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Crop water requirement
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Crop water requirement

** Crop water requirements are defined as the depth of water [mm] needed to meet
the water consumed through evapotranspiration by a disease-free crop, growing
in large fields under non-restricting soil conditions including soil water and

fertility, and achieving full production potential under the given growing

environment.
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Water Holding Capacities of Soils
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Soil Texture

v" The smaller the soil particles, the greater the soil’s water holding capacity. Clay
has more water holding capacity than sand.

v" Small soil particles (clay) have more small pores or capillary spaces, so they
have a higher water holding capacity. Large soil particles (sand) have fewer
capillary spaces, therefore less ability to hold water.

Soil Structure

v A soil structure has a direct correlation to the amount of water it can retain.

Organic Matter

v" Organic matter aids in cementing particles of clay, silt, and sand together into
aggregates which increases the water holding capacity.

v" Decomposition of organic matter also adds vital nutrients to the soil.
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Soil moisture content

» The soil moisture content indicates the amount of water present in the soil.

» Soil water is expressed as the volumetric fraction of water, that mean volume of water
per unit volume of soil, which is equivalent to depth of water per unit depth of soil.

» For example, the value of 52% volumetric water mean that 52mm of water per 100mm of
soil depth or 0.52 mm of water per mm of soil depth.

Calculating Soil Moisture
Gravimetric

**The mass of water in a given mass of soil (kg of water per kg of soil).
* Pw = Percent water by weight

Pw = (weight of wet soil — weight of oven dry soil) X 100
weight of oven dry soil

Volumetric

** The volume of water in a given volume of soil (m3 of water per m3 of soil)
Pv = Percent volumetric

P, = Pw X bulk density




Gravitational Water
v' Gravitational — also called “free water.”
v" This is the water that drains out of the soil after it has been wetted.
v’ exists in macro —pores, moves downward through the soil because of the pull

adhesian Soil & Water

of gravity

exists as a film

—— s
% 4

o P
. F Capillary Water cohesion
Cohesion water Adhesion water
= the attraction of two similar " the attraction of two different
molecules (water to water) molecules (water to soil)
= held by hydrogen bonding = held by strong electrical forces

" |ittle movement
= (when + & - of water molecules

are close together) - ehxeisktjst;gsh; f?ly nfon

= Unavailable to plants

" major source of water for plants = removed from soil by drying in
(available to plants) an oven Q

= [iquid state in water film




Water movement

» The two forces that allow water to move through soil are
gravitational forces and capillary forces.

» Capillary forces are greater in small pores than in large pores.

» Gravitational and capillary forces act simultaneously in soils.

» Capillary action involves two types of attractions, adhesion and
cohesion.

» Gravity influences water in saturated soils.

» Factors that affect water movement through soil include

texture, structure, organic matter and bulk density.




Water Budget

I=Imgzation
E. = Eunott
= = otorage

= Capllary Eise
F = Precipitation

ET = Evapotranspiration

DF = Deep Percolation
w=1+FP+_C —-—ET—-DF - E




Influencing factors for the crop water
requirement

Climatic
factors

Temperature
Sunshine
hours
Relative
humidity
Wind velocity
Rainfall

Crop factors

Variety
Growth stages
Duration
Plant
population
Crop growing
season

Structure
Texture
Depth
Topography
Soil chemical
composition.

= Irrigation
methods

* Frequency of
irrigation

& its efficiency

= Tillageand
other cultural
operations
like weeding,
mulching etc




Crop Water Requirement includes all losses like:
1. Transpiration loss through leaves

2. Evaporation loss through soil surface in cropped area

3. Amount of water used by plants for its metabolism.

s These three components cannot be separated so easily. Hence the ET loss is taken
as crop water use or crop water consumptive use.

** Other application losses are conveyance loss, percolation loss, runoff loss, etc
(they should consider for computing irrigation requirement)

evapotranspiration =
transpiration + evaporation

o
~ T

transpiration

4 4

Transpiration:
Water vapor escares
from pores under leaves

trees grass

__—TRYTHIS...
~—  Ifyou cover an

Evaporation: entire leaf of a green

Water in the soils plant, you will notice
change to gas as the that the plastic bag
the ground surface will look foggy after

warms up a while.

Soil moisture-———

groundwater Warm ground surface -
recharge
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Irrigation requirement

The field irrigation requirement of crops refers to water requirement of crops
exclusive of effective rainfall and contribution from soil profile.

