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In nature, plants are always subjected to various abiotic stresses such as drought, salinity, high
temperatures and so on. Among these drought is a worldwide problem, responsible for limiting
the growth, physiology and productivity of plants, thus has become a challenge for global food
security towards growing population. Proso millet (Panicum miliaceum L.) belonging to family
Poaceae grows under wide environmental conditions and different soil profile. In this view, an
experiment  was  conducted  to  investigate  the  range  of  tolerance  and  change  of  metabolic
activities of Proso millet under drought stress. The control plants were irrigated regularly and
treated plants were irrigated at 3, 5, 7, day intervals up to 60day interval drought (DAS). The
root  and  leaf  samples  were  collected  on  30  DAS,  45  DAS  and  60  DAS  respectively  for
morphological  and biochemical  analysis.  It  was found that  with increasing duration of  water
deficit,  tremendous  increases  of  antioxidants  activities  were  recorded  at  all  growth  stages
compared to control on 7DID at 60DAS. Furthermore, a decreased rate of growth, biomass and
chlorophyll content was recorded in treated plants than control. Therefore, it can be concluded
that  proso  millet  has  affinity  to  survive  under  prolonged  drought  stress  and  can  help  to
understand the mechanism of photosynthetic efficacy for improving crop productivity.
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Changes in Antioxidant Enzymes Activities...

Drought  is  the  most  severe  environmental  factor

which results in global  warming and affects almost all

living  organisms  in  the  world.  Water  is  an  important

factor in agricultural and food productivity, yet a highly

limited  resource  (Wang  et  al.,  2012).  Drought  stress

causes  a  major  limitation  to  plant  growth  and

development  by  affecting  cell  membrane  integrity,

osmotic  adjustment  and  photosynthetic  ability

(Ravikumar  et  al.,  2014).  Plant  experiences  drought

stress either when the water supply to roots becomes

difficult or when the transpiration rate becomes very high

(Budak  et al.,  2013).  The climatic changes associated

with global  warming, drought stress may occur at any

time during the growing season and thus may cause a

profound decrease in biomass production and can lead

to disastrous crop failure (Kabira and Muthoni, 2016).

When a plant is subjected to water deficit  stress,  it

reacts by producing a range of reactive oxygen species

(ROS) during photosynthesis, photorespiration and dark

respiration.  Moreover,  overproduction  of  ROS  causes

damage to  DNA, proteins and lipids in  the plant  cells

that suffer from water deficit  and adversely affects the

crop  production  (Feng  et  al.,  2015).  In  order  to  re-

establish  redox  homeostasis,  plants  have  an  internal

ROS  scavenging  system  known  as  antioxidants  that

alleviates  oxidative  damages,  thus  ensuring  normal

cellular function (Abass et al., 2017). Among enzymatic

antioxidants, Superoxide dismutase (SOD) acts as first

defence line catalyzing superoxide radical to oxygen and

hydrogen  peroxide  (H2O2).  However,  H2O2  can  be

further  eliminated  by  catalase  (CAT),  ascorbate

peroxidase (APX) and Proline oxidase (POX) present in

the cell organelles (Hasheminasab et. al., 2012). On the

other hand, non-enzymatic antioxidant such as ascorbic

acid is the most abundant, powerful, and water-soluble

antioxidant  that  can  act  to  prevent  or  alleviate  the

damage  caused  by  ROS  in  plant  cells  (Athar  et  al.,

2008).  Besides  ascorbic  acid,  the  α-tocopherol,  a

flavonoid compound found in chloroplasts, also helps in

quenching of oxygen, alleviation of oxidative damage in

chloroplast  and  increases  membrane  rigidity,  thereby

plays  a  vital  role  in  development,  signal  transduction,

interacting  or  controlling  phytohormonal  regulation

(Arrom and Munn´e-Bosch, 2010).

Millets  are  small-seeded  annual  cereals  grown  for

food, forage, and fuel (Kothari et al., 2005). Such crops

are  grown  on  marginal  lands  and  under  low-input

agricultural  conditions-situations  in  which major  cereal

crops often fail to grow or produce low yields (Amadou

et. al., 2013). Proso millet (Panicum miliaceum L.) is one

of the important species of the largest genus Panicum,

which  include  more  than  400  species  is  still  widely

cultivated in the arid and semi-arid areas of the world

(Nazifi et al., 2009). Undoubtedly, Panicum miliaceum is

considered as relief and anti-famine crop; hence, it is a

very efficient user of soil  water and is well adapted to

different  types  of  soils  and  dry  weather  conditions.

Therefore, the present was undertaken to evaluate the

growth  and  physiological  parameters,  role  of

antioxidants  activities  in  Panicum  miliaceum  L.  under

drought deficit condition. 

MATERIALS AND METHODS 

Collection of plant materials

 The seeds of Panicum miliaceum (L.) were collected

from Kolimalai,  of Salem district,  Tamilnadu, India and

were  identified  by  Tamil  Nadu  Agricultural  University,

Coimbatore, Tamil Nadu, India. The experiment was laid

out in a completely randomized block design (CRBD).

Quality seeds were disinfected by 0.2% HgCl2 solution

for  2minutes  with  frequent  shaking  and  rinsed  with

deionised water to remove traces of HgCl2. Then, seeds

were  soaked  in  distilled  water  for  6hour  and  the

hydrated  seeds  were sown  in  plastic  pots  containing

sand, red soil and farmyard manure in the ratio of 1:1:1.

