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Water stress induced physiological and biochemical
responses of minor millets and rice at vegetative stage
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ABSTRACT

Abiotic stresses such as heat stress, water stress etc. alter plant growth, metabolism and yield. Among them, water stress
is a major one as it occurs severely in major producing areas of the world.It is not only due to the deficit of water but
also due to other factors such as high temperatures and severe cold that makes plants not able to absorb enough water
from soil to grow well and this is called physiological water stress that leads to a series of disorders in physiological and
biochemical processes.Millets are resilient to extreme environmental conditions especially to inadequate water and are
rich in nutrients.The current study was undertaken to analyse the effects of water stress on Leaf proline, protein, soluble
carbohydrates, chlorophyll content of Minor Millets and Rice genotypes under water stress conditions at 5.5 to 6.5 %
SMC (Soil Moisture Content) for Millets and 15-18 % SMC for Rice genotypes at vegetative stage. The photosynthetic
pigments (Chlorophyll a, chlorophyll b and total chlorophyll) decreased and the biochemical components (Leaf Proline,
Protein, Carbohydrates) increased under water stress. Our study revealed that, among the three crops, Little millet geno-
type, RLM-37 and Rice genotype, R-RF-127 showed maximum increase in proline, protein and carbohydrate content
when compared to control ones. This study suggested that, little millet genotype RLM-37 having water stress tolerant
adaptive mechanism and perform better under water stress than Rice genotypes.
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INTRODUCTION

Abiotic stresses like water stress activates a series of
physiological, morphological, molecular and biochemi-
cal changes in plants by affecting growth and productiv-
ity negatively. Plants deal with water stress by all these
responses. Various morphological mechanisms function-
ing under water stress situation which includes, water
stress escape, water stress avoidance, water stress toler-
ance and water stress recovery, has also been identified
(Kholova et al., 2010, Monneveux et al., 2006 and Blum
et al., 2005 Fang et al., 2015). Under water stress, accom-
modation of dehydrin like proteins was identified in the
leaves and roots of water-stressed plants that lead to
protect plants from further dehydration losses. The rate
and levels of accumulation of proteins, amino acids and
sugars may determine the ability of a genotype to with-
stand the level of water stress. Minor millet is known for
its greater level of tolerance against water stress, salin-
ity and diseases. On the darker side, millet have been
included in the “Orphan crop” list due to lack in their
trade across the world, extra efforts are required in grain
processing as well as in the social stigma attached to
these crops as “food for the poor” Together these nega-
tivities have failed them to seek attention of researchers
at all, (Fang et al., 2015, Sharma and Khurana, 2014,
Dubey et al., 2018, Sushmitha et al., 2018 Kumari et al.,
2019).

Diverse abiotic stresses are the reason for the excep-
tional tolerance of millets including under water stress.
Millets are considered as the climate change compliant
crops score high when compared with other grains like
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Wheat and Rice in terms of high nutritional value and
marginal growing conditions. Inspite of the unusual,
extraordinary, exceptional nutritional qualities of small
millet grains and capacities of millet farming systems,
the area under small millet production has been shrink-
ing or declining over the last five decades. Rice is a staple
food crop and second largest crop in the world with high
Drought Sensitivity Index (Karl, 1983) as it dies below
18 % SMC as it is mainly grown under water-logged
condition. The molecular biology of minor millets has
been explored to the very less extent and there is much
that requires investigation, including the establishment
of a genome map and sequenced genome.

MATERIAL AND METHODS

Plant material: The experimental materials of the pre-
sent investigation comprised of minor millet (Little
millet includes RLM-37, BL-4, MM-23, BL-8, BL-15-1,
OLM-203 and MM-10, Barnyard millet includes Sawa,
VL-29, Melghat-1, Melghat-3 and MM-03) and Rice
genotypes (R-RF-127, Moroberekan and MTU-1010) sow-
ing was done in pots separately and maintained in green
house at 28+2 °C.Water stress was induced after 30 days
of sowing at the vegetative stage under the green house
conditions (Figure 1 € 2). Plants were watered normally
once in a day before the stress imposition and the leaf
samples were harvested when the soil moisture content
in the stress pots as reached below 10% in Millets and
below 20% in Rice genotypes in both control and stress
condition. The harvested samples were stored immedi-
ately in liquid nitrogen at -80° C.
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FIGURE 1. Little millet genotypes under Control (C) and water Stress
(S) condition at 5.5-6.5 % SMC.
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ditionat 15-18 % SMC.

