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ABSTRACT

The aim of this study was to investigate effects of water stress on nutritional values and relative water content of two 
millet crops (finger millet and barnyard millet). The study was carried out in experimental fields of the GB Pant 
University of Agriculture and Technology located in the Tarai area of the Indian Himalayan region. Pot experiments were 
carried out in a randomized complete block design. Water stress treatments included control (irrigation once in 7 days), 
mild stress (irrigation once in 15 days), moderate stress (irrigation once in 30 days) and severe stress (irrigation once in 
45 days). The nutritional parameters like carbohydrate, protein and amylase contents and the relative water content 
decreased under drought stress in both the crops. Finger millet showed better resistance against drought conditions in 
comparison to barnyard millet. Evidently, the finger millet registered a higher concentration of nutritional parameters and 
relative water content as compared to the barnyard millet. Both the millets, however, showed tendency to recover when 
they ceased to be under stress conditions.
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INTRODUCTION

Biotic and abiotic stresses have been reported to affect 
plant growth, composition and morphology (Kaur et al. 
2007; Singh 2020). Drought is one of the impactful abiotic 
stresses that influence plant growth and other parameters, 
particularly in field crops. While, drought is generally a 
meteorological term referring to 'norainfall', the plants 
experience water stress when the soil water is reduced due 
to atmospheric conditions (loss of water during 
transpiration or evaporation). Generally, the crops respond 
to the abiotic stresses with varied modifications on the 
morphological, cellular, physiological, biochemical and 
molecular level (Khatoon and Singh 2016a, 2016b; Singh 
2020). Notwithstanding, multiple abiotic stresses do occur 
simultaneously and crops square measure is continuously 
subjected to a mixture of various abiotic stresses in situ. 
Among the abiotic stresses, drought and warmth stress 

square measure two crucial threats to crop growth and 
property agriculture worldwide (Boyer et al. 1982; Farooq 
et al. 2008; Jaleel et al. 2008). Drought stress as a 
consequence of meagre rain or deficient soil condition 
might induce varied biochemical, physiological and 
genetic responses in plants that severely restricted crop 
growth (Singh 2020). Although, the millets are known for 
their high water use efficiency and survive tough drought 
conditions, the present study has attempted to have a 
comparative understanding of the oxidative damage and 
nutritional metabolism activity that emerge during water 
stress in barnyard and finger millet crops.

MATERIALS AND METHODS

The pot experiments were carried out during October to 
March, 2018-2019 in a glass house managed by the College 
of Basic Sciences and Humanities, G.B. Pant University of 
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Agriculture and Technology, Pantnagar. This site is 
0 0situated at 29 N latitude, 79 29E longitude and an altitude 

of 243.84 m asl in the foot hills of the Himalayas in a 
narrow strip called Tarai. The climate of the study area is 
humid subtropical with severe cool and hot dry during 
winter and summer respectively. Average temperature 

0recorded during the experimental period was 28±5 C.

Experimental Design 
For this experiment, seeds of finger millet and barnyard 
millet, the landraces locally known as mandua and jhungra, 
were collected from a mid-altitude Himalayan village of 
Bimola situated in district Almora in Uttarakhand. After 
surface sterilization, seeds were grown in plastic pots 
containing loamy sandy soil without any use of fertilizer. 
Plants were grown inside a glass house only to provide 
protection to plants from rainfall, fog, mist etc. Experiment 
was laid out in randomized complete block design (RCBD) 
with five replications for both the millet crops. Regular 
irrigation treatments were administered in this study after 7 
days to maintain control conditions and water stress 
condition was imposed by reducing irrigation at 15, 30, 45 
day intervals in different replicated pots. 500 ml water was 
given at the fixed period of time in each water treatment

For nutritional analysis, biochemical parameters such as 
amylase, carbohydrate, protein and relative water contents 
were measured following standard procedures provided by 
Lowry et al. (1951) and Yemme and Wills (1954). Relative 
water content (RWC) was determined (Smart and Bingham 
1974) as below. 