For  each  treatment  three  replicates  were  maintained

(each replicate is one pot containing four plants). After

15 days, drought stress treatment was given by altering

the irrigation schedule at different day intervals as 3, 5

and  7  days  (DID).  While  control  (0  DID)  plants  were

routinely  irrigated  daily  with  tap  water.  Samples  were

collected on 30, 45 and 60 DAS (days after sowing) for

further analysis. 

Estimation of Morphological parameters

Proso-millets were randomly uprooted carefully from

each  treated  plant  and  brought  to  laboratory

immediately,  then  rinsed  with  tap  water  followed  by

distilled  water  and  blot  dried  with  tissue  papers  for
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morpho-physiological and biochemical estimation.

Estimation of Root and Stem length, Fresh weight

(FW) and Dry weight (DW)

 The root length and the shoot length were expressed

in cm plant−1. The FW and DW were taken in electronic

balance and expressed in g plant−1.

Estimation of Photosynthetic Pigments 

Chlorophyll  concentration  was  determined  using

Arnon's  method (1949).  Fresh  leaf  tissue (0.5  g)  was

extracted  with  80  % acetone  (v/v)  and  centrifuged  at

2,500 rpm for 10 min at 40C. The extract was made up to

10 ml with 80 % acetone. The optical density (O.D.) of

the extract (3ml) was measured against a blank of pure

80%  aqueous  acetone  at  wavelengths  of  645  and

663nm  using  Hitachi  U-2000  spectrophotometer  and

was expressed in terms of mg g-1 fresh weight.

Determination of Antioxidant Enzyme Activities

For extraction of enzymes, fresh samples (0.5g) were

homogenized  with  1.5  cm3 of  100mM  potassium

phosphate  buffer  solution  (pH  7.0)  containing  2mM

phenylmethylsulfonyl  fluoride  (PMSF),  and  centrifuged

at 14,0009g at 40C for 20 min.

SOD (EC 1.15.1.1) activity assayed was described by

Beauchamp and Fridovich (1971). The reaction mixture

contained 1.17 9 10-6 M riboflavin, 0.1 M methionine, 2

× 10-5 M potassium cyanide (KCN),  and 5.6 × 10-5 M

nitroblue tetrazolium salt (NBT) dissolved in 3 ml of 0.05

M sodium phosphate buffer (pH 7.8) 3 ml of the reaction

medium  was  added  to  1  ml  of  enzyme  extract.  The

mixtures were illuminated in glass test tubes by two sets

of  Philips  40  W  fluorescent  tubes  in  a  single  row.

Illumination was started to initiate the reaction at 300C

for  1  h,  identical  solutions  that  were  kept  under  dark

served as blanks. The absorbance was read at 560 nm

in the spectrophotometer against the blank. SOD activity

was expressed in units. One unit (U) is defined as the

amount  of  change  in  the  absorbance  by  0.1  h-1 mg-1

protein.

CAT (EC 1.11.1.6) was determined according to the

method of Chandlee and Scandalios (1984) with slight

modification. The assay mixture contained 2.6 ml of 50

mM potassium phosphate buffer (pH 7.0), 0.4 ml of 15

mM  H2O2 and  0.04  ml  of  enzyme  extract.  The

decomposition  of  H2O2 is  followed  by  the  decline  in

absorbance  at  240  nm.  The  enzyme  activity  is

expressed  in  U  mg-1  protein  (U  =  1  mM  of  H2O2

reduction min-1 mg-1 protein).

Peroxidase (EC 1.11.1.7)  activity  was estimated  by

the  method  followed  by  Reddy  et  al. (1995).  20  %

homogenate was prepared in  0.1 M phosphate  buffer

(pH  6.5).  The  reaction  mixture  contained  3.0  ml  of

pyrogallol solution and 0.1 ml of the enzyme extract. To

the test cuvette, 0.5 ml of H2O2 was added and mixed.

The  change  in  absorbance  was  recorded  at  430  nm

every 30s up to 3min. One unit of peroxidase is defined

as the change in absorbance/minute at 430 nm.

Estimation of non-enzymatic antioxidants 

Ascorbic acid content was estimated as described by

Omay  et al. (1979) and the results were expressed in

mg/g  DW.  Alpha  -tocopherol  (α-toc)  content  was

determined according to Backer et al. (1980) and result

was expressed in mg/g FW.

Statistical analysis

Data were analyzed using statistical program SPSS

v16.0  and  presented  as  the  means  ±  SD  of  three

replicates; each replicate consisted of four plants.

RESULTS

Root and shoot length

In the present study, a significant decrease was found

in the shoot length of P. miliaceum with the increase in

drought period.  The highest decreased rate (48.67cm)

was found on 7 DID at 60 DAS as compared to control

(68.67cm).  However,  root  length of  P. miliaceum was

found  to  be  increased  at  all  growth  stage  with  the

duration of drought stress and the highest value (42.00

cm)  was  found  on  7  DID  as  compared  to  control

(29.27cm) (Table 1).

Fresh weight and dry weight

Drought  stress  decreased  the  whole  plant  fresh

weight  and  dry  weight at  all  growth  stages  of  P.

miliaceum significantly  than control  ones.  Whole plant

fresh weight and dry weight at 5DID and 7DID drought

treatments was more affected than at mild stress (3DID).

