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ESTABLISHING AN IRRIGATION PROGRAMME

To establish an irrigation programme one must have adequate
information on water supply, climate, plant, soil and economic factors.
 An adequate and dependable water supply facilitates irrigation applica.
tion in accordance with the biological nceds of plants. Then, the
problem is to determine the suitability of the crop to the environment
and the marketability of the produce. Soils may be altered by grading
to change slope, operations to modify profile characteristics, addition
of amendments and leaching to correct pH and salinity, organic and
inorganic manuring to improve fertility, and pesticides for control of
soil-borne diseases, nematodes, etc. However, factors such as climate
can be modified little, if at all, and thus determine the cropping and
the irrigation programme.

Irrigation programme can facilitate crop production in several ways,
viz. providing moisture control; efficient use of fertilizers; better adjust-
ment of cultural practices, such assowing and harvesting schedules;
permit double cropping and intercropping; the introduction of high
value crop-potatoes, hybrid maize, sugarcane, long-staple cotton, fruits,
vegetables, etc. The extent to which these objectives can be achicved
depends on the total water supply.

Total water require vents. To determine whether sufficient water
is available for irrigation, estimates must be .made of the total farm
water requirements, Aspects which need to be considered are evapo-
transpiration losses and application lossis including surface run-off and
deep percolation. In addition, allowances may be made for convey-
ance losses and necessary leaching., It is not adequate to know only the
total water requirements, since they change with the advance of season,
being low in the early stages, rising to a peak at the time of maximum
growth, and declining thereafter. Thus, each crop will have periods
of maximum rate of water-use depending on the stage of growth and
weather conditions. Irrigation interval has to be shortened during the
peak demands to prevent damage to crops. These peak rates must be
taken into consideration in any irrigation programme and water supply
must be assured to meet the demands at such peak periods.

Application losses determine irrigation application efficiency (Eg)
which is calculated as follows :
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where W y=Irrigation water delivered on the farm

W,=Irrigation water stored in the root-zone of soil on the
farm

Ry=Surface run-off from farm including losses in distribution
D;=Deep percolation losses

Irrigation application efficiency ranges from nearly 100 per cent
to 30 per cent and sometimes lower, Low efficiencies arise from
irregular land surface, irrigation system poorly suited to prevailing
conditions and inefficient operational procedures including too high a
rate of water application, excessively long irrigation runs on highly
permeable soils, and inadequate control of water distribution, In any
irrigation system some water is lost during application, Even under
sprinkler irrigation system these losses can be appreciable, particularly
under windy conditions.

Over and above the estimates of total water requirements as
described above, certain allowance has to be made for leaching the salts
from the root-zone, In asurface irrigation method, deep percolation
losses may provide the required leaching. However, with a sprinkler
irrigation system, additional water will be needed for leaching.
Leaching of salts may occur naturally through heavy rains.

Factors determining suitable irrigation schedules. Irriga-
tion scheduling isa means of supplying water in accordance with the’
crop needs. Factors, such as water retention characteristics of soil and
rooting depth of crop, which determine th: supply. of water available to
crops, and any factors, such as climate and the extent of plant cover on
soil surface, which affect water-use rate, must be considered in determin-
ing irrigation schedules. Accordingly, before an irrigation programme
is planned, the local situation should be analyzed in terms of soil, plant,
climatic and management. factors,

(1) Soil factors. Among the soil factors involved are soil struce
ture, texture and depth, mechanical impedance, infiltration rate, inter- -
nal drainge rate, aeration, moisture retention characteristics, hydraulic
conductivity, ground water-table conditions, soil-salinity, toxic substances,
plant diseases and nematodes, temperature and sail-fertility,
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(2) Climatic factors. Climatic factors for consideration are tempe-
rature, solar radiation, wind, humidity, day-length, length of growing
season and diurnal fluctuations.

(3) Plant factors. Plant factors include crop varieties, rooting
characteristics, drought resistance behaviour, growth stages critically
affected by water stress, organsor plant constituents to be harvested,
effect of water stress on quality of harvested produce and the length of
growing season.

(4) Management factors. The principal management factors include
dates of planting, resultant plant population, irrigation scheduling in
relation to critical growth periods, fertilizer application, crop protection
measures, and dates of harvesting.

Irrigation affords opportunities for double or even triple cropping.
Selection and planting of crops can be so arranged that the peak rates
of water-use by different crops do not clash, Studies at Arizona
in the south-western United States reveal that a water flow of -
2.5 cusecs would be sufficient for 180 acres of cotton, 257 acres
of alfalfa or 340 acres of a rotation consisting of 120 acres of alfalfa, 120
acres of cotton, 80 acres of small grains and 20 acres of sorghum. Such
programme is dependent on climate, particularly the total and seasonal
distribution of rain, characteristics of crops, especially root depth and
density and soil-water-retention characteristics. Intercropping raises
irrigation requirements, but the increased production obtained justifies
the greater water use,

TaBLE . OPTIMAL IRRIGATION LEVELS AND NET PROFITS FOR
WHEAT CROP IN RELATION TO PRICE OF WATER UNDER
DIFFERENT SOURCES OF WATER SUPPLY

Sources of water Cost per acre Optimum level  Net profit with
supply inch of water of irrigation the optimum
(Rs) {inches) irrigation (Rs)
Persian wheel 18 7.6 23.8
Tube-well (working on oil) 8 9.3 M4
Tube-well (wotking on 4 11.0 118.4
electricity)
Canal 0.50 13.6 163.0

(5) Economic factors. Operational policies including pricing‘of
water and the scheduling of water deliveries to farms can have 2 major ,
effect on crop patterns and on water-use efficiency. It is the
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universal experience that water will be misused and wasted where it is
abundant and free or relatively cheap. This may ultimately -cause
drainage problems and increased salinity, loss of plant nutrients through
leaching, and a subsequent reduction in crop yields. Where cost of
water is high, efficiency in its use is higher. The optimal level of irri-
gation and corresponding net profits are inversely related to the cost per

-unit of water, as shown from experimental data given {Prashar.and
Singh, 1963) in Table I. ‘

