
 

    Bioscience Research, 2021 volume 18(1): 393-402                                                             393 

 

 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE             BIOSCIENCE RESEARCH, 2021 18(1): 393-402.            OPEN ACCESS 
                                                                                         
 

Impacts of PEG-6000-induced Drought Stress on 
Chlorophyll Content, Relative Water Content (RWC), 
and RNA Content of Peanut (Arachis hypogaea L.) 
Roots and Leaves 

Roza Gholamin and Majid Khayatnezhad 
 
Young Researchers Club, Ardabil Branch, Islamic Azad University, Ardabil, Iran  
  
*Correspondence: khayatnezhad@gmail.com Received 30-10-2020, Revised: 25-01-2021, Accepted: 30-01-2021 e-Published: 
03-02-2021 

As an environmental stress, drought is of great importance to plant production reduction on most 
agricultural lands across the world, For the assessment of the drought stress on the chlorophyll content, 
relative water content (RWC), and RNA content, this study induced water deficit via polyethylene glycol 
(PEG) within peanut (Arachis hypogaea L.), accession number ICGV01263.The present work performs 
the RNA content and RWC evaluation for roots and leaves as well as leaf chlorophyll content. This study 
aims to examine the impacts of PEG 6000-induced water deficit. To this end, seedlings at the age of 
forty days underwent treatment at different polyethylene glycol-6000 (PEG-6000; -2, -4, -6 and -8 MPa) 
concentrations for twenty-four hours. The RNA content and RWC were observed to substantially 
decrease in roots and leaves as the PEG concentration increased. A rise in the PEG-6000 concentration 
reduced the chlorophyll content in leaves. The decline in chlorophyll ‘a’ was larger than in chlorophyll ‘b’. 
Therefore, it is possible to exploit these attributes to screen peanut drought tolerance.  
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INTRODUCTION 

An essential oleaginous ingredient, Peanut 
(Arachis hypogaea L.) is extensively cultivated in 
semi-arid and tropical climates, in which drought 
is a significant production-limiting parameter. In 
regions with water deficiency, , one can employ 
upright cultivars as a great alternative as they 
have low water consumption and a short cycle in 
the growth period (Painawadee, Jogloy et al. 
2009, Khayatnezhad and Gholamin 2012, de Lima 
Pereira, Albuquerque et al. 2016, Fataei, 
Varamesh et al. 2018, Mitra and Chowdhury 
2019, Alayi, Sobhani et al. 2020, Gholamin and 
Khayatnezhad 2020). However, even irrigation-
grown peanut could undergo drought due to water 
supply limitations or the application of water at 

under-optimal frequencies or amounts, particularly 
in pods and seed filling (Songsri, Jogloy et al. 
2008, Pereira, Melo Filho et al. 2012). 
Undesirable conditions concerning the 
environment subject plants to several abiotic and 
biotic stresses that influence growth, metabolism, 
and yield (Kaur and Gupta 2005, Khayatnezhad 
2012, Shivakrishna, Reddy et al. 2018). In fact, as 
a significant abiotic stress that limits crop 
productivity throughout the world, drought 
decreases plant productivity via growth 
inhabitation (Gholamin and Khayatnezhad 2012, 
Khayatnezhad 2012, Singh, Pal et al. 2014) or 
growth rate reduction. Also, it causes stomatal 
closure, leading to photosynthesis reduction 
(Németh, Janda et al. 2002). A large number of 
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studies attempted to realize the tolerance and 
oxidative stress of plants in reaction to water 
deficiency. Water-induced stress causes plant 
abscission and senescence (Karamanos, Elston 
et al. 1982, Amirfazli, Safarzadeh et al. 2019, 
Mohammadi Aloucheh, Baris et al. 2019, 
Gholamin and Khayatnezhad 2020, Karasakal, 
Khayatnezhad et al. 2020, Khayatnezhad and 
Gholamin 2020). Loss variations are substantially 
dependent on duration, intensity, and timing, as 
well as some other location-specific environmental 
stress parameters, including salinity, temperature, 
and great irradiance (Graciano, Nogueira et al. 
2011, de Lima Pereira, Albuquerque et al. 2016, 
Afa, Purwoko et al. 2018, Ahmad, Soetopo et al. 
2018, Hegazi, Abd Allatif et al. 2018). At the level 
of cells, drought most commonly poses 
destructive impacts on the metabolism of a plant, 
along with direct interventions in carboxylation, 
phosphorylation, and thylakoid electron (Lauriano, 
Lidon et al. 2000). The permeability of 
membranes and solute syntheses enhance in 
plants subjected to water stress, resulting in 
disrupted membranes and diminished 
photosynthesis, which depends on the level of 
stress. Water stress impacts on plant leaves 
majority decrease bulk biomass production 
(Saxena, Johansen et al. 1993, Shivakrishna, 
Reddy et al. 2018). The relative chlorophyll 
content is in a direct association with major plants’ 
capability of photosynthesis (Fotovat, Valizadeh et 
al. 2007, Esmaeilzadeh, Fataei et al. 2020, 
Gholamin and Khayatnezhad 2020, karasakal, 
Khayatnezhad et al. 2020, Khayatnezhad and 
Gholamin 2020, Muhibbu-din 2020). Moreover, 
drought stress considerably affects Calvin cycle-
involved enzymes (Monakhova and Chernyad'ev 
2002). Water deficiency is seen as an essential 
external factor affecting the quality of seeds, 
particularly in the process of germination since 
water activates metabolic processes in every 
germination phase, e.g., the primary root 
protrusion (Steinbrecher and Leubner-Metzger 
2018). Moisture stress refers to a significant 
abiotic factor that limits the production of wheat 
across the world (Richards, Rebetzke et al. 2002, 
Fataei, Varamesh et al. 2018, Farhadi, Fataei et 
al. 2020). Today, there is limited knowledge of 
peanut seek tolerance of water deficiency. As a 
result, studies are required for verifying the water 
deficiency performance of various genotypes. For 
the germination capacity simulation of stressed 
seeds, researchers employ techniques with 
various osmotic potentials (Wang, Møller et al. 
2012, Zhang, Su et al. 2018, Carrega, Martins et 

