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FORWORD

One of the objectives of Mona Reclamation Experimental Project is to
develop new techniques for on-farm water management. Accordingly, various
studies have been initiated at Mona to fulfill this objective, The present
report on "Estimation of Consumptive Use of Water for Wheat Under Optimum
Menagement Conditions" is a part of this program. The study has been under-
taken in collaboration with Colorado State University advisors and funded
by USAID Pakistan.

In order to plan an irrigation system and to meke efficient use of
available irrigation water on the farm, an accurate estimate of consumptive
use requirement of crops is essential. The result of this study will be of
immense importance for the planners of future irrigation projects and water
ugsers, I am confident that the findings of this report will also help the
Government in fixing more realistic targets of wheat production in Pakistan
keeping in view the available irrigation supplies during raebi season.,

(Mohemmad Ashraf)
Project Director
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SUMMARY

Conservation of existing irrigation supplies in Pakistan is becoming
increesingly importent as the demesnd for irrigation water continues to in-
crease and new sources of supply become harder to find. Presently, much
water is wasted by overirrigation to crops. A large portion of this water
can be saved by applying the exact amount of irrigation water required to
meet the consunptive use requirements of crops. Wheat is one of the most
important food crops in Pakistan and occupies by far the largesst area: under
cultivation, This study was, therefore, undertaken to estimate the con-
sumptive use requirement of wheat under optimum management conditions. This
is an interim report based on one season data collected during rabi 1973-7hL.
The study ie still in progress., The final report will be issued at the
conclusion of the experiment. The findings of this report chould, there-
fore, be used with caution,

For the purpose a one-acre field of medium-to fine-textured, non-
saline, non-alkali soil was selected., The following treatments were
tested.

Treatment Levels Description
So0il moisture Irrigation was applied at moisture
stress 3 stress of 1, 2 and L4 bar tensions

for top 0-6 inches (treatment M.,
M., and M_ respectively).

2 3
Fertility (N,P,K) 2 High: 150-75-30 (F,)
Low: 50~ 0-30 (Fy)

Replications L
Total No, of plots 3x2xhk = 24

Moisture and fertilizer treatments were applied in 3x2 factorisl
design with 4 replications. One acre field was divided into 24 plots of
equal size, Individual plot size was 51' x 28', i.e., 1/30th of an acre,
Wheat variety Chenab-70 was sown on 17 November 1973, Fertilizer doses
were applied in two perts. Entire doses of phosphorus and potash were
spplied to the respective plots just before sowing. Half the quantity of
N in case of high dose was also applied before sowing. The remaining half
of the N in the high dose and all the N in the low dose vere applied at the
time of first irrigation.

The irrigetion fto wheat crop was given at 3 levels of moisture stress
i.e., at 1, 2 and Ut bar tensions. The 3 moisture stress levels corresponded
to 13.3, 11,0 and 8.6 precent, by weight of .moisture remaining in the top
6" of soil, respectively, The field capacity and wilting point of the soil
were 18,6 and 6.9 percent, respectively. The plots were irrigated as soon
as the desirad stress was reached in the top 0-6 inches soil in the respec-
tive plots. Pure tubewell water was used for irrigation. The TDS, SAR and
RSC of the water applied was 576 ppm, 2.8 and zero respectively. The depth
of irrigetion to be aprlied to each plot was calculated from the pre-irrigatior
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soil moisture content which was determined by moisture sampling down to 5
feet depth. Each irrigation restored the moisture level of the soil down
to 5 feet depth to field capacity. A cutthroat flume of L4"x3' size was
used to measure the quantity of irrigation water applied. The moisture
samples were taken from 0-6, 6-12, 12-24, 2L4-36, 36-43 and 48-60 inches
depths. The first soil sampling for moisture estimation was done at the
time of planting of wheat and the subsequent sampling was carried out as
close before and after every irrigation as possible. Final moisture
sampling was done at the time of wheat harvest. The samples were dried
in an electric oven at lO5°C to constant weight and the moisture con-
tents calculated on dry-weight basis.

The consumptive use of water for wheat was worked out by two inde-
pendent methods, Firstly, bty gravimetric measurement of scil moisture
depletion, wherein the consurptive use was estimated by adding the water
loss between soil samplings i.e,, after and before each irrigation, plus
pan evaporation for 3 days after each irrigation, plue rainfall, plus
evapotranspiration for the days not otherwise accounted for. These days
included the veriods from the time of last sampling before each irrigation
up to the actual time of irrigation, and alsc from the end of the 3rd day
after each irrigation up to the actual time of soil sempling after each
irrigation. The estimation of evapotranspiration for these periods was made
by extrapolating the moisture depvletion graph. ©Dividing the total water
used between two irrigations by the number of days between these irrigations,
the consumptive use per day was also calculated. Secondly, the estimation
of consumptive use was also made by adding the total quantity of irrigation
water applied during the growth period of wheat, plus or minus the differ-
ence in soil moisture at sowing and harvest time., The potential evapo-
transpiration waes calculeted by the Jensen-Haise method. The crop was
harvested on 30 April 1974 and yield estimation was made by hervesting
an area-of U45' x 24' from each plot., The following tentative conclusions
were drawn:

1. The consumptive use of water for wheat came to 18.10, 18.37 and
13,92 inches when the crop was irrigated at 1, 2 and 4 bar ten-
sions, respectively,

2. There were no significant differences in wheat yields among the
treatments, Therefore, an appreciable amount of water can be saved
by using no more than 14 inches of water from irrigation, rainfall
and moisture available in the soil without loss in production,

3. Growing season for the crop coefficients, relating actual to potential
evapotranspiration, averaged C.76 for the 1 and 2 bars stress and
0.59 and L4 bars stress.

