UNIT III

PART A

1. What are canal regulators?
[N/D-16]

Structure at the head of canal taking off from a reservoir may consist of number of spans separated by piers and operated by gates.

2. Define Duty, Delta and Base period.
[N/D-16]

Duty: is the area in hectare/ m3 that can be irrigated if 1 m3 water is supplied

Delta : is the depth of water in meters supplied in the entire base period

Base period is the time from which the crop is irrigated.

3. What is a Barrage ? [N/D 15]

When the water level on the upstream side of the weir is required to be raised to different levels at
different times, then the barrage is constructed. Practically a barrage is on arrangements are
adjustable gates or shutters at different tiers over the weir. The water l  v  l can be adjusted at H1,
H2, etc. by operating the adjustable gates.
4.What are the functions of a divide wall ? [N/D 15]

a. To form a still water pocket in front of the canal head so that the suspended silt can be settled down which than later be cleaned through the scouring sluice from time to time.

b. It control the eddy current or cross current in front of the canal head c. It provides a straight approach in front of the canal head

d. It resists the overturning effect on the weir or barrage caused by the pressure of the

impounding water.

5. What is an aqueduct ? [N/D 12]

The hydraulic structure in which irrigation canal is passing over the drainage is known as

aqueduct. This structure is suitable when bed of canal is above the highest flood level of drainage.

In this case, the drainage water passes clearly below the canal.
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6. What are the main functions of a cross-regulator ? [N/D 12]
The main functions of a cross-regulator are listed below|:
(i) To control the entire Canal Irrigation System.
(ii) To help in heading up water on the upstream side and to fed the off-taking canals to their full demand.

(iii) To help in absorbing fluctuations in various sections of the canal system, and in preventing the possibilities of breaches in the tail reaches.

(iv) Cross regulator is often combined with bridges and falls, if required.

7. What are the non-structural measures for reducing water logging? [N/D-12]

(i) Adoption of tolerant crops

(ii) Restricting canal supplies close to crop water needs

(iii) Switch over to drip irrigation

(iv) Conjunctive use of surface and ground water

8
List the methods of estimation of consumptive use. [N/D 13]

To measure or estimate  the consumptive use, there are three main methods:

(i) Direct Methods/Field Methods

(ii) Empirical Methods

(iii) Pan evaporation method

9.List the methods of estimation of consumptive use. [N/D 13]

To measure or estimate  the consumptive use, there are three main methods:

(i) Direct Methods/Field Methods

(ii) Empirical Methods

(iii) Pan evaporation method

10.List the direct methods for estimation of consumptive use. [N/D-12]
In this method field observations are made and physical model s used for this purpose. This includes :
(i) Vapour Transfer Method/Soil Moisture Studies
(ii) Field Plot Method

(iii) Tanks and Lysimeter

(iv) Integration Method/Summation Method

(v) Irrigation Method

(vi) Inflow Outflow Method

11. Write short notes on vapour transfer method. [N/D 13]

In this method of estimation of water consumptive use, soil moisture measurements are taken before and after each irrigation. The quantity of water extracted per day from soil is computed for each period.This method is suitable in those areas where soil is

fairly uniform and ground water is deep enough so that it does not affect the fluctuations in the soil moisture within the root zone of the soil.

12. Write short notes on field plot method. [N/D 13]

We select a representative plot of area and the accuracy depends upon the representativeness of plot (cropping intensity, exposure etc). It replicates the conditions of an actual sample field (field plot). Less seepage should be there.

13. What is a Barrage? [N/D-12]

When the water level on the upstream side of the weir is required to be raised to different levels at different times, then the barrage is constructed. Practically a barrage is on arrangements are adjustable gates or shutters at different tiers over the weir. The water level can be adjusted at H1, H2, etc. by operating the adjustable gates.

14. What are the functions of a divide wall ?
a. To form a still water pocket in front of the canal head so that the suspended silt can be settled Down which than later be cleaned through the scouri g sluice from time to time.
b. It controls the eddy current or cross current in front of the canal head c. It provides a straight approach in front of the canal head
d. It resists the overturning effect on the weir or barrage caused by the pressure of the

Impounding water.

15. What are the main functions of a cross-regulator? [N/D-12]

The main functions of a cross-regulator are listed below|:

(i) To control the entire Canal Irrigation System.

(ii) To help in heading up water on the upstream side and to fed the off-taking canals to their full demand.

