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Abstract | The response of wheat to different irrigation regimes was studied in pot culture under rain shelter
conditions at Arid Zone Research Center (AZRC), Dera Ismail Khan during 2014-15 and 2015-16.
Irrigation was applied at different rates including control (only at sowing), 25, 50 and 75% of field capacity
and conventional irrigation (300mm seasonal requirement) was used. In conventional irrigation methods,
irrigation was used to maintain field capacity using 33kPa tension-meter reading during tillering, stem
elongation, tillering and grain formation stages. It is clear from the experiment results that parameter of
wheat growth including plant height, days to harvest, and number of tillers per plant and grain weight per
ear were significantly changed by the application of different amounts of water (treatment) during the two
years of the experiment. Conventional irrigation showed significantly higher values of growth parameters,
but was comparable to the irrigation regime applied to 50 and 75% of the field capacity. Similarly, the use
of different amounts of water significantly affected the yield and yield components of wheat. The thousand
grain weight was recorded higher in pots receiving 25% irrigation water. Grain yield was found to be higher
with the conventional irrigation method, which was statistically at par with the treatment that used 75% of
field capacity irrigation water. The harvest index was recorded higher in the treatment that was irrigated at
50% field capacity. Conclusively, 50% of field capacity irrigation with water was an effective treatment and

can be recommended for irrigated and water-scarce areas. Water scarce areas which receive less than 150mm
annual rainfall.
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Introduction parts of the world due to water scarcity and failures
in the irrigation system (Igbadun ez a/., 2007). It has
‘ N Jater availability at critical stages of crop become a major problem in Pakistan as it directly

growth is becoming more important in many  affects crop yield. Pakistan has a well-established
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surface irrigation system, but due to mismanagement
of water crop water requirements and leaching of
harmful salts are still question marks. Although
Pakistan has good quality irrigation water, fertile
soil and favorable climatic conditions for most crops,
the country’s crop production is well below potential
yield. Insufficient and inefficient use of water is one
of the causes of low productivity. Water scarcity and
poor management thus become the country’s main
constraints to crop yields. Wheat (7riticum aestivum
L.) is a cereal crop which is grown in different parts of
the world. It is a staple food in many countries around
the world. In Pakistan, wheat was grown on an area
of 9.2 m ha in 2016-17 (USDA, 2017). Irrigation
water is essential from seed germination to plant
maturity, but efficient, cost-eftective and proper use
at the critical crop stage requires special attention for
optimal growth (Khan ez /., 2004). Water stress at a
critical stage of crop growth can significantly reduce
grain yield, the greatest reduction being found at the
anthesis stage (Jamal ez a/., 1996).

A number of studies have been conducted on
deficit irrigation, but the trials were exposed to the

precipitation, hence; this study was conducted to
enhance growth and water productivity of wheat using
different irrigation regimes under rainout shelter.

Materials and Methods

Description of the study site

To analyze the optimum dose of irrigation, an
experiment was conducted under rainout shelter
conditions at PARC-AZRC, D.I. Khan in 2014—
15 and 2015-16. Per annum precipitation at the
experimental area is about 300 mm, out of which 70%
is received during monsoon season. Less than 100mm
average precipitation is received during wheat season.
The climate of the region is semi-arid. The weather
data for the experimental site is given in Table 1.

Difterent soil samples were collected randomly
from experimental site before commencement of
experiment. Each sample was collected from 15-
105cm soil. Multiple samples were analyzed by mixing
the samples collected from the same depth. Pressure
membrane plate apparatus was used to determine
field capacity and permanent wilting point of each

Table 1: 4 (oro-meteorological data recorded for the months of December 2014-April 2015 and December 2015-April

2016 at Arid Zone Research Center, PARC, D.I. Khan.

