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Introduction

Drought stress has long been a major limiting factor
for crop productivity in various parts of the world. It
suppresses the growth and development of most crops,
leading to loss in crop quality and productivity (Tester and
Langridge, 2010). Prolonged exposure to abiotic stresses
such as drought imposes certain common effects on higher
plants resulting in accumulation of reactive oxygen species
(ROS).The drought-induced stomata closure increases
oxidative load on plant tissues, causing perturbations in
biochemical pathways. Resulting oxidative stress leads to

lipid peroxidation and damage to other important bio-
molecules. Apart from morphological adaptations to drought
stress, plants have evolved a variety of physiological and
biochemical processes to protect cellular and subcellular
system from the cytotoxic effects of ROS like lipid
peroxidation leading to membrane injury (Marron

,2006), protein degradation and nucleic acid damage
(Fazeli , 2007). To withstand drought stress, plants
display enzymatic (SOD, APX, GPX, GR etc.) and non-
enzymatic (carotene, ascorbic acid, -tocopherol, reduced
glutathione and low molecular weight osmolytes like
polyhydroxy alcohols etc.) mechanisms (Gholizadeh, 2010).
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Abstract
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Drought is a major form of abiotic stress leading to lower crop productivity. Experiment was
carried out for selecting the most tolerant genotype among six different genotypes of finger millet
under drought stress. Seeds of six finger millet genotypes were sown in pots and grown for 35
days. After this period, drought was induced by withholding watering for stressed plants while
control plants were watered regularly for comparison. Among all six different varieties of finger
millet screened (PR202, PES400, PRM6107, VL283, VL328 and VL149) under varying
intensities of drought stress,PRM6107 and PR202 showed highest stress tolerance by limiting
excessive accumulation of reactive oxygen species (ROS) through activation of ROS scavenging
antioxidative enzymes. A 200% increase in ascorbate content was recorded in PRM6107 and
PR202, while in other varieties limited increase in ascorbate content was observed. Maximum
decrease in chlorophyll content was observed in VL328 (83%) while least drop was observed in
VL149 (65%). Relative water content indicated that PR202 was able to retain maximum water
content under stress, as it recorded least drop in relative water content (55%), contributing to its
better survival under stress. In conclusion finger millet genotypes PRM6107 and PR202 possessed
maximum drought tolerance potential and thus may be used for allele mining of drought tolerant
genes, which can further be employed for the development of more drought stress tolerant staple
crops using biotechnological approach.
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In previous studies, low photosynthetic pigment stability and
relative water content (RWC) were also used as indicator in
representing higher oxidative damage in various plant
species (Suriya-arunroj ., 2004).

Finger millet is a hardy crop that can withstand
substantial level of drought (Dida et al., 2007). Multiplicity of
genes involved in tolerance makes it imperative to look for
potent stress tolerant alleles in such plants. As this plant has
not been explored much for its potential for withstanding
abiotic stresses, antioxidative response of a variety can be
used as an important tool for screening its stress tolerance
capability. It is important to understand the phenomenon by
which different finger millet varieties adopt different
biochemical strategies to survive prolonged water deficit
condition. The present investigation focuses on estimating
the activity of crucial antioxidant enzymes, as well as
chlorophyll, ascorbate and relative water content in six
different varieties of finger millet with an objective to
identify the most tolerant variety among them

To study the effect of drought stress on
finger millet, six different varieties VL283, PRM6107,
VL328, PR202, VL149 and PES400 were selected based on
their performance on field. Seeds were obtained from
Vivekananda Parvatiya Krishi Anusandhan Sansthan
(VPKAS), Almora and GB Pant University of Agriculture
and Technology, Uttarakhand, India.

Seeds of six finger millet varieties .
PES400, PR202, PRM6107, VL149, VL283 and VL328
were sown in pot containing 2-mm sieved clay loam soil (10
seeds per pot). Sterile water was used regularly to facilitate
germination and growth of seedlings. After 14 days, 5
seedlings each for a particular variety were transplanted into
earthen pots. After transplanting, seeds were grown in pots
containing sand: soil: vermi-compost in 1:2:1 ratio.
Seedlings were grown in poly-house under controlled
conditions (at 28°C with light intensity of 40μE m s ) for 35
days with regular watering. Thirty five-days-old plants were
then subjected to progressive drought stress for 7 days by
withholding watering while controls were watered daily.
Samples were collected daily from day 1 to 7 and were
assessed for various biochemical parameters.

