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Abstract

Depleting irrigation resources necessitate the introduction of more efficient irrigation approaches to sustain
maize production in Pakistan. Therefore, this field study was conducted to evaluate maize response to different
irrigation strategies under drip irrigation system in autumn and spring seasons. Treatments comprised of
management allowable depletion (MAD) of soil moisture viz. 15%, 30%, 45% and 60% of field capacity. Results
showed that, across the depletion levels, ear length and grains row were 8.6% and 28% greater in autumn
compared to spring season while 9%, 25%, 7.55% and 6.3% more grain rows ear and fresh ears ha™, fresh
ear weight and grain yield, respectively, were recorded in spring. Higher grain starch% and protein% were
recorded in autumn. In both the seasons, studied parameters decreased with increase in soil moisture depletion
level from 15% to 60%, however difference among means were marginal among 15%, 30% and 45% but
decreased significantly (p<0.05) thereafter in autumn season. While in spring, yield and other parameters were
affected significantly when soil moisture decreased beyond 30%. More sensitive parameters to the increasing
soil moisture depletion in both the seasons were grain yield>fresh ear weight>grain rows ear. Irrigation
water use efficiency (IWUE) and water use efficiency (WUE) decreased with increased soil moisture depletion
level. Across the years, IWUE and WUE ranged from 22.1-18.0 kg ha' mmand 23.3-17.7 kg ha! mm™,
respectively, in autumn while in spring IWUE and WUE ranged from 19.8-10.5 kg ha* mm™ and 20.3-11.3 kg
ha' mm, respectively. Based on the results, it may be concluded that under local climatic and soil conditions,
maize could sustain its yield at irrigating the maize crop at 45% and 30% soil moisture depletion in autumn

and spring, respectively.
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Introduction

Pakistan’s agricultural system gets benefits from a range
of water resources including precipitation, river flow that stems
from snow, glacier melt and runoff from rains and underground
water reserves. However, Pakistan, gradually has become a
water stressed country with <1000 m® per capita water
availability and fresh water storage capacity for mere 30 days
(Shahid, 2016). Erratic rainfall, greater evapo-transpiration
demand, high conveyance and field application losses (up to
45.52 and 26.63 million acre feet per annum, respectively) and
inappropriate fusty crop production practices are some of the

reasons of this growing problem (Magbool, 2017). During the
last decade, average actual surface water availability for
agricultural system is declining with average of was 9.15%
than its average usage (GoP, 2020). Agriculture has a lion’s
share (about 90%) in usage of both fresh and underground
water in Pakistan. Most of the crops are irrigated through flood
irrigation (basin, border and furrow) in which whole or chunk
of the soil surface is flooded without taking into account the
consumptive use of water (Tagar et al., 2012). Therefore
adoption of the modern and more efficient irrigation system is
inevitable to sustain the agricultural production system. Drip
irrigation system refers to a system of watering the crops that
deliver the water directly to individual plants on gradual and
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continuous bases (Singandhupe et al., 2003). Surface drip
irrigation system is widely used in agricultural systems for
perennial crops and annual row crops (Schwankl and Hanson,
2007). High efficiency of the drip irrigation system arises
from reduced surface evaporation and surface runoff in
addition of least deep-percolation (Li et al. 2003). The
advocated benefits of the drip irrigation are yield increase,
reduced water and fertilizer application rates, saving in tillage
cost and labor charges and better weed and pest control
(Michael, 2009; Levidow et al., 2014). While comparing
border, furrow and drip irrigation systems in China, Zhang et
al. (2021) reported that furrow and drip irrigation system
saved 31% and 57% irrigation water compared to flood
irrigation with comparable yield with 10% irrigation water
lost through deep percolation in border irrigation. They also
reported that water consumption coefficient was greater
under drip irrigation compared to furrow and border
irrigation system.

Maize is a standout cereal crop in Punjab province where
it is grown in two distinct seasons i.e. spring (January-June)
and autumn (July-December). During 2019-20 area under
maize cultivation was 1413000 hectares with total production
of 7.236 million tons (GoP, 2020). Punjab province shares
nearly 60% maize acreage while its share in total production is
90%. In Punjab, maize is grown in irrigated areas where it is
irrigated 10-12 times in spring season and 8-10 times in
autumn season. Generally, farmers in Punjab do not consider
stage of the crop, environmental conditions and water sensitive
crop stages, soil type and its physical characteristics while
irrigating, rather every irrigation consists of a theoretical depth
of 7.5 cm. This uncontrolled and un-managed irrigation
strategy also results in indiscriminate pumping of underground
water in addition to very low water use efficiency. Irrigation
management is one of the most critical factors to optimizing
maize yield (Zamora-Re et al., 2020). Maize is sensitive to
drought stress at all growth stages and different researchers
have reported substantial negative impacts on dry matter (DM)
accumulation and partitioning, plant growth, grain yield and
nutrition of the produce when crop was exposed to moisture
stress at different stages of crop (Panda et al., 2004; Payero et
al., 2008; Wang and Frei 2011; Mi et al., 2018; Yue et al.,
2018). Maize is not only sensitive to the severity of the drought
but stage of the crop at stress is also critical (Ge et al., 2012).
Irrigation scheduling that is based on evapotranspiration
demand of the crop for a specific area is more efficient
irrigation strategy to align with crop water requirements and
gives higher water use efficiency (WUE) and crop yield (Ko
and Piccinni, 2009; Zamora-Re et al., 2020). Two distinct
maize growing areas in upper Indus plains (autumn and spring)
are characterized by altogether different climatic conditions
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with different evapotranspiration demands. Therefore,
irrigation management strategy might differ for autumn and
spring season.

