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Abstract: The present study was undertaken to investigate the efficacy of proline and abscisic acid for
amelioration of water stress in two cultivars of Zea mays L. In order to determine the effects, abscisic acid
(100µmol and 50µmol) and proline (60mmol and 30mmol) were tested on cultivars Kaveri Super-KS 244 and
Dhanya of  maize which were moderately tolerant and susceptible, respectively, to water stress. Drought
induced membrane lipid peroxidation, enhanced ascorbate and proline content and increase in H O2 2

accumulation. Antioxidative enzymes peroxidase, ascorbate peroxidase catalase, glutathione reductase and
superoxide dismutase showed a greater enhancement in activity in KS 244 along with greater increase in
ascorbate, proline content during drought than in the susceptible cultivar which showed greater accumulation
of H O and enhanced lipid peroxidation along with greater electrolyte leakage. ABA and proline treatment2 2

revealed  pronounced  ameliorative effects during drought even in Dhanya the susceptible cultivar of maize.
The activity of antioxidative enzymes was pronounced in both the tested cultivars suggesting a better tolerance
mechanism in drought stress by amelioration. The treatment showed a reduction in membrane lipid peroxidation,
H O content and electrolyte leakage of both cultivars during drought especially in the susceptible cultivar. Best2 2

results were given by proline 30mM treatment which led to an increase in the activity of antioxidative enzymes
and improved the relative water content of the plant and showed better protective mechanisms. The results
suggest that foliar application of both ABA and proline treatment could ameliorate water stress in maize,
probably due to activation of protection mechanism.
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INTRODUCTION content, osmotic adjustment, water relations and

Plants are continuously exposed to various types of adverse conditions causes oxidative stress, which affects
biotic and abiotic stresses. Drought is considered as one plant growth due to the production of Reactive Oxygen
of the most important abiotic stresses which limit plant Species (ROS) such as superoxide radicals (.O ), singlet
growth and productivity. Maize production also is oxygen ( O ), hydroxyl radicals ( OH) and hydrogen
severely limited by drought [1]. It has been estimated that peroxide (H O ) [4]. To minimize the effects of oxidative
drought alone is responsible for 50% or more  reduction stress, plants have evolved a complex enzymatic  and
in average yield of maize worldwide  [2].  The responses non-enzymatic  antioxidant  system,  such as low-
of plants to water deficit are observed in forms of molecular mass antioxidants and ROS-scavenging
phenological responses, morphological changes, enzymes.   Drought-induced   overproduction  of  ROS
physiological alterations and biochemical adaptations, also causes lipid peroxidation of membranes which has
such as changes in plant structure, growth rate, tissue been considered an indicator of oxidative damage.
osmotic potential and antioxidant defenses [3]. It also Accumulation of osmolytes such as proline, helps
affects growth, yield, membrane integrity, pigment maintaining  cell  water status, sub-cellular structures and

photosynthetic activity. Exposure of plants to most
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protecting membranes and  proteins  from  the  denaturing with few modifications [10]. Plant material was washed,
effects  of  the  osmotic  stress [5]. Different parameters placed in tubes with 15ml of deionized water and
like RWC, proline, phenol, MDA content have been incubated for 2h at 25°C after which the electrical
considered as markers of stress [6]. conductivity was measured (L ). Samples were then

Exogenous application of potential osmoprotectants placed in boiling water at 100°C for 20 min and then the
such  as   proline   is   an   important   shotgun  approach final conductivity (L ) was measured after equilibration at
to  alleviate  adverse  effects  of  abiotic  stresses on 25°C. The EL was defined as follows: 
plants.  However, information about the effects of
exogenously applied proline in counteracting the adverse EL (%) = (L /L ) ×100
effects of water stress on crops is scanty [7]. ABA is a
plant stress hormone that is observed to accumulate Extraction and Estimation of Metabolites
under drought stress and mediates many stress Proline (mg/g tissue):  For  free  proline  estimation  fresh
responses. It is reported to gradually degrade upon leaf material was homogenized in 3% aqueous
removal of stress [8]. sulfosalicylic acid and filtered through Whatman’s No. 2

The present investigation was undertaken to filter paper. The reaction mixture was extracted with 4 ml
determine the effect of drought stress on antioxidative toluene and the chromophore containing toluene was
enzymes, antioxidants, lipid peroxidation and membrane aspirated, cooled to room temperature and absorbance
stability in two cultivars of maize and amelioration of was measured at 520 nm [11]. 
drought stress by pre-treatment with two chemicals- ABA
and Proline. Extraction and Assay of Enzyme Activities: Preparation of