FIGURE 2. Rice genotype under Control (C) and water Stress (S) con-
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Biochemical estimation was done by following methods

Leaf proline content was estimated by Acid ninhydrin
method as given by Bates et al., (1973). Lowry et al.
(1951) method was used for estimation of Leaf protein
content, Leaf carbohydrate content was estimated by
phenol sulphuric acid method proposed by Krishnaveni
et al., (1984). Acetone method was used for estimation of
Leaf Chlorophyll content given by Arnon (1949).

Statistical Analysis: The effect of water under stress
and control condition in genotypes of Millets and Rice
was analysed statistically by CRD by the application of
OP-STAT, an online computerized software developed at
BHU.

RESULTS AND DISCUSSION

Biochemical characterization of fifteen genotypes of
Minor millets and Rice: After 6 days of water stress
imposition and at 6% Soil Moisture Content (SMC) for
Minor millets and after 4 days of same and at 18% SMC
for Rice genotypes. The wide variation for proline, pro-
tein, carbohydrates and chlorophyll (Chl a, chl b and
total chl) content was recorded in stress tissue as when
compared to that of control one’s for fifteen genotypes
of Minor millets and Rice.

Effect of water stress on leaf Proline content among
Minor millets and Rice genotypes: The leaf Proline was
estimated by Acid ninhydrin method. Accumulation of
proline as an osmolyte under water stress was observed
in different Millet and Rice genotypes. The proline con-
tent ranged from 0.391 to 1.102 p mole/g f.wt for stress;
whereas in controlled condition it ranged from 0.270 to
0.925 1 mole/g f.wt in Little millet genotypes (Table 1).
The Little millet genotype RLM-37(1.102 1 mole/g f.wt)
had highest increase in proline content and OLM-203
(0.391 pmole/g f.wt) was recorded with lowest increase
in proline content in stress tissue over control. Similarly
the proline content ranged from 0.192 to 7.869 p mole/
tissue under stress; whereas under control condition
proline content ranged from 0.015 to 0.204 p mole/tis-
sue. A significant increase in proline has been observed
in response to water stress, favouring osmotic adjust-
ment. When comparing fold increase in proline content
under stress when compared with control among eight
genotypes BL-15-1 was recorded with (63.460) higher
fold increase Sushmitha et al. (2018).

The proline content ranged from 0.146 to 0.903 p
mole/g f.wt for stress; whereas in controlled condition
it ranged from 0.111 to 0.520 umole/g f.wt(Table 1). The
Rice genotype, R-RF-127 had highest increase in proline
content (0.903 u mole/g f.wt) and MTU-1010 (0.146 p
mole/g f.wt) was recorded with lowest increase in pro-

line in stress tissue when compared to control.The mean
of all the genotypes selected was 0.48111 mole/g f.wtand
it ranged from 0.111 to 0.925 p mole/g f.wtin con-
trolled condition and was increased to 0.826p mole/g
f.wt and it ranged from 0.146 to 1.102p mole/g f.wtin
stress tissue. Among three crops, Little millet genotype,
RLM-37(1.102p mole/g f.wt) was found to have high-
est increase in proline and Rice genotype, MTU-1010
(0.146u mole/g f.wt) was found to have lowest increase
in proline when compared to control (Table 1). Hence
according to our study RLM-37 of Little millet shown
to follow tolerant genotype characteristics. There was
positive correlation in proline under stress condition.
It increased when plants were exposed to stress in all
the three crop genotypes. In general, proline content
of leaves increased with the decline in irrigation water,
suggesting that the production of proline is probably a
common response of millet under water stress condi-
tions. The role of proline in adaptation and survival of
plants has been well documented by Watanabe et al.
(2000) and Saruhan et al. (2006).0smotic adjustment
through accumulation of cellular solutes, such as pro-
line, has been reported as one of the possible means for
overcoming osmotic stress caused by the loss of water
by Caballero et al.(2005). Teixeira and Pereira (2006)
indicated that proline content significantly increased in
all potato organs in response to stress condition. This
increment was more remarkable in roots and tubers than
in the leaves. High levels of proline enable the plant to
maintain low water potentials causing the accumulation
of compatible osmolytes that makes additional water to
be taken up from the environment by the plant, thus
buffering the immediate effect of water limit within the
organism (Mousa and Abdel-Aziz, 2008).

