow while for calculation of

discharge, mean flow velocity is required. The mean flow velocity is de-

termmed by multiplying surface velocity with correction factor given in table
1. _

Table : 1 Correction factor (Velocity coefﬁéient) |

‘Hydraulic mean - Corrector factor

depth Mannings coefficient

Feet | Meter | 0.02 0.0225 | 0.025
5 15 695 | .67 646
1.0 |03 734 | 710 | 688
20. |.6 J64 | 742 721
40 |12 | .78 766 - 746
|6 180 | 79 | 777 | 788
Precautlons

i L<30M. (Dlstance should be less than 30 M)

(i) Avoid Curved reach.

(iif) Avoid observatlon when strong wind in blowing.
Sub-Surface (Double Float) Method
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25.34

and consist of two. tele- ] v
scopic tubes. The rod is | Fow
made to float almost verti- B '
cally by putting heavy beads - di d
at bottoru. : . P l
Vmean = V {(1.012 - — , L 4
0.116(d - d )"*/d}\ ‘ ’ .

Velocitv Rod
Current Meters

Current meter is a me-

measurement is s1m11ar to that of surface float method

'Double (Sub - Surface) float consists of:

(i) Surface float of light material.
(ii) A heavy metallic ball.
(iii) A string or chain of variable or adjustable length (L)

The Leugth "L" of the string is so adjusted that C.G. of the ball remains
at about 0.2 times depth of flow above the channel bed.

ThlS float directly measures mean veloc1ty (Vea of ﬂow
Veloclty Rod . ,
TheyalsogiveV___ directly <7

chanical device that mea-
sures directly the velocity
of flow of filament of-
water in which it is sus-
pended. It consists of:

(i) Propeller blades or

cups, which rotate by . '|- SRy (e =
force of flowing water. i I R—_— /,‘--5_\

(ii) A tail fin to keep in- - /t- HIF I | _
strument aligned along

the direction of flow.

(iii) Automatic counter to record revolution of the propeller. . |

R.P.M. of propeller depends upon velocity of streamline, it is kept along

-and is recorded with the help of a counter and a stop watch. Using a

calibtated chart prepared in a laboratory, velocity is directly noted with
respect to R.P.M of current meter propeller.

Specrﬁcatlons of current meters (cup-type) to be used must conform to
L.S. 3910-1966, where as LS. 3918-1966 be referred to for their use.
Some important instructions however are glven ‘below.

(@ For measurements made at one pomt current meter should be ex-

posed for 120 seconds or 150 revolutions whichever occurs latet.
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(i) When measurements are taken at more than one point in a vertical
direction, it should be exposed for at least 30 seconds at each point.

(i) If velocity is subjected to gerlodlc pulsation current meter should be
exposed for at least two Consequent perlods of 50 seconds each.

-(1v) Mlmmum interval of each reading should be one minute.
(Vi) Curved reach should be avoided.
(vii) Avoid observation during strong Wmd and turbulent flow.

(viii) If it is essential to-take readmg dunng strong wind, avoid readings at
0.2d. o _

(ix) Get the instrument re-calibrated after 6 months or 300 working hours
which ever occurs earlier.

Limitations: = | |
o Cup-type current meter may give great errors for Velocity less than
0.3 m/sec.

- Proxnmty of boundary, 1f less than 0.3 m may give errors more than
’ 6%.
: .Tests before use
(i) Spin test: Resting on horizontal flat surface, if a hard spin is given to

‘propeller it should not stop before 90 Sec. (without spring contact) and
_ 75 sec. (with spring).

. (i) Response to velocity test: When lowered from 0.6d to 0.8d, the change
~ inR.P.M. shall be significant within 30 seconds.

('111) Slow motlon test: It must be capable of recording veloclty up t0 0. 1 5
- m/sec. within 95% accuracy.

'AREA SLOPE METHOD -

2.6

- The method only gives a rough estimate and is used when other methods are not

feasible due to
() Non-availability of equipment or
() Frequent change in depth of flow..

Two variants to be measured are water surface slope and X sectional are of flow."
If Manning's formula i isused, selectlon of Manmng s roughness coefficient 'n' is done

by experience.

Mean value of x- sect10na1 area and wetted perimeter are obtained by actual mea-

- surement.

- Water energy line slope is obtained by the formula :

S = (Z,-Z)+{V2/2g) (V2/2g)}/L

 WhereZ , & Z , are water surface elevations with respect to a common fixed daturn,

V1& V, are mean velocities of flow at two X-sections, distance L apart.
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Mean Velogity of flow is obtained by -
Vo™= (1 n)x R”3 ¢ 82 (in metnc umts n, R & S have usual connotations)

2.7

USE OF HYDRAULIC STRUCTURES |

This method 'diffene from other methods as a standard type hydraulic structure
is erected across the flow and used. Certain rules of hydraulic are followed and

‘once standardised, no field calibration or measurements other than regular record-

ing of water levels are needed to obtain a continuous or instantaneous dlscharge E
Three main categories of such structures are.

(A) Thin plate devices usually made from metal, set vertlcally and perpendlcular
- tothe direction of flow.

(B) Long base weirs made of concrete or masonry or any such materlal

‘ '(C)’ Flumes made up of any material e.g. concrete, metal, timber or ﬁbreglasé of

.standard shape and size dependlng upon their location and performance re-
quired. :

2.7.1 - Thin Plate Structures

'(A) Notches: These are standard thin plate weirs and have thin crest proﬁle
and are installed where sufficient fall is available. -

(i V notch :

(@) Shouldbe 1nstalled absolutely vertical and perpend1cular to dlrec- '
tion of flow. ‘

| (i) Vertical bisector of the notch shall be equidistant from both banks.

(iii) Crest of rectangular notch must be perfect by honzontal and sides
truly vertical.

'~ (iv) Crest thickness should not exceed 2mm. _
- (V) Chamber face must be on d/s side.

~ (v) Crest of notch must be at least.10 cm. above d/s water level to
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have free fall conditions. o ' L

The discharge formula is
Q = C, (8/15) (tanos2) (2g)""h, ,
Where C,= (WB, b/B, o)
H=h+h* alsoh, =(hp,p/B)

For a.=90°, for irrigation chann"?els

h, = 0.0085 M is negligible anﬂ for oo =90°, C_ is function of angle -
o only and can be adopted from the tablet 1below.

Table -1 (

Values of C, for V/S h (rounded off to 3rd place)

Head Crest Angle (o) Head Crest Angle (oc )
) W

(Cms.) 90° 53°8'  28%4' (Cms.) 90° 53°8 28°4
6 0.603 0.661 0~é42 25 0.585 0.590  0.600

8 0.596 0.606 0.;532 30  0.585 0.588 0.598
10 0592 . 0.602 O.§622 35 0.585  0.588 0.596
15 . 0.586 0.596 Or"610 38  0.585 0.587 * 0/595
» | : .

20 0.585 0.591 - 0,604

Limitations: ;

- 2&3 below

(i) Water must be free from sedlments to prevent damage to crest.
(ii) Adequate fall must be ava lable

- (1id) ngher drscharges may cause energy dlsmpatlon problems d/s of
fall. o

(11) Rectangular Notch.
|
General formula forRect- / ‘
angular notch is . o
Q- @xwaumm'“ g
~xb x H¥ - CISER
Where - b= b+ Kb A iqe.'.
H=h+K =3
andC = (b/B, h/p)/ Fia-a
Forchannels - j ,
K, = 0.001 /‘ is negllglb]{
‘Therefore h = }1
and C,=a + a' (h/p)

Values of a, a' and Kb as worked out e&perimentally are givenin tables -
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Table2. aand a' values w.r.t b/B ratio.

b/B 10 - 04 02 O
a 0602 0591 058 0587
a 0075 0.006  0.002 (-)0.002
- Table - 3 K, Valvles ‘w.r.t. b/B ratio '
B 00 ' 0.2 0.4 08 1.0
K, 24 27 36 42 (09
Limitations | ‘ :
@ Crest thickness &
d/s chamfer should be - ' _
strictly accordingtofig- | 7% b P
el @) RUEEE 7
@) b/p <2.5;h > ) e £l e
0.03m ; b > 0.15m ; »’;;l X D
) 10m and (B-b

(B) Submerged Orifices :-

Anorificeusedasa ﬂmlv measunng device is a well defined, sharp edged
opening in a wall or bulkhead which is placed perpendiculars to the
sides and bottom of aj straight reach. The orifice may be circular or
rectangular and for true; orifice'flow to occur, the U/S water level must
~ be always well above the top of the opening so that vortex flow with
air entrainment is not qv1dent Earlier orifices were used as free flow
devices resulting in excéssive head loss. To overcome this, orifices are
- now arranged with tail \water well above the top of the opening and
the submerged orifices f{lerefore conserve head.

Submerged orifices may big either contracted or suppressed. In the former -
type, the perimeter of the g}pemng is kept so far away from the bed and
sides of the' approach chann%l that the filaments of water fully contract to
“form Vena-contracta after the§ pass through the orifice. In suppressed orifice,
its perimeter partlally or fu y coincides with the side and or bed of me
- approach channe] resulting in Aomplete or partial elimination of contraction.
The dxﬁ‘erence intwo conmtlom, isdifferent values of coefficient of discharge.

(i) Clrcular Submerged orxl 1ces
The standard formulae inuse qlre
" (1) Without veloc1 ty of approaci‘l
Q=C, xAx(Z XAH)"i~ v
Where Q =dischérge A = X--Secctional area of orifice g =acceleration
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. due to gravity

C, = Coeff. of discharge and A\H = difference inU/S&D/S  Water
levels. ' ‘ ; '

(i) With velocity of ‘approach.

Q = C;xAx{2gx (AH +h)}12
h V. 2g is Velocity head
Va = approach velocity

~ Average values of discharge coefﬂcrents C, as actually worked out are
- given in table-5 below. :

Table -4: Discharge coefficients in circular submerged orifices

Orifice diameter 2 25 35 45. 50 60 >6.

(cm)
C

057 058 0.61 061 061 060 0.60

d

Limitations of Clrcular Orifices:

To ensure full contraction and accurate flow measurements, the 11m1ts of
 applications of submerged circular orifices are:

- Theedge of the orifice should be sharp and smooth and in accordance
with the profile shown in figure 9(a).

- Thedistance from the edge of the orifice to the bed and sides of approach
channel and tail should be not less than radius 'R’ of the orifice as shown
in figure 9(b) :

- Water level w/s of the orifice plate should be above the crown nof orifice
by at least 2R as the diameter of the orifice as shown in figure 9(b)

- - U/S face of the orifice plate must be vertical and smooth and placed
perpendlcu lar to the direction of flow.

- For avoiding effect of velocity of approach, x-sectional area of channel
 mustbeat least 10 times the area of orifice.
: - The lowet limit of differential head AHis3 Cm.
Advantages : . ,
- These are simple, inexpensive and easy to install and are best suited
to measure Jow discharges in furrows and small field channels up to

about 2.5 cusecs. In a properly fabricated orifice, accuracy to the order
of 99% can be obtained.

(i) Rectangular Submerged
Orifices

Since the ratio of depth of flow to
width in irrigation channel is gener-
ally small and change of depth of
‘flow has no influence on discharge
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coefficient in rectangular orifices, height of rectangular orifices is con-
. siderable less than width of the opening. Figure and table-5 give stan-
dard dimensions of rectangular orifice as recommended by U.S.B.R.

The dlscharge formulae for various conditions of flow are,
(a) Standard Submerged Rectangular Orifice (fully contracted)
(i) Without effect of velocity of approach.:
Q=061 A {2g4 H}” - |
(i) With effect of velo'city of approach.:
Q=0.61A {2g(AH +h)}"2
Where ~ h = V2/2g -

' '(b) Standard Submerged Suppressed Orlfice
(i) Without effect of velocity of approach.

Q = 0.61(1+0.151) A {2g {/ H +h)} 2

Where ' is a ratio of suppressed portion of the perimeter of the orifice
to.the total perimeter. 3

(ii) With effect of velocity of approach. -
Q=0. 61(1+O 15r) A{2¢g(A H +h)}”2

Figure and Table-5 give standard dlmenswns of rectangular orifice as
recommended by U. S.B.R. :

‘Table-5 : Recommended box size & dimensions for submerged ori-
fices by USBR

Heightof ' Breadihof Heightof - Widthof Length- Widthi - Lengthof

Orifice Orifice Slxucture Head Wall DSHead
: . : . Wall
w b D . E L B T

Crms, Cims. CCms. . Cms. ++Crms, Cms, Cms.
8 . 30 120 300 - 90 75 60
8 60 120 300 90 105 - 60

-15 30 - 150 - . 360 105 75 90
15 45 150 425 105 90 . 90
15 - 60 150 425 - 105 : 105 90

.23 40 180 425 105 90 90
23 o 60 180 490 105 . .. 105 - 90

Conditions for accuracy of Standard Submerged Rectangular Orifices
- are: :

@ U/S edge of the orifice must be sharp and smooth and correspond
: to profile shown in figure 9(a). o

(11) The U/S face of orifice must be truly vertical.

o (iii) Top and bottom edge of oriﬁce should be horlzontal and sides truly
' vertical. _

(iv) The dlstance from edge of the orlﬁce to the bed and side slopes
of approach channel should be greater than twice the least dimen-
sions of the orifice if full contraction is required.
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H -‘A'WFaH

(v) Tomake effect of veloc1ty of approach negligible, X-sectional area
of approach channel must be at least 8 tlmes the X-sectional are

of orifice.
i

(vi) Practlcal lower limit of H is 0.03m (i.e. 3cm)

(vii) The upper edge of orifice must have on upstream submergence ,
of 1.0W to prevent air-entraining vortices.

(viii) Lower practical limits of W is 2cm and U/S total depth of ﬂow

(Y,) should not be 1ess than 0.15m (15 cm).

- Long Base Weirs: -

These are in fact existing falls in irrigation channels which can be used
to meter the discharge. These may be rectangular or trapezmdal in shape.

- Standard shapes and formulae are:

(a) Rectangular Type

' d
0=184LH"(
B=0.5 Ja
| The free fall formulais g : ' . : , )
'Q = 184 L H» (HB)Y - ‘
(for B = 0.55d)
(b) Trapezoidal Crest
Trapezoidal Fall
d

. The free fall formula is:
Q=199 L H¥(H/B)S
C (for B = 055[H+d]?)
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Where L = Length of the Crest across direction of flow.
(c) Submerged Weir : The submerged weir formula is :
Q= @3)C, Re"™L[H+V2/2 g)3’2 (VaZ/Zg)] 2+ C,hL[2
g{H+(h/2)+(V"’/2g)}]“2 - o

Hl T"aPWerged Fall

Ha -

- C
G = Acceleratlon due to grav1ty L = Length of the Crest

Where
a = 0577 C, =080 Va= Velocity of approach.
Critical Flow Flumes :

Flume is a flow-measuring device formed by constricting the X-sectionof
an open channel. The constriction can be effected by '

cither (i) Narrowing the channel section.

or (i) providingahump in the entire width of channel. .

cor (i) Combination of (i)and (ii) above.

- Normally flow in a channel is sub-critical. The purpose of fluming is to change

state of flow from sub critical to supercritical state in the flume portion. In
between the two states, lies "Critical State" where there is a unique stage- \
discharge relationship, which is independent of d/s flow conditions and 1t
is for this unique behaviour that measuring flumes are used.

Atacritical flow state, flow is characterised by following conditions.

() Specific energy is minimum for a given discharge

- (i) Discharge is maximum for a given specific energy.

(iii) Velocity head is equal to one-halfthe hydraullc Mean depth is Froude
No. is unity.

(iv) There is a definite dis- : :
: Py e gy —F Hooe L el 5 YY) e

charge-depth relationship in- T .

dependent of channel i ! )
roughness and flow conditions :

on U/S as well as D/S of wﬂu FLAN
flume. E

Types of critical Flumes:

i
*—’
} i
0

”‘T”’“"»vw,,“,
PTG

Flumes can be classifiedas | - L-SECTION
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() Longthroated
(i) Short Throated:
- (i) Zero Throated
4 - (or cut-throat) -
(i) Long Throated Flumes :

Long throated flumes are structures where transition (contraction) is so smooth

and gentle that contraction produces a small curvature in water surface profile,

the flow in the throat becomes virtually parallel to the invert of the flume

and there exists a well-predicted, mathematically analysed stage-discharge
relationship given by formula.

Q =@i3y*C,C,b 2

'Where Cv = (H/h)** and is coefficient of velocity of approach
= (h+V22g)

where Va = Veloc1ty of approach and

C, ranges from 0.94-0. 97 for 0.2 <H/L<0.97.

o Mam Requirements are:

- () Invert of the throat must be level throughout the flume.

(11) Flow on U/S should be sub critical - Froude: No F =0. 5
(i) h > 0.5L.

@)L>2h 2m > b>10cm;

~ (v) Entrance and exit transition of either bank should not be steeper than
1in 3.

-(2) Short-Thrdated Flumes :

The principle of
operation is similar
to that for a long
throated flume with
~ a difference that '
due to shortened

Gauge Well(A)
Gauge WelKB)

- throat length, ana- - e & —t
il o =iy
available and it is bz mmm [ k
essential to cali- A ;;._w;__,.’/" sod

_I..SEQ.'HQL ’

*_brate the flume in
laboratory for de-
" termining stage-discharge relatlonshlp Besides there is no freedom to

LowesIne 7 L nareees r e

vary any dimension in portable model from the one used in laboratory ..

“for calibration. The most extensively used such a flume is "PARSHALL
. FLUME" developed by R.G. Parshall in 1920 in U.S.A.

Based on the principle of venturi and critical flow, Parshall flume consists

33



of | |

@) AAconverging section in up-stream.
(ii) A constricted throat and.

(iii) A diverging section in d/s of throat.
‘The floor in converging section is perfectly horizontal, slopes dowr{ below
the bed in throat section and inclines upward up to canal bed level in the

expansion. The control section at which the flow pattern becomes critical
is just d/s end of converging section and just up stream of throat.

The width "W’ of the throat is used to désignate size of the flumes. Parshall
flumes can be used to measure discharges ranging from 1 cusec to 3000
cusecs for which Parshall had developed following empirical relationship:

- Throat Width - - Discharge equation.
3" Q= 0992 H, 1.547
& Q = 2.06 H158
9 Q = 3.07 H,1.53
1'-8' Q = 4W {H,}1.522 W0.026

il

10-50' : Q ( 3. 6875W+2.5 )Y H 1.6
The relatlonshlp is true for FP.S. System only and

Where W represents Throat Width and H, the’ Up Stream gauge reading
and A

" Modular flow occurs when: -

H,/H, > 0.6 for3"6" and 9" Flumes.
> 0.7 for ' to 8' Flumes.
> 0.8 for 10' to 50' Flumes.

and that to in case flume is fabricated and installed strictly according to table
enclosed at end.

For submergence ratio higher than those specified above, the flow no more
remains free and discharge gets reduced. Parshall has suggested correction
methods which are explained below. It is however adv1sed that submer-
_ gence ration should not exceed 0. 65. '

‘Table - 6 Correction factor for ﬂumes 1' - 50'

Flume Size (ft.) 1 523 46 8 1 12 15202 25 0 4050
* Correction factors1 1.4 1.8 2.4 3.1 4.3_ 54 1.0 1.2 1.5 2.0 2.5 3.0 40 5.0
 Factors governing Siielof the Flume : |

“To select a particular size of flume, minimum and maximum discharge should
be estimated in the Parent Channel and Full Supply Depth should be
determined accordingly. Attempt should be to provide smallest size flume
to suit age discharge range, width of the flume should be made also adjusted
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to minimize size of wing walls.
Advantages: (i) Canoperate with relatively small head loss
(i) Isinsensible to velocity of approach.
(i) Can function in free as well as submerged flow conditions.
Disadvantages: ()  Can not function in closed coupled combination structure.
(i) Ismore expensive and requires accurate workmanship.
(ﬁi) Require solid, water light foundations basé.

3. Cut-throat flume : Developed in mid sixties by Skogerboe G.V. and Hyatt M.L.
of USA, Cut throat flumes consist of only a Convergtng Inlet Section followed by
aDiverging Sectionon a flat
bottom. Being easy to fabri-

-l ! o
- 5"— # 2l -+

cate and install, they give T / T
fairly accurate discharge both -4 N
under Free Flow and Sub- o i
merged Flow conditions. > m -
'Free Flow conditions ina cut L — Bl L ul '
throat occurs when the flow S %i_;——:—

is critical near the throat and Hag Wﬁi

| SETTING HEIGHT

under this condition, the D/ [reeenrd
S flow conditions do not -
influence U/S Depth-discharge relationship which is g1ven by :

Q K x W1025 H n
Where
Q= Discharge in cumec W = Throat w1dth in metres

L-SEGTION

K =Free flow Dlscharge Coefﬁment
N= Exponent for free ﬂow _ and Ha U/S gauge m Metres

The flow is termed as submerged when at all points through the flume, depth of flow
is greater than critical depth. In this case both U/S and D/S gauges Ha and Hb are
__ measured and dlscharge is glven by formula

Q K, x W' x (H, Hb)“ X [( -) logS]( -ns)

,;Where : /

'K andn_are dlscharge coefﬁcrent and exponents for submerged ﬂow condltrons and
n is exponent for free flow, =~ S

W = throat width in metres ,
. & H are U/S and D/S'; gauges in metres and
S = H /H the submergence ra‘no S

 Table7 gives relationship between Cut-throat ﬂurnerl"ength“(L)‘;the transition sub-
- mergence coefficients (S..), the ratio for values lower than which the discharge is free
- -and at higher values the flow:becomes submerged. and exponents 'n’ for free flow
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& 'n_ ' for submerged flow.

Table - 7 : Summary of coefficlents and transition submergence for Selected
Flumes :

L S, Free Flow Conditions Submerged Flow Conditions

(m) (%) n K R K,
05 607  208. 615 1675 350
06 620 1.989 517 1.600 2.90
0.7 630 1932 4.63 1.550 2.60
08 642 1.880 4.18 1513 235
09 653 1843 389 1483 2.15
10 66.4 1.810 360 1456 2.00
12 685 1756 3.22 1427 175
14 705 1.712. 293 1407 156
16 720 16715 - 272 1393 145
18 738 1646 253 1.386 132
20 755 162 240 1381 - 124
22 . 770 1600 - 230 1378 . L18
24 784 1579 220 1.381 1.12
26 795 1568 2.15 1386 1.08
27 805 1.562 213 1390  1.06

Installdtion of flumes :

(i) Sizing of Flume : It should be selected to pass maximum discharge likely to be
passed and measured. Since down stream depth of flow will essentially remain the
" same as it was before installation of the flume, there will be increase in U/S depth

due to head loss, which may be taken as (H H,). The flume should be selected
to ensure no over topping on U/S side. :

Ithas been experienced that (H, ) : Lratio should not exceed 0.4 otherwise accuracy
willbelow. PR : '

'(1i) Installation : If circumstances permit, it is always preferable to install Cutthroat
so that it operates under free flow conditions. The obvious advantage is that for this
state, only U/S gauge H, is required to be read

Following steps are involved.

(@) Determme maximum flow rate to be measured.

(b) Locate highest water level and determine maximum depth of flow.

(¢) Using equation Q=KW H_for the flume proposed to be used, calculate
H, corresponding to Q :

max”

@ F rom Table - 10 note down corresponding value of transition subnriergence S,
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() Work out H, =S x H,

' (f) To ensure free flow, floor of the flume shall be so placed that height above canal

bed >= d,, -h). This floor he1ght (d,.-h)is called Setting - height.

On the other hand, advantage of submerged conditions is that flume can be placed -
directly at channel bed, thereby reducing head loss. S

Please Note: Floor of the flume must be perfectly levelled in longitudinal as well as
transverse direction to ensure accuracy.

Table-8 : State -Discharge range for various flume sizes

SNo. Flume Size Range of Ha 'Range of Discharges’
- CmxCm  Cm " Cumecs Cusecs
1 10x90 5-60  0.0015 - 0.143 0.187 - 5.05
2 20x90 5-60 0.003 - 0.291 0.39 - 10.28 '
3 30x90 ~ 10-60 - 0.016 -0442 . 0.57 - 15.60
4 40x90 10-75 0.022 - 0.895 0.78 - 31.00 -
5 50x120 - 10-150 0.020 - 3.220 0.70 -113.71
6 75x180 - 10-150  0.04 -3.713 1.41 - l_31.l2‘
7 920x220  10-200 0.054 - 6.155 - 1.91 -217.36
8 110x270 10-200 0.064 - 6.932 2.26 - 244.80
2.8 - Measurement with Stage-Diseharge Curve |
This is an inexpensive and simple method of measurement of flow in the system, and
~ no structures or installations of any kind are needed. Only the followmg three sets
of data are required for this : ‘
a. The depth of the flow of water in a specified reaCh
b. The cross-sectional area of the channel, at the depth through which water is
ﬂowmg, and '
c. Theaverage velocity of the flow. , E
Based upon the data, the flow in a channel is calibrated for different depths of flow
& accordingly discharges are worked out. This will result in tabulation of relation between
discharge & stage (depth). Whenever the flow is required to be measured, stage is
noted from gauge plate & accordingly discharge is reported.-
2.9  DESIGNING OF STANDING WAVE FLUME FOR

DISCHARGE MEASUREMENT

Standmg wave flume is a modified broad crested weir with rectangular control section.
The flume was developed at the Central Water & Power Research Station, Pune
India based on the results of experiments, which had started as long as 1927. Later
the design of flume was standardized by the Indian Standard Institution. Standmg wave
flume is designed for a known range of discharge & for at least 15% loss of head.
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Description :

~ The SWF has three section viz Bell Mouth converging inlet section, Throat section
- & diverging outlet section with hyperbolic expansion. A horizontal hump is provided
at the throat & therefore is reference or sill level of flume. There is only one gauge,
which is located in the upstream of the flume. The zero of the gauge must coincide
with the sill level. This is known as zero setting. o

Discharge Equation :

The discharge equation for SWF

Q=2 \/_2_3 Cd B, H®
3 3

Q =Discharge ﬂowing through SWF in cumecs
g = Acceleration due to gravity=9.81 m2 / sec

B, =throat widthinm |

H =U/shead 1nc1ud1ng velocity of approach inm

Cd  =Coefficient of discharge :
=097 for Q= 0.05to 0.3 cumecs = 0.99 for Q ='1.5 to 15 cumecs

=098 for Q =03 to 1.5 cumecs = 1.00 for Q= 15 cumecs & above

Data Required for the Design of SWF ' :

1. Full supply discharge (Qmax) = Say 20 cusecs

2. Full supply depth (d) - =073 m\ o - 7' _ /
3. Canal Bed Width (B) - =090m T __l o
.4, Canal Bed slope (S)  =1in 2500\ d=prm / :
- 5. Canal Side slope (Z) =11 - B=00m_
6. Mannings rugosity coefficient (n) = 0.023 e Section
7. Bed level of canal on the U/S ~ = Say 100.000 m
8. Variation of dischérge - = Qmax to 1/3 Qrﬁax

Design of Standing wave flume:
" Step No. 1 Helght of Hump
Generalized stage discharge relatlonshxp Q Cd

Taking log on both sides  Log Q Log C + x Logd whichis astraight line between
Log Q & Log d with x as slope of that line. The value of exponent x is found by
least square straight-line curve ﬁttlng method. Mathematlcally the value of x can be
found out by ‘ : , ,

X = X (Log Q. Log d)» - (X Log O) (ZLog d). where M is the no. of sets

S (Logd ) - (% Log d?
M
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Mannings Formulae Q =1 A R?3 S A=(B+Zdd
. n . P=B+2y@+1)d &
| R = A/P

:NdCondltlons of| dinm’ Amm . Pinm | Rinm R2’3 o Qin 1 Qin
“flow ; : Cumecs ' cusecs :

1| Fiow at FSD 0.73 " 1.1899 2964732 0401352 0542 05613 19, 8214;
Flow-at 80% ! P ; f
.2, FsD _._;.9_-._5%_._,_3__._9.-?96__.55 12 551786 0 33962 |

2 o % | 9,880,
(34 _FSD P,;ﬁ%?_,__;__9.-,§§‘.39._‘.‘(,»;W%;ﬂ?fﬁﬁ?t?; 0274001, 042 | 02141 | 7.55937

4 FSD | 0.2409 | 027484 1581362 0173801 03096 0.0740 | 261325

| 0.3655 | 12.9086

Computatlon of exponent X

- : : §Log d X
;SNo. d Q  |Logd |LogQ lLogQ i(ogd)2 .
073 05613, -0.137, -0.251| 0.0343. 0.01868
0584 03655, -0.234 -0437, 0.1021. 0.05456
0438 02141 -0359) -0669 024 012854 |
02409, 0074, -0618) -1.131] |

Total | -1.347 -2.488 1.0754] 058391

AWN -

Therefore exponent X =

X = Z(Log Q.Logd) - (Z Log O) z Log d) .. where M is the no. of sets
M .

% (Logd) - (Zlogd)?

= 10754 - (:2488) (-1347) = 1823

058391 - (-1.347) ?
| s

forX=1823 & dlscharge range Qmax to 1/3 Qmax ;
Value of Hump helght Z can be taken from figure
7=0.128 d = 0128X073 0.0934 m |
| Therefore prov1de hump hei ght cqual t0.10.0 cm_
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"~ Fig5. Height of Hump. to Attain Bulk Proportionality
- Step No. 2 Calculation of H ‘
For Qmax =0.561 m%/s, d= 0 73m, Area of flow in Parent Canal (A )= 1. 19

m2
Average Velocity of Approach Va= Q/A = 0.4714 m/s
Therefore velocity head hv = Va? /152 = 0.0146 m = 0.015m

Here velocity head is taken as Va?/ 15.2 instead of Va®/2 g , since velocity in center
of canal will be more than average velocity. Therefore hlgher velocity head is taken
to cater more Veloc1ty in center of canal.

