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Abstract: The impact of climate change on maize production is a growing concern. Changes in temperature, precipitation patterns, 

and the increased frequency of extreme weather events can significantly affect maize yields. Recognizing the importance of 
developing climate-resilient maize varieties, an experiment was conducted in 2022 to identify such genotypes. Ten commercial 
maize varieties were planted with three different sowing dates in the spring season: January 15th, January 30th, and February 

15th. The results indicated that Sahiwal Gold and Malka 2016 were climate-resilient and produced high grain yields compared to 
other varieties across the three sowing dates. The findings concluded that the January 15th sowing date was the most effective, 
with genotypes producing the highest yields. Physio-morphic traits such as relative water content, chlorophyll content, days to 
tasseling, days to silking, plant height, and yield related traits ear length, and 100-kernel weight supported the plants in producing 
grain yield per hectare under changing climatic conditions. The variety Pop-1 was found to be susceptible to climate change, 
resulting in the lowest grain yield. The selected genotypes will be valuable in breeding programs aimed at developing climate-

resilient maize varieties. 

Keywords: Climate Change, Maize Production, Climate-Resilient Varieties, Grain Yield, Physio-Morphic Traits, Relative, 
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Introduction  

 

Maize, known as corn in North America, is a cereal grain 
first domesticated by indigenous peoples in southern 

Mexico about 9,000 years ago. The botanical name for 

maize is Zea mays, a species of the grass family Poaceae. 

This plant's history is deeply intertwined with the 
development of human civilization in the Americas, where 

it became a staple food crop for many cultures, notably the 
Maya and the Aztecs. Following the Columbian Exchange, 

maize spread globally and now plays a pivotal role in 
agriculture worldwide. As a versatile crop, maize is used for 

a plethora of purposes: as food for humans and feed for 

animals, and in industry for the production of biofuels, 

starch, and oil. The importance of maize cannot be 
overstated. It is the most widely grown grain crop 

throughout the world. Globally, maize is a critical food 
security crop and is more widely produced than rice or 

wheat, making it an essential component of global food 

systems. Its adaptability to diverse climates and soils makes 

it a valuable crop for farmers worldwide. In addition to its 
direct consumption, maize is a key ingredient in many 

processed foods and is also a significant source of fodder for 

livestock. The global maize production reached significant 

heights, a record output of 1.234 billion tonnes, marking a 

6.1% increase from the previous year (FAO, 2023). This 

remarkable growth in maize production is attributed to 
various factors, including technological advancements, 

yield improvements, and area expansion. The United States 

led the charge as the largest producer, contributing 

approximately 389.7 million metric tons to the global count. 
China and Brazil followed, securing their positions as top 

maize producers on the world stage. In Pakistan, the maize 
production outlook for 2023 was particularly positive. The 

country produced 10.3 million tonnes, which was 17% 
above the average, reflecting substantial sowings and high 

yields. However, the impact of climate change on maize 

production is a growing concern. Changes in temperature, 

precipitation patterns, and increased frequency of extreme 
weather events can significantly affect maize yields. Studies 

have shown that while moderate warming and increased 
carbon dioxide levels can potentially enhance maize 

growth, extreme heat poses a severe risk, reducing yields 

and threatening food security. For instance, high 

temperatures can reduce pollen viability, leading to 
decreased kernel formation and smaller harvests. Moreover, 

changes in rainfall patterns can lead to either drought stress 

or excessive waterlogging, both of which are detrimental to 

maize crops. The impact of climate change on agriculture is 
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a pressing issue worldwide, and Pakistan's maize production 

is no exception. Recent studies have highlighted the 
vulnerability of the agricultural sector to climatic 

variability, particularly in regions like Punjab and Khyber 
Pakhtunkhwa, where maize is a significant crop. Research 

using the autoregressive distributed lag (ARDL) approach 
on data from 2000 to 2020 indicates that meteorological 

factors such as air temperature and evapotranspiration play 
a crucial role as well. In Punjab, for instance, maize 

production is negatively affected by rising air temperatures, 
which is a concern given the province's central role in 