To optimize crop yield and quality, a locally adaptable and
efficient irrigation strategy, must also be developed and
adopted by local farmers (Gheysari et al., 2017). Limited
moisture availability to maize during the growing season
reduced yield (Patel et al., 2006; Greaves and Wang, 2017)
though high corn yield could be maintained under certain level
of soil moisture stress using different irrigation strategies
(Vories et al., 2009). Zhang et al. (2021) have reported the
treatment that received water 80% of ET at V1-V7 stage and
60% of ET from tasseling to maturity gave similar yield to the
control (full 100% irrigation) and they also reported that maize
yield was reduced only when maize received 40% less
irrigation of total ET requirement. Similarly, Aguilar et al.
(2007) found 29% larger productivity of applied water for
limited irrigation treatments in comparison to full irrigation in
a semi-arid environment. However, no study in Punjab
conditions has hitherto been conducted to gauge the impact of
different soil moisture depletion levels on maize under drip
irrigation. This study was planned to

1. Evaluate the impact of different irrigation strategies
based on soil moisture depletion percentage on ear
characteristics, grain yield, and water use efficiency
under surface drip irrigation system in semi-arid
conditions of maize growing areas of Punjab.

2. Assess seasonal differences in crop response to moisture
depletion levels in autumn and spring and needs to adjust
irrigation scheduling thereof.

Materials and Methods

This study was conducted with an objective to find out
the appropriate irrigation management plan based on soil
moisture depletion levels for hybrid maize under drip
irrigation to obtain maximum grain yield in autumn and
spring season. Maize growing areas of Punjab are situated in
upper Indus basin with subtropical continental lowland type
climate (250-300 mm average annual rainfall, classified as
semi-arid) that mainly comprises of districts of Pakpatan,
Sahiwal, Okara, Vehari and Kasur. Experiment was
conducted at Water Management Research Farm, Renala
Khurd, Okara (30.53°N, 73.36°E, 170 m above sea level)
during autumn season 2017 and 2018 and spring season 2018
and 2019. Physico-chemical analysis of the soil at
experimental area conducted prior to sowing is given in
Table-1 while climatic conditions during the study period are
depicted in Figure-1.
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Table 1: Physico-chemical analysis of soil at experimental site

Soil depth EC (mS/cm) pH oM Avail. P Avail. K Saturation Texture
(%) (mg kg™ (mg kg™ (%)
Autumn
0-15cm 1.1 8.2 0.62 12 210 41 Loam
5-30cm 1.4 8.4 0.48 9 196 38 Loam
Spring
0-15cm 1.3 8.2 0.71 14 212 40 Loam
5-30cm 1.5 8.3 0.53 9 197 39 Loam
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Figure 1: Daily average maximum and minimum temperature and monthly rainfall during the study period

Four irrigation treatments were studied based on
predetermined MAD levels. The MAD levels were 15% (D1),
30% (D.), 45% (Ds) and 60% (D) of available soil moisture
(ASM). Allowed depletion is based on ASM which was the
difference between soil moisture at field capacity and
permanent wilting point. The soil at experimental site is
loamy with average 31% total soil moisture contents at field
capacity and permanent wilting point at 14% therefore
foregoing soil moisture depletion levels correspond to 28.45,
25.9, 23.35 and 20.8% soil moisture contents, respectively.
Soil moisture contents at active rooting depth (30 cm up to
30 days after sowing, 60 cm for 30 days after sowing to
maturity) were measured by soil moisture meter on
alternative day and plots were irrigated with measured
amount of water on reaching the predetermined depletion.
Total amount of irrigation water and some other related
details of irrigation strategies are given in Table-2.

Initially (before first season) land was prepared by deep
plough with sub-soiler. Finally (before both seasons) soil was
tilled with 3 plough succeeded by planking. Raised beds (1.05
m wide ridge + furrow) were prepared by tractor mounted
adjustable bed shaper. Each experimental unit measured 12.6
m x 5 m which was repeated four times under randomized
complete block design. Maize was planted on both sides of
105 cm wide raised beds (57 cm furrow and 48 cm bed top).

Hence each experimental unit comprised of 12 raised beds
with 24 rows of maize. Area with dimension of 3.15m x4 m
was allocated for data collection.

