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Abstract: Water is one of the most precious resources and is essential to agricultural output; the
biggest user of water is the agricultural sector. Several societal sectors are impacted by the problem of
climate change, including agriculture, water resources, and irrigation water demand. A key element
in determining sustainable crop production potential is choosing the right cultivars at the right time of
year to plant. The dates on which maize is sown are greatly impacted by high summer temperatures
and low spring temperatures. Water stress and the timing of sowing can have a significant impact
on maize crop yield and water use efficiency. As a result, figuring out the ideal irrigation volume
and sowing dates depending on local conditions is essential. A split plot layout was used to create a
randomized complete block design for an experiment with five sowing dates (A, B, C, D, and E) and
six hybrids (KWS3376, Xinyu 65, KWS9384, Huamei No. 1, Xinyu 102, and Heyu 187). All sowing
dates and hybrids had a significant impact on the yield and yield-contributing features (leaf length,
ear diameter, grain number per spike, grain breadth, hundred-grain weight, etc.) of maize crops
according to the data analysis. A higher grain yield with yield features, such as ear length, number of
grains per ear, and hundred-grain weight, was obtained with early-season sowing. Delayed seeding
resulted in a lower crop yield. The seasonally delayed seeding of maize reduces yield and yield
characteristics. Xinyu 65 produced the highest yield and yield component values of any hybrid. For
improved yield and yield traits in the examined area, the study recommended planting maize hybrid
Xinyu 65 early in the growing season.

Keywords: drought stress; irrigation treatments; maize cultivars; sowing dates; growth and yield attributes

1. Introduction

Unfavorable weather patterns and a rise in the frequency of extreme weather events
have had a major influence on agricultural output in recent decades. Due to these cir-
cumstances, agricultural productivity and quality have significantly decreased, which has
decreased overall output [1–3]. The ongoing global climate change has resulted in the
simultaneous occurrence of various abiotic stresses affecting crop growth. Among these,
the combination of heat stress and drought stress has become particularly prevalent [4,5].
The escalating effects of climate change are evident in the rising frequency and severity of
droughts and heat waves, posing substantial risks to global agricultural production and
endangering food security on a global scale [6]. Notable instances include the 2003 drought
and heat events in Europe, which caused a 30% reduction in agricultural production [2].
Similarly, the 2010 heat events in western Russia led to a significant decline in grain pro-
duction, with the wheat belt yielding less than half of the previous year’s output [7].
In 2012, heat and drought stress in the Great Plains of the United States resulted in a 20%
decrease in maize yield [3]. More recently, the Yangtze River basin in China saw its worst
high-temperature and drought episode since 1961 during the summer of 2022. More than
40,000 km2 of crops were affected by this event, seriously harming crop productivity [8,9].
The shift in the global climate from rare simultaneous occurrences of heat and drought to
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widespread exposure of large crop areas to both stresses annually is a concerning trend [10].
When heat waves coincide with flash or prolonged droughts, the combined impact has
devastating consequences on agriculture and the broader social economy [11].

Droughts and heat events often stem from similar weather circulation anomalies,
compounded by interactions with soil moisture and atmospheric factors [12]. The recur-
rent occurrence of high temperatures disrupts precipitation patterns, hastens soil water
evaporation, exacerbates drought severity, and heightens the overall drought risk [13–15].
Simultaneous exposure to drought and heat stress leads to a reduction in crop yields [12,16].
The impact of combined heat and drought (CHD) events may surpass the cumulative ef-
fects of individual events [17,18]. Managing the challenges posed by CHD events involves
a complex interplay of factors. On one hand, leaf temperature is regulated to mitigate
damage under elevated temperatures through increased transpiration, albeit at the cost of
accelerating water deficit and worsening drought conditions [3]. On the other hand, dimin-
ished water availability restricts crops’ ability to regulate temperature through evaporative
cooling, rendering them more susceptible to damage from high temperatures [16]. To with-
stand the combined effects of high temperatures and drought, crops must strike a balance
in stomatal responses to prevent both water loss and overheating [19]. Consequently, the
impact of heat and drought stress on crops is more intricate than that of either stressor alone.
As the frequency of extreme weather events, coupled with high temperatures and drought,
continues to rise, novel scientific inquiries emerge. Addressing these challenges involves
understanding the intricate ways in which the combination of heat and drought stresses
affects crop growth, quantifying its impact on crops, and enhancing crop adaptation to
these evolving extreme climate conditions.

