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ABSTRACT

This paper deals with contemporary irrigation water management of major crops in
Lower Indus Basin of Pakistan. Field experiments were conducted to estimate the
optimum WUE (Water Use Efficiency) for various MAD (Management Allowed Depletion)
levels including 55, 65 and 75% for cotton crop, and 45, 55 and 65% for wheat crop.
The daily actual crop Et_ (Evapotranspiration) was observed through gypsum blocks
and a drainage Lysimeter. The observed seasonal cotton crops ET _ in the experiments
were 486,413, and 397 mm for 55, 65, and 75% MAD levels, respectively. Similarly,
wheat crops ET  observed were 363, 359, and 332mm for 45, 55, and 65% MAD levels,
respectively. The WUE determined in terms of seed-cotton yield per unit of seasonal
water use were 6.0, 6.5, and 5.8kg (ha mm)™ The corresponding values of WUE for
wheat were 14.1, 15.0 and 13.4kg (ha mm) . Hence; the highest WUE was achieved
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1. INTRODUCTION

ncreasing crop production to meet food and fiber

requirements of the world's population is putting

pressure on global water resources. Total volume of
water on the Earth is 1.4 billion km?3; however, about 11
millions km?® of this is freshwater, and generally accessible
[1]. Though there is no shortage of water on this planet
but just there is a lack of accessibility to freshwater at
some places [2]. With earth's available potential of
freshwater, land, and human resources, it is quite possible
to produce enough food for the future [3]. The vast
freshwater resources available worldwide are still far away

with MAD at 65% for cotton and at 55% for wheat.

Irrigation Water Management, Water Use Efficiency, Indus Basin.

from fully exploited. However, there are large areas where
low water supply and high demand may lead to regional
shortages of water for future food production. Irrigation
is a major user of freshwater amongst various consumers
of water. In arid and semi-arid areas, water is a major
constraint for crop production, therefore, improving
irrigation water management is crucial to meet food and

fiber demands.

There is a considerable scope for improvement both dry
and irrigated lands. Agriculture is consuming about one-
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third of the available water. WUE can be improved
through application of water saving techniques. The
modernizations and optimization measures could be
adopted to scientifically use of the available water.
Particular attention is needed to adopt irrigation
management practices, which give better economic return
than the improvement of costly irrigation infrastructure.
Adoption of scientific advancement in irrigation water
management is the need of time to conserve irrigation
water [4-5]. Irrigation scheduling should be designed
considering that both the farmer and manager can easily
apply in fields. The applicable irrigation scheduling
strategies must be based on site's weather, crop, and soil
conditions. Irrigation scheduling programmes must be
vital enough to withstand physical uncertainties. Most
collective irrigation systems are difficult but not
impossible to adopt. Field experiments were conducted
to estimate optimum WUE for various MAD levels of
wheat and cotton crop. In each of these experiments,
firstly, MAD levels were selected to confer optimal yield
per unit of land and per unit water use, i.e. WUE, and
secondly, to perceive how much water saving is
achieved.

1.1  Importance of Water Use Efficiency

The WUE is a potential selection criterion for improving
yield at appropriate MAD level to evaluate water
application depth, and optimum level required by the
crop. WUE is not simply a water saving irrigation but it
is a comprehensive exercise using any possible water
saving measures in field production, including full use
of rainfall as well as efficient management of an irrigation
network through a suitable planting method [6].
Irrigations should be timed to avoid water stress during
periods of peak water use in booting, heading and
flowering stages to achieve reasonably good yields and
maximum irrigation WUE. Better irrigation WUE can be
achieved through adopting the advanced irrigation water

management practices.

Z. MATERIALSAND METHOD

Irrigation water is an important input for agriculture
production which is properly measured as at least a two-
dimensional variable; the total quantity and the seasonal
distribution. Water supply for optimal production must be
adjusted to the specific requirements of each growth period.
This could be done by estimating root depth at different
growth stages and applying water accordingly, which helps
optimum utilization of available soil-moisture. Root activity
is highest during developing stage and utilizes more
available soil water. Eventually provides optimal yield and
WUE.

2.1 Experimental Site

The experimental site is located (Landhi, Karachi) at a
latitude of 24° 51'N, longitude of 67° 02'E, and an altitude
of 21m above sea level. The local climate varies and is
generally considered as semi-arid to humid with an average
annual rainfall of 210mm concentrated in monsoon season.
At the site the wind direction changes in the Rabi season;
it is moderate from north-west and north during the morning
with a shift to high winds from south-west in the afternoon.
In Kharif (summer) season high winds prevail from south-

west.