Month/Year Temperature °C Humidity % Screen pan evaporation Wind speed  Rainfall
Max Mini 0800 hours 1400 hours (mm/day) (km/day) (mm)
December  Total 623 144 2508 1595 30.00 66.17 -
2014 Average 20 5 81 51 1.00 2.00 -
January  Total 576 153 2682 1935 26.62 66.81 28
2015 Average 19 5 87 62 0.86 2.16 -
February Total 616 225 2360 1267 55 74.04 27
2015 Average 22 8 84 45 1.96 2.64 -
March Total 792 362 2594 1811 2 87 85
2015 Average 26 12 84 58 - 3 -
April Total 980 539 2123 1331 146.05 648.25 43
2015 Average 32,67 1797 70.77 44.37 4.87 21.61 8.60
December  Total 2223 5.68 76.81 75.65 1.41 1.57 4.00
2015 Average 689 176 2381 2345 43.77 48.64 4
January  Total 2048 471 81.13 76.42 1.16 1.82 2.00
2016 Average 635 146 2515 2369 35.95 56.38 4
February  Total 24.86 5.79 62.34 63.48 2.36 2.19 0
2016 Average 721 168 1808 1841 68.4 63.64 0
March Total 2910  6.71 62.94 53.52 2.42 0.97 19.00
2016 Average 902 208 1951 1659 75.1 29.98 95
April Total 3440  7.53 55.00 39.60 3.42 2.54 0
2016 Average 1032 226 1650 1188 102.65 76.3 0
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Table 2: Chemical properties of soil and their standard procedures for analysis.

S/No. Parameter Method Depth (0-15cm) Depth (15-30cm)
2014-2015 2015-2016 2014-2015 2015-2016

1 Soil pH [20] 7.6 7.2 7.5 7.4

2 Available P Olsen method [7] 7.1 ppm 8.3 ppm 6.2 ppm 6.6ppm

3 Available K [18] 120ppm 128ppm 120ppm 122ppm

4 Soil OM Walkley-Black method [26] 1.6% 1.8% 1.15% 1.12%

5 Nitrogen Kjeldahl method [6] 0.04% 0.03% 0.02% 0.02%
Table 3: Physical properties of soil.

Depth(cm)  Sand (%) Silt (%) Clay (%) FC (cm®/cm?) PWP (cm*cm®)  Bulk density (g/cm?)

15 56 24 19 0.232 0.114 1.51

30 67 18 15 0.206 0.109 1.55

45 72 15 13 0.191 0.099 1.55

60 68 18 15 0.206 0.109 1.55

75 68 15 18 0.214 0.120 1.56

90 68 20 13 0.199 0.099 1.52

105 70 15 15 0.203 0.109 1.56

Ufield capacity; *permanent wilting point.

soil layer at 33 and 1500 kPa, respectively (Richards
and  Weaver, 1943). Bouyoucos hydrometer
method was used to estimate the texture of the
soil (Bouyoucos, 1936). Standard procedures were
tollowed to determine the chemical properties of the
soil which are given in Table 2. Table 3 shows the

physiochemical properties of soil.

‘There were 5 main blocks, one of each treatment using
completely randomized design; and 20 sub blocks, one
tor each replicate. Depth of irrigation water received
by each treatment i.e., control (TO)’ZS% of FC (T),
50 % of FC (T)), 75% of FC (T,) and conventional
method as used for wheat crop in the area (T,) In
conventional irrigation methods irrigation was
applied to maintain the field capacity at various stages
including tillers formation, booting and formation of
grains. In T ,'T,, T, T and T, irrigation was applied
at stages except the stem elongation stage. Irrigation
water is not applied during stem elongation stage so
as to restrict the vegetative growth and enhance the
grains formation.

Before sowing, 50% total available water (TAW) (half
the field capacity) was maintained in the top 30cm
of soil during sowing for proper crop germination
and emergence. The first irrigation was uniformly
maintained at the beginning of the tillering phase
in all experimental plots. Then each irrigation was

applied according to the treatment. A time domain
reflectometer (TDR) was used to determine soil
moisture.

