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INTRODUCTION Agriculture is a major part of the economy of 
Pakistan, and our population is directly supported by its output 
(Rehman et al., 2021). Pakistan is one of the world's agricultural 
emerging nations, and it depends on agriculture to generate 
foreign exchange, provide jobs, and foster the growth of other 
industrial businesses and sectors (Yogi et al., 2025). Maize has 
the flexibility to grow in a variety of environments, making it ideal 
for our cropping systems (An et al., 2024). Furthermore, maize is 
regarded as the most adaptable crop, with a wide range of 
capacities and adaptation to a variety of agro-climatic situations. 
Individual sowing is also attracted by its significant nutritional 

content, which includes 3% sugar, 10% protein, 1.7% ash, 8.5% 
fiber, 72% starch, and 4.8% oil. Maize is planted throughout 
Pakistan, having many growth stages as shown in Figure 1, with 
KPK and Punjab leading the way in terms of output. Maize is also 
grown in Gilgit and Azad Kashmir's steep terrain (Bezbaruah & 
Sarma Deka, 2021). 
Maize is the 3rd most vital grain crop after wheat and rice in 
Pakistan, providing food, feed, and fodder for humans, poultry, 
and livestock, respectively (Saleem et al., 2009). Maize is a 
member of the Poaceae family and is a versatile crop that can be 
produced in a variety of agro-climatic zones across the world, 
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ABSTRACT Crop production faces challenges due to increasing food demands of a growing population, exhausted 
natural resources, and climate variability. Climate change is a major factor affecting maize production. A field trial was 
conducted at the Agronomic Research Area, University of Agriculture, Faisalabad. The study employed a randomized 
complete block design with split plots, involving three replications and four maize hybrids: Pioneer 4040, Charoen 
Pokphand-1, Charoen Pokphand-2, and Charoen Pokphand-3. In 2021, three sowing dates—July 15, July 30, and 
August 15—were tested. Data were analyzed statistically using Fisher's Analysis of Variance and LSD test at a 5% 
significance level to identify differences among treatments. Standard procedures recorded yield parameters. Early 
sowing (July 15) resulted in maximum values for plant height (243.33 cm), cobs per plant (1.86), cob length (21.83 
cm), cob diameter (4.40 cm), grains per row (41.23), 100-grain weight (33.30 g), biological yield (32.80 t/ha), grain 
yield (10.10 t/ha), and harvest index (41.35%). Conversely, late sowing (August 15) yielded minimum values for plant 
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including tropical, subtropical, and temperate regions. Maize 
accounts for 37% of global crop output of 1.1 billion tons for food 
for humans, feed for animals, and industrial purposes (FAO, 
2024). Maize production in Pakistan has been annually increased 
due to increased area, improved seed variety accessibility, 
enhanced production of maize, and a boost in economic returns 
(Government of Pakistan, 2024). The forecast for global maize 
utilization is still pointing to a slight decline. World cereal stocks 
are forecasted to be 854 Mt in 2023, down 0.6% from 2021/22, 
because of lower production and higher feed use (FAO, 2022). 
Maize is currently the most widely grown and marketed crop in 
terms of production volume, and it is predicted to surpass it during 
the next decade. It is a versatile, multipurpose crop that is mostly 
used as feed worldwide (Erenstein et al., 2022). 
One worldwide issue that seriously threatens the world's food 
supply is climate change. Weather patterns alter as temperatures 
rise, and crops may not be able to grow at all. There may be less 
food available globally as a result, which could raise the rate of 
starvation (Yuan et al., 2024). The biggest long-term danger to 
food security is climate change. For many nations, the impact of 
climate change on agriculture is a serious problem because 
growing numerous crops will become more challenging or 
impossible as temperatures rise. Higher temperatures can cause 
extreme weather conditions, such as droughts and floods, which 
could be the reason for a reduction in overall productivity and 
harm to crops (Habib-ur-Rahman et al., 2022). To overcome the 
climate change problem, there are several ways, like farmers 
choosing drought tolerant maize hybrids and adjusting the sowing 
dates. This activity would help them to grow and harvest more 
crops during low rainfall periods. Farmers can adapt improved 
irrigation systems or build new storage facilities to store excess 
water during the dry period (Youssef et al., 2023). It is need to 
look at techniques that could be the possible reason to reduce the 
carbon footprint to improve the climate on their farm (A. Rehman 
et al., 2021).  
 