FARM DEMAND FOR IRRIGATION WATER,FIVE FAAM SI1ZES
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Fig. 1. Optimum water quantity in relation to water cost for different
farm sjzes. X

- -

Net returns per acre for individual crops become eritical in the
choice of cropping patterns. The relative ranking of different crops
and therefore the optimum choices and resource allocations will change
considerably with variable water costs, or quantities of water available.
The quantities of water need be so regulated that its purchase at a
particular price sufficiently ensures, that each successive application is
co:-lsistent with the profit maximization goal. However, when the
objective is to attain maximum production, an increase in water-use
may be justified. Studies in California—USA (Moore and Hedges, 1963),
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using linear programming techniques, also revealed that the optimum
water quantity for different farm sizes (80, 160, : 20/, 840 and 280 acres)
varied as the cost for water ranged from zero to $30.00 per acre foot.
‘Stepped’ demand schedule for different farm size sare given in figure 1.
These steps, each representing a combination of a quantity
of water and a particular price, are not necessarily parallel among the
five farm sizes The study showed that the amount of water used ata
certain price derends upon a specific combination of crops and the
acreage of each, that give the maximum total net farm returns under
the particular water cost conditions. There water prices are extremely
influential in determining cropping patterns, optimum water-use, and
efficiency in water-use. In areas where water is plentiful and cheap in
comparison to other production costs and crop values, there may be
little incentive for a farmer to conserve water by improving the effici-
ency of his irrigation operations. When low water price is fixed for some
reasons, special regulatory measures will have to be imposed to ensure
efficient water-use, otherwise the inefficient use of water will create drai-
nage problems and a consequent reduction in crop yield.

(6) Water supply. The water supplying organization can also
affect irrigation efficiency by its choice of water delivery schedules and
of the size of stream made available to individual farmers. In some
irrigation projects, the water delivery schedule may make it impossible
for the farmer to schedule his irrigations at the precise time when
water is needed by the crop.

The rotation system, for example, allows little chbice. For the
farmer who elects to pass his turn may indeed need water before the
time of the next delivery, generally a week or two later. If he accepts
water on schedule, consideration must be given to the crop that should
be irrigated. In other projects, the farmer may receive a small stream
of water under a continuous delivery system., Here, he must apply
water on some part of his farm at all times when evaporative demand-is:
high in order to cover the irrigated acreage in time for the next irriga.
tion. Continuous flow systems are often inefficient, but they may be
quite efficient under one or more of the following situations ¢

(1) the flow rate can h» properly adjusted to evapo-transpiration
rate and water can be shut off wherever it 'is no longer needed ; or
(2) flow-rate is too small for efficient surface irrigation and
sprinklers are available. Maximum flexibility and the greatest opportu.
nity to jrrigate on a more scientific basis occurs where irrigation water
is available on demand. Water is usaully ordered a day or two in
advance where project distribution systems have capacities to satisfy
crop nceds during periods of peak demand. Where groundwater is
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plentiful and of good quality, the farmer needs only to turn on a pump
to irrigate. In spite of the advantages, many farmers misuse the demand
delivery system by irrigating a crop much more frequently than needed.

Irrigation schedules and apphcahon must consider other farming
operations. For example, a farmer might elect to jrrigate alfalfa sooner
than necessary because he anticipates harvesting a crop. of hay the
follomng week,

Determination of nrngation schedules. As discussed above,
crop irrigation requirements vary with soils, type of plants, stage of
growth, and weather conditions. It is impossible to recommend 2
universally applicable " irrigation schedule. The optimum :rnganon
programme, from a farmer’s point of view, is the one which is most
profitable.

Crops differ in their tolerance to the depletion of soil water before
irrigation. A crop such as paddy responds favourably to frequent
irrigations and even to continuous submergence, Some crops, such as
berseem, potatoes, and most winter vegetables, require moist conditions
and suffer if more than 40 to 50 per cent of available water in soil is deple-
ted before irrigation is applied even though the evaporative conditions
are not severe. Other crops, such as small grains (especially during
maturation stage), alfalfa, fruit trees and a number of crops which develop
decp and well-branched root systems, may show little reduction in yield
until nearly all of the available water has been depleted in the soil
depth from which extraction has been most rapid. It must be emphasi-

zed, however, that irrigation programme for specnﬁc crops should vary
according to the prevailing conditions. ,

Criteria for scheduling irrigation thus vary from one situation to
another. Where water is scarce or expensive, irrigation should be
scheduled to maximize crop production per unit of applied water.
Where arable land is more scarce than water, irrigation should be
scheduled to maximize crop production per unit of planted area. How-
ever, in certain situations, irrigatiorr schedules may be modified to mini-
mize irrigation costs, facilitate farm operations, viz. to overcome
problems of poor germination, slow penetration of irrigation water, to
contro] atmospheric temperatures, or the groundwater level, to accom-

plish leaching of salts, and accommodate schedule of water delivery
to farms, .

The following approaches may be used to schedule irrigation :
1. Measurements or observations of water deficit in plants

Requires knowledge of relations between measured or observed.
deficit and crop yields,



2. Calculated schedules

Based on (a) estimated soil water depletion allowable without
loss of crop yield and (b) an estimate of water-use rates,

3. Evapo-transpiration rates

Computed from evaporation or meteorological data, Also
requires information on allowable depletion of available soil

water.
4. Soil water measurements

Also requires information on allowable depletion of available
water or allowable suctions,

Irrigation schedules based on measurements or observa.
tions of plant water deficits. The most direct approach to the
scheduling of irrigations would be the measurements or observations
of plant water dificits which can be tolerated without adversely affecting

crop yields and/or quality.

Plants respond to water stress in a number of ways and although
responses vary in magnitude and type between species, they may be
useful in some cases as criteria (or irrigation need.