(iii) To help in absorbing fluctuations in various sections of the canal system, and in preventing

the possibilities of breaches in the tail reaches.

(iv) Cross regulator is often combined with bridges and falls, if required.

16.
What
are
the
non-structural
measures
for
reducing
waterlogging?
[N/D
13]

(i) Adoption of tolerant crops

(ii) Restricting canal supplies close to crop water needs

(iii) Switch over to drip irrigation

(iv) Conjunctive use of surface and ground water

PART B

1. What is meant by transpiration by plants? Do you consider it an evil as it causes water loss form the soil and plants? [N/D-16]

Transpiration – The Loss of Water from Plants
Need of Water:
Of all the materials required by a plant for its existence and normal d velopment that is taken up in the largest amount, is water.
Water is absolutely essential to animal and plant life. Plant and animal cells, deprived of water to any considerable extent soon die.

The bulk of this water absorbed, however, takes no permanent part in its development or in metabolic processes, but evaporates into the air from the leaves and other aerial parts. This loss of water in the form of vapour from living plants, particularly from the aerial parts, is known as transpiration. The process is in principle one of evaporation and diffusion.

ADVERTISEMENTS:

Loss of water vapour may occur from any part of the plant which is exposed to the air. All aerial parts lose water by transpiration, although in some tissues due to the presence on some organs, of superficial

layers which are impervious to water, e.g., cork cells, the rate of water loss is almost insignificant compared to the water lost from leaves through stomata.

Most of the water vapour lost from leaves occurs through the stomata, this is termed stomatal transpiration; smaller amounts of water vapour are also lost by direct evaporation from the epidermal cells, when the stomata are closed, through the cuticle; this is usually termed cuticular transpiration.

As a general rule transpiration rates are higher when the stomata are open, lower when they are closed. In other words, stomatal transpiration is usually many times higher than cuticular transpiration, commonly about 4 times as high during a warm sunny day.

But there are all gradations from one extreme to the other. In the case of succulents like cacti, cuticular transpiration is usually nil. On the other hand, in some plants, cuticular transpiration can be as high as stomatal transpiration

2. What is the general need of water for plants? [N/D 13]

It is best to point out here that water for its capacity to form hydrogen bonds is largely responsible for the maintenance of the three dimensional structures of such macromolecules as nucleic acids and proteins and of the various subcellular organelles —essential for their biological function.
Water scarcity or any other condition which destroys or disrupts th ir physical structures impairs the activity of these macromolecules and organelles, which ultimately may have disastrous consequences for plant life. Among all natural compounds, water also gains and loses heat slower than a y other known substance.

Because plants contain so much water, the rapid changes of temperature that may take place in the surrounding atmosphere have less effect on the plant than they would, if water gained or lost heat quickly.

ADVERTISEMENTS:

We know that chemical reactions are speeded up by heating and slowed down by cooling. The abundance of water in the plant maintains a fairly constant temperature so that chemical reactions

inside the plant are not speeded up or slowed down so rapidly between the extremes of temperature to which a plant cell may often be subjected.

In nearly all its physical properties, water is either unique or at the extreme end of the range of a property. From these physical and chemical characteristic of water, the biological importance of water is realised.

Among its thermal properties, water has the greatest specific heat known among liquids; the same is true of water’s latent heat of vaporisation. Finally, with the exception of mercury, water has the greatest thermal conductivity of all liquids.

Structure and Distribution of the Root System:

Under some environmental conditions, a particular plant may develop a greater total leaf surface in proportion of the extent of its root system. This structural adaptation will certainly favour maintenance of higher transpiration rates.

The distribution of root system in the soil frequently i fluences the water balance in plants. In a habitat where deep-rooted and shallow-rooted plants are growing side by side, the former may transpire more rapidly during dry periods than the latter.
In the former the roots penetrate to a soil horizon which may still contain available water while the roots of the latter are in a moisture-deficient surface soil due to drying of superficial layers of soil if caused by atmospheric and soil drought.

Environmental Factors and Transpiration:

The rate of transpiration of a plant varies from day to day, from hour to hour and frequently still more rapidly. The difference in the rapidity with which water is lost by plants when the stomatal pores are even half open is primarily due to the effects of environmental conditions.

When the stomatal pores are fully open, the diffusion of water vapour from the intercellular spaces of the leaves to the external air is primarily controlled by the laws of diffusion.

