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ABSTRACT

High ambient temperature is one of the most alarming climatic factors in challenging the productivity and
sustainability of crops worldwide. An effective way to cope this problem is the development of climate smart,
heat resilient maize hybrids through evaluating the cultivated germplasm. The main objective of current study
was to evaluate local and multinational maize hybrids for their performance under optimal and heat stress
conditions and to devise a selection criterion for the identification of heat tolerant maize hybrids. Nine maize
hybrids, including local and multinational, were evaluated under optimal and heat stress conditions across
three consecutive spring seasons (2017-18, 2018-19 and 2019-20) at Maize and Millets Research Institute,
Yusafwala, Sahiwal. Results revealed the presence of highly significant differences among maize hybrids under
both conditions and for all three seasons. Kernel yield was found to be highly correlated with net
photosynthetic rate (0.735), shelling percentage (0.910™) and relative cell injury percentage (-0.775™) under
stress conditions. Cluster and biplot analysis unveiled that two local maize hybrids YH-5507 and YH-5427
were highly heat tolerant while multinational hybrids i.e. NK-8711, P-1543 and DK-6724 were highly
productive under control/optimal conditions only. These hybrids can be invaluable sources of genes/alleles for

the development of climate smart maize genotypes.
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INTRODUCTION

Maize is one of the most important and widely grown
cereal crop of the world. It is the most productive cereal
crop in terms of kernel yield per hectare. In 2018-19, it
was cultivated on an area of 191.72 million hectares in
more than 125 countries of the world and 1123.65 million
metric tons of production was obtained with an average of
5.86 metric tons per hectares (USDA, 2020). Maize is
predominantly used in poultry feed, livestock industry and
human consumption. However, its demand in dry- and wet
milling industry is increasing day by day, where it is used
to produce many industrial products like oil, starch,
alcoholic beverages, food sweeteners, pharmaceuticals,
cosmetics, confectionery and several industrial chemicals
etc. (Serna-Saldivar, 2019). Millions of people from the
poorest regions of Africa, Asia and Latin America directly
depends upon maize for their food and livelihood.

In Pakistan, maize is the 3" most important cereal crop
after wheat and rice but rank 1%t in overall productivity. In
2018-19, it was cultivated on an area of 1.229 million

hectares and 5.702 million metric tons production was
obtained with an average of 4.640 metric tons per hectares
(GOP, 2018-19). It is sown under two different cropping
seasons; Spring and Autumn. Spring crop is sown in the
months of February-March and harvested in June-July
while autumn crop is sown in July-August and harvested
in November-December. Kernel yield of spring crop is
much higher than autumn due to better heat use efficiency
(Yousaf et al., 2020). However, temperature higher than
optimum level (28°C-34°C) could drastically effect crop
growth and development especially at reproductive stage
(Sanchez et al., 2014).

Temperature is one of the most critical environmental
factors that control and regulate the rate of growth and
development in most of the crops. Every crop specie
responds differentially under changing climatic conditions
depending upon their threshold levels for minimum and
maximum temperature. In maize, all the plant growth and
development stages are markedly influenced by the
sudden variations in ambient temperature and cause



significant reduction in kernel yield. Rahman et al. (2013)
reported that temperature higher than 35 °C could reduce
maize kernel yield at the rate of 101 kg ha' day?® A
global study also revealed that for every 1°C increase in
upper level of temperature (>29°C), maize yield could be
reduced up to 10% (Brown, 2009). Igbal et al. (2011)
predicted an 8.1% decrease in maize kernel yield by 2055
due to the increase in ambient temperature in Pakistan.
This decrease in yield is associated with the increased
susceptibility of different plant organs and functions to
high temperature. Increase in anthesis-silking interval
(ASI) due to desynchronization of male and female plant
parts results into reduced pollination, poor fertilization
and seed setting which leads to drastic reduction in kernel
yield (Cicchino et al., 2010; Dass et al., 2010).
Furthermore, reduction in kernel yield is also significantly
associated with the reduction in photosynthetic ability,
thousand kernel weight, plant biomass, cell membrane
thermostability, number of kernels per cob and shelling
percentage (COSKUN et al., 2011; Yousaf et al., 2017,
Yousaf et al., 2018 and Noor et al., 2019). These findings
suggest that there is an utmost need for the development
of heat resilient maize hybrids, having the ability to
withstand harsh climatic conditions like heat stress. This
could be possible by real time, field screening of available
cultivated germplasm on the basis of heat associated
primary and secondary plant traits for not less than three
years. Therefore, current study was planned to evaluated
local and multinational maize hybrids under optimal and
heat stress conditions for the period of three years/seasons.
Furthermore, impact of high temperature on different
physiological functions of plants and kernel quality traits
was also determined.