When  compared  with  control,  fresh  weight  and  dry

weight were noted as 29.25 g plant-1  and 12.41 g plant-1

respectively, on 7DID at 60DAS (Table 2).
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Chlorophyll Pigments

With increasing severity and period of drought stress

there was a significant  decrease in  the Chlorophyll  ‘a’

and Chlorophyll ‘b’ content. As compared to Chl ‘a’ there

was a significant decrease in Chlorophyll  ‘b’ content of

P. miliaceum.  The  decreased rate  recorded was 0.06

and  0.05mg  g-1FW  respectively  compared  to  control.

Moreover, total chlorophyll content (0.11 mg g-1FW) was

found  to  be  decreased  with  the  severity  of  drought,

compared to control (Table 3).

Antioxidants

SOD activity both in the leaves and roots increased

with increased drought treatment in all stages of growth.

SOD activity varied in different parts of the plant. The

highest  activity  was  recorded in  leaves  3.33 (U.  mg-1

protein  h-1)  than  roots  2.57 (U.  mg-1 protein  h-1)

compared to control having less SOD content on 7DID

at 60 DAS (Table 4).

Catalase  activity  has  been  increased  progressively

under drought period in both the root and leaves of  P.

miliaceum in all the treatments as compared to control.

The highest  level  recorded was 0.52  (U.  mg-1 protein

min-1) in leaves and 0.31(U. mg-1 protein min-1) in roots

at 7DID of 60 DAS respectively (Table 5).

Drought treated plants shown increased POX activity

with  increased  duration  of  drought  stress  when

compared  to  the  control  plants.  Highest  POX  activity

(2.46 U. mg-1 protein min-1) and 2.03(U. mg-1 protein min-

1) was recorded in both leaves and roots of P. miliaceum

at 7DID on 60DAS (Table 6).

The AsA content increased with the age of the plant

in control and drought treated plants in both the leaves

and root samples. Among them, the leaves recorded the

highest AA content than roots and overall increase than

the  control.  The  higher  AA  content  recorded  was

3.11mg/g DW and 2.07 mg/g DW respectively,  in  the

leaves and roots samples of  P.  miliaceum at 7DID on

60DAS (Table 7).

Similarly,  α-Tocopherol  content  found  in  drought

treated plants was higher (Table 8) than that of control

on 30th,  45th and 60th DAS. The highest  α-toc content

recorded  was  0.98  mgg-1 FW  and  0.83  mgg-1FW  in

leaves and roots on 60th DAS in 7DID treated plants.

Table 1: Effect of drought stress on shoot length and root length of  P. miliaceum L. (Values are expressed in cm

plant-1)

Shoot Length (cm)
DAS Control 3DID 5DID 7DID
30 56.00±0.58 53.27±1.12 46.54±1.53 40.31±0.93
45 63.22±0.27 56.17±0.09 52.17±0.30 45.81±0.37
60 68.67±0.29 61.11±0.58 54.75±0.53 48.67±0.76

Root Length(cm)
DAS Control 3DID 5DID 7DID
30 19.00±0.22 23.00±0.40 25.60±0.66 28.00±0.30
45 24.21±0.25 29.00±0.34 33.34±0.30 35.24±0.20
60 29.27±0.25 33.25±0.20 38.10±0.42 42.00±0.27

Values represented above are mean of 3 replicates; ‘±’ standard deviation.

Table 2:  Effect of drought stress on fresh weight and dry weight of  P. miliaceum L. (Values are expressed in g

plant-1)

Fresh Weight
DAS Control 3DID 5DID 7DID
30 29.17±0.15 27.10±0.34 23.30±0.17 18.34±0.24
45 34.04±0.23 30.84±0.35 28.42±0.20 25.50±0.53
60 39.07±0.34 36.02±0.13 33.40±0.28 29.25±0.54

Dry Weight
DAS Control 3DID 5DID 7DID
30 13.02±0.61 11.12±0.25 9.10±0.23 6.70±0.44
45 17.01±0.22 15.14±0.45 11.06±0.62 8.39±0.66
60 19.30±0.16 16.00±0.60 14.60±0.50 12.41±0.30

Values represented above are mean of 3 replicates; ‘±’ standard deviation
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Table 3: Effect of drought stress on chlorophyll ‘a’ chlorophyll ‘b’ and Total  Chlorophyll (a+b) of P. miliaceum L.

(Values are expressed in mg g-1 FW)

Chlorophyll “a”
DAS Control 3DID 5DID 7DID
30 0.06±0.12 0.05±0.13 0.04±0.09 0.03±0.06
45 0.08±0.14 0.06±0.05 0.05±0.08 0.04±0.07
60 0.16±0.23 0.13±1.00 0.09±1.01 0.06±1.03

Chlorophyll “b”
DAS Control 3DID 5DID 7DID
30 0.05±0.03 0.04±0.03 0.03±0.01 0.02±0.05
45 0.08±0.02 0.07±0.03 0.05±0.02 0.04±0.08
60 0.11±0.12 0.09±0.04 0.08±0.03 0.05±0.10

Total Chlorophyll(a+b)
DAS Control 3DID 5DID 7DID
30 0.11±0.08 0.09±0.07 0.07±0.05 0.05±0.02
45 0.16±0.17 0.13±0.14 0.10±0.11 0.08±0.07
60 0.27±0.23 0.22±0.16 0.17±0.12 0.11±0.06

Values represented above are mean of 3 replicates; ‘±’ standard deviation

Table 4:  Effect of drought stress on superoxide dismutase activiy in shoot and root of  P. miliaceum  L.(Values are
expressed in U. mg-1 protein h-1)