Measurements of plant water deficits, which have been proposed
and used to some extent, include relative water content or turgidity,
stomatal opening, transpiration rate, osmotic concentration of cell sap,
and total water potentials (For 'a detailed review, refer Hagan and
Laborde, *966), Unfortunately, the values obtained by all these measure-
ments depend on (i) the plant part selected and its age, (ii) time of
day, and (iii) exposure of the plant part sclected. These measurements
may also be affected by climatic conditions, soil fertility, disease and
other factors influencing plant growth. Many of these measurements
are time consuming and require highly refined equipment. Equipment
needed for making the more fundamental measurements is not as yet
suitable for field use. Even when measurements are made under care-
fully standardized conditions, considerable research is needed to establish
critical values as to the basis for scheduling irrigations.

The present difficulties in making plant water measurements
suggest that more attention should be given to finding practical ways
to use easily detected visual symptoms of water-stress to guide

lrngatmns.
The most obvious and frequently observed symptom of water-stress

is wilting of a part or entire plant. Increasing waterestress in many
plants causes a darkening of colour and loss of sheen. Water-stress
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in some crops leads to the sppearance of caroteroid (yellow and orange
colours) and anthocyanin (purple colours) pigments; shortening of
internodes (as in sugarcane and cotton); retardation of shoot elongation
(asin grapes); c hange in leaf angle and apparent colour (as in bean);
leaf rolling (as in maize, clover and some pasture grasses); and leaf
abscission (as in almond). Unfortunately, by the time water stress
symptoms can be observed in most crops the plant has already been
under stress for some time and yields may be affected. However, in
some cases with cotten, grapes, bean and perhaps other crops, visible
symptoms are adequate indices for scheduling irrigation. More
detailed studies may possibly lead to recognition of useful visual indica«
" tqrs for other crops.

Visual symptoms of water stress can be effectively used to schedule
irrigation where plants growirg on certain areas of a field dry-out more
quickly because ofsandy soil, shallow depth, restricted infiltration,
smaller irrigation applications or other reasons. As the dryness of these
areas relative to the rest of the field is learned through experience;then
the appearance of visual stress in these areas can be useful in scheduling
irrigation for the whole field.

Another possibility. deserving further attention is the use of selected
plants or specially treated plants grown ‘with the main crop to indicate
irrigation needs, If indicator plants can be selected or treated so that
they visually show water stress at a desirable interval before the crop is
affected, they could be a useful guide to irrigation scheduling. This
approach is potentially useful, especially so, in the rapidly developing
countries, but requires considerable experimentatinn,

With the exceptions indicated above, delaying irrigation until visual
‘water stress symptoms appear will generally lead to reduced yxelds

Calculated irrigation schedules (Irrigation Guides). Appro-
ximate irrigation schedules, sometimes called Irrigation Guides, can be
calculated from the following relation :

Supply of soil water usable without

Irrigation interval (days) = Ratiﬂ:: ixﬁcgﬁfey;ilrdday

The amount of water which can be stored within the root zone; and
which can be used by the crop without being adversely affected, will be
termed as the total available water and can be calculated from the .
equation as follows :

(FC-WP)

Total available water = 150 e S5 Dy
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where FC is the average field capicity, WP is the wilting point (or
-permanent wilting percentage), S, the bulk spgcific gravity, and Dy the
effective depth of rooting.

To avoid any possible crop damages due to drought, the generally
. accepted irrigation practices recommend to irrigate the crop before
arriving at the wilting moisture content, i.e., before complete deple.
tion of the total available water, The depth of water which can be
depleted before the crop is adversely affected is termed the usable
available water, or the allowable depletion of soil water.

The allowable depletion is the equivalent depth of water which
can be depleted from the root zone before the occurrence of
unacceptable adverse effects on the crop. It can be calculated as

follows ¢
|  (FC,— WP .
Allowable depletion = z ( "_T(-)_O——L-) Sb‘ . 4 Sy
i=l

where n is the number of soil layers or increments sampled within the
effective rooting depth and FCy, WP, Sb,, d; and f;, are the field capacity,
wilting point, bulk specific gravity, depth of soil layer and the ratio of
allowable depletion to the total available water, all in the i-th layer.
' The fraction f reflects the root activity and completeness of water-
extraction from each depth. Accordingly, it will diminish with soil
depth, but it will increase as roots grow during the crop season.
Since information for each soil depth within the root zone is often
lacking, the following simplified expression may be used :

Allowable depletion = (ﬂ"_l“ml”i) . Sp.D;. F

where FC, WP, Sy, Dy and F are the field capacity, wilting point, bulk
specific gravity, depth of soil, and the ratio of* allowable depletion to the
total available water, all for the entire root zone,

_Ther allowable depletion is dependent upon

(1) The fraction of the avajlable water which is contacted by
roots as they grow through the soil.

(2) The potential rate at which soil water can be supplied per
unit area of absorhing roots in relation to rate of water loss
from leaves. The rate of supply of soil water to roots is litni-
ted by the bydraulic conductivity of the soil- which declines
with increasing soil water suction (or tension).



10

(3) The soil water suction corresponding to different degrees of
.soil water depletjon.

“The soil water suction influences plant water deficits and thus
affects water absorption and plant growth processes. The
magnitude of plant water deficit which can be tolerated with-
out adverse effects is dependent primarily upon the crop and
stage of growth. Some crops appear to have critical periods
during which they are greatly affected by water deficits and
thus are particularly responsive to irrigations,

. Thus the allowable depletion (usable available water) will depend
upon the crop, the soil, the climate, and even the management condi-
tions and will tend to increase during the growing season asthe roots
~ ¢xtend deeper and more completely through the soil.

The allowable depletion and the usable water fraciions f and F as
described above should not be confused with extraction information as
published for some crops. These extraction patterns usually express the
water taken from each depth asa fraction or percentage of the total
water extracted from the entire root zone,

Therefore irrigation planning and scheduling is greatly complicated
by the fact that the allowable depletion is determmed by many seil,
plant, climatic and management factors. Listed irn Table II are
thote factors which tend to reduce the allowable depletion and thus
raise the probability that crops will respond to relatively frequent jrri-
gations Also listed in Table II, are those factors which tend to
inicrease the allowable depletion water and thus decrease the probability
that crops will be benefited by relatively frequent u-ngatmns.

