
ISSN 1021-4437, Russian Journal of Plant Physiology, 2022, Vol. 69:54. © Pleiades Publishing, Ltd., 2022.

RESEARCH PAPERS
Stress Reactions of Maize Genotypes to Drought Stress 
at Different Phenophases and Recovery

B. Sarkara, *, **, S. K. Savitaa, Y. Varalaxmia, M. Vanajaa, N. Ravi Kumara, P. Sathisha,
N. Jyothi Lakshmia, M. Prabhakara, A. K. Shankera, S. K. Yadava, and M. Maheswaria

a ICAR-Central Research Institute for Dryland Agriculture, Santoshnagar, Hyderabad, Telangana, India
*e-mail: B.Sarkar@icar.gov.in

**e-mail: basudeb70@gmail.com
Received July 20, 2021; revised September 28, 2021; accepted October 25, 2021

Abstract—Maize (Zea mays L.) cultivated worldwide, is often exposed to various biotic and abiotic stresses
affecting productivity. We evaluated three maize genotypes, SNJ201126, Z10115 and HKI161 for morpho-
physiological, biochemical and anti-oxidative enzyme related traits under well watered control and drought
stress conditions. Plants were subjected to different intensity of drought stress inside rainout shelter. The gen-
otypes SNJ201126 and Z10115 maintained higher relative water content, chlorophyll, proline and canopy
temperature depression and higher activities of antioxidative enzymes such as superoxide dismutase, catalase,
guiacol peroxidase, and glutathione reductase as compared to HKI161 under stress conditions. All genotypes
showed a decreasing trend for these traits with the increasing severity of stresses. Stress recovery was better in
SNJ201126 and Z10115 when compared to HKI161. The variation in physiological and enzymatic activities
between genotypes was also reflected in their differences in yield and its attributes. The higher drought toler-
ance and recovery capability of SNJ201126 and Z10115 were associated with more effective maintenance of
leaf water status and efficient antioxidative systems to protect themselves from oxidative damage which is crit-
ical to withstand and survive the rapidly changing climate.
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INTRODUCTION
Drought is one of the major environmental stresses

affecting crop productivity and threatening food secu-
rity [1, 2]. Maize being one of the most widely culti-
vated crops under diverse agro-climatic conditions,
frequently gets expose to drought stress causing great
yield losses. The increased frequency and severity of
unpredictable extreme weather events will worsen the
situation further under the era of climate change [3].
Among cereals, maize is not only a resources intensive
crop, but also sensitive to drought stress specially at the
flowering stage [4] affecting productivity. Drought
stress at vegetative stage also affects growth by reduc-
ing active photosynthetic leaf area. The phenological
stages of maize are categorised as seedling (VE and
V1), vegetative (V2, V3…Vn), f lowering and fertiliza-
tion (VT, R0, and R1) and grain filling and maturity
(R2 to R6) [5]. Drought stress at different phenologi-
cal stages causes differential responses in terms of
reduction in dry matter content [6]. Drought stress
often leads to reduced growth rate, reduction in plant
height, stem elongation, foliar expansion and longer

anthesis-silking interval (ASI). This affects the trans-
location of photosynthates to sink resulting poor crop
yield by impacting both source and sink potentials [7].
Drought stress causes major distress affecting various
metabolic and physiological processes [8] and disrupts
plant’s photosynthetic capabilities. This disruption in
photosynthetic process can be due to stomatal and
non-stomatal attributes of plants under stress [9].
When plants are exposed to drought stress, stomatal
closure is the first defence reaction to protect it from
water loss. However, due to stomatal closure there is
decrease in stomatal conductance and transpiration,
affecting intake of CO2 and water which ultimately
results in decreased photosynthesis [10] and poor
conversion of source to sink. The prolonged stomatal
closure also leads to accumulation of reactive oxygen
species (ROS) and damaging photosynthetic appara-
tus [11]. The ROS family includes free radicles like
superoxide anion radical ( ), hydroxyl radical (OH–),
and non-radicles like singlet oxygen (1O2) and hydro-
gen peroxide (H2O2) that can cause severe injury to
membrane lipids and proteins that finally leads to cell
death [12]. Plants activates several protection mecha-
nisms to prevent itself from the damaging effect of
ROS. These are mostly osmotic adjustment related
traits that protect plant cells from damage caused by

Abbreviations: CAT—catalase; GPx—guaiacol peroxidase; GR—
glutathione reductase; gs—stomatal conductance; NDVI—nor-
malized difference vegetation index; SOD—superoxide dis-
mutase.
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stress [13]. Antioxidative enzymes also play a signifi-
cant role in the detoxification of reactive oxygen spe-
cies [14]. Accumulation of osmo-protectants like pro-
line and various sugars such as sucrose was found to be
effective in alleviating drought stress [15].