Lobato et al. (2011) revealed that there was increment
in the accumulation of proline and free amino acids in
soybean (Glycine max cv.Sambaiba) leaves under water
limited condition 67 and 388.1%, respectively. On the
basis of accumulation of leaf proline content under
water stress condition, Little millet genotype, RLM-37
and Finger millet genotype, BR-36 was found to be
maximum compared to tolerant genotype GPU 67 hence
were identified as potential drought tolerant genotypes
by Dubey et al. (2018).

Effect of water stress on leaf Protein content among
Minor millets and Rice genotypes: The leaf Protein
content was estimated by the method given by Low-
ryl. Ashraf and Foolad (2005) had reported that higher
protein content in tolerant genotypes under water stress
condition is due to higher DNA and RNA content, which
enhances synthesis and inhibits protein decomposition.
Sushmitha et al. (2018) reported that the wide variation
for protein content was found in stress tissues for eight
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Table 1. Statistical Analysis of biochemical traits (Proline, Protein and Carbohydrates) for Minor millets and Rice
genotypes under control and stress condition.
Genotypes Proline Control | Proline Stress | Protein Control | Protein Stress | Carbohydrate Control | Carbohydrate Stress
(n mole/gf.wt) (n mole/gf.wt) | (mg/g f.wt) (mg/gf.wt) (mg/g f.wt) (mg/g f.wt)
RLM-37 0.397+0.001 1.102+0.001 0.264+0.001 0.558+0.001 0.061+0.001 0.382+0.001
BL-4 0.636+0.000 0.988+0.001 0.330+0.000 0.335+0.001 0.070+0.000 0.135+0.001
MM-23 0.491+0.001 1.000+0.058 0.236+0.001 0.345+0.000 0.078+0.001 0.181+0.001
BL-8 0.925+0.001 1.022+0.001 0.262+0.000 0.314+0.000 0.198+0.001 0.169+0.001
BL-15-1 0.448+0.001 0.495+0.001 0.125+0.000 0.432+0.000 0.495+0.001 0.275+0.001
OLM-203 0.356+0.002 0.391+0.001 0.277+0.001 0.354+0.000 0.070+0.001 0.127+0.001
MM-10 0.270+0.000 0.482+0.001 0.322+0.001 0.391+0.001 0.197+0.001 0.203+0.001
SAWA 0.391+0.001 1.084+0.001 0.265+0.001 0.538+0.000 0.039+0.001 0.178+0.000
VL-29 0.471+0.001 1.000+0.000 0.330+0.001 0.362+0.000 0.091+0.001 0.150+0.001
MELGHAT-1 0.848+ 0.001 0.916+0.001 0.280+0.045 0.432+0.001 0.071+0.001 0.140+0.001
MELGHAT-3 | 0.472+ 0.001 1.022+£0.000 0.262+0.001 0.319+0.001 0.073+0.000 0.151+0.000
MM-03 0.508+0.000 1.001+0.001 0.278+0.001 0.425+0.001 0.093+0.000 0.177+0.000
R-RF-127 0.378+0.001 0.903+0.001 0.407+0.001 0.538 +0.000 0.076+0.001 0.378+0.000
Moroberekan | 0.520+0.001 0.850+0.001 0.460+0.000 0.511+0.001 0.084+0.001 0.235+0.000
MTU-1010 0.111+0.001 0.146+0.001 0.269+0.001 0.278+0.001 0.082+0.001 0.092+0.000
Mean 0.481 0.826 0.291 0.408 0.118 0.198
Maximum 0.925 1.102 0.46 0.558 0.198 0.382
Minimum 0.111 0.146 0.125 0.278 0.039 0.092
CD(p=0.05) 0.002 0.043 0.034 0.003 0.001 0.002
SE(m) 0.001 0.015 0.012 0.001 0.001 0.001
SE(d) 0.001 0.021 0.016 0.001 0.001 0.001
C.v. 0.243 3.126 6.894 0.474 0.754 0.487