Maize (Zea mays L.) holds the distinction of being the third most crucial grain globally,
with a planting area and total yield second only to wheat and rice, owing to its remarkable
diversity and versatility. Cultivated across a broad spectrum of agricultural conditions [20],
maize faces challenges when subjected to drought, which can constrain its photosynthesis
and stomatal movement, thereby impacting growth and physiological metabolism [21].
Prolonged exposure to temperatures exceeding 35 ◦C is detrimental to maize growth,
with temperatures surpassing 40 ◦C, particularly during flowering and filling stages,
significantly reducing maize yield [22]. Concurrent drought and high temperatures result
in a rapid decline in the growth and functionality of maize plants, exacerbating the impact
on crop morphology and physiological characteristics [23]. Research indicates that the
loss of grain yield due to drought and heat waves in Europe is twice that of non-grain
crops [24]. In the face of an extraordinary drought, maize yield in the United States faces
a substantial 78.1% probability of loss risk, particularly in the central and southeastern
regions [25]. In recent years, China, especially in regions like Xinjiang, has faced challenges
due to combined heat and drought (CHD) conditions, impacting agricultural production.
Xinjiang, known for its vast agricultural lands, has experienced prolonged periods of high
temperatures and limited rainfall, leading to significant stress on crops. For example, in
Xinjiang, the cotton industry has been severely affected by CHD conditions, resulting in
decreased yields and quality. Maize, another important crop in the region, has also suffered
from reduced growth and productivity due to the combined effects of heat and drought.
The fruit industry in Xinjiang, particularly the production of grapes and melons, has faced
challenges due to CHD conditions, leading to lower fruit quality and yields. Additionally,
livestock farming in Xinjiang has been impacted, as the availability of water and forage
for animals has been limited, affecting the health and productivity of livestock. Combined
heat and drought (CHD) stress has led to an 18.75% reduction in maize yield in Northeast
China, with the combined stresses proving more detrimental than either drought or heat
stress in isolation [26]. While numerous studies have delved into CHD extreme weather
events and their impact on crop yield, few have comprehensively assessed the effects of
these combined stresses on the entire growth process of maize. Furthermore, the influence
of these combined stresses on maize plants at different developmental stages remains
unclear. Understanding the comprehensive effects of combined stresses on maize growth
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will contribute to enhancing the resilience of the maize production system in the face of
extreme climate conditions spurred by global warming.

2. Materials and Methods
2.1. Experimental Design

The test was planted in a randomized complete block design with three replicate
blocks at the Anningqu Urumqi (87.49◦ E, 43.95◦ N, height above sea level 590 m), Xinjiang
Province, China, in 2021 and 2022 in test sites (Figure 1) and with medium soil fertility.
During the reproductive period of maize, the average daily temperature was 10–35 degrees,
rainfall was 50–70 mm, evaporation was 1500–1700 mm, and the atmosphere and soil are
both dry. The test materials were five corn varieties: KWS3376, Xinyu 65, KWS9384, Huamei
No. 1, Xinyu 102, and Heyu 187. A random block experimental design was adopted, with
6 rows of each material planted in the test, repeated 3 times, with a row length of 3 m,
a row spacing pf 0. 6 m, and plant spacing of 0. 25 m. We set 5 temperatures and 6 gradient
irrigation volumes for a total of 30 treatments. The amount of irrigation water is calculated
based on the water requirement of 3.2 to 4.0 kg of water per kilogram of corn kernels
produced. The rated corn hybrid yield is 5000 kg/ha, and the water requirement during
the entire growth period is 4800 to 6000 cubic meters per ha. This study determined the
whole growth period of planned water supply (5400 m3/ha, including rainfall), and the
eight irrigation times are at the sowing stage, jointing stage, tasseling stage, flowering stage,
early filling stage, middle filling stage, late filling stage, and final filling stage of corn. After
the seeds are sown, we uniformly irrigate 45 m3/mu to ensure soil water supply during
the seedling stage; for the next 7 irrigations, the amount of water used each time is 0%,
20%, 40%, 60%, and 80% of the 675 m3/ha in the entire water area at a 100% irrigation ratio;
respectively, 0, 135, 270, 405, 540, and 675 m3/ha. The actual amount of irrigation each time
will be converted according to rainfall and reduced accordingly. The equivalent irrigation
amount per mu per 1 mm of rainfall is 10 m3/ha. The irrigation design of the 30 treatments
is shown in Table 1. By setting different sowing times, the growth and development of
corn can be in different temperature environments in the same year, and the flowering
stages of different sowing date treatments can be in different atmospheric temperature
stress environments. Five different sowing dates were tested; they are the following: A = 21
April sowing date; B = 26 April sowing date; C = 6 May sowing date; D = 16 May sowing
date; and E = 26 May sowing date (Table 2).
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Table 1. Irrigation plans for 30 treatments (m3/ha).

Sowing Date
Deal with

Moisture
Deal with

Watering Time

Emergence Jointing
Stage

Small Trumpet
Mouth

Big Trumpet
Mouth

Flowering
Period

Early
Grouting Grouting Grouting

End

A

Water 1 675 675 675 675 675 675 675 675
Water 2 675 540 540 540 540 540 540 540
Water 3 675 405 405 405 405 405 405 405
Water 4 675 270 270 270 270 270 270 270
Water 5 675 135 135 135 135 135 135 135
Water 6 675 0 0 0 0 0 0 0

B

Water 1 675 675 675 675 675 675 675 675
Water 2 675 540 540 540 540 540 540 540
Water 3 675 405 405 405 405 405 405 405
Water 4 675 270 270 270 270 270 270 270
Water 5 675 135 135 135 135 135 135 135
Water 6 675 0 0 0 0 0 0 0

