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Abstract: The research project was carried out at the Maize and Millets Research Institute in Yusafwala-Sahiwal during the crop
season of 2022) using a split-plot design. The present investigation explored the effects of individual and combined effects of water
stress and heat stresses on morpho-phenological, physiological and biochemical traits in eight local (YH-5482, YH-5427, YH-
5407, FH-1046, YH-5399, JPL-1908, SB-9663 and YH-1898) and two exotic maize hybrids (NK-8441 and P-1543). Significant
variations were observed among maize hybrids under discrete and shared effects of water stress and heat stresses for key
morphometric and other agronomically important, grain-related traits. Correlation analysis exposed strong positive correlation
of grain yield with SPAD value (r=0.88**), Proline (r=0.79**), transpiration rate (r= 0.78**), superoxide dismutase (r=0.73**),
stomatal conductance (r= 0.72**) while negatively correlated with hydrogen peroxide (r= -0.87**). Cluster analysis grouped
local and exotic maize hybrids into three groups under stress conditions and exposed that local maize genotypes/hybrids,
predominantly YH-5427, YH-5482 and YH-5395 were the maximum stress tolerance under individual as well as combined heat +
water-stress conditions.
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Introduction
manufacture several products for instance corn oil, maize-

Maize, also known as corn, holds significant importance and based liquid syrup, and starch which have diverse
serves a multitude of purposes in various aspects of human applications in the food industry. Additionally, maize plays
life. This versatile crop is a staple food source for millions a key role in animal husbandry, serving as a primary
around the world. Its significance lies in its role as a dietary ingredient in livestock feed. Livestock and poultry rely on
staple, providing essential nutrients and energy (Murdia et maize-based feeds for their growth and sustenance
al., 2016). Maize is a rich source of carbohydrates, fibre, and (Erenstein et al., 2022). The crop's adaptability to different
various vitamins and minerals, making it a crucial climates and growing conditions further enhances its
component of many diets. Beyond its role as a food source, importance as a global agricultural commaodity, contributing
maize has extensive industrial applications (Kumar et al., to food security and economic stability. Maize is not only
2021). One of the most notable uses is in the production of essential for human and animal consumption but also has
ethanol, a biofuel that contributes to reducing the world's cultural and ornamental value. It has been an integral part of
dependence on fossil fuels. Maize is also used to local cultures for centuries, serving as a symbol of heritage
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and tradition. Moreover, maize is used in various arts and
crafts applications, including decorations, and ornaments,
and even as an ingredient in paints and dyes.

Maize is cultivated as both an autumn and spring crop in
Pakistan. The area under maize crop in Pakistan is
increasing day by day, especially under spring crop due to
the problem faced by the farming community for two other
key alternative crops i.e., Cotton and Sugarcane. However,
it was observed that maize production in Pakistan (5.83 tons
ha-1) is comparably lower than in Turkey (12.83 tons ha-1),
USA (10.88 tons ha-1), Canada (10.07 tons ha-1), Egypt
(8.0 tons ha-1), Ukraine (6.67 tons ha-1), China (6.44 tons
ha-1) and Russia (6.00 tons ha-1) (USDA, 2023). The key
reasons for lower grain yield in maize in Pakistan are
primarily heat and water-stress stresses, lower availability
of standard, high-quality seed, high disease infestation rate,
insect-pest attack (shoot fly, fall armyworm, corn borer),
higher rates of inputs and poor crop management.

Heat and water stress individually and especially when
combined can have profound and detrimental effects on
maize, which is a critical staple crop worldwide (Wagas et
al., 2021). High temperatures, often associated with climate
change, can disrupt maize growth and development in
several ways. Elevated temperatures can accelerate the rate
of evaporation from the soil and increase transpiration from
the plant, leading to water stress and reduced water
availability for the crop (Luan and Vico, 2021). This not
only inhibits germination and early growth but can also
result in smaller grains and lower overall yields. Extreme
heat can also interfere with pollination, causing poor grain
formation and further yield reduction. Water stress, on the
other hand, directly impacts maize by limiting water
availability, which is crucial for its growth. Prolonged water
scarcity during critical growth stages can stunt the plant's
development, decrease the number of grains per ear, and
lead to smaller, less productive plants. Water-stress stress
can also increase susceptibility to pests and diseases, as the
plant's defences are compromised when it's under water
stress (Ozturk et al., 2021).

Heat and water stress are two critical environmental factors
that have a significant impact on the global production of
primary crops. These stresses have been linked to
substantial losses, ranging from 31% to a staggering 81% in
grain yield of important crops across the world (Farooq et
al., 2017). Rising temperatures and prolonged periods of
high heat can disrupt various physiological processes in
plants, affecting their growth, flowering, and grain
formation (Nelimor et al., 2020). Water stress, including
both drought and excess moisture in some cases, further
compounds the issue by limiting the availability of water for
plant uptake and disrupting nutrient absorption. This double
whammy of heat and water stress not only reduces crop
yield but also threatens food security and the livelihoods of
countless farmers globally (Lipiec et al., 2013). Adapting
agricultural practices, developing stress-tolerant crop
varieties, and implementing water management strategies
are critical steps in mitigating these losses and ensuring
sustainable food production in the face of changing climatic
conditions (Riaz et al., 2021). However, the damage of these
stresses is further intensified and determined by several

factors including magnitude, period, genus, and phase of
plant stress contact (Fahad et al., 2017).