MATERIALS AND METHODS control plants were ground to fine powder with a mortar

Plant Material: Two maize cultivars Kaveri Super (KS) sodium phosphate buffer, pH 7.5, containing 1% (w/v)
244 and Dhanya were used for the experiments. The seeds polyvinylpolypyrrolidone. The homogenate was then
were soaked overnight and surface sterilized with 0.1% centrifuged at 10,000 rpm for 20 min at 4°C. The
HgCl . Next day seeds were transferred to autoclaved supernatant was directly used as crude extract for enzyme2

petriplates in laminar air flow. The seeds were allowed to assays
germinate in the petriplates. Young seedlings were then
transferred in pots and were grown in a glass house at a Assay of Activities 
temperature range of 30-34 C, RH 65-70% and 16 h Peroxidase  (POX:  EC.  1.11.17):  Peroxidase  activity0

photoperiod. was assayed spectrophotometrically in UV VIS

Chemical Pre-Treatment: One month old plants in pot by  monitoring  the  oxidation of O-dianisidine in presence
culture were sprayed with ABA (50 µmol and 100µmol) of  H O    [12].   Specific   activity   was   expressed  mmol
and Proline (30mmol and 60mmol) mixed with 0.1% of 0-dianisidine oxidised mg protein  min .
Tween 80 solution in each treatment for 4 days, twice a
day after which drought was induced in both the cultivars Ascorbate Peroxidase (APOX: EC.1.11.1.11): Activity
by withholding water for 7 days along with well watered was assayed as decrease in absorbance by monitoring
controls. the oxidation of ascorbate at 290 nm [13] with some

Relative Water Content (%): Fresh leaves were weighed, oxidized mg protein  min .
placed in water for 20h to regain full turgor and then
weighed. The leaves were then dried in oven for 24h at Catalase (CAT: EC.1.11.1.6): Catalase activity was
80°C, dry weight taken and RWC calculated [9]. assayed by estimating the breakdown of H O  which was

Electrolyte Leakage (%): Electrolyte leakage was enzyme activity was expressed as µmol H O  degraded mg
measured following the method suggested by Lutts et al. protein  min .

1

2

1 2

enzyme extract: The leaves collected from treated and

and  pestle  under  liquid  nitrogen  in  cold  50  mmol

spectrophotometer (Model 118 SYSTRONICS) at 460 nm

2 2
1 1

modification. Enzyme activity was mmol ascorbate
1 1

2 2

measured at 240 nm in a spectrophotometer [14]. The
2 2

1 1
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Superoxide dismutase (SOD: EC 1.15.1.1): SOD activity Analysis of Data: All analyses were carried out in
was assayed by monitoring the inhibition of the
photochemical reduction of nitroblue tetrazolium (NBT).
The absorbance of samples was measured at 560nm and
1 unit of activity was defined as the amount of enzyme
required to inhibit 50% of the NBT reduction rate in the
controls containing no enzymes [15]. The enzyme activity
was expressed as EU mg protein .1

Glutathione reductase (GR: EC 1.6.4.2): Glutathione
reductase activity was determined by the oxidation of
NADPH at 340 nm [16]. Enzyme activity was expressed as
µmol NADPH oxidized mg protein  min .1 1

Protein Content: Protein contents in each case were
extracted from leaves of the test sample and estimated
using BSA as standard curve [17].

Lipid Peroxidation: Lipid peroxidation was measured as
MDA determined by the thiobarbituric acid (TBA)
reaction and quantified as µM  MDA/  g  tissue.  Cells
(0.25 g) were homogenized in 2 ml of 0.1% (w/v)
trichloroacetic acid (TCA). The homogenate was
centrifuged at 10,000 rpm for 10 min. To 0.5 ml of the
aliquot of the supernatant, 2ml of 20% TCA containing
0.5%  (w/v)  TBA  were added. The mixture was heated at
95 °C  for   30   min   and   then  quickly  cooled  on  ice.
The  absorbance  was  measured  at  532  nm  and  600.
The concentration of MDA was calculated using an
extinction coefficient of 155 mmol [18].1