Lk, During the active growing period of wheat the experimentally obtained
value of evapotranspiration agreed reasonably well with the potential
evgpotranspiration calculated by the Jensen-Haise method. At early
and late stages of growth, the actual evapotranspiration was lower
than the potential as expected,



ESTIMATION OF CONSUMPTIVE USE OF WATER FOR WHEAT
UNDER OPTIMUM MANAGEMENT CONDITIONS

G. Haider 1/, M.A.R. Faroogi 2/ and C. J. deMooy 3/
CHAPTER I
INTRODUCTION

Pekistan is predominetely an agricultural country. Inspite of favor-
able conditions of soils, irrigation water and climate, agriculture in the
country suffers from under production both in terms of yield per acre and
production per farm worker. The country is heavily dependent on agriculture
for food and fibre requirements of the ever increasing populationr, In order
to cope with these requirements, it is essential to increase food and fibre
production not only to attain self sufficiency but also to the extent of
exportable surplus for earning foreign exchange.

Agriculture in the country mainly depends on irrigation. Unfortunately,
present irrigation supplies in the country are inadequete. In major part of
the canal irrigated areas, one cusec of water is provided for 350 acres
whereas the same quantity is hardly sufficient to meet the water require-~
mente of crops including leaching requirements, for 100 to 150 acres. In-
edegquate irrigation supply is one of the major constraints in agricultural
production, the irrigation supplies can be improved in two ways:

1. Exploiting new resources i.e., construciion of more dams and tube-
wells.

2. Conserving the existing irrigation supplies by making the most
efficient use of the available water through reduction of undue
wasteagers such as seepage, over spilling, leakage, overirrigation
of crops, etc.

The former method of improving irrigation supplies is very expensive and
time consuming, It will take decades before such programs are executed., The
latter method, however. affords an opportunity of adopting quick measures to
increase the irrigation supplies by reducing the loss of existing irrigation
supplies. The Internacional Commission on Irrigation and Drainage has also
stressed the need of conservation of the existing supplies on a world wide
scale when they pointed cut:

1/ Senior Research Officer, Mona Reclemation Experimental Project,
WAPDA, Bhalwal,

g/ Junior Research Officer, Mona Reclamation Experimental Projecct,
WAPDA, Bhalwal.

3/ Professor, Department of Agronomy, Colorado State University,
Fort Collins, Colorado (CSU/USAID Advisory Group,
Islamabad).






2—‘)-

ISLAMABAO

RAWAL PINDI

LAHORE

o {
Lyallpur R‘\Ie

§
9

f' Suﬂe,
LAl ’
e

LY
*
OU.ETTA
T Dero Ghari eluitgn
Khan e

-
/"%
\
(O
/I 20 0 20.:40 80 100
N . o
\ e Scolo of Mllu

Y LOCATION MAP
' HONA PFCL/\M.’\T!ON
_EXPFR{HCNTAL Pl?OJE(‘T o

FIGURE 1.
‘.’-"""' L 1-\..-..‘-'7




CHAPTER II

REVIEW OF LITERATURE

Considerable work has been done on consumptive use of crops by
various workers in different countries. In Pakistan as well some work
has been done on estimation of consumptive use of water of crops by certain
workers but their findings are either based on estimation made in lysimeters,
or from calculations using empirical coefficients developed from climatolo-
gical data. Little work has been done in the country on estimation of con-
sumptive use of crops in the field, based on soil moisture depletion method.
The findings of various workers are however, reported as follows:

By computations

Blaney and Criddle (1957) calculated the evapotranspiration amounts
for wheat to be 16 incnes. Similarly, Asghar and Ahmad (1962) and
Revelle et al (196L4) reported tnat evapotranspiration amounts in case
of wheat was 1b and 13 inches, respectively. M/s "™inting Technical
Services Ltd., (1966) calculated consunptive use of water for wheat in
Hydergbad area to be 16,3 inches. These findings were based on hypo-
thetical calculations using climatological data.

Dastane, (196€) worked out <corelations between values of actual con-
sumptive use and those computed by using various empirical equations
in optimum moisture regions., 1In case of wheat the corelation values
for Penman, Thornthwaite and U, S, Open Pan Evaporation liethods were
0.982, 0.939 and 0,993 respectively. He reported that total evapo-
transpiration in case of wheat was 13.0 inches.

M/s Harza Engineering Company, Int. (1968) determined the consumptive
use of water of various crops using the evaporation index method. The
findings were based on studies carried out in USA. The computation
from USA to determine crcp use coefficients were modified to make them
applicable to conditions in rakistan. Based on hypotheticel calcul-
ations they reported that consumptive use of water for wheat was

15,87 inches, Tre Ministry of Agriculture (1971) computed the con-
sumptive use of different crops using climatological data., It was
found that the consumptive usze coefficient (K) for wheat was 0.61

for Ludhiana and Poona districts of India.

Clyma (1973) advocated the Jensen-Haise meihod for estimating evapo-
transpiration for crsops., He estimated mean annual potencial evapo-
transpiration for Sargodna to be near 6 feet per year, With wheat
during rabi and cotton during kharif, evapotranspiration ranged
from 3.6 feet in a wet year to 4.0 feet in e dry year. He calculated
net evapotranspiration amounts of wheat grown in Sargodha under wet
and dry seasons as 6.8 and 16.3 inches respectively.