When heat and water stress occur simultaneously, their
combined impact can be particularly devastating. The
stressors often amplify each other's negative effects,
resulting in even greater reductions in maize yields. The
combination of high temperatures and limited water
availability = exacerbates  water  stress, impairs
photosynthesis, and can lead to irreversible damage to the
plant's tissues. This can ultimately result in significant crop
losses, posing a significant threat to food security in regions
where maize is a dietary staple. Like other crops, maize has
a number of defence mechanisms to fend off the damaging
effects of abiotic stresses. These mechanisms include the
production of heat shock protein and activation of stress-
responsive genes, the build-up of compatible osmolytes, the
activation of enzymatic antioxidants and the accumulation
of compatible osmolytes (Hussain et al., 2019).

The effects of individual heat and water-stress stresses have
been quantified in a number of studies using their
morphophysiological parameters; yet, the cumulative
effects of heat and water-stress stresses have not been
extensively investigated for traits related to grain yield and
quality, particularly in hot and water stress affected areas
globally including Pakistan. Furthermore, rather than using
real field research, the majority of earlier studies relied on
crop prediction models. The goal of the present field
investigation is to clarify (1) the precise mechanism
underlying heat and water-stress stress tolerance in both
individuals and combinations. (2) to look into the causes of
maize's resistance to heat and water-stress (3) to assess how
well five different maize hybrids perform in relation to one
another when exposed to heat and water-stress, as well as
how these factors interact.

Methodology

The research study was carried out under natural field
conditions for maize growing season 2022) at Maize and
Millets Research Institute (MMRI), Yusafwala— Sahiwal,
Pakistan. the seeds of six maize hybrids i.e., YH-5482, YH-
5427, YH-5407, YH-1898, FH-1046, and YH-5399 were
obtained from the MMRI while P-1543 was received from
Pioneer seeds. Similarly, three maize hybrids were obtained
from other national and multinational seed companies i.e.,
NK-8441 from Syngenta Seeds, JPL-1908 from local seed
company Jullundur seeds Pvt Limited and SB-9663 from
Sohna Bheej, Kissan Seed Corporation respectively. These
seeds of these hybrids were planted in RCB design under
split-plot arrangement in field conditions (a) Optimal
growing conditions (b) heat treatment (c) Water deficient
condition (d) combined water-stress and heat stress
treatment. The Tandzi and Mutengwa (2020) method was
employed to determine grain yield. Stomatal conductance
(Ci), and transpiration rate (Tr) was measured using the
infrared gas analyser named as CI-320. Spectroscopy was
used to calculate the concentration of chlorophyll a and
chlorophyll b. ROS and antioxidant accumulation was
measured according the formula described by Sergiev et al.
(1997) and applied by Yousaf et al. (2022).
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Statistical Analysis

Analysis of variance (ANOVA) and correlation coefficient
analysis were performed on the data collected to determine
the variations among maize hybrids and the extent and
direction of the relationship between different plant traits
(Steel and Torrie, 1997). Their mean values were used to
draw bar graphs to illustrate the differences among local and
multinational maize hybrids under individual and
concurrent heat + drought stress conditions.  Furthermore,

Table 1a: Plant traits recorded/measured under current study

cluster analysis was implied to characterize maize hybrids
into different groups, based on their productivity, stability
and stress tolerance capabilities. Different statistical
packages including Statistix 8.1, XLSTAT 16.0 and
OriginPro were used to carry out statistical data analysis.
Microsoft Excel was used for graphical illustrations

Results
Analysis of Variance (ANOVA)

Sr. # Plant trait Sr. # Plant trait

1 Days to 50% anthesis (DT) 11 Transpiration rate (Tr)

2 Days to 50% silking (DS) 12 Stomatal conductance (Ci)
3 Plant height (PH) 13 Water use efficiency (WUE)
4 Ear height (EH) 14 Chlorophyll a (Chl a)

5 Ear length (EL) 15 Chlorophyll b (Chl b)

6 Ear width (EW) 16 Proline contents (Proline)

7 Grains per ear (G/E) 17 Hydrogen peroxide (H202)
8 Thousand-grain weight (TGW) 18 Superoxide dismutase (SOD)
9 SPAD 19 Grain yield (GY)

10 Protein % (Protein)

The ANOVA's result revealed the frequency of notable
variations between maize hybrids under normal, individual,
and combined heat and drought stress circumstances (Table
1). All the studied morpho-physiological, agronomic and
biochemical parameters including days to 50% anthesis,
days to 50% silking, plant height, ear height, ear length, ear

width, grains per ear, thousand-grain weight, SPAD, Protein
percentage, transpiration rate, stomatal conductance, water
use efficiency, chlorophyll a, chlorophyll b, proline
contents, hydrogen peroxide, superoxide dismutase and
grain yield showed significant variations for treatments,
hybrids and their interactions.

