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a b s t r a c t

Drought, one of the environmental stresses, plays crucial role in reduction in plant production on major-
ity of agricultural fields of world, In order to evaluate drought stress on RNA content Relative water con-
tent (RWC), and chlorophyll content, Water deficit was induced by Polyethylene glycol (PEG) in peanut
(Arachis hypogaea), accession number ICGV 91114. In this current study we evaluate RNA content and
Relative water content (RWC) both in leaves and roots and chlorophyll content in leaf. The present study
was undertaken with the aim to investigate the effect of water deficit imposed by PEG-6000, 40 old day
seedlings were treated with varying concentrations of polyethylene glycol-6000 (PEG-6000; w/v-5%, 10%,
15% & 20%) for 24 h. The results showed that RNA content and Relative water content (RWC) content was
significantly reduced in both leaves and roots with increased concentration of PEG, In leaves, a concen-
tration dependent decline in chlorophyll content with increasing concentration of polyethylene glycol-
6000 (PEG-6000). Reduction in chlorophyll ‘a’ level was to a greater extent than the chlorophyll ‘b’.
Thus, this attributes can be used as screening tool for drought tolerance in peanut.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Due to unfavorable environmental conditions plants are sub-
jected to various abiotic and biotic stresses affecting their growth,
metabolism and yield (Kaur and Gupta, 2005). Drought is one of
major abiotic stresses constraining crop productivity worldwide,
it reduces plant productivity by inhibiting growth and (Singh
et al., 2014) slows growth, induces stomatal closure, and therefore
reduces photosynthesis (Németh et al., 2002). Extensive field stud-
ies have been conducted for understanding the plant tolerance and
oxidative stress in response to water deficit. The stress caused due
to water creates senescence and abscission in the plants
(Karamanos, 1978). The effect of water stress in the leaf of the
plant mainly reduces the bulk production of the biomass
(Rawson and Turner, 1982; Saxena, 1993). The relative amount of
Chlorophyll is directly connected to the photosynthetic capacity
of the major plants (Fotovat et al., 2007). Besides chlorophyll con-
tent, drought stress play a major role in affecting the enzymes
involved in the Calvincycle (Monakhova and Chernyadev, 2002).
It is reported that the production of plants also affected by showing
to reactive oxygen species (Horling et al., 2003). Polyethylene
glycol(PEG-6000) generates osmotic stress which reduces photo-
synthetic rate, which later effects chlorophyll-a and chlorophyll-b
contents, any stress to the plant effects mechanism of photosyn-
thesis at cellular level which includes pigments, photosystems,
the electron transport system and co2 reduction pathways and
reduce photosynthesis.

PEG is mainly used for the determination of the drought stress
related information’s from the plants (Turkan et al., 2005; Landjeva
et al., 2008). It is known that PEG does not enter the cell wall space
(Rubinstein, 1982) and PEG molecules with a molecular weight
greater than 3000 are apparently not absorbed (Tarkow et al.,
1996). In the present study, PEG-6000 was used for drought. Sim-
ulation of drought stress by polyethylene glycol (PEG) induces
drought stress on the plants (Jiang et al., 1995). It is reported that
PEG induced significant water stress in plants and not having any
toxic effects (Emmerich and Hardegree, 1990). The objective of this
research was to determine, relative water content(RWC) and RNA
content in leaves and root, chlorophyll content in leaves of peanut
(Arachis hypogaea)ICGV 91114 under drought stress.
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2. Materials and methods

2.1. Sample collection

For carrying out the above three experiments, ICGV 91114 were
obtained from the International Crops Research Institute for the
Semi–Arid Tropics (ICRISAT), Patancheru, Hyderabad, Telangana,
India. Four seeds per pot in the suitably sized pots filled with mix-
ture of soil were sown to raise the seedlings plants, the seedlings/-
plants were maintained in the net house covered with water proof
sheets during the experiment. They were watered regularly thrice
a week for 40 days until water stress was carried out at the flower-
ing stage.

2.2. Drought treatment

40 old days seedlings were plucked from the pots and treated
with different concentrations of PEG 6000 (Polyethylene Glycol)
100 ml of 5%, 10%, 15% and 20% along with controls (100 ml of
water) for 24 h, later the leaf and root were harvested separately,
Leaf Samples were named as 1(control) 2 (5% PEG treated) 3(10%
PEG treated) 4 (15% PEG treated) & 5 (20% PEG treated), Root Sam-
ples were named as A (control) B (5% PEG treated) C (10% PEG trea-
ted) D (15% PEG treated) E (20% PEG treated). After naming, leaf
and root were kept frozen under liquid N2, and stored at �80 �C,
until later experiment to measure chlorophyll, relative water con-
tent and RNA content.

