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 ABSTRACT

Drought is one of the most common environmental stress that affects growth and development of plants. 
The effect of drought stress on  protein  and carbohydrate metabolism were studied in a high yielding 
groundnut cultivar K-134, in relation to different regimes of water stress for a duration of eight  days. 
Water stress resulted in a significant accumulation of amino acids and sugars in the leaves of the cultivar, 
with concomitant increase in the activities of protease and amylase activity. The total protein content 
in leaves of the stressed plants declined with the progressive accumulation of free amino acids. The 
activity of the amylase increased in the leaves of the stressed plants with a simultaneous decrease in 
starch content. The relative reduction or accumulation of these metabolites was found to be dependent 
on severity and duration of stress. The physiological significance of these parameters in relation to water 
stress was discussed.
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INTRODUCTION
Since agriculture began, drought, or more generally 

inadequate water availability, one of the most important 
environmental constraints reducing average yields for 
most major crop plants by more than 50%, causing famine 
and death. It continues to be a permanent constraint to 
agricultural production in many developing countries 
and causes yield reduction in developed ones. Thus, in 
environments where water deficit occurs, understanding 
the mechanisms that allow plants to tolerate drought is an 
urgent need for agriculture. One response, which is probably 
universal, to changes in the external osmotic potential is 
the accumulation of metabolites that act as “compatible” 
solutes, i.e. they do not inhibit normal metabolic reactions.  
The accumulation of these osmolytes in the cytosol or in the 
cell organelles  is believed to facilitate “osmotic adjustment,” 
by which the internal osmotic potential is lowered and may 
then contribute to tolerance, without disturbing intracellular 
conditions. Understanding these osmotic mechanisms 
underlying those different responses can support the design 
of new management tools and genotypes for modern 
precision agriculture. Groundnut is grown primarily for its 
high quality edible oil and protein. 

The rainfed groundnut occupies a major portion in 
Rayalaseema of Andhra Pradesh encountering the frequent 
drought spells, as there is erratic and uneven distribution of 
rainfall, ultimately resulting in poor returns to the farmer. 

As peanut is largely grown under rain-fed areas [1], where 
drought stress is a recurring problem and access to irrigation 
in these areas is limited, utilization of drought resistant 
genotypes is a viable alternative to alleviate the problem. 
Thus, it is very important to identify those groundnut 
genotypes which have the ability to tolerate water stress 
and a better understanding of the mechanism that enables 
plants to adapt to water deficit and maintain growth will 
ultimately help in the selection of stress tolerant cultivars for 
exploiting drought hit soils. Hence, the present investigation 
was carried out to study the drought tolerance of groundnut 
cultivar K-134 by estimating the changes in protein and 
carbohydrate metabolism under water stress.

MATERIALS AND METHODS
Seeds of groundnut (Arachis hypogaea L.) cultivar 

(K-134) were sown in earthen–pots containing 8kg of 
red loamy soil and farm yard manure (3:1 proportion). 
Pots were maintained for one month in the departmental 
botanical garden under natural photoperiod of 10-12 h and 
temperature 28 + 4 0C. One-month-old plants were then 
divided into four-sets and arranged in randomized complete 
black design. One set of pots received water daily to field 
capacity and served as control (100 %). The remaining three 
sets received water daily to 75, 50 and 25 % of the field 
capacity and were characterized as mild, moderate and severe 
stresses, respectively. After induction of stress, the pots were 
maintained for another 8 days and the experimental data 
were collected at different time intervals i.e. on day-4 and 8. 
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Leaf samples were collected on day-4 and 8 after 
stress induction for analysis of various parameters. The total 
protein content in the plant tissue was estimated following 
the precipitation with TCA (10%) using BSA standard [2]. 
The extraction and estimation of amino acids was done 
using glycine [3]. Protease was assayed by determining the 
amount of amino acids released [4]. Carbohydrate fractions 
were extracted with 80% ethanol [5]. The reducing sugars 
were estimated [6] as modified [7]. The non-reducing sugars 
were estimated from the alcoholic extract by following the 
method [8]. Starch was estimated by following the method 
[9]. Amylase was assayed according to the method [10]. 
Means of five individual estimations were taken from 
both control and stressed plants. The data were analyzed 
statistically using Duncan’s multiple range (DMR) test to 
drive significance [11].

RESULTS AND DISCUSSION
 It is well documented that drought cause an important 

modification in gene expression in plants and such 
modification may lead to accumulation or depletion of 
certain metabolites, and synthesis of new set of proteins that 
are specific to the particular type of stress which possibly 
endow the plants with the capacity to adapt to the stressful 
environment by physiological and biochemical adjustments 
[12]. At the whole plant level the effect of stress is usually 
perceived as a decrease in photosynthesis and growth, and is 
associated with alteration in carbon and nitrogen metabolism. 
The alteration of protein synthesis or degradation is one of the 
fundamental metabolic processes that may influence drought 
tolerance. The leaf protein content in the cultivar decreased 
at all stress regimes and on all days of sampling. However, 
protein content was significantly declined at moderate and 
severe stress treatments throughout the experimental period. 
The free amino acid pool in the leaves was significantly 
elevated in the cultivar at all stress regimes over duration. 
A significant elevation in protease activity was registered at 
all stress regimes and on all days of sampling. A two fold 
increase of protease activity was noticed on day-8 in severe 
stress treatment when compared to control. In the present 
study, the decline in protein content is associated with an 
increase in the net pool of free amino acids. These results 
agree with earlier reports in groundnut [13]. The decrease 
in protein content and simultaneous elevation in amino acid 
pool under stress conditions in the present study could be 
explained by proteolysis and decreased protein synthesis 
[14]. Similar reports of increased proteolysis during drought 
stress conditions has been reported [13].  The elevated 
protease activity in water stressed plants appears to be a part 
of adaptive significance, since it leads to the accumulation 
of amino acids [12].  The increased amino acid pool under 
stress condition serve’s as mechanism for preventing the 
buildup of toxic levels of ammonia or by supplying essential 
amino acids protein synthesizing machinery drought. This 
phenomenon could be viewed as a biochemical adaptive 
feature of plants and possibly play a protective role under 
water stress conditions. The total protein content was 
reduced to 29% and amino acid accumulation was about 2.7 
fold under severe stress condition on day-08 may support 