Tapre II. Coum-r:qns AFFECTINC THE ALLOWABLE DEPLETION
OF SOIL WATER AND THE FREQUENCY OF IRRIGATION

Conditions tending to require relatively frequent irrigations
Plant

Shallow, spatse, slow-growing roots.

. Major growth occurs during non-rainy season and/or periods of h!g‘h evapora-
tive demand.

Fresh weight yields of reproduciive organ desired,

' ) Soil -
Shallow soil ; poor structure jmpeding root growth.
Slow infiltration and internal drainage; _ poor aeration.

Root disease, nematodes present.
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Small fraction of available water held at low suctions,
Saline soils and/or saline irrigation water,

Fertility level high ; nutrients concenirated in top-soil,
Very high soil temperature, with shallow-rooted crops.

Weather
High evaporative rates.

No rainfall during growing scason.
' Management
Planted at beginning of hot dry weather.
Mazximum yield desired even though maturation may be retarded.

Market value dependent on lotal fresh weight yield or size of harvested organ.

Conditions permitiing relatively irgfr;gueut irrigations
Plant
Deep, dense, fast-growing roots,
Xerophytic charactensncs.

admor gromh oecurs durmsrainy season andjor periods of low evaporative
eman

Dry weight yields of reproductive organ desired.

23
.- Soil
Deep soil ; good structure.

Good infiliration, internal draipage, aeration.

Large fraction of available water held at low suctions.
Nou-saline. .

Fertility level low ; nutrients distributed in profle. .
Constart water-table in reach of roots.

Weather
Low evaporative rates.

Rain during growing scason.
Management

Planted and grown during rainy seagon andjor period of low evaporative
demand,

Planted and well cstablished before hot dry weather.

Early maturation required to achieve harvest or favourable marketing even
though yiecld may be somewhat depressed,

Market value determined by total dry weight, percentage dry weight, or
content of specific constituent.
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It must also be recognized that other factors such as adequacy
of supply and cost of water, availability and cost of labour, water

delivery schedule, and type of irrigation system used may also affect
the irrigation schedule selected.

The potential rate of water-use from a cropped field (the potential
evapo-transpiration rate) is a function of meteorological conditions. The
actual rate of evapo-transpiration is usually smaller and is determined

by :
()

(2)

Extent to which crop covers the soil surface

This is affected by planting density, stage of .growth, soil

fertility, crop protection measures, cultural operations, and
other management decisions.

Stage of crop 'growth.

This affects not only the extent of soil surface coverage by the’
crop but also the transference of water vapour. to the
atmosphere by altering leaf geometry and crop surface
roughness. Also the rate of water loss per unit leaf area often

_declines because of senescence as the crop matures.

(3) Soil water supply

Plants will transpire at the potential rate and evaporation
from the soil surface can proceed at the potential rate only
when the soil is wet and 'water is freely available.

Thus the actual evapo-transpiration depends not only on climatic
factors, but also on crop, soil and even management factors,

To calculate a suitable irrigation interval, one must have informa-

tion on:

0

(2)

Allowable depletion of soil water under the prevailing soil,
plant, climatic and management conditions.

As pointed out above, the allowable depletion for a given
crop will vary over the growing season. It must also be
realized that this allowable depletion may need to be adjus-
ted in accordance with such considerations as water cost,

changes in actual supply of irrigation water, changes in the
relative market value of the crop, etc.

Actual evapo-transpiration rate under the prevailing climatic

conditions as modified by soil, plant and management condi-
tions.
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The relation between actual and potential evapo-trans.
piration’ will change over the growing season. Thus,
as the irrigation season progresses, adjustments must be made
in the numerical factor used to correlate actual evapo-trans-
piration with evaporation as computed from meteorological
data or as measured by pans or evaporimeters,

With the above information, the irrigation interval can be calculated
as follows :

Allowable depletion

Irrigation interval = n—
g ¢ Rate of actual evapo-transpiration

_ Allowable depletion can be expressed in any convenient units (mm, cm,

inches) giving total depth of water. Evapo—transpxrauon rates should
be expressed in the same units per day, This gwcs irrigation interval
in days,

The Irrigation Guides prepared by the Soil Couservation Service
of the United States Department of Agriculture, for some irrigated
areas of the western United States contain in a convenient tabular
form some suggested irrigation intervals computed from typical values
for field capacity, wilting point, crop rooting depth, allowable deple.
tion and evapo-transpiration rates. Field capacity and wilting point
data are obtained from _soil surveys. Approximate rooting depths
for major crops of the ‘area on typical soils are assumed from
local experience or data obtained under similar conditions in other
locations,

These Guides recognize, as discussed above, that only a fraction
of the total available water which can be stored within the root zone
can be used before crop growth and yield are affected. The Soll
Conservation Service in preparing these Guides approximates the
allowable depletion by determining the total available water in the
top one-quarter of the root zone and multiplying by two. Thus the
allowable depletion is one-halfof the total avajlable water in the root
zone for soils which have uniform water-holding capacities for all incre-
ments of depth, However, the allowable depletion will be less than
one-half of the total capacity in the root zone in soil underlain with
subsoils baving higher water-holding capacities than the upper portion
of the root zone. The SCS procedure (U.S. Soil Conservation Service,
1957) is illustrated by the following example :

Assume a soil having an available water capacity of 1.75 inches in
the top foot and 2 inches in the second foot. The depth of root zone
is 5 ft. Thus, one.quarter of the root zone depth will be 1.25 feet,
The total available water capacity of the top one-quarter will be
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1.75422 or 2,95 inches, and the allowablé depletion will equal 2.25x 2
or 4.5 inches,

These Guides contain, for indicated soils and given climatic regions,
the adapted crops, assumed rooting depth, the allowable depletion, and
the resultant irrigation [requency in days, on the basis of the above cal-
culations and estimated values for actual evapo-transpiration. The
Guides also warn the user that certain crops may require irrigation at
even more frequent intervals to maintain favourable yields and/or crop
quality. These include crops with relatively shallow or sparse roots

and those harvested for fresh weight yield of vegetative organs-
5,

The Irrigation Guides also provide useful information on water
application. The net water to be added in irrigation equals the aliowable
depletion plus the allowances for application losses and for leaching
when necessary. Appropriate irrigation methods are also indicated in
these Guides including suggested application rates, stream size, length
and width of borders, furrow spacing, estimated field application
efficiency using suggested irrigation methods, and gross irrigation
application. A typical Irrigation Guide, prepared by the Soil Conser-
vation Service of the U.S. Department of Agriculture for an area jin
Southern California, is reproduced in Table VI at the end.