Table 1b: ANOVA of plant traits of maize hybrids under individual as well as concurrent heat and water stress

Traits Replication Treatments Error Hybrids Interaction Error
(R) M (RxT) (H) (TxH) (RxTxH)

Plant traits/df 2 3 6 9 27 108
Days to 50% anthesis (DT) 0.07 687.23™ 0.19 35.26™ 12.67™ 0.27
Days to 50% silking (DS) 0.59 697.64™ 0.21 27.447 11.49™ 0.37
Plant height (PH) 52.1 5427.9™ 32 923.2™ 153.8™ 5.3
Ear height (EH) 2.34 956.34™ 1.72 899.2"" 89.47* 21
Ear length (EL) 0.72 31.21™ 0.08 6.66™ 2.89™ 0.09
Ear width (EW) 2.35 268.66™ 0.69 39.79™ 7.14™ 0.71
Grains per ear (K/E) 612.3 68643.7™ 82.4 3925.2™ 3122.3™ 109.8
Thousand grain weight (TGW) 221.3 22489.9™ 10.24 20857.2™ 1487.1" 21.0
SPAD 0.76 342.11™ 0.09 29.45™ 9.92™ 0.31
Protein % (Protein) 0.45 6.75" 0.019 0.21™ 0.39™ 0.058
Transpiration rate (Tr) 0.008 4,85 0.007 0.299™ 0.141* 0.005
Stomatal conductance (Ci) 78.5 48647.2"" 37.3 8598.4™ 473.1" 16.2
Water use efficiency (WUE) 0.28 42.24™ 0.04 1.85™ 1.68" 0.05
Chlorophyll a (Chl a) 0.020 1.024™ 0.002 0.112*" 0.071*" 0.004
Chlorophyll b (Chl b) 0.012 0.054™ 0.001 0.72" 0.042™ 0.003
Proline contents (Proline) 0.41 896.3™ 0.0365 3.92" 2.89" 0.076
Hydrogen peroxide (H202) 0.019 29.16™ 0.009 0.011" 0.21 0.009
Superoxide dismutase (SOD) 9.67 3124.5™ 0.48 51.36™ 21.33" 0.106
Grain yield (KY) 87689 27658972"" 4967 2868547 4465324 19546

Significant at P < 0.05 = * ; Significant at P < 0.01 = **; Non-significant at P > 0.05

Physiological paraments

The way that various plant physiological parameters react
to heat- and water-deficient conditions as well as their
combined stress was extremely serious in almost every

single maize cultivar. The results revealed from the bar table
based on mean values are given in Figure 1 (A-F) and Figure
2G. The result revealed a significant reduction in SPAD (35
to 14 pg/cm?), water use efficiency (10 to 6 mmole m2 s1)
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and chlorophyll a (2.8 to 2.0 mg g* FW) and chlorophyll b
(1.7 to 1.1 mg g! FW), respectively. However, in
transpiration rate and stomatal conductance, there was a
significant increase under heat stress conditions from 2.5 to
3.9 mmole m? st in transpiration rate while 220 to 310
mmole m2 s in stomatal conductance, respectively (Figure
1 c-d). Concerning hybrid performance, YH-5427, YH-
5482 and YH-5399 showed significant tolerance to
physiological damage under all the stress.

Biochemical and associated traits

Plant functions and tolerance to stresses-related
biochemical traits showed significant changes in their
activity and accumulation. The proline contents were seen
to be significantly increased under all stress conditions
(Figure 2H). Nonetheless, combined heat + water stress
conditions exhibited a significant accumulation of protein,
where proline contents increased from 6 pg g* FW in
control to 24 pg g* FW in combined stress conditions. The
second-highest accumulation was observed under water-
stress stress conditions, where proline contents were
increased from 6 ug g* FW in control to 17 ug g* FW in
water-stress  stress conditions. The accumulation of
hydrogen peroxide (H202), which is an important reactive
oxygen species, was significantly accelerated under the
stress conditions imposed as a result of heat, water-stress
and their combined effects (Figure 21). Water-stress stress
alone as well as combined with heat stress significantly
increased the activity of H202 from 1 pmole g FW to 6
umole g FW in maize hybrid YH-1898. Similarly, the
accumulation of superoxide dismutase (SOD), which is an
important enzymatic antioxidant, was pointedly improved
under all stress conditions, especially water-stress stress
either alone or in combination with heat stress (Figure 2J).
The highest accumulation was observed in YH-5427 (from
38 to 70), YH-5399 (from 41 to 72) and SB-9663 (from 32
to 64) under combined water-stress + heat stress conditions.