Sowing was done on both sides of the bed with almost
15 cm apart from the drip tube resulting in theoretical row
spacing of about 30 cm on the same bed while about 70 cm
trans-bed rows. Plant to plant spacing was maintained at
28.75 cm during autumn while 21.25 cm in spring season to
attain the recommended plant population for each season.
The experiment was planted on first fortnight of the August
and February in autumn and spring, respectively, in both
years. Dibblers were used to create hills of specified spacing
and later on one seed was planted in each hill at 5-6 cm depth.
Monsanto maize hybrids DK6103 and DK6789 were used in
spring and autumn season, respectively. Each experimental
unit was kept at field capacity up to completion of
germination to facilitate germination process by avoiding
moisture stress during germination; afterwards irrigation
treatments were implemented. Nitrogen (N), phosphorus
(P20s) and potassium (K0) at the rates of 205, 82 and 205
kg ha were applied to the crop, respectively. Detail of
fertigation is given in Table-3.

Within 24 hours of the planting Primextra Gold (S-
metolachlor + atrazine) 720 SC (400 mL acre™) was sprayed

Soil Environ. 41(2): 121-134, 2022
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discharge rate of 4 liters hour* while pressure at the end of
each lateral was measured as 1.0 bar.

to control the weeds. At Vs-V7 crop growth stage, Furadan
3G (Carbofuran) was applied in the whorls against borers.

Table 2: Detail of irrigation schedule under different soil moisture depletion

15% MAD 30% MAD 45% MAD 60% MAD
Autumn season
No. of irrigation events 20 10 7 5
!Days after pl_antlng at treatment 5 8 12 16
implementation
Days after planting at last irrigation event 107 96 105 96
Total irrigation applied (mm) 541 521 538 521
Total operational time (minutes) 1259 1199 1257 1224
Avgrage time t_)etweep irrigation events 43 785 12 15.7
during vegetative period (days)
Average t_|me beftweemrrlgatlons during 8.4 13.66 295 245
reproductive period (days)
Spring season
No. of irrigation events 30 16 11 09
!Days after pl_antmg at treatment 8 14 20 2
implementation
Days after planting at last irrigation event 109 104 102 108
Total irrigation applied (mm) 720 688 675 714
Total operational time (minutes) 1667 1593 1563 1653
Avgrage time l_)etweep irrigation events 441 766 8.8 145
during vegetative period (days)
Average time between irrigations during 3 55 76 106

reproductive period (days)

Table 3: Detail of fertigation schedule during the growth of crop
Growth Stage Nutrients kg acre* day!

Fertilizer kg acre™ season®

N P20s K20 Urea MAP SoP
Vegetative Phase 0.717 0.550 0.317 52.973 36.066 25.385
Flowering Phase 1.076 0.550 0.635 42.082 18.033 25.385
Ear Development Phase 0.717 0.000 1.269 46.786 0.000 76.154
Grain Development Phase 0.359 0.000 0.635 23.393 0.000 38.077

MAP= mono-ammonium phosphate, SoP= sulphate of potash

Drip irrigation system consisted of a cemented ditch (4
m x 2 m with 2 m depth) from where water was supplied by
a pump to the main line (59.8 mm diameter). Sub-main line
was of 37 mm diameter with which laterals (16 mm diameter
with 40 cm dripper spacing) were attached. Each drip lateral
was connected to subsurface (45cm deep) sub-main line with
an above ground valve. This joint was also fitted with
backflow preventer, pressure regulator, filter and tubing
adapter. Distal end of the tube was crimped over and tied.
One drip lateral was placed on the center of 1.05 cm spaced
bed-top in a 3-5 cm deep groove carved by a man driven
device to minimize tube displacement and facilitate water
absorption in the soil by avoiding possible water overflow.
Water was supplied with 2.5 to 3.0 bar pressure with a
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Time of the harvest was determined by appearance of
black layer at the kernel tip. At harvest 3.15 m x 4 m area was
hand harvested then ears were separated from stovers.
Number of ears was counted to calculate ears m-2. Later on
ears were shelled and weighed. Grain moisture was
determined by Agratonic™ MT-16 grain moisture tester;
subsequently grain yield was expressed at 15% grain
moisture. Ten random ears were selected from each
experimental unit to determine the ear length with the help of
scale, number of rows per ear, number of grains per row and
1000-grain weight (grain weight hereafter). Grain starch%,
0il% and protein% were determined by ‘Inframatic 9200°, a
whole grain near infra-red (NIR) analyzer.
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CROPWAT model is being extensively used in
agriculture for irrigation scheduling all over the world and
has been proved a reliable tool (George, 2000; Zheng et al.,
2012). It was developed by United Nation’s Food and
Agriculture  Organization (FAO) and it calculates
evapotranspiration and water requirements of crops (FAO,
2009). CROPWAT calculates crop water and irrigation
requirements with inputs of climatic, crop and soil data.
CROPWAT model uses Penmann-Monteith formula to
estimate ET, which provides relatively better calculations
under arid and semiarid conditions (Allen et al., 1998). The
ET, was calculated for every 10-day time step (denoted as

‘decade’ by FAO). To calculate actual crop
evapotranspiration model uses the following equation:
ET. = K. X ET,

Where Et; is the actual crop evapotranspiration, ET, is
the reference evapotranspiration while K¢ is the crop
coefficient.