Lysimeter studies

In a lysimeter study Asghar et al (1962) found that wheat crop used
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19.87 :inches of water during its growing season, when the water table
was kept at 10.5 feet. In a similar lysimeter study Hussain (1970)
calculated the water requirements of crops in West Pakistan. He found
that the consumptive use of wheat was 13.27 inches. He further re-
ported that the consumptive use for wheet (indigenous) and wheat
(Mexipek) was 13.34 and 20.54 inches respectively. Using climatolo-
gical data, the author worked out the crop coefficients (K) for

wheat to 0.50,

Ali, et al (1973) calculated the consumptive use of common crops in
lysimeters keeping the goundwater table at various depths. They
used climatological data and worked out empirical consumptive use
coefficients. They found that the consumptive use of wheat (Mexipek)
grown with the groundwater at a depth of 5, 7 and 9 feet was 21,50,
19,0 and 19,2 inches, respectively

Field studies

Khan, et al (1968) while comparing the effect of varying quantities
of water on yield of wheat (Mexipak) found that the water requirement
of wheat was 20.6 inches. They observed that this delta of water
was optimum for obtaining maximum yields, These findings were,
hiowever, not based on actual consumptive use estimations. Hussain
and Asghar (1969) reported that water requirements of wheat grown

at various places in West Pakistan varied from 13,50 inches to

23.88 inches,

Assifi (1970) estimated that consumptive use of wheat grown in
‘Helmand Valley Shamalan was 20.10 inches, He tabulated the month-
wise consumptive use of water and concluded that the minimum re-
quiremenl was in the month of January and maximum in May.

Unpublished data from Punjab Agricultural Research Institute, ILyallpur
and Directorate Mona Reclametion Experimental Project, Bhalwal indicated
that wheat should be irrigeted at 25% of the available moisture left in the
soil and at 65% of the field capacity respectively.
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CHAPTER III
PROCEDURE

Selection of site:

One acre field of medium to fine textured, non-saline, non-alkali
soil was selected in Mona Project area during kherif, 1973. The field was
lying fallow at the time of selection. It was properly leveled. In the
process of leveling the top 6 inches of soil from one-fourth of the area
(replication 4) was removed and spread over the remainder of the field.
The soil texture In replication 4 plots was relatively coarse compared with
the other replications. Chemical and physical characteristics of the soil
are given in Table 1, To ensure that the crop would not use groundwater
the site wes selected so that the water table was at least 15 feet below
the surface.

Treatments:

Moisture and fertilizer treatments were applied in 3 x 2 factorial
design with L4 replications. The following treatments were applied:

Treatment Number Description
Soil Moisture Irrigation was applied at moisture
stress 3 stress level of 1, 2 and L bar ten-

sions at a depth of top 0-6 inches
(treatments M, M2 and M3, respect-

ively.
Fertility High: 150-75-30 (treatment Fp)
(N, Py0s, K50) 2 Iow:: 50- 0-30 (treatment F2)
Replications L Rys> Ry Rgs Ry

Total number of plots 3x2xlh = 2L
Field Layout:

The field was divided into 24 plots of equal size, Individual plot
bunds and field watercourses were so constructed that all the plots had
divect access to water. The plot size was 51' x 28' i.e., 1/30th of an
acre. The layout plan is presented in Appendix I. A fine seed bed was
prepared before sowing of wheat.

Fertilizer application:

Two rates of fertilizer viz., high and low, were applied. The high
rate NPK consisted of 150-75-30 whereas the low rate represented the fert-
jlizer application on the average farm 50 lbs of N per acre. A blanket
application of 30 lbs., of K0 was applied over the entire area to eliminate
any chances of K deficiency. The fertilizer doses were applied in two parts,
All phosphorus and potash were applied to the respective plots just before
sowing. Half the nitrogen at the high rate also was applied before sowing.
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Table 1. Initial Physico-Chemical Condition of the Soil

A, PHYSICAL ANALYSIS

Sampling Mechanical Anelysis Field Bulk Wilting
depth Clay S8ilt Sand Textural Capacity Densitg Point
(inches) (%) (%) (%) Class (%) (g/em?) (%)
0-6 24,58 34,62  L40.37 - Loam 18.6 1.52 6.9
6-12 32,42 36.17 31.50 Clay loam

12-24 35.21 35.21 29,58 Clay loam

24-36 35.83 35,12 28,62 Clay loam

36-48 36.25 35.87 27.96 Clay loem

48-60 36.58  34.85 28.83 Clay loam

Infiltration rate
Incheg of water percolated after (hours)
1 2 3 L 5 6

0.97 1,30 1.52 1.68 1,78 1,87

B. CHEMICAL ANALYSIS

Sempling Fertility

depth Salinity N Po0sg K
(inches) ECe x 10° SAR pH (%) %PPm) (1bs/acre)
0-6 1.6 2.8 8.0 0.10 2.5 390
6-12 1.5 3.1 8.1

12-24 1.3 3.6 7.9

2’4'36 l.h 3'3 7-8

36""4’8 103 30"" 7-8

48-60- 1.5 3.4 7.8
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was calculated from the following formula:

t = dxa
qQ

where t is time in hours, d is depth of water to be applied in inches, a is
area in acres and q is discharge of the outlet in cusecs, A flow of 1 cusec
per hour is practically equal to 1 acre inch of water.

Ingstallation of tensiometer and gypsum blocks:

Tensiometers and gypsum blocks were installed in 2 replications to in-
dicate crop needs for irrigation water. The tensiometere and gypsum blocks
were placed at depths of 9" and 18". They were used only to assist in deter-
mining the correct timing of irrigation. The quantity of irrigation water
needed was calculated from the field capacity of the surface 5 feet of soil
minus the water content of soil measured gravimetrically on samples taken
before each irrigation,

Moisture sampling:

The first soil sampling for moisture estimation was done at the time
of planting of wheat and the subsequent moisture samplings were carried out
as close before and after every irrigation as possible. Moisture semples
vere also collected in between irrigations to check depletion of moisture
in the soil, After each substantial rain, moisture samples were also taken,
Final moisture sampling was done at the time of harvest, 8Soil samples for
moisture estimation were taken at an interval of one foot to a depth of 5
feet with the exception of surface layer which was divided into 0-6 and 6-12
inches depths. Each sample was composited from 2 randomly located shots in
each plot. The samples were dried in the oven .at 105°C to a constant weight
and moisture was calculated on dry weight basis.