Three leaf sets (replicates)
were collected from plants of same treatment and each
replicate was analyzed in duplicate. All the sampled leaves
were frozen in liquid nitrogen for the estimation of enzyme
activity, extracted immediately and supernatant was
collected for analysis.

Fresh plant leaves (0.5g) were collected and
homogenized in 10ml of 50mM potassium phosphate buffer
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Stress conditions:

Preparation of enzyme extract:
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Materials and Methods

(pH 7.5) containing 0.1mM EDTA, 0.3% (v/v) Triton-X100
and 2% (w/v) insoluble PVPP. Homogenate was then
centrifuged at 13000rpm for 10min at 4 C and supernatant
was collected and used for enzyme assays (Grace and Logan,
1996).

Ascorbate
peroxidase activity was determined according to Nakano and
Asada(1981). One unit of enzyme was the amount of enzyme
catalyzing the oxidation of 1μM ascorbate per minute.
Ascorbate peroxidase activity was expressed in μmol min mg
protein, taking molar extinction coefficient of 2.8mM cm .

Guaiacol peroxidase activity was assayed as
described by Urbanek (1991). Increase in absorbance
was measured at 470nm for 3min at an interval of 5sec.
Guaiacol peroxidase activity was expressed in μmol min mg
protein using molar extinction coefficient 26.6mM cm .

For determining the activity of glutathione
reductase an assay described by Grace and Logan (1996) was
followed. One unit of glutathione reductase activity was
defined as reduction of 1μM GSSG per minute. Glutathione
reductase activity was expressed in μmol min mg protein
using molar extinction coefficient 6.2mM cm .

Total chlorophyll
content of control and drought treated plants was determined
by using method described by Hiscox and Israelstam (1979).
DMSO was taken as blank. To determine the change in
ascorbate content, method of Sadasivam and Manickam
(1996) was followed. The amount of dye consumed is
equivalent to the amount of ascorbic acid. Relative water
content was measured for all the stressed and control plants
and expressed as ratio (Du , 2011):

Data presented are mean values ± SE.
Measurements were performed on duplicates for each
treatment (n=2). Data were submitted to factorial analysis of
variance (ANOVA), with treatment (control and stressed) used
for analyzing varieties and differences between the means were
compared using least significant differences at p<0.05.

In present study, progressive increase in the level of
ascorbate peroxidase activity was observed in all the tested
varieties till 5 day of stress. In PR202, this increase
continued till 7 day, while it declined after 5 day of stress in
remaining varieties. PR202 and PRM6107showed 6.4 (7
day) and 2.6 (5 day) fold higher activity of APX than
unstressed plants (fig 1 a). APX activity increased throughout
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Estimation of antioxidative enzyme activity :

Estimation of relative water content, chlorophyll

content,and total ascorbate content :

Statistical analysis :
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[(fresh mass–dry mass)/(water-saturated mass–dry
mass)]×100
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the stress period (7 day) in PR202, while in other varieties
highest activity was observed on 5 day after which it started
declining due to excessive ROS accumulation. Ascorbate
peroxidase uses ascorbate as a hydrogen donor for reducing
H O to H O and monodehydroascorbate (Asada, 2000)
APX has an important role in AsA-GSH pathway and is
primary scavenger of H O in plant cell thus PR202 was
reported with higher APX activity, which is indicative of
efficient removal of H O . Supporting the results, an
increased APX activity has been reported to play a crucial
role in under severe drought stress. Increased
APX activity under drought stress has also been reported in
genotypes of L (Abbasi ,2014). Higher
activity of APX has also been observed in two rice cultivars
under salinity stress. Stress intensity increased the activity of
this enzyme (Thamodharan and Pillai, 2014). APX activity
increased with progression of drought stress and reached
maximum under sever drought condition, as is observed in
the present findings (Bai ., 2009).