Pakistan's maize output. In addition to local studies, global 
research corroborates these findings, indicating that climate 

change exerts significant pressure on crop production due to 

more frequent extreme weather events. According to 
climate change scenarios, agricultural productivity will be 

drastically reduced, limiting the ability of many regions to 

make the technological advances necessary for future food 
security (Cairns et al., 2012). Millions of impoverished 

maize consumers may face hunger and food insecurity 

unless farmers produce climate-resilient cultivars that boost 
yields (Lobell et al., 2008). Knowing the importance of 

developing climate resilient maize varieties, an experiment 
was planned in 2022 to identify climate resilient maize 

genotypes.  

 

Methodology  

The study was conducted in Multan area during spring 
season of 2022. Ten maize commercial varieties were tested 

for climate resilience. The experiment was conducted on 

three dates of sowing 15 January, 30 January and 15 
February 2022.  The standard agronomic practices were 

performed equally. The experiment was laid out in factorial 

under RCBD with three replications. Each genotype was 
sown in 2 rows of 4 meters with a spacing of 60 cm between 

rows and 20 cm between plant to plant. The weather data 

was recorded Table 1. The physio-morphic and yield related 
traits recorded at the time of anthesis and maturity. The data 

were recorded for the days to 50% tasseling (DT, days): 
expressed as number of days from planting to the day when 

50% of the plants had tassels in each sub-plot, days to 50% 

silking (DS, days): expressed as the number of days from 

planting to the day when 50% of the plants are in silk 
emergence stage. Relative water contents, to obtain an 

accurate measurement of relative water content (RWC), 
fully expanded younger leaves from each treatment were 

gathered. After the surface of the leaf had been carefully 

dried with tissue paper, it was first wrapped in polythene 

bags and then transported to the laboratory. To determine 
the fresh weight of the leaf, samples of the leaf were 

weighed (FW). After that, the samples were placed in plastic 

tubes that contained distilled water and allowed to sit in the 
dark for an entire night. The following morning, these 

leaves were delicately swollen with tissue paper to 

determine the turgid weight, and the results were recorded 
(TW). After that, a hot air oven was used to dry the leaves 

at a temperature of 70◦C until the weight remained the same. 
After that, dried leaves were weighed to record their dry 

weight (DW). The RWC was determined by applying the 

formula presented below according to Schonfeld et al. 

(1988) as follow:  

RWC (%) = (FW − DW) / (TW − DW) × 100 

The SPAD502 chlorophyll meter was used to test 

chlorophyll content at four developmental stages: anthesis, 
14, 28, and 42 days post-anthesis (Minolta Co., Ltd., Osaka, 

Japan). The portable apparatus uses the absorbance of two 
light wavelengths (650 and 940 nm) flowing through intact 

leaves to estimate the amount of chlorophyll present. All 
plants were tested for chlorophyll content even if there were 

no competing plants in the immediate vicinity of the 
samples. The highest ear’s ear leaf was used to take the 

measurements. The base, middle, and midway between the 
midrib and the leaf border were all measured (Gekas et al., 
2013). For each individual plant, the readings were repeated 
three times, and the average of those values was recorded. 

Days to 50% tasseling (DT, days): expressed as number of 

days from planting to the day when 50% of the plants had 
tassels in each sub-plot. Days to 50% silking (DS, days): 

expressed as the number of days from planting to the day 

when 50% of the plants are in silk emergence stage.Plant 
height (PH,cm): ten guarded plants from each entry were 

selected at maturity and plant height was measured with a 

meter rod in centimeters from the ground level to the base 
of the tassel and the average height was calculated. Ear 

height (EH, cm): measured from the ground level to the 
upper bearing node of the same plants used in measuring 

plant height. Ear length (EL, cm): length of the ear (cm) 

measured from 10 random ears/plot. 100-kernel weight 

(HKW, g): taken randomly from grains of the same 10 ears 
after shelling (g) adjusted at 15.5% grain moisture. The 100-

kernel weight was also determined from the same sample 
according to Tollenaar and Lee (2006). Grain yield was 

measured and adjusted to 15.5% grain moisture then 

converted to grain yield in kg/ha. 