Drought stress during critical growth periods can
have yield penalty more than 50% depending upon
growth stage and severity of drought occurrence under
rain-fed conditions. In India, maize is mostly culti-
vated during rainy season under rain-fed condition in
diverse agro-climates at different parts of the coun-
try. Around 83% of maize area in India is cultivated
during rainy season, of which 70% is grown under
rain-fed condition with prevalence of many biotic
and abiotic stresses. The average productivity of rainfed
maize is much lower (~2700 kg/ha) than irrigated crops
(~4500 kg/ha) in India. The rainfed crop is further going
to be affected by increased frequency of unpredictable
extreme weather events under the era of climate change.
Crops often get exposed to intermittent drought stress at
different phenophases due to early withdrawal or
delayed onset of monsoon in different parts of the coun-
try. The effects of stress on plants depend on the inten-
sity, period, and growth stages [12, 16]. This make it
more challenging for crop breeder to develop varieties
having intrinsic tolerance to drought stress for different
phenophases and also has the potential for better recov-
ery when stress is relieved with better yielding ability.
Number of studies have been reported on maize crop’s
responses to drought stress mainly at anthesis silking
stage. However, limited information is available on
effect of drought stress simultaneously both at vegetative
and flowering stages and crop’s ability to recover once
the stress is relieved. Different genotypes might respond
differently depending on its genetic potential and the
severity of stress conditions. Thus, identification of
important phenological traits through precise pheno-
typing remains a major area of research. In this context,
the present study was undertaken to analyse the pheno-
typic expression in terms of various morpho-physiolog-
ical and biochemical parameters of maize genotypes
under drought stress at different phenophases of the
crop. This will help in identifying specific traits for stress
and recovery which can be used for screening of genetic
materials in crop improvement program.

MATERIALS AND METHODS
Plant material and stress treatments. An initial eval-

uation of 91 maize genotypes from different sources
viz., Directorate of Maize Research (DMR) (Present
Indian Institute of Maize Research, Ludhina, India),
National Bureau of Plant Genetic Resources
(NBPGR), RS, Hyderabad, and regional office of
CIMMYT, Hyderabad was done using various
morphophysiological traits and genetic diversity stud-
ies using SSR markers. Subsequently, 27 short listed
genotypes were further evaluated under control and
drought stress conditions to identify trait specific geno-
RUSSIAN JO
types for drought tolerance and susceptibility [17]. This
led to identification of SNJ201126 (from NBPGR),
Z10115 (from CIMMYT) as tolerant and HKI161
(from DMR) as susceptible to drought stress. In the
present investigation, these three genotypes were used
to have a deeper insight into the traits contributing tol-
erance to drought stress in a pot culture experiment.
The experiment was conducted following completely
randomized design of experiment (CRD), where each
pot was filled with soil and other nutrients for main-
taining homogeneity across pots with similar condi-
tions in rainout shelter at Hyderabad, India (17.20° N,
78.30° E, 505 m elevated from sea level). Each pot of
diameter 28 cm and depth 34 cm were filled with 14 kg
of sandy loamy soil and FYM in 3 : 1 proportion and
15 g N2, 0.33 g P2O5 and 9.1 g K2O were added to the
soil. Top dressing using 0.9 g N2 per pot was done at
five-leaf stage. The plants were allowed to grow nor-
mally without stress till 38 days after sowing (DAS)
(phenological stage V8). The treatments were well-
watered control, moderate stress for 5 days at vegeta-
tive stage at 38 days after sowing (38 DAS) and at f low-
ering stage (53 DAS) (phenological stage VT) and
severe stress for 8 days at f lowering stage (56 DAS)
(phenological stage R1) by withholding water. The
plants were recovered by watering and 48 hours after
relieving of stress recovery data was recorded from each
stress treatment. For each treatment there were three
replicates. The weekly average minimum and maxi-
mum temperature recorded during crop season ranged
from 11.2 to 31.3°C and the relative humidity varied
from 33 to 79.2%. Soil moisture content was estimated
using the gravimetric method by collecting soil samples
at 20 cm depth for each treatment. The soil moisture
percentage in control treatment varied from 17 to
20.74% whereas, in case of moderate stress at vegetative
and flowering stages it ranged from 7.28 to 11.10%,
while in case of severe stress at flowering it was 6%.