Generalized or unique consumptive-use curves may be used
in scheduling irrigation programmes (Fig. 2) (Israelsen and
Hansen, 1962). The'e curves can be used to estimate the consumptive
use for a specific crop over its growing season from planting to matu-
rity. It may be convenient to prepare this information in a tabular
form. Ifthe total usable available water in the root zone is known at
sowing; the remaining quantity (consumptive use minus usable avai-
lable water at sowing) has to be given during the crop growing season, .

The depth of water to be stored in the soil during an irrigation
affects the efficiency with which it can be applied. This is particularly
true with most surface irrigation systems. It should also be consi-
dered when using sprinkler systems. :

Figure 3 represents the amount of water that must be
applied by a typical sprinkler irrigation system in order to store the
required amount of water. The application efficiency is normally less
when smaller amounts of water are to be applied.

On the basis of the growing season of crop its consumplive use is
estimated from the generalized curve or tables. This information,
together with depth of rootir:g, allowable depletion of water per unit
depth of soil within ruot zone, and irrigation efficiency permit the setting
up or irrigation . schedules. Ttalso gives thé corresponding depths of



Tante III. IRRIGATION FREQUENCY AND DEPTH QF WATER TO BE APPLIED BY SPRINKEUING IRRIGATION
. WHEN VARYING AMOUNTS OF AVAILABLE WATER REMAIN IN THE SOIL

. Léngth of growing period = 3 months ) Soil textute = Coarse

Intarval in days between irrigations and depth in loches to.
be applied when differsot amounts ot available water remain

. , inthe soil -
Time since éommnptivc Average Maximum - -
:)lunl?:u; use of water depth of depth_of 75% 50% - 25% 0%
Gl e el g ——— — —=
. ay). {inchcs) e . Depth .

Depth . Depth
(inchzs) Days (inches) Days (iaches) Days (in:hes) Days (inches)

© . 09 0.08 2 0.2 1 03 2 04 - 3 05 4 06
918 007 6 .06 2 05 5 07 8 10 . 10 13
1827 008 - 1 Lt 3 06 7 1l 10 15 1318
21.36 009 16 16 , ‘4 08 8 14 13 20 17, 28
36-45 o160 - o . 2.1 S 10 . 10 7T - 15 25 - 20 34
4554 ol . . 26 26 6 11 12 2t 17 29 24 37
54-63 oar 3t 3. 7 13 4. 24 21 33 8 42
a2 . 010 33 35 $ 15 .1 2 235 37 M a7

7281 . 009, 38 38 n 16 -2 29 33. 40 4 51

" 8190, 0.05 4. 42 20

17 4 37 - 6l 42 .2 55

91



17

water to be applicd using a given irrigation system when varying
amounts of available water remain in the ¢oil. Theste tables for given
crops need to be prepared for soils of typical textural classes. One such
table for a coarse soil is given in Table III.

The usefulness of computed irrigation schedules improves as more
accurate information on allowable depletion for given crops under given
conditions is obtained through local experience and experimentation
and as more exact data are developed on actual evapo-transpiration
rates.

Irrigation schedules based on evapo-transpiration rates.
Much attention is now bei_ng given to the estimation of evapo-transpira.
tion rates from evaporation data or meteorological measurements.
To be useful for irrigation scheduling, the method used must provide

accurate valuss of evapos-transpiration over short time intervals,

Evapofative devices or the energy balance approaches offer
possible way to determine short-term evapo-transpiration rates at a
central location for daily reporting to farmers in an irrigation project.
Even a single meteorological measurement such as solar or net radiation
may offer an adequate basis for scheduling irrigation (Jensen and Haise,
1965). The U.S. Bureau of Reclamation has modified this procedure
using a single crop curve to express the ratio of actual evapo-transpira-
tion to potential evapo-transpiration for various stages of crop growth,

T

. A great variety of evaporation pans, tanks, atmometers or other
types of evaporimeters have beén developed. The major problem has
been the establishment of reliable correlations between the measured
evaporation and evapo-transpiration. Although a high correlation
may exist between measured evaporation and evapo-transpiration, devi-
ces must be calibrated under specific conditions. Evaporation pans are
now being used to schedule iriigationsin Hawaii and other western
United States. These pans can record rainfall and irrigation water as
it is being applied with sprinkler irrigation systems. Irrigation is star-
ted when the water surface in the pan drops to a level which reflects
depletion of the usable available water. Irrigation is then stopped
just before the pan overflows from the water added by the sprinklers,
This 'method:can be adopted to various crops by adjusting the character-
istics of the pan and its location with respect to the crop canopy so that
_its evapcrafion rate. approximates the evapo-transpiration rate for the
crop. .