Rainfgll:

Rainfell data was ccllected from the rain gauge station at Miani Rest
Houge which was about two miles from the experimental site. The record of
rainfall is given in Appendix V,

Lodging of wheat:

Due to a wind storm on 16 March 197L4, heavy lodging of wheat occurred,
Other ¥indstorms on 25 March 1974 and 29 March 1974k followed by rains caused
most of crop to lodge. The intensity of lodging of crop at harvest is given
in Appendix VI,

Consumptive use computations:

Wheat was sown on 17 November 1973 a.d harvested on 30 April 1974k, Four
irrigations were given to 1 and 2 bar tension plots and two irrigations to
4 bar tension plots. The consumptive use of water for wheat was worked out
by two independent methods. Firstly, by gravimeteric measurement of soil
moisture depletionwiiersin consumptive use was calculated by adding the water
loss between soil samplings i,e., after and before irrigations, plus pan
evaporation for three days after each irrigation, plus:rainfhllf(aséumipg’: -
&ldnrainfall was effectiive), plus actual evapotranspiration estimated from
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soil moisture depletion graph for the days not otherwigse accounted for (Figures

5 to 7). These days included water loss from the time of last sempling before each
irrigation up to the actual time of irrigation, and water lost from the end

of the 3rd day after each irrigation (pan evaporation accounted for the first

3 days after each irrigation) up to the actual time of soil sampling af'ter

each irrigation. The estimates were made by extrapolation of the graph of

soil moisture depletion. Dividing the total water used between two irriga-

tions by the number of days between these irrigations, the consumptive use

per day was also calculated.

Secondly, the estimation of the consumptive use was also made by adding
the total quantity of irrigation water applied during the growth period of
wheat plus or minus the difference in soil moisture at sowing and harvest
time. Potential evapotranspiration for wheat was also calculated by nsing
Jensen-Haise equation (10 and 11),

Yield estimation:

Yield estimation was made through crop cutting method. For this purpose
an area of 45' x 2L4' was harvested from each plot and yield per acre was
calculated., The crop from the harvested area was separately thrashed, win-
nowed and weighed for yield estimation., The details of wheat yield are
given in Appendix VII,
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CHAPTER IV
RESULTS AND DISCUSSION
Consumptive use:

The consumptive use of water was determined by two independent methods.
Firstly, by measurements of soil moisture depletion in the field and secondly
by adding the total quantity of water, i.e. irrigation plus rainfall, applied
togetler witn the difference in soil moisture present at sowing and harvest
time., The results presented in Tables 2 to 4 are derived by the former meth-
od. The data show that the consumptive use of water for wheat (Chenab-70)
was 18,10, 18.37 and 13.92 inches when the crop was irrigated at 1, 2 and 4
bar tensions, respectively. Measurements of consumptive use based on the
total amount of irrigation applied resulted 19.52, 18.73 and 16.07 inches
for 1, 2 and 4 bar tension treatments, respectively (Table 5). The consump-
tive use values derived from gravimetric estimations agree closely with those
obtained from the total amount of irrigation water applied. The latter values
for the 1 and 4 bar tension levels were somewhat higher indicating possible
seepage locsses.

It is obvious from Tables 2-4 that there was no significant difference
in consumptive use of water for 1 and 2 bar tension treatments, as measured
by soil moisture depletion method. At the 4 bar tension level, the consump-
tive use wes significantly lower compared with 1 and 2 bar tensions. The
low consumptive use in L4 bar tension plots was probably due to the moisture
stress imposed. As a result the vegetative growth of crops in these plots
was comparatively less than 1 and 2 bar tension plots,

The experimentally obtained evapotranspiration rates at different stages
of wheat growth and the potential evapotranspiration rates as computed by the
Jensen-Haise equation (10 and 11) are presented in Figures 2 and 3, The data
indicate that the experimentally obtained values of evaporation rates agree
fairly well with the potential evapotranspiration rates during the active
growth period of the crop i.e., between January 15 to March 30. At the early
and late stages of growth, the experimentally obtained values were low com-
pared with the calculsted vaiues of evapotranspiration. This is to be
expected because during the early stages the plants are small and the crop
cover is incomplete as such the soil moisture is not used to its full poten-
tial. 3imilarly, at the late growth stage i.,e., near maturity the plants dry
up and hence transpire less water. The main source of water loss during
these steges is through evaprorstion. 1In 4 bar tension plots, the experi-
mentally obtained rates of evapoiranspiration were low throughout the growth
period compared with the calculated rates (Figure h). This mesy be due to
moisture stress imposed in this treatment. From figures 2, 3 and 4 it is
seen that during March evapotranspiration rates were the highest. During
this period, the weather starts getting hot, the canopy cover is complete
and this combinalion of factors raises the water requirements of the plants:
The actual and potential evapotranspiration rates for the 1, 2 and 4 bar
stress levels are given in Appendices VIII and IX,

The distribution of moisture in the soil up to 5 feet depth, during
the growing season of wheat, is shown in figures 5 to 7, It is seen from
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Table 2. Computation of consumptive use of water for wheat 1973-T4 (Moisture level Ml)