Physiological measurements and biochemical assays.
All physiological and biochemical parameters were
recorded in the fully expanded third leaf from the top.
Relative water content (RWC) was determined accord-
ing to Barrs and Weatherly [18]:

(1)

where FW—fresh leaf weight, TW—turgid leaf weight
after rehydration, DW—the dry leaf weight after oven
drying.

Chlorophyll content in the leaves was recorded
using SPAD chlorophyll meter (SPAD-502, Minolta).
The measurements were taken on both sides of the
midrib on the upper third part of the developed leaf.
Normalized difference vegetation index (NDVI) was
measured by GreenSeeker 505 (NTech Industries,
United States). This measures the reflected light on
the canopy of crops at 660 nm (red) to 770 nm (near-
infrared) bands. The measure of NDVI at a certain
point of the image at a particular phenophases of the

( ) ( ) ( )[ ]RWC % FW DW TW DW 100,= − − ×
URNAL OF PLANT PHYSIOLOGY  Vol. 69:54  2022



STRESS REACTIONS OF MAIZE GENOTYPES TO DROUGHT STRESS Page 3 of 10 54
crop is equal to the difference in the intensities of
reflected light in the red and infrared range divided by
the sum of these intensities. It is a measure of the state
of plant health based on how the plant reflects light at
certain frequencies. When the plant becomes dehy-
drated by drought stress, leaves absorbs more of the
near-infrared light, rather than reflecting it, giving
lower values. A handheld infrared thermometer (Crop
TRAK, Spectrum Technologies) was used to measure
canopy temperature between 11.30 am to 12.30 pm.
The canopy temperature depression (CTD) was cal-
culated:

(2)

Net photosynthesis (Anet), stomatal conductance (gs),
transpiration rate (TR) and leaf temperature (LT) were
measured using LI-COR-6400 system (LICOR
Nebraska, United States).

Lipid peroxidation and proline estimation. Lipid
peroxidation was measured in terms of malondialde-
hyde (MDA) content following the method described
by Heath and Packer [19] and expressed as μmol/g FW.
To measure MDA 1 g of leaf tissue was grounded in
2 mL of TBA and centrifuged at 10000 g for 10 min at
4°C. 2 mL of supernatant and 0.5% TBA were added
to 20% trichloroacetic acid solution. The reaction
mixture was incubated in hot water bath for 30 min.
The mixture was allowed to cool for 5 min. The absor-
bance was read at 532 and 600 nm to measure the
MDA content.

Proline content was estimated following the
method of Bates et al. [20]. One gram of fresh leaf tis-
sue was homogenized in 3% aqueous sulphosalicylic
acid and centrifuged at 10000 g for 10 min. Acid-nin-
hydrin solution (1.25 g ninhydrin in 30 mL glacial ace-
tic acid) was added and was heated at 90°C for 1 h.
Terminated the reaction by placing the tube in ice
bath. It was allowed to cool and then extracted with
4 mL of toluene by vortexing for 1 min. The absor-
bance was read at 520 nm, using toluene as a blank and
expressed as μg proline/g fresh weight.

Antioxidative enzymes. Activities of antioxidative
enzymes viz., superoxide dismutase (SOD), catalase
(CAT), guiacol peroxidase (GPx), and glutathione
reductase (GR) were recorded for all genotypes under
different treatments. Superoxide dismutase activity
was assayed according to Dhindsa et al. [21] and
expressed as unit/(min/g fresh leaf weight). The fresh
leaves were grounded in potassium phosphate buffer
containing EDTA and 2% polyvinylpyrrolidone (PVP).
The sample was centrifuged at 10000 g for 20 min and
the supernatant was analysed for enzyme activities.
Superoxide dismutase was assayed by monitoring the
inhibition of photochemical reduction of nitroblue
tetrazolium (NBT).

Catalase activity was determined according to Clai-
borne [22] and expressed as μmoles of H2O2 decom-

CTD( C) Ambient temperature( C)
Canopy temperature( C).

° = °
− °
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posed per min/g fresh weight. Catalase catalyzes the
decomposition of H2O2 to give H2O and O2. Catalase
activity was measured by the decomposition of H2O2
or the liberation of O2. The decomposition of H2O2
can be followed directly by the decrease in extinction
per unit time at 240 nm. The difference in extinction
per unit time is a measure of catalase activity. The
reaction mixture consisted of 0.1 M phosphate buffer,
0.059 M hydrogen peroxide, 100 μL enzyme extract
and distilled water to final volume of 3 mL. The rate of
decomposition of H2O2 was followed by decrease in
absorbance at 240 nm at regular intervals of 30 s over a
period of 3 min in a spectrometer. One unit is defined as
the amount of enzyme that decomposes 1 μmol of H2O2
per min at 25°C and pH 7 under defined condition.