In other words, the larger the difference between the vapour pressure or concentration within the intercellular spaces of the leaf and that of the surrounding external air, the greater is the transpiration

rate. So any environmental factor which will tend to steepen this gradient will facilitate exit of water vapour from the plants to the air outside.

The important environmental factors, which help in the development of a difference between the vapour pressure inside and outside the plant and thus facilitating rapid diffusion of water vapour out of the plants, are given below.

3.Discuss the supply of water is abundant in the leaves and absorption keeps pace with trans-piration and the stomata pores are not less than 1/3 open? How? [N/D 13]

Light:

Though light occupies a position of prime importance among the environmental conditions, its effect on the development of a difference in vapour pressure within the plant and the outside air is negligible except in so far as its indirect undoubted effect in increasing the temperature of the leaf.

The principal effect of light in transpiration, as we have seen in our previous discussions, is predominantly through its influence on the opening and closing of stomata. In the complete absence of light, in most species of plants under normal enviro mental conditions, the stomatal pores are usually closed.
Humidity:
In general, the greater the vapour pressure of the atmospheric air, the slow r is the rate of transpiration, other factors remaining unchanged. We know that the air in the intercellular spaces of the leaf is maintained nearly always at the saturation point if the supply of water to the leaf is uninterrupted and abundant while in the outside atmosphere, conditions are rarely favourable for attainment of saturation vapour pressure.

It is well known that plants show very high transpiration rates on dry days compared to moist ones and as a result wilting of the aerial parts is a common phenomenon on hot, dry days if the supply of water to the leaf is not fast enough to keep pace with rapid diffusion of water vapour from the leaf to the external air.

On rare occasions, when the vapour pressure of the air outside approaches saturation point and in extreme cases when the diffusion pressure difference between inside and outside becomes zero, no transpiration occurs even when the stomata are fully open.

Temperature:

Before active transpiration starts leaves exposed to direct sunlight usually have temperatures from 2-5° C. in excess of that of the atmosphere.

When the temperature of the leaf and the surrounding atmosphere is raised by direct sunlight, unless the leaf is markedly deficient in water, the vapour pressure of internal atmosphere, i.e., the intercellular spaces of the leaf maintains essentially a saturation vapour pressure for the prevailing temperature.

As the internal volume is constant in size and is small, the evaporation of water from wet mesophyll cells is sufficient to saturate the comparatively small volume of air inside the leaf In the surrounding atmosphere, however, vapour pre ure conditions are very different—on clear days, there is frequently little change in the vapour pressure—evaporation into the atmosphere is insufficient to permit a rapid building up of the vapour pressure towards the value for a saturation atmosphere.
Increase in temperature certainly brings about an increase in the movement of the water molecules and if the volume of the external atmosphere remains constant a small incr ase in vapour pressure would result. But this again is nullified by an expansion of atmospheric volume brought about by an increase in temperature.

Thus, within a certain range of temperature, at which protoplasm remains fully active, the effect of rise in temperature always results in an increase in the difference between vapour pressure within the plant and the outside atmosphere and hence an increase in the rate of transpiration.

Wind:

If all other external conditions are favourable, usually a moderate increase in the velocity of wind, results in an increase in the rate of transpiration. It may be due to the effect of wind in removing the near saturated layer of air in contact with the leaf surface.

The result of this removal of saturated atmosphere from the immediate vicinity of the leaf will be a steepening of the vapour pressure gradient that is in a reduction of the distance across which the vapour pressure difference exists.

This will, however, primarily affect the cuticular transpiration and only relatively slightly, the stomatal transpiration. This is due to the fact, that the removal of saturated layer of air in contact with leaf, will alter only the distance across which vapour pressure difference exists in stomatal transpiration compared to the cuticular transpiration, only a little, where the distance is simply from one side of the cuticle to the other.

In stomatal diffusion of water vapour the said distance is from the wet mesophyll cell walls across the intercellular spaces and the stomatal pore to the external surface of the leaf and this distance is only slightly affected by removal of saturated layer from the vicinity of the leaf surface.

The effect of wind in removing the saturated air from the immediate vicinity of the leaf surface is probably of less importance than its effect in causing swaying of branches and shoots and the bending, twisting and fluttering of the leaves.
It has been shown experimentally that immobile leaves usually transpire much less than leaves which are fluttering or bending in the wind, when both are exposed to wi ds of qual velocity.
Such bending may increase the rate of water vapour loss from leaves in part, by sudden compressing of the intercellular spaces which actually shakes the water vapour out of the intercellular spaces through the stomata into the external atmosphere.

