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Drought is one of the environmental stressors that limits plant growth, production, and is a great
threat to the rising population and security throughout the globe. In the present work, we aimed
to check the impact of drought stress given at different days interval drought (DID) on proso
millet and its tolerance capability. The pot culture experiment was conducted and drought stress
was given at 3 DID, 5 DID, and 7 DID respectively, and sampling was done on 15, 30, and 60
DAS, and unstressed plants were irrigated regularly. Drought stress results in decreased protein
contents in both the roots and shoots of P. miliaceum on all sampling days. However, with
increasing drought intensity and duration there was a tremendous increase in amino acids, and
proline contents as well. Therefore, increasing osmolytes like proline with an increased drought
period proves the role of proline in stress tolerance of proso millet and helps it to survive by
maintaining osmotic potential, water influx, and detoxifying ROS. Thus, proso millet can be
cultivated in drought-prone areas, and used for the breeding program.
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Plants in nature may be exposed to a wide range of
biotic or abiotic stress factors. Environmental stresses,
such as drought, extreme temperature, cold or high
salinity, severely impair plant growth and productivity
worldwide. The most significant environmental stressor,
drought, drastically hinders plant growth and
development, limits plant yield, and negatively affects
the performance of crop plants more than any other
environmental factors (Shao et al., 2009). It is the most
restrictive environmental element for crop quality and
production, including economic output and the provision
of food for people globally (Roche et al., 2009).
However, in India, different parts have varied drought

trends and frequencies (Thomas et al., 2015). By the

end of the 215! century, drought episodes are projected
to occur in India’s peninsular, central northeast, and
west-central regions (Ojha et al.,, 2012). Its impacts in
India are worsened by the monsoon’s deviation
(Thomas and Prasannakumar, 2016), groundwater
depletion (Panda and Wahr, 2016), and growing
population (Lobell et al., 2008).

Water deficit can be defined as “Any water content of
a tissue or cell that is below the highest water content
exhibited at the most hydrated state”. Water stress is a
common phenomenon and it severely reduces the yield
of crops (Jangpromma et al., 2010a). Drought may
occur at any time of the cultivation season because of
variable climatic changes associated with increasing
temperature than average and this may cause a
profound decrease in yield (Parry et al., 1999). Drought
stress impacts include reduction of growth attributes,
diminished productivity and its quality, pigment
composition, and enhanced antioxidant activities (Silva
et al., 2012; Mir et al., 2019). Such alterations are
typically brought on by tissue dehydration (Dobra et al.,
2010).

Improving the efficiency of water use in agriculture is
an accomplice to increasing the fraction of the available
water resources that transpired, because of the
unavoidable association between yield and water use
(Lawlor et al., 2002). To improve production, it is
important to comprehend how plants react to drought

situations with the ultimate goal of improving crop

performance in the vast regions of the globe where
rainfall is limiting or unreliable. Although, the drought
stress tolerance mechanism is not clearly understood,
may be explained by stress adaptation effectors that
mediate osmolyte biosynthesis, toxic radical scavenging,
ion homeostasis, water transport, and long-distance
response coordination (Reddy et al, 2004). One
mechanism utilized by crop plants to overcome the
drought effects might be via the assimilation of
osmoprotectants, including soluble sugars, and amino-
acid based constituents including proline (Vendruscolo
et al., 2007; Ghosh et al., 2021). These molecules are
also known as cytoprotectants due to their capability to
prevent cell contents against abiotic stresses (Groppa
and Benavides, 2008; Khan et al., 2010) by enhancing
stress tolerance through maintaining ion-homeostasis,
and scavenging ROS by upregulating antioxidant

activities.

Millet is an important genetic resource that conducts
C4 photosynthesis and requires less water. They are of
potential value particularly in semi-arid regions due to
their short life span. Millets either have the ability to face
drought and extreme heat or they can avoid these
conditions by maturing very quickly, a novel adaptive
approach of millet crops (Baltensperger, 2002; Benhin,
2008). Therefore, millets could be the answer to fighting
climate change, poverty, and malnutrition globally. Proso
millet (Panicum miliaceum L.) is one of the important
grass species of the largest genus Panicum, which
include more than 400 species (Roshevits, 1980), widely
cultivated in India, Russia, Turkey, Romania, and China
(Nazifi et al., 2009; Chai, 1999). The fact being it uses
soil water very effectively, is acclimated to sandy, dry
soils, and thrives in dry climates (Baltensperger, 2002).
Therefore, generally considered an anti-famine and
relief crop. Proso millet is grown mostly in Southern
India, south of the Krishna River, although it may be
cultivated in scattered locales in central and hilly tracts
of the North.

Proso millet grain is rich in nutrient, which is used as
a staple food in Africa (Medonough, 2000) treated
allergies in Japan (Nishizawa et al., 1990), and is
processed into convenience foods that is suitable for

infants and young children in India (Srivastava et al.,
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2001). The protein content in the grains of proso millet
usually ranges from 11.3-12.7%. Broomcorn millet is
used for medicine as well. For instance, proso millet
protein has a role in regulating cholesterol metabolism
(Nishizawa and Fudamo, 1995), and preventing liver
injury (Nishizawa et al., 2002). Therefore, in near future,
when the food and water crisis stares us in the face;
millets can become the food of security. In view of all
these features that they so amazingly combine, millets
can only be called “Miracle Grains”. So, the present
work was carried out with the aim to study the

biochemical’s role in drought tolerance in proso millet.