Guaiacol peroxidase activity was assayed according
to Chance and Machly [23]. Peroxidases catalyze the
dehydrogenation of a large number of organic com-
pounds such as phenols, aromatic amines, hydroqui-
nones and in particular o-cresol, pyrogallol, guaiacol
etc. Activity of peroxidase was determined by the
decrease of H2O2 or the hydrogen donor or the forma-
tion of oxidized compound. One mole of H2O2 oxidizes
one mole of guaiacol. Hence, the resulting end product
is called guaiacol dehydrogenation product (GDHP) of
which rate of formation is the measure of the peroxidase
activity and can be determined spectrophotometrically
at 470 nm. The reaction mixture comprising of 300 μL
phosphate buffer, 1.74 mL guaiacol solution, 20 μL
enzyme sample, 720 μL H2O2 and distilled water to a
final volume of 3 mL. The activity was determined by
the increase in absorbance at 470 nm at 30 second inter-
val for 3 min in a spectrometer. One unit is the amount
of enzyme which catalyses the conversion of 1 μmol of
H2O2 per min/g fresh weight.

Glutathione reductase activity was assayed accord-
ing to Smith et al. [24]. Glutathione reductase cata-
lyzes the reduction of glutathione disulphide (GSSG)
involving the oxidation of NADPH. GR activity was
determined by measuring the oxidation of NADPH at
412 nm in a reaction mixture containing 1 mL phos-
phate buffer, 0.5 mL of DTNB, 1 mL of NADPH,
0.1 mL oxidized glutathione (GSSG) and 0.1 mL
enzyme extract. The increase in absorbance was
recorded at 412 nm at regular intervals of 30 s over a
period of 3 min. One unit will cause the oxidation of
1 μmol of NADPH per min/g fresh weight.

Yield and yield components. Plant height and cob
height were recorded at the maturity stage. Seed yield
and its components viz., cob weight, total biomass and
hundred seed weight were recorded for all treatments.

Statistical analysis. Data were subjected to statis-
tical analysis following completely randomized
design (CRD) with three replications using SAS soft-
ware ver. 9.3. MS Office Excel software was used to
draw figures with mean ± standard error.
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Fig. 1. Effect of water deficit stress levels on physiological traits in three maize genotypes. (a) Relative water content (RWC);
(b) SPAD chlorophyll meter reading (SCMR); (c) normalised difference vegetation index (NDVI); (d) canopy temperature depres-
sion (CTD); (e) photosynthetic rate (Anet); (f) transpiration (TR); (g) stomatal conductance (gs); (h) leaf temperature (LT). Capped
bars above means represent ± SE of three replicates. The number above bar denote the significant differences among treatment
within a maize genotype at P ≤ 0.05, where same number means non-significant and different number mean they are significant
from each other. WW_Veg—well watered at vegetative stage; MS_Veg—moderate stress at vegetative stage (5 DOS);
RC_MS_Veg—recovery from moderate stress at vegetative stage; WW_ASI– well watered at ASI stage; MS_ASI– moderate
stress at ASI stage (5 DOS); RC_MS_ASI—recovery from moderate stress at ASI stage; SS_ASI—severe stress at ASI stage
(8 DOS); RC_SS_ASI—recovery from severe stress at ASI stage; DOS—days of stress.
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RESULTS