IR =WR - (ER +S)

IR = Irrigation requirement; WR = Water requirement;
ER = Effective rainfall; S = Soil moisture contribution

Irrigation requirement depends upon the

a) Irrigation need of individual crop based on area of crop

b) Losses in the farm water distribution system etc.

Critical stages for irrigation:

= The stage at which the water stress causes severe yield reduction

= |tis also known as moisture sensitive period.

= Moisture stress during the sensitive period reduce the yield.

= For most of the crops the least sensitive stages are ripening except for vegetables

like Lettuce, Cabbage etc




Moisture Sensitive (Critical) Periods of Major Crops

5l.No. Crop Sensilive Stages
1. Rice Panicle initiation, flag leaf and milky stage
=, Sorghum Booting and flowering
3. Maize Silking and tasseling
4, Pearlmillet Booting and flowering
5. Finger millet Flowering
. Groundnut Peg penetration and pod development
7. Sunflower Head formation and early grain filling
8. Sesame Flowering
@, Soybean Flowering and pod filling
10. Mustard Flowering and Siliqua development
11. Blackgram and Flowering and early pod development
Greengram
12. Cotion Square formation and boll formation and development
13. Sugarcane Cane formation (Upto 120 days after sowing)
14. Tobacco Topping
15. Banana All stages especially shooting stage
16. Tomato Flowering and fruit development
17. Onion Bulb formation and development
18. Flower crops Bud formation and development
19. Ornamental Flowering




Net irrigation requirement

It is the actual quantity of water required in terms of depth to bring the soil
to field capacity level to meet the ET demand of the crop.
= |tis the quantity of water necessary for crop growth

= |t depend only on the root depth of the crop and on the soil type.

n Mfc1 - Mba
d = E ——————————————— XA X I
iy 100

d = Net irrigation water to be applied (cm)

Mfci = FC in ith layer (%)

Mbi = Moisture content before irrigation in ith layer (%)
Ai = Bulk density (g/cc)

Di = depth (cm)

n = number of soil layer




Gross irrigation requirement
= The total quantity of water used for irrigation is termed gross Irrigation
requirement.

= |t is the quantity of water to be applied in reality, taking into account water

losses. o ]
Net irrigation requirement

Gross irrigation = —--=-mmee e x 100
Field efficiency of system

= |f reliable local data are available on the field application efficiency, these
should be used. If such data are not available, the following values for the

field application efficiency can be used:

for surface irrigation field application efficiency = 60%

for sprinkler irrigation field application efficiency = 75%

for drip irrigation field application efficiency = 90%




Quality of irrigation water

e |rrigation water must not have direct or indirect undesirable effects on
the health of human beings, animals, and plants.

e The irrigation water must not damage the soil and not endanger the
quality of surface and ground waters with which it comes into contact.

e The presence of toxic substances in irrigation water may threaten the
vegetation besides degrading the suitability of soil for future cultivation.

e Surface water, ground water, and suitably treated waste waters are
generally used for irrigation purposes

/The various types of impurities, which make the water unfit for \
irrigation, are classified as:

e Sediment concentration in water

e Total concentration of soluble salts in water

e Proportion of sodium ions to other ions

e Concentration of potentially toxic elements present in water

e Bacterial contamination
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Methods of Irrigation

Micro/Trickle(Drip)

Surface irrigation Sprinkler irrigation irigation

Set-move
Surface Subsurface

Uncontrolled Check Border

flooding flooding flsgg?ng Furrow




Surface Irrigation
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(a)Uncontrolled Floodlng
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(b) Border Strip flooding
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(c) Check flooding method
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(d) Basin flooding method
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(e Furrow Method
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Sprinkler Irrigation Method
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Sprinkler Irrigation Method
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Trickle (Drip) Irrigation
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Which irrigation system is better?
» It depends on some factors.

» For example, which method will save you the most water?

» If you are looking to save water, then Drip irrigation and Sprinklers irrigation will be your

best option.

» If you want something low cost and easy method when water is no issue, then Furrows

irrigation will be good.




Choosing an Irrigation System
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TABLE 6.1: Crop water requirements (mm).

Water requirement Waler requirement
Rice 900-2500 Tomato 600-800
Wheat 450-650 Potato 500-700
Sorghum 450-650 Pea 350-500
Maize 500-800 Onion 350-550
Sugarcane 1500-2500 Bean 300500
Sugarbeet 550-750 Cabbage 380-500
Groundnut 500-700 Banana 1200-2200
Cotton 700-1300 Citrus 900-1200
Soybean 450-700 Grape 500-1200
Tobacco 400-600 Pineapple 700-1000