2.3. RNA isolation and quantification

RNA was isolated from leaves and root by Trizol reagent. The
Trizol reagent was developed by Chomczynski and Sacchi (1987)
is a mixture of phenol and guanidine isothiocyanate. The freshly
cultivated plants were used for the extraction of the total RNA.
The standard extraction methodology were followed for the the
extraction of the total RNA. Total RNA was quantified using
micro-spectrophotometry (NanoDrop Technologies, Inc.). DNA
was removed with Turbo DNA-free (Ambion, Inc.) using the rigor-
ous protocol. RNA integrity was measured using an Agilent 2100
Bioanalyzer (Agilent Technologies, Inc.).

2.4. Relative water content

To determine relative water content, 20 leaves from each group
were weighed immediately (FW) after harvesting the plant. Leaves
were then placed in distilled water for 4 h and then turgid weight
(TW) was measured. Then the leaves were dried in oven at 80 �C
for 24 h to obtain their dry weight (DW). The method proposed
by Sharp et al. (1990) Relative water content was calculated by
the following formula.

RWC ¼ FW� DW=TW� DW� 100
2.5. Chlorophyll estimation

Total Chlorophyll content, content of Chlorophyll ‘a’ and Chloro-
phyll ‘b’ were extracted and quantified the modified method of
Arnon (1949). After the extraction and analysis, the relative
amount of Chlorophyll ‘a’, Chlorophyll ‘b’ and the total content of
Chlorophyll were calculated using the following formulae:

Chlorophyll ‘a’ ðmg=gÞ ¼ ½ð12:7XA663� 2:69XA645ÞV=W�

Chlorophyll ‘b’ ðmg=gÞ ¼ ½ð22:9XA645� 4:68XA663ÞV=W�

Total Chlorophyll ðmg=gÞ ¼ ½ð20:2A645þ 8:02A663ÞV=W�
where
A = Absorbance at specific wavelengths
V = final volume of chlorophyll extract in 80% Acetone
W = fresh weight of tissue extracted 12.7, 2.69, 22.9, 4.68, 20.2
& 8.02 are the constants

In the present experiment the volume (V) of 10 ml 80% Acetone
and weight (W) of 500 mg fresh leaf tissue was used in all the 5
water stressed samples and also the control (Arnon, 1949).
3. Results and discussion

Drought tolerant with a high yield potential under drought
stress; currently, drought is a major limiting factor in peanut culti-
vation, making irrigation necessary. However, peanut crop plants
can adapt to water stress in various ways, Many agro-
physiological parameters related to drought tolerance have been
established, RNA content, Relative water content (RWC) and
chlorophyll content with decrease in water supply (Deblonde
et al., 1999). A fast screening tool would be helpful in selecting
valuable genotypes with defined growth strategies that translate
to drought tolerance and are suitable for experiments and/or
breeding. In this present investigation the plants were short term
drought-stressed by PEG 6000 (Polyethylene Glycol) for 24 h. In
this experiment 40 day old seedlings were imposed water stress
with different concentration; 100 ml of 5, 10, 15, 20%, of PEG
6000 (Polyethylene Glycol). The present data indicates the signifi-
cant differences in RNA content, Relative water content (RWC) in
leaf and root, chlorophyll contents in leaf when drought- stressed
was induced by PEG 6000 (Polyethylene Glycol). A pronounced
reduction in, RNA content (Tables 1 and 2; Figs. 1 and 2). Relative
water content (RWC) (Tables 3 and 4; Figs. 3 and 4). And chloro-
phyll contents (Table 5; Fig. 5) with increasing water deficit was
observed. There is reduced RNA synthesis with increased water
stress, (He et al., 1999) chloroplast RNAase was upregulated which
causes degradation of RNA during water stress. It was also been
reported the decrease of ribosomes and polyribosomes during
water stress ribosomes get cluttered on mRNAs to protect them
from degradation, therefore ribosomes get disrupted hence
another reason for mRNAs degradation (Mason et al., 1988)
(Scott et al., 1979) This data indicates a pronounced reduction in
RNA content in leaf and root with increasing water deficit (Tables
1 and 2 Figs. 1 and 2). To understand the dehydration tolerance
which shows the metabolic activities in the tissues of plant, RWC
is considered to measure water status in plant (Sinclair and
Ludlow, 1986) it was also observed the decline of RWC with
increased water stress was also observed in barley (Yuan et al.,
2005) and tomato (Zgallaï et al., 2005) and pigeonpea plants
(Kumar et al., 2011). It clearly evidence that severe stress clearly
affect the relative water content as compare to the control of same
age group plant the significant differences in RWC was observed as
compare to control and stressed of leaf and root (40 days old). The
sharp decrease in RWC with the increased PEG concentration was
noted of same age group plants. As water stress effects photosyn-
thesis, The highest content of chlorophyll ‘a’ and ‘b’ was observed
in control leaves while both progressive stresses of PEG concentra-
tion. Chlorophyll content was also affected during the present
investigation which shows that long progressive stress along with
some other environmental factor may affect photosynthetic ability
of the plant system. Water stress imposed by PEG-6000 effects
Enzymes of chlorophyll metabolism and photosynthetic pigments,
In our present report it was observed that Chla is more sensitive
than Chlb to PEG induced water stress (Hsu and Kao, 2003). Also
demonstrated that PEG induced water stress cause decrease in
total chlorophyll content in rice leaves. Hassanzadeh et al. (2009)



Fig. 2. Figure showing the RNA Concentration in Root.