C

Water 1 675 675 675 675 675 675 675 675
Water 2 675 540 540 540 540 540 540 540
Water 3 675 405 405 405 405 405 405 405
Water 4 675 270 270 270 270 270 270 270
Water 5 675 135 135 135 135 135 135 135
Water 6 675 0 0 0 0 0 0 0

D

Water 1 675 675 675 675 675 675 675 675
Water 2 675 540 540 540 540 540 540 540
Water 3 675 405 405 405 405 405 405 405
Water 4 675 270 270 270 270 270 270 270
Water 5 675 135 135 135 135 135 135 135
Water 6 675 0 0 0 0 0 0 0

E

Water 1 675 675 675 675 675 675 675 675
Water 2 675 540 540 540 540 540 540 540
Water 3 675 405 405 405 405 405 405 405
Water 4 675 270 270 270 270 270 270 270
Water 5 675 135 135 135 135 135 135 135
Water 6 675 0 0 0 0 0 0 0

A = 21 April sowing date; B = 26 April sowing date; C = 6 May sowing date; D = 16 May sowing date; E = 26 May
sowing date. Water 1 = 100% (5400 m3/ha); Water 2 = 80% (4455 m3/ha); Water 3 = 60% (3510 m3/ha);
Water 4 = 40% (2565 m3/ha); Water 5 = 20% (1620 m3/ha); Water 6 = 0% (675 m3/ha).

Table 2. Effect of temperature on sowing period, flowering period, and harvesting period of maize crop.

Seeding
Treatment

Sowing Period and Temperature Expected Flowering Period and Temperature Expected Harvest Period and Temperature

Sowing
Period Smallest Average Maximum Flowering

Period Smallest Average Maximum Harvest Period Smallest Average Maximum

Broadcast
date 1 April 21 4.3 11.9 19.5 June 27 18.1 25.7 33.3 September 4 12.9 20.5 28.1

Broadcast
period 2 April 26 5.7 13.3 20.9 July 1 18.4 26.0 33.6 September 7th 12.3 19.9 27.5

Sowing
season 3 May 6th 8.5 16.1 23.7 July 7 18.7 26.3 33.9 September 15th 10.4 18.0 25.6

Sowing
season 4 May 16th 11.1 18.7 26.3 July 14th 18.9 26.5 34.1 September 27th 7.2 14.8 22.4

Sowing
season 5 May 26 13.3 20.9 28.5 July 21 18.8 26.4 34.0 October 13 2.5 10.1 17.7

May 31 14.4 22.0 29.6 July 25 18.6 26.2 33.8 Can’t mature

Different colors represent different temperatures during the five different sowing periods, flowering periods, and
harvest periods. The darker the color shown, higher the temperature.

2.2. Measurement Indicators and Methods

Growth process investigation: According to the corn growth period classification
standard, the sowing stage, emergence stage, jointing stage, trumpet stage, powdering
stage, silking stage, filling stage, and maturity stage are recorded.

Soil moisture content measurement: The soil moisture content at 10 cm, 20 cm, 30 cm,
40 cm, 60 cm, and 100 cm underground was measured in the field before the sowing and
after harvesting of the crop, and the dynamic soil moisture content of different treatments
was obtained (Table 3).
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Table 3. Measurement of soil moisture contents in both years (2021–2022) at different depths during
maize crop planting.

Sowing Dates
Soil Depth (2021)

100 mm 200 mm 300 mm 400 mm 600 mm 1000 mm

A 15.619 18.504 24.158 34.554 34.254 40.212

B 16.438 19.785 24.173 27.685 33.385 33.123

C 11.669 16.108 20.781 31.985 32.8 20.646

D 13.062 16.4 25.535 28.15 38.104 34.612

E 13.569 19.954 15.446 19.742 36.838 36.381

Soil Depth (2022)

A 6.48 4.0067 9.3933 11.287 22.22 22.207

B 5.9533 2.3933 13.88 17.333 16.24 31.107

C 9.96 3.98 16.013 16.767 23.52 27.273

D 4.48 2.12 7.5533 21.573 35.787 37.96

E 10.38 4.48 8.5733 10.773 35.72 40.773

Yield measurement: We harvested 10 consecutive plants in the middle of each treat-
ment at maturity. Yield factors such as ear length, ear width, number of kernels per ear, and
100-grain weight were measured; grain yield and grain moisture content were measured
and converted into a single plant yield of 14% standard moisture.

2.3. Statistical Analysis

In this study, the recorded data were analyzed statistically using STATIX 9.1 software.
This software is commonly used for statistical analysis in research and provides tools
with which to analyze data with various statistical tests and methods. The phrase “at a
5% probability level” refers to the significance level chosen for the statistical analysis. In
this case, a significance level of 5% indicates that the results are considered statistically
significant if the probability of obtaining those results by chance alone is less than 5%. This
significance level is commonly used in many scientific studies to determine the validity of
the results. Using STATIX 9.1 software at a 5% probability level means that the statistical
analysis was conducted with this significance level in mind, and any conclusions drawn
from the analysis are based on this level of significance.