Effective rainfall during was calculated by the formula
below as suggested by soil conservation method of USDA,;

125—02 x P
Pery = (P X125
Pos; =125+ 0.1x P; P > 250 mm

);PSZSOmm

Where P is the effective rainfall and P is the total
rainfall.

The net irrigation requirement (IR,) of the crop was
based on the difference between the crop evapotranspiration
requirements and the effective rainfall.

IRn = ETC - Peff

Gross irrigation requirement (IRg) was calculated by
encompassing the irrigation system efficiency ‘E’ (90% for
drip irrigation system) (FAO, 2002).

IR,
Ro =T
Irrigation frequency (IF) corresponding to each

predefined MAD was determined by the following method
(Savva and Frenken, 2002);

SM, X MAD X D
h ET.

IF

Where SM, is the available soil moisture in mm (field
capacity-permanent wilting point), MAD is maximum
allowable depletion of soil moisture (decimal), D is the

effective root zone depth (m) and ET. is
evapotranspiration (mm day)

daily

Irrigation water use efficiency (IWUE) and water use
efficiency (WUE) was calculated to assess the yield
response to irrigation treatments through entire growing
season and yield produced per unit of water consumed,
respectively:

Economic Yield

IWUE =
w
WUE Economic Yield
h ET.

Loss and gain of phenotypic expression was assessed to
estimate the effect of progressive soil moisture depletion on
ear characteristics, yield parameters and grain quality.

Data recorded was subject to analysis of variance
performed through SAS software (Version 9.1; SAS Institute,
Cary, NC). Means with significant F-test were separated by
least significant different (LSD) test at probability p<0.05.
Correlation analysis was performed to evaluate the relation
between different parameters. Boxplots were constructed to
assess variation in parameters in autumn and spring season.

Results and Discussion

In this experiment total water applied across the MAD
levels was 501mm, 557 mm, 751 mm and 695 mm in autumn
2017, autumn 2018, spring 2018 and spring 2019,
respectively. Spring season has higher evaporation demands
owing to characteristic temperature regime in the season
(Figure 1). In spring, crop is sown during low temperature
months that gradually increases up to >40 towards maturity
while in autumn sowing is done during hot months and
temperature gradually decreases towards maturity (Figure 1).
In spring, crop took on an average 12 days more to reach
physiological maturity. A lower temperature during early
plant growth stages (seedling and knee-height) causes late
maturing of the maize crop that increases total water
requirement (Sah et al., 2020). Total numbers of irrigation
events were 20, 10, 7 and 5 in autumn season while 30, 16,
11 and 9 in spring season for 15, 30, 45 and 60% MAD,
respectively (Table 2).

Season impact on ear length was significant (p<0.05)
(Table 4). Ears were 8.6% shorter in spring season than
autumn. Mokhtarpour et al. (2011) have also reported
significant variation in ear length in two different seasons and
attributed largely to difference in temperature that is also true
for this study. In both seasons, ear length decreased
significantly (p<0.05) as the MAD increased from D1s to Deo

Soil Environ. 41(2): 121-134, 2022
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with average variation ranged from 6% and 9.5% among
treatments in autumn and spring, respectively. Generally
decrease in ear length was not significant among D15 and Dso.
Shortest ears were obtained at Dgo. Mi et al. (2018) have
reported significant reduction in ear length under moisture
stress progressively applied at different growth stages of
maize. Panda et al. (2004) have also previously reported that

spring compared to autumn that may be attributed to different
growing conditions in both seasons. In autumn season, crop
went through early growth phase in high temperature and
according to Strachan (2016) any environmental around V7
growth stage reduces the grain rows ear.

Effect of season and MAD level on average number of
grains per row was significant in all study years (Table 5).

Table 4: Effect of different soil moisture depletion levels on ear length and number of grain rows per ear of maize

under drip irrigation in autumn and spring season

Treatment Ear length (cm) Grain Rows per Ear
(MAD %) Autumn Spring Autumn Spring
2017 2018 2018 2019 2017 2018 2018 2019
15 174 a 172 a 16.7 a 158a 17.4 16.4 189a 18.7
30 174 a 17.0ab 16.45a 155a 17.1 17.0 18.3ab 19.0
45 17.2 ab 16.7b 155D 15.1ab 17.1 16.8 17.9 bc 19.2
60 16.9b 159¢ 146 ¢ 143D 17.0 16.3 175 ¢ 18
p-Valueo.os 0.0139 0.0006 0.005 0.042 0.447 0.371 0.0082 0.7301
LSDo.s 0.3249 0.47 0.7379 1.232 ns Ns 0.6953 Ns
Season mean 170 A 15.5B 169 B 184 A

LSDo.os for Season 0.44

0.33

Means not followed by the same letter within a column are significantly different

Table 5: Effect of different soil moisture depletion levels on number of grains per row and 1000-grain weight ear
length and number of grain rows per ear of maize under drip irrigation in autumn and spring season