 
Figure 1: Phenological development pictorial view of maize. 
Figure created with BioRender.com 
(https://app.biorender.com/biorender templates)-accessed on 04 
February 2025. 

 
Future maize yields rely on farmers' production optimization 
strategies for the development of genetic potential, and plant 
breeders who create climatically adaptive genotypes (Butler et al., 
2018). Over the past 40 years, breeding increased stress tolerance 
and the resulting ability to increase plant density has been 
associated with higher yields (He et al., 2022). Results present, 
yields have increased in all types of situations, including those 
with nitrogen and water deficiencies, and well water (Mueller et 
al., 2019). Due to favorable changes in the environment, the yield 
gained from these genetic and managerial innovations has 
increased by 5–10 % (Abendroth et al., 2021). 
 
MATERIALS AND METHODS 
A field experiment was conducted at the Agronomic Research 
Area, Department of Agronomy, University of Agriculture, 
Faisalabad in 2021. The layout of the research was RCBD, having 
3 replications. Land preparation was done, followed by two 
ploughings. Seed rates were 20kg ha-1, Row spacing was 75cm, 
and Plant spacing was 20cm. Fertilizer application will be done at 
225-140-90 kg NPK ha-1, respectively. Below are the details of 
treatments: 
Treatments detail 
Four maize hybrids were tested in the field with different seeding 
periods to see how well they performed. Factor A, Maize Hybrids, 
which included Charoen Pokphand 1 (CP1), Charoen Pokphand 2 
(CP2), Charoen Pokphand 3 (CP3), and Pioneer 4040 (P4040), 
and Factor B, Sowing Time, which had three levels: July 15, July 
30, and August 15, 2021, made up the experiment. The area was 
prepared using a tractor-driven disc harrow, cultivator, and 
plough to ensure consistent soil quality and fine tilth (Padjung et 
al., 2020). The seeds were manually sown on ridges at a rate of 8 
kg per acre, with rows spaced 75 cm apart and plants spaced 20 
cm apart. Beginning on July 15 and continuing for 15 days at a 
time, three sowings were conducted. To improve seed 
germination, each seeding was immediately followed by 
irrigation (Kovalenko et al., 2023).  
While preparing beds, complete phosphorus (DAP) and 
potassium (K₂O) were applied, but nitrogen (urea) was divided 
into three equal parts. It was applied after 2nd irrigation of 
emergence and at the knee height stage, approximately 30 days 
after sowing, and at the tasseling stage (Sudding et al., 2021). A 
total of 10 irrigations were provided to complete the crucial 
growth stages (Sheldon et al., 2023). Atrazine and mesotrione (2 
L ha-¹) were applied as a post-emergence weedicide to control 
weeds using a knapsack sprayer fitted with a flat fan nozzle (Mali 
et al., 2021). Three sprays (Emamectin, Lufenuron, and 
Carbosulfan) with intervals were applied to control stem borer and 
autumn armyworm infestations (Viteri & Linares-Ramírez, 
2022). 
Observations 
A comprehensive set of observations was performed throughout 
the crop growth cycle to assess the performance of several maize 
hybrids under different sowing dates. By monitoring emergence 
daily until it was finished, the number of days to emergence was 
determined (Kimmelshue et al., 2022). For standardization, the 
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number of plants per plot was counted and then converted to the 
number of plants per hectare (Bernhard & Below, 2020). A 
measuring tape was used to measure the height of ten randomly 
selected plants from each treatment plot in centimeters (Villaver, 
2020). Ten representative cobs were measured for cob length 
using a measuring tape to assess yield-related characteristics 
(Putri et al., 2023). To determine how many cobs each plant 
produced, ten plants per plot were chosen at random (Das et al., 
2020). A digital balance was used to weigh 100 grains that were 
randomly selected from each treatment's threshed produce to 
evaluate grain attributes (Babaji et al., 2014). Days to maturity 
were recorded as the number of days from sowing to when 50% 
of the plants exhibited physiological maturity, identified by black 
layer formation (Effendi et al., 2021). Grain yield per hectare was 
determined by harvesting and threshing the entire plot manually, 
then weighing the grains and converting the yield into tons per 
hectare.  
 