Sen and Alikamanoglu (2013) reported that
increased intensity of drought led to higher APX activity in
sugar beet but under severe stress the activity decreased. In
another study drought stress significantly lowered the
activity of APX enzyme in canola varieties (Omidi, 2010).
This suggests that different plant species respond differently
to stress in terms of APX activity. Similar observations have
also been recorded by Abbasi (2014).

Guaiacol peroxidase decomposes indole-3-acetic
acid and has a role in the biosynthesis of lignin and defense
against oxidative stresses by consuming H O (Kasote et al.,
2015). Activity of guaiacol peroxidase increased under
drought. In VL328, PES400 and VL149 varieties the activity
was 3.6, 3.2 and 4.0 fold higher than control, while in
PRM6107 and PR202 this increase in activity was 2.3 and 2.8
fold respectively. The basal activity of GPX was higher in
VL283, PRM6107 and PR202 under normal condition but
with onset of drought, activity further increased in PRM6107
and PR202 while least increase was observed inVL283 (1.7
fold). GPX activity drastically decreased after 5 day of
drought onset in the varieties, except in PR202 (fig. 1 b). In
case of better responsive varieties of finger millet, GPX
contributes to elimination of ROS resulting in lesser
accumulation as well as preventing membrane from
peroxidation. Hence, plant varieties with increased GPX
activity showed better survival under drought stress.

Supporting the results, higher GPX activityhas also
been reported in different genotypes of sugar beet under
drought stress. The activity was highest under severe stress as
compared to the control or moderate stress treatment (Habibi,
2014).In another study, four wheat varieties were examined
for their drought tolerance ability and it was observed that
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GPX activity in two drought tolerant wheat varieties was
higher as compared to the susceptible ones (Stoilova ,
2008). The results of the study also showed most tolerant
varieties, PR202 and PRM6107,with higher activity of the
same enzyme under drought stress as compared to other
varieties. Similar results were also reported by Rostami and
Rahemi, (2013)where four caprifig varieties were evaluated
for their GPX activity under drought stress and the tolerant
genotype showed highest activity of same enzyme among all
the varieties under stress. Glutathione reductase activity
increased in all the tested varieties. The level of enzyme
activity was found to be 2.8,2.8 and 3.2 fold higher in VL328,
PRM6107 and PR202 respectively as compared to their
respective controls, and this activity slowly increased with
progression of drought stress till day 6. GR activity recorded
was 4.4 fold higher in VL283 and 5.3 fold higher in PES400
than their respective control, followed by a decline in activity
after 5 day of stress (Fig. 1 c). The study shows the crucial
role of glutathione reductase in protection of finger millet
against oxidative stress by maintaining GSH level. Elevated
levels of GR also help in maintaining availability of NADP
to accept electrons from the photosynthetic electron transport
chain. The regenerated NADPH can then be used to maintain
the activity of anti-oxidative enzymes involved in
scavenging ROS. Rahimizadeh (2007) reported a rise in
GR activity in sunflower plants under drought stress.
Drought tolerant variety showed higher GR
activity while variety proved to be a sensitive
variety, with lower GR activity (Turkan , 2005). Similar
observations were obtained in the present study as tolerant
variety was reported with higher GR activity than the
sensitive one. Thus the capability of a plant to withstand
oxidative stress is a direct manifestation of its potential to
scavenge ROS. Finger millet varieties, PRM6107 and PR202
were found to possess these criterions, and can be categorized
as drought tolerant varieties.

Variation in relative water content was used as a
measure of stress. The percentage of relative water content
was similar in all the six screened varieties which declined
with increasing intensity of drought stress as compared to
their respective control. Initially, relative water content was
least affected under mild stress indicating that finger millet
plants have the ability to sustain their water content under
mild stress, whereas this ability was ultimately lost under
moderate stress treatment. Decrease in relative water content
in PRM6107 was 56% and in PR202 was 55% respectively.
In VL283 (59%), VL149 (63%), PES400 (65%) and VL328
(60%), the drop in RWC was higher (Fig. 2 b). Among all the
screened varieties, least reduction was observed in PRM6107
and PR202. A significant reduction in RWC was observed in
leaf disc of two maize varieties under different levels of stress
exposure, where the tolerant variety was least effected

et al.
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(D'souza and Devaraj, 2011). Consistent decrease in RWC in
response to water deficit stress has also been reported in

(Bai , 2009) and in wheat seedlings (Ahmad
and Haddad, 2011). Thus, higher relative water content in
tolerant variety of finger millet could play an important role
in drought stress tolerance.