Twenty pots each having 30cm diameter and 60cm
depth were used. Since the study was conducted in
pots and the pot size for each treatment was same,
thus the root growth parameters were neglected. Due
to climate change the rain spell has shifted from
October to end of November till Mid December
and hence, the farming communities and scientists
practice late sowing. Accordingly, wheat variety
Hashim-2008 was sown during the month of
December. The wheat growing season is November
but due to climate change and erratic rainfalls, the
farming community is switching to late sowing. In
such practice the crop receives chilling temperature
and significant precipitation. The day light during
the crop period is adequate for yield and biomass.
'The crop was harvested in April end. Other cultural
practices were held equal in all treatments.

'The growth and yield parameters of the studied wheat
included plant height, days to harvest, number of
tillers per plant, number of grains per ear, grain weight
per ear, thousand grain weight, total dry matter yield
(kg ha), grain yield (kg ha™), straw yield (kg ha-1)

and harvest index (%).
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Statistical analysis was performed using the procedure
described in (Steel ef 4/, 1997). Data from three
replicates were used to normalize the data. The data
was normalized for analysis purpose to carry out the
linear regression. Analysis of variance (ANOVA)
technique was used to analyze the recorded data of
various parameters under completely randomized
design. The effect of treatments in subsequent years
was significant; therefore, experimental data from
both years were analyzed separately. F-test was used
to determine a significant effect of treatment in
ANOVA, and treatment means were compared using
Tukey’s test at the 5% significance level.

Results and Discussion

Growth parameters of wheat as affected by the irrigation
regime

Plant height: Plant height is one of the important
growth parameters that contributes to both
physiological functioning and crop growth. A
significant effect on the height of wheat plants was
observed during the two years study (Table 4). Plant
height was found to be greater (52 cm) in pots that
were irrigated in a conventional way (T ). This was
on par with treatments containing 50% FC water
(T,), 75% FC water (T,) and the shortest plants were
found in pots receiving 25% FC water (T1). In year
2, the tallest plants were 58 cm, 58 cm, 58 cm and 54
cm in pots receiving conventional irrigation (T),), 75%
FC water (T,), 50% FC water (T,) and 25% FC water
(T,), or the smallest plant height was found in the
control (T ), with a height of 43.75 cm.

Similar results were reported for the irrigation
scheduling of wheat crops with a significantly taller
plant in treatments where maximum irrigation was
applied (Baloch ez a/., 2014). Short plants are caused
by a lack of irrigation water, as growth stops (Gohari,
2012). Evapotranspiration data collected from
the installed weather station was used to quantify
the water use of wheat crop. Increasing water use
increases plant height (Yuan ¢z /., 2003). Similarly,
plant height increases with the amount of irrigation

(Alderfasi ef al., 1999).

Days to heading

In the current study, applied water treatments showed
a significant effect on days to heading of wheat during
the experimental seasons (Table 4). In the first season,

days to heading were found to be higher by 95 days

in pots receiving 50% FC water (T,). This was on par
with the treatment receiving 75% FC water (T)). The
fewest days to item (92) were found in treatment T
comprising 25% applied water. In the experiment
conducted during the second year, a resembling trend
was found, with an ominously lengthier period of 104
days recorded in T, where no irrigation was applied
after sowing. In the rest of the treatment, a minimum
duration of 96 days was found.

Water stress results in an increased number of days
at 50% course (Khakwani ez a/., 2012). Drought has
been reported to increase the number of days to 50%

by 4.78% (Bayoumi ez al., 2008).

Number of tillers per plant

The irrigation regime used in the study showed a
significant effect on the number of wheat tillers
during both experimental years (Table 4). In the
first year, it was found that the number of tillers was
higher (3.0) in the conventional irrigation treatment
(T,). This was on par with the treatment receiving
50% irrigation (T). In the control treatment, the
minimum number of tillers was found. In the next
year of the experiment, the maximum number of
shoots per plant® was found in the treatment with
conventional irrigation (T,) with a mean value of 2.75
shoots. The least cultivator was found in the control.
A higher number of tillers per plant was observed
in plots that received irrigation water with a three-
week intervals period than those obtained irrigation
water at four, five and six weeks intervals (Khan e
al., 2007). They concluded that sufficient moisture
available to the plant supports a higher number of
tillers per plant. 90% of cultivators can be increased

by irrigation (Elhani ez a/., 2007).