Height of flow above sill of hump (D) =d - Z 0. 73 0. 10 O 63 m
Therefore Hmax =D +hv =.0.62 + 0.015 = 0.635 m '
Step No: 3 Calculation of Throat Width ‘

Discharge in Standing wave flume is given by equaﬁoh 8

Q=2 '\/Z_g Cd B, H_ 3 where Cd is coefficient of discharge

Cd =0.97for Q =005t003m/s = 0.98 for Q = 0.3 to 1.5 mi/s |
=0.99 forQ=15to 150m’/s = 1.00 for Q = 15.0 m3 / s & above
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For Qmax = 0.561 m%/s; Cd = 098, H =0.635m
- 0.561 = g\/g X981 x 0.98x B, x 0.635%

Therefore B, =0.663 m = 0.66 m
Minimum throat width required = B,=15H _=15x0.73=1.095m

- As far as possible, the throat width should not be less than Hmax to minimize the
head loss or afflux. However, designed throat width should not be increased to satisfy
this condition. Otherwise design of hump height will have to be modified accordlngly

Therefore provide B, =0.66 m
Step No. 4 Shape of Standing Wave Flume
k A) Bell Mouth Entrance

The radius of sidewalls of the bell mouth entrance is as given below The curve is
to start from throat & should continue till it subtends an angle of 60° from where
it should be continued tangentially to meet the side of the channel upstreanmn.

For Hmax > 0.3 m; Radius of side walls of Bell mouth R=3.6 H '

For Hmax < 0.3 m; Radius of side walls o;? Bell mouthR =2 H_

Therefore as Hmax > 03m; R=3.6H_'¥ = 36x 0.635 =1.82 m
Length of Converging Section L, |

L= \/(ZR - (B,-B,) (B,-B) where B,=Canal Bed width;
' 2 2 B Throat width
‘ R = Radius of
converging section

Therefore L, = 0.65 m = 0.65 m

- B) Throat Section _

* The throat width is calculated as above at step 3,
Length of throat section L,isequalto2.5H = 2.5 x 0.635=1.5875m=1.6 m
C) Diverging Outlet Section

Length of diverging section L, is kept 4 H™x for better functlomng of the flume. The
sides of diverging section should be given hyperbolic expansion to join the down-
stream channel. The Wldth of dlvergmg section B ata dlstance Y from the throat
is given by: :

5 B, B,L Where B1Canal Bed width’ B2 Throat width
Y= B, L, - (B"]‘ -B)Y tIl;rhzngthofdlvergmgsect1on Y distance from
oal
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Hyperbolic

Expansion
ThroaI . ’ A
Bz | By | : Bl'
__Y__'_| 4
L o
-« >

. Fig. 6. Hyperbolic Expansion of Diverging Section.
Therefore L, =4 x H,, =4x0.635=254m=2.54m

Hyperboﬁc Expansmn |

By= . B, B, L, . -
L,-®B,-B)Y
When Y= H_ By =0707m

When Y=2H__ By =07615m

When Y=3H_ By =0825m

When Y =4 H_ By =09 m=Bl1

D) Sloping Glacis | ,
Head recovery = 85 % or loss of head = 15% |

Level of hump = U/s CBL + helght of hump = 100 000 + Z=100.000 +0.100 -
=100.10 m

D/s CBL = U/s CBL - Loss of head X Hmax = 100 00 - 0. 15 X Hmax =100. OO
- 0.15 X 0.635 : .

'D/s CBL = 99.90475 m = 99 905m

Height of hump above toe of glac1s Levelof Hump -D/s CBL =100.10 - 99.905
=0.195m . '

Compare 20 X Height of hump above toe of glacls w1th 4H (1 e. Length of diverging
Section). If L, is less than 20 times height of hump above toe of glacis, for the half
the honzontal length of glacis (2H__ ), the slope should be 1 in 20 & remaining level
difference will be accommodated in 1 the remaining2 H__ horizontal length of glacis.

L, ‘=2.54. m<20 X height of hump above toe of glacis =20 X 0.195 =3.9m
" Therefore drop provided in first half of glacis; - '

=2H_ /20 =2x063520 =0.0635m

Remaining level difference = 0.195-0.0635=0.1315m

Therefore remaining slope = 2.54/(2 x 0.1315) =9,657 Say 1 in 10.0m
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Hump

| —\ Toe of glacis

Slope 1 in 20| Slope 1in 10~ D/SCBL
2H,, 2H,, |

T

| Fig 7. D/S Sloping Glacis

E) Location of Gauge Chamber

The gauge chamber is to be constructed at a distance of 4 H_on the U/s from the
starting of converging section. The zero of gauge must co1nc1de with the hump Ievel
(Sill of Flume).

: Gauge Location = 4 X 0.635 = 2.54 m.
B IMPORTANT FEATURES OF THE DESIGNED FLUME :
A) Bell Mouth Converging Inlet Sectmn '
U/S Canal Bed = 100. 00 m ,
Length of Converging Sectlon (L, ) 0.65 m
Radius of Bell Mouth Entrance R =1.82m
| B) Throat Sectlon '
'Hump Helght (Z) 0. 10 m
Level of Hump = 100.10 m
Throat Width B, = 0.66 m
Length of Throat Section L,=16m
C) Diverging Outlet Sectioh :
Level of toe of __Glacis;=, 99.905 m

. Length of Diverging SectionL, =2.54 m

Details of Hyperbolic Expansioh: _ A A :
Y = 0635m.  127m 1.905 m 2.54m

By = 0.707m  0.7615m 0.825m 0.9m
Slope of Glacis : | | '
Horizontal Length 4 Sloper

First 127 m |  1in20

Remaining 1.27m ' 1in 10
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Discharge Table
Discharge Equation

Q=2 [2g Cd B, H®
. 3./ 3 S ,
o Cd=098 B,=066m g=9.81mY

H is Gauge over hump including velocity headinm

Therefore Q = 1.1027 H**
Lo - cum icusec

m

.073 119 296 04
0657  1.02.276

| 05913 . 0.88 (257

1053217 241

047895,
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Parameters of Parshall flume

W A | 23A]| B C D E|JL|G|K{ M|N|P|]R X 1Y
B4] | W 6| B| 6| | B AWB| Y| -| B - - 8| BI
08| 44| 26| 46| 135| 24| (4| 14 4| 2| -] B| - - 6] %
762| 47| -3l 4571 1| 2| 457 1| B B| - |- - - B R
124 &l 414 60| M| W7 6I0] 6| 60| HB|5| 14} @] 46 51| %
7881 8©] | | B S| K| 6| 47| K[ AS| 141080 L6 S| B
Ms| BR| M| BB 60| 5|94 60| 94| To| Bl| 20| MR I8 St} %
4572 48] %5 M9 7R 16| 94| 610} 9| !B 29| 66| I8 5y B
ao6| 154 06| 145] 94| 16| 94| 610] 94| 6|31 29184 W] S| B
oM4| 1667 118 1645 1219 1522] 94| 60| 94| T6|381| 29| 22| 5B Sl %
DI92] 109) RO} o4l 14| 1937 94 60| 9| Tol457| 20| 1| 6l0|- St} B
1240 181 1R1| 193] 19| 32| 94| 610 94} To[457| 29| K| 610 51 %
1088 2134| M| 2| 2134 67| 94| 610] 94| To| 45| 29| 3MR| 60 51 %
%6 2| 14| 20| 28] 32| 1] 60| 94| ) 457 29| B0] 60 51 %
uUR4| 48| 186 201| 73| 7| 94| 610 9| To| 457 29| 42| 610 51 %
30480 - 19 D67 X8| 476| D19 oM B9 1| | 3B - -l Xl
3680 S| x| 4s7m a0 s 14| odis| 1| -| 3B )
45720 - 237 0| S| 0| 189\ I9|0W/| | | 47| - - X5 2
60960 - 5] 0] BIS] oM | 189] 68| A5, -1 6] - - 35| 29
76200 -1 BB 0| | 10667 AN 19| VR | - 8] - -1 32
91440 -| 31| TS5 1056| IB3| 214 1801467 5] -] &%) - - 5| 29
2I90 - 4%77|  &30| 1818|1381 2134 189 | 4877 A5 -] 68| - - | 29
192400 -1 0| PR IRSH| AU 189 6061 5| -] 686 - -1 6] 2

2.9

Self Assessment Test

1. Why is flow measurement required?
What are thé basic methods to measure flow?
What are the direct & indirect methods? Explain briefly.

Define various hydraulic structures used for discharge measurement with their merits
& demerits. :

5. When no structure is available, how can discharge be measured‘7 Explain the
method.

O

2.10

Key words

Stage : depth of water flowing in a stream with respect to assumed datum.
Dischafge : rate of flow of watex per unit time. |

Velocity : the distance traveled per unit time.

Mean velocify : average velocity across the depth of flow.

Slope : rate of change in bed elevation with respect to distance; a dimensionless unit.
Generally defined in ratio of vertical height to horizontal length.

Free flow condition : when downstream water does not affect the ﬂow at control

- section, flow is termed as free flow condition.

Submerged flow condition : when downstream water affects the critical flow condition
at control section, flow is termed as submerged flow condition.

Critical flow condition : a stage at which specific energy of flow is minimum. At this
stage, discharge depends directly on the flow depth at upstream control point.
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2.11

Suggested readings

= R N S I

10.
11.

Discharge Measurement structures - editor M.G. Bos.

Weirs & Flumes for Flow Measurements by P.-Ackers, Whlte etc.

- Water Measurement manual by U.S.B.R.
' Irrlgatlon Engineering & Hydrauhc structures by S. K. Garg.

Indian Standard Codes’ of Practices.

V Training modules under NMWP PI‘OJCCt Ministry of Water Resources, Govt.

of India 1992.

Training modules of Irngatron Management & Training Instltute Kota for middle
& junior leve] officers.

Ackers, P, White, W.R., Welrs and Flurnes for Flow Measurement John Wiley
& Sons, 1978 ~

Chow, V.T., Open-Channel Hydraulics, McGraw—Hlll 1959

French, R.H., Open-Channel Hydraulics, McGraw-Hlll, 1 986 _

Subramanya, K., Flow in Open-Channels II ed'., Tata McGraw-Hill, 1997
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UNIT-3

ONFARM WATER MANAGEMENT & WATER BUDGET]NG

STRUCTURE
3.0 * Objectives
3.1  Introduction .
3.2 Policy adjustments in water sector
33 SAQ- Activity T
34 Roleofwaterin plant development
3.5  Imrigation may have harmful effects
3.6 Whatisirrigation?
3.7 . The Water needs of the crop.
3.8 . ’Self Assessment Questionnaire-2
39 Suggested Readings
3.0 - Objectives

Have you ever read about any irrigation project, which has achieved the objectives
as desired at the time of inception. There is always a gap between irrigated area
projected and the actual culturable command area. Even the projected benefit over

* cost is not met as per project expectation. Why is it? so, "have you ever thought

deeply over this matter"? What do you find behind all this? You will certainly agree
that lack of proper irrigation management is the main cause behind all this performance
gap of irrigation project. We generally forget the management aspects of created
irrigation potential after constructing the dam.

" Have you ever observed the farmers while irrigating their fields. Do you think that
- they may improve a lot in irrigation management? Different farmers act differently while

irrigating their fields. Some farmers do irrigation in efficient manner. They use every
drop of water in a very wise manner, while others do not. What is the basic cause
of this differentce? Certainly the management aspect plays a vital role in efficient utilisation
of irrigation water. So there is a strong need of on farm water management.

You must have also noticed that if farmers are well informed about any new tech-
nology, they act accordingly and in a very wise manner. They modify the technology
according to resource availability and their requlrement

So the first step in self-dependence in food production is to prov1de the complete
information to farmer on irrigation management. As you (officers of irrigation &
Agriculture department) have the direct contact with farmers, it is very essential for
you also to know each & every aspect of irrigation management, so that the farmers

* may clarify their confusion and curiosity during discussion with you.

In this section, we will therefore, help you to refresh some basic facts about irrigation
management. Before moving to the next page please answer the followmg questions
in the space provided.
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3.1

" INTRODUCTION

The performance of irrigation development in India has been very impressive in terms
of capacity expansion. However, in regard to capac1ty utilization and efficiency of
water use, the main problems are.

1)  Potential created is not getting fully ut1hzed resulting in a current gap of 8.36
m ha.

2)  Forsome maj or reservoirs the average filling of the live storage has been less’
than desirable.

3)  Another shortcoming in the performance of the irrigation sector is the compara- -
tively low yield of irrigated crops particularly in the central and eastern states.

4)  Waterlogging and salinity appear to be large problems. By a preliminary estimate,
the total affected area by waterlogging and salinity is about 7% of the irrigated
area. mequ1ty in water distribution within the command can be important for
waterlogging and salinity. .

5)  Poor maintenance of irrigation systems has caused considerable concern. Per
hectare maintenance grant in 1986-87 varied from Rs 40 to 180, which is in
general below the norms fixed by the Finance Commission. The percentage
of working expenses recovered through water charges have steadily declined

. from around 90% in 1975-76 to around 35% by 1986-87, whereas the staff
expenditure in the working expenses has shown an increase.

6) Thereservoir sedimentation in major and medium storage projects does not
seem to be a major problem considering that the annual loss of live storage
due to sedimentation is only 0.5 km'. The equivalent loss of potential is only
about 4% of what is being added.

7) = Theirrigation sector has sometimes been criticised for the lopsided regional dis-
tribution of the facilities. ‘Considering that irrigation projects are the outcome
of favourable topographic as well as hydrologic combinations and its equitable
distribution is not practicable. However, within the various States of India, the
gross irrigated area per thousand persons varies from 13 ha in Kerala to about
350 hain Punjab. Similarly the percentage of gross sown area irrigated varies
from 11 % in Maharashtra to 94% in Punjab. |

3.2

Policy Adjustments in Water Sector

Macro planning or inter-sectoral policies with regard to water development currently
favours a mix of small and large projects, surface water and groundwater develop-
ment, lift irrigation and gravity irrigation etc. Irrigation schemes tend to be location
specific and in most cases alternatives do not exist. Hence the policy of a judicious
mix will have to continue.. Where option exists, it would have to be evaluated. However,
conjunctive use of groundwater may have to be insisted upon for surface irrigation
schemes as aresult of sustamablhty With regard to project planning, the recent policy
already includes provision for additional live storage to allow irrigation benefits to
continue undiminished for at least 50 years. A stricter and more meticulous planning
of the conjunctive use at project planning stage seems essential and the CWC has
already formulated a draft policy in this regard.
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With regard to project design, canal design practices based on the regime theory design .

of channels has proved successful in terms of sustainability. However, allowing partial,
flow design particularly in the secondary channels seems to create considerable hydraulic
problems and this practice may have to be changed. The present policy does not
favour canal lining except for special problematic reaches and this seems to be a sound
practice. Planning policy changes which favour shift to high technology through drip
and sprinkler irrigation. Provision of "Offline" storages for mamtammg supplies in

 the inter-rotational period i is to be incorporated in future designs.

With regard to the complex problem of operation and maintenance and financial
sustainability, policy changes favouring increased water prices and turn over of tertiary
water distribution to water users assoc1at10ns have been incorporated in the new irrigation
management policy.

The policy changes are also necessary to improve the irrigation organisation and the
procedures followed by the organisations. An irrigation organisation has to become
inter-disciplinary-and has to be organised in a way where specialisation such as
irrigation management, project construction, project planning and design etc. would
be nurtured. '

. Human resource development with a particular stress on equipping the staff with

management skills with regard to problem diagnosis, inter-personal communication,
conflict resolutions etc. are necessary. Also attitudal changes to shift from admin-
istering water through bureaucratic hieerarchy towards cooperation resource man-
agement are necessary. These ideasare already included in the draft approach paper
to organisational and procedural changes as prepared by CWC.

Apart from human resource development, applied and action research, and also policy
analysis and research are important tools for better irrigation management. A long
term policy favouring these activities needs to be implemented.

Lastly, the policy changes may have to cover the institutional aspects. The respon-
sibility with regard to water and irrigation even within a state is currently fragmented
between surface water and groundwater, amongst major and medium and minor
projects, amongst hydropower irrigation and water supply etc. While specialisation
with regard to each type would have to be maintained, proper coordination would

‘require that these activities are made the concern of a single institution. Slmllarly a
.constant review of the performance of the water sector as a whole through an in-
~ dependent inter-disciplinary team would go a long way in g1v1ng mformatmn about

the need for continuous policy changes.

So'to cope up with all the above complex problems, we shQuld know about the concept
of on farm water management and it should be extended to the farmers, who are
the actual users of water. '

3.3

SAQ Actlwty I

1. Why did you decide to join this course? Write at least five reasons.
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2.  Whatadvantages or beneﬁt's do you think you can derlve from knowledge of

1mgat10nmanagement '

1

,
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The probable reasons may be drawn from our own experience, about joining this
course, is to get the complete information on irrigation management and role of farmers
in irrigation management. From our own experience, we can say eas1ly that in every
problem related to crop production, the basic cause is the mismanagement of natural
resources. For crops to grow well they need soil, sunlight, nutrients, we are only
concerned here about irrigation water and its proper utilisation and management.

3.4  Role of water in Plant Development

Growing plants need water, sun, air and nutrients to form
- toots, stems, leaves, fruits and seeds. Water is a large

part of the plant's structure. It carries food through the
plant and it cools the crop
during hot weather.

Roots can't get enough air if
there is an excess of water.

Alack of water makes plants.
unable to draw needed nutrients (food) from the soﬂ Too
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much or too little water results in lower yields.

For good production, crops need the right amount of water throughout their devel-
opment. S ‘ : , _
Sufficient water throughout the growing season helps ensure healthy crops, thus enabling
the plants to resist insects and disease better. '

3.5

" More Vfrequent irrigations than necessary result

Irrigation may have harmful effects

inaroot zone which stays too wet for too long.
Insufficient aeration and root rot may result.

Exces-
sively-

heavy
water
applica- _
tions may wash fertilizers and other nutrients a
way from the root zone. '

" FERTILIZER FERTILIZERS
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Some farmers waste water when they irrigaté, which means that other farmers may A
not have enough water for their fields :

So now we know about the 1mportance of irrigation water in crop production

3.6

What is irrigation?

' Irrigatioh is supplying of water to the crop for food production. Do you agree with

this definition? I don't think you do. After going through the basics of irrigation now

~ you can easily define the irrigation. The right definition of Trrigation is "the artificial
- application of water to the land for the purpose of producing optimum crop yield.

It means maximum crop production per unit of land per unit of water application.
What is a good irrigation?
A good irrigation is when:

Water is applied when the crop needs it.........

" not wheri the plants look like this........cc..covvcrerevnenne
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(Sometime plant visidn gives wrong picture of available moisture)

The right amount of water is applied to the root zone.

-

- (Middle picture‘ shows the adequate amount of mmsture in the rootzone depth)
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The penetration is uniform or almost uniform.
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Irrigation does not result in excessive runoff and wasted water
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tion, we must know:

irriga

So for

Importance of irri gation water,

\

td

N

Role of management in optimum crop production,

Field soil, its fertility status, its texture, its structure,

What are the factors that govern the crop production.

" The farmer must also know:

3.7

The approximate time that must elapse between i

The Water needs of the crop.
»  When to cut off the water

gation.

IT1
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»  How to keep runoff losses low

SIM[T[W][T[F[S
» Howto 1dent1fyeros1onproblemsand 1 {23 lalslel7MTIWIT[F[s
eliminate them alojiojnkizhalual | (1}2(3]4a
13{1elirh18 |19 ielzislolioln
»  Ifthe mgatlonltumform Ifnot, how ealzal2sizelzrizal3| 14| 18] |17 18
to improve it. : 1 |22]23]>
3

Sotheefficient use of irrigation water is called
irrigation water management. It aims to get
optimum crop production per unit area per , '
unitthe on a sustainable basis. Dear friend, by going through this example, you will

" realize i.e. importance of irrigation water management. This concept improves a lot

in sustainable crop production in Chambal Command Area. (Presented in Quebec,

~ Canada-D.Srivastava).

IWM preliminary results (just after one year)

Individual activity Observed Results -

Canal Rehablhtatlon - | Canal section improvement and better flow char-
acteristics ' s , '
Flow regulatlon | ) Early closure of water courses resulting in water
savmg ’ S ‘ '

Cleaning of water courses | VImproved conveyance efﬁciency(40—60%) reuse
' “potential of drainage water '

Cleaning of surface drains Lowering water table

Agronomic improvements Reduced fertilizer use and weed management in
' 300 sqmi of cropped area 1mproved wheat yield
by 20 %. -

The above results inference that if farmers are well informed and motivated then, they
will certainly accept this. Italso clarifies, how poor management of irrigation at farm
Jevel leads to soil salinity and water logging problem, inequitable distribution of water

‘between head and tail reach farmers. So ultimately this is the only solution of all the

socio-economic problems of the farmers. This ultimately i 1mpr0ves the environment
too. :

3.8

SAQ Activity-2

During visit at your working site, what do you feel about farmers perceptlon of basic
concepts of irrigation? : :

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

...............................................................................................................................
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Do they really work according to this?
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Do they need improvement?
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Conveyance of water from the outlet to the field with minimum
losses. Well laid out watercourses and field channels save losses.

Land levelling and shaping for uniform and time saving
application

Appropriate choice of irri gatibn method leading to ef-
ficient application. Some methods are basin, border,
furrow and pressurized irrigation like drip & sprin-
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Ry - Application of water to the crop at the right time and in right
-quantities : '
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| Drainage of excess water : This is essential to keep the crops

and soil in healthy condition for crop growth.

So in brief, the 1rr1gat10n water management requires answers
of the followings '

When to irrigate?

How to irrigate?

How much to irrigate?

3.9

Suggested Readings

Michael, A.M—. 1978-Trrigation - Theory and Practice. Vikas Publishing Housé, Pvt,
Ltd. s

Michael, A M. & Ojha T.P., 1978. Principles of Agrlcultural Engineering, Vol- II
Jain Brothers, New Delhi.

. Brouwer, C International Institute for Land Reclama‘uon and unprovement Irrigation

Water Management Training Manual no.5- Imgatlon Methods., FAO, Land and Water
Development D1V1s1on

oo
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- UNIT-4

STRUCTURE

“HOW TO APPLY IRRIGATION

4.0 Objectives. |
41 _Introduction
4.2 = Differet Methods Of Water Application
43 . Selection Criteria - ' :
44  FactorsIn Planhing ‘
4.5  Rate Of Water Entry Into Soil (Infiltration Or Intake Rate)
4.6  Deep Percolation |
4.7 - Uniformity Of Wafer Penetration
48  Surface Irrigation _
4.8.1 BorderIrri geitioh
4.82 Basin irrigation
483 | Furrow Irrigation
4.9 - Pressurised Irrigation Methods
-4.9.1 Sprinkler Irrigation Methods
'4.9.2 Drip Irrigation Methods
4,10  Sub-Irrigation "
411 SAQ Activity
4.12  Suggested Readings
4.0  Objectives -

- The economic development of the country is highly dependent upon judicious use
of the natural resources. Land and water two most natural resources are very limited
inour country. The country & the state of Rajasthan are already using respectively
about 70% & 60% of their total surface & ground water resources. The annual rate
of exploitation of ground water has generally exceeded the annual rate of its replen-
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ishment. Keeping in view such an alarming situation of ever increasing demand for
agricultural products and the requirements of other sectors emphasises the need of
conservation of these resources and agricultural production on sustainable basis. In

recent years, priority to.consolidating the already developed Irrigation potential is gaining

through irrigation water management with optimising Irrigation efficiency.

There is considerable gap between the state-of-art technology of design, construction,
operation & maintenance of surface irrigation systems and the formal educational
curriculum of the Universities. To bridge this gap a training course on water application
is a must to educate the irrigation, agriculture personnels and farmers about how much
to apply, when to apply and which method of water application to use to optimise
the ¢rop production per unit of water without compromising the environment The irrigation
manager must know the capabilties and limitations of the system and how it should
be operated -and maintained for optimum efficiency.

44

INTRODUCTION

Most irrigated areas have individual land features and characteristics differing from
those in other areas. This may be true of individual farms; therefore, It Is important
that methods of irrigation be selected to fit the land. The adoption of a certain method

-should not be necessarily based on the common practice in the community or the

adjoining farm. One of several factors may determine the best method to irrigate land.
Among these are its slope, the crops to be irrigated, the water supply, the permeability
of the soil, and its water holding capacity. Continuous good production can be obtained
from irrigated land only if the water is applied wisely and in a manner which provides
sufficient amounts to satisfy the needs of the plant, but not enough to cause waste
and damage. The method of irrigation selected should conserve the soil as well as

the water. In doing so it may be necessary, or desirable, to use more than one method ‘

of irrigation in an area.

‘Dear friend, you will certalnly realise the importance of selectlon of the approprlate

1rr1gat10n methods by reading the following case study.

A comparison of applied depth in border experiments
' conducted in IWAM plots in Chambal Command Area
- through RAJAD project reveals that the depth applied under
: conventional water application following with flooding (with
surface runoff checked) showed that an average 40% in First irrigation and 64% in
second irrigation, more water has been apphed in conventlonal i gatlon over border
irrigation. : :

Looking at the above results, you may easily understand, if correct irrigation method
is selected, a lot of water will be saved. The same water can be utilised for irrigating
the tail end area and. non-command area.

Now, please recall the different irrigation methods. I think, you all will agree that we
can classify the irrigation methods as follows:

4.2

DIFFERENT METHODS OF WATER APPLICATION

Surface (gravitation) irrigation methods

e by flooding, thus wetting all the land surface
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o Border & Basin;

e by furrows, thus wettmg only part of the ground surface;

Pressurised Irrigation Method

® by sprinklei, in which the soil is wetted in much the same way as rain;’
e by localised irrigation in which water is applied at each individual plant,
‘N Subsurface Irrigation: | '
®

by sub-irrigation, in which the surface is wetted little, if any,. but the subsoﬂ is

saturated,;
4.3 SELECTION CRITERIA

Since the objective is to apply water efficiently to proVide favourable environment
for the plants, it is therefore, essential to consider the factors, which have significant
effect in the process of water application. The important factors affecting this phe-

~ nomenon are as under: ,
e Slope, topography, field size and geometry
e  Crop type
e Soil texturé, soil depth -
® Available irrigation stream size
®  Amount and intensity of rain

e Economic and social aspects (labour, materials, other costs)."
° Farm Machmery ‘

4.4 FAC TORS IN PLANNING

44.1 PRELIMINARY PLAN

‘@ Locate thehigh points in afield and determine the direction of irrigation
and drainage.”

® Determine soil boundaries probable crop rotations and feasibility of
land levelling :

e Locate field boundaries and farm roads

®  From this prehmlnary plan it should be possible to determme the best
dehvery point for the water.

442  PLANNING PROCEDURE

After a preliminary plan has been made, studied and discussed with the
farmers, detailed plans for any area on the farm can be prepared, First select
a method of water application for each field and prepare a layout. Then
design the delivery, application, and disposal facﬂitles as well as necessary
roads.

443 LAYOUT

Planning a gonerai layout for subdividing and hiigatin% the area in the units
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444

. Design the applicationvfacil‘ities. Determine

4.4.5

4.4.6

-of suitable dimensions is the next step. Area delineated according to slope

and soil characteristics provide a basis for selecting the best field arrange-
ments and for locating field ditches. Consider alternative layout. '

APPLICATION

® The amount of water that must be applied in a normal irrigation
® The time allowed for applying it and '
® The rate at which it can be applied.

Then determine the amount of water that must be delivered to the field.

_ Plan for land levelling if it is needed. Locate and design the head ditch or

pipeline to fit the method irrigation used. Locate and design ditches, pipes

levees and the other <tructures needed to apply water to the field in the

amount and rate required by the crop and soil..
DELIVERY '

_ Plan the delivery facilities so that they permlt delivery of water to the different

fields in the volume and rate required by the method of application-previously
selected. Select and design the method of conveyance-either ditch or pipe -
line, Locate and design all the necessary grade control or distribution - control
structures, including measuring devices.

DISPOSAL
Plan for the disposal of any itrigation wastewater and excess rainfall promptly

" and safely. Consider recovery of wastewater for reuse. Include all neces-

sary disposal facilities= channels, pipelines, tiles and pumps.

4.5

RATE OF WATER ENTRY INTO SOIL (INFILTRATION OR
INTAKE RATE) |

How quickly water pen-
etrates into a soil varies with

- the kind of soil, the amount
of moisture already present

- inthe soil and the condition

of the s_oil surface. Water
penetrates faster

through sandy soil than clay soil -

through dry soil than wet soil

t11r01ig11 well-structured soil than compacted soil
Early in the irrigation season than later.

_ Soil infiltration rate governs the selection of suitable irrigation method. ‘While irrigating
a ﬁeld the following points should be kept in mind :
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® . deep percolation must be avoided

e uniform water application must be used.

4.6

DEEP PERCOLATION

" the root zone.

The penetration of water below the root
zone is called deep percolation. Sometimes
it is necessary to apply excess water so
that accumulated salts can be washed from

This excess water may be precious;and
it carries nutrients away. Thus, it should be -
limited to the amount necessary to elimi-
nate harmful salts from the root zone.

This excess water may be costly, and it carries nutrients away. Thus, it should be -
limited to the amount necessary to eliminate harmful salts from the root zone.

4.7

- UNIFORMITY OF WATER PENETRATION

In a uniform irrigation, water penetrates to the
same depth or about the same depth over the -
entire field.

- Uniform penetration of water results ina
uniform crop.

“Non uniform pénetration of water creates’
uneven growth and yield.

Causes of non-uniform penetration:
@ Variation of texture within the field

° Uneven soil surface

L) Improper water management.

These are the usual solutions to the problem of non-un1form1ty

1. An uneven soﬂ surface can be levelled or planned?

At RAIE S IRT A
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2. Soils of different textures or structures and depths may be irrigated separately

3. Ifthe difference in time that water stands on the surface at the head and tail end
~ of the system is great, we may : '

cut down the length or width of furrows, borders, or basins

~b. increase the size of stream at the inlet of the furrow, border, or basin.

increase the irrigation duration.

4. TIfthe water does not advance evenly in all the furrows, you may change your
irrigating tools. Use siphons and adjust them so that the necessary amount goes
into each furrow. : : '
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5. When water in a border tends to flow in one side, change the direction of the

borders to that of prlmary slope, or level border to eliminate cross slope.

6. Decrease sprinkler spacing and/or increase pressure

4.8

SURFACE IRRIGATION METHODS

In surface irrigation method, water is applied directly to the soil surface from a channel

 located at the upper reach of the field. Water may be distributed to the erops on-

border strips, check basins or furrows. Two general requirements are property con-
structed water distribution systems and proper land preparation.

481 BORDER IRRIGATION

Borders are strips of land surrounded by dikes (borders) that run in the
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" direction of the slope. The dikes guide the water over the field when it leaves
the head ditch.