In the present study, reduction in total chlorophyll
content with the progression of drought was observed in all
the varieties. On 7 day of the cessation of watering,

R.
soongorica et al.

th

reduction in chlorophyll content was more than 80% in
VL283 and VL328. However, comparatively lesser
reduction in chlorophyll was recorded in the remaining four
varieties . VL149 (65%), PRM6107 (76%), PR202 (77%)
and PES400 (78%), than their respective controls (Fig. 2 a).
Reduction in chlorophyll content in tested finger millet
varieties could be because of CO limitation, which may arise
due to stomata closure under stress, as well as damage to
photosynthetic apparatus. This physiological condition may
be an outcome of increased oxidative stress and low anti-
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Fig. 1 : Specific activity of (a) ascorbate peroxidase; (b) guaiacol

peroxidase and (c) glutathione reductase in different finger millet

varieties exposed to progressive drought stress for seven days. Line

above bars represents Mean ± SE (p<0.05)
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oxidative protection in later stages of drought (Hanci and
Cebeci, 2015). It should be noted that the pigment apparatus
in different varieties of the same species may exhibit
differential sensitivity to drought. Decrease in chlorophyll
content under drought stress is considered a typical symptom
of oxidative stress and may be the result of pigment photo-
oxidation and chlorophyll degradation (Xiao , 2008).
Saglam , (2011) reported decrease in total leaf
chlorophyll content in different common bean varieties under
drought stress. Under heat stress, among different varieties
of the tolerant variety had higher
chlorophyll content than the susceptible variety (Wilson

, 2014).

Ascorbate is required for many key metabolic
functions in plant cell's scavenging process and is a major
water-soluble antioxidant in plants (Sharma and Dubey,
2005).There was an increase in the level of total ascorbate in
drought stressed plants. The level of ascorbate slowly rose
with progressive drought stress and was almost double in all
the screened varieties by day 6 or 7 of imposition of stress.
Maximum recorded level in VL283, VL149, VL328 and
PES400 was 89%, 92%, 82% and 83% respectively, as
compared to their respective controls.While PRM6107 and
PR202 showed increase of about 80% (Fig. 2 c). Thus
ascorbate content increased in response to the defense
mechanism of plants under stress. Sufficient amount of
ascorbate is required to be regenerated for efficient activity of
APX which further converts H O into H O. Therefore,
tolerant varieties with higher antioxidative potential ensured
higher increase in total ascorbate content compared to
sensitive varieties with relatively weaker antioxidative
response.

Various studies, on (Chugh , 2011)
D (Halimeh , 2013) and (Bai

, 2009) have emphasized the role of ascorbate in
regulation of ROS scavenging mechanisms, under abiotic
stresses.In the present study also increase in the total
ascorbate content correlated with higher APX activity in
stress tolerant varieties. It has also been observed that
application of ascorbate activates antioxidant mechanisms
and this improves tolerance against drought stress (Shalata
and Neumann, 2001).

Lesser variation among the parameters other than
the antioxidative enzymes total chlorophyll content,
relative water content and total ascorbate content indicates
that all these factors are equally important and affected the
finger millet plant under stress. The higher response of
antioxidative enzymes in PRM6107 and PR202 might be due
to their higher drought responsive gene expression under
stress and the cumulative effect of other drought responsive
proteins or regulatory switches, which trigger higher activity

et al.
et al.

Brassica juncea,
et

al.

Zea mays et al.
. moldavica et al. R. soongorica

et al.
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,

of APX, GPX and GR.

It could be concluded from the present study that
finger millet varieties PRM6107 and PR202 have improved
antioxidant potential and are more drought tolerant. Thus
these stress tolerant varieties can be explored for allele
mining of drought stress responsive genes and used for the
development of improved varieties of economically
important crops.

This work was funded by the University Grants
Commission, Govt. of India
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