3. Results
3.1. Days to Tasseling (DTT), Days to Anthesis (DTA), and Days to Silking (DTS)

Recorded data of DTT, DTA, and DTS were significantly affected on all varieties of corn
under different irrigation treatments with different sowing dates for both years (2021–2022)
(Table 4). The highest values of DTT and DTA were noted where irrigation treatments were
applied at 0% in 2021 and 20% in 2022 on sowing date A in the Xinyu 65, while the lowest
values of DTT were observed on sowing date D in 2021, where 60% and 100% irrigation
treatments were applied for Xinyu 102, but the low value of DTT is noted in 2022 on sowing
date A, where 0% irrigation treatments were applied in all corn varieties except KWS9384
(Figure 2). The lowest value of DTA was observed for Heyu 187 on sowing date D in 2021,
where 0% irrigation treatment was applied (Figure 3). In 2022, Xinyu 65, Huame No. 1,
and Heyu 187 showed non-significant results, having 0% values of DTA on sowing date
A in 0% irrigation treatment. The highest value of DTS was noted for Xinyu 65 in 2021,
where irrigation treatments were applied at 20% on sowing date A, and in 2022, the highest
DTS was observed for Xinyu 65 on sowing date B, with 20% irrigation treatment. The
lowest value was observed for 0% irrigation treatment on sowing date A in 2021 and 2022
(Figure 4).
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Table 4. Analysis of variance for different attributes of maize/corn, including varieties, sowing dates,
and irrigation treatments.

Parameters Var Sow Var × Sow Var × Irri Sow × Irri Var × Sow × Irri

Days to tasseling *** ** ** ** *** **

Days to anthesis ** ** *** *** ** **

Days to silking *** *** ** *** *** **

ASI

Plant height ** ** ** *** *** NA

Ear height *** ** ** ** *** **

Tassel branch ** ** *** *** ** **

Tassel length ** ** *** *** ** **

Leaf length *** *** ** *** *** **

Leaf width ** ** *** *** ** **

Grain row number *** ** ** ** *** **

Single ear weight ** ** *** *** ** **

Ear length ** ** *** *** ** **

Ear diameter ** ** *** *** ** **

Ear area ** ** *** *** ** **

Bald tip *** *** ** *** *** **

Hole percentage ** ** *** *** ** **

Number of grains per ear ** ** *** *** ** **

Grain width *** *** ** *** *** **

Grain thickness ** ** *** *** ** **

Hundred grain weight *** ** ** ** *** **

Grain length ** ** *** *** ** **

Var = varieties; Sow = sowing dates; Irri = irrigations; **, *** = highly significant; NA = non-significant.

3.2. ASI (Anthesis–Silking Interval), Plant Height (PH), and Ear Height (EH)

ASI, PH, and EH were significantly affected on all varieties of corn under different
irrigation treatments with different sowing dates for both years (2021–2022) (Table 4).
Maximum ASI was observed for Heyu 187 on sowing date D at 0% irrigation treatment
in 2021, while the lowest ASI was observed on sowing date C in different corn varieties.
In 2022, the maximum ASI was seen for Xinyu 65 on sowing date B at 20% irrigation
treatment, while the minimum ASI was observed in 0% irrigation treatment on sowing date
B in different corn varieties (Figure 5). PH is an important morphological characteristic
that is governed in part by genes but also influenced by environmental conditions. PH is a
reliable indicator of the level of vegetative maturity. Figure 6 displays the measured corn
PH. All treatments are effective in supplementing plant growth, leading to the increased
height of the plant. There was a statistically significant variation between the various
treatments. The maximum height was seen in the Xinyu 65 corn variety on sowing date A
at 100% irrigation treatment as compared to all other treatments in 2021. In 2022, Heyu 187
showed maximum height on sowing date C and 100% irrigation treatment. The lowest PH
was observed in the KWS9384 corn variety on sowing date A and 0% irrigation treatment
in 2021, while Huame No.1 showed minimum PH on sowing date B and 0% irrigation
treatment. Maximum EH was observed for Heyu 187 on sowing date A and 80% irrigation
treatment in 2021, while minimum EH values were seen for Xinyu 65 on sowing date E in
0% irrigation treatment. In 2022, the maximum EH value was observed for Xinyu 65 on
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sowing date C and 100% irrigation treatment, while minimum values were observed for
Xinyu 65 on sowing dates A and B, showing non-significant results, respectively (Figure 7).

3.3. Tassel Branch and Tassel Length

Tassel branch and tassel length were significantly affected in all varieties of corn
under different irrigation treatments with different sowing dates for both years (2021–2022)
(Table 4). Maximum tassel branch values were observed for KWS3376 on sowing date A
and 100% irrigation treatment in 2021, while the lowest tassel branch value was observed
on sowing date B for Huamei No.1 at 40% irrigation treatment. In 2022, the maximum
tassel branch value was seen for Xinyu 102 on sowing date C and 100% irrigation treatment,
while minimum values were observed for 0% irrigation treatment on sowing date E for
Huamei No. 1 (Figure 8). Maximum tassel length was observed for Xinyu 102 on sowing
date A and 40% irrigation treatment in 2021, while minimum tassel length values were seen
for KWS3376 on sowing date E at 40% irrigation treatment. In 2022, the maximum tassel
length value was observed for He Yu187 on sowing date D at 80% of irrigation treatment,
while minimum values were observed for KWS3376 on sowing date E and 100% irrigation
treatment (Figure 9).