Winds of high velocity may sometimes actually reduce transpiration rate by causing closure of stomata. If the wind produces a cooling effect on the leaves due to increased heat emission, this may conceivably bring about a reduction in the rate of water loss.

Atmospheric Pressure:

The effect of atmospheric pressure on the transpiration rates is in general only of theoretical importance. It can be shown experimentally that a reduction in atmospheric pressure results in an increase in the rates of water vapour loss from leaves.

The theoretical explanation will be that a reduction in the density of the atmosphere would permit the diffusion of water vapour to occur into it more rapidly. However, for all practical purposes, in any given locality, the variation in atmospheric pressure is too slight to have any significant effect upon rates of transpiration.

The high altitude flora shows a general trend of high transpiration rates compared to the flora of the plains, if other soil and atmospheric factors are not limiting.

Antitranspirants:

There are certain compounds which act as inhibitors of transpiration rate through their highly specific action on guard cells. The most reliable of such inhibitors found, thus far, is phenyl mercuric acetate. This compound closes stomata in many plants (such as Vinca, tobacco, maize, etc.) when sprayed on leaves, at even as low as concentration as 10-4 M.

From critical experimentation, this compound was found to inhibit primarily the stomatal diffusive resistance—a single treatment m y close the stomata for about 6 weeks—the growth rate of the plants, however, remaining unaffected. Several growth retardants also reduce transpiration rates.
Other compounds have also been successfully tried, such as monomethyl ester of nonenyl succinic acid and decenyl succinic acid (10-3 M), CO2 etc.
4. What does transpiration coefficient means?   [N/D-16]
Exudation of Water in Liquid Form: Wilting Co-efficient:

Wilting co-efficient is a physiological measure of the water relations of the soils. It is defined as the percentage of water content (expressed as % dry wt.) of a soil when the plant or plants growing in it has just reached the condition of permanent wilting.

A permanently wilted plant is usually considered to be one which will not recover its turgidity unless water is supplied to the soil. Permanent wilting is not necessarily an accurate indicator of the wilting co-efficient.

Thus in the seedlings of bean, a relatively large proportion of water content of the plant is stored in the lower part of the hypocotyl. During loss of water, transpiring leaves draw upon this reserve water in the

stem when the supply of water from the soil is cut off. Thus the critical point of soil moisture may be reached previous to permanent wilting.

In order to determine the wilting co-efficient of a sample of soil, the sample is enclosed in a water-proof vessel and the ‘test’ plant is generally allowed to develop from seed in the soil until it has attained a small size.

The soil surface is then sealed over so that all loss of water from the soil occurs through the plant. Since no water is added to the soil the plant eventually shows signs of permanent wilting due to loss of water from leaves by transpiration. As soon as this occurs, a sample of soil is removed and its water content determined by drying in an oven.

Before extensive determinations of wilting percentage for plants growing under different soil and climatic conditions, it as supposed that plants differed markedly in their capacity to reduce the water content of the soil.

It was assumed that xerophytes, which endure drought conditions could deplete the moisture content of a soil to lower value before showing permanent wilti g than those species growing in normal supply of water in the soil. Extensive investigations have shown, however, that hydrophytes, xerophytes, mesophytes—all reduce the water content of a given type of soil to about the same value, before showing permanent wilting.
While the wilting point of a given soil shows no appreciable variation when measured by mea s of different plants growing in it, this value varies greatly with the type of the soil. The percentage of wat r remaining in a soil when permanent wilting of plants growing in it occurs, ranges from 5-10% for sandy loam, 10-15% for silty loam and 15-20% for clay soil.

Thus we see that different soils have different water-holding capacities. The wilting point at which plants can no longer remove water from the soil whatever the texture of the soil may be, sand, silt or clay corresponds to a force of about 15 atmospheres. No root cells can possibly have osmotic pressure higher than 15 atmospheres and water held in the soil at a force of more than 15 atmospheres is thus completely unavailable to the plant.

Thus, the amount of water available to the roots of most plants is held in the soil by forces between 0-3 atm. (i.e., at field capacity) and a maximum of 15 atm. The quantity of available water certainly varies with the type of the soil; it is relatively large in fine textural clay and relatively small in a coarser sandy soil.

The force with which water is held in the soil increases with decreasing water content and hence at permanent wilting point it is independent of the species of plant growing in a soil. In general, wilting point seems to be controlled almost entirely by soil conditions and type of soil—it is only slightly influenced by the species of plant growing in it or by climatic conditions to which the plant is exposed.