 
Figure 2: Weather data during the growing season 
 
Similarly, the number of grains per cob was calculated by 
counting grains from ten randomly selected cobs per treatment 
(Iqbal et al., 2015). For biological yield, the total biomass from 
each plot was sun-dried for a week and weighed in kg per hectare. 
The harvest index was then calculated using the formula: Harvest 
Index (%) = (Grain Yield / Biological Yield) × 100 (Ion et al., 
2015). Weather data was also recoded as shown in Figure 2. 
Statistical analysis 
The LSD test was performed to examine the variation between the 
means of several treatments at a 0.05 probability level after the 
research data were statistically evaluated using Fisher's analysis 
of variance technique (Steel et al., 1997). 
 
RESULTS AND DISCUSSION 
Using ANOVA-LSD, the effects of hybrid variety and sowing 
dates on the phenological and yield characteristics of maize 
hybrids of Thailand were evaluated. The information showed 
distinct patterns in response to hybrid adaptability and delayed 
sowing in the context of changing climate conditions. The 
ANOVA mean square (MS) values and treatment means for every 
characteristic under study are shown in Table 1. 

Sowing dates had a highly significant (p < 0.01) impact on 
nearly all phenological, morphological, and yield-related 

parameters of maize hybrids, according to the results of the 
combined ANOVA (Table 1). However, hybrid differences were 
only significant for certain traits like silking, milking, cob length, 
100-grain weight, grain yield, and harvest index. Except for 
characteristics like blister and milking stage, 100-grain weight, 
and harvest index, most hybrids responded consistently to the 
planting date, as indicated by the largely non-significant 
interaction between the two variables. With the sowing delay, the 
days to emerge increased steadily, rising from 4.74 days on July 
15 to 6.77 days on August 15 (Figures 3, 4 & 5). The significant 
difference was confirmed by the related ANOVA mean square 
(MS = 12.32). Lower soil temperatures and decreased seed 
metabolic activity during the later sowing time are likely the 
reasons for the emergence delay. Recent research has documented 
similar patterns, emphasizing that temperature has a direct impact 
on early seedling emergence and seed germination rate, especially 
in tropical environments (Domokos et al., 2024). Early seeding 
greatly accelerated tasseling and silking in addition to 
accelerating emergence. Under 15 July seeding, tasseling might 
happen as early as 53.17 days, but under 15 August, it took 62.42 
days. Likewise, at the same sowing dates, silking was seen at 
60.41 and 72.75 days, which corresponded to highly significant 
MS values of 489.62 and 456.83. These results are consistent with 
field-based thermal time studies, which indicate that earlier 
sowing promotes better reproductive success by ensuring optimal 
vegetative growth and synchronization between pollen shed and 
silk emergence (Cao et al., 2024) This pattern was also observed 
at the blister and milking stages. Blisters appeared at 69.41 days 
and milking at 78.08 days in early planting. On the other hand, 
during late sowing, these stages were prolonged to 83.04 and 
91.16 days, respectively, as shown in Figure 3. The ANOVA's 
associated MS values (556.92 and 514.22) verified significant 
statistical differences. Lower assimilate translocation, greater 
kernel abortion rates, and incomplete kernel development can 
result from longer grain filling times under colder nighttime 
temperatures. (Wu et al., 2024) claimed that lower temperatures 
during reproductive stages cause less starch to be synthesized and 
accumulated, which negatively impacts grain formation. This 
explains why later sowing dates result in a lower grain yield. 
The impact of thermal units and radiation interception was 
demonstrated by the considerable decrease in plant height from 
239.58 cm in early planting to 222.50 cm in late sowing (MS = 
619.75). Pioneer 4040 continuously produced the tallest plants 
(231.89 cm) among the hybrids, indicating greater adaptability 
and robust development under ideal circumstances. Because 
gibberellin activity is decreased in cooler growth circumstances, 
reduced internodal elongation is frequently linked to reduced 
plant height with late sowing (An et al., 2024). 