3.4. Leaf Length and Leaf Width

Leaf length and leaf width were significantly affected for all varieties of corn under
different irrigation treatments with different sowing dates for both years (2021–2022)
(Table 4). Maximum leaf length value was observed for KWS3376 on sowing date D and
80% irrigation treatment in 2021, while lowest leaf length value was observed on sowing
date A for Huamei No.1 at 0% irrigation treatment. In 2022, the maximum leaf length
value was seen for KWS3376 on sowing date C and 100% irrigation treatment, while the
minimum value was observed at 100% irrigation treatment on sowing date C for Huamei
No.1 corn variety (Figure 10). Maximum leaf width was observed for Huamei No.1 on
sowing date C and 100% irrigation treatment in 2021, while minimum values were seen
for Xinyu 65 on sowing date B in 0% irrigation treatment. In 2022, maximum value was
observed for the Huamei No. 1 corn variety on sowing date C and 80% irrigation treatment,
while minimum values were observed for KWS3376 on sowing date E and 100% irrigation
treatment (Figure 11).

3.5. Grain Row Number and Single Ear Weight

Grain row number and single ear weight were significantly affected for all varieties
of corn under different irrigation treatments with different sowing dates for both years
(2021–2022) (Table 4). The maximum grain row number was observed for Xinyu 102 on
sowing day A and 40% irrigation treatment, followed by sowing date D (same variety)
at irrigation treatments of 60% and 80% in 2021, while the lowest grain row number was
observed on sowing date A for KWS3376 in 0% irrigation treatment. In 2022, the maximum
grain row number was seen for Xinyu 102 at sowing date B at 100% irrigation treatment,
while the minimum grain row number was observed in 0% irrigation treatment on sowing
dates A and B for the Xinyu 65 corn variety (Figure 12). Maximum single ear weight
was observed for Xinyu 65 on sowing date E and 60% irrigation treatment in 2021, while
minimum single ear weight was seen for the KWS3376 corn variety on sowing date A in
0% irrigation treatment. In 2022, maximum single ear weight was observed for the Huyu
187 corn variety on sowing date C at 80% irrigation treatment, while minimum single ear
weight was observed for KWS3376 on sowing date A in 0% irrigation treatment (Figure 13).
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Figure 2. Impact of irrigation treatments and sowing dates on days to tasseling across various maize varieties in both years (2021–2022).
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Figure 3. Impact of irrigation treatments and sowing dates on days to anthesis across various maize varieties in both years (2021–2022).
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Figure 4. Impact of irrigation treatments and sowing dates on days to silking across various maize varieties in both years (2021–2022).
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Figure 5. Impact of irrigation treatments and sowing dates on ASI across various maize varieties in both years (2021–2022). 
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Figure 5. Impact of irrigation treatments and sowing dates on ASI across various maize varieties in both years (2021–2022).
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Figure 6. Impact of irrigation treatments and sowing dates on plant height across various maize varieties in both years (2021–2022). 
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Figure 6. Impact of irrigation treatments and sowing dates on plant height across various maize varieties in both years (2021–2022).
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Figure 7. Impact of irrigation treatments and sowing dates on ear height across various maize varieties in both years (2021–2022). 
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Figure 7. Impact of irrigation treatments and sowing dates on ear height across various maize varieties in both years (2021–2022).
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Figure 8. Impact of irrigation treatments and sowing dates on tassel branch across various maize varieties in both years (2021–2022). 
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Figure 8. Impact of irrigation treatments and sowing dates on tassel branch across various maize varieties in both years (2021–2022).
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Figure 9. Impact of irrigation treatments and sowing dates on tassel length across various maize varieties in both years (2021–2022). 
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Figure 9. Impact of irrigation treatments and sowing dates on tassel length across various maize varieties in both years (2021–2022).
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Figure 10. Impact of irrigation treatments and sowing dates on leaf length across various maize varieties in both years (2021–2022). 
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Figure 10. Impact of irrigation treatments and sowing dates on leaf length across various maize varieties in both years (2021–2022).
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Figure 11. Impact of irrigation treatments and sowing dates on leaf width across various maize varieties in both years (2021–2022). 
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Figure 11. Impact of irrigation treatments and sowing dates on leaf width across various maize varieties in both years (2021–2022).
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Figure 12. Impact of irrigation treatments and sowing dates on grain row number across various maize varieties in both years (2021–2022). 
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Figure 12. Impact of irrigation treatments and sowing dates on grain row number across various maize varieties in both years (2021–2022).
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Figure 13. Impact of irrigation treatments and sowing dates on single ear weight across various maize varieties in both years (2021–2022). 
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Figure 13. Impact of irrigation treatments and sowing dates on single ear weight across various maize varieties in both years (2021–2022).
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3.6. Ear Length, Ear Diameter, and Ear Area