The significance of wilting point lies in the fact that it is essentially a measure of that fraction of soil

ater
hich is unavailable to the plants and is in turn a measure of the hygroscopic and chemically

bound
ater present in the soil.

The determination of wilting percentage under field conditions, presents many difficulties compared to the more or less easy manipulation which could be obtained in the laboratory. Large discrepancies are sometimes found between the values determined by laboratory methods and those determined actually in the field, for the same type of soil.
In the laboratory, small water-proof containers are used and effective p n tration by roots in the small soil sample can be taken for granted and a fairly uniform reduction of water conte t of the small soil sample can be assured.

In field, conditions are very different, however, soil is less effectively penetrated by roots, some portion of the soil in the field may be less completely drained of water than others, soil at the immediate vicinity of the roots may be at wilting point while more remote portions of the soil may still be at field capacity, etc.

Other difficulties which stand in the way of correct determination of wilting point under field conditions are the direct evaporation of water from the soil reducing the water content of the soil, local variation in the soil texture, i.e., some parts of the field may have more clay while others, more silt or sand, lack of uniformity of root development, etc.

To surmount the difficulties encountered in the determination of wilting co-efficient of the soil under field conditions and from our knowledge that wilting co-efficient is practically the same for a given soil for any plant under all climatic conditions, several indirect purely physical methods have been proposed for the determination of wilting percentage under field conditions.

These methods are based on the relationship of the wilting point to the moisture retentiveness of the soil as measured by certain physical standards. By determining in the laboratory, some factors on the moisture retentiveness of a sample of soil from a field in which the plants are growing, wilting co-efficients can be calculated quite accurately for all types of soil. In these determinations of wilting co-efficients, the part played by plants is altogether eliminated.

Large scale determinations of wilting co-efficients have been one of the most important routine work in ecological and agronomic ones in recent times. By determining the wilting points of different crop fields, we can obtain some idea about the texture of the soil—suppose, the wilting point of a field is about 15%, we can guess that the soil is mo tly cla , whereas a value of about 5-10% will show that the soil is mostly sandy.
Consequently if the soil is clay, more water is needed for normal growth of the plants and water must be added to the soil by irrigation when there is no rainfall than when the soil is sandy where less irrigation-
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5. List out the various physical methods employed for the determination of w lti g percentage of soils? Write any two most commonly used methods?

(1) Relation of the wilting percentage to the moisture equivalent of the soil. The moisture equivale t of a soil is defined as the percentage of water that a soil can retain in opposition to a centrifugal force 1000 times that of gravity.

Wilting co-efficient =moisture equivalent/ (1.84 ± 0.013).

(2) This method depends upon the determination of percentage of coarse, medium and fine particles in several samples of a soil from a field and then multiplying the three with three constant factors and finally adding them up.

Wilting co-efficient =percentage of sand (coarse) particles x 0.001+percentage of silt (medium sized) particles x 0.12+percentage of clay (very fine) particles x 0.57.

6.Suggest a method for estimating the consumptive use of crops over a large area. Classify the consumption use of water by crop based on its estimation during specific periods. [N/D-16]

To measure or estimation the consumptive use there are two main methods:

1. Direct Methods/Field Methods

2. Empirical Methods

3. Pan evaporation method

1. Direct Methods:

In this method field observations are made and physical model is used for this purpose. This includes,

i. Vapour Transfer Method/Soil Moisture Studies

ii. Field Plot Method

iii. Tanks and Lysimeter

iv. Integration Method/Summation Method
v. Irrigation Method
vi. Inflow Outflow Method
1.1 Vapour Transfer Method:
In this method of estimation of water consumptive use, soil moisture m asu ements are taken before and after each irrigation. The quantity of water extracted per day from soil is computed for each period. A curve is drawn by plotting the rate of use against time and from this curve, the seasonal use can be estimated. This method is suitable in those areas where soil is fairly uniform and grou d water is deep enough so that it does not affect the fluctuations in the soil moisture within the root zone of the soil.

It is expressed in terms of volume i.e. Acre-feet or Hectare-meter 1.2 Field Plot Method:

We select a representative plot of area and the accuracy depends upon the representativeness of plot (cropping intensity, exposure etc).It replicates the conditions of an actual sample field (field plot). Less seepage should be there.