the involvement of amino acids in the osmotic adjustment 
and to maintain minimum levels of proteins to carry out 
biochemical processes. Water-soluble carbohydrates are the 
major substrates for leaf growth and have been indicated 
as potential osmoregulators/osmoprotection. The analysis 
of carbohydrate fraction particularly sugars would provide 
information on the contribution of sugars in osmotic 
adjustment during drought stress. The leaf starch content 
in the cultivar decreased at all stress regimes and on all 
days of sampling. However, the decrease was marginal 
in mild stress, while at moderate and severe stress the 
starch decreased remarkably. The activity of amylase was 
significantly increased at all stress regimes and on all days of 
sampling except at mild stress treatment on day-4. Reducing 
sugar content in the leaves of the cultivar was significantly 
elevated throughout the experimentation, but not at mild 
stress treatment on day-4. During day-8, the reducing sugar 
content was significantly increased at all stress levels. The 
non-reducing sugar content was significantly increased in 
the cultivar at all levels of stress and on all days of sampling. 
In the present study, an increase in the sugar levels (reducing 
and non reducing sugars) was observed under stress. Similar 
results were also reported by several investigators under 
salt and water stress conditions [14, 15], and the increased 
levels of sugars have been proposed to be involved in the 
maintenance of turgor [15].  The decrease in starch content 
and simultaneous elevation in sugar pool under stress 
conditions in the present study could be explained due to 
accelerated hydrolysis by the enzyme amylase. Similar 
reports of accelerated hydrolysis at the expense of starch 
during drought stress conditions has been reported [14]. The 
shift in carbon partitioning from non-soluble carbohydrate 
(starch) to soluble carbohydrates could greatly contribute 
to osmotic adjustment capabilities by increasing glucose, 
fructose, sorbitol etc. [16]. Since tolerance must depend on 
the energy status of cells in which appropriate responses are 
induced, many tissues of stressed plants are likely to have an 
increased demand for rapidly metabolizable carbohydrate. 
This must be satisfied because a likely decrease in carbon 
fixation and increased diversion of carbon from growth or 
storage to osmolyte synthesis. Accumulation of osmolytes 
such as amino acid and sugar enables the groundnut cultivar 
to sustain better growth possibly through osmoprotection. 

CONCLUSIONS
The present investigation have shown that  groundnut 

cultivar K-134, responded to  water stress by accumulating 
osmolytes such as amino acids and sugars for lowering 
osmotic potentials in order to survive under stress conditions. 
This can be viewed as an adaptive feature of the cultivar and 
forms one of the index to determine drought tolerance in 
groundnut.
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Table - 1

Total protein, Total free amino acids Total starch, Reducing sugars, Non reducing sugars and activities of Protease 
and  Amylase in leaves of control and water stressed groundnut cultivar K-134, on day-4 and 8 after induction 
of water stress. 

Parameters Day Control Mild Moderate Severe

Proteins
(mg g-1 FW)

04

08

78.70b
(100)

79.92c
(100)

76.30b
(96.95)
73.51c
(91.98)

72.58b
(92.23)
66.35b
(83.02)

67.93a
(86.32)
57.51a
(71.96)

Amino acids
(mg g-1 FW)

04

08

1.674d
(100)

1.689d
(100)

1.889c
(112.85)
2.062c

(122.08)

2.3337b
(139.64)
3.279b

(194.17)

3.080a
(184.02)
4.577a

(271.00)

Protease
(mg BSA hydrolysed 
mg-1 protein h-1)

04

08

2.37d
(100)
2.76d
(100)

2.72c
(114.84)

3.53c
(127.85)

3.17b
(133.92)

4.45b
(161.40)

3.70a
(156.18)

5.67a
(205.69)

Starch
(mg g-1 DW)

04

08

62.98c
(100)

64.02c
(100)

61.33c
(97.38)
60.39c
(94.34)

56.42b
(89.59)
53.17b
(83.06)

51.84a
(82.32)
48.74a
(76.14)

Reducing sugars
(mg g-1 DW)

04

08

9.15c
(100)
9.68c
(100)

9.89c
(108.04)
11.28c

(116.49)

11.27b
(123.19)
13.94b

(144.02)

13.24a
(144.76)
16.78a

(173.31)

Non reducing sugars
(mg g-1 DW)

04

08

24.06d
(100)

24.89d
(100)

26.64c
(109.98)
30.73c

(123.45)

30.95b
(128.63)
38.35b

(154.07)

37.67a
(156.58)
48.56a

(195.09)

Amylase
(µg reducing sugar    
  mg-1 protein min-1)

04

08

2.06c
(100)
2.18d
(100)

2.19c
(106.54)

2.71c
(124.28)

2.82b
(137.06)

3.26b
(149.37)

3.23a
(156.62)

4.31a
(197.54)

The mean values (n=5) in a row followed by different letter for each plant species are significantly different (P≤0.05) according 
to Duncan’s multiple range (DMR) test. Figures in parentheses represent per cent of control
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