Results & Discussion 

The results of three sowing dates and mean data recorded 
for morphological, physiological and yield related traits 

presented in Table1, Table 2 and Table 3. The commercial 
varieties screened for climate resilience indicated that for 

relative water contents in sowing date 1 the 15th January 

Sahiwal Gold had the highest percentage. The ability to 
retain water varies among different varieties, with some 

being more resilient to climate conditions. Malka 2016 

exhibited good water retention at 75.17%, slightly 
outperforming Sahiwal Gold. YHD-444 showed moderate 

water retention at 68.44%. MMRI-Yellow had a slightly 

lower retention rate at 63.61%, while Gohar-19 
demonstrated lower water retention at 55.14%, making it 

potentially less suitable for dry environments. Golden 
struggled in drought conditions with a retention rate of 

47.53%. Sultan's water retention was similar to Golden’s at 
44.24%. Pearl exhibited relatively low water retention at 

41.16%. Both Neelam and Pop-1 had the lowest relative 
water contents at 40.43% and 40.19%, respectively. 

Relative Water Content (RWC) in plants is affected by 
several key factors. Soil Moisture is one of the most 

important and critical factor amount of water in the soil is 
crucial. Adequate moisture keeps RWC high, while drought 

reduces (Adebayo et al., 2014). Different plants and their 
varieties have unique abilities to retain water. Some are 

better adapted to dry conditions and can maintain higher 

RWC. Plants can modify their internal osmotic pressure to 

hold onto water, helping them stay hydrated during drought. 
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Factors like temperature, humidity, and light affect RWC. 

High temperatures and low humidity can increase water 
loss, lowering RWC. The regulation of stomata (tiny 

openings on leaves) influences water loss. Plants that 
effectively manage stomatal openings can preserve higher 

RWC. Features such as leaf size, thickness, and surface area 
affect water retention (Abdelsalam et al., 2022). Smaller, 

thicker leaves with a waxy surface generally lose less water, 
maintaining higher RWC. Chlorophyll is a pigment in plants 

that plays a crucial role in photosynthesis. Chlorophyll 
absorbs light mainly in the blue and red parts of the 

spectrum and reflects green light, making plants appear 
green. This absorbed light is vital for photosynthesis. The 

energy from the absorbed light is used to transform carbon 

dioxide and water into glucose and oxygen. Glucose is 
crucial for the plant's energy and growth. During 

photosynthesis, glucose is created, which the plant uses for 

growth, development, and reproduction (Afzal et al., 2020). 
It can also be stored as starch for future energy needs. A 

byproduct of photosynthesis is oxygen, which is essential 

for the respiration of most living organisms. Chlorophyll 
provides the energy needed for cell division and growth, 

helping create new cells and allowing plants to expand 
(Gholamin et al., 2015). Sahiwal Gold (35.8) had highest 

chlorophyll contents, indicating excellent photosynthesis 

and plant health. Malka 2016 (33.8) had high chlorophyll, 

just below Sahiwal Gold, suggesting good photosynthetic 
efficiency. Neelam and Pop-1 had (23.5) and (19.3) 

chlorophyll contents respectively indicating even less 
photosynthetic capacity (Ali et al., 2011). Different maize 

varieties have unique growth rates. Some mature early, 

while others take longer to reach the tasseling stage due 

genotypic effect (Goma et al., 2011). But the abiotic factors 
also played role, high temperature speed up growth and 

reduce the days needed for tasselling (Gupta et al., 2020). 