As pointed out earlier, information on the allowable deple-
tion of soil water for given crops in given situations must also
be known to develop efficient irrigation schedules from computed
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TasLe 1V} TYPICAL BUDGET $HEET FOR SCHEDULING IRRIGATIONS

Crop : Irrigated pasture (Root zone, 3 fect.deep)

Soil : Fine sandy loam, 4 feet deep

Usable available waler (al!owable‘ deplelion) = 2.5 inches
Crop Constant : k = 0.8

Due Rl Iniaton . Mesmmed | Compued smpe- Uil

_ w Ey k remaining in

{inches)  (incbes) (inches) - (inches)- r((i';:hzeg?e
Iy 1 ' 2,508
w 2 038 0.30 2,20
w 3 0.24 0.19 2.0
w 4 0.28 0.22 1.79
w S 0.35 028 1.51
. 6 0.31 0.25 £.26
w 7 0.33 0.26 1.00
» 8 0.35 0.28 0.72
. 9 040 0.2 0.40
w 10 0.45 036 0.04
w 11 2.50 0.50 0.40 2.14
w 12 ' 0-28 0.22 1.92
. 13 042 014 0.11 223
w 14 0.25 019 0.15 2.33
w 15 0.31 0.25 2.C8

1 Ew may te measured with ap eva

data. An appropriate crop const
tion.

poration pan or computed frem meteorological
ant k must be used to convert to evapo-transpira-

!Bu(‘ige.t record §la'tts from July 1 assuming soil profile as wet throughout root zore
by irrigaticn or 1ain ¢n June 30. Budget could start with usable available water at
any level as determined by soil moisture sampling,
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evapo-transpiration rates. Suitable irrigation intervals can then be
calculated as in the preceding section using the evapo.transpiration data
obtained.

Some irrigators find it convenient to use 2 budget sheet to record
the measured evaporation data, the computed evapo-transpiration, rain-
fall, irrigations, and the usable available soil water in the crop root
zone. A typical budget sheet is given in Table IV,

Where irrigations are to be scheduled for 2 number of crops and
fields, an irrigation scheduling board (as developed by Pruitt, 1958 and
Jensen-and Middleton, 1963, for use in the Columbia Basin Project of
the western United States) is convenient. This device maintains a
visual record of accumulated or net evaporation and of usable water
depletion for each field.

The board as shown in Figure 4 consists of a metal base
with magnetic crop slides and evaporation indicator. Along the left
edge of the board there is an evaporation scale marked in inches and
tenths of inches. The position of the main indicator shows accumus.
lated Ex. When each new Ey value is obtained, the indicator is slid
up the scale accordingly. A crop slide for each field on the farm may
be seen on the board. The scale for each crop is proportioned to the
main evaporation scale in accordance with the crop factor for that crop.
Thus one inch on the main scale might show as 0.8 inch (equivalent to
one inch of soil water) on the crop slide. The crop slide is movable
and its length shows the amount of usable available water which can
be held within the root zone for thé crop at this stage of growth.
When the reservoir is completely filled by irrigation, the crop slide is
moved up the board so the bottom of the crop slide is at the top edge
or hairline of the evaporation indicator. This shows the soil water
reservoir to be full. As evaporation occurs, the indicator is raised and
moves over the crop slide. Thus, it indicates on the crop slide the
amount of water used from the soil and the amount which still remains.
Each crop is due for irrigation when the top edge or hairline of the
indicator reaches the top mark of the crop slide. In case of water
addition by precipitation, each crop slide may be moved up an equi-
valent amount or the evaporation indicator moved down, In the latter
case the left-hand scale records net accumulated rather than gross
accumulated evaporation.’

Instead of this special board, use- can be made of a simple card-
board chart with an evaporation scale at the left and columns (o be
filled in for each cropped ficld in accordance with 'the usable available
water and water.use rate for each. A rubber band can be moved up
the chart to record accumulated evaporation and to indicate depletion
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NP VOZT~-0pr

INCHES OF EVAPORATION

Fg. 4. Trrigation Schedulin

g Board (Taken from Jensen
eral, 1961}, : . )



TasLe V. Sol. ‘WATER SUCTION (FOR $OIL DEPTH wiTh
MAXIMUM ROOT AGFIVITY) AT WHICH WATER SHOULD pE
APPLIED FOR MAXIMUM YIELDS OF VARIOUS CROPS GROWN IN
DEEP, WELL-DRAINED SOIL FERTILIZED AND MANAGED FOR
MAXIMUM PRODUCTION {ADOPTED FROM TAYLOR, 1965)1

Crop Soil suction bars) Crop Soil suction (bars)
Vegetative crops ) Seed crops
Alfaifa . 1.50 Alfa)fa 2.00
Beans (soap, lima) 0.75 - 2.00 Alfaifa - bloom 440 - 8.00
Cabbage 0.¢0 - 0.70 Alaifa - ripening 8,00 . 15.00
Canning peas 0.30 - 0.50 Secd carrots (60.cm
Celery 0.20 - 0 30 depth) 4.00 - 6.00
Grass 0.30 - 1,00 Onions (7.cm depth) 4.00 - 6,00
Lettuce 0.40 - 060 Seed onions (15-cm
Sugarcane 025 =30 depth) 1.50
Sweet corn 0.50 - 1.00 Lettuce - productive 3.00
Tobacco 0.30 - 0.80 Coffee required short
. -periods ot low
Root crops potential to
Broccoli » early 0.45 - 0,55 break bud dor-
Broccoli-post-bud 0.60 - 0.70 mancy, follow-
Carrots 0.55 - 0.65 ed by  high
Cauiiflower 0.60 « 0,70 water potential
Onions - bulbing 0.55 - 0.65
Oniops - early 0.45 - 0.55 Fruit crops
Potatoes 0.20 - 0.50 Avocadoes 0.50
Sugar beets 0.40 - 0.50 Bananas 0.30-1.50
- Cantaloupe 0.35 - 0.40
Grain crops Deciduous fruit 0.50-0.8)
Corn - vegetativa 0.50 Grapes - early 0.40 - 0.50
Corn - ripaning 8.00 - 12.00 Grapes - mature 1.00
-Small grains - Lemons - 0.40
vegelative 0.40 - 0.50 Oranges 0.20- 1.00
Small graing-- Strawberries 0.20-0.30
ripening 8.00 - 1200 Tomatoes 0.80 - 1.50

1 Where two values for soil water suction are given, tbe lower suction value is used
when evaporative demand is high and the higher value when it is low; intermediate
values are used when the atmospheric demand for evapo-transpiration is inter-
mediate. These values are subject to revision as additional experimental data

become available.
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of usable available water. This system ‘is used widely in the Columbia
Basin Project U.S.A, where evaporation data are printed in the local
newspapers or could be broadcasted by local radio stations. The sche-
duling of irrigations by this approach is simple, but the farmer usually

requires assistance from the Agricultural Extension Worker to initiate
the precgramme.