Treatment Grains per Row 1000-Grain Weight (g)
(MAD %) Autumn Spring Autumn Spring
2017 2018 2017 2018 2018 2019 2018 2019

15 335a 37.1a 29.3a 30.2a 251a 284 a 282 ab 275a
30 33.3a 37.4a 27.1Db 30.0a 250 a 280 a 288 a 282a
45 33.1a 37.7a 27.2Db 30.8a 244 ab 275a 278 b 28la
60 31.1b 345b 24.8¢ 26.4b 241b 257 b 265 ¢ 248 b

p-Valueo.os 0.0179 0.0187 0.0002 0.0262 0.0450 0.0012 0.0031 <.0001

LSDo.os 1.481 1.98 1.298 2.85 7.29 10.373 13.35 8.7
Season mean 34.7 A 28.3 B 260.31 B 274.66 A

LSDo.05 Season 2.04

3.23

Means not followed by the same letter within a column are significantly different

soil moisture depletion beyond 45% significantly limited the
water extraction by roots in maize that affected yield and
yield parameters.

Number of grain rows per ear generally decreased with
increase in soil moisture deficit but the effect was significant
only once in four study instances (Table 4). According to Yue
et al. (2018) number of grain rows per ear is more drought
tolerant trait compared to other ear characters i.e., grain
weight and number of grains. Moser et al. (2006) has also
reported decreased number of grain rows in maize under pre-
anthesis drought stress. However, season effect was
significant (p<0.05) with 9% more grain rows per ear in

Soil Environ. 41(2): 121-134, 2022

Statistically, 28% higher number of grains were recorded in
autumn than in spring (p<0.05). Results are in-consistent
with Mokhtarpour et al. (2011) who reported lower number
of grains per ear under higher temperature. In 3 out of 4 study
instances, number of grains remained stable up to Dus
moisture depletion and decreased significantly at Dgo. On an
average, number of grains decreased by 8% in autumn and
15% in spring from D1s to Dgo. Similarly, Moser et al. (2006)
recorded decrease in number of grains per unit area in maize
when crop was subjected to pre-anthesis drought stress. In
spring 15 g heavier grains were obtained compared to autumn
and difference was significant (p<0.05) (Table 5). In both
years of autumn and spring-2019 grain weight remained
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consistent among Dis, D3 and Dss moisture depletion and
decreased thereafter. Similar trends have previously been
stated by Nabizadeh et al. (2012) while studying the effect of
20% and 40% moisture deficit on number of grains and grain
weight of maize. Moser et al. (2006) also described adverse
effect of drought stress on grain weight and argued that under
stress conditions plants were unable to meet the demand of

row?! may be obtained under certain level of soil moisture
stress in both seasons.

Number of ears halvaried among growing seasons
(p<0.05) that were 25% higher in spring compared to autumn
and may largely be attributed to higher seeding density in
spring that was 86,000 plants ha™* compared to 74,000 plant

Table 6: Effect of different soil moisture depletion levels on number of ears ha™* and fresh ear weight of maize

under drip irrigation in autumn and spring season

Treatment Ears per ha Fresh Ear Weight (kg ha?)
(MAD %) Autumn Spring Autumn Spring
2017 2018 2018 2019 2017 2018 2018 2019
15 68690 a 72421 a 93750 a 96000 a 14600 a 16961 a 18182 a 19465 a
30 67250 a 71230 ab 92250 a 94750 a 14446 a 16965 a 16257 b 19167 a
45 66548 a 70833 ab 91750 a 90000 b 13976 a 16405 a 14689 c 16885 b
60 62024 b 67064 b 86250 b 84250 ¢ 12906 b 13891 b 11999 d 12599 ¢
p-Valueo.os 0.0008 0.0866 0.0003 0.0003 0.0007 <.0001 <.0001 <.0001
LSDo.os 2396 4264.8 2355 3845 629 744 986 1322
Season mean 68257 B 91125 A 15019 B 16155 A
LSDo.0s 2105 528
Season

Means not followed by the same letter within a column are significantly different

Table 7: Effect of different soil moisture depletion levels on grain yield of drip-irrigated maize in autumn and

spring
Treatment Grain Yield (kg hat)
(MAD %) Autumn Spring
2017 2018 2018 2019
15 10323 a 12111 a 12200 a 14203 a
30 10316 a 11996 a 11002 ab 13987 a
45 9987 a 11724 a 9822 b 12462 b
60 9189 b 9855 b 8054 c 9165 ¢
p-Valueo.os 0.0093 <.0001 <.0001 <.0001
LSDo.0s 636.90 633 1230 1013.6
Season mean 10688 B 11362 A

LSDo.0s for Season

201

Means not followed by the same letter within a column are significantly

the growing grains. According to Moser et al. (2006), lower
number of grains due to pre-anthesis moisture stress was
compensated for by heavier grains but in our study this was
not the case and the contradiction might has been the result
of the fact that in our study plants remained under constant
pre-irrigation stress throughout the growing season. In maize
phenotypic expressions like ear length, grain weight, number
of grains, grain rows etc. are significantly altered after a
certain level of water deficit stress (Sah et al., 2020).
Therefore irrigation management strategy that maximizes the
number of grains is the key to optimize yield in maize (Mi et
al., 2018). This study shows that optimum number of grains

ha! in autumn. Increase in moisture depletion from Dss to Dgo
decreased (p<0.05) the number of fresh ear ha*in all the
growing instances (Table 6). Moser et al. (2006) has also
reported lower number of ears in maize when moisture stress
was imposed on plants at certain growth stage.