CROPS : close growing crops such as wheat barely, oats, pasture grasses
and alfalfa.

'SOILS AND TERRAIN : Slopes are usually up to one percent. Border
gives good results in moderate soils. -

- ADAPTABILITY:

v It is adapted to most soils where depth and topography permits the
-required land levelling at a reasonable cost and without permanent
reduction in soil productivity. -
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v It is more suited to soils having moderately low to moderately high .

_ infiltration rates, but not suited in coarse sandy soils.

v ltissuitable forall close-growing crops like wheat, barley, fodder crops
~ and legumes.

- ADVANTAGES:
1. The ridges can be constructed cheaply with simple farm implements.
2. Itrequires less manpower than check basin method.
3. Uniform distribution & high water use efficiencies are possible.
4. Large irrigation streams can be used efficiently.
5. Operation of the system is 51mple and easy
6.

Purposely laid border strips prov1de for excellent surface dramage if
- adequate outlet facilities are provided. :

To design any irrigation system, you ‘shoulc_i know about hydraulics of irrigation

_systems. So to design border irrigation we must know about water advance,

recession and soil infiltration rate.
General Principles related to the Design of Border Strips

"Width of Border Strip: It usually varies from 3 to 15 m depending on
_ the size of the irrigation stream and the degree of land levelling practicable.

‘Border length: It depends upon the infiltration rate of the soil, the slope

. are. .
Sandy & sandy loam soils 60 to 120 m.

* Medium loam soils 100 to 180 m
Clay loam and clay soils 150 to 300 m

Border Slope: The borders have a uniform longitudinal gradient. Excessive .

slopes will cause insufficient irrigation at the upstream end and deep per-
colation losses and breach of bund at the downstream. Too flat slopes will
cause deep percolation losses at the upper reaches and madequate wetting
downstream. The recommended safe units are:

‘Sandy loam to sandy soils 0.25 to 0.65%
Medium loam soils o 0.20 to 0.40%
Clay to Clay loam soils- 0.05 to 0.20%

Size of irrigation stream: The size of the ir'rigationA stream needed de-
pends upon the infiltration rate of the soil and the width of border strips.
The typical sizes for different soil types and slopes are:

~
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Soiltype - Infiltration Border Slope ~ Unit flow per

m width of : . Dborder strip .

Cm/hr - % Ips -

Sandy soil 2.5 0.20-0.40 10-15
o . 0.40-0.65 - 7-10
.~ LoamySand 1.8-2.5 0.20-0.40 7-10
- T 040-060 58
Sandy Loam. 1.2-1.8 020040 5-7
" 0.40-0.60 4-6
ClayLoam  0.6-0.8 ©0.15-030 3-4
7030040 23

Claysoil . 020-0.6  0.10-0.20 24

4.8.2 BASIN IRRIGATION

Basins are small, level pieces of land surrounded by dikes which can be filled with
water. The dikes contain the water in the basin while it penetrates into the soil.

R n;m»

\\\’

CROPS.: Fruit trees, Dpastures, cereals such as wheat, oats, barley, Tye, rice.

SOILS AND TERRAIN : Small basins are used on steep slopes ‘but are not rec-
ommended on slopes over 10 percent with soils that crack as the dikes may break
easily. Also, the necessary levelling on steep slopes may be very costly.

ADAPTABILITY:
v Itissuited in heavy soils with low infiltration rates.

v lt is also suited to highly permeable soils like deep sand, which must be covered -
-~ with water rapidly to prevent excessive deep percolation losses at the inlet end.

v/ Itis suited to 1rr1g,ate grain and fodder crops. Row crops and orchards too,
are often irrigated by this method.

RECTANGULAR CHECKS: In this method, the field is divided into a series of small -
rectangular plots surrounded by ridges to hold water within the compartments. This
method is suited to nearly level areas. '

CONTQUR CHECKS: These are prepared by constructlng rldges along the contour
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at vertical interval of 6 to 12 cm and connecting them with cross ridges at intervals.

~ This method can be used on sloping land and requires a little land levelling.

RING CHECKS: When the plants are widely spaced as in orchards, the ring method.
of basin irrigation may be adopted. The rings are circular basins formed around each -
tree. The ring basins are small when the plant is young and the size gradually increases
as the plant grows. As the entire area is not flooded, we can obtain a high water-use
efficiency. :

Small basins permit efficient irrigation with small stream sizes without runoff, but much
productive land is lost to ditches and dikes. Basins are not used on soils which form
hard, dry crusts that interfere with emergence and growth, or with crops not be immersed
in water. Small basins may be constructed without technical assistance.

4.8.3

FURROW IRRIGATION

wtresiggive

144

Furrows are small, closely spaced channels that carry water to the crops that are
planted on their banks. Typical spacing between furrows may vary from 50 cm to
over 1 meter. The height of the furrows may vary from 10 to over 30cm.

CROPS: Corn; potatoes, beans, v_eg_étables and other crdps that must be cultivated.

Adaptability :

v/ Itcanbeusedto 1rr1gate all cultlvated crops planted inrows, mcludmg orchards
and vegetables like malze? sorghum, sugarcane, cotton, tobacco, ground?

v Furrows are particularly well adopted to irrigating crops which are subject to
injury from ponded water or susceptible to fungal root rot.
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v Itissuitable to most soils except sands that have a very high infiltration rate:
and provide poor lateral distribution of water between furrows.

ADVANTAGES

1.  Water in the furrows contacts bonly one-fifth to one half of the land surface,
. thereby reducing puddling & crusting of the soil and evaporation losses.

1

2. Earlier cultivation ispossible which is a distinct advantage invheavy soils.

The method may be adapted to use, without erosion, on a wide range of natural
slopes by carrying the furrows across a sloping field rather than down the slope.

4, Tltis especmlly suited to crops like maize that are injured by contact with water..
5. The method reduces labour requirements in land preparation and grading. -

6.  Compared to check basin method, there is no wastage of land infield channels.
7

Furrows can be used for either large or small volumes of irrigation water.

4.9

PRESSURISED IRRIGATION METHODS

This is an advanced method of itrigation, in which water is carried through the net
work of pipes from the source to the point of utilisation. This method can be intro-
duced for all types of crops depending upon the soil, slope, water source, farmers’
capacity, etc. This inethod replaces the surface/gravity methods of irrigation in all the
developed countries due to higher water use efficiency, adaptability to hilly areas,

- possibility of application of soluble fertilizers, frequent application of irrigation water

at short irrigation intervals thus maintaining favourable soil moisture condltlons inthe
root zone. :

The merits of pressurlsed irrigation systems are:

Alllosses such as conveyance, deep percolation and runoff are almost av01ded
Light and higher frequency of i irrigation s possible.

Low stream size can be efficiently used.

Higher irrigation efficiencies are possible.

a
b

c

d.  Fertigation and chernigation is possible.

. ,

f  Land grading and levelling is not required.
h.

Higher uniform application of irrigation water is possible.

‘i Wateris also controlled and only the required quantity of water is given to each

-plant based on the evapotranspiration requirements.
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Moisture availabilify for crops in different irrigation methods.

~j. Yields oftthe crops are better in addition to the saving of water with these methods.
The reasons att:ibutgd for increased yields are:

- Water is applied once in 3-6 days period in sprinkler irrigation which in turn
reduces the moisture stress to some extent. Further, the water application being
, controlled only the needed water can be regulated in this system.

- Wateri is applied daily i in drip irrigation and hence the growth is uniform. As
there is no water/moisture stress, the crop growth is not affected at all.

491  SPRINKLER IRRIGATION
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- Mechanical devices apply water to the soil surface as water droplets, similar to rainfall.
Sprinkler irrigation systems usually are designed and installed by trained persons. They
may be very expensive, but at times they are the best way to irrigate well: In this
- case, the addmonal yield may easily pay for the cost.

CROPS : All except those damaged by water on their leaves, Be careful when using
saline water because some crops have leaves which can be damaged by salts.

SOILS AND TERRAIN : Sprinklers can be used in all types of soils, on uneven
terrain and slopes to more than 30 percent. With sprlnkler 1rr1gat10n water is not
wasted and soils are not eroded.

492 DRIP (TRICKLE) IRRIGATION _ ..

PPeSsimE MGOLADR
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Water (and usually fertiliser) is applied to each plant individually. Drip irrigation is

well adapted to all soils and terrains, but it can be very costly and is used only on

high cash value crops.
CROPS : Fruit trees, shrubs, vegetables

In some countries efficient, low cost, 31mple methods have been devised which are
much like drip 1rr1gat10n without the cloggmg problems and pressure requirements.

4.10 SUB IRRIGATION
Water is applied be-
low the ground sur-
face by maintaining an
artificial water table at
some depth, depend-
ing upon the soil tex-
ture and the depth of
- the plant roots. Watter
reaches the plant
roots through capillary
action. Since the method requires an unusual combmation of natural conditions, it can
~  beused.in only a few areas. o
" Water having high salt content cannot be used. In India, sub irrigation is practised
to a limited extent for growing vegetable crops around, ‘Dal’ lake in Kashmir and
for irrigating coconut palms in the organic soils of Kerala.
Adaptability ‘ | _
v Itcanbeused for soils having a low water holding capacity and a high infiltration
rate where surface irri gation methods can not be used and sprinkler irrigation
v isexpensive. | |
v Themethod is suited to soils having reasonably uniform texture and permeable
enough for water to move rapidly both horlzontally and vertlcally within and
for some distance below root zone.
4.11  SAQ ACTIVITY

Please go through your wOrking field area and find out by which metliod the farmers
- areirrigating their field?
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Are they following the technical guidelines?
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4.12 SUGGESTED READINGS
. Michael, A.Mv.' 1978 .;Irrigaﬁo'n - Theory and Practice. Vikas Pub_lishing Hbuse, Pwt, -
Ltd. '

~ Michael, A.M. &thaTP 1978 Prmc1ples of Agncultural Engmeermg, Vol-II Jaln
Brothers, New Delhi.

Sewa Ram, 1975. Inflow cutoffratio for irrigation in ponded border strips. Proceed-
- ings of Second World Congress, IWRA, Vol. I, pp 1-7. '

Sewa Ram, 1995. Crop factor for estimation of ET from Pan evéporation. Paper
presented in National Seminar on SSD held at Jaipur, May 24-26, 1995.

- Brouwer, C., International Institute for Land Reclamation and Improvement. Irrigation
Water Management Training Manual no.5. Irrigation Methods., FAO, Land and Water -
Development Division. 0 * 0
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UNIT-5

“HOW MUCH TO APPLY IRRIGATION

STRUCTURE
5.0 Objectlves
51  Introduction
5.2 Consumptive Use
53 Crop Water Requirement
54 ~ Depth Of Water Required In Cm. -
5.5  Seasonal ConsumptiveUse
5.6  Peak Period Consumptive Use
5.7  Trrigation Requirement |
58 Rootlng Characteristics & Moisture Use Of Crops
’ 59 Howto Calculate '
5.10  SAQ Activity
5.11  Conclusion
5.12  Self Check
5.13  Suggested Readings
5.0 Objectives

- The achievements in the field of irrigation, though impressive, do not go for enough

to meet the country's requirements. The continued shortage of food, frequent drought

conditions, rapid growth of population and increased standard of living have made

it necessary to increase the irrigation potential to the maximum possible extent. The
attention of our irrigation engineers, till recently, has been confined up to the canal -
outlet where the water is delivered, but has, by and large, not been related to the
qualitative and quantitative aspects of water use on the farm.

An analysis of the net available supply of water and the requirement for the intensive
cropping reveal that the available water supply in canal-irrigated areas is far less than
the requirement. It is estimated that during the next three decades almost the entire
utilisable water resources would be used up. It may be realised that the easiest and
cheapest water sources would be exploited earlier. It would, therefore, become relatively
difficult and costly to harness the water sources in the later part of the century. The
rapid increase in the utilisation of the available water resources calls for intensified

efforts to increase the efficiency of water conveyance and water use. It also calls

for efforts to develop new water supplies like desalinisation of sea water for meeting
a part of the consumptive use requirement, art1ﬁ01a1 rain making and intensified efforts
in water harvesting.

An analysis of the water resources potential, utilisation and requirement projected
on a national level may not indicate farmers a clear picture of the regional require-
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ments. So it is utmost necessary to educate about the efficient use of water. Every
drop of water should be used for the maximum output. So to know how much to
apply irrigation is again an important question. So we should learn, how to calculate
the crop-water need or crop water requirement. : ‘

5.1

INTRODUCTION

Water is one of the most valuable natural resources and its excess or deficit in the

soil is a limiting factor for crop production. Successful production requires adequate
and timely soil moisture supply with judicious use through out the life cycle of the

crop. The contribution of irrigation water in increasing crop productivity and it is second '
next to fertilizers. The green revolution of present day has been brought in sight through -

the development of high yielding varieties. It appears the next break, through in agriculture

in India has to come through water management which has been one of the neglected

ﬁelds so far.

Water is the most critical i input for Indian Agriculture today. Itisa manageable monetary
input, therefore, all available supply of water should be used in best possible advan-

tage to achieve the main aim of increasing agricultural production per unit volume of

water/unit area of cropped land and per unit time. The productivity of crop per unit

~ quantity of water can be increased even up to 200 percent of more or proper water
management is observed : '

5.2

, CONSUMPTIVE USE

" Consumptive use, commonly known as evapo-transpiration, is the amount of water
‘used by growing plants in transpiration and building of plant tissues and that evapo-

. rated from adjacent soil and from 1ntercepted precipitation in the plant follage ina
specified time. - b g

5.3

CROP WATER REQUIREMENT -

Water requirement of crop implies the total amount of water required by crops regardless
of its source in a given period of time for its normal growth. It thus includes water
needed to meet the Losses through evapo-transpiration, appheatlon Losses, and special
needs

5.4

DEPTH OF WATER REQUIRED IN CM
D = AsxDx(fc - pa) '

7

o 100
~ Where: | ‘
D = Depth of water required in cms.
As = Specific gravity of the soil.
‘D .= Root zone depth in cms.
Fc " Field capacity in percehtage.v |
Pa = Availablemoisture insoil in percentage . °

Crop water requirement is therefore, a demand and may be expressed as :
WR = ET or Cu + application losses + Special needs
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3.5

SEASONAL CONSUMPTIVE USE

The total amount of water.used in evapo-transpiration by a cropped area during'the
entire growing season is called seasonal consumptive use. It is expressed as the depth

' of water in cm or volume in hectare cm per hectare. Seasonal consumptive use values

are required to evaluate and determine the seasonal irrigation water supplies.

5.6

" PEAK PERIOD CONSUMPTIVE USE

The average daily use rate duriﬁg the few days of the highest consumptive use of

- the season is called the peak period use rare? This is the design rate to be used in

planning an irritation system. The peak use period for various crops ina given area
may occur at different times in the crop season. In Irrigation project design, the peak

- period of consumptive use is the period during which the weighted average daily rate

of consumptive use of the various crops grown in the project area is the maximum.

- In planning the cropping pattern for an area we may have such crop combination

that has its peak consumptive use rates spread out in such a way as to use the available
supply in the most efficient manner. Some typical values of the peak rate of soil moisture

-removal by crops under different climatic conditions are given in Table below:

‘Maximum Rates of Soil Moisture used by crops under different cliinatic conditions:

Climatic Conditions ~ Peak rate of soil moisture removal (mm/day)
Cool, humid ‘ |

3

Cool, dry 4
Moderate, humid. 1 4
) 5

5

8

" Moderate, dry

Hot, humid
Hot, dry

IRRIGATION REQUIREMENT"

5.7

The net irrigation water requirement is the amount of water exclusive of precipitation;

~ carty over soil moisture and the ground water (capillary) contribution required for

crop production. '

_The gross irrigation requirement includes the net requirement, as also the losses incurred

in conveying and applying water. The losses are reflected in terms of irrigation ef-
ficiency. '

.. Theamount of irrigation water availability also decides the time andﬁeqtiencyof_iirigation. ,

Under adequate irrigation water supplies, the irrigation can be scheduled with fewer *
intervals. However, under limited irrigation water supplies, the critical growth stage

- approach provides the better solution for efficient water use.
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5.8

ROOTING CHARACTERISTICS & MOISTURE USE OF

- CROPS:

The water requirement for crops plants is dependent on its root system and their response

~ to water shortage or drought due to-delayed rain or irrigation. The total quantity

of water contribution to the plant physiological function may be less than 5 % of the
total absorption in the field, most of it being lost in evaporatmn or transpiration

contributing little to the plant growth.

Failure to replace the water lost by transpiration, results in cessation of growth. Thus
the importance of applying irrigation water in the right quantity at the right time for
optimum results needs no further stress. The root zones and depths govern the gross
requirement, a shallow root-crop may need frequent watering than a deep rooted
crop. Itis here that function of soil profile comes into play. Because it is the depth

- of soil that would be irrigated and its responses in retaining the water given, -

Plants vary genetically in their rooting characteristics. The depth to be irrigated is .
also different for different crops as apparent from the table below: .

Irrigation Depth Irrigation Depth 60 cms : Ifrigation Depth 75 cms
30 cms . :
Cucumber " Peas Alfaalfa
Flower Pepper Corn

Radish Pototo Soybeans
Onion - Small grain Sugarbeet
Turf Snap beans tomato

The deeper the root zone, the more water is absorbed for crop growth and yield.
A few examples including that of a menous plant (seed Vessel - cocoon of silkworm)
are: ' s '

The above Would show that: ' -
(@) Vegetable crops have a sbarse and shallow rooting system (0. 3-0.6m).

(b) Field crops have a dense and moderately deep to deep rootlng system (0.5

- 0.9 m) _
(¢). Fruit crops are very deep rooted (0.7 - 1.0 m)

The depth from which the roots of an average mature plant are capable of absorbing
soil moisture is referred to as the effective root zone depth. It is seen that the root
system is extremely variable in different crop plants. The variability exists in rooting.

depth, root length and horizontal distribution of roots. Both the properties of soil
- and the roots determine the water uptake by roots

Water absorption by roots is dependent on the supply of water at the root surface.
When the soil dries out from a wet stage, water movement rate in the soil decreases
sharply. Thus, under the conditions where the water extracted by roots is not fre-
quently replaced by rain or irrigation, the root system must expand contlnuously to
occupy a large enough volume of soil to replace the transpiration losses of water.

/
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Conditions often occur that the rate of water loss exceeds the rate of water absorp-

"~ tion, causing an internal water deficit in the plant. It is this internal water deficit, through

many of the physiological process in the plant that is directly responsible for the glowth
and yield of a crop in the prevailing condmons _

5.9

HOW TO CALCULATE:

One of the important safeguards by nature against drought injury is a deep wide - '
spreading root system such as that of sorghum and corn. Plants with shallow sparsely
branched root system (Potato, onion etc.), suffer from drought sooner than deep-
rooted spemes like corn..

Dear friends, Depth of water requlred for each of the stages of crop growth is worked
out as per climatic condition e.g. temperature, moisture, wind velocity & rainfall etc.

- So the term water requirement of crop is total water required at the field head to

mature the crop & does not include transit losses. The consumptive use means the
water loss due to evapo-transpiration plus that which is used in the metabolism of

 the plant. The amount of water required to replenish the soil moisture deficit back

to field capacity for the entire growth period is known as total water required. The
effective rainfall is also taken into account while arriving at the water requirement.

»  Water requirements vary as the cf‘op develops, but in general:

»  Some crops withstand lower soil moisture levels bcttef than others without

~ lowering yield‘.:
Not tollerant to low Semi-Tolerant to low 'M_ost Tolerant to low
moisture moisture moisture.
Potato peas corn
lettuce clover wheat
onion beans oats
spinach pasture grass alfalfa
celery cabbage cotton
strawberry turnip
radish

Net depth of irrigation to be applied

The depth of water to be applied every alternate day will depend on evapo-tran-
splratlon rate. The pan evaporatlon (chmatolo glcal) can be used for computation.

ET, =Pe¢x Pf
ETc =ET, x ke
Where

Pe = Open Pen Evaporation For Two Days mm.
"Pf =Pan Coefficient '

- ET, —Reference Evapotnspiration, mm

77




ETC = Crop Evapotranspiration, mm.
Kc = Crop Coefficients According to the Crop Growth.

Example :

- Crop: Sugarcane Pe = 23 mm for. two days, Pf = 0.7, kc =1.15

ETC =Pex Pfx kc

- =23x0.7x1.15 =18.52

To calculate the depth of irrigation to be applied fora spemﬁc crop let us take-a
case study: :

Usually in Chambal Command Area, clay or clay loam is found. For
these soils the available water for effective root zone of 50 cm taking
an average water holding capacity of 22cm/m is only 11 cm. Irri-
gation in wheat is recommended at 50% depletion of available water in the root-

- zone . Therefore 5.5 cm irrigation depth should be applied for 100% irrigation water

application efficiency. By assuming 75% irrigation efficiency the actual depth of
application would be 7.5 cm instead of 5.5 cm. It is seen in the 2 years of field

" experiments that the applied depth following a cutoff ratio of 75% to 80% inthe range

of8to96cm

3.10

SAQ ACTIVITY

Please go through your field area, and find out how farmers calculate the quantity
of irrigation water to be applied at their field. :
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With the help of the folléwing example we can easily understand how much water

is to be applied in irrigation. .
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Crop , - Wheat
* Active RootDepth - 75 cm.
Net Water Requirement - 450 mm
Total Growing period of the Crop - 130 days. ‘
Dafe of sowing - 25th Nov. .
Date of Harvesting = - 4th April.
Soil Texture - Clay Loam
Bulk Density - 1.4
Moisture % of soil at F.C. on weight basis - 29%
Moisture % of soil at P.W.P. on weight basis- 14.7. %
" Available water in soil - 14.3%
Available water mm/m A - 200 mm/m
Growth Staté Est. Nov. | Veg. Flow Yield Ripening
-Dec. Dec.- Jan.| Feb. Feb.- March-
_ March: April
Days - 15 45 20 35 |15
Et per day (mm)| 2 234 |45 5.4 4-2
| Water Req. (mm)] 30 140 90 150 40
Soil water . o
depletion fraction| 0.8 0.6 0.55 0.55 0.8
Calculation (I Irrrigation) »
A.S.M. B = 200 mm / m
Active Root Zone (D). = 75 cm
CAtlst Irfig_ation the root zone depth = 2/3D
o | = 50 cm.
“A.SM. in the Root Zone - = 100 mm / 50 cm.
RA.W. | = 100x08
. | o = 80 mm
At the time of sowing about 20 % of ASM is lost i.e. 20 mm.
Net R.A.W. = 80-20 = 60 mm -
Av. Et. » = 2.2 mm /day |
TInterval of irrigation = 60/2.2
' = 28 Days



Net Irrigation Requirement

SQ mm. |

II Irrrigation
CASM. = 200mm/m
- Active Root Zone (D) = 75cm
A.SM. in the Root Zone = 150 mm / 75 cm.
RAW. = 150 x 0.6 -
= 90mm
Av. Et. = 3.0 mm"/dayA
 Tntervalof irrigationb = 60/3.0
| = 20 Déys
Net Irrigation Requirement = 90 mm..
I Irrrigation
~ASM. = 150mm/m’
RAW. = 150 x 0.55
' = 82.5 mm
Av. Et. = 45mm/day
Interval of irrigation = . 82.5/4.5
= 19 Days '
Net Irrigation Requirement = 82.5 séy 85 min. _
IV Irrrigation o
ASM. = 150mm/m
RAW. = 150x 055
= 825mm
_ Av. Et. = 425mm /day A
 Interval of irrigation = 8‘2.._5/4.25‘—' 20 Days
.~ NetIrrigation Requirement = 82.5 say 85 mm
Irr, | Interval ofirr. Cum date of irr. Net irr. - Gross irr.
No. | days - req.(mm). req. (mm) -
1 |28 28 23rd Dec. | 80 100
I |30 58 22ndJan. | 90 110
I | 19 77 ~ 10th Feb 85 . 105
vV | 20 97 - 2nd Mar 85 105

511 CONCLUSION

In this section we have discussed the role of water & its management in crop pro-
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duction. We have seen that to get optimum crop production, the irrigation should be
given at right time, in right quantity and with right method of water application. The
farmers do irrigation according to this concept, but due to some external factors they
sometime overlook. The next unit explains those factors which contribute to non-par-

~ ticipation of farmers. Please go through the following questionnaire and find out your

answers. Are they still "yes"? If not, please go through the next unit.

- ¥ . Doyoureally think that canal must run continuousty throughout the growihg

season? ‘

Do you think that canal qarries less water than designed?

Do you feel that large cbluantity of water helps in optimum 6rop production?
Do };ou observe that 'wéter courses function as desired?. |

- Do.you think that all the water courses should run at a time to achieve other
crop production?

® Doyou feel that farmers should irrigate their field at a right time?
& Doyou think that farmers should apply water as per their crop requirement?

< Doyoustill feel that farmers should use correct method.of water application?

512 SELF CHECK
- Please think and deéide how you feel about the work you have done in this unit. »
What do you plan for the next? The learmng objectives are listed below. Make a
note of: :
> Points on whlch you want to take action and pursue with local superv1sor
» Portfoho evidence of your field based working activity. '
>  Points which are still unclear, Your future plan for dlscusélon;
: Objecfives : ' A | Notes
Assess the correct water application method ‘
| Calculate the correct quantity of water applicvation
5.13 SUGGESTED READINGS:

Michael, AM 1978. Trrigation - Theory and Practice. Vikas Pubhshmg House, Pvt,

CLd.

Michael, A.M. & Ojha T.P., 1978. Principles of Agrlcultural Engineering, Vol-IL.

. Jain Brothers New Delhi.

Sewa Ram, 1975. Inflow cutoffratio for irrigation in ponded border strips. Proceed- |

 ings of Second World Congress,- IWRA, Vol. I, pp 1-7.

Sewa Ram, 1995. Crop factor for estimation of ET from Pan evaporation. Paper
presented in National Seminar on SSD held at Jaipur, May 24-26, 1995.

Brouwer, C., International Institute for Land Reclamation and improvement. Irrigation
Water Management Training Manual no.5- ImgatlonMethods FAO, Land and Water
Development Division. BRA A
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UNIT 6

WHEN TO APPLY IRRIGATION

STRUCTURE
6.0  Objectives
6.1  Introduction ‘
6.2  Stages Of Critical Growth Of Crops
6.3 Computation Of Time Required For Irrigation (A Case Of Drip Irrigation)
6.3.1. Net Depth Of Irrigation To Be Applied
6.3.2 Computation Of Volume Of Water To Be Applied Per Emitter Per Alternate
' Day S , ' :
- 6.3.3  Computation Of Irrigation Prriod
64  Determination Of Crop Water Requirement For Orchards
6.5 Suggested Reading
6.0 OBJECTIVES ,
~ Dear friend, when to irrigate is the most crucial question in irrigation. So this needs
further clarification. You may easily understand the importance of this. Due to lack
of knowledge of when to apply and absence of information on water availability in
canal causes a drastic problem in irrigation management. The farmers at headender
give anumber of times the irrigation water to their crop without identifying the need.
So it leads to unequal distribution among farmers of head and tail reach and also
the crop failure and economic loss. '
6.1 INTRODUCTION

Water is mainly applied to the crop plants to meet their r'equi'rementv of evaporative
~ demand of atmosphere. In general, the crop water requirement and irrigation sched-
uling is governed by: ' ’ ‘

e Climate factors such as temperature, wind velocity, humidity sunshine hours and
hence depends on the season during which the crop is grown. The crop water
requirement are high and more frequent during summer followed by rainy season
and winter. For example, groundnut down during Kharif requires about 450 mm
water as against 750 mm during summer season.

e Crop factors such as duration of crop and crop growth. The Longer the life, the

higher is the water used. Thus, crop/variety/maturing in 120 days requires more

water to complete the life cycle compared to crop/variety maturing in 90 days.

Similarly, the water needs of the crop are not uniform during crop growth from

germination till maturity. Generally, crop water needs are relatively small during

the initial stage and the maturity period. Flowering to grain formation is important
stage during which water needs are higher. ’
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e Soil factors such as teXture, structure, soil depth etc. If the soil is deep, water
storage capacity is more. In shallow soils, water storage is limited. Thus crop
growing on shallow soils require more frequent irrigation than deep soils. ‘

Depth | Total available water MAD ETC | Irrigation

of Soil | storage capacity - Y% interval (days)
30cm | 50mm 50 Smm |5
60cm | 120mm 50 Smm |12

. The freciuency of irrigation depends on the amount of water used by the crop and
the amount of water which can be removed from the soil by the crop without stress
to the plant.

Consider the same crop & the same soil depth:

SIMITIWITIFIS
f? ?d "' ;’; '63 '7 u a’ i i Sandy soils hold less water so irrigation must be
is|1e]i71e1slederls] 718 ool | . OTC frequent than on fine soils --- but less water-
oealzalzojzelzriza314 i) |i7]1e]  should be applied at each 1rr1gat10n
1]22]23]2
26] /g3

. Consider the same soil & differént crops:

Crops with shallow roots have less water within
- their reach, so the irrigations should be more
~ frequent and lighter (less depth per irrigation)
than deeper rooted crops.