Shoot
DAS Control 3DID 5DID 7DID
30 0.65±0.97 1.31±0.59 1.74± 1.02 2.01±1.22
45 1.54±0.82 2.01±0.91 2.12±1.19 2.53±0.83
60 2.06±0.27 2.62±1.52 3.05±1.72 3.33±1.62

Root
DAS Control 3DID 5DID 7DID
30 0.62±0.83 0.87±0.05 1.03±0.82 1.47±0.98
45 1.21±0.93 1.59±0.81 1.82±0.95 2.01±1.01
60 1.45±1.06 2.06±1.05 2.37±0.82 2.57±0.96

Values represented above are mean of 3 replicates; ‘±’ standard deviation

Table 5: Effect of drought stress on catalase activity in shoot and root of P. miliaceum L. (Values are expressed in U. mg-1

protein min-1)

Shoot
DAS Control 3DID 5DID 7DID
30 0.23±0.06 0.28±0.06 0.33±0.11 0.40±0.12
45 0.31±0.07 0.36±0.08 0.40±0.11 0.46±0.10
60 0.39±0.10 0.43±0.11 0.47±0.13 0.52±0.13

Root
DAS Control 3DID 5DID 7DID
30 0.14±0.04 0.17±0.04 0.21±0.05 0.25±0.07
45 0.22±0.06 0.24±0.06 0.26±0.07 0.29±0.08
60 0.25±0.07 0.26±0.08 0.28±0.13 0.31±0.19

Values represented above are mean of 3 replicates; ‘±’ standard deviation.

Table 6: Effect of drought stress on peroxidase activity in shoot and root of  P.miliaceum L. (Values are expressed in U.
mg-1 protein min-1).

Shoot
DAS Control 3DID 5DID 7DID
30 0.52±0.14 0.74±0.32  0.81±0.52 1.04±0.59
45 0.85±0.29 1.31±0.34 1.46±0.53 1.80±0.65
60 1.14±0.37 1.62±0.43 2.13±0.55 2.46±0.72

Root
DAS Control 3DID 5DID 7DID
30 0.32±0.23 0.57±0.24 0.66±0.35 0.81±0.45
45 0.84±0.48 1.07±0.49 1.46±0.48 1.64±0.51
60 1.03±0.81 1.43±0.74 1.68±0.70 2.03±0.71

Values represented above are mean of 3 replicates; ‘±’ standard deviation.
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Table 7: Effect of drought stress on ascorbic acid activity in shoot and root of P.miliaceum L. (Values are expressed in
mg/g DW)

Shoot
DAS Control 3DID 5DID 7DID
30 1.28±0.22 1.58±0.39 1.72±0.56 2.41±0.54
45 1.90±0.26 2.18±0.49 2.46±0.59 2.73±0.58
60 2.21±0.45 2.43±0.60 2.65±0.61 3.11±0.63

Root
DAS Control 3DID 5DID 7DID
30 0.66±0.02 0.87±0.03 0.99±0.04 1.21±0.05
45 1.14±0.08 1.25±0.10 1.36±0.13 1.48±0.15
60 1.43±0.14 1.72±0.16 1.85±0.19 2.07±0.23

Values represented above are mean of 3 replicates; ‘±’ standard deviation.

Table 8: Effect of drought stress on α-tocopherol activity in shoot and root of P. miliaceum L. (Values are expressed in
mg/g FW)

Shoot
DAS Control 3DID 5DID 7DID
30 0.34±0.04 0.47±0.05 0.63±0.07 0.85±0.09
45 0.51±0.16 0.62±0.19 0.78±0.21 0.98±0.23
60 0.63±0.35 0.74±0.36 1.02±0.41 1.36±0.53

Root
DAS Control 3DID 5DID 7DID
30 0.31±0.03 0.42±0.04 0.54±0.06 0.71±0.08
45 0.48±0.12 0.57±0.16 0.68±0.19 0.82±0.22
60 0.56±0.18 0.63±0.19 0.71±0.34 0.83±0.44

Values represented above are mean of 3 replicates; ‘±’ standard deviation.

DISCUSSION

Drought stress occurs when the plants are subjected

to water  shortage,  which  reduces photosynthesis,  cell

number and growth. In each of these processes, large

number of genes, enzymes, hormones and metabolites

are  involved  (Skirycz  and  Inze,  2010).  Water  deficit

causes an increase in  ROS production  in  plants,  and

leads  to  an  oxidative  stress.  However,  there  is  an

internal  ROS  scavenging  system  in  plants  enzymatic

and  non-enzymatic  antioxidants  such  as  Superoxide

dismutase  (SOD),  catalase  (CAT),  peroxidase  (POX),

Ascorbic acid (AsA) and alpha-tocopherol that alleviates

oxidative  damages,  maintains  intracellular  redox  state

homeostasis,  thus  ensuring  normal  cellular  function.

(Langebartels et al. 2002; Foyer and Noctor 2005, Fang

and Xiong 2015, Abass et al., 2017).

The  root  length  of  P.  miliaceum increased  with

increased  drought  stress  treatment.  Increasing  root

length  due  to  water  stress  was  reported  in Pearl

millet  (Kusaka  et  al.,  2005),  Catharanthus  roseus

(Jaleel et al., 2008),  Triticum aestivum (Dickin and Wright,

2008)  and  Panicum  sumatrense  (Ajithkumar  and

Panneerselvam,  2013). It is obvious from the results

that with increasing severity and period of drought, there

was significant decrease in stem length of P. miliaceum.