al. 2019). The research has shown water 
deficiency-subjected seeds to bear smaller 
germination rates, lower vigor, reduced velocity, 
and a longer average germination period 
(Pelegrini, Borcioni et al. 2013, Carrega, Martins 
et al. 2019). Vegetable species make different 
reactions to water deficiency; sometimes they are 
very sensitive, while some other times they have 
higher resistance (Kratz, Bassaco et al. 2013). As 
an oleaginous plant, peanuts have great water 
deficiency tolerance, which mainly arises from 
high living capability in low-water conditions (de 
Lima Pereira, Albuquerque et al. 2016, Gholamin 
and Khayatnezhad 2020, Ghomi Avili and 
Makaremi 2020, Jalili 2020). The water deficiency 
of peanuts, however, depends on physiological 
and morphological properties (Arruda, Moda-
Cirino et al. 2015, de Lima Pereira, Albuquerque 
et al. 2016). Also, plant production has been 
reported to be influenced by reactive oxygen 
species (ROSs) (Horling, Lamkemeyer et al. 
2003). Moreover, polyethylene glycol (PEG-6000) 
produces osmotic stress that decreases the 
photosynthetic rate, affecting both chlorophyll-a 
and chlorophyll-b contents. Plant stress impacts 
the photosynthesis mechanism at the cellular 
level. This includes photosystems, pigments, 
electron transport, and CO2 decreasing pathways 
and diminishes photosynthesis. An excessively 
negative osmotic potential, particularly at the 
beginning of imbibition, changes seed water 
absorption and could eliminate the metabolic 
reactivation event sequence in germination 
(Bansal, Bhati et al. 1980, Carrega, Martins et al. 
2019). In turn, this could lead to seed hardening 
and delayed or even inhibited germination at an 
extensively negative osmotic potential. PEG-6000 
is widely employed for drought stress simulation 
due to chemical inertness, nontoxicity concerning 
seeds, and the large molecular weight, which 
enabled it to avoid absorption into seeds 
(Shivakrishna, Reddy et al. 2018). It is majorly 
utilized to determine the drought stress data of 
plants (Tarkow, Feist et al. 1966, Jia, 
Khayatnezhad et al. 2020, Si, Gao et al. 2020, 
Valiallahi and Moradi 2020). The researcher has 
shown PEG not to enter cell walls (Shivakrishna, 
Reddy et al. 2018). Also, PEG molecules above 
3000 g/mol seem to be non-absorbable (Tarkow, 
Feist et al. 1966). This study utilized PEG-6000 
for drought. Drought stress simulation using PEG 
applies plant drought stress  (Shivakrishna, Reddy 
et al. 2018). Furthermore, intensive drought stress 
prevents plant photosynthesis via alternating the 
chlorophyll content, influencing chlorophyll 
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components, and photosynthetic apparatus 
damaging (Iturbe-Ormaetxe, Escuredo et al. 
1998). (Ommen, Donnelly et al. 1999) 
demonstrated the chlorophyll content of leaves to 
reduce due to drought stress. They observed 
drought stress to significantly decrease both 
chlorophyll a and b and total chlorophyll contents 
in the entire sunflower specimens (Manivannan, 
Jaleel et al. 2007). The drought stress-induced 
decline in chlorophyll majorly arises from active 
oxygen-induced chloroplasts damage (Mafakheri, 
Siosemardeh et al. 2010, Jia, Khayatnezhad et al. 
2020, Si, Gao et al. 2020, Huang, Wang et al. 
2021). Plants may accumulate osmolytes to 
obtain partly mild drought stress protection. PEG 
was demonstrated to induce substantial plant 
water stress and pose no toxic influence 
(Emmerich and Hardegree 1990). This study aims 
to examine the RWC and RNA content in roots 
and leaves and the chlorophyll content of peanut 
(Arachis hypogaea L.) leaves ICGV01263 
subjected to drought stress. 
  