Inflow + Rain + Outflow = Evapotranspiration

The drawback in this method is that lateral movement of water takes place although more representative to field condition. Also some correction has to be applied for deep percolation as it

cannot be ascertained in the field.

1.3 Tanks and Lysimeter:

In this method of measurement of consumptive use of water, a watertight tank of cylindrical shape having diameter 2m and depth about 3m is placed vertically on the ground. The tank is filled with sample of soil. The bottom of the tank consists of a sand layer and a pan for collecting the surplus water. The plants grown in the Lysimeter should be the same as in the surrounding field. The consumptive use of water is estimated by measuring the amount of water required for the satisfactory growth of the plants within the tanks. Consumptive use of water is given by,

Cu = Wa - Wd

Where,

Cu
=
Consuptive
use
of
water

Wa
=
Water
Applied

Wd = Water drained off

Lysimeter studies are time consuming and expensive. Methods 1 and 2 are the more reliable methods as compare to this method.

7.Explain in detail about Integration Method? [N/D 13]
In this method, it is necessary to know the division of total area, i.e. under irrigated crops, natural native vegetation area, water surface area and bare land area. In th s method, annual consumptive use for the whole area is found in terms of volume. It is expressed in Acre feet or Hectare meter.
Mathematically,
Total Evapotranspiration = Total consumptive usex

	Total
	Area
	Annual
	Consumptive   Use   =   Total   Evapotranspiration   =   A+B+C+D
	Wher  ,

	A
	=
	Unit
	consumptive
	
	use
	for
	each
	cropxits
	ar a

	B
	=
	Unit
	consumptive
	use
	of
	native
	vegetation
	xits
	area

	C
	
	=
	Water
	
	surface
	
	evaporationxits
	area


D = Bare land evaporationxits area

1.5 Irrigation Method:

In this method, unit consumption is multiplied by some factor. The multiplication values depend upon the type of crops in certain area. This method requires an Engineer judgment as these factors are to be investigated by the Engineers of certain area.

1.6 Inflow Outflow Method:

In this method annual consumptive use is found for large areas. If U is the valley consumptive use its value is given by,

U = (I+P) + (Gs - Ge) - R

Where,

	U
	=
	Valley
	consumptive
	use
	(in
	acre
	feet
	or
	
	hectare
	meter)

	I
	
	=
	
	
	Total
	
	inflow
	
	during
	
	
	a
	year

	P
	
	=
	
	Yearly
	precipitation
	on
	
	valley
	floor

	Gs
	
	=
	Ground
	Storage
	
	at
	the
	beginning
	
	of
	the
	year

	Ge
	
	=
	Ground
	Storage
	
	at
	the
	end
	
	of
	the
	year


R = Yearly Outflow

All the above volumes are measured in acre-feet or hectare-meter.

2. Empirical Methods:

Empirical equations are given for the estimation of water requirement. These are, 2.1 Lowry Johnson Method:
The equation for this method is,
U = 0.0015 H + 0.9 (Over specified)
U = Consumptive Use H = Accumulated degree days during the growing season computed from maximum temperature above 32 °F
2.2 Penman Equation:

According to this method,

U = ET = AH + 0.27 EaA - 0.27

ET
=
Evapotranspiration
or
consumptive
use
in
mm
Ea
=
Evaporation
(mm/day)

H
=
Daily
head
budget
at
surface
(mm/day)

H is a function of radiation, sunshine hours, wind speed, vapour pressure and other climatic factors. A = Slope of saturated vapour pressure curve of air at absolute temperature in °F

2.3 Hargreave’s Method:
It is a very simple method. According to this method,

Cu = KEp

Where,

Cu
=
Consumptive
Use
coefficient
(varies
from
crop
to
crop)

Ep = Evapotranspiration K = Coefficient

8. List the various methods of Irrigation [N/D-13].
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Surface Irrigation:
In this technique water flows and spreads over the surface of the land. Varied qua tities of water are allowed on the fields at different times. Therefore, flow of water under surface irrigation comes u d r wobbly flow. Consequently, it is very difficult to understand the hydraulics of surface irrigation. Howev r, suitable and efficient surface irrigation system can be espoused after taking into consideration different factors which are involved in the hydraulics of surface irrigation.