. Irrigation schedules based on soil moisture measurements, -
Instead of determining when the usable available .soil water is con-
sumed by knowing the total usable available water and the rate of its
use by evapo-transpiration, the level of the supply of soil water is mea-
sured directly by soil samplings or by using tensiomEters or electrical
fesistance blocks. As in the other approaches to scheduling irrigations,
the usable available water (or allowable depletion) must be known for
each cropping situation. When the usable available water has been
consumed (or allowable depletion has been reached) as indicated by
soil water samples or computed from measurements with calibrated
tensiometers or resistance blocks, irrigation should be applied,

When soil water relations are measured and expressed in weight or
volume units, the total available water and the usable available water
(or allowable depletion) are greatly dependerit upon soil texture, Thus,
the limits of usable available water in any cropping situation must take
inte consideration the soil texture effect.

The usable available water in soils can be expressed in terms of the
corresponding range of soil water potential or soil water. suction which
can be measured by tensiometers or calibrated electrical resistance blocks..
Usable soil water suction ranges are slightly affected by soil texture.
Accordingly, irrigation schedules for a given crop which are based on
soil water suction are approximately applicable to any soil in which root
growth is normal, Table V, adopted from Taylor (1965), gives

- soil water suction values at which irrigation should be applied to a num-
ber of crops grown on deep, well-drained soil which is fertilized and
managed for maximum production. This table summarizes research by
il}vestigators from many countries. Where a range of suction values is
given, the lower suction values should be used iwhen the evaporative
dem::md is high and the higher suction value when it islow. Inter- .
mediate values are used when the evaporative demand is intermediate.
'I'l.le ranges reported here reflect the influences of the many soil, plant,
chmatxf:, and management factors discussed previously, and they also
reﬁe:ct inadequacies in experimental data. Asan example, for alfalfa a
s..uctmn from 4 to 8 bars is given. When evapbrativé den,xand is_high,
it should be at a suction level of 4 bars; whereas when evapo;ative

c.lemand is low, irrigation can be delayed until a suction value of 8 bars
1s approached. :
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When usmg soil water suction as the criterion for irrigation, the
depth of water to be apphed can be determined by (i) the cumulative
evapo-transpiration since the last irrigation where this is known ; or
(si) converting the soil water suction to the corresponding depletion of
soil water content byuse of the soil water content versus soil water
suction relations for the soil where this information is available.

Tensiometers, resistance blocks, or other instruments for deter-
mining irrigation need are most useful in water deficient areas where cost
of water is usually high and where high value crops are grown. Crops
with established root systems like orchard trees are easier to instrument
than annual crops with an expanding root system, In the case of tree
craps, installations of tensiometers or resistance blocks can be semi-perma-
nent. However, instruments placed in annual crops are normally destroy-
ed or removed and reinstalled each crop season, Where qualified technical
personnel are available, as on large or co-operative farms, soil water
gauging devices can be more easily managed and the data can be better
interpreted in terms of scheduling irrigations.
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-TYPICAL IRRIGATION GUIDE FOR AREA IN SOUTHERN CALIFORNtA, U.S.A.

CROPS

IRRIGATION SPECIFICATIONS

ra

OO0T |NET PEAK IRRI- ADAPTED | BASIC STREAM |MAX. |[MAX, EST: |CRO ESTt.
ZONE |MOISTURE |PERIOD GATION CONSER- | INTAKE SIZE BORDER [LENGTH |RELD IRRI-!;s MATED
DEPTH |TO BE CONSUM- | FREQU- VATION RATE Borders WIDTH |OF EFF. |GATION{TIME
REPLACED|PTIVE ENCY IRRIGA- Border or Flooding | feet RUN APPLI |REQU-
EACH IRRI-{USE DURING TION Flooding or |Unit Furrow |(feet) CATION [\RED
- |GATION |RATE PERIOD METHODS ¢ Sprinkler Stream or Corru. (inches) ((Houmn)
3 OF in./hr, of a/100 gation
/ . MAXIMUM Furrow or  |Furrow of |spacing
CONSUM- Corrugation |[Corrugation |
] i PITVE USE ‘ Max. Scream| Inches
(fect) |(inches) (in./day) | (days) £-p.m. )
.3 4 5 6 7 8 9 10 ] P12 13 14 ts T
i SLOPE GROUP, 025 - I, (AV..047.)
1.00 CITROS 4 pX ] L] 13 FURROW 30 gpm 113 "% 180 70 34 14
/ O r] 2.4 .19 13 SPRINKLER 17he - |~ - 70 54 13
_ WALNUTS 3 3.6 A9 19 FURROW 3.0 gpm 16 , 93 0o 70 3.1 2.9
J DECIDUOUS [ 3.6 KR 9 SPRINKLER TThr_ = - - 3 (K] 3.9
4 ARE ALFALTA 5 30 1] 11 BORDER 3.5 /br — 0.024 T30 —110 70 4.3 3
ANDS ~ H 3T i L) TNy - - - 70 4] 43
AY POTAYCES 1 kL a8 FURROW 1.0 ppm 16 16 100 10 1.0 K}
i R ’” 2 ] 38 SPRINKLER I'7hr - i - S X 1.0 !
£ i SLOPE GROUP | = 1Y, { AY, = 1.5°7.)
CITRUS 4 24 19 13 FURROW __45 gpm [X3 .36 180 45 3.7 — 30
[0 4 24 .19 i3 SPRINKLER T7hr - - - 70 3.4 28
WALNUTS | & 3.6 19 19 FURROW 1.5 gpm 45 38 180 8% X1 45 _ |
DECIDUOUS 3 1.6 .19 19 SPRINKLER 17hr - - - 75 48 3.0
ALFALFA 5 3.0 28 T BORDER 3.57hr 0.017 20 140 83 a4 )
T 5 3.0 .28 (I SPRINKLER T7hr - — - - 10 4) 43
POTATOES 2 ) 28 3 FURROW 25 gpm 65 1% 100 88 1.4 0.8
" 2 74 28 3 SPRINKLER T7hr - p - 1 T 1.
SLOPE GROUP 2 -4 {AV. - »I )8 7
11is1 CITRUS 4 2.4 .19 13 FURROW 2.0 gpm 3.3 36 110 80 4.0 4.0
- » 4 2.4 219 13 SPRINKLER 1The - - 70 ¥4 19
WALNUTS [ 3.6 .19 19 FURRGW 2.0 gpm 3.3 .16 110 50 (Y] $s
DECIDUOUS 3 3.6 19 19 SPRINKLER I'7hr = - - 75 44 £0
ALFALFA 5 3.0 28 11 BORDER 3.57hr 0.013 10 110 40 50 — 0.8
R 5 . 3.0 28 T SPRINKLER 17hr - - - ] 4.3 r X
POTATOES 2 74 .28 3 FURROW 2.0 gpm 33 1% 100 40 1.3 03
w 2 74 .28 3 SPRINKLER Ihr - - - [} ] 1.0
SLOPE GROUP _ 0.25 - I/,