Fig. 1. Figure showing the RNA Concentration in Leaf.

Fig. 3. Figure showing Relative Water Content (RWC) in Leaf.

Table 1
Effect of water deficit on RNA content in Leaf.

S. no Samples PEG concentration (%) A260/A280 Concentration (mg/ml)

1 Leaf 1 (Control) 00 1.85 2.87 ± 0.005
2 Leaf 2 05 1.86 2.67 ± 0.01
3 Leaf 3 10 1.89 2.05 ± 0.01
4 Leaf 4 15 1.89 1.99 ± 0.01
5 Leaf 5 20 1.87 1.56 ± 0.01

Table 2
Effect of water deficit on RNA content in Root.

S. no Samples PEG concentration (%) A260/A280 Concentration (mg/ml)

1 Root A (Control) 00 1.88 2.56 ± 0.025
2 Root B 05 1.81 2.08 ± 0.01
3 Root C 10 1.86 1.98 ± 0.01
4 Root D 15 1.89 0.99 ± 0.005
5 Root E 20 1.83 0.58 ± 0.005

Table 3
Effect of water deficit on relative water content (RWC) in Leaf.

PEG RWC%

Control 0.831
5 0.64
10 0.523
15 0.4
20 0.35

Table 4
Effect of water deficit on relative water content (RWC) in Root.

PEG RWC%

Control 0.879
5 0.586
10 0.426
15 0.348
20 0.093
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revealed decrease in Chla but increase in Chlb content under
drought stress in seasame. Decrease in the total chlorophyll con-
tent by PEG 6000 has also been noticed by Pratap and Sharma
(2010) in black gram and Guo et al. (2013). A reason for decrease
in chlorophyll content as affected by water deficit is that drought
or heat stress by producing reactive oxygen species (ROS) such as
O2 and H2O2, can lead to lipid peroxidation and consequently,
chlorophyll destruction also, with decreasing chlorophyll content
due to the changing green color of the leaf into yellow, Several
methods which range from withdrawal of water to plants to the
use of chemicals such as polyethylene glycol, mannitol etc., have
been employed to create water stress in plants. Plant exposes their
root system to this solution and no other toxicities were observed
at plant level following the addition of PEG-6000 (Scott et al.,
1979). It is reported that PEG induced significant water stress in



Fig. 4. Figure showing Relative Water Content (RWC) in Root.

Table 5
Effect of water deficit on Chlorophyll ‘a’ ‘b’ and total Chlorophyll.

PEG Chlorophyll ‘‘a” Chlorophyll ‘‘b” Total

Control 1.606 0.474 2.08
5% 1.34 0.47 1.817
10% 1.1 0.56 1.673
15% 0.874 0.528 1.38
20% 0.66 0.386 1.048

Fig. 5. Figure showing total chlorophyll content in Leaf.
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plants and not having any toxic effects (Emmerich and Hardegree,
1990). RNA content, Relative water content (RWC) and chlorophyll
content parameter can be used to select high yielding genotypes
that maintain cell turgor under water stress environment to give
relative high yield. A decrease in the RWC observed in both pro-
gressive mild and severe water stress. Relatively higher RWC was
noted in progressive mild stress than severe stress indicating that
plants have the ability to sustain their water content under mild
stress, whereas this ability lost under severe stress treatment.
Decrease in the RWC in PEG induced water stress was also reported
in rice leaves (Hsu and Kao, 2003) and in Tomato (Zgallaï et al.,
2005). According to results of (Bayoumi et al., 2008), RWC involved
in absorbing more amount of water from the soil and/or the ability
to control water loss through stomata and RWC parameter can be
used to select high yielding genotypes that maintain cell turgor
under water stress environment to give relative high yield.

4. Conclusions

Our present results indicate that a progressive water stress
induced PEG-6000 cause significant physiological and biochemical
changes in peanut (Arachis hypogaea) ICGV 91114 plant. RNA con-
tent, relative water content (RWC) and chlorophyll content, and
parameter can be used to select high yielding genotypes that main-
tain cell turgor under water stress environment. This experiments
can be used for other cultivars conditions to have more are more
RNA content, relative water content (RWC) and chlorophyll con-
tent are more resistant to drought stress and their yield is stable.
This attributes can be used as screening tool for drought tolerance
in other cultivars. This study was following to find characters of
resistant under drought stress and the results showed that RNA
content, relative water content (RWC) and chlorophyll content
made difference between control and stress of peanut (Arachis
hypogaea) ICGV 91114. Thus, this attributes can be used as screen-
ing tool for drought tolerance.
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