1. Surface slope of the field

2. Roughness of the field surface

3. Depth of water to be applied

4. Length of run and time required

5. Size and shape of water-course

6. Discharge of the water-course

7. Field resistance to erosion

If the surface irrigation method is perfectly selected, it fulfils following requirements:

1. It assists in storing required amount of water in the root-zone-depth.

2. It reduces the wastage of irrigation water from the field in the form of run-off water.

3. It reduces the soil erosion to minimum.

4. It helps applying uniform application of water to the fields.

5. Amount of manual labour required is less.

6. It is suitable to the size of the field and at the same time it uses minimum land for making ditches, furrows, strips, etc.
7. It does not avert use of machinery for land preparatio , cultivation, harvesting.
Surface irrigation technique is broadly classified as basin irrigatio ; bord r irrigation; furrow irrigation and uncontrolled flooding.
Basin irrigation:
Basin irrigation is common practice of surface irrigation. This method is employed for watering orchards. It is useful especially in regions with layouts of small fields.

If a field is level in all directions, is encompassed by a dyke to prevent runoff, and provides an undirect d flow of water onto the field, it is herein called a basin. A basin is typically square in shape but exists in all sorts of irregular and rectangular configurations.

It may be furrowed or ridged, have raised beds for the benefit of certain crops, but as long as the inflow is undirected and uncontrolled into these field modifications, it remains a basin.

9.Write down the types of Basin Method ? [N/D 13]

Furrow Irrigation:

In furrow irrigation technique, trenches or “furrows” are dug between crop rows in a field. Farmers flow water down the furrows (often using only gravity) and it seeps vertically and horizontally to refill the soil reservoir. Flow to each furrow is individually controlled.

Furrow irrigation is suitable for row crops, tree crops and, because water does not directly contact the plants, crops that would be damaged by direct inundation by water such as tomatoes, vegetables, potatoes and beans. It is one of the oldest system of irrigation. It is economical and low-tech making it particularly attractive in the developing world or places where mechanized spray irrigation is unavailable or impractical.

Furrow technique (Source: Basak, 1999 )

In different situations, different furrow methods are used. They are mainly of five types:

1. Sloppy Furrow

2. Levelled Furrow

3. Contour Furrow

4. Serial Furrow
5. Corrugated Furrow
There are numerous advantages of Furrow technique of irrigation:
1. Large areas can be irrigated at a time.
2. It saves labour since once the furrow is filled, it is not necessary to give water a seco d time.

3. It is a reasonably cheaper method.

4. Plants get proper quantity of water by this system.

Furrow irrigation is also beneficial for growing of tree crops. In the early stages of tree planting, one furrow alongside the tree row may be sufficient but as the trees develop then two or more furrows can be constructed to provide sufficient water. Sometimes a special zig-zag system is used to improve the spread of water.

Major drawback of furrow system of irrigation is ensuring uniform dispersal of water over a given field. To tackle this problem, some farmers engage in field levelling to remove any small hills that would have been bypassed by the gravity flow of the water. Other problem with furrow irrigation is the increased

potential for water loss due to runoff. Building retention ponds along the edges of fields can help capture this runoff, allowing it to be pumped back to the upslope side of the field for use in further irrigation cycles. Uncontrolled flooding: There are many cases where croplands are irrigated without regard to efficiency or consistency. These are usually situations where the value of the crop is very small or the field is used for grazing or recreation purposes. Small land holdings are generally not subject to the range of surface irrigation practices of the large industrial farming systems. The assessment methods can be applied if desired, but the design techniques are not generally applicable nor need they be since the irrigation practices tend to be minimally managed.

Free Flooding:

This flooding system of irrigation is used from ancient times. Flooding method consists in applying the water by flooding the land of rather smooth and flat topography. In current irrigation practice, several flooding methods have been developed.

In free flooding method, water is applied to the land from field ditches without any check or guidance to the flow. The land is divided into plots or kiaries of suitable size depending on porosity of soil. Water is spread over the field from watercourse.

The irrigation operation begins at the higher area and proceeds towards the lower levels. The flow is stopped hen the lower end of the field has received the desired depth of water. The field watercourse is properly spaced, the spacing depends on the topography, oil texture, depth of soil and size of stream.

10.  What are the merits and demerits of irrigation? [N/D 15]
MERITS OF IRRIGATION
1) During the period of low rainfall or drought, yield of crops may increas d or remains same, due to irrigation system.
2) The food production of a country can be improved by ensuring the growth of crops. This helps a country to prevent famine situation.

3) Securing increased agricultural production and thus improving the nutrition of the population.

4) Irrigation helps to improve the cultivation of cash crops like vegetables, fruits, tobaccos, sugar cane.