MATERIALS AND METHODS
Experimental Material, Site, Layout and Design

The current experimental study was conducted at the
research area of Maize and Millets Research Institute
(MMRY), Yusafwala-Sahiwal, Pakistan. Nine spring maize
hybrids including six local (YH-5427, YH-5482, YH-
5507, YH-5213, YH-5532 and YH-1898) and three well-
established commercial hybrids (P-1543, DK-6724 and
NK-8711) were tested under two different heat regimes
for three consecutive spring seasons (2017-18, 2018-19
and 2019-20) (Table 1). First set of maize hybrids was
sown under optimal conditions in 2" week of February
and the 2" set of same hybrids was planted under late
sowing (heat stress) conditions on 3 week of March. Late
sowing was used as proxy for heat stress condition
because in late sowing conditions, reproductive stage of
hybrids was expected to coincide with high ambient
temperature (>40 °C), which can prove deadly to growth
and development of these hybrids. Treatments were laid-
out under split-plot arrangement in randomized complete
block design (RCBD). Each entry was laid out under 12m?
net plot size, having 15 cm plant-to-plant while 75 cm
row-to-row distance, respectively. Maize hybrids,
replications, net plot size and sowing dates were kept
same for all the three sowing seasons. Sowing was done
with the help of dibbler @ 2 seeds per hill. At seedling
stage, crop was thinned to single seedling to ensure
optimum plant population. All the standard agronomic
practices i.e. application of fertilizer, pre-emergence
herbicides, pesticides and irrigation was applied to both
optimal and stress sown crop.

Table 1. Salient Features of Maize hybrids used in the study

Sr. No Hybrid Names Origin Hybrid Status Seed Types Cob Type
1 YH-5427 MMRI, Yusafwala, Pakistan Local check Dent Cylindrical
2 YH-5482 MMRI, Yusafwala, Pakistan Local promising hybrid Dent Cylindrical
3 YH-5213 MMRI, Yusafwala, Pakistan Local promising hybrid Semi-Dent Conical
4 YH-5532 MMRI, Yusafwala, Pakistan Local promising hybrid Dent Conical
5 YH-5507 MMRI, Yusafwala, Pakistan Local promising hybrid Dent Cylindrical
6 P-1543 Corteva (Pioneer), Pakistan. Multinational check Semi Dent Cylindrical
7 YH-1898 MMRI, Yusafwala, Pakistan Local check Semi Dent Conical
8 DK-6724 Monsanto Seeds, Pakistan Multinational check Semi Dent Cylindrical
9 NK-8711 Syngenta, Pakistan Multinational check Dent Cylindrical

MMRI, Yusafwala = Maize and Millets Research Institute, Yusafwala, Sahiwal, Pakistan

Data Recording

Data was recorded for yield and yield-associated traits
including relative cell injury percentage (RC1%), number
of grains per cob (NGC), net photosynthetic rate (Pn;
umole m? s?), stomatal conductance (C; mmole m2 s?),
grain protein content percentage (Prot.), grain oil content
percentage (Qil), grain starch content percentage (Starch.),
shelling percentage (S%) and kernel yield per hectare
(KY). Relative cell injury percentage (RCI%) was
measured by comparing the electrical conductivity (EC) of
stressed and non-stress leaf discs as described by Naveed
et al. (2016) by the following formula;

RCI1%=[1-{1-(T1/T2)}/{1-(C1/C2)}] x 100
Where,

C1 and C2 = 1%t and 2™ reading of electrical
conductivity (EC) of non-stressed set of test tube

T1 and T2 = 1%t and 2" reading of electrical
conductivity (EC) of heat-stressed set of test tube

Net photosynthetic rate and stomatal conductance was
measured between 10 am to 12 Noon through Infrared Gas
Analyzer (IRGA), using a handled photosynthetic system
(CI-340 by CID Bio-Science, USA). Grain quality
analysis was carried out by wusing near infrared



spectroscopy (NIR by Inframatic 9200, Parten
Instruments, Sweden) to estimate grain protein (Prot.), oil
(Oil) and starch (Starch) content percentage, respectively.