Physiological Responses to Drought Stress 
in Maize Genotypes

Under drought stress, RWC decreased in all gen-
otypes as compared to their well-watered controls
(Fig. 1a). However, the percent reduction in geno-
RUSSIAN JO
types SNJ201126 (16.05, 18.26, 24.13%) and Z10115
(14.02, 14.43, 18.13%) was lower compared to HKI161
(18.53, 24.15, 42.99%) under moderate stress at vege-
tative, f lowering stages and severe stress at f lowering
stage respectively. The genotypes SNJ201126 and
Z10115 also recovered near to its normal conditions,
48 h after re-watering, however, the genotype HKI161
URNAL OF PLANT PHYSIOLOGY  Vol. 69:54  2022
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Fig. 2. Effect of water deficit stress levels on biochemical assay in three maize genotypes. (a) Malondialdehyde (MDA) content; (b) Pro-
line. Capped bars above means represent ± SE of three replicates. The number above bars denote the significant differences among
treatment within a maize genotypes at P ≤ 0.05, where same number means non-significant and different number mean they are signif-
icant from each other. WW_Veg—well watered at vegetative stage; MS_Veg—moderate stress at vegetative stage (5 DOS);
RC_MS_Veg—recovery from moderate stress at vegetative stage; WW_ASI– well watered at ASI stage; MS_ASI–moderate stress at
ASI stage (5 DOS); RC_MS_ASI—recovery from moderate stress at ASI stage; SS_ASI—severe stress at ASI stage (8 DOS);
RC_SS_ASI—recovery from severe stress at ASI stage; DOS—days of stress. 
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did not recover on re-watering from severe stress at
the f lowering stage. There was an increase in chloro-
phyll content in all the genotypes under moderate
stress at the vegetative stage (Fig. 1b). The chloro-
phyll content of SNJ201126 (43.23) and Z10115
(48.33) was higher under moderate stress at the f low-
ering stage in comparison with respective control
condition and also compared to HKI161 (36.10).
However, under severe stress at the f lowering stage, a
significant reduction in chlorophyll content was
observed in all the genotypes. Under MS at vegetative
stage the genotype Z10115 recovered, SNJ201126 to a
moderate level while HKI161 did not recover. In case
of moderate stress at f lowering stage both SNJ201126
and Z10115 recovered but not HKI161. Under severe
stress at f lowering stage none of the genotypes could
recover. The decrease in chlorophyll content values
during severe stress might be due to chlorophyll deg-
radation.

Under stress conditions, the NDVI values
recorded for genotypes ranged 0.45–0.71 indicating a
decline in photosynthetically active leaf area (Fig.
1c). Tolerant genotypes recorded higher NDVI val-
ues at moderate stress at both phenological stages in
comparison with susceptible genotype HKI161.
While in case of severe stress a decrease in NDVI was
observed in all the genotypes. Tolerant genotypes
were also able to recover after 48 h of re-watering
from moderate stress at both stages, but during severe
stress at the f lowering stage, only Z10115 exhibited
better recovery.

Canopy temperature depression has emerged as a
potential surrogate trait for drought screening in crop
plants. In the present investigation, the maize geno-
type Z10115 recorded high CTD value during moder-
ate stress at the vegetative stage, while during severe
RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 69
stress SNJ201126 showed high CTD as compare to
other genotypes. The genotypes Z10115 and
SNJ201126 were able to maintain a cooler canopy
during moderate stress at vegetative and severe stress at
the f lowering stage respectively (Fig. 1d). Whereas,
HKI161 showed lower CTD value in all stress condi-
tions and at both stages in comparison with control
condition. All genotypes showed more than 80%
recovery after 48 hr of re-watering. The physiological
process of photosynthesis is very sensitive to stress. In
the present study also photosynthesis and its related
traits stomatal conductance and transpiration showed
a decreasing trend both at vegetative and flowering
stages in all genotypes (Figs. 1e–1h). The restoration
of photosynthesis after recovery was also similar in all
the genotypes. In general, there was an increase in the
leaf temperature under stress in all the genotypes, at all
stages and severity of stress. Except under moderate
stress at vegetative stage in genotypes HKI161 and
SNJ201126 the leaf temperature was in par with con-
trol after recovery.

Lipid Peroxidation and Proline Accumulation
under Drought Stress

The extent of lipid peroxidation measured in terms
of malondialdehyde content, was higher in HKI161
(59.36, 32.03, 46.37%) under moderate stress at the
vegetative stage, moderate and severe stress at f lower-
ing stages, respectively (Fig. 2a). The MDA content
also increased in stress condition as compared to con-
trol in SNJ201126 and Z10115 in vegetative stage
although it was relatively less as compared to HKI161.
There was higher accumulation of proline in all the
genotypes under moderate stress at vegetative and
flowering stages (Fig. 2b). Among these genotypes,
SNJ201126 recorded a higher accumulation of proline
:54  2022
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Fig. 3. Effect of water deficit stress levels on accumulation of (a) super oxide dismutase (SOD), (b) catalase (CAT), (c) glutathione
reductase (GR), (d) guaiacol peroxidase (GPx) in three maize genotypes. Capped bars above means represent ± SE of three rep-
licates. The number above bars denote the significant differences among treatment within a maize genotypes at P ≤ 0.05, where
same number means non-significant and different number mean they are significant from each other. WW_Veg—well watered at
vegetative stage; MS_Veg—moderate stress at vegetative stage (5 DOS); RC_MS_Veg—recovery from moderate stress at vegeta-
tive stage; WW_ASI– well watered at ASI stage; MS_ASI– moderate stress at ASI stage (5 DOS); RC_MS_ASI—recovery from
moderate stress at ASI stage; SS_ASI—severe stress at ASI stage (8 DOS); RC_SS_ASI—recovery from severe stress at ASI stage;
DOS—days of stress. 
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under stress at vegetative (15.97%) and flowering
(17.19%) stages. Similarly, Z10115 showed higher con-
tent in moderate stress (19.41%) at the f lowering stage.
During recovery, the proline were mostly at par with
control in all genotypes.