2.2 Physical and Chemical Properties of the

Soil

The soil at the site is sandy loam. The physical and
chemical properties of the soil were analyzed prior to the
experiments in soil testing laboratory of DRC (Drainage
and Reclamation Centre), Tandojam. Pressure plate
extraction apparatus was used to determine OFC (Field
Capacity) and OWP (Wilting Point) of the soil. The moisture
content of the soil at field capacity was measured 23%
with wilting point turned to be 10% [7].

23 Field Layout and the Crops Sowing

Patterns

The experimental area of 80m? was divided into 3 plots

measuring 5x4m, 5x2m and 1x1m area bounded by a
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Lysimeter. Cotton usually stands for 150-180 and hot
season crop of Kharif. The cotton (HF-100) was directly
sown in the drainage Lysimeter and adjacent field area. In
the experiments the cotton seeds at a rate of 32kg ha™
were sown in field. The seeds were sown at a row spacing
of 25cm with plant to plant spacing of 10cm [8]. The crop
experiments for 55, 65, 75% MAD levels were conducted
from May-October, 2004-2006.

The wheat variety watan was seeded in the Lysimeter and
adjacent area at rate of 100 kg ha'!. The seed was sown at
aline spacing of 20cm in a leveled and pulverized soil bed.
Seeds were sown at a Sm spacing and S5cm depth [9]. The
basin irrigation method was adopted at the site during
wheat experiments. In this region, wheat generally takes
100-130 days to mature and suits the prevailing climate in
Rabi (November-March). The experiments were conducted
from 1st December to 30th March (2004-2006).

2.3 Weather Data

Weather data were observed at the PMS (Pakistan
Meteorological Station), Karachi, which is about 7km away
from the field, and representative of the site environment.

The rainfall (R), sunshine duration (n), temperatures (T,_,

T . and T ) and wind velocity (u,), were required on a

daily basis. The Rainfall is also measured at the

experimental site, almost similar amount were found.

2.4 Soil-Moisture Measurements

The undisturbed soil cores were excavated by a core
sampler of known cylinder volume of 50 cm?, the centre of
each plots. The soil samples were collected at 0-15, 15-30,
30-45, 45-60, 60-90 and 90-120cm depth. The excavated

cores were oven dried and weighed.

The gypsum blocks containing electrode, were installed
after land preparation and before seeding. They were
installed in auger holes drilled at 5, 15, 30, 45, 60, 90 and
120cm depth. The readings were taken by the gypsum

blocks' meter. The block readings were converted to a soil
moisture content curve by calibration with gravimetric soil
moisture percentage, multiplying with corresponding bulk
densities to change to volumetric soil moisture
percentages. Since, daily crop ET through drainage
Lysimeters can not be measured; therefore, DP (Deep
Percolated) water during consecutive irrigations (interval)
was collected from a sump located at the bottom.
Difference in quantity of the applied irrigation (I) and the
DP water showed cumulative ET during the interval. The
cumulative Lysimeter measured crop ET matched the
collective ETca, obtained by measuring layer-wise soil-
moisture content from the adjacent area (using Equation-
1). The actual crop ET _ of the wheat was observed through
the Lysimeter, and layer-wise soil-moisture content
measurements. The crop coefficient (K_) was obtained
by the ratio of ET_ and ET .

2.5  Crop Evapotranspiration

The daily measured soil-moisture content data have been
used to determine actual crop ET by Equation (1), the
actual crop water consumption is the algebraic sum of
available water and the change in soil-moisture storage

during the given time step.

1.
ET ,:R_+'—DP,+(9 -0 )Z . )
cai i fw i mi-1 mi/ ri

Where ET_ is actual crop evapotranspiration at the end
of dayi (mm), R, is effective rainfall depth since day, |,
which infiltrates in the soil (mm). L, is net irrigation depth
since day,  (mm), f_is fraction of soil surface wetted by
irrigation or rainfall, DP, is deep percolation Om_ is average
volumetric soil-moisture content in the root zone at the
end of day , (cm® cm? i.e. fraction), Om, is average
volumetric soil-moisture content in the root zone at the
end of dayi (cm® cm™) (function) and Z _ is depth of the

root zone on day, (mm).
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2.6  Reference Evapotranspiration

The modified Penman-Monteith equation has been

calculating reference ET .