Seasonal effect on fresh ear weight (kg ha*) and grain
yield (kg ha') was significant with 7.5% and 6.3% more fresh
ear weight and grain yield in spring than in autumn,
respectively (Table 6 and 7). Variation in fresh ear weight
among the treatments in autumn was 4059 kg ha™ and 2922
kg ha! compared to 7466 kg ha™ and 6149 kg ha! in spring
that depicts more critical role of soil moisture stress in spring

Soil Environ. 41(2): 121-134, 2022



128
Seasonal response of drip-irrigated maize to MAD level

than autumn owing to higher temperature towards pollination decreased significantly at Dego. In spring grain vyield
and grain filling period. In autumn grain yield remained significantly decreased when soil moisture was allowed to
stable between Dis, D3 and Das soil moisture depletion and ~ decrease beyond 30%. This implies that in autumn season

Autumn Spring
B 15% MAD g 30% MAD g£45% MAD @ 60% MAD B 15% MAD B 30% MAD E45% MAD P 60% MAD
14 -
13 -
Ej 12
g 11 -
.:.E_ 10 -
Autumn Spring
B15% MAD B 30% MAD m45% MAD @ 60% MAD @ 15% MAD @ 30% MAD @45% MAD @603 MAD
4.8
48 - 4.7 a
47 46 ]
ig - 45 -
5 4.4 -
4.4 - # 43 4
# 43 4 = 42 -
= 42 - Qa1
0 471 - a -
33 ] 39
38 | 3.8 -
37 3.7
36 . | 3.6
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B 15% MAD B 30% MAD
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Figure 2: Grain protein %, starch % and oil % of maize in response to different soil moisture depletion levels
under drip irrigation in autumn and spring season
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plant roots did not face substantial difficulty in extracting
soil moisture up to 45% soil moisture depletion to meet crop
evapotranspiration demand of the crop under prevailing
climatic conditions while in spring season, this critical limit
was 30% soil moisture depletion. The seasonal significant
variation in crop response to soil moisture depletion in
terms of grain yield is attributed to the fact that in spring,
grain development occurred in higher temperature
compared to autumn season. Panda et al. (2004) while
studying different irrigation strategies in maize based on
different MAD levels stated that grain yield decrease was
marginal between 10-45% MAD levels however yield
decrease was substantial when soil moisture depleted
beyond 45%. Wang et al. (2019) reported that soil moisture
stress substantially decreased the net photosynthetic rate
and supply capacity of ear leaf that largely contributes to
the developing ear and grains. Oktem et al. (2003) while
studying the effect of irrigation schedule based on 4, 6 and
8 days irrigation frequency on sweet corn has also reported
decreased yield with increased water stress. They also
reported that high temperature caused the closure of stomata
under moisture stress resulting in lower CO; uptake for
assimilation. Several other researchers have reported the
significant yield loss of maize due to drought stress ranging
from 30% to 90% depending on stage and duration of stress
(Moser et al., 2006; Ge et al., 2012; Ertek and Kara, 2013;
Wang et al., 2019; Sah et al., 2020).

Effect of the season on grain starch % and protein % was
significant (p<0.05) while oil % remained stable (p>0.05)
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between seasons (Figure. 3). Higher starch % and protein %
and 0il% (non-significantly) were obtained in autumn season.
In spring season, higher temperature prevailed during grain
filling phase that limits the activity of starch synthase
resulting in decreased starch concentration in grain (Yang et
al., 2018). In contrast to our study, previous studies (Wang
and Frei, 2011; Yang et al., 2018) have reported increased
maize grain protein contents under high temperature and they
mainly attribute this to the concentration effect. This
contradiction might has been arisen due to different
temperature ranges to which plants were exposed and
variation in crop management practices like nutrient
management, irrigation approaches and planting densities,
time of the maize exposure to heat stress etc. that might have
diluted the concentration effect.