Kernel yield (Kg/ha) was calculated through the following
formula as described by Tandzi, and Mutengwa (2019);

Fresh cob weight (Kg/plot) x (100 — MC) x 0.8

Kernel Yield (Kgha—1) =

x 10000

Statistical Data Analysis

The recorded data was subjected for combined
analysis of variance (ANOVA) according to Steel et al.
(1973) to see statistical differences among maize hybrids
under both optimal and heat stress conditions. Correlation
coefficient analysis was carried out to compute degree and
direction of correlation between different plant traits under
both conditions. Furthermore, principal component (PCA)
and agglomerative hierarchical cluster analysis (AHC)
were used to characterize maize hybrids for their heat
tolerance as introduce by Sneath and Sokal (1973) and
used by Yousaf et al. (2018). Two statistical packages i.e.
Statistix 8.1 and XLSTAT were used to compute data for
different analysis. Microsoft Excel (Version 2019) was
also utilized for the presentation of data in graphical form.

(100 — 15) x Area Harvested /plot

Metrological conditions during the trial seasons

Research trails were conducted in three consecutive
spring seasons (2017-18, 2018-19 and 2019-20) (Figure
1). For all growing seasons, optimal set of maize hybrids
was sown in the month of February and harvested in the
month of June. Whereas, late sown (heat stress) set was
planted in the 3™ week of March while harvested during
the month of July. Daily air temperature was recorded for
both sets, consecutively for three growing seasons. Three
season’s average minimum and maximum temperatures
were measured as 18.9 °C and 35.7 °C for optimal set
while 22.5°C and 39.1°C for late sown (heat stress) set,
respectively. The average maximum temperature during
flowering and grain development stages in maize under
heat stress conditions was recorded 41.7 °C which was
detrimental to pollen viability, fertilization, seed setting
and ultimately kernel yield in maize.

45

40

35

30

25

Temperature (°C)

20
15
Normal

Normal Normal

Spring, 2017 Spring, 2018 Spring, 2019 Spring, 2017 Spring, 2018 Spring, 2019

Average Max Temperature (oC) EZZZa Average Min Temperature (oC) = <@=-Rainfall (mm)

Rainfall (mm)

:

Heat Heat Heat

Figure 1. Meteorological data of optimal and heat growing seasons for three consecutive spring seasons (Spring 2017-18, 2018-19

and 2019-20)

RESULTS AND DISCUSSION
Analysis of Variance

Combined analysis of variance (ANOVA) showed
significant differences (p < 0.01) among maize hybrids,
sowing years/seasons, treatments (optimal and heat stress
conditions) and interactions between these parameters
except few, respectively (Table 2). However, interactions
for kernel quality traits i.e. kernel protein and oil content
percentage and shelling percentage were found non-
significant. Similar results were reported by Saeed et al.
(2018), Shehzad et al. (2019) and Cheema et al. (2020)
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who revealed the presence of significant differences
among maize hybrids/germplasm for kernel yield and its
associated traits under heat stress conditions.