9
0.408A{R 7G}+y u [e -e }
n T+273 2l's a

A+y[1+0.34u2}

ET =
o

@

Where ET is reference evapotranspiration (mm day™), R
is net radiation at the crop surface (MJ m?2day™), G is soil
heat flux density (MJ m? day'), T is air temperature at 2m
height (°C), u® is wind speed at 2m height (m s™), e_is
saturation vapour pressure (kPa), e is actual vapour
pressure (kPa), e - _is saturation vapour pressure deficit
(kPa), A is slope of vapour pressure curve (kPa °C"), and

vis psychrometric constant (kPa °C™).

2.7 Crop Coefficient

Daily crop coefficient is the ratio of actual and reference

evapotranspirations, and is given as:

cai —

©)

The daily weather data have been used to estimate
reference ET . The collected field data was used to
estimate precise amount and time of irrigation followed
by water consumed by crop ET . To design optimal

irrigation schedules for cotton and wheat crops the

situation of seasonal soil-water depletion level was
periodically checked to observe whether the irrigation
schedule was suitable for better replenishment of the
crops. The daily soil moisture depletion at the start and
end of the day was also calculated by daily water balance
methods. The root depth and pre-determined MAD was
used to calculate TAW (Total Available Water) and RAW
(Readily Available Water) to the crop. The crops' seasonal
water consumptions were estimated and validated by
comparing WUESs in regional and international studies.
Real time spreadsheets were maintained as a checkbook
balance. The sample of collected and processed data is

shown in Table 1and Figs. 1-2.

3. RESULTS AND DISCUSSION

3.1 Crop ET at 55% MAD Level

There were 11 soil-wetting events, comprised of 7
irrigations and 4 rainfalls for cotton crop experimented at
55% MAD level. The maximum ET_ of 5 mm (day)"
occurred twice during crop season crop in field (Fig. 3).
This was the first blossom time of the cotton. Seasonal
water consumption observed was 486mm, whereas total
applied irrigation and rainfall water was 563mm. The high
spikes and the sudden falls appeared in ET  dotted-line,
because evaporation adds more in ET just after wetting
event by irrigation or rainfall (Fig. 3). The second highest
ET ranged between 4 and Smm (day)' were observed
during 55-118th day and that was the second cotton

flowering and open balls timing.

TABLE 1. DAILY DATA COLLECTION AND PROCESSING FOR WHEAT EXPERIMENT AT THE STUDY SIDE

Day |Tmax fr o in ltpew| U2 | sun | Eto [Taw [RAW [PP5M R wiw | kea | DP | P5 | Brea
No| Date of (°C) (mm) (mm)

Star | Year (°C) | (°C) |[m/sec)|(Hour)(mm/d)| (mm) | (mm) Start (mm) | (mm) | (mm) [ (Mn) En (mm)

1.[12.01.2005| 335 25 20 14 1 3 2.76 34 21 0 0 50 1037 | 29 3 1.02

2.[12.02.2005| 336 24 19 13 2 4 3.49 34 21 3 0 0 0.4 0 7 1.39

3.[12.03.2005| 337 23 17 14 1 3 2.44 34 21 7 0 0 0.5 0 9 1.22

4.|12.04.2005| 338 23 17 14 0 5 2.15 34 21 9 0 0 0.64 0 11 1.37

5.[12.05.2005| 339 24 13 10 1 6 2.81 34 21 11 0 0 0.71 0 14 1.99

6.]12.062005 | 340 25 12 10 1 5 2.74 34 21 14 0 0 0.6 0 16 1.64
664 MEHRAN UNIVERSITY RESEARCH JOURNAL OF ENGINEERING & TECHNOLOGY, VOLUME
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3.2 Crop ET at 65% MAD Level

With 65% MAD level, the maximum ET of 5.8mm (day)
lwas observed on 65th day of after sowing (Fig. 4). The
seasonal ET observed was 413mm, whereas the total

irrigation and rainfall water used was 451mm.

33 Crop ET at 75% MAD Level

The maximum ET was 5.0mm (day)™! and it was recorded
on 60th day after sowing (Fig. 5). The total seasonal crop
water consumption was 397mm. Total irrigation water
applied during entire season was 296mm while the effective
rainfall recorded was occurred 146mm.