Maize Hybrids

H Control Drought R Heat = Heat+ Drought

Protein %

Correlation Coefficient Analysis

The correlation coefficients analysis revealed the presence
of positive and significant correlation of grain yield with
proline (r = 0.98"), SOD (r = 0.93™), Chl a (r =0.92™), Chl
b (r = 0.86™), transpiration rate (r = 0.83™) and stomatal
conductance (r = 0.81™) in ten maize hybrids under
normal/control conditions (Figure 3a-d). However, under
water-stress stress conditions, grain yield was positively
correlated with transpiration rate (r = 0.79™), Chl b (r =
0.78™), Chl a (r = 0.75™) and SPAD value (r = 0.69™).
Under heat stress conditions, grain yield was positively
correlated with stomatal conductance (r = 0.85™)
transpiration rate (r = 0.66™") and Proline (r = 0.64™) (Figure
3a-d). However, under heat stress, grain yield was
negatively correlated with hydrogen peroxide (r = 0.58NS).
Lastly, under combined heat and water-stress stress
conditions, grain yield was significantly and positively
associated with SPAD value (r= 0.88™), Proline (r=0.79™),
transpiration rate (r= 0.78"), superoxide dismutase (r=
0.73"), stomatal conductance (r= 0.72™) while negatively
correlated with hydrogen peroxide (r= -0.87") (Figure 3a-
d).

Cluster Analysis

Cluster analysis was applied to the recorded data to
characterize the maize hybrids into different groups based
on the relative strength of their homogeneity and
heterogeneity. In the current study, cluster analysis
classified ten maize hybrids into three groups or clusters or
classes under control, water-stress stress, heat stress and
combined heat + water-stress stress which makes them forty
entries with respect to stress treatments (Tabel 2-3 & Figure
4). The first group/cluster was comprised of twelve entries
(12) and this group was recognized as the cluster of most
productive hybrids

16.0 B
15.0
14.0
13.0
12.0
11.0
10.0
9.0
8.0

A
@ S
KR XN
&

Maize Hybrids
H Control Drought = Heat = Heat+ Drought

[Citation: Hussain, S., Ghani, A., Khalid, M., Nayab, S.F., Hassan, I.U., Sattar, A., Kausar, S., Saleem, M., Asif, M., Akram, F.,
Imran, M., Ullah, R., Sarwar, M.I., Kamal, N., Khan, M.A., Sajjad, M.H., Yousaf, M.I. (2023). Morphometric, physiological
and biochemical charactrization of local and exotic maize hybrid under heat and water-stress stress conditions at post-
anthesis stage. Biol. Clin. Sci. Res. J., 2023: 548. doi: https://doi.org/10.54112/bcsrj.v2023i1.548]

4


https://doi.org/10.54112/bcsrj.v2023i1.548

Biol. Clin. Sci. Res. J., Volume, 2023: 548 Hussain et al., (2023)

— 45 — 3500
P v D
o 40 ~ 3000
E 35 E
= 2 2500
3.0 [¢)
€ S
E 25 € 2000
0 3
520 S 1500
o S
5§ 13 3 1000
g 10 S 500
g 05 et '
c ©
© 2 00
S o0
" § v © W O
7 2 SRR CICY
n % ‘ W Q
& X TE L
&
Maize Hybrids Maize Hybrids
W Control = Drought ®Heat & Heat+ Drought W Control @ Drought ®Heat & Heat+ Drought
12.0
E
— 100 .
2 =
~
£ 80 v
; (1)
o
e 6.0 £
o =
(8] (]
E 4.0 =>.
w <
% 2.0 8
o i)
% 0.0 5
NV A\ Q\ ‘)
= NI CRRA IR
PP F N W
NN TR R A
N\ NSRS

Maize Hybrids

H Control Drought B Heat & Heat+ Drought Maize Hybrids

H Control Drought ®Heat & Heat+ Drought

FIGURE 1 Effect of heat, water stress and their combined effects on (A) SPAD (B), Protein %, (C) Transpiration rate; Tr, (D) Stomatal conductance;
Ci, (E) Water Use Efficiency; WUE, (F) Chlorophyll a in ten maize hybrids.

Maize Hybrids . . .

1.8 G y 30.0 H Maize Hybrids
= = 250
L
- 1.6 :
o0 ao 20.0
o
£ 1.4 g
= , 2 15.0
= 1. <
z £ 100
g o
© 1.0 o
o v 5.0
S £

0.8 ©

2 o0
0.6 )
VAN QA > S O > X S X
KA AR I N R R R NEENERN
RS S O IR S
REJIKXI N Y Y
& SER
W Control & Drought B Heat & Heat + Drought W Control & Drought B Heat & Heat +Drought

[Citation: Hussain, S., Ghani, A., Khalid, M., Nayab, S.F., Hassan, I.U., Sattar, A., Kausar, S., Saleem, M., Asif, M., Akram, F.,
Imran, M., Ullah, R., Sarwar, M.I., Kamal, N., Khan, M.A., Sajjad, M.H., Yousaf, M.I. (2023). Morphometric, physiological
and biochemical charactrization of local and exotic maize hybrid under heat and water-stress stress conditions at post-
anthesis stage. Biol. Clin. Sci. Res. J., 2023: 548. doi: https://doi.org/10.54112/bcsrj.v2023i1.548]