MATERIALS AND METHODS

SEED COLLECTION AND EXPERIMENTAL DESIGN

Economically important common millet seeds
(Panicum miliaceum L.), family Poaceae were collected
from Kolimalai of Salem district, Tamilnadu, and were
identified botanically by Tamilnadu Agricultural

University, Coimbatore, Tamil Nadu, India.
Experimental Design

The research work was conducted in the Botanical
Garden and biochemical analysis was conducted at
Stress Physiology Laboratory, Department of Botany,
Annamalai University. Healthy seeds were surface
sterilized with 0.2 % Mercuric chloride solution for five
minutes with frequent shaking and thoroughly washed
with tap water. The experiment was laid out in a
Completely Randomized Block Design (CRBD). To
determine the most favorable periods that can be
applied for drought stress withdrawal; 1, 2, 3, 4, 6, 7, 8,
9, or 10 days and which can influence growth. The
preliminary experiment 1, 2, 3, ...., and 10 days interval
drought stress was used for the experiment. Among
these treatments, based on the reduction in dry weight
significant to 50%, 3 DID, 5 DID, and 7 DID (days
interval drought) were chosen and used for all the
experiments. Plastic pots of size 45 cm diameter and 60

cm height were used for the present study.

The pots were filled with 10 kg of soil mixture
containing red soil, sand, and farm yard manure in the
ratio of 1:1:1 ratio, and 44 pots were arranged in a

completely randomized block design (CRBD). One set of

11 pots was kept as control and the other 3 sets of 33
pots (11 pots for each treatment) were used for drought
treatments. Twelve selected seeds were cultivated in
each pot. Formerly all pots were irrigated daily with 500
ml of water to keep the water content of each pot at 70%

of the total holding capacity of the used soil, and then on

the 8" day of plant growth, thinning was done so as to
leave 5 uniform plants in each pot days after sowing
(DAS). The plants were allowed to grow up to 15 DAS.
The non-stressed plants (control) were irrigated daily.
Mild stress (Irrigation 3 days later), moderate stress
(Irrigation 5 days later), and severe stress (Irrigation 7

days later) were imposed from 15" DAS to 601" DAS.
The drought was imposed and continued until the last of

the experiment i.e., 151 to 60" DAS. Plants were

selected randomly, uprooted on 30™, 45" and 60t DAS,
washed carefully, and separated into the root and shoot

for estimating biochemical constituents.
BIOCHEMICAL CONSTITUENTS

Estimation of free amino acids, soluble proteins,

and proline contents

Soluble Protein content was estimated by Lowry
etal. (1951) and observed at 595 nm wusing a
spectrophotometer(U-2001-Hitachi). The results were
expressed in mg/g FW. Free amino acids were
estimated by following the previous protocol of Moore
and Stein, (1948). The absorbance was read at 570 nm
in a spectrophotometer. Proline contents were estimated
by following the protocol of Bates et al. (1973). The
absorbance was measured at 520 nm in a
spectrophotometer respectively, using a ninhydrin
reagent. Further L-leucine and L-proline were used as
the standards and the results were expressed in

milligrams per gram dry weight.
STATISTICAL ANALYSIS

The data pertained to all the characters studied were
subjected to statistical analysis by One-Way ANOVA
Statistical software version 22.0. Values in the figures
indicate the mean ‘t’ Standard error of three replicates
(n = 3). Differences between means were evaluated for

significance using DMRT at 5% probability level.
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RESULTS

Effect of Drought Stress on Biochemical

Constituents
Protein

It is apparent from (fig. 2) that the protein
content decreased progressively in all parts of P.
miliaceum L. with increased periods of water withdrawal
from 3 to 7 days above those of control plants. This
decrease was observed higher on 60 DAS, particularly
in 5 DID and 7 DID treatments than in 3 DID treatments
(mild stress) respectively. When related to control, it was
noted 83.63, 47.04, and 53.00 percent over control in
shoots, and 90.27, 79.11, and 72.04 percent over
control in roots on 60 DAS in 3 DID, 5 DID, and 7 DID
respectively.

Amino acids

It is evident from (fig. 3) that drought stress caused a
significant increase in free amino acids in shoots of P.

miliaceum L. with an increased drought period. Thus, an

Figure 1 Drought stress and Panicum miliaceum L. on 60 DAS

increasing trend was observed between free amino
acids and the severity of the drought period in all parts
of P. miliaceum L. However, it was noted higher in 5 DID
and 7 DID on 60 DAS, than in unstressed plants, and
was 120.31, 137.67, and 151.10 percent over control in
shoots and 112.59, 130.12, and 153.33 percent over
control in roots on 60 DAS in 3 DID, 5 DID, and 7 DID
respectively.