A

T X e

FIG. 2. WHEAT IN DEVELOPING STAGE
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34 Soils-Moisture Depletion and Irrigation difference between the existing root zone water storage at
Scheduling field capacity and the permanent wilting point [8]. The
IS (Irrigation Scheduling) was based on the pre-determined RAW was calculated on daily basis by multiplying the
depletion percentage of TAW on current root depth selected MAD at a given time to TAW. At the initial stage,
position, calculated on daily basis. The TAW was the RAW was estimated to be 0.32m root depth and during
6
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the developing stage it extended gradually and was taken were set to compute RAW in the separate experiments
to be maximum 1.0m. The MAD levels of 55, 65 and 75% and are shown in Table 2.
TABLE 2. IRRIGATION SCHEDULE OF COTTON
Rainfall Irrigation Irrigation
Date (mm) Interval (mm)
Irrigation Schedule of Cotton at 55% MAD Level
01.05.2005 0 0 70
14.05.2005 0 12 24
26.05.2005 0 11 24
10.06.2005 11 - 0
24.06.2005 0 28 55
09.07.2005 0 14 74
20.07.2005 60 - 0
12.08.2005 0 33 78
22.08.2005 19 - 0
23.09.2005 0 21 80
23.09.2005 75 - 0
Total: 165 405
Irrigation Schedule of Cotton at 65% MAD Level
01.05.2006 0 0 70
25.05.2006 0 23 30
26.06.2006 0 31 68
18.07.2006 0 21 88
29.07.2006 5 - 0
06.08.2006 50 - 0
02.09.2006 0 45 90
21.09.2006 50 - 0
Total: 105 346
Irrigation Schedule of Cotton at 75% MAD Level
01.05.2007 0 0 70
27.05.2007 0 25 34
02.07.2007 0 35 88
09.07.2007 70 - 0
10.08.2007 0 38 104
28.08.2007 50 - 0
09.09.2007 26 - 0
Total: 146 296
MEHRAN UNIVERSITY RESEARCH JOURNAL ENGINEERING TECHNOLOGY, VOLUME 29,
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3.5  Cotton Crop Water Use Efficiency

The crop WUE were estimated in terms of cotton-seed
yield per unit of seasonal crop ET for the experiments
with 55, 65, and 75% MAD levels. In this study, cotton-
seed yields produced were 3024, 2776.5 and 2573 kg ha'!
with 35% lint, at 55, 65, and 75% MAD levels treatments
respectively. The corresponding seasonal crop water
consumptions (ET) were 504, 422, and 404mm. The
resulting WUEs obtained were 6.0, 6.5, and 5.8kg (ha
mm)! respectively. It is apparent that highest WUE was
achieved in cotton at MAD 65% level.

Almost similar results were reported by PARC (Pakistan
Agriculture Research Council) for cotton studies with
50% MAD level conducted at Tandojam, Bhalwal,
Bhakkar and Mianchannu. The WUE (kg (ha mm)™') of
2.58,1.8,4.56,2.58 were obtained in these experiments
respectively [8]. The low MAD level encourages water
consumption through evaporation and transpiration but
high MAD level decreases crop yield and consequently
the WUE. Compared to inundation irrigation, the
irrigation scheduling based on MAD level saved 15-32%

more water. The optimal level of MAD for cotton grown

in sandy loam soil was indicated as 65%.

3.6 Wheat Crop Evapotranspiration and

Irrigation Scheduling

The seasonal ET _ of wheat observed at45, 55, and 65%
MAD levels were 363, 359 and 332mm respectively. The
daily estimated actual ET_ in the experiments are
functions of time are shown in Figs. 6-8. The Max ET
at 45% MAD was observed as 6.2mm day"' on 102nd
day after sowing (Fig. 6). Similarly, the max ET_ at 55%
MAD was observed 6.1mm day! on 73rd after sowing
(Fig. 7). For 65% MAD, the maximum ET_ turns to 8.1mm
day! recorded on 104th day after sowing (Fig. 8).

The total 402, 370 and 362mm water (Irrigation and
Rainfall) was used during full growing season of the
wheat (Table 3).