7 rns On surmy hot days, crops use more water than
WL d A oncool cloudy days and mgatlonmustbe apphed
I Y more frequently

: STAGES.OF CRITICAL GROWTH OF CROPS

~ The crop plants in the glven environment when water for use in the metabolism in

- supplied through a conveyance system. The water loss, due to evaporation has to

be replenished from time to time. Supply of water atall times may not be as conducive

to optimum yield as would be ensuring it at their various stages of growth called "critical

‘stage of growth". Agriculture research has now been able to identify these growth

' periods of various crops. Supply of water at these stages would be most useful for
‘the crop. An example for wheat crop (Rabi) is given below.
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‘Growth stage (Wheat) ' No. of days after

, sowing

a, CRI(Crown root initiation) 20 - 25

b. Tillering | 40 - 45

c. Jointing 55 -60

~ d.Flowering 85-90
e. Milk formation 100 105
f. Dough 115 120

So in brief we can say that irrigation should be applied when there is 50% depletion
of soil moisture in the root zone. There is mathematical formula for calculatlng the
irrigation interval:

Applied Irri gation depth(cm)

Irrigation interval(days) =

Daily crop water use(cm)

Critical Stages of Different Important Crops

S. No.{ Crop Critical Stages . Most Critical Stages

1. | Wheat Crownroot initiaﬁon, -Tilleﬂng, Crown root initiation

: C Late Jointing, Flowering, Milk | and flowering

2. Gram Branching, Pod initiation, . Pod initiation

‘ Pod filling v ‘

3. Mustard Pre flowering and post Initiation of flowering
flowering o

4. Lentl | Branching, flowering, Flowering .

v _ | Podfilling :
5. Potato | Stolanization to tuber initiation, | Stolanization to tuber
' Yield formation initiation
6. Sugarcane| Tillering; Grand growth period | Tillering and Grand
~ ' growth period
7. Tobacco | Period of rapid growth | Vegetative growth period
| Barley Tillering, Jointing, Flowering, | Tillering and Flowering

9. Linseed | Initiation of flower and Initiation of flower
Grainfilling ,

10. Peas Initiation of flower and Initiation of flower
Grainfilling '

11. Berseem Through out the growth penod Initial one month after

each cutting
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S. No.| Crop Critical Stages , Most_Critical Stages
11. | Paddy Seeding establishment, Tillering,| Tillering and Flowering
‘ : Primorida formation, Flowermg to grain filling
& Milk ) _
2. Cotton - | Commencement of Sympedial, | Branching and initiation of
" | Branching, Flowering, ball formation

Critical Stages of Different Important Crops -

| Ball formation, Ball Bursting

Maize | Tassellingto silking grain filling | Tasselling to silking

4. | Groundnut Flowerihgto Yield formation | Flowering/pegging
(Particularly during the pod -
setting)

Sorghum | Flowering, Grain formation Flowering
6. Black Flowering to Filling Flowering
‘Gram/ : '
Green

7. PeaﬂMillet Flbwen'ng, Grain formation FloWering
Pigeon Fldwering, Grain formation Flowering
Pea

9. Sesamum | Flowering to pod development Flowering

6.3

: COMPUTATION OF TIME REQUIRED FOR IRRIGATION

(A CASE OF DRIP IRRIGATION)

Inscheduling of irrigation through drip, the major aspects like time of irrigation application
and quantity of water to be applied at each irrigation are considered. For this purpose,

- the net depth of irrigation or crop evapo-transpiration, volume of water to be applied
~ througheach emltter and irrigation perlod are computed with the help of the following
- - steps:

63.1  NET DEPTH OF IRRIGATION TO BE APPLIED

The depth of water to be applied per alternate day will depend on evapo-
transpiration rate. The pan evaporatlon (climatological) can be used for

computation.
ET,= Pe x Pf
- ET, = ET, x ke

. Where
ET,=Reference Evapotnspiration, mm
Pe = Open Pen Evaporation For Two Days; mm.
Pf - =Pan Coefficient , ‘
ET, = Crop Evapotranspiration, mm.
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632

6.3.3

Ke =Crop Coefficients According to the Crop Growth,
Example :

Crop: Sugarcane, Pe = 23 mm for two days, Pf= 0.7, ke = 1.15

ETC '—Pefoxkc
=23x07x 115
=18.52 ’

COMPUTATION OF VOLUME OF WATER TOBE APPLIED PER
EMITTER PER ALTERNATE DAY

- Total volume of water required per emitter per alternate day (htre/emltter

/alternate day = = Spacing between two laterals ~ (m)
X Spacing between two emitters (m)  x Wetted area factor
x - Depth of water (mm) o
Q= S x Se x Wt x ET,
Si= 2.25m , Se = 0.75 m, Wf = 0.60, ET, = 18.52
Q= 2.25x%x0.75x0.60x 18.52 =18.75 11t/em1tter/alternate day

= Say 19 lit/emitter/alternate day

?COMPUTATION OF IRRIGATION PERIOD
Irrigation Period (T)

vol. of water to be applied (lit. /emltter/alternate day) / Dlscharge
rate of emitter (Lph)

e.g. Emitter dlscharge 41ph
= 19/4 = 4.75 hours i. e. 4 hours and 45 mmutes

| Table 1 Quantlty of water to be delivered through each emitter in
sugarcane ( Anonymous 1997)

S.No.| Month Av. Pan CFF Lit/day| Time of -

v evaporation : | .operation fo

(daily) ‘4 1ph dripper

| | | ws. | min,
1| Jawary | 3.82 06 |21 |o | 32
2. | February | 5.07 065 30 |0 45
3. |Mach |78 - |o90 |65 |1 37
f4. {apit | 1083 09 |90 |2 |15
5. |May - |1173 . | 110 |119 |2 58
16, | June 816  |110 |83 |2 04
7. | Ry 592 115 |63 |1 35
8. |August |471  [115 |50 1 15
9, | September | 4.85 .15 |51 |t |17
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S.No. Month | Av. Pan CF Lit/day| Time of
’ evaporation ‘ operation fo
(daily) - | 41ph drippe:]
_ _ hrs. min.
10. | October 5.35 1 1.0 3.5 |0 53
11. | November | 4.45 085 |35 |0 53
12. | December | 3.78 085 |30 |0 [ 45

6.4

DETERMINATION OF CROP WATER REQUIREMENT

_ FOR ORCHARDS

e.g.vGrapes : Spacing o= 3x1l5m
" Wetted area = = 40%
- Pan evaporation = 10mm/day
Pan factor = 0.8.
Crop factor | = 07
- water requlrement/day/tree = pan evaporation X pan factor X crop factor x wetted
area
=10%0.8%0.7x(3x1.5)x0.4 -
=560 x 1.8 |
= 10.08 lit.

The percent wetted areas and common spacing for selected crops are indicated in
Table-2 and Table-3. Commonly used crop coefficient (kc) for different crop growth
stages and perverting climate conditions are given'in Table-4 (Dnoenbos and Purist,

~1977). Some selected experimental evidences interrelation to different irrigation

scheduling approaches adopted by the research workers are indicated below.

Table-2. Crop percentage wetted area.

Crop % wetted area | No. of emitters / tree
Pomegranate 20 2 -4

Lime | 20 |2-4

Omnge |30 " |3-6

"Grape’ 50 1-2 .

Banana 1 50 1-2

Sugarcane | 60 75 cm spacing

Chili 75 - - |-do-
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Table-3 : Cominon spacing of some iniportant crops

Name of Crop Spacing
Chlkku/Mango I0mx10m
~Coconut- : Tmx7m

Sapota/é,itrus/ Lemon . 6mx6m .
Pomegranate / Sitaphal S5mx5m
Setelvines  3mx3 m

-| Grapes Imx1.6m
Banar’ia 1.5 m'x 15m
Sugarcane 1.0mx075m
Cotton 12mx12m
Tomato/ Chillies / Brinjal 1.0mx 0.5 m_

Table-4 Crop coefficients (kc) for ﬁeld crops for different stages of crop growth
and prevalllng climatic condmons

Crop Hum1d1ty RH 70% min. RH 20 % min.
.| Windspeed (m/sec)| 0-5 58 |05 |58
( Allh'ﬁeldtcrops 1 0.3 0.4 |
Barley - 3 1.05 1.1 (115 |12
4 025 (025 |02 | o2
Maize | 3 1.05 | L1 .15 | 12
Forage 4 095 |10 [105 | L1
Maize (grain) | 3 ltos |11 |11s | 120
Cotton 3 1.05 055 |12 | 125
4 065 | 115 |065 | 07 °
Groundnut | 3. 095 |10 [105 | 11
4 055 |0s55 |o6 |06
| Millets 3 1.0 [ 105 |11 1.15
| 4 0.3 0.3 025 | 025
Pulses 3 105 |11 | 115 | 12
4 0.3 03 |o025 | 025
Sunflower 3 1.05 | 1.1 115 | 1.2
4 0.25 025 |02 |02
Sorghum - 3 1.0 1.05 |11 .| 115
4 0.5 0.55 055 | 055
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"Soybean 3 10 105 |11 {115
- 4 1045 | 045 |045 | 045
Sunflower | 3 1.05 11 115 | 12
| 4 0.4 0.4 0.35 0.35

Wheat 3 1.05 1.1 |15 |12
4 025 | 025 |02 02

The results of the experiment conducted at MPKV Rahuri during 1993-95 on suru
sugarcane indicated that daily or atleast alternate application of irrigation water.through
drip based on pan evaporation data was beneficial giving higher yields and WUE.
In another attempt, to simplify the irrigation scheduling technique in drip irrigation one
cucumber at Igatpuri in Maharashtra during 1996-96, the data obtained indicated
that, maximum yield of 19.50 was recorded with 0.85% CPE treatment, which gave
41% higheryields and 29 percent water saving compared with conventional method
. ofi ungatlon

An experiment on irrigation scheduhng under surface and sub-surface drip irrigation
in different agro-climatic conditions of Maharashtra State during 1990-91 (Deshmukh
et al. 1998). The irrigation was scheduled based on daily pan evaporation date with

_’1 .75 Etc, 150 ETe, 1.25 ETc and 1.00 ETc under both surface and subsurface drip - - -

in comparison with furrow method of irrigation. The highest yleld (96.52 MT/he) was
recorded with 1.25 ETc under both the systems and increase in yield was to the extent
- 0f22.21030.75 percent in surface and sub-surface drip as compared to furrow method.

Another experiment on evaluation of automatic controlled drip with manually con-
trolled drip and conventional method of irrigation was conducted on sugarcane at
VSI, Manjri during 1994-95 (Deshmukh et al. 1998). The automatic system was
based on soil moisture depletion approach almost at 10 to 20% of depletion of available
soil moisture using sensors placed at different locations in the field. Maximum yield
(143.54 Mt./ha) was recorded in automatic drip irrigation and lowest yield was recorded
with conventional method.

-Consumptive Water requirement for important Kharif crops in mm-

S. | Crops Duration June |July | August} Sept. |Oct. | Total

1. | Groundnut |[25th June to |20.55 |107.66| 123.08| 143.82] 129.37 524.43
‘ 31st October '

, (128 days) .
2. | Maize (Sathi) | 25th June to | 18.27 | 107.95| 147.78| 101.28| - 37528
' 20th September ’ |
1 (87 days)
3. | Maize 25th June to | 1827 | 101.74] 120.38| 157.92] 134.04| 53235
(Hybrid) 21st October
' (118 days)
4. | Soybean 14th Julyto |- 136.15199.15 ]150.72]1 130.93|416.95

31st October
( 110 daye)
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Sorghum 25th June to | 15.98 | 96.28 124.93] 140.99| 37:50 |415.68

(Fodder) 10th October
' -1 (107 days)

.| Kharif Pulses| 15th July to

32.15 ] 107.12] 144.10 34.09 |317.46

10th October
(87 days)

Kharif 25th June to | 15.98 |91.69 | 118.08| 143.82| 142.82| 512.39
Vegetables | 31st October :

(128 days)
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Annexure.- I(b)

Consumptive Water requirement for important Rabi crops in mm
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. 6.5
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UNIT 7

SPRINKLER IRRIGATION SYSTEM

STRUCTURE -

7.0 = Objectives |
7.1  Introduction :
72 Suitability of Sprinkler Irrigation Systems
73  Limitations of Sprinkler Irrigation System
7.4  Sprinkler Types
7.5  Summary
7.6 Self-Assessment Test
7.7  Key Words
7.8 Suggested Readings
7.0 OBJECTIVES
" Rainfall is the primary natural source of irrigatiori. Only a limited part of rain is used
for irrigation and much of it is lost due to runoff and deep percolation. A sprinkler
is an irrigation device that tends to simulate rainfall but in a way the runoff and deep
percolation losses can be avoided and at the same time, the uniformity of application
can be made as close as would be obtained under rainfall condition. This is, however,
difficult to achieve as in the case of sprinkler, the water comes from a point source
whereas in the case of rainfall, the source is umformly distributed overthe entlre area
of application.
7.1  INTRODUCTION

In a sprinkler system, water under high pressure is forced through a nozzle of small
diameter. The issuing jet, therefore, has a very high Reynold's number and consid-
erable number of eddies within it due to turbulence. Once the jet leaves the rigid
boundary of the nozzle, the eddies tend to disintegrate the jet. This is further assisted
by the air resistance. As a result the jet disintegrates and is ‘converted into a large

number of independent water bodies (drops), which descends under the actionof ,

gravity like rain. Anideally designed and laid sprinkler system is one that produces
adrop size distribution close to rainfall or of such type that will have no adverse effect
on the soil structure, and on the uniformity of distribution due to drift. These are
the characteristics determined by nozzle size and nozzle pressure. The break up of
the jet is also done by introducing barriers in the direction of the flow of the jet, such
that the distribution of water along the radius of throw becomes reasonably uniform.
In most conventional sprinkler systems, design application rates are less than the
infiltration rates of the soil. Thus all water reaching the ground surface iufiltrates directly
into the soil, and there is no movement of water over the soil surface. Failure to-either
limit application rates or design the system'to allow for surface water movement can

~ result in non-uniform applications of water or serious erosion problems. Thexefore



it is possible to attain a high irrigation efficiency using the sprinklers, whichisnot generally
feasible in the-conventional methods of irrigation. Also, sprinklers can be used for
irrigating a wide variety of crops except those crops whose water requirements are
very high. In spite of many advantages of the system, this has been adopted only
in limited places in the country. A major reason is its high initial and running costs,
though there are subsidies available for the purchase of sprinkler sets.

7.2.

- SUITABILITY OF SPRINKLER IRRIGATION SYSTEMS

Because of the way the jet distributes water these systems have several advantages. -

7.2.1

722

7.2.3

~ Some of Wthh are listed below:

CONTROL OVER APPLICATION RATE

Sprinkler system provides positive control over amount and rate of appli- -

~ cation of water. Most sprinkler systems apply water at a rate less than or

equal to the maximum intake rate of the soil at any time. Therefore, sprinkler
systems are adaptable to:

‘) Variable soils

b) Crops requiririg light frequent irrigations
¢) Soils with low water-holding capacities
d) Heavy soils not having hlgh lateral water rnovement capablhtles

e) Light soils not having high lateral water movement capablhtles .

" 1) Areaswith high water tables

2 Dramage and runoff reduction.
TOPOGRAPHY

_ The method is well suited to lands of uneven or sloping topography inaddition

to the flat land region. Any undulating area can be satisfactorily irrigated
and land leveling which is an expensive operation can be avoided if sprinkler

- system is used. In uneven topography, therefore, the work and cost of
_extensive land leveling, which is a must for any other conventional surface -
~ irrigation method, can be avoided if sprinklers are used. Therefore, the land

can be put into production rapidly. Apart from saving in cost in this op-
eration, land leveling results in shifting rich surface soil, exposing poorer subsoil
for cropping. This is also avoided if sprinkling system is adopted. This is-
very much significant where the top soil layer is shallow with less fertile :
underlying soil layers. Plantation crops such as tea, coffee, etc., which are

-some times grown in hill slopes as steep as 100% or even more, can be
 irrigated by this method. This is done by controlling the outflow from the

nozzle, done by proper selection of nozzle size and operating pressure.

 SOIL CONDITIONS AT THE SURFACE

The fact that torrential rain produces runoffis because the rainfall rate exceeds
the infiltration rate. Depending upon the soil type and also its chemical
composition, the infiltration rate varies. That is why same amount of rainfall

+ produces different amounts of runoff in different types of soil. This variation
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in soil properties can be adequately taken care of by sprinkler irrigation
method as the rate of application can be matched with the infiltration
characteristics of the soil. In sprinkler system water is usually applied at
arate less than the infiltration rate of the soil. This helps in total elimination

“of runoff losses. In fact, the infiltration characteristic is a major parameter,

which is taken into consideration while designing a sprinkler system, par-
ticularly in the selection of nozzle characteristics and operating pressure.
This is not possible usually in conventional irrigation methods as practically
little choice is available to the farmers in varymg the inflow discharge to
his field.

_ The sprinkler system i$ also sultable for excessively orrelatively imperme-

able soils, which are difficult to irrigate efficiently and safely by other methods

of irrigation, e.g. sand dunes and alkaline soils.

SOIL DEPTH

The soil moisture and soil depth influences the depth of irrigation require-
ment per application. This concept, however, is not utilized in irrigating the
crop in the irrigation command areas, whether it is 4 canal command area

oratube well command area. The estimated depth of irrigation application
is usually worked out as a function of irrigation interval and the consumptive

use between two consecutive irrigations. This tends to yield about the same
volume of water application under similar climatic condition for a particular
crop. However, if the soil depth is limited, the effective root zone also gets

‘limited. Any water which goes beyond the effective root zone isaloss for -
+'the crops. Under conventional irrigation systems the depth of application

of water cannot be varied depending on the soil depth. Thus, in soils of

* shallow depth, much of the applied irrigation water goes waste as deep

percolation loss. The schedule of water delivery in canal command areas
does not permit variation in application from one place to another depending
on the depth of soil. This difficulty can be overcome by the use of sprinkler
as both the rate and duration of application can be well adjusted to soak
the soil up to a given depth. Similarly, the irrigation frequency can also be
changed to suit the varying consumptlve use demand dependmg onthe depth
of wetting in the soil profile. _

Spnnkler system is also suitable where profile of light soil is shallow with underlying
hard and compact impermeable strata, which lead to the waterloggmg conditions under
flow irrigation.

7.2.5

WATER HOLDING CAPACITY

Not all the water present in the soil is utilizable by the plants Roughly
speaking, the water held in the soil between field capacity and wilting point

* (i.e. the moisture contents respectively under 1/3 bar and 15 bar) is avail-

able to the plant. The plants, however, start showing signs of water stress
when 50% of the available water is depleted. Since the range of moisture
content between 1/3 bar and 15 bar is low for light soils and high for heavy
soils, the frequency of irrigation in these two soils differ. Saturating alight
soil (as is usually achieved by the conventional surface irrigation methods)
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7.2.6

is not useful, as the water will not be held in the soil for long and will drain.
Under such situations, sprinkler irrigation is ideally suited. Irrigating light
soils by conventional methods in fact are highly inefficient. If one wants
to irrigate long borders or long furrows, there is much wastage of water
as application loss. On the other hand, if one wants to irrigate in small borders -
and short furrows, the number and Iéngth of conveyance channels will increase
and will result in considerable seepage loss. Further, it is not feasible to
line the entire network of channels because of high costs and because these
will be impediments in the normal farming operations. In sprinkler systein,
since the conveyance is through pipes and since the application rate can

- be controlled, the adverse effects of conventional irrigation methods in light

soilsare not felt. Since sprinkler systems are portable, it does not interfere -

- with the normal farmmg operatlons

WATER SCARCITY

With careful maintenance of slope, stream size, etc., the maximum appli-
cation efficiency achievable has been reported to be about 80%. Studies

. - under field condition, however, reveal that the application efficiency is seldom

more than 50%. This means that there is a loss of 50 % water. In water
scarcity areas one cannot afford to waste water like this. Since it is possible

- -toachieve very high application efficiency with a sprinkler, the wastage of

water is minimum. Further, the crop water requirement is not uniform
throughout the growing season. At young or seedling stages the root activities
are limited to only shallow depths. A conventional irrigation witha 10 cm-

_gross application per irrigation will wet about a meter depth of soil, which -

is just not required when the roots are active in the 0-20 cm depth. If
the water is scarce, one must attempt to use limited quantity of water to

- achieve the desired goal of irrigation. If the available water is 10 cm per

meter depth of soil and irrigation is given at the half depletion of available

- water, one needs to give only 1 cm of irrigation water for a 20 cm root
- zone depth. It is never possible to give even double this depth in the

conventional surface irrigation method. Since, however, this is possible by
a sprinkler system, it becomes ideal for water scarcity areas.

Sprinkler systems make it possible to apply exact quantity of water to soil

‘according to requirement and also apply it evenly. In conventional surface
'methods a considerable amount of water is wasted in channels due to seepage

& percolation (about 35%) and it is almost impossible to control the quantity
of water to be applied and distribute it uniformly. Invariably some part of
field will receive more water than other parts. It is possible to save as much

" as 50-70% water that is used by surface method if sprinkler system is adopted

(Table 1). Highly sandy soils cannot be irrigated by any method except by

-sprmklers
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7.2.7

7.2.8

7.2.9

7.2.10

Table 1 Water used in Sprinkler and Surface Irrigafion Methbd..

Crop Water Requirement ' - Water Saving %
. Surface (cm) Sprinkler (cm)
Bajra 17.78 7.82 - 56
Jowar 2540 1127 56
Cotton  40.64 2905 29
Wheat 33.02 14.52 56
Bafey 1778 782 56
| Gram 17.78 7.82 - 56

~ Source:  Malhotra, A.N., 1984. Sprinkler Irrigation Case Study. Pro-
' ceedmgs of the Seminar on Sprmkler and Drip Irrigation Systems, Delhi,

1984.
SAVING IN CULTIVATION EXPENSES

Expenses for preparing land for irrigation by laying channels and bunds etc.

‘will be saved. Further frequent expenses incurred for maintaining channels
and other structures are also eliminated. Absence of channels etc. enables o

better and easier inter-cultivation and weeding operation. Channels and ridges

-also hinder mechanized farming. Unlike in surface irrigation where surface

compacting of soil takes place, in sprinkler system the soil surface remains

- comparatively loose affording easier inter-cultivation operation and reduced

tillage operations.
SAVING IN LABOUR EXPENSES

For distribution of water, labourers are required to be contmuously engaged

~ insurface method of irrigation. Since this is not required in sprinkler system,

which operates automatically without anybody to attend, there is a saving
in labour expenses to an extent of about 50 - 70%. Labour is only required
for shifting equipment but this is very less and required for only a few minutes
a day

SAVING IN LAND FOR CULTIVATION

More area s available for growing crops under sprinkler system as it elirninates
ditches, levees (bunds), etc., whereas field channels and bunds in surface

‘method occupy some area. On an average 10 to 16% more land is available

for crops because channels and ridges are not required.
BETTER LIVEABILITY

" Crops such as Chilies, Ragi, Vegetables, Onion, etc. which are transplanted, |

set much better under sprinkling. In sugarcane, germination of planted sets
is reported to be much better under sprinkling since under furrow irrigation
some buds do not germinate due to excess moisture in the furrows at some
places. The sprinkler system often ensures adequate seed germination with
only one light application of water after seeding. Such applications are more
efficient than surface irrigation methods. Transplanting and planting of seeds
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7.2.11

7.2.12

7.2.13

- 17.2.14-

7215 .

S.No. Crop % increase in Yield
1 Coconut 14
12 Coffee 17
3 Sugarcane | li
4 Vegetables - 9-30

i
-

can be done at any most convenient time without dependmg upon weather

conditions.
LESS EROSION

A sprinkler system can apply irrigation atarate, which is less than the infiltration
rate of the soil. This helps in the total elimination of runoff losses or it is
very less, therefore chances of soil erosion under sprinkler irri igation will
be also very low. :

BETTER CROP GROWTH

It is found that due to washing of foliage, every time a crop is sprinkler
irrigated, there is more luxuriant growth. Quality of crop is also lmproved
In crops like mulberry the leaves are large, tender and clean and very much’

- better for feeding silk worms. Vegetables are decidedly better under sprin-
Kklerirrigation. Crops like groundnut have better pod development due to
* loose soil condition. Tobacco and tomato produced under sprinkler irri-

gation are reported to be of superior quality, apart from high yields obtained.

- Table 2 Percent Increase in Yield usmg Sprmkler as compared to

Flood Trrigation.

Source:  Pandhye A.H., 1989. Micro and Sprinkler Irrigation in India.
Proceedings International Congress on the use of Plastlcs in
Agriculture, New Delhi, 1989.

" INCREASED OVERALL INCOME :

Since from a given quantity of water more area can be sprinkler irrigated,
there is an overall increase in income from the harvest. In most cases, the
cost of equipment is almost recovered in 3 or 4 seasons only.

APPLICATION OF FERTILIZERS AND CHEMICALS

‘Water-soluble fertiliZers and chemicals can be appliéd.through sprinkler
_system without any extra cost with irrigation water. These materials are
distributed uniformly and can be leached to the desired depth. Fertilizers

can be applied in increased split doses and this practice results in better
utilization and economy in fertilizers. A minimum of equipment is required
and once the apparatus for adding the fertilizer to the irrigation water is
set up the crop being irrigated can be fertilized with less effect than is required

Vfor mechanical application.

Less Chances of Salmlty/Alkallmty Development

Excess irrigation (as it often happened in surface methods of 1rr1gat10n) is
harmful to soils. This excess water going beyond root zone drops info sub
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7.2.16

7.2.17

7.2.18

7219

soils, tends to move up as the top soil starts drying: The upward movement

* of soil moisture brings along with it salts to the surface. Gradually these

salts accumulate in the surface layers, leading to-conditions of salinity and
alkalinity in the soils. Such soils can even become unfit for cropping even-
tually. However, by adopting sprinkler system, this will not happen since
only requlred quantity of water is applied.

Less Pests and Dlseases

When sprinkler system is used reduction in 1nc1dence of pests and dlseases

‘are reported.

Night Irrlgatlon

Night irrigation is very difficult in surface irrigation methods, but it is very
easy by sprinklers. - ,.

Green Manuring

_ Presently green manuring is done only during rainy season because imme-

diately after plowing down the green matter there should be sufficient moisture
for decomposition. With sprinkler unit green manuring can be adopted during
any part of the year to a very great advantage to the farmer.

. SPECIAL SITUATIONS

(1 Insome parts of the country in clay soil regions, surface soil moistening
is required to soften the soil crust such that germination can take place.
Sprinkler irrigation is ideal for such situations. After harvest of one crop
and before second crop is sown land has to be tilled. Usually land is

“hard and difficult to till. One light irrigation by sprinklers makes the soil
soft for easy tilling.

(3 By using sprinklersin frosty mghts the microdimate around the crop
can be enriched in water vapour which will prevent frost damage to
- the crops.

- [ Inthe same way, in scorching dry summer season, sprmklmg causes

water to evaporate taking the latent heat of vaporisation from the
- atmospheric air. The mlcrodlmate around the crop thus gets cooled.

(1 Sprinkler irrigation can be adopted for almost all crops (except rice
and jute) and on most soils for variable topographic conditions. This
method is particularly suited to sandy soils but not suited for very fine
textured soils where the infiltration rates are less than 4 mm/hr.

.0 - Where stream sizes are small (7.5-15 Ips) for efficient surface irrigation,

considerable areas are lost in construction of channels and bunds. In
these conditions sprinkler system can be used effectively.

(3 Sprinkler systems are also suitable for areas of high water table where
a precise control on irrigation is required. The sprinkler system permits
small ‘applicati(')n of water, which would not cause any further rise in

the water table. '
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O} Poultry and cattle sheds when sprinkled over roof will bring down tem-
- perature during noon. Such cooling of sheds is reported to increase egg
and milk productlon considerably.

7.3 “ ' LIMITATIONS OF SPRINKLER IRRIGATION\SYSTEM

(3 The major limitation in using sprinkler system is its high initial cost. The farmers
in water scarcity areas are by and large much less economically solvent to invest
in buying a sprinkler set. The probable investment for creating water resource
for a hectare in case of major irrigation project is estimated at Rs. 1,00,000 per
ha. When it is compared to the cost of sprinkler system per ha it is quite low.

‘Thus, the government is promoting the farmers from well-irrigated areas giving

~ financial incentives for adoption of sprinkler method of irrigation. This will help
in bringing more area under command with the existing developed water resource
with less investment compared to huge investment required for creating new surface.
water resource.

'O Sprinkler irrigation is not suitable for crops requiring frequent irrigation as in case
- ofrice.

03 The second major bottle-

neck with sprinkler in the e
context of the power 7 -
situation inthe countryis
that in most cases, it may , _ . -
- . ) ’ . ; L ¥ .
not be possible to run the , N N1

system for the desired
duration, due to non-
availability of power.
This problem can be solved by promoting the non-conventional sources of energy
such as solar and wind for operating the sprinkler system. Solar pumping system
has already been introduced on experimental basis and proved very encouraging

for operating drip and micro sprinklers. The cost of solar panels is comparatively
high today. However with the development in technology this cost is going to be
reduced and energy problem for pumplng of'irrigation water can be solved to
alarge extent.

Flgure 1. Effect of wind on
sprinkler irrigation.

(3 The system is not suitable for windy and arid regions due to resulting non-uni-
- formity due to wind drift and high evaporation losses. Uniformity of water ap-
plication is poor when wind velocity exceeds 16 km/hr. This can be considerably
offset by adoptmg closer spacing and laying laterals across wind direction and
adopting low working pressure. In most cases the problem is solved by selecting
worklng hours when wind is not high. -

(1 Incaseof sticky soils, movement of system may be difficult. In some soils there
might be some damage to the soil surface due to drops.

3 Under high temperature;, hlgh wind velocity and low humidity, there are consid-
erable (10-15%) evaporation losses from a spray coming from the nozzle to the
. ground surface. These losses can be reduced if irrigation is applied during night,
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Tn case the irrigation water contains sodium chloride, sprinkling this water on the
plant foliage will scorch the leaves and damage the plant. At the same time
maintenance requirement of the system will be more.

The system is not suitable for very small holdlngs, and it needs careful handlmg
for getting long operating life. :

Crops during flowering stage cannot be sprinkled since this interferes with pollma’uon
and setting. It may also damage blossom (and hence reduce fruiting). This can
be however overcome by giving a heavy irrigation just before expected opening
time of flowers and another irrigation immediately after setting. :

Soil borne micro-organism are some times transported to the foliage through the
splashing of soil and may result in spreading infectious diseases.

It may wash off pesticides, which have been applied before irrigation, Pesticides
may be applied after irrigation.

Sprinkler irrigation requires a continuous supply of water till the required appli-
cation has been made. In case of canal irrigation, which is supplied to the farmers

. for fixed hours on turns basis (warabandi), use of this method is rather difficult.

-For sprmkler system water must be clean and free of sand, debrls and large amounts

of dlssolved salts.

Sprinkler system may be mechanically complex and dlfﬁcult to maintain.