Treatment effect on studied quality parameters was also
significant (Figure 2). In autumn season, starch% was high,
during both the years, at D3 that was not different from that
recorded at D4. However minimum was obtained at Deo. Ertek
and Kara (2013) also recorded higher sugar contents in sweet
corn at 30% deficit irrigation that decreased in higher and
lower irrigation water treatments. In spring season, starch%
was statistically not different among Dis, D3o and Das soil
moisture depletion while decreased significantly at Deo.
Generally, oil contents decreased with decrease in soil
moisture depletion however remained stable (p>0.05) up to
45% soil moisture depletion in autumn 2017 and 2018 and
spring 2019 while during spring-2019 oil contents decreased
significantly at Dass soil moisture depletion. Results are

Figure 3: Grain protein %, starch % and oil % of drip-
different soil moisture depletion levels

maize in autumn and spring growing season in response to
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similar to that those recorded by Harrigan et al. (2007). In our
study, seasonal effect on 0il% was not significant however
protein contents increased with increase in soil moisture
depletion with maximum protein% at Deo. Similar results
have been reported by Oktem (2008) while studying the
effect of water shortage on sweet corn. According to Wang
and Frei (2011), effect of abiotic stresses on DM
accumulation in grains is greater as compared to that on total
N contents resulting in greater protein contents in abiotic
stress condition. However in spring season, greatest protein
% was obtained at 30% soil moisture depletion level while
60% MAD recorded the lowest grain protein%. Ertek and
Kara (2013) have also recorded lower protein contents at
treatments with highest and lowest soil moisture levels.

Significant correlation existed between many studied
parameters (Table 8). Type of the correlation between
parameters was similar in both the seasons but extent varied.
Stark variation was also observed in type of correlation
between the seasons. For instance, in autumn, protein % and
starch % in grain  correlated negatively with all other
parameters however, in spring they correlated positively to
almost all other parameters. This inconsistent response might
has been arisen from the fact that autumn crop faced higher
temperature stress during vegetative phase while in spring
high temperature prevailed during grain formation and
maturation phase. Similarly Wang and Frei (2011) have
reported that timing of the abiotic stress determines the
response of protein concentration in grains. In autumn

season, grain yield correlated strongly with ear length, grains

Table 8: Correlation between various parameters under different soil moisture depletion levels under drip
irrigation in autumn and spring season

Parameter Ear Rows per  Grains per Grain Earshal Fresh Ear Protein starch oil
length ear row weight weight
Autumn Season

Rows per ear  0.7540
Grains per 0.9044*  0.8838
row
Grain Weight  0.9972*  0.7450 0.8766
Ears ha? 0.9896*  0.7508 0.9396 * 0.9761 *
Fresh Ear 0.9863*  0.8480 0.9541* 0.9785* 0.9836*
Weight
Protei -0.932* -0.4664 -0.7434 -0.9305* -0.9253* -0.8639

rotein

-0.6336 -0.0326 -0.4752 -0.6111 -0.6758 -0.5341 0.8485
Starch
oil 0.8292 0.9360* 0.9834* 0.7999 0.8667 0.9064 -0.6138 -0.3159
Yield 0.9732*  0.8812 0.9641* 0.9643* 0.9719* 0.9977* -0.828* -0.4833  0.9283*
Spring Season
*
Rows per ear 0.9486
Grains per 0.8717 0.9733*
row
*
Grain Weight 0.8493 0.9390 0.8836
0.9913*  0.9819* 0.9255* 0.8959

Ears per ha
Fresh Ear 0.9961*  0.9712* 0.9116* 0.8718 0.9985*
Weight
Protei 0.6972 0.8254 0.7672 0.9680* 0.7570 0.7231

rotein
Starch 0.9041*  0.9860* 0.9538* 0.9816* 0.9489* 0.9304* 0.9073
oil 0.2544 -0.0528 -0.2515 -0.0899 0.1290 0.1680 -0.1714 -0.116
vield 0.9951*  0.9749* 0.9148* 0.8820 0.9994* 0.9998* 0.7376  0.9374* 0.1587
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per row, grain weight, ears per ha and oil % in grain. In spring
season, grain yield significantly correlated with ear length,
grains per row, ears per ha and starch % but grain weight did
not correlate significantly.

Seasonal Variation of Parameters

Variation in parameters in response to different soil
moisture depletions in autumn and spring (two years average)
is depicted. Boxplots highlight the average distribution of
data around mean for attributes. On an average, parameters
were significantly affected by growing season and
distribution of data regarding studied parameters varied
differently in both seasons. Two studied seasons differed in
temperature during different crop growth period that affected

for ear development and ear characteristics especially ear
length and grains row? (Yang et al., 2018; Coelho et al.,
2022). Mokhtarpour et al. (2011) have also reported similar
trend and were of the view that temperature was the main
difference that caused the variation in yield and vyield
parameters in two growing seasons in spite of the fact that
there was no irrigation and nutrient stress between the
seasons.