Conversely, cooler temperatures can delay this process. The 
length of daylight impacts tasseling. Maize can mature 

faster in longer days, depending on the variety (Huge et al., 

2021). Sahiwal Gold had taken the longest (72.2 days) to 
tassel, indicating a longer vegetative growth period 

followed by Malka 2016 slightly quicker than Sahiwal Gold 
(71.1 days) but still slow to mature. Pop-1 had also tassels 

at the same time as YHD-444 and Neelam (70.2 days), 

indicating similar growth. Early-tasseling genotypes like 

Golden and Gohar-19 are better for regions with shorter 
growing seasons, while later-tasseling genotypes like 

Sahiwal Gold and Malka 2016 are suited for areas with 
longer growing seasons (Hussain et al., 2021). Sahiwal 

Gold had the longest time to silk, (73.1 days) indicating a 
lengthy vegetative growth before flowering followed by 

Malka 2016 (73.2 days) similar to Sahiwal Gold, also takes 

a long time to silk, suggesting a prolonged vegetative phase 

benefiting from extended vegetative growth that can lead to 
higher biomass and yield (Anjum et al., 2011). Early Silking 

genotypes included Golden (70.1 days) and Gohar-19 (70.2 
days) had fast transition from vegetative growth to 

flowering (Kandil et al., 2020). Moderate Silking 
Genotypes MMRI-Yellow (71.5 days, Pearl (72.5 days) and 

Neelam (72.6 days) with moderate silking times. Silks are 
the female reproductive parts, begin to appear from the 

husks a few days after the male flowers (tassels) have 

emerged and started releasing pollen (Araus et al., 2012). 

Silks grow quickly from the base of the ear toward the tip, 

with each ovule (potential kernel) developing its own silk 

(Shabbir et al., 2021). The elongated silks are designed to 
catch pollen from the tassels. Pollination happens when the 

pollen from the tassels lands on the silks. Each silk is linked 
to an ovule, and when pollen lands on a silk, it germinates 

and creates a pollen tube that grows down to the ovule, 
which is essential for fertilization (Arora et al., 2002). Once 

the pollen tube reaches the ovule, fertilization occurs, 
resulting in the formation of kernels (Zhu et al., 2021). Each 

successful fertilization forms one kernel on the cob. After 
fertilization, kernels start to develop while the silks remain 

active and can receive more pollen for about a week, 
maximizing the chances of fertilization. The number of 

kernels per ear is primarily set during the silking stage, 

making successful pollination and fertilization crucial for 
achieving high yields (Bahar et al., 2021). The silking stage 

is critical for the reproductive success of maize. Lack of 

water can limit silk growth and lead to dryness, reducing 
successful pollination. High Temperatures can speed up silk 

emergence but may also dry out the silks, harming pollen 

viability and pollination success (Bahrami et al., 2014). 
Factors like soil salinity and extreme weather can disrupt 

silk development and function. Any stress, during this 
period can severely impact pollination and kernel 

development, thereby affecting overall crop yield. To 

overcome these challenges, it is important to manage 

irrigation, provide adequate nutrients, control pests, and 
choose stress-tolerant maize varieties, ensuring effective 

silking and maximizing yield (Bates et al., 1973). Sunlight, 
enhancing photosynthesis and biomass production. Height 

correlates with overall biomass; taller plants typically 

produce more leaves and stems. But it is vital for tall plants 

to be sturdy enough to avoid falling over, balancing height 
with structural strength. Taller plants with extensive root 

systems can access more soil nutrients, promoting better 

growth and yields (Cakir, 2004). Sahiwal Gold (206.1 cm) 
was tallest genotype, which captures more sunlight for 

better photosynthesis and higher potential yields. Malka 

2016 (205.2 cm) was slightly shorter than Sahiwal Gold but 
still tall, enabling effective light capture and strong yield 

potential. Pop-1 remained the shortest but still maintain 
sufficient height for effective light capture and growth. 