Number of grain per spike

Different irrigation regimes exhibited noteworthy
result on number of ears of wheat in 2014-15 but
insignificant in 2015-16 (Table 4). The highest
number of per spike grains found was 31.00 in
conventional irrigation treatment (T,). The lowest
number of per spike grains was found in the control.

A higher number of per spike wheat grains was
observed in the irrigated treatments where irrigation
was applied five times than those where irrigation was
applied four times and three times (Bayoumi ez a/,
2008). Grain tip™ was found higher where no water
stress was applied (Akram, 2011).

December 2022 | Volume 35 | Issue 4 | Page 592



Optimizing Wheat Productivity

Table 4: Growth parameters of wheat as affected by the different irrigation regimes.

Treatments Plant height (cm) Days to heading No. of tillers per plant  Weight of grain spike™(g)
2014-15 2015-16 2014-15 2015-16 2014-15 2015-16 2014-15 2015-16
T,: Control 41.50ab 41.75b 92.250b 104502 1.00c 1.0c¢ 0.12b 0.31d
T,:25% of FC 41.75b  42.00a 91.500b 95.50b  2.00b 2.0 ab 0.29 ab 0.45 cd
T,:50% of FC 49.00a 49.50a 94.750a  95.50b  2.50 ab 1.5 be 0.455 a 0.61 be
T,:75% of FC 46.25ab 46.75a 93.000ab 96.00b  2.00b 1.0 ¢ 0.29b 0.66 b
T,: Conventional method 51.75a  52.75a 92.250b 95.50b  3.00a 2.75 a 0.457a 0.867 a
LSD 10.49 4.2496 2.4481 1.9690 0.6290 0.7956 022 0.17
Means followed by different letter in a column are significantly different at 5% level of probability.
Table 5: Yield parameters of wheat as affected by the different irrigation regimes.
Treatments 1000 grain weight Total dry matter Grain yield Harvest index
(gram) (Kgha) (Kgha) (%)
2014-15 2015-16 2014-15 2015-16 2014-15 2015-16 2014-15 2015-16
T,: Control 27250c 17.250c  2474.0d  2678.0e 1117.50e 1176.25c¢ 4550b  23.00c
T,:25% of FC 34.675a 30.750b  3706.5d 30445d 1228.00d 1303.25b 33.25¢ 42.75d
T,:50% of FC 30.400b  33.750a  49985c  5497.0c  2438.8c  2641.25a 48.50a 30.75bc
T,:75% of FC 30.625b  32.000ab 6696.0b  5575.0b  3202.00b 2625.00a 48.00 a 33.00ab
T,: Conventional method 29.675b  31.750 ab  7478.3 a 5649.3a  3575.00a 2652.30a 48.00a 40.50a
LSD 1.9044 2.9901 80.201 46.585 11.046 37.128 0.9115 0.5799

Means followed by different letter in a column are significantly different at 5% level of probability. The growth and yield of drip- irrigated

potato. Agric. Water Manage., 63: 153-167.

Weight of grain per spike

Ear weight is an important yield parameter that
describes the economic yield obtained after harvesting
the crop. The treatment applied to the pots showed a
significant effect on the weight of wheat ear™ grain
during the two experimental years (Table 4). In the
first year, the weight of grain ear was found to be
a maximum of 0.457 and 0.455 grams in treatments
receiving conventional irrigation (T,) and 50% FC
irrigation water (T,). The smallest value of ear™ grain
was found in the control (T ). In the second season of
the experiment, an almost analogous drift followed,
with a pointedly higher ear? grain weight of 0.867
grams in treatments that were irrigated using the
conventional method (T,). The smallest value of ear™
grain was found in the control (T ). All the attributes
that determine the yield, i.e., number of ears per
running meter, ear length, number of ears™, number
of ears and test weight are significantly affected by
different moisture regime (Singh ez a/., 2012).