Little millet genotypes (BL-8, MM-23, MM-10, BL-15-
1, RLM37, OLM-203, BL-4, JK-8). The protein content
ranged from 0.040 to 0.586 mg/tissue under stress con-
dition, whereas 0.027 to 0.080 mg/tissue under control
condition. BL-4 (8.746) had the highest fold increase.
The protein content ranged from 0.314 to 0.558 mg/g
f.wt in stress condition and from 0.236 to 0.432 mg/g
f.wtin control in Little millet genotypes (Table 1). The
Little millet genotype RLM-37(0.558 mg/g f.wt) had
the highest increase in protein content and BL-8 (0.314
mole/g f.wt) was recorded with lowest protein content
in stress tissue.

The protein content ranged from 0.278 to 0.538 mg/g
f.wt in stress condition and from 0.269 to 0.460 mg/g
f.wt in control condition (Table 1). The Rice genotype,
R-RF-127 (0.538 mg/g f.wt) had the highest protein in
stress and MTU-1010 (0.278 mg/g f.wt) had the lowest
protein in stress when compared to control. The mean
of all the genotypes selected was 0.408mg/g f.wt and
it ranged from 0.278 to 0.558mg/g f.wtin stress tis-

sue and the mean was 0.291mg/g f.wtand it ranged
from 0.125 to 0.46 mg/g f.wtin controlled condition.
Among the three crops, little millet genotype, RLM-37
(0.558mg/g f.wt) was reported with highest increment in
protein and tends to be a tolerant genotype and MTU-
1010 (0.278mg/g f.wt) was reported with lowest increase
in protein under stress and tends to be a susceptible
genotype (Table 1).There was increase in protein con-
tent in almost all genotypes of the three crops under
stress condition. Hence the biochemical trait protein is
positively correlated with both Millets and Rice, under
water stress. Little millet genotype, RLM- 37 was found
to show maximum protein content compared to tolerant
genotype GPU 67 by Dubey et al,(2018).

Effect of water stress on leaf Carbohydrate content
among Minor millets and Rice genotypes.

Leaf carbohydrate content was estimated by phenol
sulphuric acid method proposed by Krishnaveni et al.,
(1984). Total carbohydrates in the leaves and seeds
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were determined by phenol sulphuric acid method. The
observation of carbohydrate content under control and
stress condition showed that the carbohydrate content
increases significantly with prolongation to water stress.
The carbohydrate content ranges from 0.127 to 0.382
mg/ g f.wt in stress condition whereas 0.061 to 0.495
mg/ g f.wt in controlled condition (Table 1). Water stress
induced highest increase in carbohydrate content was
obtained in Little millet genotype RLM-37 (0.382 mg /g
f.wt) and Little millet genotype, OLM-203(0.127 mg /g
f.wt) had shown the lowest increase in Carbohydrates
content under stresswhen compared to control. Likewise
the carbohydrate content ranges from 234.221 to 612.222
mg/tissue under stress condition whereas 153.907 to
302.313 mg/tissue in control condition. BL-15-1 (2.705)
had the highest fold increase by Sushmitha et al. (2018).

The carbohydrate content ranges from 0.092 to 0.378
mg/g f.wt in stress condition where as 0.076 to 0.084
mg/g f.wt in controlled condition (Table 1). Rice geno-
type, R-RF-127 (0.378 mg/ g f.wt) had shown the highest
increase in Carbohydrates and MTU-1010 (0.092 mg/ g
f.wt) had shown the lowest increase in Carbohydrates
under stress.