Estimation  of  H O :  Hydrogen  peroxide  was  extracted2 2

by homogenizing 50 mg mature intermediate leaf tissue
with 3 ml of phosphate buffer (50 mmol, pH 6.5) and
centrifuging at 6,000 g for 25 min. For quantification, 3 ml
of extracted solution was mixed with 1 ml of 0.1% titanium
sulphate in 20% H SO  (w/v) and the mixture was then2 4

centrifuged at 6,000 g for 15 min. The intensity of the
yellow colour of the supernatant was measured at 410 nm.
Concentration of H O  was calculated as µM/g tissue FW2 2

using the extinction coefficient (0.28 µmol cm ) [19].1 1

Ascorbate: Leaf sample was crushed in 6% TCA and
ascorbate was estimated in the extract by adding 10%
Thiourea and 2ml of DNPH in the test sample and
absorbance measured at 530nm. The concentration of
ascorbate was calculated as mg/g tissue from a standard
curve plotted with known concentration of ascorbic acid
[20].

triplicate and data are expressed as mean ± standard error
(SE)  calculated  using  MS-Excel  spreadsheet. Student’s
t-test of significance was evaluated using KyPlot
(v2beta15) software.

RESULTS

Relative  Water  Content:   Withholding   of   water  in
pots for seven days containing two months old maize
plants  for  inducing  drought stress resulted in near
wilting  of  the  plants especially in case of Dhanya
cultivar.  There  was  a significant decrease in relative
water  content  of showed that Dhanya than in KS 244
after 7days of drought stress, indicating KS 244 to be a
much more tolerant cultivar than Dhanya. Foliar
application of ABA and proline improved the tolerance
level in both the cultivars especially enhancing the
tolerance  level  of  the susceptible   cultivar,   making  it
30  times  more  tolerant  than  when  subjected to
drought without any prior application of the chemicals.
The best results were seen in case of the plant treated
with 30mM of proline where RWC was 67.5% in the
susceptible cultivar after drought stress, whereas the
untreated plant under drought stress showed 34.23% of
RWC (Fig. 1).

Electrolyte  Leakage:  Electrolyte  leakage  was
determined for two cultivars after 7 day of drought stress
where KS 244 exhibited values less than the susceptible
cultivar Dhanya. But the plants treated with ABA and
proline treatment prior to stress exhibited values lesser
than the untreated plants subjected to drought stress
(Fig. 2).

Accumulation of Metabolites: Proline is considered to be
one  of  the  most  important  markers  of  drought  stress
and was seen to increase in the leaves of maize plant
during the stress condition. More accumulation of proline
was seen in the tolerant cultivar (KS 244) than in the
susceptible cultivar (Dhanya) after 7 days of drought
stress. Pre-treatment of both cultivars resulted in greater
accumulation of proline during drought and best results
were  seen  in  plants  treated with 30 mmol of proline.
Both the cultivars showed almost three fold increase in
the proline content in plants treated with 30 mmol of
proline than the untreated plant subjected to drought
stress (Fig. 3). 
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Fig. 1: Effects of drought stress on relative water content Fig. 3: Proline  content  of  two  cultivars and
of two cultivars of maize and ameliorative effect of ameliorative  effect  of ABA and PROLINE.
ABA and PROLINE. Results are expressed as Results are expressed as mean of three replicates.
mean of three replicates. Different letters indicate Different letters indicate significant differences in
significant differences in respect to control (P < respect to control (P < 0.01), ± = Standard Error.
0.01), ± = Standard Error. AB-Abscisic Acid, W- AB-Abscisic Acid, W-Water, DR-Drought, PR-
Water, DR-Drought, PR- Proline. Proline.

Fig. 2: Electrolyte leakage of two cultivars and Fig. 4: Effects of drought stress on ascorbate content of
ameliorative  effect  of  ABA and PROLINE. two cultivars and ameliorative effect of ABA and
Results are expressed as mean of three replicates. PROLINE. Results are expressed as mean of three
Different letters indicate significant differences in replicates. Different letters indicate significant
respect to control (P < 0.01), ± = Standard Error. differences in respect to control (P < 0.01), ± =
AB-Abscisic Acid, W-Water, DR-Drought, PR- Standard Error. AB-Abscisic Acid, W-Water, DR-
Proline. Drought, PR- Proline.