Irrigations Rauni 10-1-7h 12-2-74 9-3-7h Sel-Th

Soil depth at sowing B.N.I* A.I¥*  B.N,I. A.I B.N.I. A.I B.N.I. A.I. At Harvest
inches 17-11-73 3-1-74 16-1-74 8-2-74 21-2-74 5-3-74 18-3-74 29-3-74  13-L-Th 30-4-7h
0-6 1.10 1.19 1.75 1.10 1.37 0.96 1.31 1.03 1.ko 0.54
6-12 1.31 1.32 1.56 1.37 1.ko 1.22 1.33 0.98 1.h2 0.81
12-24 3.07 3.03 3.20 3.00 3.22 2.94 2.92 2.53 2.90 2.28
2h-36 3.03 2.94 3.16 2.66 2.86 3.11 2.98 2.75 2.71 2.55
36-48 3.09 2.70 3.15 2.88 3.50 3.24 3.13 2.94 2.92 2.77
48=60 2.94 3.05 3.16 3.00 3.48 3.31 3.26 3.11 3.07 2.92
Inches of

water in 0-60"

of soil 14.54 14,23 15.98 14,01 15.83 14,78 14.93 13.34 1k, 42 11.87
Water used be-

tween samplings 0.31 1.97 1.05 1.59 2.55

Pah .evapo. 0.00 0.31 0.34 0.61 0.59
Rainfall 0.05"+0.20+0.30 0.140+0.05 0.85+0.05 0.05,(0.60+0.30) (0.15+0.08)

= 0.55 = 0.45 = 0.90 = 0.05 0.00

Estimation 0.31+0.10 0.63+0.28 2.47+0.85+0.30 1.56+0.10

from graph 0.23 = 0.41 = 0.91 = 3.62 = 1.66

Water used be- Total
tween irrigations 1.09 3.14 3.20 5.87 4,80 = 18.10
No. of days be-

tween irrigations 5h 33 25 27 27
Consurptive

use/day 0.020 0.095 0.128 0.217 0.178
(inches/day)

Consumptive use of water by the crop over the whole period = 18.10".
Irrigation given at 1 bar tension
¥ Compensation made in estimation

* B,N.I. = Before next irrigation

+M] =

** AT, = After irrigation
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Table 3. Computation of Consumptive use of water for wheat 1973-T4 (Moisture Level Mg)

Irrigations Rauni 10-1-7h 12-2-7h 9-3-T4 5-L-7h

Soil depth At sowing B.N, I* A.I. ¥* B,N,I A.I. B.N.I. AT, B.N.I. A.I. At harvest
inches 17-11-73 3-1-7h 16-1-7h  8-2-74 21-2-74 5-3-7h4 18-3-74  30-3-74% 13-4-7h 30-L-Th
0-6 1.11 1,22 1.81 1.17 1.10 0.89 1.37 0.95 1.56 0.59
6-12 1.47 1.h4 1.61 1.48 1.37 1.19 1.46 0.99 1.54 0.90
12-24 3.11 3.15 3.33 3.28 3.15 2.86 3.11 2.47 3.11 2.32
2L-36 3.20 3.01 3.29 2.68 3.31 . 3.00 3.13 2.71 2.79 2.77

36-48 3.18 2,94 3.22 2.94 3.39 3.09 3.22 2.90 2.88 2.58
48-60 3.22 2.86 3.28 2.98 3.39 3.28 3.31 3.11 3.07 2.98
Inches of water

in 0-60" of soil 15.2 14,62 16.54 14.53 15.71 14.31 15.60 13.13 14,95 12.14

Water used be-

tween samplings 0.67 2.01 1.40 2.h7 2.81

Pan evapo. 0.00 0.31 0.34 0.61 0.59

Rainfall 0.05+0220+0,30 0.40+0.05 0.85+0.05 0.05+0.60,(0.30) F (0.15+0.08)F

= 0,55 = 0.45 = 0.90 = 0.65 0.00

Estimation 0.26+0.15 0.39+0.21 1.30+0.53+0.30 1.15 + 0.20
from graph 0.12 = 0.41 = 0.60 = 2.13 = 1,35

Water used be-~ Total
tween irrigations 1.34 3.18 3.24 5.86 4.75=18.37
No. of days be-

tween irrigations 54 33 25 27 27
Consumptive

use/day 0.025 0.096 0.130 0.217 0.176
(inches/day)

Consumptive use of water by the crop over the whole period = 18,37 "
+M2 = Irrigation given at 2 barxs tension

=FCompensation made in estimation
* B.N.I. = Before next irrigation
*¥* A.I, = After irrigation


http:4.75=18.37
http:0.15+0.08
http:1.30+0.53+0.30

1

+
Table 4, Computation of consumptive use of water for wheat 1973-T4 (Moisture Level M3)

Irrigations Rauni 10-1-7. 14-3-7h4
Soil depth At sowing B.N.I * AT, *x B.N.I. AT, At harvest 2-5-Th
inches 17-11-73 3-1-7h 16-1-7h 11-3-7h 30-3-7h 30-4-7kL
0-6 1.11 1.20 1.68 0.77 1.10 0.51
6-12 1.34 1.36 1.59 0.99 1.13 0.70
12-24 2.83 2.88 3.16 2.43 2.6h4 1.93
2h-36 3.05 2.77 3.20 2.71 2.64 2.25
36-48 3.07 2.94 3.07 2.92 2.79 2.38
48-60 3.05 2.85 3.13 3.05 2.88 2.70
Inchescof water
in 0-60" soil depth 14,45 14,00 15.83 12.87 13.18 10.47
Water used between
samplings 0.45 2.96 2.71
Pan evapo. 0.00 0.31 0.68
Rainfall 0,05+0,20+0.30 0.40+0,05+0.85% {0,05+0.60)#

= 0,55 0.05+0.65 = 2.0 0.30+0.15+0.08= 0.53
Estimation 0.17+0,26+0.10 2.80+0,10
from graph 0.30 = 0.53 = 2,90
Water used between
irrigatiocns 1.30 5.80 6.82
No. of days between
irrigations 54 63 ko
Consumptive
use/day
(inches/day) 0,024 0,092 0.139