Water stress induced highest increase in carbohydrate
content was recorded in Little millet genotype, RLM-37
(2.571 fold) followed by Finger millet genotype PR-10
14 (2.035 fold) when compared with tolerant genotype
GPU-67by Dubey et al. (2018). The mean of all the geno-
types selected was 0.198 mg/g f.wt and it ranged from
0.092 to 0.382 mg/g f.wtin stress tissue and the mean
was 0.118 mg/g f.wt and it ranged from 0.039 t00.198
mg/g f.wtin controlled condition. Among the three crops,
Little millet genotype, RLM-37(0.382mg/g f.wt) was
reported with highest increase in carbohydrates content
when compared to control and tends to be a tolerant
genotype and MTU-1010 (0.092mg/g f.wt) was reported
with lowest carbohydrates content(Table 1)and tends to
follow susceptible genotype characteristics. It was found
to have positive correlation with stress induction. There
was increase in carbohydrates content in most of the
genotypes of the three crops under stress condition.
Hence the biochemical trait, carbohydrate is positively
correlated with both, Millets and Rice under water stress.
The accumulation of sugars in response to water stress
is quite well established (Izanloo et al., 2008; Watanabe
et al., 2000).

Soluble sugars may function as an osmo protectant,
stabilizing cellular membranes and maintaining tur-
gor pressure. Gene ontology attributes such as proline
and soluble sugar accumulations were highly enriched
in the water stress-up-regulated genes, suggesting that
those metabolic pathways are important in responses to
water stress. Indeed, the importance of many of these
pathways to water stress tolerance has been empirically

supported by transgenic experiments by Umezava et al.
(2006). Hermalina et al. (2014) revealed that, total solu-
ble sugar and Proline content in the leaves were sig-
nificantly (p<0.05) increased due to the increment in the
level of water stress. The differences in the responses
to water stress among the nine selected corn cultivars
suggested that each cultivar has different ability to syn-
thesis proline and total soluble sugar with an increase in
water stress treatment.

Effect of water stress on Chlorophyll content among
Minor millets and Rice genotypes.

Acetone method was used for estimation of Leaf Chlo-
rophyll content given by Arnon. Chlorophyll mainte-
nance is essential for photosynthesis under water stress.
The chlorophyll a, chlorophyll b and total chlorophyll
content ranges from 0.797 to 2.633 mg/g f.wt, 0.359 to
0.701 mg/g f.wt and 1.146 to 2.418 mg/g f.wt for stressed
leaf tissue where as in control condition, it ranges from
0.797 to 2.633 mg/ g f.wt, 0.483 to 1.500 mg/ g f.wt
and 1.326 to 4.963 mg/ g f.wtin Little millet genotypes
(Table 2). Chl a, chl b and total chl was found to have
negative correlation on stress induction. There was
decrease in chlorophyll a, b and total chlorophyll con-
tent in almost all the genotypes of the three crops
under stress condition (Table 2). Among the Minor mil-
let genotypes, Little millet genotype, OLM-203 had the
lowest decrease in Chlorophyll a content (0.764mg/g
f.wt), MM-10 in Chlorophyll b content (0.359mg/g f.wt)
and OLM-203 in total chlorophyll content(1.146 mg/g
f.wt) and Little millet genotype, RLM-37 had the high-
est decrease in Chlorophyll a content (1.359 mg/g f.wt),
Chlorophyll b content(0.701 mg/g f.wt) and Total chlo-
rophyll content (2.418 mg/g f.wt) under water stress as
when compared to control.

Sushmitha et al. (2018) revealed that, a wide varia-
tion for chlorophyll content was found in stress tissues
for eight Little millet genotypes (MM-23, BL-8, RLM-37,
OLM-203, MM-10, BL-15-1, BL-4, JK-8). Chlorophyll
a, Chlorophyll b and Total Chlorophyll content ranged
from 0.783 to 2.441 mg/tissue, 0.403 to 1.332 mg/tissue,
1.330 to 3.811 mg/tissue respectively for stress leaf tissue
whereas under control condition it ranged from 1.223
to 3.075 mg/tissue, 0.597 to 3.006 mg/tissue, 1.819 to
6.047 mg/tissue respectively. The genotype MM-10 had
the highest fold reduction of 2.011 mg/tissue in the total
chlorophyll content, where as in case of chlorophyll a,
the genotype MM-23 showed highest fold reduction of
2.00 and in chlorophyll b, the genotype JK-8 showed the
highest fold decrease of 3.00.