Ascorbate Content: Enhanced accumulation of ascorbate H 0  was  seen  to  accumulate  in  the  susceptible
was observed in the plants during drought stress. The cultivar  (18   µmol   g  FW  tissue )   during   drought
tolerant cultivar KS 244 showed maximum increase in than in the tolerant cultivar (8.22 µmol g FW tissue ).
ascorbate content during drought stress. Pre-treatment of Pre-treatment of both cultivars with ABA and proline
plants with ABA and proline further increased the revealed  a  decrease  in H 0   accumulation during
ascorbate content in both cultivars under progressive drought  in both  cultivars.  Though  there  was a
drought (Fig. 4). decrease in all the pre-treated plants, maximum decrease

Levels of H O  Accumulation: H O  accumulation of Dhanya the level of H 0  decreased from 18 to 8.74 in2 2 2 2

increased  in  both  the  cultivars  during  drought stress the 30mM treated plant which was highly significant
in  comparison  to  the  control.  Much  higher  level  of (Table 1).

2 2
1

1

2 2

was seen in plants treated with 30mM of proline. In case
2 2
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Table 1: Drought stress induced changes in H O  accumulation and lipid peroxidation pre-treatment of ABA and Proline in two cultivars of maize.2 2

H O  accumulation (µM/g tissue FW) Lipid peroxidation (µM MDA/ g tissue)2 2

----------------------------------------------------- --------------------------------------------------------------
Treatment KS 244 DHANYA KS 244  DHANYA

CONTROL 3.60±0.579 3.94±0.150 0.005±0.001 0.005±0.0003a a a a

ABA100 W 4.80±0.345 4.46±0.204 0.006±0.001 0.004±0.0003a a a a

ABA 50 W 4.98±0.863 5.48±0.591 0.007±0.0003 0.005±0.0003a a a a

PRO 60 W 3.60±0.303 4.46±0.207 0.007±0.0003 0.006±0.0003a a a a

PRO 30 W 4.46±0.207 4.80±0.350 0.005±0.0003 0.005±0.0003a a a a

DROUGHT 8.22±0.173 18.05±1.319 0.012±0.0003 0.031±0.0015b b b b

ABA 100 DR 6.52±0.199 14.22±0.318 0.009±0.0003 0.021±0.0016b b b b

ABA 50 DR 5.83±0.345 12.63±0.204 0.010±0.0001 0.018±0.0018a b b b

PRO 60 DR 5.48±0.595 10.12±0.956 0.006±0.0003 0.020±0.0018a b a b

PRO 30 DR 6.18±0.597 8.74±0.0981 0.009±0.0003 0.017±0.0003a b b b

Results are expressed as mean of three replicates. Superscript of different letters indicate significant differences in respect to control (P < 0.01) in each column.
±=Standard error. ABA-Abscisic Acid, W-Water, DR-Drought, PRO-Proline.

Table 2: Effects of drought stress on peroxidase, ascorbate peroxidise and catalase activity of two maize cultivars and ameliorative effect of ABA and Proline.

POX  APOX  CAT
---------------------------------------- ------------------------------------------- -----------------------------------------

Treatment KS 244 DHANYA KS 244 DHANYA KS 244 DHANYA

CONTROL 0.98±0.27 0.89±0.044 0.31±0.056 0.22±0.062 0.47±0.27 0.44±0.111a a a a a a

ABA100 W 0.93±0.011 0.81±0.055 0.21±0.006 0.22±0.036 0.42±0.106 0.44±0.110a a a a a a

ABA 50 W 0.92±0.044 0.67±0.019 0.22±0.011 0.22±0.062 0.44±0.111 0.44±0.111a a a a a a

PRO 60 W 0.94±0.016 0.82±0.024 0.32±0.062 0.27±0.044 0.32±0.162 0.54±0.137a a a a a a

PRO 30 W 0.80±0.077 0.89±0.031 0.35±0.043 0.030±0.049 0.47±0.117 0.45±0.260a a a a a a

DROUGHT 5.42±0.111 0.76±0.336 0.90±0.065 0.32±0.025 1.10±0.065 0.16±0.079b b b a a a

ABA 100 DR 6.60±0.199 3.19±0.039 0.99±0.124 0.70±0.022 1.24±0.060 0.56±0.070b b b b a a

ABA 50 DR 5.51±0.210 3.45±0.274 0.97±0.069 0.60±0.024 1.18±0.140 0.53±0.075b b b b a a

PRO 60 DR 7.45±0.07 4.09±0.301 0.94±0.067 0.70±0.022 1.07±0.067 0.56±0.070b b b b a a

PRO 30 DR 6.63±.224 4.44±0.127 1.07±0.063 0.75±0.022 1.26±0.063 0.55±0.068b b b b a a

Results are expressed as mean of three replicates. Superscript of different letters in each column indicate significant differences in respect to control (P < 0.01),
± = Standard  error.  Enzyme  activities  are  expressed  as POX: mmole 0-dianisidine mg protein  min , APOX: m mole ascorbate mg protein  min ,1 1 1 1

CAT: µmole H O  mg protein  min . ABA-Abscisic Acid, W-Water, DR-Drought, PRO- Proline. 2 2
1 1

Table 3: Effects of drought stress on superoxide dismutase and glutathione reductase activity of two maize cultivars and ameliorative effect of ABA and Proline.