Similarly, significant decrease in stem length had been

found  in  soybean  (Specht  et  al.,  2001)  and  stressed

citrus seedlings under water deficit condition (Wu et al.,

2008). Such decreased in shoot length may be due to

impaired mitosis, cell elongation and expansion resulted

from drought and causes reduced growth and yield traits

(Hussain et al., 2008). 

The whole  plant  fresh  weight  and  dry  weight  of  P.

miliaceum was  significantly  declined  with  increased

drought stress as compared to control. This decline was

directly proportional to severity and duration of drought

stress. Kobashi  et al. (2000) found that the degree of

drought controls the fresh weight such that it increases

with moderate  drought  but  decreases  with  severe

drought. They attributed that decline in fresh weight to

the decrease in the water content of stressed plant cells

and tissues which lose their turgor and thus shrink.

Total  dry  weight  decreased  may  be  due  to  the

considerable  decrease in  plant  growth,  photosynthesis

and canopy structure as indicated by leaf  senescence

during  drought stress  in  wheat  (Gong  et  al.,  2003).
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Severe  water  stress  may  result  in  arrest  of

photosynthesis,  disturbance  of  metabolism  and  finally

drying (Liang et al., 2006). Mild water stress affected the

shoot  dry  weight,  while  shoot  dry  weight  was greater

than root dry weight loss under severe stress in sugar

beet genotypes (Mohammadian et al., 2005). Pekcan et

al., (2016) also found similar results of reduction in both

dry  and  fresh  biomasses  under  the  drought  stress

applications in sunflower genotypes.

The decrease in Chlorophyll  content is a commonly

observed phenomenon under drought stress (Mafakheri

et  al.,  2010;  Din  et  al.,  2011).  The  decrease  in

chlorophyll content during drought stress may be due to

chlorophyll degrading enzyme chlorophyllase. Increased

activity of chlorophyllase and peroxidase enzymes under

severe  drought  results  decreased  chlorophyll  content

(Abaaszsadeh  et al., 2007). Moreover, decrease in net

photosynthetic rate under water stress is also related to

disturbances  in  biochemical processes  of  a  non-

stomatal  nature,  caused  by  oxidation  of chloroplast

lipids, changes in the structure of pigments and proteins

(Marcinska  et  al.,  2013).  Similarly,  Cao  et  al.,  (2015)

reported that drought stress inhibited biosynthesis of the

precursor  of  chlorophyll  in  tomato  leaves  which

ultimately reduced the chlorophyll content.

A  progressive  increase  in  superoxide  dismutase

activity in both the shoots and roots of P. miliaceum was

observed with  the  increasing  severity  of  drought.  Our

results are in line with the results noted earlier in three

cultivars  of  rice (Sharma  et  al.,  2005)  and  Phaseolus

vulgaris (Zlatev et al., 2006).  Salekjalali et al. (2012) and

Naderi  et al., (2014)  also reported that  drought  stress

increased SOD activity in barley and wheat respectively.

Increased SOD activity  might  be due to production of

ROS  under  drought  that  has  negative  impacts  on

photosynthesis.  

A  positive  correlation  has  been  noticed  between

increased  rate  of  catalase  activity  and  severity  of

drought in both the shoots and roots of P. miliaceum L.

Our  results  correlated  with  the  findings  of  Simova-

Stoilova et  al. (2010),  who  reported  increased  CAT

activity  in  sensitive  varieties  of  wheat  under  drought

stress. Catalase activity increased under drought stress

in Zea mays (Jiang and Zhang, 2002),  wheat (Dalmia

and Sawhney,  2004)  and  P.  acutifolius (Turkan et  al.,

2005).  The  increase  in  catalase  activity  might  be

useful in disproportionating H2O2 that is the key product

in reducing senescence under extreme moisture stress.

Similar  case  was found with peroxidase activity  in  the

shoots and roots of P. miliaceum with increased drought

period.  Water  stress  could  increase the  accumulation  of

peroxidase substrate, which in turn is scavenger of activated

oxygen  species  (Winston  1990). The  important  role  of

peroxidase  in  relation  to  oxidative  tolerance  has  been

reported in  Arabidopsis thaliana (O’Kane  et al., 1996) and

cucumber  (Lee  and  Lee,  2000).  Increased  peroxidase

activity under water deficit condition was reported previously

in soybean and wheat genotypes (Zhang et al., 2006; Shao

et al., 2007).

Ascorbic acid can donate electrons to a wide range of

enzymatic  and non enzymatic  reactions.  Water  stress

resulted in significant increases in antioxidant ascorbic

acid  concentration  in  turf  grass  (Zhang  and  Schmidt,

2000) and Picea asperata seedlings (Yang et al., 2008). In

Withania somnifera  roots and leaves, the ascorbic acid

content  increased with age in drought  stressed plants

than normal one (Jaleel et al., 2009).

A direct proportional relationship was also observed

between α-tocopherol content  and duration of  drought

period  in  the  shoots  and roots  of Panicum miliaceum

i.e., with increased drought period α-tocopherol content

also  increased.  It  has  been  reported  that  water

deficiency  may  result  in  an  increase  of  tocopherol

concentration in plant tissue (Wu et al., 2007; Shao et al.,

2007).  Synthesis of  low-molecular weight antioxidants,

such  as,  α-tocopherol  has  been  reported  in  drought

stressed  wheat  plants  (Zhao  et  al.,  2008).  Some

evidences  implied  that  content  of  tocopherol  was

increased in wheat and spinach leaves as the amount of

rainfall decreased or subjecting to water deficit (Shao et

al., 2006, 2007).