Proline (Pro)

Drought stress increased proline content in all parts
of P. miliaceum L. with increased duration of drought
treatments. It is evident from (fig. 4) that there is a
positive correlation between the proline contents and the
severity of drought in P. miliaceum L. plants. However,
this increased amount was found higher in 7 DID on 60

DAS than in unstressed plants. In comparison to non-
stressed plants, it was 140.38, 165.41, and 169.23
percent over control in shoots, and 145.16, 225.80, and
258.06 percent over control in root on 60 DAS in 3 DID,
5 DID and 7 DID respectively.
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Figure 2 Impact of drought stress on protein content in shoot and root of P. miliaceum L. Values are expressed as mean
+ standard error of three replicates (n=3). Error Bars with different lowercase alphabetic letters (a, b, c, d.....jJ)
represent a significant difference at P < 0.05% by DMRT.
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Figure 3 Impact of drought stress on amino acid contents in shoot and root of P. miliaceum L. Values are expressed as
mean + standard error of three replicates (n=3). Error Bars with different lowercase alphabetic letters (a, b, c,
d..... k) represent a significant difference at P < 0.05% by DMRT.
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Figure 4 Impact of drought stress on proline contents in shoot and root of P. miliaceum L. Values are expressed as
mean + standard error of three replicates (n=3). Error Bars with different lowercase alphabetic letters (a, b, c,

d..... i) represent a significant difference at P < 0.05% by DMRT.

DISCUSSION reduced the growth of plants by diminishing

. . . photosynthetic pigments and causes biomass reduction
Drought is one of the challenging environmental
L in P. miliaceum plants (Mir et al, 2019). Therefore,
factors that shows a negative impact on plant growth

. ) ) exploring millets to drought is a promising strategy to get
performance as seen in the above (fig. 1). It directly P 9 9 P 9 gytog
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rid of food security and overcome malnutrition.

A negative correlation was progressively found
between the severity of the drought period and protein
content in P. miliaceum L. In comparison to unstressed
plants, the decline was noted higher at maturity (fig. 2).
Because plants use proteins to accomplish nitrogen
deficiency by creating nitrogen molecules such as amino
acids, which may assist little millet plants to adjust
osmotic pressure and water intake capacity under
salinity stress (Mir and Somasundaram, 2020) and the
protein breakdown process becomes more active under
insufficient circumstances seen in A. esculentus L.
(Sankar et al., 2007). The reduction in protein content in
the chilling-stressed tomato plants was correlated with
water deficit conditions (Bauer et al., 1997). Similar
results are reported in Cowpea (Manaf, 2016), and rice
(Frukh et al., 2020).

Drought stress caused an increase in amino acid
contents than unstressed plants at all stages of P.
miliaceum (fig.03) Free amino acid accumulation is more
important to account for most of the changes in osmotic
potential. The accumulation of amino acids may be for
two reasons one being the hydrolysis of protein and
another reason being the osmotic adjustment changes
of their cellular contents (Greenway and Munns, 1980).
Therefore, free amino acid accumulation under stress at
all the growth stages shows the potential for their
participation in osmotic adjustment in sorghum (Yadav
et al., 2005). Similar results of enhanced amino acids
were obtained in Arachis hypogaea (Asha and Rao,
2002), pepper (Nath et al., 2005), and barley (Noreen et
al., 2021) respectively.

Drought stress increased proline content significantly
both in the roots and shoots of P. miliaceum (fig. 4).
However, it was observed that there is a directly
proportional relationship between the proline contents of
shoots and roots and the severity of drought than the
control one. Concerning drought impact on proline
content, it was documented by many workers that it
accumulated intensively in all stressed organs of plants
especially in leaves as a consequence of the increased
breakdown of proteins with a simultaneous decline in its
synthesis in addition to conversion of some of amino-

acids as ornithine, arginine and glutamic acid to proline

(Yoshiba et al., 1997). Moreover, Yoshiba, et al. (1997)
and Phutela, et al. (2000) suggested that proline
accumulated in tissues of stressed plants is by an
increased rate of its synthesis by pyrroline-5-carboxylate
synthetase and the decreased rate of its degradation by
proline oxidase enzyme. Increased proline accumulation
was noted in bell pepper (Nath et al., 2005), lentil
(Bekka et al., 2018), wheat (Vendruscolo et al., 2007),
common bean (Sofy et al., 2020), and canola cultivars
(Javeed et al., 2021) respectively. Increased proline
plays a vital and diversified role in plants exposed to
various stresses such as drought stress (Igbal et al.,
2019). Therefore, higher proline content buildup in proso
millet under drought helps it to acquire tolerance and

complete the life span by early maturation.
CONCLUSION

In the present work, it was concluded that when P.
miliaceum plants were subjected to drought treatments
resulted in an upsurged osmoprotectants, especially
proline. This proves osmolytes as useful tools for plants
to determine their health conditions when subjected to
drought stress, thereby maintaining osmotic adjustment.
Therefore, P. miliaceum showed resilience to prolonged
drought conditions and can be exploited for the genetic

program.
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