5



https://doi.org/10.54112/bcsrj.v2023i1.548

Biol. Clin. Sci. Res. J., Volume, 2023: 548 Hussain et al., (2023)

— — 80.0
: £ 700
o F"b.o
5 50 £ 60.0
£ = 50.0
2 40 Y
) @ 40.0
2 30 5 300
s g
g 20 5 200
g 10 'Qg: 10.0
o [e]
5 0.0 S 0.0
> Q
T NI 3 R AN R
*\2\% *Q\,% a *\259 *\zf; @%@ & Q:;@b‘u& & & &
Maize Hybrids Maize Hybrids
mControl ®mDrought ®Heat & Heat+ Drought H Control @ Drought ®Heat & Heat+ Drought
12000.0
K
10000.0
@ 8000.0 -
- %%\ \ = I . ﬁ .Q w o ol
Q %% \\\ A 3 ] ke \‘\ \\ % “Q 3
'S R R B i B R 5 R )
: NENENENENE N NN \
S 4000 NN N X N 2 N \ N \
W D \ N\ \ \ \ \ \
N R N\ \ N \ \ N N\
N R N\ \ N \ \ N N\
N R N\ \ N \ \ N N\
20000 QVN N X 3 N X 3 N X
N R N\ \ N \ \ N N\
NENENENENYNERENENEN \
NhA L el a
0.0 = N N

YH-5482 YH-5427 YH-5407 YH-18980© P-1543 K-8441© FH-1046© JPL-1908  YH-5399 SB-9663
Maize Hybrids
H Control Drought Heat & Heat + Drought

FIGURE 2 | Effect of heat, water stress and their combined effects on (G) Chlorophyll 5 (H), Proline contents, (I) Hydrogen peroxide; H20z, (J)
Superoxide dismutase; SOD, and (K) Grain Yield; KY ha inn ten maize hybrids.

DA 50% pasos 100
DS 50%
PH
EH
EL

08

06

EW 04 EW 04
NK/E NK/E W | 0 7

ay 02 GY -G\ 0s0 00z 078 ss|urs 00| 0 |0s 02
TKW TKW w014 | 070 oo 072
SPAD o SPAD 050 | 009 | 021 | 079 | 001 | 0 |-000| 00 0

Ptotein %
Tr

Ci

WUE
Chla
Chib
Proline
H202
SOD

-02

Ptotein % || - -

02 Tr: ] I
S W N |

-0.4 WUE - WUE | -0.41 -0.4
Chla || ||

06 Chib - I-I v 06
Proline .

08 H202 --------I- ! o
L Il EE o -

S0D

S @ @ @i (¥ G DO I A O
S0 S0 o X e [ D O b A G20 ® P c—PoPQ CFE O St o $ 8
SOE° T VG O o 0\\\0 S R @ S FFS
‘?_“3% = &raqo‘gﬁ‘ e OQCI« KR Q\d\ <

[Citation: Hussain, S., Ghani, A., Khalid, M., Nayab, S.F., Hassan, I.U., Sattar, A., Kausar, S., Saleem, M., Asif, M., Akram, F.,
Imran, M., Ullah, R., Sarwar, M.I., Kamal, N., Khan, M.A., Sajjad, M.H., Yousaf, M.I. (2023). Morphometric, physiological
and biochemical charactrization of local and exotic maize hybrid under heat and water-stress stress conditions at post-
anthesis stage. Biol. Clin. Sci. Res. J., 2023: 548. doi: https://doi.org/10.54112/bcsrj.v2023i1.548]

6



https://doi.org/10.54112/bcsrj.v2023i1.548

Biol. Clin. Sci. Res. J., Volume, 2023: 548

Hussain et al., (2023)

DA 50% pason

DS 50%
PH

EH

EL

EW
NK/E
GY
TKW
SPAD
Ptotein %
Tr

Ci

WUE
Chla
Chlb
Proline
H202
SOD

:
+ bs soh
08
K
-“ 06
U E
Ew 04
wm | E : ‘ 02
mE m-
- s ™ 078 0
N B aE -
™ 082 | 0%0 | 04 02
-k -
aE = T
| B - | | RO
NS m-
T
EEEE EE o
"
oo
B

P Al Sl S e S S OB LI € R NI G )
S T LSS CRF QT YRR LPP
X Q e S

DA 50% [nacor
DS 50% o
PH 0 ool
EH e 06
EL a
EW . c 04
NK/E -
GY Bl ov 035 [oss | 010 070 om0 02
TKW D
SPAD || B o o o |00 o oms o 0
Ptotein % . .- . Bioton
Tr B B B - . aer |0 02
N ool =
WUE || woe 04
Chla B B
Chib | | ] |- BB 06
Proline .- . . - - -.rawm.= ™
H202 B BEUEEEE B B 08
soD [ - |- | | - | so0 _1
o Slo g X & &b Q O A& &2 0.2 O
ov-%i%"d’ < "&’é\é{.\ e,\.gi:;@; W 0‘2@0\{"0 P