In rice genotypes, chlorophyll a, chlorophyll b
and total chlorophyll content ranges from 0.400 to
0.933mg/g f.wt, 0.203 to 0.434 mg/g f.wt and 1.133
to 1.877 mg/g f.wt for stressed leaf tissue where as in
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Table 2. Statistical Analysis of photosynthetic pigments (Chlorophyll a, chlorophyll b and Total chlorophyll) for Minor
millets and Rice genotypes under control and stress condition.
Genotypes Chlorophyll a Chlorophyll a Chlorophyll b Chlorophyll b Total Chl control | Total Chl Stress
Control (mg/gf.wt) | Stress (mg/gf.wt) | Control (mg/gf.wt) | Stress (mg/gf.wt) | (mg/gf.wt) (mg/gf.wt)
RLM-37 2.633+0.001 1.359+0.001 1.500+0.000 0.701+0.001 4.963+0.001 2.418+0.001
BL-4 1.498+0.000 1.264+0.001 0.702+0.001 0.473+0.001 2.499+0.001 1.426+0.000
MM-23 1.338+0.001 0.951+0.000 0.568+0.001 0.554+0.001 1.893+0.001 1.519+0.001
BL-8 1.290+0.000 1.150+0.000 0.690+0.000 0.596+0.004 1.852+0.000 1.747+0.000
BL-15-1 1.076+0.001 0.980+0.006 0.656+0.000 0.461+0.001 1.946+0.000 1.530+0.006
OLM-203 0.797+ 0.001 0.764+0.001 0.483+ 0.001 0.382+0.000 1.326+0.000 1.146+0.001
MM-10 1.274+0.001 0.872+0.001 0.513+0.001 0.359+0.001 1.491+0.001 1.230+0.000
SAWA 2.600+0.000 1.370+0.001 1.168+0.000 0.648+0.001 4.048+0.001 2.298+0.000
VL-29 2.231+0.001 1.296+0.004 0.928+0.001 0.516+0.001 2.225+0.000 1.956+0.001
MELGHAT-1 | 1.578+0.000 1.287+0.001 0.811+0.001 0.629+0.001 3.254+0.001 1.854+0.000
MELGHAT-3 | 1.578+0.000 1.271+0.000 0.786+0.008 0.600+0.006 2.545+0.000 2.049+0.001
MM-03 1.442+0.001 0.958+0.001 0.652+0.001 0.428+0.001 2.093+0.000 1.387+0.000
R-RF-127 1.263+0.001 0.933+0.001 0.880+0.000 0.434+0.001 3.077+0.000 1.877+0.001
Moroberekan | 0.500+0.000 0.441+0.001 0.567+0.001 0.343+0.004 2.027+0.000 1.296+0.001
MTU-1010 0.400+0.001 0.400+0.000 0.313+0.001 0.203+0.001 1.528+0.001 1.133+0.001
Mean 1.337 1.010 0.747 0.488 2.451 1.657
Maximum 2.633 1.359 1.500 0.701 4.963 2.418
Minimum 0.400 0.400 0.313 0.203 1.326 1.133
CD(p=0.05) 0.002 0.005 0.006 0.006 0.001 0.005
SE(m) 0.001 0.002 0.002 0.002 0.000 0.002
SE(d) 0.001 0.003 0.003 0.003 0.001 0.002
C.V. 0.063 0.319 0.473 0.737 0.035 0.164
NOTE: Each mean indicates: Mean of three independent replicates at each time. p mole/ g f.wt : micro mole per gram fresh weight, mg/ g f.wt : milligram
per gram fresh weight.

control condition it ranged from 0.400 to 1.263mg/ g
f.wt, 0.313 to 0.880 mg/g f.wt and 1.528 to 3.077 mg/g
f.wt respectively (Table 2). Among the Rice genotypes,
Moroberekan had the lowest decrease in Chlorophyll a
content (0.441 mg/ g f.wt), MTU-1010 in Chlorophyll b
content (0.203 mg/g f.wt) and MTU-1010 in total chlo-
rophyll content(1.133 mg/g fiwt)and R-RF-127(0.933
mg/g f.wt), had the highest decrease in Chlorophyll a
content, Chlorophyll b content (0.434 mg/g f.wt) and
Total chlorophyll content (1.877 mg/g f.wt) under water
stress. Manirannan et al. (2007) found a depression in
CHL a and b and TC in Helianthus annuus L. under water
stress. The chlorophyll was decreased from well watered
(control) condition to severe water stress (13 DID) and
there was plant pigment increment by the age of matu-
rity in plant by Paul et al. (2013). At the highest stressed
condition with respect to its control set, CR dhan 40
showed best performance for chlorophyll content by
Kumari et al. (2019).