Correlation Coefficient Analysis

Correlation coefficients were computed for different
morpho-physiological and kernel quality traits under
optimal and heat stress conditions. For this three year’s
average data of these traits were polled to get an overall
average data for both sowing conditions (Table 3). The
results revealed that kernel yield had a strong positive
correlation with net photosynthetic rate (r = 0.958™) and



shelling percentage (r = 0.871") under optimal sowing
conditions while strong negative correlation with relative
cell injury percentage (-0.735™). Similarly, kernel yield
had a positive and significant correlation with Pn (r =
0.910™) and S% (0.910™) while significantly negative
association was found with RC1% (-0.775™) under stress
conditions (Table 3). The Correlation between kernel
yield and thousand kernel weight was, however negative
(-0.251) under optimal conditions but under heat stress
conditions, the correlation was positive (0.585). This

Table 2. Analysis of variance for kernel yield and related traits
2019-20)

might be due to the fact that under stress conditions
number of grains per cob get reduced due to sparse filling
of cobs, which increase the dependence of kernel yield on
thousand kernel weight. Similar observations were
reported by Khodarahmpour, 2012, Yousaf et al. (2017)
and Kandel et al. (2017) who found a positive correlation
of kernel yield with photosynthesis, shelling percentage,
number of kernels per cob and thousand kernel weight
under heat stress conditions.

in maize hybrids for three spring seasons (2017-18, 2018-19 and

SOV DF RCI% KC TKW Pn C Pro Qil Starch S% KY
Replications 2 0.46 18.9 5.2 2.30 0.9 0.189  0.0029 0.036 0.907 29821.5
Hybrids 8 34.6™ 5741417  7552.6™ 153.8™  16537.5™ 20.61™ 4.0277 19.271" 17.76™ 10860000™
Years 2 74217  3788.6™ 7214™ 241.4™ 170577 058" 0.207" 1.282™ 12.056" 25950000
Treatment 1 2722 99062  11960.9™ 1009.5™  6766.7" 1.87" 1.176™ 6.361™  56.89™  110400000™
Hybrid*Year 16 1055 8544.8™ 476.7 22.83™ 15085 011N  0.059" 0.481™ 3.43N 2030920
Error (H x Y) 16 11.2 586.4 825 0.18 3455 0.2 0.032 0.167 2.56 267043
Hybrid*Treatment 8 9.7" 37247 558.5™ 80.40™ 219.5™ 0.13"S  0.018"s  0.464™ 3.26NS 2631676
Error (H x T) 8 3.4 402.4 94.5 3.27 90.4 0.21 0.014 0.127 251 286125
Year*Treatment 2 25.77 12005.8™ 74729 2746 49277 0.7777  0.016NS  0.949™ 5.05N8 6609754
Error (Y x T) 2 9.4 624.5 693.2 3.21 184.6 0.25 0.01 0.296 3.67 456723
Error (H x T xY) 122 4.81 333.1 70.6 1.38 77.9 0.120 0.028 0.095 2.73 246043

*Significant at 5% probability level, ** Significant at 1% probability level,
RCI%-= Relative cell injury percentage, KC = Number of kernels per cob,

NS= Non-significant
TKW = Thousand kernel weight, Pn = Photosynthetic rate (umol-m?-s™),

Pro = Kernel grain protein percentage (%), Oil = Kernel oil protein percentage (%), Starch = Kernel starch protein percentage (%), S% = Shelling

Percentage, GY = Kernel yield per hectare (kg-ha™)

Table 3. Three years average data-based correlation coefficients between kernel yield and associated traits in maize hybrids for under

optimal and heat stress conditions

Variables RCI% TKW KC Pn C Pro Qil Starch S% KY
RCI1% 1 -0.359 0.264 -0.711*  0.230 -0.583 -0.196 0.366 -0.682*  -0.775*
TKW 0.176 1 -0.128 0.205 0.076 -0.259 -0.218 0.144 0.486 0.585
KC 0.591 -0.246 1 0.074 0.568 -0.723*  -0.433 0.773* -0.069 0.045
Pn -0.616  -0.087  -0.023 1 0.294 0.279 -0.098 -0.386 0.654 0.735*
C 0.012 -0.267 0.414 0.642 1 -0.655 -0.171 0.148 -0.044 0.037
Pro -0.690* -0.020 -0.756* 0.012 -0.494 1 0.482 -0.759* 0.256 0.174
Qil -0.318  -0.366 0.023 -0.089  -0.070 0.521 1 -0.479* 0.107 0.037
Starch 0.515 -0.089 0.420 -0.094 0.019 -0.627  -0.766* 1 -0.143 -0.061
S% -0.693* -0.051 -0.078 0.929*  0.398 0.086 -0.073 -0.089 1 0.910*
KY -0.674* -0.251 0.002 0.958* 0.633 0.075 0.041 -0.127 0.871* 1