4. WATER USE EFFICIENCY OF
WHEAT CROP

The crop WUEs were estimated in terms of grain yield per

unit of seasonal water used by crop ET for the experiments

10
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FIG. 6. DAILY OBSEVED ET OF WHEAT AT 45% MAD LEVEL
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at45, 55 and 65% MAD levels; the corresponding values
achieved were 14.1, 15.0 and 13.4 kg (ha mm) respectively.
The grain yield of 5538.6 kg ha' and the straw yield of
12070.0 kg ha''were obtained at 55% MAD. Comparing
inundation irrigation and that according to wheat crop

water requirements, 25-35% of irrigation water saving was

achieved. Wheat grain WUE (kg (ha mm)™") under water-
scarcity conditions was average recorded as 9.9 for south-
eastern Australia, 9.80 for the China Loess Plateau, 8.90
for the northern Great Plains of North America, 7.60 for the
Mediterranean Basin and 5.30 for the southern-central

Great Plains have been reported by researchers [9-17].

10 -
0 —e—ETca 55%
8
c
g 7
£ 6
&
g ’g 5]
2 E 4
3 3
g
o 2
1
0 T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 9 100 110 120
Days after sowing
FIG. 7. DAILY OBSEVED ET OF WHEAT AT 55% MAD LEVEL 55%
I
10 -
9 —&— ETca 65%
= 8 T
L
B 7
5 6
5T
Bg 97
o= 4
g -
Q
g 3
0 24
1 -
0 T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110 120
Days after sowing
FIG. 8. DAILY OBSERVED ET OF WHEAT AT 65% MAD LEVEL
MEHRAN UNIVERSITY RESEARCH JOURNAL OF ENGINEERING & TECHNOLOGY, VOLUME [29,
NO. 4, OCTOBER, 2010 [ISSN 0254-7821] 669



WATER USE EFFICIENCY OF COTTON AND WHEAT CROPS AT VARIOUS MANAGEMENT ALLOWED DEPLETION IN LOWER INDUS BASIN

5.

CONCLUSIONS

The highest WUE of 15.00 kg (ha mm)™" was achieved at
55% MAD level for wheat crop. This WUE seems good

for crop as compared with that reported in regional and

international studies. A maximum WUE of 6.59 kg (ha mm)
! was obtained at MAD 65% under the crop. Irrigation of
cotton with 65% MAD treatment offered significant
benefits in terms of water saving over 55% MAD treatment,

it resulted the highest WUE for seed-cotton production

TABLE 3. IRRIGATION SCHEDULE OF WHEAT

Rainfall Irrigation Irrigation
Date (mm) Interval (mm)
Irrigation Schedule of Wheat at 45% MAD Level
01.12.2005 0 0 50
11.12.2005 0 9 23
23.12.2005 0 11 25
15.01.2006 30 - 0
03.02.2006 0 41 55
17.02.2006 0 13 91
19.02.2006 55 - 0
07.03.2006 0 17 73
Total: 85 317
Irrigation Schedule of Wheat at 55% MAD Level
01.12.2006 0 0 50
10.12.2006 0 8 30
18.01.2007 0 38 90
10.02.2007 10 - 0
11.02.2007 40 - 0
22.02.2007 0 34 90
15.03.2007 0 20 60
Total: 50 320
Irrigation Schedule of Wheat at 65% MAD Level
01.12.2007 0 0 50
12.12.2007 0 10 30
15.01.2008 30 - 0
03.02.2008 0 52 115
19.02.2008 55 - 0
12.03.2008 0 36 82
Total: 85 2717
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over the 55 and 75% MAD levels, and reduced drainage,
runoff, and short water stress on crop. Frequent watering
enhanced the cotton crop growth in the initial stage but
decreased in later stages, and hence affected the yield.
Compared to usual inundation irrigation, each irrigation
scheduling resulted in a saving between 25 and 35% of
irrigation water in wheat, whereas the corresponding
irrigation water savings in cotton were between 15 and

32%, respectively.

6. RECOMMENDATIONS

The techniques are needed for determining crop water
needs and appropriate irrigation scheduling for accurate
quantification of ET. In order to obtain maximum crop WUE
in water scarcity conditions, a total of 370mm water is
recommended at 55% MAD level of TAW for the non-
critical stages of wheat. The optimal yield and maximum
cotton crop WUE could be achieved if recommended
seasonal water amount of 450-550mm scheduled at 65%

MAD level to be grown in Lower Indus Basin.
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