Dubey et al. (2018) concluded that Reduced fold
decrease in chlorophyll a content was recorded in finger
millet genotype, GPU 67 (1.129 Fold) followed by BR 36

(1.265 fold). The mean of all the genotypes selected was
1.010 mg/g f.wt and it ranged from 0.4 to 1.359 mg/g
f.wtin stress tissue and the mean was 1.337 mg/g f.wt
and it ranged from 0.4 to 2.633 mg/g f.wtin controlled
condition. Among the three crops, Rice genotype, MTU-
1010 (0.4mg/g f.wt) was recorded with lowest reduc-
tion in chlorophyll a content and Little millet genotype,
RLM-37 (1.359 mg/g f.wt) was reported with highest
reduction in chlorophyll a content under water stress.

Out of seven genotypes under study, minimum
decrease was reported in Little Millet genotype OLM-
203 (0.994 fold) followed by finger millet genotype
GPU-67 (1.254 fold) by Dubey et al., (2018). The mean
of all the genotypes selected was 0.488 mg/g f.wt and
it ranged from 0.203 to 0.701 mg/g f.wt in stress tissue
and the mean was 0.747 mg/g f.wt and it ranged from
0.313 to 1.500 mg/g f.wt in controlled condition. Among
the three crops, Rice genotype,MTU-1010 (0.203 mg/g
f.wt) was recorded with lowest decrease in chlorophyll b
content and Little millet genotype, RLM-37 (0.701 mg/g
f.wt) was recorded with highest decrease in chlorophyll
b and under stress.

Bioscience BIOTECHNOLOGY RESEARCH COMMUNICATIONS

‘WATER STRESS INDUCED PHYSIOLOGICAL AND BIOCHEMICAL RESPONSES OF MINOR MILLETS AND RICE 711



Pooja Kathare, Patil Arun H. and Girish Chandel

Dubey et al. (2018) reported that, the minimum
decrease were recorded in finger millet GPU-67 (1.173
fold) followed by PR-10 14 (1.440 fold) and BR-36 (1.709
fold). The mean of all the genotypes selected was 1.657
mg/g f.wt and it ranged from 1.133 to 2.418 mg/g f.wtin
stress tissue and it increased to the mean 2.451 mg/g
f.wt and it ranged from 1.326 to 4.963 mg/g f.wtin con-
trolled condition. Among the three crops, Rice genotype,
MTU-1010 (1.133mg/g f.wt) was recorded with lowest
decrease and Little millet genotype, RLM-37(2.418mg/g
f.wt) was recorded with highest decrease in total chloro-
phyll under stress (Table 2).

Among the three crops, Rice genotype, MTU-1010was
recorded with lowest reduction in chlorophyll a, chlo-
rophyll b and total chlorophyll content as already in
control itself it was having less chlorophyll content so
it is showing less chlorophyll content and Little millet
genotype, RLM-37 was reported with highest reduction
in chlorophyll content under water stress but found to
be tolerant genotype by morphological, physiological
and majority of aspects.

CONCLUSION

Plants in water stress time adapt themselves by mak-
ing some changes in their physiological and biochemi-
cal features. Accumulations of soluble carbohydrates,
proline and protein increased under water stress. Chlo-
rophyll content are more resistant to water stress.Our
current study reveals that, after 6 days of water stress
imposition and at 6% Soil moisture content for Minor
milletand after 4 days of same at 18% SMC for Rice
genotypes.Among Minor millets and Rice genotypes,
RLM-37 was found to be show maximum increase in
proline, carbohydrate and protein which indicates their
comparable potential for water stress tolerance. This can
be taken as a base for water stress tolerance response
of the crop, which may be useful for further validation
studies of genes for water stress tolerance in millet and
other crop plants.
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