MATERIALS AND METHODS 

Sampling 
To perform the above-mentioned tests, this 

study employed peanuts (Arachis hypogaea L.) 
ICGV01263 collected in Gilan Province, Iran, 
2019. The authors sowed four seeds in each soil 
mixture-filled properly-sized pot for raisin seedling 
plants. The seedlings/plants were kept in a water 
proof-covered net house during the tests and 
regularly received water (three times per week) for 
forty days until water stress occurred in the 
flowering phase (Shivakrishna, Reddy et al. 
2018). 

Drought treatment 
Four PEG 6000 stress concentrations were 

carried out. They represented the osmotic 
potentials of 0.00, -0.20,  -0.40, -0.60, and -0.80 
MPa, respectively. Distilled water was employed 
to perform the zero-concentration treatment 
(control). These osmotic potentials were obtained 
based on the PEG-6000 concentrations proposed 
by (Villela, Doni Filho et al. 1991). Eight 
replications of twenty-five seeds were employed 
to carry out the tests in each treatment. The seeds 
had already undergone thiram fungicide treatment 
(Vitavax®-Thiram 200 SC, 250 mL of c.p. 100 kg–
1). Once fungicide treatment had been completed, 
two filter paper sheets underwent moistening at a 
distilled water (control) or PEG-6000 volume of 
2.5 times as high as the dry paper weight. 

Sterilized lidded transparent plastic boxes were 
employed to keep the seeds. The boxes had a 
size of 11.0*11.0*3.0 cm and were sealed using 
Parafilm® (BrAND, Germany) to diminish the loss 
of humidity before being placed within a 
germination chamber at 25°C. 

RNA isolation and quantification 
RNA underwent leaf and roof isolation by 

using the TRIzol reagent, which was developed by 
Chomczynski and Sacchi (Chomczynski and 
Sacchi 2006) as a guanidine isothiocyanate-
phenol mixture. The total RNA was extracted 
through freshly-cultivated plants based on the 
standard extraction technique. Micro-
spectrophotometry (NanoDrop Technologies, Inc.) 
was utilized to quantify the total RNA. The 
removal of DNA was performed by Turbo DNA-
free (Ambion, Inc.) and the rigorous protocol. An 
Agilent 2100 Bioanalyzer (Agilent Technologies, 
Inc.) was employed to measure RNA integrity 
(Shivakrishna, Reddy et al. 2018). 

Relative water content 
Seeding plant leaf samples were harvested 

separately and underwent sterile distilled water 
washing for soil particle removal. After 
determining the leaf fresh weight (LFW), distilled 
water was applied to float the samples for twenty-
four hours before recording the leaf turgid weights 
(LTW) for the samples. For leaf dry weight (LDW) 
measurement, the leaf tissues underwent oven-
drying at 70°C for seventy-two hours prior to 
weight recording. Eventually, RWC was calculated 
as (Smart and Bingham 1974): 

 
RWC % = [LFW-LDW]/[LTW-LDW]×100     (1) 

Chlorophyll Content 
Two chlorophyll content evaluation phases 

were carried out in the test period, one forty days 
after the beginning of the study (i.e., the 
vegetative stage) and the other one sixty days 
after the test began (i.e., flowering). Chlorophyll 
content determination was performed within 80% 
acetone extract. The spectrophotometrical reading 
of absorbance was performed after centrifugation 
(20g for twenty minutes) at 663 and 645 nm. The 
total chlorophyll, chlorophyll a, and chlorophyll b 
contents were measured based on (Arnon 1949).  
 
RESULTS AND DISCUSSION  

Drought tolerance along with the high 
potential of yield under drought stress 

Today, drought accounts for a significant 
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limitation in the cultivation of peanut cultivation, 
which makes it necessary to apply irrigation. 
However, peanut crop plants are capable of 
adapting to water stress in different fashions. A 
large number of drought tolerance-associated 
agro-physiological parameters have been 
proposed, including the RNA content, RWC, and 
chlorophyll content concerning water supply 
reduction (Deblonde, Haverkort et al. 1999). A 
rapid instrument of screening could help select 
desirable genotypes by specified growth 
strategies translating into drought tolerance and 
suiting tests and/or breeding. This study subjected 
the plants to short-term PEG-6000 drought stress 
for twenty-four hours. Seedlings at the age of forty 
days were subjected to water stress at the PEG-
6000 concentrations of 100 ml of 5%, 10%, 15%, 
and 20%.  