Antioxidative Activities under Drought Stress

Under drought stress there was accumulation of
various antioxidative enzymes in all the genotypes.
The percent increase in accumulation of the enzyme
SOD was higher in the genotypes SNJ201126 (105.02,
50.72, 56.66%) and Z10115 (57.73, 51.91, 35.01%) as
compared to HKI161 (36.19, 28.43, 27.98%) during
moderate stress at vegetative and flowering stages and
severe stress at f lowering respectively (Fig. 3a). The
SOD at recovery was similar to control in Z10115 at all
stages. The enzyme CAT showed increased activity in
SNJ201126 and Z10115 as compared HKI161 under
moderate stress at vegetative and flowering stages
respectively (Fig. 3b). However, among tolerant geno-
types, under severe stress at f lowering stage the accu-
mulation of CAT was higher in SNJ201126 as com-
pared to Z10115. Glutathione reductase activity showed
considerable variation in all genotypes at both stages
RUSSIAN JO
and at different drought stress treatments (Fig. 3c).
However, under severe stress the activity of glutathi-
one reductase recorded no change or marginally
increase in tolerant genotypes (Fig. 3c). The percent
increase in the activity of guiacol peroxidase was
higher in SNJ201126 (62.76, 69.41, 41.69%) and
Z10115 (38.41, 63.55, 68.88%) under moderate stress
at vegetative and flowering stages and severe stress at
f lowering stage respectively, than HKI161 (10.07,
9.98, 10.19%) (Fig. 3d). Drought tolerant genotypes
showed better recovery under all stress conditions and
at both the stages.

Yield Parameters under Drought Stress

Among yield attributes drought stress resulted in
reduced plant and cob height in all genotypes and
treatments conditions. The cob weight, total biomass,
seed yield per plant and hundred seed weight were also
reduced under drought stress when compared to well-
watered controls in all the genotypes (Table 1). Among
the genotypes the percent reduction in total biomass
under moderate stress at vegetative stage was less in
SNJ201126 (7.9%) compared to Z10115 (26.5%) and
HKI161 (26.5%) and under moderate stress at f lower-
URNAL OF PLANT PHYSIOLOGY  Vol. 69:54  2022
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Table 1. Seed yield and yield-related parameters under different water-deficit stress conditions at vegetative and flowering
stages of maize genotypes

WW_Veg—well watered at vegetative stage; MS_Veg—moderate stress at vegetative stage (5 DOS); WW_ASI—well watered at ASI
stage; MS_ASI—moderate stress at ASI stage (5 DOS); SS_ASI—severe stress at ASI stage (8 DOS); ASI—anthesis-silking interval,
DOS—days of stress. Values followed by the lower-case letters for seed yield for a maize genotypes differ significantly at P < 0.05.