Ear length, ear diameter, and ear area were significantly affected for all varieties
of corn under different irrigation treatments with different sowing dates for both years
(2021–2022) (Table 4). Maximum ear length was observed for Xinyu 65 on sowing date E
and 60% irrigation treatment followed by sowing date C (same variety) at 80% irrigation
treatment in 2021, while the lowest ear length was observed on sowing date A for KWS3376
and 0% irrigation treatment. In 2022, the maximum ear length was seen for KWS9384 on
sowing date C at 80% irrigation treatment, while minimum ear length was observed at
0% irrigation treatment on sowing dates A and B for Xinyu 65 (Figure 14). Maximum ear
diameter was observed for Heyu 187 on sowing date E and 80% irrigation treatment in 2021,
while minimum ear diameter was seen for KWS3376 on sowing date A at 0% irrigation
treatment. In 2022, the maximum ear diameter was observed for Xinyu 65 on sowing date
E and 80% irrigation treatment, while the minimum ear diameter was observed for Xinyu
65 on sowing dates A and B and 0% irrigation treatment (Figure 15). Maximum ear area
was observed for Xinyu 65 on sowing date E and 80% irrigation treatment followed by
sowing date E for Huamei No. 1 at 60% irrigation treatment in 2021, while the lowest ear
area was observed on sowing date A for KWS3376 at 0% irrigation treatment. In 2022, the
maximum ear area was seen for KWS9384 on sowing date C at the rate of 80% irrigation
treatment, while the minimum ear area was observed at 0% irrigation treatment on sowing
dates A and B for Xinyu 65 (Figure 16).

3.7. Bald Tip and Hole Percentage

Bald tip and hole percentage were significantly affected for all varieties of corn under
different irrigation treatments on different sowing dates for both years (2021–2022) (Table 4).
The maximum bald tip was observed for Xinyu 102 on sowing date A and 100% irrigation
treatment, while the lowest bald tip was observed on sowing date A for KWS3376 and 0%
irrigation treatment. In 2022, the maximum bald tip was seen for Xinyu 65 on sowing date
D and 0% irrigation treatment, while the minimum bald tip was observed at 0% irrigation
treatment on sowing dates A and B for Xinyu 65 (Figure 17). Maximum hole percentage
was observed for Xinyu 65 on sowing date D and 100% irrigation treatment in 2021, while
minimum hole percentage was seen for Huamei No. 1 on sowing date B and 80% irrigation
treatment. In 2022, the maximum hole percentage was observed for Xinyu 65 on sowing
date D and 0% irrigation treatment, while the minimum hole percentage was observed for
Xinyu 65 on sowing date A and B in 0% irrigation treatment (Figure 18).
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Figure 14. Impact of irrigation treatments and sowing dates on ear length across various maize varieties in both years (2021–2022). 
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Figure 14. Impact of irrigation treatments and sowing dates on ear length across various maize varieties in both years (2021–2022).
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Figure 15. Impact of irrigation treatments and sowing dates on ear diameter across various maize varieties in both years (2021–2022). 
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Figure 15. Impact of irrigation treatments and sowing dates on ear diameter across various maize varieties in both years (2021–2022).
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Figure 16. Impact of irrigation treatments and sowing fates on ear area across various maize varieties in both years (2021–2022). 
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Figure 16. Impact of irrigation treatments and sowing fates on ear area across various maize varieties in both years (2021–2022).
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Figure 17. Impact of irrigation treatments and sowing dates on bald tip across various maize varieties in both years (2021–2022). 
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Figure 17. Impact of irrigation treatments and sowing dates on bald tip across various maize varieties in both years (2021–2022).
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Figure 18. Impact of irrigation treatments and sowing dates on hole percentage across various maize varieties in both years (2021–2022). 
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Figure 18. Impact of irrigation treatments and sowing dates on hole percentage across various maize varieties in both years (2021–2022).
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3.8. Number of Grains per Ear, Grain Width, Grain Thickness, Grain Length, and
Hundred-Grain Weight