** Significant at 1% probability level, Values in upper diagonal represent correlation coefficients under heat stress sowing while values in lower

diagonal represent correlation coefficients under optimal sowing, RCI1%=

Relative cell injury percentage, KC = Number of kernels per cob, TKW =

Thousand kernel weight, Pn = Photosynthetic rate (umol-m?2-s™), Pro = Kernel grain protein percentage (%), Oil = Kernel oil protein percentage (%),
Starch = Kernel starch protein percentage (%), S% = Shelling Percentage, KY = Kernel yield per hectare (kg-ha®)

Cluster Analysis

Classification of maize hybrids for their heat tolerance
was performed on the basis of kernel yield and associated
morpho-physiological and kernel quality traits for three
consecutive spring seasons under optimal and heat stress
conditions by agglomerative hierarchical cluster analysis
(AHC) and principle component-based biplots. For the 1%
growing season (2017-18), cluster analysis grouped nine
maize hybrids into three groups (G-1, G-2 and G-3) under
both optimal and heat stress conditions (Figure 2). Under

optimal conditions, two maize hybrids YH-5507 and NK-
8711 were found to be the most productive hybrids and
placed under group-1 (G-1) (Table 4). However, three
local maize hybrids YH-5507, YH-5427 and YH-5482
were observed to be the most heat tolerant due to their
highest kernel yield under heat stress conditions. All the
three multinational maize hybrids i.e. NK-8711, DK-6724
and P-1543 were placed in G-2, the group which
comprises of the hybrids having average/intermediate
tolerance to heat stress as revealed by their kernel yield
under stress.
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Figure 2. Dendrogram of cluster analysis (Ward’s method) among nine maize hybrids optimal and heat stress conditions in Spring,

2017-18

Table 4. Class means for kernel yield and associated traits under optimal and heat stress conditions in Spring 2017-18

Optimal Sowing

Cluster # RCI1% TKW KC Pn C Pro Oil Starch S% KY
1 56.8 3225 607.4 23.6 221.9 13.3 4.1 51.4 86.0 10626.1
2 59.5 298.5 690.5 14.1 211.0 13.2 4.7 51.5 83.0 9174.0
3 56.0 285.5 7115 30.0 260.0 13.0 4.4 51.8 87.0 12377.3

Heat Stress Sowing

Cluster # RCI1% TKW KC Pn C Pro Oil Starch S% GY
1 57.7 283.3 565.7 21.1 233.3 13.0 4.0 50.9 86.3 10156.3
2 61.6 254.8 570.2 18.6 252.4 12.7 4.2 50.6 84.0 8661.0
3 64.0 264.0 569.0 13.2 231.0 12.0 3.7 51.6 80.0 7589.0

In 2" growing season (2018-19), AHC categorized
maize hybrids into three groups under optimal conditions
while four under heat stress conditions (Figure 3). Under
optimal conditions, only a single maize hybrid i.e. YH-
5427 was placed in the highest productive group (G-1)
due to its highest kernel yield (11371 kg ha*) while two
local maize hybrids i.e. YH-5507 and YH-5532 showed
maximum heat tolerance by producing maximum yield
under heat stress conditions (Table 5). Multinational
maize hybrids, in this season again showed intermediate
tolerance to heat stress and were placed in G-1 and G-3.
Similarly, in 3 sowing season (2019-20), nine maize
hybrids were classified in four groups under optimal
conditions while three groups under heat stress conditions
(Figure 4). Under optimal sowing conditions, one local
(YH-5507) and one multinational maize hybrid (P-1543)
out-yielded other hybrids (G-3) while YH-5507 was the
most productive and heat tolerant maize hybrid under heat
stress conditions (G-2) (Table 6). Multinational maize
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again showed higher susceptibility towards heat stress and
produced lower kernel yield as compared to locally
developed hybrids.