1.4

SPRINKLER-TYPES

Sprinkier system may be classified on the basis of a_rrangement, portébility and based
on operating pressure & adoptlon '

741  ON THE BASIS OF ARRANGEMENT

On the basis of the arrangements for sprinkler irrigation water, sprinkler
systems are classified into three types:

D Fixed nozzles attached to a pipe.
ii) Rotational head/revolVing sprinkler
1)) Perforated pipe system.

e FIXEDNOZZLE

Earlier sprinkler systems were 'fixed nozzle' types. Parallel pipes are in-
stalled about 15 m apart and supported on rows of posts. Water is dis-
charged at right angles. The entire 15-m width between pipelines may be
irrigated by turning the pipes through 135°.

e ROTATING HEAD SPRINKLER SYSTEM

Water is spread through a rotating sprinkler head atan operating pressure
of about 1.7 to 3 kg/cm?. This can be again divided into three categories
namely: ' '

e Conventional system/small rotary sprinkler,
e Boom type /self propelled, and
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e Mobile rain gun/large rotary sprinkler.
o Conventlonal/Small Rotary Sprmkler System

In conventional rotary sprinkler
system(Figure 2), small nozzles
are placed on riser pipes. They
are fixed at uniform intervals
along the length of alateral pipe
in which water s conveyed from
source to ‘the sparing device
.under pressure. The lateral
pipes are usually laid on the Figure 2
surface of the ground. In this Rotating head sprmkler
" method, the most common device to rotate the sprinkler head is with a small
hammer activated by the thrust of the water striking against a vane con-
‘nected to it.

This is commonly used since 1t is operated at low to medium pressure (2-
* 4 bar) and can irrigate an area of 9 to 24 m wide and up to 300 m long
in one setting. Application rate can be 5 to 35 mm per hour.

0 Boom Type/Self Propelled Sprinkler System

- This system em- : . o (
ploys one boom ,
. sprinkler (large) in
each lateral (Fig-
-ure 3). The boom
isanozzleslowly . -
rotating from a
pipeline, which is 7
suspended froma Figure 3
portable tower. . Rain Gun Sprinkler
The boom sprin-
. kler is moved by towing the towers to the next position along the laterals
with a tractor. The large sprinkler irrigates a width of 75-100 m depending
on nozzle size and pressure and is particularly useful to tall crops such as
corn and sugarcane, where space at regular 1ntervals is available for ma-
néuvering the portable towers.

O Mobile Rain gun/Large Rotary Spnnkler

This system operates at high pressure to irrigate large areas. It is able to
throw a large quantity of water over wide areas, It can irrigate areas up
to 4 ha at one setting with an application rate of 5 to 35 mm per hour.
There are two types in the system namely, hose pull system and hose reel
system.

(a) Hose Pull System |

Here the rain gun ismounted ona wheeled carriage. Water is supplied through
a flexible hose which is-up to 200 m long and 50 to 100 mm in diameter
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~and which is pulled along behind the carriage. The main line is laid across
the center of the field from the pumping station. A strip up to 400 m long
can be irrigated at one setting, although the flexible hose may only be 200
m long. e

" The pressufe at the raingun controls the application rate. The forward speed
of the machine controls the depth of water, whose speed varies from 10
to 50 mm an hour. -

~ (b) Hose Reel System

The hose reel machine has a
raingun (Figure4) mounted on

‘awheeled carriage. Water is
supplied through a more rigid
hose. than that used for the
hose pull although it is still

~ flexible enough to be wound
onto a large reel. The hose
is used to pull the raingun

“towards the hose reel posi- : —

 tioned at the edge of the field. Figure 4

Machines are available with - Hose Reel System

hose lengths ranging from 200 to 400 m. The mainline is placed across

the centre of the field from the pumping station. The hose reel is placed -

close to the mainline at the start of the first run connected to the water supply.

The raingun is slowly pulled back across the field by winding the hoseon ~

to the hose reel. Power to drive the hose reel can be provided by a water
“motor, an internal combustion engine or the power takeoﬁ" point on a tractor.

m) Perforated System

This method consists of drilled holes on
lateral irrigation pipes (Figure 5)ina
specially designed pattern along their

length through which water is sprayed
fairly uniform and under pressure. This

- system is usually designed for relatively
low operating pressure of about 0.5 -
2.5 kg/cm?. The pressure is so low that
the system can be connected to.an | <% .
overhead tank to obtain necessary pres- i
sure head. The sprays are directed on
both sides of the pipes and can cover
‘a strip of land from 6-15 m wide. Itis F igure S

‘suited for soils having moderately high Perforated Sprmkler System
infiltration rates, as the water is applied
at relatively high rate.

. e WATES SOURCE
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7.4.2

~ moved fromfield to field
- or to different pump

" moved or mechanically

‘such that it can be

- highest labour re-

* sprinklers, the spacing -

The application rate is 1.25 - 5 cm per hour for various pressures and spac-
ings. This system is suited for irrigation of lawns, gardens, and small veg-.
etable fields and other plants when height does not exceed 40 to 60 cm.
The water should be cleaned through a filter to prevent clogging of the small
perforations. There are three types of spraying systems namely : '

a) Stationeary (b) Oscillating and (¢) Rotating.

ON THE BASIS OF PORTABILITY

e Portable system "

° 'Solid/perinanent system |

[ Serni-pennaﬁe‘nt system.
PORTABLE SYSTEM

A portable system has

portable main lines, and
laterals and a portable . .
pumping plant (Figure b
6). It is designed to be

c Wnter spread aven

H
]
)
_8uacoaaive !

rema

£
H

3k
g

e aeen

sites in the same field. “ =l g rovaic pucns
Laterals may be hand = > : '

_ d Figure6
movee. o " Portable System
0 Hand Move System ' - '

The Simplest portable
system is designed

moved by hand (Fig-
ure 7). The system
has the lowest invest-
ment cost but the

Laterol ond sprinklers

quirement. With giant

can be increased Figure7 .

thereby reducing Hand Move System

labour, but higher o :

pressure is required which increases the pumping cost. These sprinklers
are most suitable for low growing crops. It consists of a pump, main line,
lateral and rotary sprinkler spaced at 9 to 24 m apart.

The lateral is usually between 50 mm to 100 mm in diameter so that it can
be moved easily. It remains in position until irrigation is complete. The pump
is then stopped and the lateral disconnected from the main line and the water
is allowed to drain. It is then dismantled and moved by hand to next point

\ and reassembled. Usually it is moved about one to 4 times each-day. It
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is gradually moved around the ﬁeld until the entire ﬁeld is irrigated (Figure
7 and Figure 8).

In some cases to irrigate large areas, two
or three laterals (Figure 9) are used. They
are connected to the mainline using valve
couplers. This allows irrigation to con-
tinue while one of the laterals is being
moved. In this system only laterals are

moved during the irrigation while the main ' iAnicaTED
line remains permanently in the same Figure’ 8 -
place. Hand Move System

In some cases the entire system including pump and the main line is moved
from field to field (Figure 6). Portable System is common in India since
the capital investment is low and it is simple to use. They are used to irrigate
wide range of field and orchard crops.

At places where labour is short or IRRIGATED AREA
expensive, it may not be possible- :
to use hand move systems. Under
‘these circumstances, mechanical
move system employmg a variety
- of devices for moving the lateral line -
rotating booms to drag, winches or ;

wheel lines or sprinklers on a !i WATER SUPPLY
rotating tower arrangement may be . LATERALS, SPRINKLERS
used.

‘ Flgure 9

Hand Move System with 2 laterals
0 End Pull System

“With the end pull system, the lateral is moved to the next posmon by pulhng
the line with a tractor to the opposite side of the main. Generally, main
is buried inthe center of the field. This method is suitable for low-growing
crops and in places where adequate moving space is available. It is also

_ practical for tree crops. Labour is greatly reduced compared to hand move

_ systems

= Rotatmg Boom Type System

The rotating boom type system (Flgure 10) operates with one traller unit
per lateral at spacing up to 110 m.

The boom sprinklers have rotating arm of 28 to 36 m length provided with
nozzles. The discharge is in the range of 6 to 30 Ips. The trailer and boom
unit is moved to the next position along the lateral with a tractor. The lateral
line is added or picked up as the trailer is moved progressively through
the field away from or toward the mainline. The boom type unit will cover

‘about the same area as a giant sprinkler, but the pressure required is not
as high. :
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Figure 10 Rotating Boom Type System.
1 Side Roll Lateral System

The side roll lateral system (Figure 10) utilizes the irrigation pipe as the axle
of large diameter wheels that are spaced about 9 m apart. The side roll

lateral is limited to crops that will not interfere with the movement of the -

pipe. Unless a flexible pipe is attached to the main, the lateral must be
disconnected for each move. Labor requirements are about the same as
- for the end-pull system, but much less than for the hand move systems.

Figure 11 Side Roll Lateral System
0 Centre Pivot System

The self propelled centre pivot system (Figure 12) consists of a radial pipe
line supported at a height of about 2 m at intervals of about 30 m. Self
propelled lateral is fixed at one-end and rotates to irrigate large circular
. area. Fixed end is called pivot. The radial line rotates slowly around a
central pivot by either water pressure or electric motors. Conventional
~sprinklers mounted on the pipe then distribute water to the field, as the pipeline
is moving. The towers are supported by wheels or skids and are kept in
alignment with supporting wires. The nozzles increase in size from the pivot
to the end of the line, at which is placed a large sprinkler in order to obtain
. the maximum diameter of coverage. The nozzles are selected to provide
auniform depth of application, varying from 13 to 100 mm per revolution.
This system covers about 10 to 100 ha and the total capacity range is from
1500 to 4500 lit per min. (Sivanappan, 1987). The system is best suited -
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to sandy soils, but it will operate in heavier soils if the depth of application
is greatly reduced. A common size system designed for 65hais 392 m
in length. Some manufacturers provide a fold back extension arm that will
irrigate nearly all of the corners of a square field and odd-shape fields.

- Normally, the system once set up, remains permanently in place; but some
can be towed to another field. One rotation is completed in 10 to 72 hours.-
The precipitation rate is around 25 to 250 mm per hour. The major advantage
of the centre - pivot system is the saving of labour; the major disadvantage
is high investment cost. '

e,
5 TO 15 TOWERS ¢
"IN BETWEEN LAST 'rowen

‘ Flgure 12 Centre Pivot System
7 e SOLID SET OR PERMANENT SYSTEM

When suﬁ'101ent laterals and sprinklers are provided to cover the entire area
to be irrigated, there is no need to move the equipment from place to place.
~ The laterals are positioned in the field early in the crop season and remain
" there for the season. It has stationary water source and pumping-plant.
This system is termed as solid set or permanent system (Figure 13). Mains,
sub-mains and laterals are usually buried below plough depth and sprinklers
are permanently located on eachriser. The system is used for crops requiring
short and frequent irrigation. The purpose of this system is to reduce labour
costs and eliminate moving of lateral lines especially where tree foliage is
heavy. Such systems are costly and are suited to automation of the system
- with moisture sensing devices particularly where labour is Very expensive.
Because of high investment costs, solid set systems are practical only for
high - value crops such as in orchards, vine yards, etc.
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- Figure 13 Solid Set or Permanent System
e SEMI PORTABLE/SEMI PERMANENT SYSTEM

Many new sprinkler systems have been developed in recent years with the

- advantage of being both portable and solid set, thus reducing capital cost

and labour requirements. The system is similar to portable system except

that the locations of water source and pumping plant are fixed. Sucha system

may be used on more than one field, where there is an extended main line.

- Generally, it has portable lateral lines, permanent main lines and sub-mains

and a stationary water source and pumping plant. These are known as

‘semi-permanent systems. The mainlines and sub-main are usually buried
with riser for nozzles located at suitable intervals.

OVERTREE UNDERTREE

Figure 14 Semi Portable System
The following are the most common:
a) . Sprinkler hop, b) -Pipe grid and ' ¢) Hose pull.
e Sprinkler Hop o

- This is similar in many ways to portable systems, but sprinklers are placed
"~ only at alternate positions along the lateral. When sufficient water has been
applied the sprinklers are disconnected and moved or hopped along to the
next position where they itrigate for a similar period. This is done without
stopping the flow in the lateral. Each sprinkler connection is fitted witha
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special valve which automatically stops the flow when the Spn'nkler isremoved.
_ This lateral is moved to the next position and the hoppmg process repeated.

. Pipe Grid System

-This is similar to the solid set or permanent system. Small diameter laterals
‘about 25 mm are used to keep system costs low. The pipes are laid out
over the entire field and they remain in place throughout the irrigation season,
thus eliminating movement of pipes. Two sprinklers are connected to each
lateral, one near the top, the other half way down. When sufficient water.
has been applied each sprinkler is disconnected and moved along the lateral
to the next position. This is repeated until the whole field has been irrigated.

- & Hose Pull System

In this method, the mainline and laterals are usually permanently installed .
either on or below the ground surface. Small diameter plastic hoses supply
water from the lateral to one or two rotary sprinklers. The hose length
is about 50 m because of friction losses in the pipe. Thisreduces a number
of laterals and provides great flexibility in irrigation. A sprinkler can be
easily moved where it is needed and can be adjusted to compensate for

the distortion of spray patterns caused by wind. This system is used for
tree 1rr1gat10n for orchards crops and other row crops.

743  BASED ON OPERATING PRESSURE AND ADAPTABILITY

Sprinkler systems are also classified on the basis of operating pressure. It
is important that the proper pressure be provided for the sprinkler heads
to be used. Pressures too low or too high for a particular sprinkler head
-will cause poor water distribution patterns.

7.5

'SUMMARY

‘Ina sprinklér system, water under high pressure is forced through a nozzle of small

diameter. Anideally designed and laid sprinkler system is one that produces adrop
size distribution close to the rainfall or of such a type that will have no adverse effect
on the soil structure, and on the uniformity of distribution due to drift. Thus all water -
reaching the ground surface infiltrates directly into the soil, and there is no movement
of water over the soil surface. It is possible to attain a high irrigation efficiency using
the sprinklers, which is not generally feasible in the conventional methods of irrigation.
Also, sprinklers can be used for irrigating a wide variety of crops except those crops
whose water requirements are very high. In spite of many advantages of the system,
this has been adopted only in limited places in the country. A major reason is its high
initial and runmng costs, though there are sub51dles available for the purchase of sprinkler
sets. :

Sprinkler system provides positive control over amount and rate of apphcatmn of

- water. Most sprinkler systems apply water at a rate less than or equal to the maximum

intake rate of the soil at any time. Sprinkler systems are adaptable to variable soils;
crops requiring light frequent irrigations; soils with low water-holding capacities; heavy
soils not having high lateral water movement capabilities; light soils not having high
lateral water movement capabﬂmes, areas with high water tables and for drainage
and runoff reduction. :
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7.6

SELF-ASSESSMENT TEST

In which conditions is sprinkler irrigation system most useful?
What are the limitations of sprmkler irrigation system?
What are the special situations where sprmkler irrigation system can be used?

On the basis of arrangements how can sprmkler system be classified?

- On the basis of portability how can sprinkler system be classified?

Explain side roll lateral system.

1.7

- KEY WORDS

‘Sprinkler: is an irrigation device that tenids to simulate the rainfall but in a way

that the runoff and deep percolation losses can be avoided and at the same time,
the uniformity of application can be made as close to as would be obtained under
rainfall condition. ‘

. Water present in the soil: the water held in the soil between field capacity and |

w1lt1ng point (i.e. the moisture contents respectlvely under 1/3 bar and 15 bar)
is available to the plant. . :

Portable system. A portable system has portable maihlines, and laterals and a
portable pumping plant :

7.8
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h | UNIT 8

DRIP IRRIGATION SYSTEM

STRUCTURE

8.0 ~ Objectives

8.1  Introduction

8.2  Crops grown under drip system

8.3  Advantages of drip irtigation system
8.4  Limitations of drip irrigation system
8.5  Typesofmicro irrigation systems
8.6  Components of drip irrigation system
8.7  Computer based system

8.8  Summary |

89  Self-assessment test

8.10 Key words

8.11  Suggested readings

8.0 OBJECTIVES

' After going through this unit students will be able to oppreciate :

What is the drip irrigation systern ?

What are the advantages of drip irrigation ?

What are the types of drip irrigation system ?

What crops can be grown undei‘_dfip irrigétion system ? .
What are the componeﬁts of drip irrigation systém ? |

How computer can be used in drip irrigation ?

8.1 INTRODUCTION

Drip irrigation (Figure 1) is atechnique by which

water and fertilizer can be placed directly near -

the root zone of the plants. It is a slow appli-
cation of water on or below the soils as discrete
or continuous drops, tiny streams or miniature
" spray through emitters or applicators placed
along a water delivery line near the plants. The
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emitters achieve a three- d1mens1onal spread of water maintaining low levels of soil
water tension.

To replenish the depleted root zone moisture in the soil, water applications are fre-
quent. If adequate control over performance of the system such as plugging of the
nozzles is maintained, the method will improve the plant response to irrigation, even
with poor quality water and soils prone to salinity hazards. There is considerable water
saving since the water is applied precisely to the root zone and there is no need to
wet the entire area as in other methods. '

The use of drip irrigation system has been increasing in several states in the country,
especially, Gujarat, Maharashtra, Kerala and Karnataka. This system is adaptable
to most crops, under most soil and topographlc conditions. Itis pa1t1cula1ly suitable
to orchards and vegetable crops. ' '

8.2 '~ CROPS GROWN UNDER DRIP SYSTEM
A large variety of crops are being grown with drip system. However, the system is
- generally most successful for high-income crops because of the relatively high first
cost of most installations. Crops, which have been grown with this system, 1nclude
the following: ’ .
)  Orchard crops grape, citrlis,'apple, pear, 'deciduous fruits (peaches,
» apricots, plums, etc.). nuts (almonds, pistachios), ba-
nana, date, olive, mango, guava etc.
i)  Vegetables tomato, green pepper, eggplant, cucumber, lettuce, green'
o B - peas, cauhﬂower etc.
i) Row and field crops cotton, Sugarcane, sorghum and corn. = _
) iv)  Others berry, melon, alfalfa, flowers (carnations, gladioli, and
rose) and other ornamental plants.
8.3 ADVAN TAGES OF DRIP IRRIGATION SYSTEM

. Dripirrigation system is gaining wide acceptance in various parts of the world mcludlng ,

India due to several advantages, some of wh1ch are discussed below.
i)  Water savmgs

Because of the high degree of control pos-
sible under this system of irrigation, water can
be applied uniformly (Figure 2). Only that
portion of the soil in which there are active
roots need be irrigated, and evaporation losses
can be reduced to a minimum. (The water
neither passes through the air, nor does it
remain on the ground surface for long peti-
ods of time).

Vet

Figure 2. The restrictive wetting pattern under drip irrigation.
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The low rate of application, which often is only slightly greater than the con- -
sumptive use rate, reduces deep seepage losses. Water savings up to 50 percent
are not unusual. Under drip system water use efficiency as high as 90-95% -
can be obtained as compared to only 40-50% in the conyentional system of
furrow or flood irrigation.

Crop response

A high average temporal soil water level, along with adequate soil air can be
maintained with this system. This results in a favorable response by some crops,
with high yield and high quality. Slow and frequent watering eliminates wide .
fluctuations in soil moisture content resulting in better growth. It has been reported
that drip 1rr1gat10n increases the yield from 15 to 30% dependmg upon soils
and crops over conventional method of irrigation.

Labour savings

Most drip systems are permanent or semi-permanent and so have low labour
requirements to the extent of 30 to 40%. They may also be automated to further
reduce labour needs. .

Optimum use of fertilizer

Fertilizer can be applied through drip irrigation system using spec1al equlpment
Because of the good control of water; this can also result in a close control

* over fertilizer application, with resultant savings. In addition, because of the

vii)

viii)

small amount of water lost through deep seepage, the loss of fertilizer through
leaching is minimized thereby increasing the fertilizer use efficiency.

Weéed control

There is less weed growth and thus less weed control is needed. Because only

afraction of the soil surface is wetted with this system, there is a reduced area

available for weed growth. Thus weed control is much less than for other

: systems

Savings in pest1c1des and disease control

Above ground plant parts are completely dry under drip system This reduces
fungus incidence and other pests which depend upon a moist environment. Some
pesticides - notably nematicides - have been effectively applied through drip
systems. ' : ,

Possible use of saline water

_ Because matric and osmotic potentials are additive, the maintenance ofa low

matric potential, as is possible with drip systems, results in a lower overall
potential, and hence a reduced stress under saline conditions than would oth-
erwise occur. This has resulted in some crops being grown in areas which would
otherwise be unsuitable for conventional systems.

Early maturatlon

Experiments on tomato, grape and sugarbeet, to name but a few crops, have
resulted in s1gmﬁcant1y earlier maturatlon than was attained with other irrigation
systems.
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Minimize soil crusting

A significant problem in some soils i the formation of a hard surface crust.

- This can prevent emergence of crop, even if it has germinated properly. By

xii)

maintaining a constant high moisture content, crusting can be eliminated.
Field edge losses are reduced

There is no loss at the edge of fields as can occur through wind drift of sprinkler
systems or runoff from surface systems

Improved root penetratlon

In some soils, where root penetratlon is minimal or impossible at low water
contents, the high average water content maintained with drlp system allev1ates
this problem.

Irrigation of low intake soils

Theoretically water can be applied with drip systems at rates equal to the water
use rate of the plant. Thus, application rates can be as low as 0.25 mm per
hour, with correspondmg possibilities of decreased water runoffon low intake
soils. : :

Field operation easier to manage

When a drip system is properly managed, the soil does not approach saturation,
as isthe case with other irrigation systems. Thus, its ability to bear a load remains,
and so cultivation, harvesting, etc., can take place during irrigation. Due to fewer

- weeds the efﬁc1ency of operation also increases thereby reducing the opera-

xiv)

tional costs even up to the extent of 50%.

Energy saving

. Because of high irrigation efficiency less time is requiréd to supply the de\sired :

quantity of water, thus it also saves energy.

‘Most suitable for poor soils

Very light soils are difficult to irrigate by conventional methods due to deep
percolation of water. Like wise,, very heavy soils with low infiltration rates are

- difficult to irrigate even by sprinkler method. Drip irrigation has been found

xvi)

successful in both the types of soils.
Flexibility in operation

This system can be used during any part of the‘,day' when power isavailable.

xvii) No soil erosion

There is no soil erosion with drip irrigation.

xviii) Easy installation

. Xix)

This system can be installed with considerable ease andis equally beneficial
to both small and big farmers.

‘No land preparation

Preparatlon ofleveled bed, bund and channels is not necessary. Only land smooth-
emng will sufﬁce
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LIMITATIONS OF DRIP IRRIGATION SYSTEM

Like any other system drip systems also have certain hmltatlons These are discussed -
-below:

D

)

+ Vi)

vii)

Sensitivity to cloggmg

The small openings used in many discharge mechanisms make them extremely
sensitive to clogging. Thus, water must be finely filtered, and this can be expensive.
In addition salt and chemical deposits can accumulate at discharge openings,
causing them to become plugged )

Salinity hazards . o A v
Although drip systems can be used under saline conditions, they must be managed

_ properly. Otherwise reverse pressure gradients in the soil will cause flow of
- salts toward plant roots, resulting with detrimental effects.

Moisture distribution problems

~ There is some evidence that not all crops respond well to localized wetting only.

This procedure can restrict root development.

Economic limitations

For the drip system there is high first cost compared to surface or portable .

sprinkler irrigation systems. This is one of the major drawbacks of drip irrigation

systems. Although equipment now in use and being developed is significantly

less costly than that originally used, high initial cost is still a major consideration
inthe selection of this type of irrigation system.

Dry soil and dust formation during mechanical operations

The fact that a large part of the soil surface may receive no water during irrigation
causes any tillage operations which cross this area to result in extreme break-
up of the soil. This can result in dust problems and soil erosion during windy
periods. :

‘High skill required for design, installation, operation and'maintenvaqce

Any irrigation system can be efficient if properly designed. However, if a surface
irrigation system is improperly designed, it can often be altered in the field with
little problem or expense. The same is not true in drip systems because of the
large amount of specialized equipment needed. In addition, the small discharge
openings require that the equipment be properly placed to keep out soil particles.

~ Finally, failure to properly maintain the filtration equipment can make the entire

system inoperative and costly to repair. Ahigh level of design, management
and maintenance is required with drip than with other irrigation method

Persistent mamtenance requirements

Emitters clogging is considered the most serious problem in drip itrigation unless
preventive measures are taken, It is therefore necessary that water should be
filtered properly and this can be expensive. Apart from this, salt and chemical
deposits can accumulate plugging the discharge openings. Clogging will adversely
affect the rate and uniformity of water application, increased maintenance costs
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(as it becomes necessary to check, r,eplacbe or reclaim the clogged emitters)
and result in crop damage and decreased yield, if not detected early and corrected

timely.

Other maintenance problems include pipe line leaks and cracking of the tubes.
Rodents, coyote, rabbits, etc. can chew and damage drip line; and ants and
other insects occasionally enlarge openings in drip tubings. Drip lines can be
cut or dug-up accidentally when weeding, replacing plant material or when
replacing or repairing other pipe lines or utilities in nearby areas. Filters, chemi-
cal injectors, pressure regulators, water meters and pumps are also subjected
to malfunctioning and are liable to be stolen. B -

8.5 - TYPES OF MICRO IRRIGATION SYSTEMS

Normally following types of inicro irrigation systems are common:

- 8.5.1

DRIP IRRIGATION SYSTEM

Drip systems vary according to topo graphy, size and shape of irrigated area,
crop type and planting pattern besides the drip equipment itself. However,
" adrip irrigation system basically consists of main line, sub-main, laterals,
valves, drippers or emitters, ariser valve, vacuum breakers, pressure gauges, -
water meters, filters, fertilizer tanks or venturi pumps, flush valves and pressure
" regulators, etc. as shown in Figure 3. '

CHECK VALVE
WITH BYPASS

. . MAIN LINE
FROM PUMP OR
PRESSURE SUPPLY

PRESSURE REGULATOR

- Figure 3: Drip Irrigation System.

- From the main, feeder lines are run across the field and laterals are inserted
on the same. Low density polyethylene pipes are laid along the plant or
tree rows with outlets or drlppers inserted at appropriate intervals. These
are designed to supply the water at the desired rates (1 to 10 litres per

 hour) directy to the soil. Low pressures ranging from 0.35 to 2 kg/cm2
are sufficient to work. Usually 3.75 to 7.00 cm diameter pipes are used

~ for mains, and 2.5 to 3.75 cm for sub-mains. For laterals, pipes of various

' ranging from 6 mm to 18 mm with a pressure rating of 4 atmospheres are

‘génerally used. Pressure compensating drippers are suitable for undulating
land, hilly area, whereas non-pressure compensating are suitable for flat areas.
Drippet/emitters system is suitable for widely spaced crops like mango,
coconut, citrus, pomegranate, grapes, banana, etc. whereas inline-irrigation
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~

drippers are used for irrigation of row crops like sugarcane, vegetables,

- ete.

BIWALL IRRIGATION

- There has been a constant effort to reduce costs of drip systems. One

approach to this has been to combine the functions of laterals and drippers
into a single unit. One of these consists of a tube made of porous plastic.

~ Another type consists of a double plastic tube - one is inside the other.

The water passes through holes in the inner tube to the space between the
two tubes, with an associated pressure drop. The water then is delivered
to ground surface through closely spaced holes in the outer tube. The result
isirrigation with nearly a line source of water, rather than several point sources.
If a few holes are plugged the result is not serious. This equipment is made
from thin-walled polyethylene tubing and is relatively inexpensive. Its life
is short and it is often considered to be expendable at the end of the irrigation

 season. v
- Biwall is extruded dual chamber micro-irrigation tﬁbing, manufactured from

aLinear Low Density Polythylene (LLDPE). Holes are drilled by laser beam
at regular intervals (50, 75, 100 cm) along the tube to give even and equal

. amount of water to plants over long lengths (Figure 4). Water is delivered
- from the main chamber through a distribution chamber with evenly spaced

. supply orifices provided by laser beams. It is then slowly released through

" emission orifices. This system is suitable for all closely spaced row crops

like sugarcane, cotton, vegetable, grapes, pineapple, onion, tea, etc. o

- Water is sprayed through the

Figure 5. Micro jet system
(half & full circle jet).

Figure 4: Biwall System.

- MICRO JET SYSTEM

Micro-jets (Figure 5) are the
spray emitting devices that
operate at low pressure with
higher discharge rate than'the
emitter. Additionally, Micro-
jets wet a greater surface
area than the dripper system.
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air in either fan spray or a number of discharge jets. However, because

jets possess no moving parts, there is a limit to their distance of throw. Micro-

~ jets are suitable for irrigation of fruit crops, nursery, flowerbeds, vegetables,

etc. They are suitable for irrigation of crop in sandy soil, where the infiltration
rate is high. :

8.54  MICRO SPRINKLER AND MICRO SPRAYER IRRIGATION

“This is a combination

- of sprinklerand drip
irrigation. Water is
sprinkled around the
root zone of the trees
with asmall sprinkler ~
(Figure 6) working
under low pressure.
Thisunitis fixedina
"network of tubing but
can be shifted from . -
place toplacearound - &
the area. Water is |
given only to the root

. zone area as in the
case of drip irrigation
but not to the entire
ground surface as done in the case of sprmkler irrigation method. It is just
like micro-jet, but it incorporates the moving part, which enables it to spray
the water over a greater area then the jet. They are suitable for 1rr1gat10n
of crop in sandy soil, where the infiltration rate is high.

Figure 6 Micro/mini Sprinkler.

The other different drip systems are (i) single chamber tube; (ii) dual wall;
(iif) twin wall; (iv) T-type; (v) Gal-drip; (vi) tri-wall triple Chamber; (vii)
Leaky Pipe; (viii) Typhoon, etc.

8.6

-COMPONENTS OF DRIP IRRIGATION SYSTEM

Drip irrigation is the discharge of low flow of water from small diameter orifices
connected to or a part of distribution tubings situated on or immediately below the
soil surface. The components of drip system can be grouped into three principal

. categories:

° Control Head.

: ° Water Distribution Network

o . Discharge Elements. 7
8.6.1 2 CONTROL HEAD

The control head of drip irrigation system 1nc1udes the followmg compo-
nents:

118



e PUMP

Pump oroverhead tank is required to provide sufficient pressure in the system.
-Centrifugal pumps are generally used for low-pressure drip <ystems. Horse
Power of the pump depends on the area to be irrigated. Pumps are generally
. recommended for larger areas under drip irrigation, undulating topography,
closely spaced crops or where water requirement is comparatively high.