Consumptive use of water by the crop over the whole period = 13,92"
+M3 = Irrigation given at L barstension

F Compensation made in estimation
* B,N,I. = Before next irrigation
*% A, I, - After Irrigation


http:2.80+0.10
http:0.30-0.15+0.08
http:0.17+0.26+0.10
http:0.C5+0.65
http:0.40+0.05+0.85
http:0.05+0.20+0.30
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Table 5., Consumptive use of water of wheat from Measurement of irrigation
water applied (inches)

Moisture stress level (bars)

Source 1 2 K2
Amount of irrigation
applied 13,77 12.50 9.01
Rainfall 3.08 3.08 3.08
Differential at sowing
and harvest 2.67 3.15 3.98
Total 19,52 18.73 16.07

these figures that moisture in the soil increesed after each irrigation and
then started decreasing as the soil moisture depleted due to evapotranspira-
tion. A similar trend was observed after each rain. In the 1 and 2 bar
tension plots the total moisture in the so0il up to 5 feet depth varied be-
tween 12 and 18 inches (figures 5 and 6), whereas in the 4 bar plots total
moisture in the soil varied between 10 and 17 inches (figure 7).

For 3-4 days after irrigation, the actual evaporation from the field
surface approaches the rate of evaporation from an open pan. The soil is
too wet for moisture sampling to be carried out and daily open pan evapora-
tion measurements were used to estimate evapotranspiration for the period
from irrigation up to three days after irrigation. When soil sampling
was delayed beyond 3 days after an irrigation for any reason, the rate
of evepotranspiration for the period from the end of 3rd day.after irri~
gation up to the actual sempling date was estimated from the soil moisture
depletion graphs (figures 5 to 7). Extrapolation of the curves presenting
measured evapotranspiration was used also to cover the period between soil
sampling and the next irrigation.

Crop coefficients (Kc) were calculated from potential and actual evapo-
transpiration data presented in tables 2, 3 and 4 and figures 2, 3 and 4,
The crop coefficients for wheat grown during rabi 1973-74 are presented in
Figures 8 and 9. The mean values for 1 and 2 bar tension plots (Figure 8)
are higher than at the L bar stress level shown.in figure 9. The coefficients
varied between 0.14 and 0.98 depending on the stage of growth, The average
Kc values for the growing season for the 1 and 2 bar treatments cameihotd, 3k
antinthatofor 4 bar tension plots to 0.57. The values are lower than those
reported by Dastane (7) but are higher than the one given by Hussain (8),
The depression in the curve during the months of January and February is
difficult to explain. This may be due to reduction in actual evapotren-
spiration ceused by unusually heavy fog during this period or random
variation,
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Wheat yield:

Average wheat yield from different treatments varied between 46 to 50
maunds per acre (Table 6). Under optimum growing conditions ayield:of 60 to 70
maunds or more can be obtained. Several factors, such as stcrms, unusually
heavy fog and general weather conditions may have contributed to a reduced
yield level, especially in Fl, M, and plots. Severe wind and rain
storms caused heavy lodging Specially in the high fertility plots. Furthey,
more, unusually thick fog which persisted for a period of about 10 deys
during the month of February might have adversely affected the wheat yield.
Average wheat yield from optimum input demonstration plots in the Mona area
was ili.6 meunds per acre during 1973-7h compared with 47.2 meunds per acre

during 1972-T3.

Although vegetative growth of wheat in £ plots appeared comparatively
better, statistical analysis showed no significant difference in yield
among treatments. This may be due mainly to the severe lodging of wheat
in F, plots waich reduced the margin of yield between Fl and Fo plots., In
general, lodging especially when occurring at grain development stage,
markedly reduces the yield of wheat crop.

The data repcrted in ~Appendices VI and VII confirm that where there
was severe lodging in F; plots, the wheat yield from these plots was less
thaen the corresponding yield of F, plots of the same replicetion e.g.,
plots No. 2, 5, 6, 7, 10 and 16 versus plots No. 3, 4, 8, 12 and 18, On
the contrary, where lodging was minimum, the yield from F, plots was con-
siderably higher than that of F plots e.g., plot number 20, 21 and 22
versus plots rumber 19, 23 and Eh. Appendix VI. It is further pointed out
that the general yield ievel of wheat in the plots of replication 4, i.e.,
(plots number 19 to 24) was low compared with other plots. Due to the
fact that the soil in these plots is comparatively lighter in texture.
Moreover, during leveling the top 6 inches of soil from these plots was
removed and spread over the other plots.

The winter rainfall was well distributed throughout the growing
geason of wheat (Appendix V), as such the yield difference among treat-
ments remained non-significant.

From the above discussion it follows that the consumptive use of water
for wheat was 18,10, 18.37 and 13.92 inches, when the crop was irrigated
at 1, 2 and 4 bars of stress, respectively. There were no significant
differences in yield among various treatments. Therefore, considersable
amounts of water can be saved by accepting a certain degree of moisture
stress and irrigating accordingly. The consumptive use of water found
gt 1 and 2 bar tension agree fairly well with the previous findings of
Asghar et al (3), Ali et al (1), Khan et al (12), Hussain and Asghar (99
and Hussain (8), for Mexipak wheat. The consumptive use delta for 4 bars
stress level is, appreciably lower than those reported by these authors.
This, however, agrees with the findings of Blaney and Criddle (5), and
Hussain (8) for indigenous wheat. The results also reveal that wheat
when irrigeted at 14.5 % of the available moisture left in the top 6"
goil or a h6.2% of the field capacity gave as good a yield as when
at 35% and 54% of available moisture or at 60 and 70% of field capacity.
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Table 6. Wheat Yield as affected by different treatments

Yield
Sr. No, Treatment } maunds * per acre
1 M Fy k9.19
2 MFp 48,54
3 MyFy 49,75
L] MoF2 48,86
5 M3Fy 48,29
6 M.F, L6 .9k

* one maund - 82 pounds

F) = 175-75-30 NEK

=
n
!