Grains per ear, grain width, grain thickness, grain length, and hundred-grain weight
were significantly affected for all varieties of corn under different irrigation treatments on
different sowing dates of both years (2021–2022) (Table 4). A maximum number of grains
per ear was observed for Heyu 187 on sowing date E and 80% irrigation treatment, while
the lowest number of grains per ear was observed on sowing date A for KWS3376 at 0%
irrigation treatment (Figure 19). In 2022, the maximum number of grains per ear was seen
for the Huamei No. 1 corn variety on sowing date A at 100% irrigation treatment, while the
minimum number of grains per ear was observed at 0% irrigation treatment on sowing
dates A and B for Xinyu 65 corn variety. Maximum grain width was observed for the Heyu
187 corn variety on sowing date A and 80% irrigation treatment in 2021, while minimum
grain width was seen for the KWS3376 corn variety on sowing date A at 0% irrigation
treatment (Figure 20). In 2022, maximum grain width was observed for Heyu 187 on
sowing date D and 100% irrigation treatment, while minimum grain width was observed
for Xinyu 65 on sowing dates A and B and 0% irrigation treatment. Maximum grain
thickness was observed for Xinyu 65 on sowing date D and 0% irrigation treatment in 2021,
while minimum grain thickness was seen for KWS3376 on sowing date A in 0% irrigation
treatment. In 2022, maximum grain thickness was observed for Xinyu 65 on sowing date D
at 0% irrigation treatment, while minimum grain thickness was observed for Xinyu 65 on
sowing dates A and B and 0% irrigation treatment (Figure 21). Maximum hundred-grain
weights were observed for Heyu 187 on sowing date E and 60% irrigation treatment, while
the lowest hundred-grain weight was observed on sowing date A for KWS3376 and 0%
irrigation treatment (Figure 22). In 2022, the maximum hundred-grain weight was seen
for Huamei No. 1 on sowing date D and 80% irrigation treatment, while the minimum
hundred-grain weight was observed in 0% irrigation treatment on sowing date A and B for
Xinyu 65. Maximum grain length was observed for Heyu 187 on sowing date A and 80%
irrigation treatment in 2021, while minimum grain length was seen for KWS3376 on sowing
date A and 0% irrigation treatment. In 2022, maximum grain length was observed for
Heyu 187 on sowing date D at 100% irrigation treatment, while minimum grain length was
observed for Xinyu 65 on sowing dates A and B and 0% irrigation treatment (Figure 23).
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Figure 19. Impact of irrigation treatments and sowing dates on number of grains per ear across various maize varieties in both years (2021–2022). 
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Figure 19. Impact of irrigation treatments and sowing dates on number of grains per ear across various maize varieties in both years (2021–2022).
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Figure 20. Impact of irrigation treatments and sowing dates on grain width across various maize varieties in both years (2021–2022). 
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Figure 20. Impact of irrigation treatments and sowing dates on grain width across various maize varieties in both years (2021–2022).
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Figure 21. Impact of irrigation treatments and sowing dates on grain thickness across various maize varieties in both years (2021–2022). 
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Figure 21. Impact of irrigation treatments and sowing dates on grain thickness across various maize varieties in both years (2021–2022).
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Figure 22. Impact of irrigation treatments and sowing dates on thousand grain weight across various maize varieties in both years (2021–2022).



Sustainability 2024, 16, 4571 31 of 35
Sustainability 2024, 16, x FOR PEER REVIEW 35 of 40 
 

 

 

Figure 23. Impact of irrigation treatments and sowing dates on grain length across various maize varieties in both years (2021–2022). 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Sowing date A Sowing date B Sowing date C Sowing date D Sowing date E

Gr
ai

n 
le

ng
th

 (m
m

)

Irrigation treatments with different sowing dates

KWS3376 Xinyu 65 KWS9384 Huamei No. 1 Xinyu 102 He Yu 187

-2

0

2

4

6

8

10

12

14

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Sowing date A Sowing date B Sowing date C Sowing date D Sowing date E

Gr
ai

n 
le

ng
th

 (m
m

)

Irrigation treatments with different sowing dates

KWS3376 Xinyu 65 KWS9384 Huamei No. 1 Xinyu 102 He Yu 187

Figure 23. Impact of irrigation treatments and sowing dates on grain length across various maize varieties in both years (2021–2022).
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4. Discussion

One of the main variables limiting maize crop output is the date of sowing, which is
also a crucial component in yield determination as well as sustainable crop production.
As a result, choosing the best time to plant is thought to be crucial to crop productivity,
since planting dates are influenced by temperature, and a temperature rise shortens the
length of the growing seasons [27,28].

Even though maize plants are vulnerable to the negative effects of climate change,
such as high temperatures, precipitation, and CO2, temperature has a greater detrimental
effect on crop output than other factors [29,30]. Furthermore, it has been demonstrated that
higher mean temperatures shorten the time between the planting date and crop maturity
because they speed up crop development. Although filling speeds up the process, the
fill rate cannot make up for these temporal limitations, which lowers yields and biomass
accumulation [31–33].

Kharazamshahi et al. [34] also reported taller and shorter plants for early and late
sowing, respectively. Plant height is an important morphological characteristic that is
governed, in part, by genes but also influenced by environmental conditions. A plant’s
height is a reliable indicator of its level of vegetative maturity. The maximum height was
seen for Xinyu 65 corn variety on sowing date A at a 100% irrigation treatment as compared
to all other treatments in 2021. In 2022, Heyu 187 showed maximum height on sowing date
C at 100% irrigation treatment. The lowest plant height was observed for the KWS9384 corn
variety on sowing date A at 0% irrigation treatment in 2021, while Huame No.1 showed
minimum plant height on sowing date B at 0% irrigation treatment. Hussain et al. [35]
documented significant differences in hybrids regarding their plant height.