FIGURE 3 Correlation coefficient graphs of recorded plant traits under (A) control (B) water stress (C) heat stress (D) heat + water-stress

In this cluster, all the hybrids of control treatment YH-5482-
Control, YH-5427-Control, YH-5407-Control, YH-1898©
-Control, P-1543-Control, NK-8441© -Control, FH-1046©
-Control, JPL-1908-Control, YH-5399-Control and SB-
9663-Control along with two hybrids from the heat stress
group i.e., YH-5427-Heat and YH-5399-Heat, depicting
that these two hybrids were most heat tolerant hybrids from
their group (Table 3).

The mean grain yield of cluster-1 was 8867.3 kg ha* and all
the others showed the highest values in this cluster except
proline (7.817 ug g* FW), hydrogen peroxide (2.092 umol
g FW) and superoxide dismutase (38.083 U mg* Pro)
(Table 2). Cluster Il consisted of eighteen (18) entries
including YH-5482-Water-stress, YH-5427-Water-stress,
YH-5407-Water-stress, YH-1898© -Water-stress, P-1543-
Water-stress, NK 8441© -Water-stress, FH-1046© -Water-
stress, JPL-1908-Water-stress, YH-5399-Water-stress, SB-
9663 Water-stress, YH-5482-Heat, YH-5407-Heat, YH-

1898© -Heat, P-1543-Heat, JPL-1908-Heat, SB 9663-Heat,
YH-5427-Heat + Water-stress and YH-5399-Heat + Water-
stress (Table 3). The mean grain yield of cluster-1l was
6896.5 kg ha! and this cluster had minimum mean values
for plant height (173.570 cm), ear height (82.237 cm) and
number of grains per ear (573.824) (Table 2). The last
cluster, cluster-11l comprised of NK-8441© -Heat, FH-
1046© -Heat, YH-5482-Heat + Water-stress, YH-5407-
Heat + Water-stress, YH-1898© -Heat + Water-stress, P-
1543-Heat + Water-stress, NK-8441© -Heat + Water-stress,
FH-1046© -Heat + Water-stress, JPL-1908-Heat + Water-
stress and SB-9663-Heat + Water-stress. The cluster is
characterized as the group of hybrids with the least
productivity with a grain yield 5177.1 kg ha® and three
biochemical traits showed the highest mean values
including proline (18.520 pg g* FW), hydrogen peroxide
(5.550 umol g* FW) and superoxide dismutase (58.700 U
mg* Pro) (Table 3).

Y

60000000
50000000 —+
40000000 +
30000000 +
>
k=
S
0 20000000 +
‘@
2
o 10000000 +
0 [ ] 1 [ .
a9 a
S0 000 OB OOOORBBVBARARALLLLIAIRALILIIRTELEIAAELA® AW
::::};bm::j;j;cuw(uwwcumgugmwmwwwmwwwwmwwmwwww
ccccccITccccITITITSsE87? bbb sssoTT sS55I 5T
8S888388~8888a PP P TN n PP P
QOO OUOOUOROOVUVUOUREEO ¢+ £ £ £ Y2 L LHLLLLgRLe s 3L Ly
o drnoms o N mog2II 00T BBITIIIBYoowIBBTIFTIINIS
%@ggg%@@g@gwggrurummgggmm@mmmmgq\mmmmu“lmmﬁm«—li
mgmmﬁmggﬁgmgﬂw§§§§+++§§|§§|§|;§_,—|9’;‘§|;‘§§§'§°—§‘§
r Y+ T a o S 4o o Ly + + + + 8 25+~ N o + on ~ =
oo 3 R T2_._.°28838 LA X QO o © = © © 0 o < © =)
> g > > e Z o " ® ® © < § m® O > & © n 53
= I I 300 0FTTTIH R I N 3 3g = X
i o < S 9 I n
= > I T T I . L+ T 4 I 4O T \ © L
TT T TTO0O0O0 I I I T 0 T = a3 I
RoA NS o R > > g v Tein ; >
SE A a ER T
R LS : ]
> >—V’IE§‘1 > >

J

FIGURE 3 | Dendrogram of different classes of wheat crosses under optimal and heat stress conditions.
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Table 2: Mean values of three classes from cluster analysis plant traits in ten maize hybrids under heat, water stress and
combined stresses