5) In some river valley projects, multipurpose reservoirs are formed by constructing high dams. At these river valleys, hydroelectric power may be generated.

6) Retention of water in reservoirs and possible multipurpose use there of Irrigation canal may be the source of water supply for domestic and industrial purposes.

7) The reservoirs and canals can be utilized for the development of the fisher project.

8) Culturing the area, increasing the social and cultural level of the population.

9) Recreation facilities in irrigation canals and reservoirs.

10) Increases employment by providing jobs to people.

11) Improvement of the micro climate. Possibility provided for waste water use and disposal.

12) Improvement of water regime of the irrigated soils.

Demerits of Irrigation

1) Danger of water logging and salination of soils.

2) It may change properties of water in reservoirs due to waste water use and disposal.

3) Deforestation of area is to be done which is to be irrigated. With it, change of water regime in the area.

4) Possible spread of diseases from certain types of surface irrigation.

5) Danger of pollution of water resources by return run off from irrigation.

6) New diseases caused by retention of waste water in large reservoirs.

7) Due to excessive irrigation, climate becomes damp and cold. Thus humidity increases, which is not good for health.

11. Explain factors affecting the duty. [N/D 13]

Factors Affecting Duty:
The factors that affect the duty are described below.
Soil Characteristics If the soil of the canal be dis porous a d coarse grained, it leads to more seepage loss and consequently low duty. if the soil is compact and clos d g a ned, the seepage loss will be less and the duty will be high.

If the agricultural land consists of sandy soil, the percolation loss will be high causing the duty to below. If it consists of alluvial soil, the percolation loss will be less and the soil retains the moisture for longer period and consequently the duty will be high. _

Climatic Condition When the atmospheric temperature of the command area becomes high, the evaporation loss is more and the duty becomes low and· vice versa.

Rainfall if the rainfall is sufficient during the crop period, less quantity of irrigation water shall be required and therefore the duty will be more and vice versa.

Base Period When the base period is longer, the water requirement will be more and the duty will be low and vice versa.

Type of crop The water requirement of various crops are different. So, the duty varies from crop to crop.

Topography of Agricultural Land If he agricultural land is uneven, the water requirement is more and hence the duty will be low. If the and has slight slope, the duty will be as water requirement is optimum.

Methods of ploughing Proper deep ploughing which is done by tractors requires overall less quantity of water an hence the duty is high. But, shallow ploughing with bullocks requires overall more quantity of water, and hence the duty is low.

Methods of Irrigation The duty of water is high in case of pernial irrigation system as compared to that in inundation irrigation system.

Water Tax If some tax is imposed on the basis of the volume of water consumption, the farmer will use the water economically, and thus the duty will be high.

12.What are the methods of improving duty? [N/D 13]

The follo
ing points should be remembered for improving the duty of water.

Proper Ploughing Ploughing should be done properly and deeply so that the moisture retaining capacity of

the soil is increased.

Canal Lining To reduce percolation loss the ca. als should be lined according to site condition. Transmission Loss To reduce transmission loss the canals· should be taken close to the irrigable lands as far as possible.
Crop Rotation The principle of crop rotation should be adopted to incr ase the moisture retaining capacity and fertility of the soil.
Implantation of Tax The water tax should be imposed on the basis of volume of water consumption.

13. A channel_ is to be designed for irrigating 5000hectares in Kharif crop and 4000hectares 10 Rabicrop. The water requirement for Kharif and Rabi are 60 cm and 25cm, respectively. The Korperiod for Kharif is 3weeks and for Rabi is 4weeks. Determine the discharge of the channel for which it is to be designed. [N/D 13]

Solution Using the relation.

· ( 8.64x B) / D

Discharge for Kharif Crop

Here ,Δ =60cm=0.60m

B=3weeks=21day

Duty = 8.64X21 / 0.60 = 302.4 hectares/cumec

Area to be irrigated = 5000hectares

Required discharge of channel = 5000 / 302.4 = 16.53cumec Discharge for Rabi Crop

Here ,
=25cm= 0.25m

B= 4weeks = 28days

Duty = 8.64x 28 / 0.25 = 967.68 hectares/cumec

Area to be irrigated=4000hectares

Required discharge of channel = 4000 / 967.68 = 4.13 cumec

So, the channel is to be designed for the maximum discharge of 16.53cumec, because this discharge capacity of the channel will be able to supply water to both the seasons