Genotypes Treatments Plant 
height, cm

Cob 
height, cm

Cob
weight, g

Hundred seed 
weight, g

Total 
biomass, g

Seed 
yield, g

HKI161

WW_Veg 174.66 93.33 86.65 28.90 175.66 62.08a

MS_Veg 134.00 68.33 64.86 18.64 129.00 36.70g

WW_ASI 172.66 91.33 88.89 32.23 193.66 53.13d

MS_ASI 154.33 81.66 61.00 16.85 116.00 33.66h

SS_ASI 143.33 65.66 41.00 14.45 116.00 21.33j

SNJ201126

WW_Veg 194.66 75.66 69.33 30.36 147.33 55.66cd

MS_Veg 153.00 58.66 56.00 31.66 135.66 37.66g

WW_ASI 179.66 83.00 69.33 34.66 159.00 58.33bc

MS_ASI 143.00 56.33 52.66 31.66 129.00 35.00gh

SS_ASI 117.00 44.66 47.00 18.52 94.47 28.52i

Z10115

WW_Veg 170.33 89.00 79.19 32.80 200.00 58.87b

MS_Veg 125.66 70.00 68.10 33.19 146.85 49.51e

WW_ASI 171.53 86.33 79.74 33.67 199.33 60.19ab

MS_ASI 129.33 76.66 64.71 27.81 170.66 43.66f

SS_ASI 126.66 67.00 53.47 17.88 116.33 37.70g

Mean 152.65 73.84 65.46 26.88 148.59 44.80
CV 3.15 3.80 4.32 13.07 6.03 3.99
SE 2.77 1.62 1.63 2.02 5.18 1.03
CD (5%) 3.60 2.10 2.11 2.62 6.71 1.33
ing stage the percent reduction in SNJ201126 (18.8%)
and Z10115 (14.3%), was comparatively less than the
HKI161 (40.1%). While under severe stress the percent
decrease was similar in all the genotypes (40.0–
41.6%). Similarly, in case of grain yield the percent
reduction was less in SNJ201126 (32.3%) and Z10115
(15.9%), as compared to HKI161 (40.9%) when plants
were exposed to moderate stress at vegetative stage.
While, under moderate and severe stress at f lowering
stage Z10115 (27.5 and 37.4%) had less reduction when
compared to SNJ201126 (40.0 and 51.1%) and HKI161
(36.6 and 59.9%) respectively. Plant height, cob height,
cob weight was affected both under moderate and
severe stress condition in all phenopahes of the crop,
while hundred seed weight was marginally better in
SNJ201126 and Z10115 as compared to HKI161 under
moderate stress but was equally affected under severe
stress in all genotypes. Although tolerant genotypes
were able cope with moderate level of stress but had an
adverse impact on yield attributes when stress intensity
exceeds the threshold level tolerance.

DISCUSSION

Drought is the major abiotic stress, limiting maize
production. Exposure to different intensity and dura-
tion of drought stress inhibits crop growth and leads to
RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 69
yield losses. Maize crops often get exposed to drought
stress during vegetative and f lowering stages which are
the most critical stages for rainfed crops in India.
Understanding drought-induced changes will help in
developing strategy to reduce yield losses under stress
conditions [25]. The results of our study revealed that
drought stress had a negative impact on physiological,
biochemical parameters and yield in all the genotypes.
However, among three genotypes tested, HKI161 was
more affected than SNJ201126 and Z10115 indicating
differences in genetic potential for tolerance to
drought stress between genotypes.

Under drought stress conditions, all three geno-
types, showed a reduction in RWC both at moderate
and severe stress at vegetative and flowering stages.
However, the reduction in RWC was relatively higher
in HKI161 as compared to SNJ201126 and Z10115. Rel-
ative water content can be used as an indicator of leaf
water status [18] in plants. The ability of SNJ201126 and
Z10115 to maintain higher water content is an indica-
tor of it being drought tolerant, which also had better
recovery rate when stress was relieved. The handheld
non-destructive methods of indirectly measuring
chlorophyll content by SPAD meter and NDVI by
Green Seeker 505 is being utilized as a very good indi-
cator for drought stress tolerance in crops. The toler-
ant genotypes maintained high chlorophyll content
:54  2022
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under moderate stress at vegetative and flowering
stages as compared to the susceptible genotype. How-
ever, all genotypes showed a reduction in chlorophyll
content during severe stress which might be due to chlo-
rophyll degradation. The findings were in agreement
with similar findings in maize [26] and rice [27].
SNJ201126 and Z10115 recorded higher NDVI at
moderate stress at both phenological stages in com-
parison with HKI161. Both SNJ201126 and Z10115
were able to recover after 48 h of re-watering from
moderate stress at both stages, but during severe stress
at the f lowering stage a decrease in NDVI was
observed in all the genotypes and only Z10115 showed
relatively better recovery. A high NDVI value indicates
high photosynthetically active leaf area [28]. The
NDVI value was used to measure chlorophyll content
at canopy level and was found to be closely correlated
with the nitrogen content of the leaves [29]. Canopy
temperature depression has emerged as another
potential surrogate trait for drought screening in crop
plants [30]. In the present investigation, Z10115
recorded high CTD value during moderate stress at
the vegetative stage, while during severe stress
SNJ201126 showed high CTD as compare to others.
Our results indicated that Z10115 and SNJ201126 were
able to maintain a cooler canopy during moderate
stress at vegetative and severe stress at the f lowering
stage respectively. The higher CTD values in the toler-
ant genotypes maybe due to its ability to extract the
available water in the soil to avoid excessive dehydra-
tion and ability to transpire to maintain cooler canopy
temperatures for plants to be at a metabolically active
state [31].