Instead of connecting direct to the pump, an overhead tank having a height
of about 3 meters can also be used - >ially for ..::uall areas. In addition,
where water is crucial, overhead tank isto be constructed to collect and
“store the water from other sources.

o . Filters

The hazard of blocking or cloggmg necessitates the usqpf filters for efficient

and trouble free operation of the drip system. The filter is an essential part

- of the drip system which minimises/ prevents emitters cloggmg The type
- offiltration needed depends on water quality and on ermtter types. Different
types of filters include:

.(a) Media Filter

(b) Centr1fugal ﬁlters or sand separators/hydro cyclones
(c¢) Screen Filter

(a) Media Filter

Media filter consists of fine gravel and sand of selected sizes placed in a
- pressurised tank. It is required to remove organic matter such as algae mass
and other vegetative material present in the water. The filters are made up
ofa circular tank filled with layers of coarse sand and different sizes of gravel
with a provision of valves for flushing the filter assembly in case of clogging.
The media filters are available in different sizes ranging from 500 to 900
mm diameter with an output of 1 5 to 50 Cum respectively depending upon
the capacity. '

() Centrifugal filters or sand Separators/hydro cyclones

If the irrigation water has sand, hydro-cyclone type filters are required to
remove the sand; it is also known as vortex sand separator. Hydro-cyclone
type filters are produced in various sizes for different discharges and have
been found most suitable for removing particles from water before it enters
the drip irrigation system. Hydro-cyclones must be followed by a screen
filter as a safeguard. The head loss caused by separators may be 4 to 10
. m

(¢) Screen Filter ,

The screen filter is fitted in series with the sand filter in order to further remove
the solid impurities like fine sand, dust, etc. from the water. In general, the
screen filter consists of a single or double perforated cylinders placed in

plastic or metallic containers for removing the impurities. Generally 100 to
200 mesh screens are used in this type of filters. It must be cleaned and
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8.6.2

“ure 7).

inspected periodically for satisfactory operation of any drip system. .

A different type of filter is the volumetric filter, which instead of screen has
concentric grooved rings that are mounted on a longitudinal shaft. When

tightened together, the rings form a cylindrical filtering body.

Automatic cleaning of filters either by electronic or hydraulic devices are
now a days used in drip and micro-sprinkler systems.

N Fertigation Unit

The direct application of fertilizer through drip irrigation has increased the
efficient use of fertilizer along with the saving in labour and money.

* Application of fertilizer into pressurised irrigation system is done by either

a by- pass pressure tank or by ventury pump or by direct injection system.

In by-pass system, closing main system valve, certain quantity, generally
10% flow quantity is allowed to by-pass through fertilizer tank. Then the
by-passed water along with dissolved fertilizer goes into the system.

The ventury tube works on the principle that constriction in the main water
flow pipe causes a pressure differential (vacuum), which is sufficient to suck

-fertilizer solution from an open reservoir into the water flow. The rate of

water flow can be regulated by means of valves. This is simple and inex- -

‘pensive method of fertilizer application, but it has some disadvantages. The - .
pressure loss across ventury valve is high-about one - third of the operating

pressure and precise regulation of flow is very difficult.

In direct injection type pumps of piston type or diaphragm type are also

‘used. These pumps, operated by system pressure only, give fixed quantity
of fertilizer in the water throughout irrigation.

e Pressure regulators

Pressure regulators are generally used to decrease the higher system pres-
sure to the lower required system pressure. It controls pressures in one
way only .¢ highto low. Pressure regulators are required on a large-scale
design, undulating terrain and slopy land, etc. For normal small system,
a simple by pass valve can be used to control pressure in the system.

A pressureregulator is often installed either before or after the main filtration

element (mesh, sand etc.). -
DISTR_IBUTION NETWORK

The‘ distribution network mainly
constitutes main line, sub-main line,
sub-sub main line and laterals (Fig-

‘} Maln Hne . K

L Submain mantfold

Submain » lateval
connections

i Swbmain

e Main Line
Generally rigid PVC and high-den-
sity polyethylene (HDPE) pipes are

Figure 7 Main line, sub main and : L
lateral connection.
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“discharge elements must

.atree are shown in Figure

Most discharge elements

used as main line. Pipes of 65 mm diameter and above with a pressure
rating of 4 to 6 kg/cm?2 are recommended for main pipes. These pipes laid

- underground, offer a long life of more than 20 years.

e Sub main and Manifolds

" -For submain pipes rigid PVC, HDPE or LDPE (low density polyethylene)

are recommended. Pipes having an outer diameter ranging from 32 mm to
75 mm with a pressure rating of 2.5 kg/cm2 are used as sub-mains. These
pipes may be laid above the ground or underground.

e Laterals

Flow tubes are generally small for drip systems and therefore lateral pipes

. are of small diameters. Lateral lines (i.e. those with emitters) are attached

to manifolds. These in turn, act as laterals with large emitters. That is, each
lateral with emitters discharge an equivalent of several single emitter. Sub
mains supply manifolds and mains supply sub mains.

The laterals/drip lines are normally manufactured from LDPE (low density
polyethylene). These pipes are generally laid above the ground. Recently
a linear low-density polyethylene (LLDPE) has been used. The linear low-

density polyethylene gives more protection against ultra violetrays and longer
'life of pipe than LDPE. Generally pipes having 10, 12, 14, 16 and 20 mm
internal diameter with wall thickness varymg from lto3mmareusedin

drip system.
DISCHARGE ELEMENTS

One of the main components of a drip system is the element which dis-
charges water onto the soil surface or below ground. It has the function
of discharging water at the required flow rate at distinct, predetermined points

throughout the field. Flow rates are generally qu1te Tow, often less than 4
-Iph, and system pressures
. areusually in the range of

7 m to 20 m. Thus, the

have small openings. Pos-
sible arrangements around

8.

are called emitters, drip- - : -
pers or tricklers. Water  Figure 8. Possible Arrangement of
may discharge direct on to Drippers around Tree.

' the soil surface orinto the
* soil profile or may be directed first through short tubes 0. 60 mto3.0m

long to points remote from the emitter. These are called multi-exit emitters.
In other drip systems, water is discharged dlrectly onto the soil surface through
the walls of the lateral pipe.
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The selection of an appropriate discharge element (usually called an emltter)
requlres consideration of many factors, such as ;

i)

General suitability

Determine Fow well the emitter fits into the general layout of the
system. Sit.gle point source emitters work well on small trées and
shrubs, but larger trees and shrubs may require additional discharge
and at several points. Perhaps a unit can be selected that will have
asingle discharge point when the trees are young and several discharge
points when the trees are more mature. Usually, one two-outlet

‘emitter is less expensive than two single-outlet emitters. For row

crops line-source emitters, as provided by porous pipe or approxi-
mated by dual wall tubing, might be most approprlate »

‘ Pressure-flow characterlstlcs

The discharge of any emitter-varies with the pressure differential
across the opening. This variation occurs even in the so-called
pressure-compensated emitters. If all emitters are subjected to
approximately same pressure, as mlght be the case when the lateral
line runs down a slight slope, a variation of discharge with pressure
across the opening is not important, In most cases, however this

- -variation s important and must be con31dered inthe designofthe

system. » .
Manufacturing variability

It is physically impossible to fabricate two of anything exactly alike. -
This is even true of cast or extruded parts, such as those uséd in
drip systems. Foreign matter can contaminate the raw materials;
temperatures and humidity may change during the fabrication pro-
cess; as parts are made, the fabrication machinery wears and changes
in size; etc. All these factor's can and do affect the final product.
Solomon (1979) has studied this and defines the manufacturing
coefficient of variation as the coefficient of variation of discharge
of several similar emitters, chosen at random, operating at the same
pressure. He found that this coefficient of variation ranges from 0.02
to 0.35 depending on emitter model. He concluded that variability

-in discharge due to manufacturing is equally as 51gn1ﬁcant as that

due to pressure.
Sensitivity to temperature

There are two effects caused by system temperature changes. System-
elements when heated or cooled change dimension and this can cause
orifice opening, flow passages, etc. to be altered with consequent
changes in flow characteristics. In addition, when the irrigation fluid

‘ changes temperature, its viscosity also changes. This too will change

flow characteristics. This effect is present whether the emitter is
pressure compensating or not. '
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Resistance to clogging .

Modern drip irrigation systems are usually provided with filtration
systems designed to remove all particles large enough to cause closure
of emitter openings. Unfortunately, contaminants still manage to enter
the system and because the emitter is the ultimate filter, it may cause
clogging. Some emitters are provided with an automatic flushing .
feature based on the pressure differential across the opening. This
differential deforms the orifice and allows lodged particles to pass. -
In another type, the orifice openings are large at low pressures
allowing a large flow which flushes out particles which might be
present. These so-called flushing-emitters clean twice during each -
irrigation once when pressures build up as the water is turned on
and again as pressures drop when the water is turned off. Less

- sophisticated elements have manually operated flushing features.

Because of the labour involved and the number of emitters in a field
(often over a 2500 per ha) these flushers may be used only at the

~ startup of irrigation at the beginning of the season.

Cost

‘When emitters are evaluated on the basis of cost, one must consider
not only the initial cost but also the installation, operating, mainte-
nance and replacement costs. Those, which are highly sensitive to
clogging, will need a relatively more sophisticated filtering system
if they are to operate trouble free. Those discharging at high pres-
sures will require increased pumping costs to raise pressures suf-
ficiently. An emitter with a low manufacturing coefficient of variation
will allow a high overall uniformity of distribution of water overthe
field. Thus, the water use will be less, with consequent savings. -

Risk
The installation of a drip irrigation system costing from Rs. 10,000.00

to Rs. 25,000.00 per ha involves arisk, no matter how well designed
and installed it is. The heart of this system is the emitter and involves

a large portion of the initial cost. If emitters are provided by a repu-

table manufacturer who has a reputation for standing by its product,

- then essentially the manufacturer is accepting some of the risk of

the investment in the system. This should be a consideration in emitter
selection specially when the area irrigated is large.

Orifice Emitters/Drippers

Dripper function as energy dissipaters, reduces the inlet pressure head (0.5
to 1.5 atmosphere) to zero atmosphere at the outlet, Small orifice openings
(Figure 9 and Figure 10) have been used as emitters. However, they must
be very small and as such are prone to clogging by particles in the water.
~ For anormal discharge, a pressure differential of 2 atmosphere (20 m) and
cross section of 0.025 mm diameter will be required. Clearly the water used
in such a system must be filtered to remove all particles of this diameter
orlarger. If bridging is likely to occur, even smaller particles must be removed.

123




(2)

(b)

However, if pressures are reduced, larger orifice diameters may be used.

" Small diameter tubes have also been used as emitters. They depend pri-

marily on viscous resistance to dissipate the energy in the lateral.

- Watsr Entry

Orifice

‘ o Orifice Water
, , Entry
Vortex Chambaer

Inline dri[ipers

' Figure 9. Orifice emitter. Figure 10. Orifice vortex emitter.

" The inlirvle'drippe'rs are fixed along with the linei.e. the pipe is cut and dripper
- is fixed in between the cut ends, such that it makes continuous row after

fixing the dripper. The inline drippers have generally a simple thread type
or labyrinth type flow path. With the labyrinth type flow path, it is possible
to have larger cross section area and turbulent flow of water to prevent

clogging of dripper. The inline drippers are available with discharge of 2, |

3, 4, 8 litres/hr at 1 atmospheric pressure. These drippers can be fixed in

10 to 13 mm internal diameter pipes.
Online Drippers ' |

On line drippers (Figure 11) are
fixed on the lateral by punching
suitable size holes in the pipe.
These drippers can be classified
into simple or non-pressure com-
. pensating type and pressure com- -

pensating type. -

() Simple type
In simple type-dripper,
. the discharge of dripper

is directly proportional

“to the pressure. These

drippers have either a
simple thread type,

- Labyrinthype type, zig-

zag path, vortex type
flow path or have float
type arrangement, to

Figure 12. Disc inside the dripper.

. dissipate energy. Generally these types of drippefs have discharge of 2, 3,
4, 8, 16 lit/hr relating to 1 atmospheric pressure. Some types of on-line
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. drippetsare provided withahigh

\
vdrippets have multiple openings 2,3 or4 which can be used for spot irrigation.

!
!

_ Labyrinth Emitters are made of moulded plastic, which directs the water
through a tortuous path, thus causing head loss. These are often designed
to be either automatically or manually flushed, thus allowmg them tobe easﬂy

cleaned when clogged.

(i) Turbo-key drippers

These are made from virgin and stabilized polymers and are available in
2,4 and 8 lit/hr discharge. It is blockage resistant and partially pressure

_compensating one (Figure 12).

(iii) Pressure compensating drippers

This type of dripper gives fairly
uniform discharge at pressure
varying from 0.3 to 3.5 atmo-

sphere. Generally the drippers | Elasiomer

" give 2,3,4, 8 lit/hr. discharge at’
* varying pressure. This type of

quality rubber diaphragm to con-
trol pressure (Figure 13). The.
pressure compensating type drip-
pers are most suitable on slopes -
and difficult topographic terrain.

Manugl Fluy
~ Possible .

Figure 13. Pressure compensating emitter.

h B&tbi for Maklm:j : E

= | Lateral Connections Long

‘Flow Pathy

Plug Into
Lateral

Figure 14. Micro tube emitter.  Figure 15. Long path emitter.

' (iv) Built-in dripper tube
In this system, polyethylene drippers
are inseparably welded to the inside of

the tube during extrusion of polyeth-

ylene pipes. The drippers are provided

with independent pressure compensat-

Figure 16. Built in drippers.
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- 8.6.4

-8.6.5

X Al these components
are¢ available in

 submain.

. Figure 18. Various

ing water discharge mechanism and exfremely Wide water passage to prevent
clogging. These types of drip lines are available with 0.6, 0.75 and 1.0 m

~ spacing with a capacity to 2 to 3.5 Iph discharge at 0.5 to 4 atm pressure.
- (v) Laser beam/Perforated polyethylene pipe drip line

In this sys,tern instead of

~ dripper ahole is drilled lon- - - Turbulent Flow Path
gitudinally at 5°C to horizon- _ I‘“{’ts :
tal linebyalaserbeam. Drip | (1 - 7= )
- lines are available in diam- - i —— '
eter of 12,16,20 mm with ' _ : Of“““
standard nominal discharge . D rlp_Tape - Cut View
rate of 4 and 6 lit/hr-at  Figure 17. Drip line system.
working pressure of 1 atmo- . E
sphere

' CONTROL VALVES

All systems must have a method of shutting off water entry to the system.
For hand-operated systems this can be a simple gate valve. For automated

- systems, which apply water ata predetermmed schedule solenoid operated

time controlled valves are used.

All systems must have a method of shutting 'off water entry to the system.

- For hand-operated systems this can be a simple gate valve. For automated

systems; which apply water at a predetermined schedule, solenoid operated
time controlled valves are used. - :

OTHER ACCESSORIES

"The other accessories

Main
Line

Nipple

(Figure 18)includetake Z
out/ starter, rubber - &_
grommet, end plug, :
joints, tees, elbows,

reducers, clamps, air
valves, manifolds, etc.

Vaive

Presaure Regulator

4,10,12,16 and 20 mm
sizes. The take outs are
used for taking out lat-
erals/drip hnes from

" Y Filter

bushing
Pressure Gage

_bushing

-~ Vacuum Breaker

/ maie insert

accessorles used in drip 1rr1gatlon system
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8.7

COMPUTER BASED SYSTEM

A Computer based system (Figure 19),consists of three main units.

Q@ A master control unit (MCU), which may be located kilometres away from

the field. It has a computer and issues instructions to the field units for operation
of valve, pump, fertilizer injection, etc.

0  The field units, which receive the instruction of MCU, transmit mformatlon from
the field to MCU for processmg

0  The communication link, an underground electrical cable, carries the instruction

to the field unit-and feed back information to the MCU and also supplies if
necessary, power to the field units. '

~ Alarge computerised system can control hundreds of valves and irrigated an extensive

area.
- wumg: - -
TATH —— — .
e - T A — o~ . teT)
- - "™ 3 (rv
AVTOMATIG |, T e T T R = (8V)(PR)
I\\contnon.g,ff_,__— —_——— . ~ </ tem
’-_‘__ ___......_~\ o -~ - ) —~ .
- «‘\\t ~ B ~/ PLANT WATER BTRESS SENSO|
7 / : W SIIJIN \\\ agu.
-/ \‘ ~ \\~ o MOISTURE
/ GHEMICAL \ ~ '~ SENSOR
= INJECTOR ; \ RN ~
ey \ N (PN MAIN ~ *n
: . —) LINE (FV)
PUMP = ——t =
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4 PREGSURE TRANSDUGER (PTY e
WATER PRESSURE REGULATOR OR'
SUPPLY FLOW GONTROL VALVE (PR)

Figure 19. . Computer Based drip ifrigation system.

8.8

SUMMARY

Drip irrigationisa technique by which water and fertlllzer canbe placed directly near
the root zone of the plants A large variety of crops are being grown with drip system.

" However, the system is generally most successful for high-income crops because of
the relatively high first cost of most installations. Drip irrigation system is gaining wide -

acceptance in various parts of the world including India due to several advantages.
Drip irrigation is the discharge of low flow of water from small diameter orifices
connected to or a part of distribution tubing's situated on or immediately below the
soil surface. The components of drip system can be grouped into three principal

categories i.e. control head, water distribution network and discharge elements.
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SELF-ASSESSMENT. TEST

8.9
e Explain drip irrigation system.
‘@ What are the advantages of drip irrigation system?
e  Whatarethe limitations of drip irrigation system?‘
e  Which crops can be grown with drip irrigation system?
e What are the main components of the drip irrigation system?
8.10 KEY WORDS _
° Drip Irrigafion System : is a technique by which water and"fertilizer canbe
placed directly near the root zone of the plants.
e Biwall Irngaﬁon : is extruded dual chamber rmcro-lrrlgatlon tubing, marru-
factured from a Linear Low Densrty Polythylene (LLDPE).
° Drlpper functions as energy dissipaters, reducmg the inlet pressure head tp
, zero atmospheres at the outlet.
810 SUGGESTED READINGS

e  Firake, N, N 1998. Drip irrigation: Components, Layout and Design. Short
Course on Pressurised Imgatlon Systems. M.P.K.V. Rahuri (Maharashtra).

e 'INCID 1994, Drip Irrigation in India. Indian National Committee on Imgatron

and Drainage, New Delhi.

e  Irrigation Management and Training Programme, 1989. Irrigation methods,
Training Module for Middle Level Officers, Technical Report No. 21-C.
WAPCOS New Delhi. A

e  Shinde, B.N. Drip Irrigation, Introductlon Importance Advantages Lmntatlons
Prospects, Components. M.P. K V. Rahuri. '

EX X
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UNIT-9

ECONOMICS OF PRESSURISED IRRIGATION

91

9.2.

STRUCTURE
9.0 | Objectives
E Introductlon
92 : | '.Pféseht Méthods
93 Advanced Methods
94 B " Econonucs of Pressunsed Imgatlon Methods .
9.5 o Companson of Pressurised Imgatlon Methods w1th Trad1t10nal Lift Irngatlon Method
96 . .- Self- Assessment Test '
97 '-Kde,y Words
98 Sﬁggested Réadiﬁgs
9.0 OBJECTIVES
- After going through this unit s1;udents will be able to appreciate :
e Theadvantages of using preSsdfised irrigation methdds.
@ What are the methods and advanced method of pressurised irrigation ?
® Whatis the‘economics of pressurised irrigation ?
e Comparison of pressurised irrigation. -
9.1 INTRODUCTION
Irrigation is an ancient art, as old as civilization but for the modern world, itis a science
- the science for survival. The pressure of survival and the need for additional food
- "are necessitating a rapid expansion of Irrigation in Indla but in many parts water is
becoming a scarce commodity.
Although, many changes had taken place in other spheres, there has not been much
change in the field of irrigation and the age-old methods are bejng followed even now.
PRESENT METHODS

The dominant method of irrigation practised from time to time consists of divert-

ing a stream from the head of a field into furrows or borders and allowing it to . - |

flow down the grade by gravity. No basic change has taken place in these sur- -
face or gravity irrigation methods over the years, though certain refinements or
some degree of sophistication did take place. Under the gravity system, water
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infiltrates the soil while traversing the furrow, border or basin. * By subsequent
ponding and lateral movement of the water, the soil profile is filled to its water
holding capacity to a depth which’ depends inter-alia on the quantity applied, the
duration and rate of stream flow, the gradient, the soil structure and texture. The
~ overall conveyance and application efficiency of irrigation water is the relation-
ship between the quantity of water that has actually wetted the root zone of the
crop besides deep percolation and the quantity of water released from the source.

Generally, under open ditch conveyance and surface irrigation methods less than
one half of the water-released reaches the plants. The plants actually use only
about 50% of the water delivered. In projects, which may be assumed to be
planned, designed and operated properly, the efficiency ranges from 30-50%.
These low, efficiencies may be, partly due to conveyance losses resulting from
~ seepage, evaporation and non-beneficial use of phreatophytes. The losses are also
partly the result of poor farm distribution of water due to inadequate land prepa-
ration, and lack of farmer know-how in the application of water, with consequent
excess applications and deep percolation. Moreover, in addition to thiese low
efficiencies, erosion, salination and waterlogging take their toll of land productiv-
ity and water quality, degrading these two basic natural resources. Higher effi-
ciencies in gravity irrigation can be obtained under certain conditions, like research
stations and projects managed and operated by highly-skilled and trained per-
sonnel. These skills include the planning and execution of land-forming opera-
tions including levelling and shaping, the introduction of advanced techniques in

~ the determination of irrigation frequencies, quantities, stream size and duration of

irrigation, the installation of water measurement and regulation systems, lining of
canals, the adaptation of surface irrigation delivery to suit the crop water require-
ments and providing proper drainage system for the removal of excess water.

To sum up, the gravity/surface irrigation has the followmg dlsadvantages compared
to modern irrigation methods:

®  More water is needed per unit area, and appl1cat10n of small doses of water
is almost 1mp0551b1e

@  Theabsence of proper drainage arrangements would result in accumulation of
excess water thereby causing waterlogging and salinity.

e  Continuous care and vigilance are needed for proper water applications and
- adjustment of the head of water.

® Cumbersome & t1me-consum1ng surveying, levelhng and land shapmg cause
temporary reduction in s011 fertility.

® The crop root zone is subject to frequent alternate Wettlng & drying.
The advantages inusing grav1ty 1rr1gat10n are:-

- Much lower initial Capital cost is required to serve an irrigated area and also .
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there are nominal operation and maintenance costs as no energy charges are
involved like drip and sprinkler. This fact is highly attractive to world bodies
for providing financial support to such projects.

9.3

ADVANCED METHODS

/ ¢

om0

The advanced methods of irrigation, which are otherwise known as sprinkler, and
drip which represent the broad class of pressurised irrigation methods, in which water
is carried through the network of pipes from the source to the point of utilization.
These methods can be introduced for all types of crops depending upon the soil,
slope, water source, farmers' capacity, etc. These methods of irrigations are replacing
the surface/gravity methods of irrigation in all the developed countries due to higher
water use efficiency, adaptability to hilly areas, possibility of application of soluble
fertilizers along with ease in frequent application of itrigation water at short irrigation

Jntervals maintaining favourable soil moisture conditions in the root zone.

The merits of pressurised 1rr1gat10n systems are:-

Alllosses such as conveyance, deep percolatlon and runoffare almost avoided. |

IS

Light and higher frequency of irrigation is possible.
Low stream size can be efficiently used.
* Fertigation-and chemigation is possible.
Higher imgation efficiencies are possible.
- Land grading and levelling are not required.

Higher uniform application of irrigation water is possible.

i. . Waterisalsocontrolled and only the required quantity of water is given to eachiﬂ

~ plant based on the evapo-transpiration requirements (Figure 1).

j- Yields of the crops are better in addition to the savmg of water w1th these methods,

The reasons attributed for increased yields are:

- Water is applied once in 3-6 days period in sprinkler irrigdtion, which in turn
reduces the moisture stress to some extent. Further, the water application being
controlled, only the needed water can be regulated in this system.

- Water is applied daily in dr1p irrigation and hence the growth is uniform. As_
- there is no water/moisture stress, the crop growth is not affected at all.

93.1 'SprmklerIrrlgatlon B

The sprinkler irrigation is replacmg the surface/gravity irrigation methods in
-all developed countries due to higher water use and application efficiency,
less labour problems, adaptability to hilly terrain, ability to avoid frost attack,
possibility of applying fertilizer in solution. In this method (Figure 2), water
is carried through a network of pipes under medium or high pressures and
sprayed like light rain/drizzle. Irrigation is given under controlled conditions
and hence it is possible to give the required quantity at the required time.
The saving of water is 30 to 50% and hence by introducing this method
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for closely spaced crops (high value crops) more than 50% additional area

FIELD CAPACITY
(1/3atm.)

can be brought under irrigation besides increased yields.
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Figure 1: Moisture availability for crops in different irrigation methods.

-Drip Irrigaﬁon ,

" This method is very well suited for wide spaced high value crops The

required quantity of water is provided to each plant daily at the root zone
through a network of piping system (Figure 3). Hence, there isno loss of -
water either in the conveyance or in the distribution. Evaporation loss from
the soil surface is also very little since water is given only to the root zone
and crop canopy provides shade to prevent evaporation. This new Agro-

~ Technology can be adopted for undulating terrain having shallow and porous .

soﬂs and in water scarcity areas. Saline/brackish water can also be used

Y
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4 END PLUG

PRESSURE GAUGE

DIESEL ENGINE MOUNTED

.MAIN LINE ON TROLLEY

TEE COUPLING
GATE VALVE

BENADv —/ ‘

Figure 2: Layout of Sprmkler |
Irrigation System.

132

CENTRIFUGAL PUMP
«a——— SUCTION PIPE



to some extent for crop cultivation since it is watered daily in this method,
and the salt is pushed to the periphery of the moisture zone i.e. away from
the root zone of the crop. Research studies have indicated that the water
saving is about 40-70 % and the yield is increased by 10 -100% for various
crops, if the drip method is used. a

2 g

(-

. POROUSPIPE

MULTI-OUTLET 3
IBUTORS

SUBMAIN

-~

NUTRIENT TANK

GATEVALVE | FILTER, p

CNECK VALVE - X LATERAL Em:va:s |
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AL ‘_____-—-"‘l PRESSURE -
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erg ] emm—_(W .
==Y ‘\'/ COl
: e - s -
. . MAIN LINE
FROM PUMP OR )
* PRESSURE SUPPLY

PRESSURE REGULATOR

Figure 3: Layout of Drip Irrigation System.
9.3.3 Micro Sprinkler and Micro Sprayer

This is a combination of sprinkler and drip irrigation. Water is sprinkled
or sprayed around the root zone of the trees with a small sprinkler (Figure
4) which works under low pressure. This unit is fixed in a network of tubing
but can be shifted from place to place around the area. Water is given
only to the root zone area as in the case of drip itrigation but not to the

_ entire ground surface as done in case of sprinkler irrigation method. This
method is very much suited for tree/orchard crops.

Figure 4: -
Micro Sprinkler




9.3.4. . Bubbler Method of Irrigation

In this method network of pipe is laid in the field (Figure 5) particularly
for orchards to replace the basin method of irrigation to minimize the wetting

‘time. Low stream size at low pressure is used. As the water is released,
entrapped air comes out in the form of bubblers and therefore the system
is known as bubbler method of irrigation. The application rate is around
150-250 Iph per bubbler.

Flgure 5: Bubbler Irrlgatlon

9.4

' ECONOMICS OF PRESSURISED IRRIGATION METHODS

- Cost of pressure 1rr1gat10n depends to a large extent on the type of crop, its spacing
- water requirements, proximity to water source etc. The tables given below do give

some idea about economy affected materially & cost wise, besides improving quality
of crop produced. These are based upon some data collected all over the country

- for dlfferent Crops.