Traits/Class Class 1 Class 2 Class 3
Days to 50% anthesis (DT) 70.461 66.196 60.777
Days to 50% silking (DS) 73.489 69.122 64.110
Plant height (PH) 192.186 173.570 177.947
Ear height (EH) 90.983 82.237 86.967
Ear length (EL) 19.194 17.437 16.740
Ear width (EW) 47.282 45.397 44.390
Grains per ear (K/E) 631.084 573.824 603.328
Grain yield (KY) 8867.349 6896.518 5177.125
Thousand-grain weight (TGW) 317.117 286.287 253.093
SPAD 30.117 21.622 17.058
Protein % (Protein) 13.886 13.107 12.517
Transpiration rate (Tr) 3.067 2.794 2.390
Stomatal conductance (Ci) 261.750 206.167 173.300
Water use efficiency (WUE) 9.160 7.088 7.045
Chlorophyll a (Chl a) 2.534 2.385 2.225
Chlorophyll b (Chl b) 1.441 1.344 1.274
Proline contents (Proline) 7.817 14.200 18.520
Hydrogen peroxide (H202) 2.092 4.628 5.550
Superoxide dismutase (SOD) 38.083 53.611 58.700

Table 3: Cluster analysis-based classification of maize hybrids under four different stress treatments

Class

1

2

3

Objects

12
YH-5482-Control
YH-5427-Control
YH-5407-Control

YH-1898© -Control
P-1543-Control
NK-8441© -Control
FH-1046© -Control
JPL-1908-Control
YH-5399-Control
SB-9663-Control
YH-5427-Heat
YH-5399-Heat

18
YH-5482-Water-stress
YH-5427-Water-stress
YH-5407-Water-stress

YH-1898© -Water-stress
P-1543-Water-stress
NK-8441© -Water-stress
FH-1046© -Water-stress
JPL-1908-Water-stress
YH-5399-Water-stress
SB-9663-Water-stress
YH-5482-Heat
YH-5407-Heat
YH-1898© -Heat
P-1543-Heat
JPL-1908-Heat
SB-9663-Heat
YH-5427-Heat + Water-stress
YH-5399-Heat + Water-stress

10
NK-84410© -Heat
FH-1046© -Heat
YH-5482-Heat + Water-stress
YH-5407-Heat + Water-stress
YH-18980© -Heat + Water-stress
P-1543-Heat + Water-stress
NK-8441© -Heat + Water-stress
FH-1046© -Heat + Water-stress
JPL-1908-Heat + Water-stress
SB-9663-Heat + Water-stress
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Discussion

Heat and water-stress stresses, whether experienced
individually or in combination, have a significant impact on
maize productivity and sustainability. Maize is a crucial
staple crop globally, and its susceptibility to these stresses
has far-reaching consequences. When faced with high
temperatures, maize plants often exhibit reduced
photosynthesis rates and impaired pollen viability, leading
to decreased yields. Water-stress, on the other hand, limits
water availability for the plant, affecting growth and
development. When these stresses occur together, the
negative effects are compounded, resulting in even more
severe yield reductions. Furthermore, the sustainability of
maize cultivation is compromised by these stresses. Soil
degradation and increased vulnerability to pests and
diseases are common consequences, as stressed plants are
less able to defend themselves. To address these challenges,
sustainable agricultural practices such as precision
irrigation, crop rotation, and the development of heat and
water-stress-tolerant maize varieties are essential. These
efforts can help mitigate the impact of heat and water-stress
stresses, safeguarding maize productivity and ensuring the
long-term sustainability of this critical crop.

Even though maize is one of the most adaptable grain crops
in the world, it is highly susceptible to heat stress when it
comes to reproduction, especially in its initial blooming
phases. The purpose of the present investigation was to
assess the effects of heat and water-stress stress alone or in
combination with each other on commercial hybrids
produced locally and internationally, as well as to clarify the
significance of morpho-physiological and biochemical
traits—particularly photosynthesis-related traits, reactive
oxygen species and accumulation of enzymatic
antioxidants— when figuring out heat endurance. ANOVA
revealed the existence of very substantial differences
between the maize hybrid, illustrating their genetic potential
as well as productivity variations under control and three
stress conditions i.e., heat stress, water-stress stress and
combined heat + water-stress stress conditions. Comparable
outcomes were also described by Yousaf et al. (2017) and
Yousaf et al. (2022b), who revealed the existence of
substantial variations in maize hybrids under individual heat
and water-stress stress as well as their combined effects.
Correlation coefficient analysis was used to predict the
correlation of grain yield with plant morpho-physiological
and biochemical-related traits under different abiotic stress
conditions.

The results from correlation analysis showed a substantially
positive correlation of grain yield with chlorophyll a,
chlorophyll b, stomatal conductance, transpiration rate,
proline contents and hydrogen peroxide under control
conditions. However, under individual heat and water-stress
stress conditions, grain yield had a significant positive
correlation with chlorophyll a, chlorophyll b, stomatal
conductance, transpiration rate, proline contents and
superoxide dismutase while a considerably negative
correlation with hydrogen peroxide. Under combined heat +
water-stress stress conditions, grain yield was found to be
highly correlated with SPAD value, stomatal conductance,
transpiration rate, proline contents and superoxide

dismutase with a strong negative correlation with hydrogen
peroxide. Similar findings were reported by many scientists
that abiotic stresses, individual and/or combined had a very
strong correlation with grain yield with photosynthesis-
related traits like SPAD value, stomatal conductance,
transpiration rate, chlorophyll a, chlorophyll b and
superoxide dismutase (Ghani et al., 2020; Yousaf et al.,
2022a; Yousaf et al., 2022b; Rehman et al., 2022). In order
to ensure the transfer of stem reserves to sink and promote
optimal photosynthetic activity in maize during heat stress,
larger amounts of chlorophyll a and b must be produced
(Khajeh-Hosseini et al., 2016). More biomass is delivered
to the sink over the course of the silking process, and
eventually, a high yield is reached (Yousaf et al., 2017;
Shehzad et al., 2019).