Cluster analysis is one of the most popular method
used to categorize germplasm of different crop species. In
current study, nine indigenous and exotic maize hybrids
were classified on the basis of their yield performance
under optimal and heat stress conditions. Two local maize
hybrids YH-5507 and YH-5427 were characterized as the
most productive and heat tolerant maize hybrids across the
seasons. Multinational maize hybrids, however, were
among the most productive hybrids under optimal
conditions but their performance under heat stress
conditions was below average, showing their
susceptibility towards heat stress. Our results were line
with the findings of Meseka et al. (2018) and Nelimor et
al. (2019) who successfully classified maize hybrids under
heat and drought stress conditions to select tolerant
genotypes.
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Figure 3. Dendrogram of cluster analysis (Ward’s method) among nine maize hybrids optimal and heat stress conditions in Spring,

2018-19

Table 5. Class means for kernel yield and associated traits under optimal and heat stress conditions in Spring 2018-19

Optimal Sowing

Cluster # RCI1% TKW KC Pn C Pro Oil Starch S% KY
1 66.0 342.0 689.0 25.6 226.0 13.1 41 50.6 87.0 11371.0
2 63.5 310.8 597.3 19.0 197.0 13.6 4.1 51.9 85.0 8517.8
3 61.8 295.5 674.3 24.4 259.0 12.8 4.4 515 86.0 9830.5

Heat Stress Sowing

Cluster # RCI% TKW KC Pn C Pro Qil Starch S% KY
1 64.0 317.7 567.7 19.4 235.7 135 4.0 50.9 84.7 8610.3
2 68.0 271.0 587.0 17.7 201.0 13.3 3.9 51.7 85.0 7181.0
3 62.0 292.3 627.0 20.0 234.7 12.1 4.3 51.4 85.0 7915.0
4 65.0 299.0 642.5 22.9 246.0 13.4 4.0 51.7 86.0 9721.0
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Figure 4. Dendrogram of cluster analysis (Ward’s method) among nine maize hybrids optimal and heat stress conditions in Spring,

2019-20
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Table 6.

Class means for kernel yield and associated traits under optimal and heat stress conditions in Spring 2019-20

Optimal Sowing

Cluster # RCI1% TKW KC Pn C Pro Qil Starch S% KY
1 55.0 313.0 645.3 22.8 228.3 13.0 4.3 51.3 85.5 9665.5
2 54.0 322.0 664.3 19.7 213.7 13.2 4.2 51.5 84.7 8929.0
3 50.0 268.0 600.0 32.1 280.0 13.8 45 51.0 86.0 11208.0
4 58.0 301.0 589.0 25.7 267.0 13.2 3.4 52.8 86.0 10506.0

Heat Stress Sowing

Cluster # RCI1% TKW KC Pn C Pro Oil Starch S% KY
1 58.0 312.4 626.4 20.4 236.2 12.9 4.0 51.2 84.0 7960.4
2 54.0 268.0 568.0 26.3 312.0 14.1 4.3 51.0 85.0 9602.0
3 59.0 319.0 600.0 18.1 254.0 13.3 3.9 51.4 82.3 5533.0

Principle component analysis based biplots

Principle component analysis based biplots were
plotted between Principal Component 1 (PC1) and
Principal Component 2 (PC2) to evaluate and categorize
maize hybrids on the basis of kernel yield and its
associated traits under both optimal and heat stress
conditions for three consecutive sowing seasons. In first
sowing season (2017-18), PC1/PC2 biplot explained
69.16% and 68.95% of the total variation under optimal
and heat stress conditions, respectively (Figure 5). Under
optimal sowing, biplot revealed the strong, positive
correlation of kernel yield with net photosynthetic rate and
shelling percentage while negative but non-significant
correlation with thousand kernel weight and relative cell
injury percentage. However, correlation between kernel
yield and thousand kernel weight was significantly
positive under heat stress conditions. This might be due to
the fact that under heat stress, kernel yield is directly