RWC= (Fresh weight- dry weight)/ (Turgor weight-dry 
weight) × 100

The statistical analysis of the datasets on different 
parameters was carried out using three and two way 
Analysis of Variance (ANOVA) technique according to 
Gomez and Gomez (1984) procedure for RCBD, through 
microcomputer 32 (with the help of STPR-15 & 2).

RESULTS AND DISCUSSION

Amylose 
Drought conditions had an adverse effect on amylose 
content of both the study crops due to effect on the kinetics 
of enzymes involved in its synthesis  (Table 1). The optimal 
and minimum values of amylose contents registered in 
barnyard millet were 18.87% and 4.66% at maturity stage 
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Figure 1 : Effect of different levels of water stress on amylose (a), carbohydrate (b) and protein (c) 
during reproductive stages.
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in control and 45 days' long water-stressed plants. In finger 
millet, these values were 20.72% and 6.53% at maturity 
stage in control and in plants exposed to water stress for 45 
days (Figure 1(a), Table 1). Greater amylose content was 
however recorded in finger millet than in barnyard millet. 
In many experiments, similar results have earlier been 
observed by Jones et al. (1980), Munns and Wier (1981), 
Sanchez et al. (1998), Kaur et.al. (2007), Irigoyen et al. 
(1992), Nayer and Reza (2008).

Carbohydrate Content 
Carbohydrate content gradually decreased with increasing 
level of drought during maturity stage. The probable 
reason was that at maturity stage carbohydrate synthesis in 
the grains is not met with required amounts of water 
necessary to activate the enzymes involved. The higher 
level of drought treatment (45 days) during maturity stage 
decreased carbohydrate content in both barnyard millet 
and finger millet significantly (p<0.05). The maximum and 
minimum carbohydrate contents in barnyard millet were 
8.82 in control and 3.78 in the plants water-stressed for 45 
days. In finger millet, the carbohydrate values were 9.21 in 
control and 5.39 in the plants exposed to 45 days' long 
drought conditions (Figure 1(b), Table 1). Significantly 
higher carbohydrate contents were recorded in finger 
millet as compared to barnyard millet. In many 

experiments similar results were observed by Lawlor and 
Fock (1977), Munns et al. (1979), Thakur and Rai (1980), 
Jones et al. (1981), Munns and Wier (1981), Irigoyen et al. 
(1992), Sanchez et al.(1998), Izanloo et al. (2008), and 
Nayer and Reza (2008).

Protein Content 
The effect of water stress (different levels of drought) on 
total protein content in the grains of both the millets during 
different days of water treatment (or drought periods) is 
presented in Figure 1(C) and Table 1. A significant effect of 
water stress on protein content was observed and directly 
correlated with the decrease of drought severity. In the 
present experiment protein content decreased as the 
drought levels (days of water treatment) increased from 15 
day to 45 days in both the millet crops. The higher level of 
drought treatment (45 days) during maturity stage 
decreased total protein content in both barnyard millet and 
finger millet significantly (p<0.05). The optimal and 
minimum total protein values acquired in case of barnyard 
millet were 3.65 mg/g in control conditions and 1.44 mg/g 
in the plants. In finger millet, these values came out to be 
4.04 in control and 1.64 mg/g in the plants exposed to 45 
days long drought. Decrease in protein content occurred 
due to non-availability of adequate water to the plants. 
Higher protein content was observed in finger millet as 

Table 1: Effect of different levels of drought stress on carbohydrate content, protein content and amylose content in 
finger millet and barnyard millet at reproductive stage.