Our results are similar to those of Shah et al. [36] regarding small ears for delayed
sowing. Maximum ear length was observed for Xinyu 65 on sowing date E followed by
sowing date C (same variety) in 2021, while the lowest ear length was observed on sowing
date A for the KWS3376 variety. In 2022, the maximum ear length was seen for KWS9384
on sowing date C, while the minimum ear length was observed on sowing dates A and B
for the Xinyu 65. Maximum ear diameter was observed for Heyu 187 on sowing date E,
while minimum ear diameter was seen for KWS3376 on sowing date A. Maximum ear area
was observed for Xinyu 65 on sowing date E, followed by sowing date E for Huamei No. 1
in 2021, while lowest ear area was observed on sowing date A for KWS3376 corn; these
results are close to those obtained by [37,38]. In 2022, the maximum ear area was seen for
KWS9384 on sowing date C, while the minimum ear area was observed on sowing dates A
and B for Xinyu 65. Buriro et al. [39] found differences in the ear length of maize hybrids
and stated that genetic variations among hybrids might be the reason for the different
ear lengths.

Ali et al. [40] reported fewer grains per spike when sowing was delayed. A maximum
number of grains per ear was observed for Heyu 187 on sowing date E, while the lowest
number of grains per ear was observed on sowing date A for the KWS3376 variety. In 2022,
the maximum number of grains per ear was seen for the Huamei No. 1 variety on sowing
date A, while the minimum number of grains per ear was observed on sowing dates A
and B for the Xinyu 65 variety. Differences in rows per ear, ear length, ear diameter, and
grains per row of different hybrids might be the reason for the differences in their grains
(ear-1). Ali et al. [40] highlighted the difference in grains (ear-1) for different maize hybrids.
Giunta et al. [41] stated that lower seed weight for late sowing is due to the low rate of grain
development, with less assimilated translocation towards the sink. Shah et al. [36] also
reported the same result for heavier and lighter grains for early and late sowing, respectively.
Maximum grain weight was observed for He Yu 187 on sowing date E, while the lowest
grain weight was observed on sowing date A for the KWS3376. In 2022, the maximum
grain weight was seen for the Huamei No. 1 variety on sowing date D, while minimum
grain weight was observed on sowing dates A and B for the Xinyu 65 variety. Differences
in the genetic makeup of hybrids can indeed be a significant factor contributing to variation
in the green weight of the hybrids. The genetic composition of a plant determines its
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growth characteristics, including traits related to biomass production such as leaf area,
stem diameter, and overall plant size. Hybrids are often created by crossing two genetically
distinct parent plants to combine the desirable traits of each. These traits can include factors
that influence biomass production, such as photosynthetic efficiency, nutrient uptake,
and growth rate. The genetic variability introduced through hybridization can result in
differences in biomass accumulation among hybrid plants. Additionally, genetic factors
can interact with environmental conditions to influence biomass production. For example,
hybrids with genetic traits that enhance drought tolerance may outperform others in arid
conditions, leading to differences in green weight under water-limited conditions. It is
important to note that while genetic factors play a significant role in determining biomass
production, environmental factors such as soil quality, temperature, water availability, and
light intensity also play crucial roles. The interaction between genetic and environmental
factors ultimately determines the green weight and overall performance of hybrid plants.
Jing et al. [42] documented that the different hybrids, due to genetic variation, contain
different grain weights. Sowing time, however, significantly affects grain weight but it can
be compensated with a good hybrid selection. Ali et al. [40] recorded lower grain yield for
delayed sowing.

The findings showed that increasing irrigation rates improve corn output. Since the
yield characteristics were improved and in line with the results of [43–45], we assumed
that this was the cause. Also, we concluded that when maize plants were exposed to water
stress during the fall season, several interrelated factors could partially mitigate the effects
of these conditions. For example, the plants were exposed to water stress for a relatively
short period when the sowing date was moved from the middle of March to the middle of
September. This allowed the plants to withstand the negative effects of the water shortage
by developing an escape strategy that was based on their ability to complete their life cycle
after being exposed to water stress as long as it did not surpass the critical point. Because
they can adjust their reproductive and vegetative characteristics by the most advantageous
phase, plants, in this instance, did not have a water deficit, which is consistent with [46].
Additionally, planting maize seeds in the fall helps to shorten the growing season, which
lasts roughly 100–110 days. On the other hand, sowing maize seeds in the spring extends
the growing season to 135–140 days. These explanations are supported by maize’s inherent
capacity to withstand brief episodes of water stress, which keeps yield profitability at
reasonable levels in the fall. These results are consistent with the study conducted by
Kulczycki et al. [47].

5. Conclusions

In the context of ongoing climatic changes, adopting a strategy of planting maize seeds
with varying irrigation water requirements shows promise in achieving optimal growth
characteristics, maximizing grain yields, and improving irrigation water use efficiency.
This approach is particularly beneficial in mitigating the impacts of water stress and
conserving significant amounts of irrigation water, especially in drought-prone conditions.
The experiment’s results suggest that early sowing in the season resulted in higher grain
and biological yields compared to later sowing dates. Furthermore, among the selected
maize hybrids, Xinyu 65 demonstrated a higher grain yield. Therefore, it is recommended
to sow the maize hybrid Xinyu 65 early in the season to achieve a higher maize yield.
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