CONCLUSION 

From  the  above  study  it  can  be  concluded  that

drought a kind of abiotic stress invites accelerated ROS

that  have  deleterious  effects  on  plant  metabolism.

However, P. miliaceum overcomes on decreased rate of

chlorophyll  contents  and  biomass  content  upto  an
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optimal level by increasing a series of antioxidants that

possess  potential  of  scavenging  ROS with  increasing

duration of drought. Thus, from these observations we

are  able  to  say  that  P.  miliaceum may  be  drought

tolerant with adequate ROS scavenging system. Hence,

in  view  of  considerable  variations  in  the  protective

mechanisms against ROS, P. miliaceum can be used to

improve drought tolerance in sensitive crops by genetic

engineering to get rid off from the drought and overcome

food crisis.

ACKNOWLEDGEMENT

The authors are highly  thankful  to  the Professor  &

Head, Department of Botany and Annamalai University

for providing the facility to carry out the present work.

REFERENCES

Abaaszsadeh P., Sharifi A., Lebaschi H., Moghadasi F.

(2007)  Effect  of  drought  stress on proline,  soluble

sugars,  chlorophyll  and  RWC  level  in  Melissa

oggicinalis.  Iranian  Journal  of  Medicinal  Plants

Research, 23, 504–513.

Abass M., Tomar N., Tittal M., Argal S., Agarwal R.M.

(2017)  Plant  growth  under  water/salt  stress:  ROS

production;  antioxidants  and significance of  added

potassium under such conditions. Physiol. Mol. Biol.

Plants 23, 1–14.

Amadou  I.,  Gounga  M.  E.,  Le  G.W.  (2013)  Millets:

nutritional  composition,  some  health  benefits  and

processing-Areview.  Emirates  J.  Food  Agric. 25,

501–508. 

Arnon  D.I.  (1949)  Copper  enzymes  in  isolated

chloroplast.  Polyphenol-oxidase in  Beta vulgaris L.

Plant Physiology 24, 1–5.

Arrom  L.,  Munn´e-Bosch  S.  (2010)  Tocopherol

composition  in  flower  organs  of  Lilium  and  its

variations  during natural  and  artificial  senescence.

Plant Sci. 179, 289_295.

Athar H. R., Khan A., and Ashraf M. (2008) Exogenously

applied  ascorbic  acid  alleviates  salt-induced

oxidative  stress  in  wheat.  Environ.  Exp.  Bot. 63:

224–231; 

Backer H., Frank O., De Angells B., Feingold O. (1980)

Plasmatocopherol  in  man  at  various  times  after

ingesting free or acetylated tocopherol. Nutr Rep Int

21: 531–536.

Beauchamp  C.O.,  Fridovich  I.  (1971)  Superoxide

dismutase:  improved  assays  and  an  assay

applicable  to  acrylamide  gels.  Analytical

Biochemistry, 44, 276–287.

Budak  H.,  Kantar  M.,  Kurtoglu  K.Y.  (2013)  Drought

tolerance in modern and wild wheat.  The Scientific

World Journal, 548-246.

Cao B., Ma Q., Zhao Q., Wang L., Xu K. (2015) Effects

of  silicon  on  absorbed  light  allocation,  antioxidant

enzymes and ultrastructure of chloroplasts in tomato

leaves  under  simulated  drought  stress.  Sci.  Hort.

194, 53–62.

Chandlee  J.M.,  Scandalios  J.G.  (1984)  Analysis  of

variants  affecting  the  catalase  developmental

program  in  maize  scutellum.  Theoretical  and

Applied Genetics,69, 71-77.

Dalmia  A.,  Sawhney  V.  (2004)  Antioxidant  defense

mechanism under drought stress in wheat seedlings,

Physiol. Mol. Biol. – Plants, 10: 109–114.

Dickin  E.,  Wright  D., (2008)  The  effects  of  winter

waterlogging  and  summer  drought  on  the  growth

and  yield  of  winter  wheat  (Triticum  aestivum  L.).

Europ. J. Agron., 28: 234-244.

Din  J.,  Khan  S.U.,  Ali  I.,  Gurmani  A.R.  (2011)

Physiological  and  agronomic  response  of  canola

varieties to drought stress.  J. Anim. Plant Sci.  21:

78-82.

Fang Y. J., Xiong L. Z. (2015) General mechanisms of

drought  response  and  their  application  in  drought

resistance  improvement  in  plants.  Cellular  &

Molecular Life Sciences Cmls, 72, 673–689.

Feng  X.,  Lai  Z.,  Lin  Y.  et  al. (2015)  Genome-wide

identification and characterization of the superoxide

dismutase  gene  family  in  Musa  acuminata cv.

Tianbaojiao (AAA group).  BMC Genomics  16(1), 1-

16. 

Foyer C. H., Noctor G. (2005) Oxidant and antioxidant

signaling in plants: A re-evaluation of the concept of

oxidative stress in a physiological context. Plant Cell

& Environment, 28, 1056–1071.

Gong H., Chen K., Chen G., Wang S., Zhang C. (2003)

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 15  No. 3  2019

88



Reyaz Ahmad Mir et al.

Effects of silicon on growth of wheat under drought.

J. Plant Nutr., 26: 1055-1063.

Hasheminasab H., Taghi-Assad M., Aliakbari A., Sahhafi

S.R. (2012) 'Influence of drought stress on oxidative

damage and antioxidant defense systems in tolerant

and  susceptible  wheat  genotypes'.  Journal  of

Agricultural Science, 4(8): 20-30.