50-0-30 NPK

Irrigation at 1 bar tension

R
1}

M, = Irrigation at 2 bar tension

My = Irrigation at i bar tension
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CONSIUSIONS

This interim report based on data from one season collected during
rabi 1973-74 is still in progress, A final report will be issued at the
conclusion of the experiment. From the data reported in this manuscript
the following tentative conclusions are drewn:

1.

The consumptive use of water for wheat came to 1£,10, 18,37 and
13.92 inches when the crop was irrigated at 1, 2 and h tars of
moisture tension, respectively.

There were no significant differences in wheat yield among any
treatments. Therefore, water can be saved by applying a certain
degree of moisture stress and restriction of the total amount of
moisture available to the crop from irrigation, rainfall and soil
reserves to about 14 inches.

During the active growing period of wheat, the experimentally ob-
tained values of evapotranspiration agreed reasonably well with °
the potential evapotranspiration rate calculated by the Jensen-
Haise equation under 1 and 2 bars stress level. At early and late
stages of growth, the experimentally obtained values were lower
than the calculated ones as expected. In plots allowed to reach

4 bers stress level, however, the actual evapotranspiration rates
remained lower than the calculated ones,

When irrigated at 14.5 9 of the available moisture left, in the
top 6" soil or at 46,27 of the field capacity, the wheat crop gave
as good yield as when irrigated at 35% and 5&%, gvallable mpisture
or at 60% and 71% of the field capacity, respectively.

Crop coefficient,; relating actual to. potentlal enapbtranSpiratlon,
averagediO0.74 for the 1 and 2 bar stress plots and 0,59 for U4 bar
stress plots.
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APPENDLX 1.

LAYOUT PLAN OF CONSUMPTIVE USE EXPERIMENT
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Appendix II, Details of cultural operations for wheat 1973-T4

Leveling

Seedbed preparation
No, of ploughings
No. of plankings
Date of sowing

Fertilizer (1bs. per acre)

P, (NPK)

F, (NPK)
Hoeing
Weedings

Attack of rats

Field was not level. Initial leveling was done
with the help of tractor and bullocks. Final
leveling was done by manual labor, The field
was precisely leveled before sowing of wheat.

6 by tractor

3
17-11-1973

175-75-30
50-0-30

One

Three Casual weeding as and when needed was
also performed,

The attack was observed on 27-2-Th, At the very
first observation, zinc sulphite tablets were
kept in plots.
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APPENDIX IV, IRRIGATION SCHEDULE FOF WHEAT (1973-7k4)

32

Total

Plot Treat- Depth of irrigation-applied in inches irrigation
‘No. ment  10-1-7hk 32-2-7Th 9-3-7h  1h-3-Th 5-4-Th . tnéhes’

2 M Fy 3.02 2.85 2.97 - 3.56 12,40

3 MiFg 3.02 - 3.78 - 4,27 11,07

11 MF 2.79 2.86 3.11 - 5.17 13.93

9 M Fo 2.75 - 4.39 - 5.23 12,37
16 MiFy 2.lk2 3.l L.81 - 5.40 16,04

18 M1F2 3.27 L.68 L.37 - 6.72 19.04
20 MF 3.k2 1.72 1,88 - 3.82 10.84
Average ! 13.77+3.08=16,85
5 MoFq 3.14 - 5.08 - 5.75 13.97

b MpoFo 3.18 - L.77 - 6.06 1k,01

7 MoFq 2.92 - .86 - 5.53 13.31

8 MoFo 2,64 - 3.86 - 5.70 12,00
"1k MoFy 3.14 - 5.5k - 5.33 14,01
15 MpoFo 2.56 - L.70 - 5.03 12,29
22 MpFqy 3.73 2.57 2.77 - 4,09 13.16
19 MoFo 2.2 1.32 1.55 - 2.36 7.65
Average 12,50+3.08%=15,58

6  MFy  2.79 - - 5.34 - 8.13

1 M3F2 3.48 - - 5.27 - 8.75
10 MFE 2.7 - - 571 - 8.18
12 33F2 3.02 - - 6.42 - 9.4l
17 3F1 3.76 - - 6.06 - 9.82
13 M3Fp 2,41 - - 5.25 - 7.6k
21 M3Fy 3.30 1.86 - 3.82 - 8.98
23 M3F2 k.19 3.35 - 3.65 - 11,19
Average 9,01+3,08%=12,09

* Rainfall during growing period = 3,08"


http:9.01+3.087=12.09
http:12.50+3.08*=15.58
http:13.77+3.08=16.85
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APPENDIX V. RAINFALL DURING GROWING SEASON OF WHEAT 1973-74%

Date Inches
3.12.1973 0.05
16.12.1973 0.20
17.12.1973 0.30
20. 1.1974 0.40
1. 2.1974 0.05
23. 2.1974 0.85
28. 2.1974 0.05
25. 3.1974 0.05
29. 3.1974 0.60
3. 4.1974 0.30
8. 4.1974 0.15
9. 4.1974 0.08
Total: ;Tag

* Recorded at Mianl Rest House
Rain Gauge Station.
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LODGING OF WHEAT 1973-74