SOD GR
---------------------------------------------------- -----------------------------------------------------------

Treatment KS 244 DHANYA KS 244 DHANYA

CONTROL 0.53±.019 0.53±0.020 0.35±0.051 0.32±0.062a a a a

ABA100 W 0.51±0.003 0.52±0.003 0.34±0.034 0.36±0.036a a a a

ABA 50 W 0.57±0.006 0.48±0.010 0.35±0.035 0.32±0.062a a a a

PRO 60 W 0.63±0.033 0.49±0.007 0.42±0.052 0.35±0.044a a a a

PRO 30 W 0.62±0.033 0.51±0.003 0.39±0.038 0.34±0.049a a a a

DROUGHT 0.43±0.006 0.37±0.003 0.47±0.042 0.33±0.025b b b b

ABA 100 DR 0.54±0.006 0.49±0.009 1.08±0.03 0.58±0.022a a b b

ABA 50 DR 0.52±0.006 0.43±0.006 1.18±0.060 0.68±0.024a a b b

PRO 60 DR 0.56±0.012 0.65±0.009 1.21±0.021 0.58±0.022a b b b

PRO 30 DR 0.57±0.017 0.54±0.003 0.83±0.220 0.62±0.022a a b b

Results are expressed as mean of three replicates. Superscript of different letters in each column indicate significant differences in respect to control (P < 0.01),
± = Standard Error. Enzyme activities is expressed as SOD: EU mg protein , GR:µmoles NADPH oxidized mg protein   min .  ABA-Abscisic  Acid,1 1 1

W-Water, DR-Drought, PRO- Proline.



World Appl. Sci. J., 34 (2): 174-181, 2016

179

Lipid Peroxidation: Maize plants under drought stress and proline led to a decrease in the electrolyte leakage,
exhibited membrane lipid peroxidation, measured as MDA with 30 mmol of proline being most effective among the
accumulation. Dhanya cultivars showed 5 times greater four treatments. Proline has been studied extensively by
increase in lipid peroxidation than KS 244 during drought many researchers all over the world. Along with its direct
stress. Amelioration with ABA and proline resulted in the protective role as an osmolyte, it also improves water
decrease of MDA content where again plants pre-treated relations under drought conditions. Many other
with 30 mmol of proline showed best results (Table 1). physiological roles have been assigned to proline,

Antioxidative Enzymes: Imposition of water stress excess reductant and a means of storing carbon and
showed marked changes in the activity of antioxidative nitrogen for use after relief of water deficit [23]. In our
enzyme like POX, APOX, CAT, SOD and GR. In the finding, proline is seen to increase in the plants during
tolerant KS 244 cultivar, drought stress led to an increase drought stress and the increase is much more in the
in the POX and CAT activity (Table 2) but in case of the tolerant cultivar KS 244 than in Dhanya, the susceptible
susceptible cultivar, drought stress led to a decrease in cultivar. Thus the increase in proline contents may be an
both the enzymatic activity. Plants treated with ABA and adaptive mechanism and increased proline content could
proline  showed  greater  increase  in  the  POX  and   CAT be either due to increased biosynthesis or decreased
activity in KS244 and also enhanced the activity in the breakdown. Similar to proline, accumulation of ascorbate
susceptible cultivar. APOX (Table 2) and GR (Table 3) was also comparatively higher during drought stress. The
activity increased in plants subjected to drought stress in tolerant cultivar exhibited more of these metabolites and
comparison to well watered control in both cultivars but antioxidant during drought stress and even greater in the
the increase was very much significant in KS 244 than in pre-treated plants indicating a better protection
Dhanya. Pre-treated plants showed further increase in the mechanism in the plant. In an earlier work, it was reported
activity in both cultivars in all the four treatment. SOD that the exposure of maize plants to 24 h osmotic stress
activity decreased in both the cultivars in drought stress increased sugar accumulation in all studied organs of
(Table 3), but plants pre-treated with ABA and proline both cultivars, the mesocotyl of drought-tolerant Nova
enhanced the SOD activity in both the cultivars. had however the highest sugar content. They further