Cob-related characteristics were also impacted. The 
significant MS values (7.71 and 1.40) confirmed that the cob 
diameter declined from 4.20 cm to 3.52 cm, while the cob length 
decreased from 20.33 cm (15 July) to 18.79 cm (15 August). Both 
a decreased assimilate supply and a shorter cob development 
period are likely the reasons for this decline in sink size. Between 
sowing dates, grain yield dropped significantly from 9.68 t/ha to 
8.57 t/ha (MS = 2.14). A reduction in grains per row (from 39.88 
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to 32.16) and a decrease in 100-grain weight (from 30.12 g to 
27.42 g) are correlated with the significant yield decline 
associated with delayed sowing. Under ideal growth conditions, 
Pioneer 4040 recorded the maximum yield (9.63 t/ha) and 100-
grain weight (30.14 g), confirming its exceptional physiological 
efficiency as shown in Figure 4. These findings have been 
confirmed by recent research, which shows that early sowing 
maximizes solar radiation utilization and prevents important 
growth phases from falling under terminal drought or cold 
temperatures (Sun et al., 2023). 

Delays in planting also influenced biological yield, which 
decreased from 29.91 t/ha to 27.07 t/ha (MS = 22.09). A crucial 
indicator of dry matter partitioning, the harvest index, dropped 
sharply from 39.58% to 35.39% (MS = 65.29), indicating that 
grain yield efficiency was more negatively impacted than total 
biomass. Pioneer 4040 maintained the highest harvest index 
(38.05%) among hybrids, exhibiting superior translocation 
efficiency and source-sink connections. These harvest index 
decreases under stress or adverse conditions have been 
extensively documented and are usually linked to remobilization 
failure caused by stress or sink limitation (Akinnuoye-Adelabu & 
Modi, 2017).  

 
Figure 3: Effect of sowing time on phenology parameters of 
maize hybrids under semi-arid conditions of Punjab. 
 

Only blister (MS = 4.74), milking (MS = 2.95), 100-grain 
weight (MS = 5.30), and harvest index (MS = 2.86) showed a 
statistically significant interaction between sowing date and 
hybrid, indicating that some hybrids reacted differently to 
different planting conditions. These features point to the existence 
of genotype × environment interaction, even though other traits 
showed similar trends across hybrids, as shown in Figure 5. For 

example, after late sowing, CP-2 and CP-3 fared poorly in yield 
and harvest index but displayed more stable cob characteristics. 
These findings provide evidence for the idea that environmental 
adaptability should be considered during hybrid selection, 
especially in the context of changing climatic conditions (Omar et 
al., 2022). 

 
Figure 4: Effect of sowing time on growth parameters of maize 
hybrids under semi-arid conditions of Punjab. 
 

 
Figure 5: Effect of sowing time on yield parameters of maize 
hybrids under semi-arid conditions of Punjab 
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Table 1: Summary of Combined Mean Square (MS) from ANOVA 

*Significant at P<0.05, **Highly significant at P<0.01, ns = non-significant 
EM = Emergence, TA = Tasseling, SK = Silking, BL = Blister, ML = Milking, MY = Maturity, PH = Plant Height, C/P = Cobs/Plant, CL 
= Cob Length, CD = Cob Diameter, G/R = Grains/Row, 100-GW = 100-Grain Weight, GY = Grain Yield, BY = Biological Yield, HI = 
Harvest index 
 
CONCLUSION 
According to the study, the sowing date has a significant impact 
on the phenological development, yield components, and total 
productivity of maize hybrids that originated in Thailand. In 
order to achieve better cob development, higher grain weight, 
and better biomass partitioning, early seeding on July 15th 
greatly enhanced growth stages such as emergence, tasseling, 
silking, and maturity. Due to ideal weather at crucial growth 
times, early planted plots had significantly better grain yields 
and harvest indices. Across all sowing dates, Pioneer 4040 
consistently outperformed the other genotypes under 
examination, demonstrating improved grain filling, increased 
flexibility, and higher yield performance. Although interaction 
effects were generally limited, some traits like milking, blister 
stage, and 100-grain weight showed significant genotype × 
environment responses. These results highlight the importance 
of matching sowing time with suitable hybrid choices to 
enhance resource use efficiency and yield stability. The 
findings are particularly relevant for climate-smart agricultural 
planning and sustainable maize production under tropical agro-
ecological conditions. 
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