1 1L 56 VERY DEEP 1.4 CITRUS 4 34 18 () FURROW 2.0 gpm 3 36 30 70 4.9 %
SOILS THAT ARE " 4 34 .18 t) SPRINKLER Sihr - - = 78 45 9.0
CiGHT TEXTURED 1.2 WALNUTS 6 44 .19 23 FURROW 2.0 gpm 15 3% k1 Y5 5.3 7.0
WITH MODERATELY DECIDUOUS 3 44 19 1) SPRINKLER 0.5 7hr - "= Z 7% 59 11.0
RAPID PERMEABILITY 1.3 ALFALFA 5 3.9 26 T BORDER 1.5/hr 0.0069 30 650 70 5.6 15
TO 20 OR 30 INCHES ) 5 3.9 26 15 SPRINKLER .5 hr - = - 70 5.6 17.0
AND COARSE TEX- 1.5 IRRIG, PAST 3 2.7 .26 10 BORDER 1.57hr 0.012 30 450 70 19 0.8
TURED WITH RAPID T 3 27 3 10 SPRINKLER S7hr - - - &3 41 (X
PERMEABILITY IN 5.7 POTATOES 2 . 125 3 5 FURROW 1.0 gPm 18 16 120 70 1.8 I3
THE LOWER PART. ; " 2 1,25 A7 5 SPRINKLER 5 /hr = - = [ 1.9 40
SOME HANFORD AND ' -

MORENO SANDY
LOAMS ARE LIKE THIS.| H
: SLOPE GROUP I - 2,
1] el - 1.4 CITRUS r 5.4 a8 - é 19 FURROW 15 gpm $.5 36 0 43 52 [E]
. ” 4 34 .18 T SPRINKLER .5 hr - = - pid F Y4 ¥4
1.2 WALNUTS ] 44 19 "3 FURROW 15 Ipm 5.5 3 110 [ 68 [1
DECIDUGCUS, 3 4.4 .19 23 SPRINKLER 0.5 /hre - - - 75 39 11.0
1.3 ALFALFA 5 3.9 .26 15 BORDER |~ I.57hr 0.0054 20 860 70 58 2.5
- D 5 39 26 " 15, SPRINKLER -5 7hr - - = — 10 13 e
o 1.5 IRRIG, PAST 3 2.7 26 T 10 "BORDER 1.57hr 0.0094 .20 440 70 39 1.0
Y - " 3 17 26 10 SPRINKLER 0.57hr - - - 65 4.2 8.0
N i .7 POTATOES T 1.25 a7 5 FURROW 1.5 gom 6.5 16 160 85 [K) i
- 3 1.25 i 5 SPRINKLER S7hr - - = 45 1.9 40
o N
: ~ : SLOPE GROUP 3 ~ 47
N —
fte 5 1.4 CITRUS 4 34 .18 19 FURROW 1.0 gpm 33 34 160 50 5.7 1.0
. " 4 3.4 13 T 39 SPRINKLER __ Sthr - - - 75 45 9.0
S i2 WALNUTS 3 44 19 = FURROW 10 gpm 33 36 150 80 1.3 140
— DECIDUOUE 3 44 .9 T SPRINKLER Sihr - = - 75 59 12.0
—_— 1.3 ALFALFA 5 39 26 g BORDER 1.57hr 0.004 20 440 65 6.0 35
—_ » 5 3.9 .26 L SPRINKLER ST - - - 70 L) 1.0
] IRRIG, PAST 3 27 25 T 10 BORDER 1.57hr 0.0074 20 330 £5 42 1.5
< m 3 2.7 24 30 SPRINKLER 5Thr - - = 45 42 80
77 POTATOES 2 1.25 27 T 5 FURROW 1.5 gpm 33 18 100 50 21 1.5
2 125 27 T 5 SPRINKLER Sihr - = = 45 19 40,
=~ SLOPE GROUP 025 - (7,

1 ILS VE il

SANDTR:ogaE‘;ons —__ ['Cvracg 3 [) 17 pI] FURROW 2.0 gpm 16 36 LI 77: 5.7 6.5
WITH_GRANULAR TG g 4 4 N7 33 SPRINKLER Sins = % o > :} 1’05
MASSIVE STRUCTURE BECIBUG s £ 18 ~3 Lt “—%ﬁ" = - = 75 8.0 Ty
AND A UNIFORM ALEDSOT 3 s - 18 D SPRINKLER 20500 30 50 70 b A 33
MODERATELY RAFID L 5 5 as 20 ;f:::“ '?f.::—r - = - 70 g 14,0
ABILITY. v 5 5 a5 20 KLER : ~ -
HANFORD, MOREND.. RIS, PAST I~ 3 — 33 1z BOROER _ Ty L M L 2 5 5
TORR POVATOES —[—F——oc = — FURROW 20 gpm D) 16 £7] 79 13 2
- P (13 2 5 URS . — y)
I N - SPRINKLER 5he = = [*; 1y
— 27 5
L :
\ ;
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