Variation in studied traits was recorded in response to
different soil moisture depletion treatments (Table 8).
Though most of the traits did not vary significantly between
Dis-D3o soil moisture depletion however some traits were
statistically similar up to Dss. The effect of progressive
moisture stress on ear characteristics, yield and quality of
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Figure 5: IWUE and WUE of maize under different moisture depletion levels in autumn and spring season under

loam soil

the yield and yield parameters differently. Ear development
in spring season took place under high temperature that
adversely affected the plant ability to uptake and use nutrient

grain was more prominent in spring season compared to
autumn season. According to the extent of variation in
response to different soil moisture depletion in spring season,
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characters are ordered: grain yield (34.8%)>fresh ear weight
(34.6%)>grains per row (15.2)>ear length (11.1%)>ears per
ha (10.2%)>0il% (10.1%)>grain weight (10%)>rows per ear
(6.7%) >protein % (6.6%)>starch% (5.5%). While in autumn
the recorded order is: fresh ear weight (16.9%)>grain yield
(14.8%)>ear per ha (8.6)>grains per row (8%)>grain weight
(6.75%)>0il%  (5.6%)>ear  length  (5.25%)>protein
(4.4%)>starch (3.3%)>rows per ear. Yue et al. (2018) while
evaluating the response of different varieties to the drought
stress in Hebei province, China reported that yield parameters
were most sensitive to the drought compared to other
agronomic traits. They also stated that increased moisture
stress decreased the DM production and accumulation that
have different effects on different parts of plants in maize.
Results are also in line with Mi et al. (2018) who concluded
that less number of grains per ear is the main reason of lower
yield under moisture deficit conditions. Severity of the effect
of increasing soil moisture depletion on studied parameters
substantially differed among seasons however the
expressions that were affected the most in both the season
were grains per row and ear length.

IWUE and WUE

Values of IWUE and WUE values on grain yield basis
in response to different MAD levels are presented in Figure-
5. Crop water requirement was greater for spring maize than
autumn maize. On average, K. values ranged from 521 mm
to 541 mm among treatments in autumn season while for
spring it varied between 675 mm to 720 mm. This variation
was due to different climatic conditions during both
seasons. More rain was received in autumn2017 (79 mm)
and spring-2019 (54 mm) that lowered the gross irrigation
compared to autumn-2018 (29 mm) and spring-2018 (23
mm). Across the years, in autumn IWUE and WUE ranged
from 22.1 to 18.0 kg ha* mm™ 23.3 to 17.7 kg ha* mm?,
respectively, while in spring IWUE and WUE ranged from
19.8 to 10.5 kg ha' mm*and 20.3 to 11.3 kg ha' mm™*
respectively. Steeper decrease in IWUE and WUE were
observed when soil moisture was decreased from 45% to
60%. Panda et al. (2004) have also reported significant
decrease in field water use efficiency in maize after 45%
soil moisture depletion and narrated that after 45% soil
moisture depletion roots found it difficult to extract water
from soil to meet crop demand. Oktem et al. (2003) studied
2, 4, 6, and 8 days irrigation frequency effect (100, 90, 80
and 70% of evaporation, respectively) on sweet corn and
reported that IWUE and total WUE decreased substantially
when crop was irrigated after 8 days interval. Average
across the years, variation among treatments (for each
incremental decrease from Dis to Dgo) for IWUE and WUE

Soil Environ. 41(2): 121-134, 2022

was 3.2 and 3.3 kg ha* mm for autumn-2017 and autumn-
2018 while in spring-2018 and spring-2019 it varied by 6.3
and 6.5 kg ha' mm, respectively. Greater variation in
IWUE and WUE in spring may be attributed largely to
prevalence of higher temperatures during grain filling stage
in spring. Payero et al. (2008) also found that relationship
between irrigation and yield varies among seasons and
locations. WUE and IWUE are general terms having
different interpretation with changing objectives. In our
study the objective was to assess the impact of different
depletion level prior to irrigation while total applied water
(Kc) was constant across the treatment so decrease in IWUE
and WUE was expected with increased soil moisture
depletion. Irrigation management of maize is the function
of finding combination of water use efficiencies and
maximum profitability. We expect that farmers’ decision on
the irrigation management of maize in irrigated maize
growing areas of Punjab will largely be based on easiness
of the management of drip irrigation system (how frequent
farmer has to irrigate based on depletion level), maximum
grain yield and profitability rather than maximum water use
efficiencies. This study provides a valuable guideline for the
farmers regarding irrigation strategy as in autumn season
farmers may irrigate the maize crop after 12 days (45% soil
moisture depletion) while in spring season irrigation
interval should not exceed 5-6 days (30% soil moisture
depletion) to achieve higher grain yield with improved
WUE and IWUE.

Conclusions

Ear characteristic and yield attributes responded
significantly to the treatments but their extent of variation
was different in autumn and spring season. In both seasons,
most of the studied parameter decreased significantly when
soil moisture was depleted beyond 30-45%. However, extent
of variation in studied parameters was steeper in spring than
in autumn suggesting that higher soil moisture contents are
needed in spring season to meet the higher evapotranspiration
demands of crop. During both the seasons, parameters that
were affected the most by increasing moisture deficit were
grain yield, fresh ear weight and number of grains per row.
IWUE and WUE decreased as MAD level increased from
15% (minimum soil moisture stress) to 60% (maximum soil
moisture stress) however with greater rate after 45%
depletion. Under local climatic conditions, irrigating the
maize crop beyond 45% soil moisture depletion in autumn
and 30% soil moisture depletion in spring will significantly
decrease the maize yield and quality.
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