Table-1: Savingin power, labour and annual cost of mamtenance (value .

per acre per year) as compared to conventlonal method of irri-
gatlon (Padhye, 1990) - : . _

jon. | Sprinkler |rrigation
SNo.| . 8 ics | Metallic | Plastics
T Power (KWH) 8 | 10 |
2 [Water (%) 195 | 23
5 [Labour (%) 3
4 ;,Annual Malntenanoeas%ef 5 2
oost of system
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 Table - 2 : Saving of water and.increase in yield in Drip Irrigation as .
" compared to Surface Irrigation (CWC, 1991 in INCID, 94)

5.00[

S.No.| Crop . % Saving of % Increase in yield
- ' ~ water o
1 |Cotton - B53.0 27.00
2 |Ladyfinger 39.5 16.10| -
3 |Tomato 27.0|. 5.00
4 |Brinjal 55.8 17.50
- 5 -|Gourd 52.1 V/ 13.50
6 |Ridgegourd 58.9 17.00]
7 |Sugarcane 59.8
8 |Cabbage T 595 23.40

Table-3: Percentage increase in yield using sprinkler and drip ir-
~ rigation as compared to surface irrigation (Padhye, 1990)

| S.No. Crop - Sprinkler Drip
-1 |Coconut | 14 ' 29
2 |Coffee 17 39
3 |Sugarcane 1 20
4 |Vegetables "9-30 2-80
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“Table-4 :  Results of drip versus traditional (flow ) irrigation system on
2 ~ various crops in India (INCID, 1994)

‘Water Ihcrease Water requirement Crop yield (MTIha)
(mm/ha) .
-| saving| in Crop | Traditional | Drip. Traditional| Drip
% yield % | [Irrigation I,rrigationv Irrigation |lrrigation
Research ) CropA ‘ ’ -System‘ System Systém System
Institute o .
MPAU, Rahuri Sugarcane. | 30 20 2310 1620 122 146
~[TNAU, Coimbatore [Sugarcane | 47 29 7 1360 921 95 19
MPAU, Rahuri Cotton l 43 40 895 511 2.25 3.14
TNAU, Goimbatore|Cofton” 66 25 856 02| 2% 3.26
TNAU, Combatore|Cotton 78| 25 700 150 26| 325
TNAU, Coimbatore |Tomato " 79 43 493 107 6.18 8.87| '
MPAvU, Rahuri Tomato 30 5 297 208" . 1.64} 1.72
TNAU, Coimbatore [Ladyfinger 84 o 13 535 . 86| 10 11.31
- {MPAY, Rahuri Ladyfinger 4 7 2189 1133 189  20.33
MPAU, Rahuri Brinjél T 47| NI 900 426 28| - 28
MPAU, Rahuri - {Chilli - 62 - 44 1097 417 | 423 -6.09(
“ ITNAU, Coimbatore|Radish ' 7 13 464 108| . 1.05 i.19
* [TNAU, Coimbatore (Beet , 80 56 857 177 - 0.57 0.89
TNAU, Coimbatore [Sweet | - 60[ - 40| = 631 —%852| 4.24 5.89
I Potato , : ‘
HAU, Hissar ~ |Potato -~ NI 48] - 200{ 200 - 23.57 34.42
HAU, Hissar Onibn Nil 3 7 - 602 602 9.3|. 12.2
CAZRI, Jodhpur Watermelon | Ni|__ 179| go0| 800 2047|  88.23
TNAU, Coimbatore |Banana 7 - 2430 580  NA NA
TNAU, Coimbatore [Papaya 68 77| ' 2285 734 13 23
Jyoti Itd. Vadodara |Lemon 81 35 42| 8 1.88 2.52'
Jyofi ltd. Vadodara Groundnut 40 66 500 300]’ BEEZEE 2841
TNAU, Coimbatore Grape§ ’ 48 89 532 278 - -
TNAU, Coimbatore |Coconut 65 12 - . - -
CAZRI.Jodhbur Bottlegourd 12 47 840 . 740 38.01 55.79
CAZRI, Jodhpur = |Ashgourd 12 12 846 - 740 ' 10.84 12.03
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‘Table 5:  Relative Performance of C'rops.with ASprinkler Irrigation in
' Comparison with that of Traditiongl Irrigation Methods

S. Crops Location Yield (g/ha) - Irrigation Water Water use Advantage of
No. , . ) (cm) Efficiency (g/ha- Sprinkler
: - cm)
Sur. Spr. Sur. Spr. Sur. Spr. - | Saving | Increase
rrgn. | lrrgn. o | lregn, Irrgn. Irrgn. lrrgn. | of Water Yield
' ) - (%) (%)
1. Wheat Rahuri 32.41 3639 |3500 12025 |0.93 1.79 4214 12,28
Udaipur | 26.61 33.02 | 33.02 1452 | 0.81 2.27 56.03 24.09
Hissar 44,80 - | 48.70 .| .33.94 3268 . | 1.32 1.49 3.89 1870
2, Bajra ‘ Rahuri | 6.97 833 | 17.78 7.82° 0.39 1.07 56.02 19.51
3. Jowar Rajufi 4.92 6.62 25.40 1127 | 049 '0.59 - | 55.63 34.55
1. | G.Nut ‘| Rahuri 23.24 |28.98 | 90.00 62,00 (026 |047 31.11 24.69.
(Summer) Junagarh | 13.00 | 16.00 |91.00 65.00 014 | 025 28.57 23.08
' | Dharwad | 33.96 | 39.86 | 76.30 6360 | 045 0.63. 16.64 17.37
Punjab -6.50 11.90 | 68.60 5020 | 0.08 0.24 26.82 116.38
Navasari 31.00 | 30.00 |-56.00 4400 | 0.55 0.68 2143 -3.22
. . A 18.31 2215 - 21.00 14.00 | 0.87 1.58 33.33 20.97
(Kharif) Rahuri . ’
5.: | Cotton Navsari 6.99 7.04 | 4064 2065 017 | 0.24 27.04 0.71
Punjab 10,00 | 15.00 (.91.10 58.60 | 0.12 0.26 35.68 50.00
3.© | Barely Bikaner 24.09 | 28.15 17.78 7.82 1.35 3.59 56.01 16,85
Hissar 3510 |34.80 (2387 |21.88 1.47 1.59 8.34 -0.85

7. Gram Hissar. 655 9.91 17.78 7.82 037 1.27 56.02 51.29

3. |CilSeeds | NCPA |833 9.34 60.00 30.00 | 0.14 0.31 | 50.00 12.12

). . | Garlic Rahuri | 69.99 | 73.99- | 84.00 60.00- | 0.83 1.23 28.57 5.71

10. | Chilies Pune 1741 [ 2152 | 36.00 24.00 | o048 0.89 33.33 23.61
(Kharif) Rahuri . | 17.15 | 20,91 = | 39.00 26.00 | 044 0.80 33.33 21.92
11. | Sunflower | Rahuri 16.02 [ 19.19 | 3c.00 20.00 -| 0534 |0.96 33.33 19.79
(Rabi) ] -
12. | Sugarcane | Rahuri 79210 | 866.30 | 245.00 | 188.00 | 3.23 461 - | 23.26 9.37
' : Dharwad | 55.70 [ 48.00 | 51.40 43.50 | 1.08 1.10 15.36 -13.82
13. | Sorghum. - | Rahuri 4412 | 5497 [18.00 12.00 | 245 4.58 33.33 24.59
(Kharif) ' ) ] :
14. | Onion - Rahuri 334.90 | 412.70 | 78.00 5200 (429 [7.94 33.33 23.23
(Summer) . : s , . .
5. | Maize Udaipur 15.62 18.10 12.80 9.00 122 ° | 2,01 29.69 15.88
| (Kharif) :

(Source: INCID, 1998).

137



9.5

COMPARISION OF PRESSURISED IRRIGATION

- METHOD WITH TRADITIONAL LIFT IRRIGATION
'METHOD

S.

No.

- Drip Irrigation

Sprinkler Irrigation

Traditional Lift Irrigation

1.

Less water is required,
eg. to irrigate one acre
coconut at 30' x 30'
spacing 1920 lit. of

| water is required

More water is required,
eg. to irrigate one acre
coconut at 30" x 30'
spacing 125000 lit. of
water is require.

More water is required, eg. to |
irrigate one acre of coconut at
30" x 30' spacing 225000 lit. of

 water is require

Salt water can be used
under drip irrigation
upto 3000 ppm.

Salt water  can not be:

used under sprinkler ir-
rigation, as a layer of

| salt particles deposited

on the leaves will
scorch the leaf and

| may kill the plant.

Salt water can not be used
under flood irrigation as mois-
ture in the root zone becomes
less & less till the next irriga-
tion by evaporation & transpi-
ration, salt concentration will
become more, due to this it will
scorch the roots.

More rsuitable for
widely spaced hortlcul-
tural crops.

More suitable for
closely spaced general
agricultural crops.

Suitable for all sorts of crops,

widely spaced horticultural

crops as well as closely spaced
general agricultural crops.

Low pressure system:
To irrigate 4 ha area 1

HP pump set is re-:
| quired. Approximate
-0.25 HP per ha is more
| than sufficient.

High pressure
system:To irrigate 4 ha
area 15 HP pump set
is required i.e. about 4
HP per ha is required.

Medium pressure system: To
irrigate 4 ha area 10 HP pump
set is required i.e. more than
2.5 HP per ha. -

| There.is almost no

evaporation.

There are about 20 to
30% evaporation
losses.

-There are ﬁearly 15 to 20% |

evaporation losses.

Only necessary areas
around trees and
bushes are irrigated.

As there is no control
over the application of
water sometimes even
unwanted area is irri-
gated.

Even unwanted areas are ir-
rigated.

Less Labour : Only for
10 minute per day to

‘open and close the gate

valve. One labour can
irrigate even upto 40 ha
area.

More labour is required
to lay and relay the
pipeline in muddy and
slushy soil for sprinkler
irrigation.

More labour is required per day
to guide water in the earthen
channels. Farmer has to walk
a lot and he has to go to every
part of field for guiding the
water in it.

Can be operated even
during night hours.

Can be operated dur-
ing night time with
some care.

Water can not be applied in
darkness accurately.

Very little. weed
growth is reported that
too in limited areas
around the trees.

More weed growth is
reported as entire area
(unwanted areas) also
gets wetted. -

Weed growth is.reported in
most of the area as the un-
wanted areas also gets irri-
gated.
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S. | Drip Irrigation Sprinkler Irrigation | Traditional Lift Irrigation

10. | Insecticides, fungicides | Insecticides, fungicides | Insecticides and fungicides can
and other soluble ingre- | and other soluble ingre- | not be applied with water|
dients can be applied | dients can be applied | during irrigation.
with water during ir- | with water during irri- o

.| rigation. gation. '

11. | Free from any sort of | In saline water, areas | No corrosion.
corrosion. under irrigation pipes |

, ' . gets corroded faster.

12. | As water is applied on | As water is applied on | As water is applied once in 7
daily basis amount of | cycle basis say once | to 10 days the amount of
water in the root zone | in 3 ‘to 6 days the | moisture will never be constant
remains - constant | amount of moisture is | and it will be decrease day by
throughout the life of | never constant & de- day till next irrigation. Due to
the plant. Due to this | creases day by day till | this maturity will be delayed and
plant’ growth is uni- | the nextirrigation. Due | yield will be reduced.
form, maturity is en- | to this plant growth is - '
hanced any yield is | nonuniform, maturity
more. is delayed and yield is |

‘ less as compared to
_ drip system. v -
13. | Soil moisture is always | It is economically im- | It is practically impossible to
| maintained at field practical to maintain | maintain uniform moisture in
capacity. ' the soil moisture at field | the root zone.
o : " |- capacity. . : _
14.1 Annual electricity | Annual electricity | Annual electricity charges are
' charges are less. . | charge are very high. | higher than drip irrigation but
. ' lesser than sprinkler irrigation.
15.] Even under heavy | Under heavy wind | Wind has no effect .
| wind  water can be | water cannot be ap-|. . -
applied without any | plied uniformly as most
losses. - | of the water is carried
& sprinkled in different
places also other than
, | the areato be irrigated. .

16. | Even during flowering | Sprinkler irrigation | No effect on pollination.
state, water. can be | washes away the pol-
applied. len grains of the flow- |

ers & yield will be
reduced to some ex-
' tent. ’

17.| No leafy fungal dis- | Many leafy fungal dis- | No leafy diseases are reported. |
eases are reported as | eases are reported as
water is not applied on | water is sprayed on the
leaves. ] leaves .

18. | Harvesting of crop can | Harvesting is very dif- | Harvesting is difficult under _
be done even during | ficult in wet, muddy, | flood irrigated soils as the
irrigation. slushy condition during | labourer finds it very difficult

' irrigation. to walk in muddy soil.
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S. ‘Drip Irrigation ‘Sprinkler Irrigation Traditional Lift Irrigation
No. : _

19. | Land levelling is not | Land levelling is no_t' Land levelling is a must in flood |
necessary. - . . | necessary. irrigation.

SELF-ASSESSMENT TEST

9.6

e  Whatarethe disédvantages of using surface irrigation hi’ethods?
~ What are the advantages of pressurised irrigation methods?
Give brief description of sprihkler irrigation. |
- Givebrief description of drip irrigation.

: . . ‘. /
Describe micro sprinklers.

9.7

' KEY WORDS

Pressurised Irrigation : Irrigation method in which water is carried through the net-
works of pipes from the source to the point of utilization. ' o

Gravity Irﬁgation : Diverting a stream from the head of a field into furrows or borders
and allowing it to flow down the grade by gravity. ' :

Sprinkler Irrigation Method : Trrigation method in which, water is carried thfough
anetwork of pipes under medium or high-pressures and sprayed like light rain/drizzle.

Drip Irrigation Method : The required quar;fity of water is provided to each plant E

daily drop by drop, at the root zone through a network of piping system.

9.8

SUGGESTED READINGS

- INCID, 1994. Drip Irrigation in India. Indian National Committee on Irrigation &

Drainage, New Delhi. A o
INCID, 1998. Sprinkler Irrigation in India. Indian National Committee on Irrigation
& Drainage, New Delhi. - '

Padhye, A.H., 1989. Micro and Sprinkler Irrigation in India. Proceedings Interna-
tional Congress on the use of Plastics in Agriculture, New Delhi.
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UNIT-10

INTRODUCTION OF SOILS AND SOILS

o108

CLASSIFICATION

STRUCTURE

1.0 Objectives

‘10_.1 Introduction

10.2  Soil texture

10.3  Soil structure

10.4 - Density of Soil

10.5- Porosity of Soil

10.6  Soil Consistence

10.7 - Soil Classification - |

Self Assés_srn‘ent'Tésf, R

109 Key Words

10.10 'Suggeéted Readings

10.0 OBJECTIVES

* The basic objective of such a survey is land irrigability classification. This deals with

the evaluation of lands for their suitability to irrigation. The primary objective of this

classification is to assess the capacity of lands to withstand irrigation and to assess

their perpetual productivity per unit of water applied. This is mainly concerned with
- predicting the behavior of soils before putting the land under irrigation. -

10.1

INTRODUCTION

Soil is the product of physical, chemical, biological weathering of rocks under the
~ influence of climate, vegetation and topography. Soil is biologically active and is a
habitat for various micro-organisms. Soil is the natural medium for the growth of plants.
The soil is a complex mechanical system consisting of three phases solid, liquid and
gaseous. The bulk of the solid phase, that occupies approximately fifty percent of

. thetotal volume, consists primarily of the mineral materials and some organic matter.

The rest of the volume which makes up.the pore space or voids is occupied by liquid

- and gaseous phase. The proportion of solid, liquid and air components vary greatly
in different kinds of soils and from place to place and also with depth of the soil.
These components generally ex1st in 1nt1mately mlxed condltlon

10.2

TEXTURE

The texture of the soil is one of the fundamental considerations in soil classification. -
- Texture analysis also indicates the weathering stage to some extent, The textural class
' name is suggestive of many properties that have bearing on its management and
productivity. Sandy soils are open character, possess good drainage and aeration,
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(D _Drainage Character
- (g) Tillage character
() Runoff

@ FErodability

. Fine textured soils are very slowly permeable, drain very slowly, dry up and warmup

- and are usually loose and friable and easy to handle for tillage operatlons Clayey

and silty soils, owing to their large surface possess high adsorptive and retention
capacities for moisture, gases and nutrients. They usually have fine pores, are moderate

- topoorin dramage and aeration and are relatlvely difficult to handle for cultlvatlon '

purposes.

A mechanical analysis reports the percentages of different size groups of particles.
The two most widely used size distribution system are according to U.S. Department
of Agriculture and International Society of Soil Seience. The International system is
commonly followed in India. International system of clas51fy1ng soil d1ferenc1ates is

.. as below,

Sand (2.00 - 0.02 mm) '
Silt (0.02 - 0.002 mm)

" Clay ( < 0.002 mm)

For convenience in detenmmng the textural name of a soil from the mechanlcal analy51s '
an equilateral triangle has been adopted. The left angle present 100 percent sand,

- the right angle 100 percent silt, and the top angle 100, percent clay.
" Role of Soil Texture | |

~ Ithas a large influence on

(a) Waterholding capamty

) Ability to supply water to plants
(c) Nutrient holding capacity

(d) Ability to supply nutrients to plants

() Permeability to air, water and roots

slowly, hard to work and high water & nutrient meable holding capactty

~ Medium textured soils are fairly permeable and drain slowly, hold nutrients better than

coarse textured soils but not as well as clay'soils, low in organic matter and hkely
to form crust easﬂy after rain, good water holding capacity.

Coarse textured soils are very permeable drain easily, have low- water holding &
nutrient hiolding capacity, need more fertilizer Organic matter decays rapidly after it
is ploughed down; plant food which'is released leaches out easily, cause trouble in
the use of power machinery due to slippage in the sand.

10.3

ASOIL STRUCTURE

‘The primary particles sand, slit and clay usually occur grouped together in the form

of aggregates The mutual arrangement of these individual soil particles and their

142



aggregates into certain defined patterns is called structure. Natural aggregates are called
pads. Organic material, lime, crop rotation including legumes and grasses hold ag-
gregates together, while excessive cultivation destroys soil structure. :

’ Typ'e of Structure

There are four principal geometric forms of soil structure:
Sphere

Like spherical: Rounded or spherlodal and all axes are approximately of the same
length, with curved and irregular faces they are usually smaller in size. The aggregates
of this group are usually termed as GRANULAR, which are harder, less porous and

‘look like crumb of bread, the team used is CRUMB.

Block like

All three dimensions are about the same size and the peds are cube like with flat
and rounded faces. When the faces are flat and the edges mainly sharp angular, the
structure is named as ANGULAR BLOCKY. When faces and edges are malnly
rounded it is called sub ANGULAR BLOCKY.

_ Prism-like

“The vertical axis is more develeped than ethers, with flattened sides, giving a pillar

like shape. When the top of such a ped is rounded, the structure is termed as
COLUMNAR, and when flat, PRISMATIC.

Plate-like

" The horizontal dimensions are much more developed than the vertical, giving a flat-

tened, compressed, or lens - like appearance to the peds. When the units are thlck _
they are called PLATY, and when thin LAMINAR.

Soil in SINGLE GRAIN, when partlcles not combmed into aggregates. Sandy soils
which are usually found in '¢' horizon.

IMPORTANCE OF SOIL STRUCTURE

Structure is very important in plant growth relationships as it influences the amount
and nature of porosity and regulates the moisture air regime in the soil. Platy structure
normally hinders free drainage. The best structures for favorable phys1cal propertles
of soil are crumby and granular.

Soil structures are mechanically stable and strong but when they absorb moisture and
are wet, they become soft and lose their shape and size. Soils high in water table
aggregates are more permeable to water and air. When stable aggregates are less, '
the soils tend to puddle :

Structure is one of the soil properties which s easily hable to changes under different
management practlces such as ploughing, draining, liming, fertilizing and manuring,

~ Addition of organic matter and its proper decomposition are important for building -

up and maintenance of soil structure. Grasses are most effective is promoting granu-
lation. : -

10.4

DENSITY OF SOIL

Density represents weight per unit volume of a substance. Soil density is expressed
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in two concepts - Bulk density and partlcle density.
(i) Bulk densnty '

The oven dry weight of a unit volume of soil inclusive of pores spaces and -

expressed in grams per cubic centimeter is called bulk density, Bulk density
. of a soil is always smaller than its particle density.

MS (Mass of solid)
BD =
., vt (Total volume) _
The bulk density (g/ cm3) of different soils is:
Sand 1.55 - 1.80
Sandy loam - - .1.40 - 1.70.
Loam | 1.35 - 1.60
Clayloam =~ 130 -1.55
. Silty. clay . 130-150
CClay 25145

Generally soils with low bulk densities have favorable physical conditions, whereas
those with high bulk densities eXhlblt poor physical conditions.

- (i) Particle Density

The weight per unit volume of the solid portion of soil is called particle dens'ity.‘

MS (Mass of solid)

DS =
vt ( Sohd volume)

A generally accepted ﬁgure of particle densny forthe normal soilsin2.65 grams

per cubic centimeter.

With increase in organic matter of the soil, the particle density decreases.

10.5

POROSITY OF SOIL

* Porosity refers to the percentage of soil volume which is occupied by interstitial spaces

or pore spaces

- Percentage pore space =100 - (Bulk density / Part1cle den51ty) X 100

Porosity vaties with the texture of soil, shape of individual partlcles, soil structure,
amount of organic matter and the compactness. In sandy soils, although the pores
are quite large, yet the total pore space is small. In fine textured soil, there is possibility
of more granulation and the total pore space is high because of spaces between individual
particles and within granules. Sandy surface soils show a range from 35 to 50 percent
whereas medium to fine textured soils vary from 40 to 60 percent or even more in

 cases of high organic matter and marked granulation. Pore space also varies with
~ depth; some compact subsoils drop as low as 25 to 30 percent.
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Size of pores

Two types of individual pore space in general occur in soils - macro and micro. The

macropores charactenstlcally allow the ready movement of air and percolating water.
In the micropores air movement is greatly impeded and water movement is restricted
primarily to slow capillary movement. Thus in a sandy soil, in spite of the low total
porosity, the movement of air and water is surprisingly rapid because of the dommance

. of the macro spaces.

' Fine textured soils allow relatively low gas and water movement despite the usually

large amount of total pore space. The dominant micro pores often maintain themselves

* full of water.

Continuous cropping of soils s very high in organic matter. It often resultsina reduction
of macropore spaces. Cultivation and cropping have appreciably reduced the total
pore space. This is accompanied by a proportional rise in the micro pore space.

10.6

SOIL CONSISTENCE

Soil consistence is a term used to describe the physical condition of a soil in various
moisture contents. Soil consistence is considered a combination of soil properties
dependent upon the forces of attraction between soil particles as influenced by soil -
moisture. Cohesion refers to the attraction of substances of like characteristics such

as one water molecule for another. Adhesion is the attraction of unlike materials where
. the substances are more or less firmly attached together by their adjacent surfaces.

The consistence of soils is generally described at three moisture levels: wet, moist

~and dry.

10.7

SOIL CLASSIFICATION

Inview of exorbitant cost involved in making the water available for irrigation, through
the construction of dams and storage reservoirs, it is essential to make most judicious
and efficient use of water restricted to lands where it is most beneficial. Inmany irrigation
projects, the twin problem of water logging and soil salinity has developed due to
inadequate consideration of soil properties in the design of irrigation system. The efficient
application of water and an intelligent land use under irrigation network necessities

- thorough knowledge of soils of the proposed command. For this, the systematlc survey

of the area prior to 1rr1gat10n is catried out.
Objectlves of Soil Survey

The basic objective of sucha survey is land irrigability 'classiﬁcation. This deals with
the evaluation of lands for their suitability to irrigation. The primary objective of this
classification is to assess the capacity of lands to withstand irrigation and to assess

 their perpetual productivity per unit of water applied. This is mainly concerned w1th
- predicting the behav1or of soils before putting the land under irrigation.

Techmque of Sml Survey
For "planning of i 1mgat10n proj ject, the detalled or intensive soﬂ survey is, generally

-carried out. In this type of survey toposheets of survey of the India of the scale 4"
=1 mile (1 :15840) are blown to 8" = 1 mile (1 :7920) and are used as base
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" maps. Square grids at 100m distance are drawn on the map. Auger holesup to a
~ depth of 1.5 m at every grid point of 100m distance or less if necessary these are
examined for colour, depth, texture and salt content. To identify problem more precisely
and accurately, survey may also be done intensively using lower grid of 50 m on the
base map of scale 16" = 1 mile. Land features of the area are observed for slope,
erosion, salinity, and water logging problems. The soils at every grid point are then
placed in the established mapping units. Similar mapping units are grouped on the
map through delineation of soil boundaries. '

The soil profiles are then examined upto the depth of 1.5-2.0m in each group of
mapping units or at an interval of % to 1 km depending upon soil variation.

The soil samples of representative soil profiles, few auger samples and samples of
problematic areas are collected for laboratory analysis. The.depth of ground water
table in the profile pits and auger holes is measured and ground water samples are .
~ coliected for quality determination. : : :

The permeability is also determmed in the field in different layers of soil proﬁles Intake
rates are also measured. :

The soil maps are des1gned to show the distribution of various kmds of soils, separated
by boundaries, using soil-mapping units. These are marked by mapping symbols such
asktcld 5/ Ael, which gives name of soil series - kt for kota, soil type - ¢l for clay

~ loam, Soil depth d5 for very deep soil, slope - A for 0 -1 % and erosion - el
- for shght erosion. .

Indetailed survey, aerial photographs in the scale of 1 : 8000 or 1 : 15000 by following
suitable photo interpretation method greatly enhance the accuracy of final map.

The detailed soil survey map shows well-defined land units separated by boundaries.
Each of the unit represents a segment of the command area and gives precise in-
formation on soil and land characteristics that together and in combination with socio
economic and physical factors indicate the irrigability rating. -

- Therating of lands for irrigatidn is done in two steps. The soils are first groilped into "
 irrigability classes. Then the lands are rated according to their irrigability.

1. Soil Irrigability Classification

It deals with evaluation of soils for théi_r suitability to irrigation on the basis of
quantitative limits of soil properties pertinent to irrigation. The soils of the project
area are grouped into irrigability classes defined in terms of degree of soil
limitations without regard to availability of irrigation water, water quality, land

preparation cost, availability of drainage outfalls and other non-soil related factors.

The criteria of soil irrigability classification are given in table -1. The information
furnished in the modification proposed by Palaskar and Varade (1985) over
the original criteria suggested by Rege et al (1974). A most limiting property
of soil is the decisive property in this classification. A soil may have all properties
~ of most desirable class except one, but on the basis of that one undesirable
property, it is assigned to lower one. There are five soil irrigability classes as
given below: - : :
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Soil Meaning

Jrrigable

Class _
A * None to slight soil limitation for sustained use under irrigation.
B Moderate soil limitations for sustained use under irrigation

C Severe soil limitation for sustained use under irrigation

D Very severe soil limitation for sustained use under irrigation
E Unsultable fori 1rr1gat10n (N one Imgable soil class)

Soil Irngablhty class canalso be determined by calculating aggregate soil irrigability
index as per the procedure explained in table - 2 and interpreted from the
information given in table - 3.

.. LandIrrigability Classification:

The Land u'rlgablhty class or suitability of lands for irri gatlon in the command .
areamay be worked out on the basis of soil i 1rr1gat10n class, topographic features
(land slope), drainage, depth of ground water table from surface and other socio
economic factors as per the criteria in table - 4. Six land 1rr1gab111ty classes are
recognized as given in appendix. B

1. Quantity and quality of water.

(@) Equilibrium salinitylevels.

(b)  Equilibrium exchangeable sodium levels.

(©)  Availability of water to the land in relat1on to water requirement of crops
con51der1ng soil factor with crop factor.

2. Drainage Requirements:
(@ Permeability of substrata and fea51b111ty of prov1d1ng needed drainage.
()  Costof drainage measures.
3. - Economic considerations:
(a) Production cost and yields potential.
(b) Land development cost other factors affectmg benefit- cost ratio.
Land Irrigability Sub-class '

When land are placed in any class lower than class I, the major deﬁc1ency or
limitation in'Soil' or 'Topography’ or 'drainage is suffixed with class number
by letters 'S', 't), or 'd". The lands with more than one major deficiency may
.. beindicated with the relevant letter after the class. For example if the land has
both 'S' and 't' deficiency, this should be indicated by the designation II St.

147



"Technical Feasibility of Project : |
' Like B.C. ratio or internal rate of returns, the technical feasibility of any irrigation
project to be commissioned can be worked out by parameter called "Aggregate
Index" which employs the various Physico, Physico-Chemical properties of soil
of area using irrigability rating map. In case the aggregate index is about 5, the
project is definitely viable but if less than 3, the project should not be com-
missioned in the given area.

Table-1:

Modified Soil Irrigability ratings for different Soil Characterist
({Palaskar and Varade, 1985)

Effective Soil ‘ »90 45 - 80 225-45 {75-228] <7.6 W
Depth (om} . Very deep Deep Medium Shallow shallow
Soil Texture Si, CL. L, |G, 8IC, 8C sL L3 8, Sl
SCL s
Sotl Structure Crumb Angular Piaty Columner Massive
Gronular | blocky Sub- Prismatic Single
angular blocy . grained
Available water > 21 C14-2% 714 2-7 <2
capacity in '

effective profile
depth {om] ‘ : _

Basic infiliration 0.7-3.8 3568 §.5-12.8 0.3-0.7 »12.5
rate [omihr) ‘ ‘

1 Saturated §-2 2.0.5 12,58 25-12.5 > 25 or
Hydraulic : or 0.5- <025
condurtivity 028 '
(omihe)

Salinity:
i, EC, mmhosiem <4 W 812 12-18 »18

i et 2B9C of '
saturstion extract .

H. % area alfected <1 10-25 25-80 T B8L-78 > 78

{visual ' .

observations) : . ' :

Soil Sodicity (ESP) <15 1520 20-30 30-40 ¢ >4

Surface ‘ '

Covers: , o

i. Gravels (0.2 cm <15 16-35 35-5% 80-70 >70

1o 7.5 om dia.} % C

by valume o

it. Rock out-crops > 40 20-40 18-20 5-15 <5

Distribution in

meters .

Erosion Slight. Moderate Medium | Big guliies Ravine
gullies

S @ Silt Loam SiC Sitty Clay

CL : Clay Loam St Sandy Loam .

L. Loam BRE: Loamy Sand

C : Clay S Sand

SC : Sandy Clay Si Silt

ESP 1. Exchangeable Sodium Percentage
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Table 2: Case Study of lrrigability Classes

S

Soil Depth | Morethan| - A | 5 5 BB
Soil Texture - | Clay & B 4 - 5 AxG e
I | Sty clay . :
Soit Structurs Angular . B - 4 3 4xF =
blocky _ :
Avallable water | 200 mm - B 4 8 | 4x5=;

| ineffactive sail .

{ prafile depth : »
Infiltration rate™ | 3emvhr- L0 A T 5 A4 Gdo!
Permeability | temr | B ] 4 4 dxd =
{Hydraulic~ - S : o :
condiictivity) . ; . .

{ Salinity ECe. | A 5 - 3 Bx3 =’

millirohos! L '
- iom , »
Sadicity £8P 10- A § 3 5x3="
PN 14 '
Gravel Nit A § 3 BxB s
{ Total ) o ' 35 158

So Aggregate irrigability index = Foints earmed _ g o 451
: Total Points '
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“Table 3 Criteria for Land lrrigability Classification

A AorB | AwrB Tempor
Class { Aggregam) o ary
: Fiaid
naeds
investig
: " atlon
Land Slope (% - <1 1-3 3-5 5-10 | 10-15
Depth of >3 2-3m 1-2m < -
Groundwater '
table from G.L. -

Example
1. Soil {rrigability Class-A
2. - lLand Siope 1-3%
3. Ground Water Depth ~ 5 m

DEFINITION OF IRRIGABILITY CLASSES APPENDIX
Class 1: o
~ Land that has few limitations for sustained use under irrigation.

Lands of this class are capable of producing sustained and relatively high yiel‘ds ﬂ
- of a wide range of climatically adapted crops at reasonable cost.

There are few-or no limitations of soﬂ topography or drainage. The soﬂs in
this class are nearly level, have deep rooting zones, have favorable permeability,
- texture and available moisture holding capacity, and are easily maintained in good
tilt. Lands with unfavorable soil or topography are not included in this class,
nor are lands where drainage or salinity problems are predicted after introduc-
tionefirrigation due to unfavorable water quality, substrata conditions or lack
of outfalls. ' :

Class 2: v
Lands that have moderate limitations for sustained use under irrigation.

Lands of this class have moderate limitations of soil, topography, or drainage
when used for irrigation. Limitations may include single or in combination the
effects of (1) very gently slopes, (2) less than ideal soil depth, texture, per-
meability or other properties, (3) moderate salinity or alkali when in equilibrium
with the irrigation water (4) somewhat unfavorable topography or drainage
conditions. s

Class 3:

Lands that have severe limitations for sustained-use under irrigation.

Lands of this class have severe limitations of soil, topography or drainage when
used for irrigation. Limitations may include, single or in combination the effects
of (1) gentle slopes, (2) unfavorable soil, depth, texture permeability or other
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soil properties, (3) moderately severe salinity or alkali when in equilibrium with
the irrigation water (4) unfavorable topography or drainage conditions.