Plot Numbers

Lodging condition F1 F2
R1 R2 R3 R4 Total R R2 R3 R4 Total
Severe ()75%) 2,5 %10 16 - 6 - - - - -
& 6
Moderate (25-75%) - - 148 -~ 2 1,3 8,9 - - 6
17 & 4 &12
Minimum ( 25%) - 11 - 20,21 4 - - 13 19,23 6
& 22 15&18 &24
Notations: F1 = 175-75-30 pounds NPK
F2 = 50~ 0~-30 pounds NPK
R = Replication



APPENDIX VII. WHEAT YIELD AS AFFECTED BY VARIOUS TREATMENTS
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Plot No. Treatment Yield (maunds* per acre)
2 MlFl 46.12
11 54.65
16 44.72
20 51.25
Total 196.74
Average 49.19
3 M1F2 49.33
9 51.97
18 54.30
24 38.56
Total 194.16
Average 48.54
5 MlF2 49.14
7 47.03
14 52.16
22 50.65
Total 198.98
Average 49.75
4 MZFZ 49.26
8 52.74
15 49.90
19 43,54
Total 195.44
Average 48.86
6 M3F1 48.22 Notations:
10 46.73 * one maund = 82 pounds
17 50.65
21 47.57 Mi = 1 bar tension
Total 193.17 '
Average 48.29 M2 = 2 bar tension
1 M3F2 52,48 M3 = 4 bar tension
12 52,96 Fl = 150-75-30
13 49.64
23 32.88 F2 = 50~ 0-30
Total 187.76
Average 46.94
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APPENDIX VIII. CROP COEFFICIENTS FOR WHEAT IRRIGATED AT 1 & 2 BARS TENSION (MEAN)

R Monthly
Period EtA Etp Daily (Average)
: Ke Kc
Dec. 10-12 0.013 0.093 0.14
13-15 0.02 0.09 0.22
16-18 0.025 0.085 0.29
19-21 0.03 0.085 0.35
22-24 0.037 0.082 0.45 0.37
25-27 0.044 0.081 0.54
28-30 0.05 0.08 0.63
Jan. 31- 2 0.055 0.08 0.69
3-5 0.06 0.08 0.75
6- 8 0.065 0.082 0.79
9-11 0.07 0.084 0.83
12-14 0.075 0.036 0.87
15-17 0.080 0.088 0.91 0.86
18-20 0.084 0.09 0.93
21-23 0.088 0.095 0.93
24-26 0.093 0.10 0.93
27-29 0.097 0.102 0.95
Feb. 30- 1 0.10 0.107 0.93
2- 4 0.10 0.11 0.91
5~ 7 0.104 0.117 0.89
8-10 0.107 0.123 0.87
11-13 0.11 0.13 0.85 0.85
14-16 0.113 0.136 0.83
17-19 0.117 0.144 0.81
20-22 0.122 0.150 0.81
23-25 0.128 0.158 0.81
26-28 0.140 0.166 0.84
March 1- 3 0.155 0.174 0.89
4- 6 0.170 0.182 0.93
7- 9 0.185 0.190 0.97
10-12 0.195 0.20 0.98 0.93
ig_ig 8:225 8:318 8:32 EtA = Actual evapotranspiration.
23422 g:gig 8:%3; g:gg EtP = Potential evapotranspiration
2527 0.218 0.245 0.89 asica%cuéated by Jensen and
28-30 0.217 0.255 0.85 Haige's formula.
April 31- 2 0.215 0.265 0.81 Ke = EtA/Et:P
3-5 0.212 0.274 0.77
6- 8 0.208 0.282 0.74
9-11 0.203 0.292 0.70
12-14 0.195 0.300 0.65 0.67
15-17 0.185 0.310 0.60
18-20 0.180 0.319 0.56
21-23 0.165 0.330 0.50
Growing season average 0.74
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APPENDIX IX. CROP COEFFICIENTS FOR WHEAT IRRIGATED AT 4 BARS TENSION
Monthly
Period EtA EtP Daily (Average)
Ke Ke
Dec. 10-12 0.02 0.091 0.22
13-15 0.025 0.089 0.28
16-18 0.028 0.089 0.31
19-21 0.032 0.088 0.36 0.37
22-24 0.037 0.086 0.43
25-27 0.040 0.086 0.47
28-30 0.045 0.086, 0.52
Jan. 31- 2 0.049 0.087 0.56
3-5 0.052 0.089 0.58
6~ 8 0.056 0.090 0.62
9-11 0.060 0.092 0.65
12-14 0.064 0.095 0.67 0.67
15-17 0.067 0.098 0.68
18-20 0.070 0.10 0.70
21-23 0.074 0.103 0.72
24-26 0.077 0.107 0.72
27-29 0.080 0.11 0.73
30- 1 0.084 0.116 0.72
Feb. 2- 4 0.087 0.120 0.73
5- 7 0.09 0.125 0.72
8-10 0.092 0.130 0.71
11-13 0.095 0.135 0.70
14-16 0.099 0.140 0.71 0.70
17-19 0.10 0.146 0.68_
20-22 0.104 0.153 0.68
23-25 0.107 0.159 0.57
26-28 0.11 0.165 0.67
March 1- 3 0.112 0.172 0.65
4- 6 0.115 0.180 0.64
-9 0.118 0.185 0.64
10-12 0.120 0.194 0.62
13-15 0.122 0.20 0.61 0.60
16-18 0.125 0.21 0.60
19-21 0.127 0.22 0.58 ELA = Actual evapotranspiration.
22-24 0.130 0.230 0.57 1
25-27 0.130 0.24 0.54 EtP = Potential evapotranspiration. as
28-30 0.133 0.25 0.53 calculated by Jensen and Haise's
April 31- 2 0.136 0.26 0.52 formula,
3-5 0.139 0.27 0.51 Ke = Et:A/EtP
6- 8 0.140 0.28 0.50 0.50
9-11 0.140 0.295 0.47
Growing season Average 0.57