Sahiwal Gold and Malka 2016, with greater height, are 

likely to yield more due to better light capture and biomass 

production. Sahiwal Gold (20.8 cm) longest ear length, 
likely to yield the most kernels. Pop-1 (18.9 cm) shortest ear 

length, likely yielding the least. Longer ears generally 
indicate higher yield potential (Cao et al., 2022). Improving 

ear length is a significant goal in maize breeding to enhance 
productivity. Resource Utilization, longer ears can better 

utilize resources like light and nutrients, leading to greater 

biomass and grain production (Dodd, 2003). Selecting for 

longer ear length in breeding programs can lead to the 
development of higher-yielding maize varieties, as seen in 

genotypes like Sahiwal Gold and Malka 2016. Heavier 
kernels contribute more to the total grain mass, thereby 

increasing yield. Breeding for higher kernel weights can 
enhance yield, leading to more productive maize varieties 

(El-Naggar et al., 2020). Heavier kernels often indicate 
better resource use by the plant, such as nutrient uptake. 

Larger, heavier kernels are typically preferred in the market 

due to their better quality and processing traits. Kernel 

weight is a major component of grain yield (Gao et al., 
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2015). Heavier kernels contribute more to the total grain 

mass, directly impacting yield (Fan et al., 2016). Selecting 
maize genotypes with higher 100-kernel weights, such as 

Sahiwal Gold and Malka 2016, is likely to yield better 
results due to their larger kernels. Understanding and 

optimizing kernel weight is crucial for developing high-
yield maize varieties (Fernandez et al., 1992). Sahiwal Gold 

(9100 kg/ha top performer with the highest yield, attributed 
to optimal ear length, high kernel weight, and efficient 

resource use followed by Malka 2016 (8877 kg/ha) slightly 
lower yield than Sahiwal Gold, still very high, benefiting 

from good ear length and kernel weight. Pop-1 (4261 kg/ha) 
had the lowest yield, indicating significant limitations in 

growth traits and resource utilization (Gamalero et al., 
2012). High-Yielding Genotypes Sahiwal Gold and Malka 
2016 are top choices for maximizing yields due to their 

favorable traits. Moderate-Yielding Genotypes YHD-444, 

MMRI-Yellow, and Gohar-19 show reliable productivity 
with a good balance of traits. Lower-Yielding Genotypes 

Pearl, Neelam, and Pop-1 have lower yields and may require 

special management to improve their performance.  
In Second date of sowing 30th January, the performance of 

different commercial varieties effected due to increase in 
temperature during the end of February and early March 

2022. Sahiwal gold maintained the relative water contents 
to 70.53%, chlorophyll contents 25.1, Days to tasselling 

72.2 days to silking 73.1, plant height 198.1, ear length 19.1 
cm, 100 kernel weight 295.1 g and grain yield 6800 kg/ha. 

The grain yield although affected by climate change but still 
Sahiwal gold had shown the resilience and produced the 

highest value among other commercial varieties. The Pop-1 
had the lowest grain yield 2150 kg/ha badly affected by the 

climate change. The 3rd date of sowing 15th February 2022 

all varieties badly effected due to climate change. The 
highest value of gain yield was observed in Sahiwal gold 

3975 kg/ha and lowest value was observed in Pop-1 1250 

kg/ha. The graphical comparison of varieties for grain yield 
kg/ha at different date of sowing is presented in Fig 1.

Table 1: Mean Values of Maize Varieties of Morphological, Physiological, Yield and Yield Related Traits Under 1st Date 

Of Sowing 15 January 

Sr.No Genotypes RWC% CC DT DS PH (CM) EL (CM) HKW(g) GY kg/ha 

1 Sahiwal Gold 84.83 35.8 72.2 73.1 206.1 20.8 315.2 9100 

2 Malka 2016  75.17 33.8 71.1 73.2 205.2 20.1 310.2 8,877 

3 YHD-444 68.44 32.2 70.2 72.1 201.2 19.8 305.1 8367 

4 MMRI-Yellow 63.61 30.1 69.4 71.5 199.1 19.5 303.2 8500 

5 Gohar-19 55.14 28.2 68.2 70.2 198.5 19.3 298.2 8100 

6 Golden  47.53 25.1 68.0 70.1 198.1 19.1 295.1 7800 

7 Sultan  44.24 26.8 68.2 70.2 197.8 19.0 291.2 7454 

8 Pearl  41.16 24.5 69.1 72.5 194.4 19.2 290.0 6000 

9 Neelam 40.43 23.5 70.2 72.6 190.1 18.9 288.2 6175 

10 Pop-1  40.19 19.3 70.2 72.8 185.0 18.1 285.2 4261 

RWC:Relative water contents, CC:Chlorophyll contents, DT:Days to Tasselling, DS:Days to Silking, PH:Plant Height, EL:Ear 

length, HKW:100 kernel weight, GY:Grain yield 
 

Table 2: Mean Values Of Maize Varieties Of Morphological, Physiological, Yield And Yield Related Traits Under 2nd Date 