Millets crop Drought levels Carbohydrate Protein Amylose 
content content (mg/g) content (%)

Barnyard millet Control 8.82 3.65 18.87

15 day 7.22 2.59 15.51

30 day 5.83 1.9 9.34

45 day 3.78 1.44 4.66

Finger millet Control 9.21 4.04 20.72

15 day 7.82 2.81 17

30 day 6.48 2.01 10.97

45 day 5.39 1.64 6.53

S.Em c.d at 5% S.Em c.d at 5% S.Em c.d at 5%

I factor a 0.086 0.178 0.05 0.101 0.184 0.378

II factor b 0.122 0.25 0.07 0.144 0.261 0.534

axb 0.122 0.353 0.07 0.204 0.261 0.755

a=millets crop a ** a ** a **

b=drought levels b ** b ** b **

axb ** axb ns axb ns

**Highly significant, * Significant at p<0.05 and ns- non-significant at p>0.05.



compared to barnyard millet. As we increased the length of 
water stress in plants, gradual decrease in protein content 
was recorded. In many experiments, similar results were 
observed in barley (Apel and Hirt, 2004; Salekjalali et al. 
2012), and finger millet and barnyard millet (Khatoon and 
Singh 2016a, 2016b). Such results reveal that the enzyme 
system is affected similarly due to event of water stress in 
other crops.

Relative Water Content
Relative water content has probably become an indicator for 
screening crop under various degrees of water stress. 
Drought has adverse effect on relative water content of the 
plants. The effects of water stress on relative water content 
were observed in this experiment inboth the millets crop 
(finger millet and barnyard millet) at different 

developmental stages. Non-significant (p>0.05) decrease in 
relative water content was observed with increased levels of 
water stress (days of water treatment) in both the millet crops. 
The maximum and minimum relative water content values 
observed in barnyard millet were 89.31 and 62.07% at 
reproductive stage in control and vegetative stage in case of 
45 days' long water-stressed plants. In finger millet, the 
values were 90.78 and 64.65% at reproductive stage in 
control and vegetative stage in case of 45 days of water 
treatment to plant. In many cases, the difference in relative 
water content was recorded almost similar in barnyard millet 
and finger millet (Figure 2, Table 2).

As severity of drought increased, relative water content 
decreased.  In many cases similar result were observed in 
wheat (Almeselmani et al., 2011), finger millet (Assefa et 
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Table 2: Effect of different levels of drought stress on relative water content in finger millet and barnyard millet at 
reproductive stage.

Millets crop Drought levels Relative water content (RWC %)
Developmental stages

Vegetative stage Reproductive stage

Barnyard millet Control 85.3 89.31

15 day 79.98 81.29

30 day 72.8 75.57

45 day 62.07 67.37

Finger millet Control 87.16 90.78

15 day 81.55 83.58

30 day 74.31 77.45

45 day 64.65 69.09

S.Em c.d at 5%

I factor  a 0.57 1.14

II factor b 0.807 1.613

III factor c 0.57 1.14

axb 0.807 2.813

bxc 0.807 2.813

axc 0.57 1.613

axbxc 1.141 3.226

a = millets crop a **

b = drought levels b **

c = developmental c **

stages axb ns

bxc ns

axc ns

axbxc ns

**Highly significant, * Significant at p<0.05 and ns- non-significant at p>0.05.

27



28

27International Journal on Agricultural Science (IJAS) 10 (1 & 2) Anjali Tiwari et al.,

al., 2013), chick pea (Moinuddin and Chopra, 2004), and 
canola (Rashidi et al., 2012) revealing the key role of water 
for enzyme systems to function in other plant species.

CONCLUSION
In this study, millet crops studied showed variation inter-
alia in the contents of various metabolites accumulated in 
relation to the relative water contents under different water 
stress conditions. The use of carbohydrates, proteins and 
amylose content can be used as criteria for checking 
drought tolerance under severe drought conditions. Both 
the crops give good results in 15 and 30 days of water stress 
conditions. Among the three nutritional parameters, it was 
amylose to have been impacted heavily with largest 
proportion of reduction in its content due to induced water 
stress for 45 days. Thus, amylose can be used as the prime 
indicator of water stress in crop plants for future studies.
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