Hussain  M.,  Malik  M.A.,  Farooq  M.,  Ashraf  M.  Y.,

Cheema M. A. (2008) Improving drought tolerance

by  exogenous  application  of  glycine  betaine  and

salicylic acid in sunflower. Journal of Agronomy and

Crop Science, 194, 193–199.

Ajithkumar  I.P.,  Panneerselvam  R.  (2013).  ROS

Scavenging System, Osmotic Maintenance, Pigment

and  Growth  Status  of  Panicum sumatrense Roth.

under  drought  stress.  Cell  Biochem  Biophys  68:

587–595

Jaleel C.A., Gopi R., Sankar B., Gomathinayagam M.,

Panneerselvam R. (2008)  Differential  responses  in

water use efficiency in two varieties of Catharanthus

roseus under  drought  stress.  Comp.  Rend.  Biol.,

331: 42-47.

Jaleel  C.A.,  Manivannan  P.,  Wahid  A.,  Farooq  M.,

Somasundaram  R.,  Panneerselvam  R.

(2009) Drought  stress  in  plants:  A  review  on

morphological  characteristics  and  pigments

composition. Int. J. Agric. Biol. 11: 100-105.

Jiang M., Zhang J. (2002) Water stress induced abscisic

acid accumulation triggers the increased generation

of  reactive  oxygen  species  and  up-regulates  the

activities  of  antioxidant  enzymes in  maize  leaves.

Journal of Experimental Botany, 53: 2401-2410.

Kabira J. N., Muthoni J. (2016) Potato production under

drought  conditions:  Identification of  adaptive traits.

Int. J. Hort., 6, 1–9.

Kobashi K., Gemma H., Iwahari S. (2000) Abscisic acid

content  and  sugar  metabolism  of  peaches  grown

under water stress. J. Amer. Soc. Hort. Sci., 125(4):

425-428.

Kothari  S.L.,  Kumar  S.,  Vishnoi  R.K.,  Kothari  A.,

Watanabe K.N. (2005) Applications of biotechnology

for improvement of millet crops: review of progress

and future prospects. Plant Biotechnol. 22, 81–88. 

Kusaka  M.,  Lalusin  A.G.,  Fujimura  T.  (2005) The

maintenance  of  growth  and  turgor  in  pearl  millet

(Pennisetum glaucum L.  Leeke)  cultivars  with

different root structures and osmo-regulation under

drought stress. Plant Sci., 168: 1-14.

Langebartels C., Wohlgemuth H., Kschieschan S., Grün

S., Sandermann H. (2002) Oxidative burst and cell

death in ozone-exposed plants.  Plant Physiology &

Biochemistry, 40, 567-575.

Lee  D.H.,  Lee  C.B. (2000)  Chilling  stress  induced

changes  of  antioxidant  enzymes  in  the  leaves  of

cucumber: In gel enzyme activity assay.  Plant Sci.,

159: 75-85.

Liang  Z.S.,  Yang  J.W.,  Shao  H.B.,  Han  R.L.

(2006) Investigation  on  water  consumption

characteristic  and  water  use  efficiency  of  poplar

under soil water on the Loess Plateau. Colloids and

Surf. B: Biointerfaces, 53: 23-28.

Mafakheri A., Siosemardeh A., Bahramnejad B. (2010)

Effect  of  drought  stress  on  yield,  proline  and

chlorophyll  contents  in  three  chickpea  cultivars.

Aust. J. Crop Sci. 4: 580-585.

Marcinska I., Czyczyo-Mysza I., Skrzypek E., Filek M.,

Grzesiak S. et al (2013) Impact of osmotic stress on

physiological  and  biochemical  characteristics  in

drought  susceptible  and  drought-resistant  wheat

genotypes. Acta Physiol. Plant 35, 451–461.

Mohammadian  R.,  Moghaddam  M.,  Rahimian  H.,

Sadeghian  S.Y.  (2005) Effect  of  early  season

drought  stress  on  growth  characteristics  of  sugar

beet genotypes. Turkisk J. Bot., 29: 357–368.

Naderi R., Valizadeh M., Toorchiand M., Shakiba M.R.

(2014) Antioxidant enzyme changes in response to

osmotic  stress  in  wheat  (Triticum aestivum L.)

seedling'.  Acta  Biologica  Szegediensis, 58(2):  95-

101.

Nazifi  S.,  Ghane M.,  Fazeli  M.,  Ghafaria  N.,  Azizi  S.

(2009)  Proso  millet  (Panicum  miliaceum L.)

poisoning  in  Iranian  fat-tailed  sheep.  Comp.  Clin.

Pathol. 18: 249-253.

O’Kane D., Gill  V., Boyd P., Burdon R. (1996) Chilling

oxidative  stress  and  antioxidant  responses  in

Arabidopsis thaliana callus. Planta., 198: 371-377.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 15  No. 3  2019

89



Changes in Antioxidant Enzymes Activities...

Omay  S.T.,  Turnbull  J.D.,  Sauberillich  H.E.  (1979)

Selected methods for the determination of ascorbic

acid in animal cells tissues and fluids.  methods in

enzymology. Academic Press, New York, pp 3–11.

Ravikumar G., Manimaran P., Voleti S.R., Balachandran

S.M.  (2014)  Stress-inducible  expression  of

AtDREB1A  transcription  factor  greatly  improves

drought  stress  tolerance  in  transgenic  indica  rice.