DISCUSSION in tissues of both cultivars can be caused by high

The present study was conducted to assess the stabilisation [24]. ROS generated during drought stress
biochemical changes in maize during drought stress and increases the contents of malondialdehyde (MDA), which
to determine whether ABA and proline had ameliorative is considered as a suitable marker for membrane lipid
effects against drought. One of the early symptoms of peroxidation. In our study the MDA content increased in
water deficiency in plant tissues is the decrease of relative both the tolerant and susceptible cultivar during drought
water content. Drought stress led to a decrease in the stress, but greater MDA accumulation was seen in the
RWC of leaves in both the cultivars where the tolerant susceptible cultivar. Amelioration of the two cultivars by
cultivar KS 244 showed a lesser decrease than the ABA and proline led to a decrease in both the cultivars.
susceptible cultivar -Dhanya. This result was in Membrane lipid peroxidation can lead to the destruction
conformity to that of Bano et  al.  [21],  where  they of cellular integrity, cell dysfunction and ultimately
showed that the drought tolerant cultivars showed lower survival of plants. In an experiment performed by Anjum
decrease in the RWC than the susceptible cv. Punjab-96. et al. [25] MDA and electrolytic leakage content was
Exogenous application of ABA and proline led to an higher in ND-95 over DD-60 under drought stress
increase in the relative water content of both cultivar of conditions. Exogenous GB application significantly
maize than in non-treated plants subjected to drought decreased MDA and EL levels and led to drought
stress. Drought stress led to an increase in electrolyte amelioration.
leakage in both cultivars, much more in the susceptible In order to cope with potentially cytotoxic forms of
cultivar (Dhanya) than in the tolerant cultivar (KS 244). activated oxygen species, plants have evolved a battery
Quan et al. [22] also reported higher electrolyte leakage in of antioxidative enzyme, such as SOD, POX, APOX, GR
drought stressed maize (Zea mays L.) plants than in plants and CAT  as  well  antioxidants  such  as  ascorbic  acid,
grown under control conditions. Amelioration with ABA -tocopherol   and   carotenoids   which   function  as  an

including stabilization of macromolecules, a sink for

suggested that high levels of proline and soluble sugars

requirement for osmotic adjustment and membrane
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extremely efficient cooperative system [26]. In our study, 2. Wang, W., B. Vinocur and A. Altman, 2003. Plant
changes were obtained in activities of antioxidative
enzymes- POX, CAT, APOX, SOD and GR in the plants
subjected to drought stress. In the tolerant cultivar KS
244 there was an increase in the POX and CAT activity in
plants subjected to drought stress indicating initial
breakdown of H O  which acts as an ROS during drought2 2

stress whereas in the susceptible cultivar both POX and
CAT activity decreased during drought. GR and APOX
activity increased during stress in both cultivars but a
significant increase was seen in KS 244 than in Dhanya.
SOD activity was seen to decrease in both the cultivars
during drought stress. It seems apparent that SOD does
not play a significant role in scavenging of ROS in this
case. ABA treated plants in experiments performed by
Bano et al. [21] in wheat showed a significant increase in
POD activity under drought stress. Our results thus
suggest that ABA and proline treated plants exhibit
increased POX, CAT, APOX, SOD and GR activities,
indicating a more efficient quenching of ROS. Levels of
H 0  accumulation was seen to increase during drought2 2

stress in both KS 244 and Dhanya, but greater level of
H 0  was seen in Dhanya cultivar. This is probably due to2 2

the inability of scavenging enzymes POX and CAT to
breakdown H O in the susceptible cultivar. Amelioration2 2

by ABA and proline led to a decrease in H 0 level in both2 2

the cultivars. ABA was reported to significantly enhance
the antioxidant enzymes activity in maize seedlings
subjected to water stress [27]. 

Obtained data thus indicate water stress induced
oxidative injury, especially in drought-sensitive maize
plants, as evidenced by increases in lipid peroxidation,
H O  content and other ROS markers. Antioxidative2 2

mechanisms were more pronounced in one of the cultivars
which were more tolerant to drought. Foliar application of
ABA and proline was effective in ameliorating the adverse
effects of water stress in maize by enhancing defense
mechanisms.
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