associated with the deposition of starch and other key
molecules, which makes the major portion of dry kernel
weight. In 2" sowing season (2017-18), PC-based biplot
explained 65.56% and 58.28% of the total diversity under
optimal and heat stress season, respectively (Figure 6).
Kernel yield was found positively correlated with net
photosynthetic rate, shelling percentage, stomatal
conductance and number of kernels per cob under both
conditions. However, thousand kernel weight again was
found to have negative association with kernel yield under
optimal conditions. Similarly, in 3" growing season
(2019-20), PC1/PC2 biplot contributed 69.48% and
65.03% to the total variations (Figure 7). Kernel yield was
found to be strongly correlated with net photosynthetic
rate, shelling percentage and stomatal conductance under
both sowing conditions. These results were consistent
with the results obtained through correlation coefficient
analysis.
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Considering the performance of maize hybrids, YH-
5427, YH-5507 and YH-5482 were the most productive
and heat tolerant hybrids under stress conditions while
YH-5532 and P-1543 were the most heat susceptible
hybrids due to their lower performance under heat stress
as shown by the biplot of 1% sowing season (Figure 5).
Similarly, in 2" growing season, two local (YH-5507 and
YH-5427) and two multinational maize hybrids (NK-8711
and P-1543) were the most productive hybrids under
optimal conditions (Figure 6). However, the productivity
and heat tolerance of multinational hybrids under stress
conditions was poor. In the 3" growing season, again local
hybrids i.e. YH-5507 and YH-5427 showed maximum
kernel vyield wunder heat stress conditions while
performance of multinational maize hybrid P-1543 was
significantly better under optimal sowing than stress
conditions (Figure 7).

Biplot analysis has been widely used by many
researchers to evaluate different genotypes for different
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selection criteria (Ali et al., 2015; Hefny et al., 2017;
Marinho et al., 2019). In this study, it was used to
compute correlation among different kernel yield related
parameters and also to classify maize hybrids on the basis
of their heat tolerance ability and productivity under stress
conditions. Results revealed that net photosynthetic rate,
shelling percentage and stomatal conductance were the
most important traits to be considered for the selection of
appropriate genotypes to develop heat resilient maize
hybrids. Similar results were also reported by Yousaf et al.
(2018) who showed that maize kernel yield has a direct
positive correlation with net photosynthetic rate and
shelling percentage under heat stress conditions.
Moreover, the productivity of local maize hybrids under
heat stress conditions was better than multinational
hybrids.

The hybrids having higher PC1 values are considered
as best performing hybrids under optimal and stress
conditions while the hybrids with higher PC2 values



generally reflects the higher stress susceptibility.
Therefore, we can designate PC1 for yield potential while
PC2 for stress susceptibility. The cumulative results
obtained from six PC1/PC2 biplots revealed that two local
maize hybrids YH-5507 and YH-5427 were the most
productive hybrids across the seasons and under both
optimal and heat stress conditions. However, one local
(YH-5532) and two multinational (P-1543 and DK-6724)
maize hybrids showed moderate susceptibility towards
heat stress. Similar findings were also reported by Yousaf
et al. (2017) and Ghani et al. (2018) who revealed that
heat susceptibility of late sown spring hybrids was higher
in multinational hybrids as compared to locally produced
hybrids. Furthermore, our results were in complete
agreement with Singh et al. (2015) who showed that the
genotypes having higher PC1 values are the most
productive while the genotypes having higher PC2 values
were less heat tolerant.

CONCLUSION

In conclusion, highly significant differences were
observed among maize hybrids under optimal and heat
stress conditions across three growing seasons, enabling
efficient identification of donors for heat tolerance.
Correlations analysis revealed significantly positive
correlation of kernel yield with net photosynthetic rate,
thousand kernel weight and shelling percentage while
strong negative correlation with relative cell injury
percentage under heat stress conditions. Therefore, these
parameters should be included in the selection criteria for
the development of heat tolerant maize hybrids. Cluster
and principle component-based  biplot  analysis
characterize maize hybrids into different groups
depending upon their performance and tolerance to heat
stress conditions. The results showed that locally
developed maize hybrids especially YH-5507 and YH-
5427 were more heat tolerant under late sowing conditions
of spring seasons while multinational maize hybrids i.e.
NK-8711, P1543 and DK-6724 showed better
performance under optimal conditions only, making them
susceptible to heat stress. Introgressions of above-
mentioned heat tolerant maize hybrids into breeding
program will help in achieving maximum genetic gain
under heat stress conditions.
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