Transgenic Research, 23, 421–439.

Reddy  K.P.,  Subhani  S.M.,  Khan  P.A.,  Kumar  K.B.

(1995) Effect of light and benzyl  adenine on dark-

treated  growing  rice  leaves.  II.  Changes  in

peroxidase activity.  Plant and Cell  Physiology,  24,

987–994.

Salekjalali M., Haddad R., Jafari B. (2012) 'Effects of soil

water  shortages  on  the  activity  of  antioxidant

enzymes  and  the  contents  of  chlorophylls  and

proteins  in  barley'.  Amer.-Eura.  J.  Agric.  and

Environ. Sci., 12 (1): 57-63.

Shao H.B., Chen X.Y., Chu L.Y., Zhao X.N., Wu G. et al.

(2006) Investigation  on  the  relationship  of  Proline

with  wheat  anti-drought  under  soil  water  deficits.

Biointerfaces., 53(2):113-119.

Shao H.B., Chuc L.Y., Wu G., Zhang J.H., Lua Z.H., et

al. (2007)  Changes  of  some  anti-oxidative

physiological indices under soil water deficits among

10  wheat  (Triticum aestivum L.)  genotypes  at

tillering  stage.  Colloids  and  Surfaces  B:

Biointerfaces, 54: 143–149.

Sharma  P.,  Dubey  R.S.  (2005) Modulation  of  nitrate

reductase activity in rice seedlings under aluminium

toxicity  and  water  stress:  role  of  osmolytes  as

enzyme  protectant,  J.  Plant  Physiol.  162(8):  854-

864.

Simova-Stoilova L, Vaseva I., Grigorova B., Demirevska

K., Feller U. (2010) Proteolytic activity and cysteine

protease expression in wheat leaves under severe

soil  drought and recovery,  Plant Physiol.  Biochem.

48(2-3): 200-206.

Skirycz, A., Inze, D. (2010). More from less: plant growth

under limited water. Curr. Opin. Biotechnol. 21, 197–

203.

Specht  J.E.,  Chase  K.,  Macrander  M.,  Graef  G.L.,

Chung J. (2001) Soybean response to water. A QTL

analysis  of  drought tolerance.  Crop Sci., 41:  493–

509.

Turkan  I.,  Bor  M.,  Ozdemir  F.,  Koca  H.  (2005)

Differential  responses  of  lipid  peroxidation  and

antioxidants  in  the  leaves  of  drought  tolerant  P.

acutifolius gray and drought sensitive  P. vulgaris L.

subjected  to  polyethylene  glycol  mediated  water

stress. Plant Sci., 168(1): 223-231.

Pekcan V., Evci G., Yilmaz M. I., Balkan Nalcaiyi A. S.,

Çulha  Erdal  Ş.,  Cicek  N.,  Arslan  O.,  Ekmekci  Y.,

Kaya  Y.  (2016)  Effects  of  Drought  Stress  on

Sunflower  Stems  and  Roots.  International

Conference  on  Chemical,  Agricultural  and  Life

Sciences  (CALS-16)  Feb.  4-5,  2016  Bali

(Indonesia), 53-59.

Wang J. H., Geng L.H., Zhang C.M. (2012) Research on the

weak signal detecting technique for crop water stress based

on wavelet denoising. Adv Mat Res, 424/425: 966–970.

Winston  G.W.  (1990)  Physiochemical  basis  for  free

radical  formation in  cell:  production  and defenses.

In:  Stress  responses  in  plants:  Adaptation  and

Acclimation mechanism (Eds.: R.G. Alscher and J.R.

Cumming). Wiley-Liss. 

Wu  G.,  Wei  Z.K.,  Shao  H.B.  (2007) The  mutual

responses  of  higher  plants  to  environment:

physiological  and  microbiological  aspects.

Biointerfaces, 59: 113-119.

Wu  Q.S.,  Xia  R.X.,  Zou  Y.N.  (2008) Improved  soil

structure  and  citrus  growth  after  inoculation  with

three  arbuscular  mycorrhizal  fungi  under  drought

stress. European J. Soil Biol., 44: 122–128.

Yang Y., Han C., Liu Q., Lin B., Wang J. (2008) Effect of

drought  and  low  light  on  growth  and  enzymatic

antioxidant  system  of  Picea asperata seedlings.

Acta Physiol. Plant. 30: 433–440.

Zhang  M.,  Duan  L.,  Tian  X.,  He  Z.,  Li  J.  (2006)

Uniconazole- induced tolerance of soybean to water

deficit  stress  in  relation  to  changes  in

photosynthesis,  hormones and antioxidant  system.

J. Plant Physiol., 164(6): 709-717.

Zhang  X.,  Schmidt  R.E.  (2000)  Hormone  containing

products impact on antioxidant status of tall fescue

and creeping bentgrass subjected to drought.  Crop

Sci., 40: 1344-1349.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 15  No. 3  2019

90



Reyaz Ahmad Mir et al.

Zhao C.X., Guo L.Y., Jaleel C.A., Shao H.B., Yang H.B.

(2008)  Prospects  for  dissecting  plant-adaptive

molecular mechanisms to improve wheat cultivars in

drought environments. Comp. Rend. Biol., 331: 579–

586.

Zlatev  Z.S.,  Lidon  F.C.,  Ramalho  J.C.,  Yordanov  I.T.

(2006) Comparison of resistance to drought of three

bean cultivars. Biol. Plant., 50(3): 389-394. 

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 15  No. 3  2019

91