As a first line of defense, plants tend to close sto-
mata when exposed to drought stress to minimize
water loss through transpiration. However, increasing
water stress for a longer period leads to a decrease in
stomatal conductance and transpiration resulting in an
increase in leaf temperature. High temperatures result
in reduced activity of photosynthetic enzymes affect-
ing carbon fixation and ultimately photosynthesis. In
the present study, photosynthesis and its related traits
were affected both at vegetative and flowering stages in
all the maize genotypes. The decrease in stomatal con-
ductance, photosynthesis and increased transpiration
and leaf temperature under drought stress had also
been reported earlier [32]. Reduced transpiration rate
under drought stress can prevent lethal impact on
plant metabolic activity, thus help in recovering when
stress is relieved. The restoration of photosynthesis
after recovery was also similar in all the genotypes.

Lipid peroxidation in terms of MDA levels has been
used as a stress indicator [33]. The genotype HKI161
showed increased MDA content with an increase in the
severity of water stress both at vegetative and flowering
stages whereas, relatively less changes were observed at
both stages in tolerant genotypes. This indicates that
SNJ201126 and Z10115 suffered less stress induced
damages caused by the ROS under stress. Proline plays
RUSSIAN JO
a critical role as an antioxidant, osmolyte and the stabi-
lizer of cellular macromolecules and structural compo-
nents of cell walls [34]. In our study, we found that
SNJ201126 and Z10115 accumulated comparatively
higher proline than HKI161 at all growth stages. The
role of proline in imparting drought tolerance was also
reported in rice and maize [35, 36].

The intracellular reactive oxygen species (ROS) are
usually produced at a low level in organelles under
favourable growth conditions. But, when plants are
exposed to stresses, it triggers the overproduction of
ROS, including H2O2, superoxide radical (O2),
hydroxyl radical (OH–), and harmful by-products of
basic cellular metabolism. Over production of ROS
under stress conditions is toxic to proteins, lipids, and
nucleic acid causing cell death [37] while, overproduc-
tion of ROS act as an inducer for stress signalling path-
ways [38]. As a result, plants evolve mechanisms of
efficient antioxidative systems to protect themselves
from oxidative damage by modulation of ROS levels in
stress conditions. Such ROS-scavenging enzymes of
plants include SOD, CAT, GPx and GR which works
to detoxify ROS. The SOD helps in converting  into
H2O2 while, CAT and GPx then detoxify H2O2 [39]
Accumulation of antioxidative enzymes was observed
in all three genotypes under water stress conditions.
The SOD activity was higher in SNJ201126 and
Z10115 as compared to HKI161 under moderate and
severe stress at vegetative and flowering stages. The
CAT activity also showed considerable variation
among genotypes under control and stress conditions.
Moderate stress at both stages resulted in significant
increase in CAT activity in SNJ201126 and Z10115 as
compared to HKI161. Whereas, during severe stress at
f lowering stage, SNJ201126 recorded higher activity,
while it remained unchanged in Z10115, indicating its
efficiency in scavenging the production of photorespi-
ratory H2O2. Our results were in agreement with previ-
ous studies carried out in maize [33] and in rice [35].
The high CAT activity in the tolerant genotypes during
drought conditions might indicate its greater contribu-
tion to the decomposition of H2O2. Glutathione
reductase activity showed a 4-fold increase in Z10115
during moderate stress at the vegetative stage, while a
3.75-fold increase was observed in SNJ201126 during
moderate stress at the f lowering stage. In a similar
study, maize cultivars differing in drought tolerance
has shown a two-fold increase in GR activity in the
tolerant cultivar [33, 39]. Guiacol peroxidase plays an
important role in reducing H2O2 accumulation and
remove MDA [35]. In our study, moderate and severe
drought stress increased the activity of GPx at vegeta-
tive and flowering stages of tolerant genotype. While,
the GPx activity was low in HKI161 during moderate
stress at both stages. Similar findings were also
reported in rice [35, 40]. The ability of tolerant geno-
types to maintain higher leaf water content, higher
chlorophyll content, higher levels of antioxidative

2O−
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enzymes was reflected in higher total biomass and seed
yield. It can also be inferred that when the stress levels
increases beyond the threshold level it causes a serious
impact on physiological processes and yield in all the
genotypes. In conclusion, phenotyping of maize gen-
otypes for morpho-physiological, biochemical and
anti-oxidative enzymes related parameters under differ-
ent levels of drought stress and recovery at vegetative
and flowering stages revealed varied responses of toler-
ant and susceptible genotypes and helped in under-
standing the mechanism of stress tolerance. Tolerant
genotypes maintained higher RWC, yield and antioxi-
dative capacity as compared to susceptible one under
stress condition. These findings will help in using traits
specific responses to phenological stages in screening
genetic materials for crop improvement program.
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