Of Sowing 30 January 

Sr.No Genotypes RWC% CC DT DS PH (CM) EL (CM) HKW(g) GY kg/ha 

1 Sahiwal Gold 70.53 25.1 68.0 70.1 198.1 19.1 295.1 6800 

2 Malka 2016  62.24 26.8 68.2 70.2 197.8 19.0 291.2 6150 

3 YHD-444 60.16 24.5 69.1 72.5 197.4 19.2 290.0 6000 

4 MMRI-Yellow 55.43 23.5 61.2 63.6 197.1 20.1 288.2 5175 

5 Gohar-19 51.59 19.3 59.2 62.8 197.0 18.9 285.2 4261 

6 Golden  48.2 24.1 55.2 58.1 190.1 18.5 278.2 3475 

7 Sultan  43.1 25.8 54.1 57.2 188.2 17.9 270.1 3175 

8 Pearl  41.2 22.5 52.2 54.2 185.3 17.1 250.1 2850 

9 Neelam 40.1 22.5 51.2 53.1 184.2 16.5 238.1 2550 

10 Pop-1  39.1 21.2 50.2 52.6 180.1 16.2 230.2 2150 

RWC:Relative water contents, CC:Chlorophyll contents, DT:Days to Tasselling, DS:Days to Silking, PH:Plant Height, EL:Ear 

length, HKW:100 kernel weight, GY:Grain yield 
 

Table 3: Mean Values Of Maize Varieties Of Morphological, Physiological, Yield And Yield Related Traits Under 3rd Date 

Of Sowing 15 February 2022. 

Sr.No Genotypes RWC% CC DT DS PH (CM) EL (CM) HKW (g) GY kg/ha 

1 Sahiwal Gold 56.2 23.1 55.2 58.1 190.1 18.5 268.2 3975 

2 Malka 2016  55.1 24.8 54.1 57.2 188.2 17.9 260.1 3675 

3 YHD-444 45.2 22.5 52.2 54.2 185.3 17.1 255.1 3050 

4 MMRI-Yellow 41.1 22.5 51.2 53.1 184.2 16.5 251.1 2850 

5 Gohar-19 39.1 21.2 50.2 52.6 180.1 16.2 248.2 2450 

6 Golden  37.2 21.1 49.5 50.1 175.1 16.5 245.1 2175 
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7 Sultan  35.2 20.1 48.1 48.2 172.2 16.4 243.2 1850 

8 Pearl  34.1 20.2 47.2 46.2 168.1 16.1 240.1 1650 

9 Neelam 33.2 22.1 46.5 45.1 165.2 15.8 238.2 1500 

10 Pop-1  31.2 21.2 45.5 44.1 162.2 15.5 235.1 1250 

RWC:Relative water contents, CC:Chlorophyll contents, DT:Days to Tasselling, DS:Days to Silking, PH:Plant Height, EL:Ear 
length, HKW:100 kernel weight, GY:Grain yield 

Fig. 1: Mean Comparison Of Maize Genotypes For Grain Yield Kg/Ha At 15 January, 30 January and 15 February 2022.   

Fig 2. METEOROLOGICAL DATA RECORDED AT MULTAN DURING THE CROPPING SEASON OF SPRING 

MAIZE 2022. 
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 Fig. 3: Crop Comparison of Maize Genotypes At 15 January, 30 January And 15 February 2022 And Effect Of Climate 

Change On Maize Plant.  
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