Yield parameters of wheat as affected by the irrigation
regime

Thousand grains weight: The weight of one thousand
grains measured during the experiment indicated a

substantial influence of the water schedule in the two
years of study (Table 5). In the initial year, the highest
thousand grain weight of 34.675 grams was recorded
in the treatment receiving 25% irrigation water
(T,), followed by the treatment receiving 75% (T)
and 50% (T,) FC water with values of 30.625 and
30.40 grams. In the second year of the experiment, a
significantly maximum weight of a thousand grains
of 33.75 grams was found in the treatment receiving
50% FC water (T),). In both years, the lowest value of
the weight of one thousand grains was found in the

control (T ), with values of 27.25 and 17.25 grams.

Comparatively, 1000 grain weight of wheat was
found highest when irrigation water was applied
at four growth stages during stress (IVlagsood ¢z a/.,
2002). The thousand-grain weight was significantly
increased because irrigation was applied at each
growth stage of wheat (Sarwar ez a/., 2010).

Total dry matter yield

Total dry matter (TDM) is an important yield
parameter that describes the amount of total
biological material received after crop harvest. In
the current study, the irrigation regimes indicated a
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momentous effect on wheat TDM during the two
study years (Table 5). In the first year, the treatment
with conventional irrigation rate (T,) concluded a
maximum of 7483.3 kg ha™ TDM,; followed by the
rest of the treatments. The control treatment resulted
in a minimum TDM value of 2474.0 kg ha™. The
subsequent year of the study revealed resembling
results. A significantly higher total dry matter of
5649.3 kg ha was recorded in the treatment with the
conventional dose of irrigation water T',. The smallest
value of TDM was found in the control, namely
2678.0 kg ha. For all wheat genotypes, dry matter
accumulation during plant growth decreased with
increasing duration of terminal drought (Dalerie ez
al., 2010). Singh ez a/. (2012) also reported that all
attributes that determine yield, i.e., number of ears per
running meter, length of ear, number of ears, number
of grains ear’ and test weight were significantly
affected due to different moisture regime.

Grain yield

Wheat grain yield in the current study showed a
remarkable effect of irrigation regimes during the
experimentation period (Table 5). During the initial
year, a maximum grain yield of 3575.00 kg ha! was
found when treated with conventional irrigation
(T,). The minimum value of grain yield observed in
the control (T ) was 1117.50 kg ha™'. The subsequent
year of the study revealed an almost same trend
with a notably highest yield of 2652.00 kg ha™ in
the conventional irrigation treatment (T,), 50% FC
(T,.) and 75% FC water (T),), respectively. This was
followed by treatment with control and 25% FC (T')
with values of 1176.25 and 1303.25 kg ha™.

A higher yield of wheat is achieved by increasing the
level of irrigation water (Wajid ez a/., 2002). A longer
interval of six weeks also showed the lowest grain
yield due to moisture (Khan ez a/., 2007).

Harvest index (%)

The harvest index (%) is an expression of yield
parameter in terms of grains and the total biomass of
the crop. The wheat yield index (%) varied significantly
with irrigation regimes during the study period
(Table 5). The maximum harvest index (48.50%) was
obtained in the first study year with 50% irrigation
water (T,). This was followed by treatment receiving
75% irrigation water (T,) and conventional irrigation
(T,), both with a value of 48.00%. The smallest

harvest index value was found in the treatment where

irrigation was supplied at 25% FC, with a value of
33.25%. In the subsequent study year, the maximum
value of the harvest index was found in the treatment
receiving irrigation water 25% FC (T') with a value of
42.75%. This was followed by treatment with classical
irrigation (T,) with a value of 40.50%. The smallest
value of the harvest index was found in the T | control
with a value of 23.0%.

'The harvest index was recorded higher when irrigation
water was applied during different stages of the crop
and decreases due to water stress (Sarwar ez /., 2010).
Similarly, the Harvest Index was significantly reduced
by the application of stress at different growth stages
(Mekkei ez al., 2014).

Conclusions and Recommendations

Conclusively, 50% of field capacity irrigation
with water was an effective treatment and can be
recommended for irrigated and water-scarce areas.
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