Class 4:

" Lands that is marginal for sustained use under irrigation because of very severe

limitations. v

Lands of this class have very severe limitations of soil, topography or drainage
when used for irrigation. Limitations may include single or in combination the
effects of (1) moderately steep slopes, (2) very unfavorable soil depth, texture,
permeability or other soil properties, (3) severe salinity or alkali when in equilibrium
with the irrigation water (4) very unfavorable topography or drainage condi-
tions. - : -

Class 5: ‘

Lands thataretemporaﬁlyclassedasnot suitable for sustained use under irrigation
pending further investigations. o

Lands of this class cannot be classifies at the pre‘sent_ level of investigations,
and are temporarily classed as not suitable for irrigation. If these lands are to

“be given a final classification special investigations will be needed.
- Class 6: ' '

Lands not suitable for sustained use under irrigatidn.

* The lands of this class do not meet the minimum requirements forlandsofother

10.8

Self Assessment Test

1.
5
3.

What is the importance of soil texture?

What is the importance of soil structure?

“What are the types of soil classification?

10.9

'Kéy Words

" Soil classification : the systematic arrangement of soils into groups or categories

on the basis of their characteristics. -

Soil genesis':-'the mode of origin of the soil, with special reference to the processes

or soil forming factors responsible for the development of the solum, or true soil, from

" unconsolidated parent material.

Suggested Réadings

10.10

Nyle C. Brady ' The nature and properties of soils'

XX
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UNIT 11

Soil Propertles and Sml Water Plant Relationship

STRUCTURE
11.0  Objectives
11.1  Introduction - ,
11.2  -Soil as A Medium of PlantGrO\_Mth .
11.3 - Soil Moisture Constants - | :
- 11.3. 1 Maximum water holdmg capacny
11.3.2  Field Capacity
11.33 Permanent Wﬂtmg Point
1134  Hygroscopic Coefficient
114 Soil Moisture Retention -
11.41 - Soil Moisture Characterlstlcs Curves
115 Avallable Water (AW) )
| 1151 Readily Available Water (RAW)
"~ 1152 Factors affectmg the amount of available soil moisture

11.5.2.1 Mmsture tension relations .
11.5.2.2. Readily Available Water (RAW) ! -
11.5.2.3  Soil Depth v ' :
: 11.5.2.4  Soil-Stratification or Layering‘ '
11.6  Types of Soil Water Movement
11.6.1 Saturated flow through soils - percolation
11.6.2 Unsaturated flow from soil water tables
11.6.2.1  Unsaturated Flow as it Most Commonly Occurs in Soil
11.6.2.2  Water Vapour Movement in Soils )
11.7 How Plants are supplied with Water
11.7.1 Rate of Capilla_ry Movement
11.7.2 ~ Rate of root deVel_opment _

-~ 11.8  Moisture Extraction Pattern

11.9  The water Budget method for Irrigation scheduling at Farm level
11.10 Self Assessment Test. | |
11.11 Key words

11.12  Suggested Reading.

11.0 OBJECTIVES

~ To make maximum use of soil water it is desirable to know how it moves into and
through the soil, how it is classified and measured, and what can be done to reduce
losses of water due to percolation and evapotranspiration. The movement and re-
tention of water in the soil is primarily affected by soil characteristics such as texture,
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structure nature and amount of inorganic and organic c01101dal materials and size and

~_total volume of pore space.

11.1

INTRODUCTION

Water is essential for all forms of life. In plant growth, water not only forms a major
part of plant itself but it is also essential to satisfy the evapotranspiration requirements

. of growing plants. Water also act as a solvent and nutrient carrier from soil to the

plant and within plant and also maintains the turgidity of the plant. Irrigation provides
one of the greatest possibilities for increasing agricultural production in India. This

- objective can be achieved by adopting proper scheduling of irrigation based on

knowledge of soﬂs »Crops, climate, water supphes and irrigation system performance

. etc. ’

Among the various factors that contribute to eﬁicient utilisation of irrigation water,
the water management at the farm level has a significant role. At farm level scheduling
can increase productivity of water and net farm income. It can reduce fertilizer cost
by decreasing nutrient leaching. It can reduce or eliminate water logging and salinity
problems. To make the max1mum use of soil water it is desirable to know -

(@ The moisture storlng capacity of soil

- (b) The availability of soil moisture to the plants and

(b) The movement of water into and within the soil.

Each of these factors is related dlrectly or indirectly to the size: and distribution of

- soil pores and physrcal proportlon of soﬂs in relatlon to water.

12

SOIL AS A MEDIUM OF PLANT GROWTH

The soil is the medium from which crops dr: aw water and nutrients. Rain or irrigation
water is not directly used by plant.. It has to be first converted to soil water and
stored in the soil pores before it is utilised by plants. Soil is a three dimensional,
natural and dynamic medium for the growth of plants It has three components solid,

liquid-and gaseous. The solid phase consists of i 1norgan1c and organic component.
Tt exists in the form of particles of vanous sizes, which provide the soil matrix and

encompass certain amount of pore space. The amount and configuration of pore
space depend upon size, distribution and arrangement of soil partrcles The liquid
phase of soils is mainly constituted by water, which invariably contains some dissolved
salts; the gaseous phase of soil comprises soil air which differs slightly from atmo-

- spheric air in composition. In order to serve as a favorable medium for plant growth,

soil must contain the three components in right proportlons

‘ SOIL MOISTURE CONSTANTS

11.3

The water contents of* wetted soil under certain standard condltlons are referred to

_as soil moisture constants (Fig.1)

11.3.1 Maximum water holding capacity:

" When wateris applied to the surface of well-gmmﬂatedsoilv,;“the water enters
the soil, air is displaced and the surface soil wets up, that is, the soil pores,
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11.3.2

11.3.3

1134

large and small are filled with water. The soil is said to be under saturation
capacity or maximum water holding capacity. ThlS occurs at almost zero

. tension.

Field Capacity: |

. After saturation of soil if we cut off the supply of water to the soil surface
or stop irrigation there will be a continued downward movement of water

for a day or so and this downward movement will essentially cease. At -
this point an examination of the soil will show that water has been moved
out of the larger or macro pores and that its place has been taken by air.
The micro or capillary pores are still filled with water and from this source
the plants will absorb moisture for theiruse. The water held in micro pores
of soil against grav1tat10na1 foree is said to be at field capacr[y This occurs
generally at 1/3 bar tension.

Permanent Wlltmg Point:

Plants growmg in soil will absorb water and will reduce the quantlty of
moisture remaining in the soil. Asthe soil dries out plants will beginto show

-the effects of reduced soil moisture. The permanent wilting point or P.W.P

is the soil moisture content at which plants can no longer obtain enough _'
moisture to meet the minimum evapotranspiration requlrement and remain
wilted unless water is added to the soil. This occurs atabout 15 bar tension.

Hygroscopic Coefficient:

Continued removal of moisture from soﬂ will result in marked increase in
~ tenacity with which water isheld. At the hygroscopic coefficient, the tension
is 31 bars and much of the water is held so tightly that mostly on soil colloids,
it is essentially non liquid and not available to plants but may be available
to certain bacteria. ~ ' ‘

Saturat-on 1 Field

| capacvty‘

. | e =

Saturated soil ! | Wilting coefficient

| e
P [faee i8] ar

Fiold capacity | | Hygroscopic coeff.

Fig. 1. Volume of water and air asseciated with 100 g of a well- granuluucl site foam at different moisture levels
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1.4

SOIL MOISTURE RETENTION

Two forces largely account for the retention of moisture by soil : one is the attraction
of soil solid surfaces to water molecules (Adhes1on) the other is the attraction of
water molecules for each other (Cohesion). By adhesion solids hold water molecules
rigidly at soil water interfaces. These moleculesinturnhold other water molecules
by cohesive forces. Together these forces make it possible for the soil solids to retain

~ water. Water held by these two forces can not only keep the smaller capillary pores

entirely full of water but also maintain relatlvely thick film in the macrospores. This

- outlet moisture is subject to ready movement in response to pull of gravity and specially
- the pull of adjoining moisture films that are not so thick. Thus when the soil is near

saturation, it is easy to remove water but as the moisture becomes less and lessin * -

* asoil, the greater and greater will be the force necessary to remove the water (Fig.

2). Soil moisture tension is a measure of tenacity with-which water is retained in
the soil and shows the force per unit area that must be exerted to remove water from -
the soil. It is usually expressed in aimospheres or bars (1 atmosphere = 14.7 pounds
per squire inch.).

Zone of progressive
thlckemng of water ﬂlm

Tension.of thinnest .

film — 10,000 atmus \

Solid—liquid interface

Tensnon of thickest -

K —
o5 film-1/3 atmos

Wéter of cohesion
._l:'-—— (Caplllary water)
[ 2
‘- .
]

\ Hygroscopxc coeff.

Water of adhesion / R4 about 31 atmos
(Hygroscoplc water

Soil solid

Some water almost
subject to gravity

. flow thru macropores
' (Gravutatlonal water)

Fig.2 Diagrammatic repreSentatiOn of the progressive thlckemng of water film in

amacro pore and the. correspondmg declme in tens1on at which the surfaceA
molecules are held.

1141  SOIL MOISTURE CHARACTERISTIC CURVES

In general, s01lr moisture tension or the metric potential of soil solution is
not necessarily an indication of the moisture content of neither the soil nor
the amount of water available for plant use at any particular tension. These
are dependent on texture, structure and other characteristics of the soil. But
there is a definite relationship between soil water and capillary pressure for
agiven soil. Generally sandy soils drain almost at low tensions whereas
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clayey soils still hold a considerable amount of moisture even at hlgh tensions
that plant growmg in 5011 may wilt. :

11.5

AVAILABLE WATER(AW)

Water held by the soil between Field Capacity (F.C.) and Permanent Wll‘ung Point .
(P.W.P.) is called Available Water (A.W.). ‘

11.5.1

READILY AVAILABLE WATER (RAW):

Itis that portion of available water, which the crop can use without affecting
jts evapotranspiration and growth. This portion is often indicated as a fraction
of available water (p) or allowable depletion, which is a function of type

. of crop and evaporative demand. Many shallow rooted crops, such as

most vegetables, require high moisture levels for acceptable yields. Deep-

' rooted crops will generally tolerate higher depletions.

AW, = (FC. - PWR) x BD.

TAW. Dx AW

- RAW p x TA.W.
- Where "B.D." is Bulk DenSity, "T.A.W." is Total Available Water in the root

1152

Zone & "D"is the depth of the root zone, "p" is the fraction of allowable

' deplet1on not resulting in crop stress.

Facto_rs affecting the amount of available soil moisture:.

Among the important soil factors influencing soil moisture are

1. Meisture tension relation. 2. Salt content.
- 3. Soil depth. . 4. Soil stratification or layeting.
11521

Moisture tension relations (alignment) :
Metric tension will influence the amount of available moisture in a soil as
it influences the amount of water in soil at field capacity and at permanent

wilting point. The texture, structure and organic matter content, all influence
the quantity of water that a given soil can supply to growing plants. The

- . general influence of texture is given in Table 1. Asthe finenessoftexture -

increases, there is a general increase in available moisture storage, although

* clay soils frequently have smaller capacity than do well granulated silt loams.

As the texture becomes heavier, there is  general increase in the wilting
coefficient. The loam, silt-loam and clay loam soils have higher available
water holding capacity (Fig. 3).

11.5.2.2 Salt Concentratlon

The presence of salts in soﬂs can influence soil water uptake. The osmotic

_ pressure effects in soil solution due to salts will tend to reduce the range

. ofavailable moisture in such soils by increasing the w1lt1ng coefficient. The

total moisture stress or_total soil water potential in such soils at this point
is the sum of metric potential and the osmotic potential of the soil solution.
Thus salts in soil reduce the availability of water to the plants.
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- 11.5.2. 3 Soil Depth

, All factors being equal, deep soils will have greater available mmsture holding
capacities than will shallow ones. For deep-tooted plants, this is of practical
significance, especially in those sub humid and semi arid regions where

" supplemental irrigation is not possible. '

) . 3332 . |
Hverage cm depth of water per | //1/1’_1
m depth of soil in plant root zone / , Available water
25 " AN -
- Field capacity Irrigation desirable T .
. ] / .
o, Y )”“ ] //
WATER 16.66 —4T g ,
. 7 B - . )
A CONTENT o // /_/'/ L~ /<\ Wilting point
cm/m  g33—A—< ' '
A-T. ,
A + Unavailable water |
0 -
sand {Fine | Sandy | Fine Loam |Sit |Hoht|Clay |Heavy| Clay
{Sand] Loam | Sandy * |Loam|Clay |Loam|Clay
- _Loam Loam| Loam

Fig3 Comparison ofthe water-holding characteristics of different textural
soils. - ‘

11.5.2.4 Soil Stratification or L_ayering:

Soil stratification or layering will influence markedly the available water and
its movement in the soil. Hard pans or impervious layers slow down
-drastically the rate of movement of water and also influence unfavorably

~ the penetration of plant roots.

11.6

Types of Soil Water Movement:

Water is a notably dynamic soil constltuent Three types of movement w1th1n the
soil are recognized :

1. Saturated flow
2. Un_sattlratéd flow

‘3. Vapor equalization. | ,
11.6.1  Saturated flow through soils - percolation

As water either from rain or irrigation is-added to a soil, it penetrates the
surface, replacing the air first in the macro and then in the microspores.
" Additional water will result in down ward movement by process called
saturated flow; which will be encouraged by both gravitational and capillary
~ forces. The soil texture and structure are the properties, wh1ch have large
degree of influence on the water movement.
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‘The water moves down much and more rapidly in sandy loam soils than
, inthe clay loam. On the other hand horizontal movement is much evident
in clay loam (Fig. 4).

"COMPARATIVE MOVEMENT
'RATE OF IRRIGATION WATER

e
- hr }\ —‘
DEPTH N
cm , \__/E\ s
, _ v as |
| , rd
VR O b - ! \ .A, l .
- 4% 3015 O 45 60 30 O B8O
DISTAN CE , cm
snuny LoAm cLAY Lmim
" Fig. 4 Comparative rates of irrigation water movement into a sandy
loam and clay loam soil

11.6.2 - 'Unsaturated flow from soil water table.s: :

When water moves upward from a water table through the microspores
ofasoil, the phenomenon of capillaries is called unsaturated flow. The up-
ward movement due to capillarity in soils is illustrated in Fig. 5. Usually
the height of rise resulting from capillarity is greater with medium textured
-soils if sufficient time is allowed and the pores are not too small. So this
is readily explained on the basis of the capillary size and the continuity of
the pores. With sandy soils the rise is rapid but so many of the pores are
non—capillary that the height of rise cannot be great. - '

UNSATURATED FLOW FROM A
SOIL WATER TABLE

o> = L) 15 R T - X e U0
. e T N e e ST .

" Fig.S UpWard movement of moisture from awater table throﬁgh soils of
different textures o C
11.6. 2 1 Unsaturated Flow as. it Most Commonly Occurs in Soil:

Under field conditions most soil water movement occurs where the soil pores
are not completely saturated with water. Water movement under these
- conditions is very slow compared to that occurring when soil is saturated.
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In unsaturated soﬂs ﬂow will occur in response to the dlfferences in metrlc

~ potential of one area to another. The moisture will move from the regions

* of low tension to high tension. The movement may be downward; upward
_or lateral. :

- 11.6.2.2 Water Vﬁpor Movement in Soils:

The diffusion of water vapor from one area to another in soils ocecurs in
response to "Vapor pressure gradient ". Such movements may be of some

+ significance in supplying moisture to drought resistant desert plants, many
of which can exist at extremely low soil moisture levels.

11.8

11.7 _How Plants are supplied _with Water:
. At one time only a small proportion of the soil water lies in the immediate neigh-
borhood of the absorptive surfaces of the plant root system. But an immense amount.
- of' water is needed to meet the transpiration requirement by vigorously growing plants
- Two phenomena seem to account for the acquisition of this water :
1. The capillary movement of soil water to plant roots.
2. The growth of roots into moist soil.
11.7.1 Rate of Capillary Movement:
' When plant rootlets absorb water, thgy reduce the moisture content and
thereby increase the tension in the soil surrounding them. In response to
“higher tension water tends to move towards the plant roots. The rate of
movement depends on the magnitude of the tension gradients developed
-and conductivity of soil pores. :
11.7.2  Rate of root development: _
antatlons inrates of capillary movement of water are in part compensated
by rapid rates of root elongation and new root-soil contacts are constantly:
-established. During favorable growing periods such root elongation may
be rapid enough to take care of most of the water needs of plants. Thus
 the capillary movement of water and elongatlon of roots help in prov1d1ng o
. soil water to plants.
MOISTURE EXTRACTION PATTERN:

In most plants the concentration of absorbing roots is greater.in the upper part of
root zone. The extraction of water is most rapid in the zone of greatest root con-
centration. Water also evaporates from the upper few centimeters of soil. The usual
extraction pattern shows that about 40 % of extracted moisture comes from upper
quarter of root zone, 30 % from the second quarter, 20 % from the third quarter

and 10 % from the bottom quarter in a uniform soil fully supplied with required moisture.

This indicates the need for making soil moisture measurements at different depths (at
least two) within the root-zone. '
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11.9

THE WATER BUDGET METHOD FOR IRRIGATION

‘SCHEDULING AT FARM LEVEL.

The water budget method is a step by step guide for scheduling of irrigation at farm

~ level. The goal of the water budget method is to reduce the number of irrigations

and then inherent costs by allowing crops to extract the proper amount of water from
the root zone between irrigations. -

The water budget approach can be broken into the followmg five basic steps for
scheduling of i 1rr1gat10ns at farm level :

Step 1- Estimate the amount of extractable moisture present in the root zone

Find out the Available Water (A.W.) content of given 5011 as discussed earlier.

"To estimate the total available water (T.A.W.), multiply the appropriate A.W.
value by the average rooting depth (D) of crop. If soil texture varies
substantially with depth, determine A.W. values for each textural layer, and
then add these separate values to obtain A.W. for the entire root-zone. Next
calculate the readily available water (R.A.W.) by multiplying the T.A.W.
with allowable depletion (p). Readily Available Water (R A. W) is the
extractable moisture present in the root zone.

| Example: (Uniform Soil)

Soil texture = loam
Averagerootingdepth - = 100 cm
Available Water content (A.W.) = - 0.16 cm /em
TAW. = AW.xD
= 0.16 x 100 cm.
» - = 16.0 cm.
Soil water depletion fraction for crop (p) =0. 5 |
RAW = TAW.xp
| | = 160x05
= 8.0 cm.
Example (Non uniform / layered soil profile) |
Depth Texture Available Water
30 cm Sandyloam 0. 14 cin/ cm
30 em - Loam 0.16 cm/cm
40 cm - Clay loam  0.20 cm/em
Determine T.A.W. aﬁd R.A.W. as following:
; Depth . AW.xD =TAW X p = R.A. W.
Layer 1. 0.14x30 =42 X 05 = 21
Layer2. 0.16x30 =48 X 05 = 24
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~ Step-2

Step-3

Step-4

Step-5

£

Layer3. 020x40 =80 X 05 = 40
Total

8.5 cm.

- Let the R.A.W. in the root zone = 8.0 cm.

Estimate the rate of water use by crop:

The term evapotranspiration (Et) designates the combined loss of water by
evaporation from the soil and plant surface and up takes by plant roots
and subsequent transpiration through leaves into the atmosphere. Findout .
the daily crop Et for the successive days or average dally crop Et for that
month.

Let the daily water use by crop or average daily Et = 0.5 cm

Decide when to irrigate:

Deciding when to irrigate is simple a matter of deciding when the RAW
has been used by crop and the soil reservoir is ready for recharge. For
deciding the second and subsequent irrigations, add each successive days

- crop Et value until cumulative Et equals the R.A.W. This will give the date
. toapply irrigation. Ifthe daily Et values are not available, the average daily

Et for the month may also be used.
Example:

No. of days for next irrigation

li

RAW / Daily Et.
8.0/0.5
16 days. -

I

1l

- The next irrigation should begm after 16 days intervals. If the rainfall occurs

during this period, subtract the amount of effective rainfall from the cumu-
lative Et value, and continue accumulating daily Et until R A W. is exceeded.

Calculate amount of water to apply:

No matter which irrigation methods we use, water may be lost during
~ application through deep percolation, runoff and evaporation. Extra water
must be applied in each irrigation to compensate demand for uniformity of

water application by the irrigation system. To calculate the amount of water -
to apply, divide the net amount of water depleted since the last i 1rr1gat10n
by the appropriate irrigation efﬁclency value.

Example: _

- Net requirement of water =8 cm.

- Borderstrip efficiency = 80 % (0.80)

- Amount of water to apply = 8.0 /.80 = 10.0 cm.
Calculate set time: |

Irrigation set time is the duration of water application. It depends on the

-amount of water to be applied discussed in step 4, and the rate of water

application i.e. flow rate.
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| Example:

1000 m’?

10 cm depth.

Amount of water to apply

100 m*® / hr.
(Approx.)

_Amouﬁ_t of water to be applied.

Discharge

Set time

Discharge

1000 m® / ha.

10 hr/Ha.

100 hr / ha. ’
Table: Representative Physical Properties of Soils
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11.10

Self Assessment Test

1. Define maximum water holding capacity, field capacity and permanent wilting

= point

2. What do you understand by readily available water (RAW) ?

11.11

Key Wordé

Field Capacity : amount remaj ning in a well drained soil when the velocity of down-

. ward flow into unsaturated soil has become small,

~ Wilting Point : the moisture content of soil, on an bvenfdi"y basis, at which plants

wilt and fail to recover their turgidity when placed in a dark humid atmosphere.

11.12

Suggested .Rea'dings

Nyle C. Brady, 'The nature and properties of soils'
Motiramani, 'Soils their chemistry and fertility in tropical Asia'

*oe
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UNIT-12

TRRIGATION SCHEDULING BASED ON SOIL

| CHARACTERISTICS

STRUCTURE R

120  Objectives

12.1  Introduction

12.2 ‘Consumptive Use

| 12.3  Water Requirement of Crops -

12.4  Seasonal Consumptive Use

12.5  Peak Period Consumptive Use

12.6  Irrigation Requirement

12.7  Approaches for EStimating Crop' Water Requiremént

12.8  Self Assessment Test

129 Key Words

12.10 Suggested Readings -

12.0 Objectives _ ,
The irrigation scheduling determines the time to irrigate and the amount of water to
be applied. Irrigation scheduling can reduce the total volume of subsurface drainage
by reducing over-irrigation. To schedule irrigation accurately the soil-plant-atmosphere

- continuum must be considered as a physically integrated, dynamic system in which

transport processes occur interactively. ‘ ‘

12.1 Introduction

Water is one of the most valuable natural resources and its excess or deficit in the
soil is a limiting factor for crop production. Successful production requires adequate
and timely soil moisture supply with judicious use throughout the life cycle of crop.

Of the agronomic factors known to augment the crop yield, water management is
of vital importance. The contribution of irrigation water in increasing crop productivity
is second to fertilizers. The so-called green revolution of present day has been brought
in sight through the development of high yielding varieties. It appears the next
breakthrough in agriculture in India has to come through water management, which
has been one of the neglected fields so far. Water is the most critical input for Indian
Agriculture today. It is a manageable monetary input, therefore, all available supply
of water should be used in best possible advantage to achieve the main aim of increasing
agricultural production per unit volume of water/unit area of cropped land and per

unit time. The productivity of crop per unit quantity of water can be increased even

upto 200 percent or more if proper water management is observed.
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12.2-

Consumptive Use

Consumptive use commonly known as evapotranspiration is the amount of water used -
by growing plants in transpiration and building of plant tissues and that evaporated
from adjacent soil and from intercepted precipitation in the plant foliage in a specified
time. ' . ' ‘

12.3

Water Requirement of Crops

- Water requirement of crop implies the total amount of water required by crops regardless

of'its source in a given period of time for its normal growth. It thus includes water

- needed to meet the losses through evapotransplratlon apphcatlon losses, and spec1a1

needs.

Crop water requirement is therefore, a demand and may be expressed as:

- WR=ET or Cu application losses - Special needs

WR is therefore, a demand, and the supply would consist of contribution from ény
source of water. The major source being the irrigation (1), effectlve rainfall (ER) and
soﬂ profile contribution (S).

Hence water requirement can be expressed as under:
WR=I1+ER+8

Crop' water requirement calculated for Kota conditions given in Annexure - I (a) &

- ().

12.4

Seasonal Consumptive Use,

The total amount of water used in evapotranspiration by a cfop_pedrarea. during the
- entire growing season is called seasonal consumptive use. It is expressed as the depth

of water in cm or volume in hectare cm per hectare. Seasonal consumptive use values
are required to evaluate and determine the seasonal irrigation water supphes

12.5

Peak Period Consumptive Use

The average daily use rate during the few days of the highest consumptive use of
the season is called the peak period use rate. This is the design rate to be used
in planning an irritation system. The peak use period for various crops in a given
area may occur at different times in the crop season. In Irrigation project design,

“the peak period of consumptive use is the period during which the weighted average

daily rate of consumptive use of the various crops grown in the project area is at
the maximum.

In planmng the cropping pattern for an area we may have such crop combination
which have their peak consumptive use rates spread out in such a way that we may
use the available supply in the most efficient manner. Some typical values of the peak
rate of soil moisture removal by crops under different climatic conditions are given
in Table below:

Maximum Rates of Soil Moisture use by crops under different cllmatlc conditions:
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Peak rate of soil moisture removal

Climatic Conditions
' (mm/day)

Cool, humid 3
Cool, dry -4
Moderate, humid. 4
Moderate, dry - ' ‘5
‘Hot,humid- 5

Hot, dry A.8'

12.6

: Irrigatidn Requ-ivremenvt'

‘The net irrigation water requirement is the amount of water exclusive of precipitation,

carry over soil moisture and the ground water (capillary) contribution required for
crop production. ~

- The grossirrigation reqmrement includes the net requlrement as also the losses incurred

in conveying and applymg water. The losses are reflected in terms 011 irrigation
efficiency. :

12.7

@
(@)

_ Transplratlon Ratio approaches.

Depth-interval-yields approach.

Soil moisture deficit approach.

Critiéal- growth stage approach

IW/CPE Approach

Approaches For Estlmatmg Crop Water Requlrement

Chmatologlcal approach Various methods are available for estlmatlng evapo-
transpiration from climatological data. They are as follows:

L Blanev criddle method.

II.. Thomthwaite formula
I Cristinsan method

/

IV. Hargreaves temperature:& radiation methods.

V. Modified Panman method.
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- Annexure - I (a)

Consumptive Water requirement for important Kharif crops in mm

S. | Crops Duration June [July |AugustSept. |Oct. |Total
No. ‘ ' ' :
1. | Groundnut |25th June to [20.55 |107.66]123.08|143.82129.37524.43
' {31st October | - :
(128 days) ,
2. | Maize (Sathi) 25th June to - {1827 [107.95(147.78|101.28- 375.28
20th September -
'1(87 days)
3. | Maize 25th June to | 18.27 |101.74]120.38] 157.92| 134.04|532.35
(Hybrid) 21st October | . ‘
' (118 days) :
4. | Soybean ~ {14th Julyto |- 136.1599.15 |150.72]130.93|416.95
- 31st October 1 -
(110 days) ‘ B .
5.. | Sorghum | 25th June to~ |15.98 [96.28 |124.93|140.9937.50 {415.68
(Fodder) 10th October )
- 1(107 days) | |
6. | Kharif 15th Julyto |- 32.15 |107.12] 144.10 34__,09 31746
Pulses 10th October
. (87 days) .
7. | Kharif  |25th June to [1598 [91.69 |118.08|143.82 142.82|512.39
Vegetables |31st October
» : (128 days)
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(Rabi)

Critical Stages of Different Important Crops

S.Ne

Crop Critical Stages Most Critical Stages
1. Wheat Crown root initiation, - ‘Crown root initiation
Tillering, Late Jointing, and flowering
Flowering, Milk
2. Gram ™ Branching, Pod initiation, | Pod initiation
» | | Podfilling . '
3. | Mustard Pre flowering and post Initiation of flowering
flowering A
4. Lentil Branching, flowering, - Flowering
, ’ ‘| Podfilling - '
5. Potato ‘Stolanization totuber Stolanization to
: initiation, Yield formation | tuberinitiation
6. Sugarcane Tillering, Grand growth Tillering and Grand
. period growth period
7. | Tobacco Period of rapid growth Vegetative growth period
8. | Bardey | Tillering, Jointing, Tillering and Flowering
Flowering, Milk -
9. | Linseed | Initiation of flower and Initiation of flower
Grainfilling |
10. | Peas Initiation of flowerand Hﬁtiation of flower -
Grain fili ,
11. Berseem | Through out the growth Initial one month after
period ' each cutting
| | | (Kharif
S.Noj Crop Critical Stages Most Critical Stages 7
1. Paddy Seeding establishment, Tillering and Flowering .
‘ Tillering, Primorida to grain filling
formation, Flowering and S
2. Cotton Commencement of Branchihg and initiation
‘ - Sympedial, Branching, ~ - | of ball formation
| Flowering, Ball formation, -
Ball Bursting _
13. Maize Tasselling tosilking grain- | Tasselling to silking
4. | Groundnut Flowering to Yield Flowering/pegging
‘ formation (Particularly _ :
during the pod setting)
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Sorghum | Flowering, Grain formation| Flowering
6. | Black Gram/ | Flowering to Filling Flowering
Green Gram -
7. Pearl Millet Flowering, Grain formation Flowering
PigeonPea | Flowering, Grain formation| Flowering . -
9. Sesamum . Flowering to pod . Flowering
development :
12.8 Self Assessment Test
1. Defineirrigation scheduling
2.  How s irrigation scheduling useful for the farmer and the country‘7
12.9  Key Words |
Irrigation : the supply, distribution and controlled apphcatxon of water to agncultural
- land toimprove the cultivation of crops.
Irrigation Efficxency covering the conveyance and dlstnbutlon and apphcanon of
water for plant growth.
Suggested Readings

12.10

N.K Tyagi, 'Agricultural /‘S/alinity Management inIndia'.

H. P. Ritzma, 'Drainage Plincipals and Applications'.

A. A. Pai, ' Manual on Irrigation Water Management'.
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