Several investigators employed cluster analysis to identify
cultivars under different environmental scenarios such as
water and heat stress conditions and found it quite useful in
screening and classifying germplasm to run a successful
hybrid breeding program (Saeed et al., 2018; Bhatti et al.,
2020; Khalid et al., 2020). Ghani et al. (2023) evaluated and
categorized ten maize hybrids using cluster analysis,
demonstrating the effectiveness of cluster analysis grouped
into three clusters depending upon their productivity and
stress tolerance. In the current study, cluster analysis
grouped maize hybrids concerning their genetic diversity
under different water and heat stress conditions. In the
current study, cluster analysis categorizes maize hybrids
into three groups under control, heat, water-stress and their
combined stresses. The highest tolerance against abiotic
stresses was observed in the hybrids of group-A. Therefore,
to select hybrids with the highest tolerance and productivity,
hybrids present in group-A must be considered to run a
successful breeding program.

Stress-tolerant hybrids can produce higher yields in
challenging environmental conditions due to a combination
of key factors. First, their elevated photosynthetic rate
allows them to efficiently convert light energy into vital
carbohydrates, even in adverse conditions. This increased
efficiency stems from their higher concentrations of
chlorophyll a and b, pigments essential for absorbing and
utilizing light energy. These pigments enable these hybrids
to capture more sunlight and convert it into essential plant
energy.

Furthermore, stress-tolerant hybrids often exhibit the trait of
producing more grains per ear, especially in grain crops
(Sabagh etal., 2020). This characteristic directly contributes
to an enhanced overall yield, as more grains translate into
higher productivity per plant (Waqas et al., 2021). In regions
prone to stressors like water-stress or extreme temperatures,
this trait becomes particularly advantageous. Moreover,
these hybrids have developed a robust defence mechanism
against the damaging effects of environmental stressors
through the significant accumulation of enzymatic
antioxidants, particularly superoxide dismutase (SOD)
(Tiwari and Yadav, 2019). When exposed to stress, plant
cells may generate harmful reactive oxygen species (ROS),
causing oxidative stress and cellular damage (Riaz et al.,
2021). The presence of high levels of SOD and other
antioxidants allows stress-tolerant hybrids to neutralize
these ROS, preserving cellular integrity and function. This
protection ensures that they can continue with

[Citation: Hussain, S., Ghani, A., Khalid, M., Nayab, S.F., Hassan, I.U., Sattar, A., Kausar, S., Saleem, M., Asif, M., Akram, F.,
Imran, M., Ullah, R., Sarwar, M.I., Kamal, N., Khan, M.A., Sajjad, M.H., Yousaf, M.I. (2023). Morphometric, physiological
and biochemical charactrization of local and exotic maize hybrid under heat and water-stress stress conditions at post-
anthesis stage. Biol. Clin. Sci. Res. J., 2023: 548. doi: https://doi.org/10.54112/bcsrj.v2023i1.548]



https://doi.org/10.54112/bcsrj.v2023i1.548

Biol. Clin. Sci. Res. J., Volume, 2023: 548

Hussain et al., (2023)

photosynthesis and grain production even when other plants
might succumb to stress-related damage (Hussain et al.,
2019). Considering the performance of hybrids, three maize
hybrids YH-5427, YH-5482 and YH-5399 were the most
productive and stress-tolerant maize hybrids. As a result,
these traits might be utilized in selecting parents for
developing maize hybrids for harsh climatic conditions.
Similar findings were detected by Yousaf et al., (2018) and
Yousaf et al. (2022b), who reported that the hybrids
developed from the germplasm having stress-tolerant genes,
could show more stress tolerance from the hybrids
developed in temperate climates.

Conclusion

The current experimental study revealed the presence of
highly significant variations among maize hybrids for
morphometric, physiological, biochemical and quality-
related traits under control and stress conditions i.e., heat
stress, water-stress stress, hat + water-stress stress
combined. The correlation coefficient analysis showed a
strong correlation of grain yield with chlorophyll a,
chlorophyll b, stomatal conductance, transpiration rate,
proline contents and superoxide dismutase while a strong
negative correlation with hydrogen peroxide. Furthermore,
cluster analysis divided the maize hybrids into three clusters
based on their performance, diversity and stress tolerance
ability. The cluster analysis showed that locally developed
maize hybrids especially YH-5482, YH-5427 and YH-5399
had more heat and water-stress stress tolerance than the
commercially cultivated multinational maize hybrids under
the given circumstances.
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