 
Figure1: Effect of water deficit on RNA content 
in Leaf and Root. 

 

 
 
Figure2: Effect of water deficit on relative 
water content (RWC) in Leaf and Root. 
 

 
Figure 3: Effect of water deficit on Chlorophyll 

‘a’ ‘b’ 
 

 
Figure 4: Figure showing total chlorophyll 

content in Leaf 
The data suggest considerable differences in 

terms of the RNA content, root and leaf RWC, and 
the leaf chlorophyll content at the imposition of 
PEG-6000 drought stress. Figs. 1, 2, and 3 show 
the RNA content, RWC, and chlorophyll content 
versus water deficiency, respectively. 

RNA synthesis decreases as water stress 
rises (He, An et al. 1999). Chloroplast RNAase 
underwent upregulation, leading to RNA 
degradation under water stress. Also, ribosomes 
and polyribosomes were reported to reduce water 
stress. Ribosomes are cluttered on mRNAs for 
degradation protection. Thus, ribosomes are 
disrupted. This is another explanation for the 
degradation of mRNAs (Shivakrishna, Reddy et 
al. 2018). These findings suggest a pronounced 
root and leaf RNA content decline due to water 
delicacy enhancement, as shown in Fig. 1. In 
order to obtain an insight into dehydration 
tolerance indicating metabolic activities within 
plant tissues, RWC is employed to evaluate the 
plant water status (Sinclair and Ludlow 1986). 
Furthermore, RWC decline with water stress rise 
was found in pigeon peas (Kumar, Karajol et al. 
2011), tomatoes (ZGALLAÏ, Steppe et al. 2005), 
and barley (Yuan, Liu et al. 2005). Intensive stress 
evidently influences RWC in comparison with the 

Cont

rol
-2 -4 -6 -8

Leaf 0.872 0.713 0.604 0.52 0.39

Root 0.91 0.64 0.6 0.41 0.103

-0.2
0

0.2
0.4
0.6
0.8

1
1.2

%
 R

el
at

iv
e 

W
at

er
 C

o
n

te
n

t 

(R
W

C
)

Co

ntro

l

-2 -4 -6 -8

Chlorophyll a 1.78 1.52 1.24 0.95 0.57

Chlorophyll b 0.59 0.57 0.54 0.51 0.42

0
0.5

1
1.5

2
2.5

C
o

n
ce

n
tr

at
io

n
 (

m
g

/m
l)

2.24 2.04
1.59

1.27
0.98

0

1

2

3

Control -2 -4 -6 -8
C

o
n

ce
n

tr
at

io
n
 

(m
g
/m

l)
Treatment



 

    Bioscience Research, 2021 volume 18(1): 393-402                                                             397 

 

group plant at the same age. Substantial RWC 
differences were found in comparison with the 
control and stressed roots and leaves (at the age 
of forty days). For the group of plants at the same 
age, a sharp RWC decline was observed due to 
PEG concentration enhancement. Considering the 
effect of water stress on photosynthesis, the 
largest chlorophyll ‘a’ and ‘b’ contents were found 
in the control leaves due to increased PEG 
concentrations. The chlorophyll content was also 
influenced in the present study. This suggests the 
possible impacts of long progressive stress and a 
number of other environmental factors on the 
photosynthetic capability of plants. PEG-6000-
induced water stress influences f chlorophyll 
metabolism enzymes and photosynthetic 
pigments. In this study, Chla was observed to 
have higher sensitivity than Chlb to water stress 
induced by PEG-6000 (Hsu and Kao 2003, 
Khayatnezhad and Gholamin 2012). Also, PEG-
6000-induced water stress was found to raise the 
total chlorophyll content of rice leaves. (Pratap 
and Kumar Sharma 2010) and Guo, Hao et al. 
(2013) observed that PEG-6000 reduced the total 
chlorophyll content in Vigna mungo. 

To explain the reduced chlorophyll content 
due to water deficiency, it can be said that drought 
or heat stress arising from ROSs (e.g., O2 and 
H2O2) could result in the peroxidation of lipids and, 
thus, the destruction of chlorophyll. In addition, 
reduced chlorophyll content leads to a change in 
the leaf color from green into yellow. A number of 
techniques have been developed to induce plant 
water stress, including water withdrawal to plants 
and utilizing chemicals (e.g., mannitol and 
polyethylene glycol). Plants expose their roots to 
this solution, and PEG-6000 addition 
demonstrated no other toxicities at the plant level 
(Steele, Munns et al. 1979). PEG was reported to 
impose considerable plant water stress with no 
toxicity (Emmerich and Hardegree 1990, 
Gholamin and Khayatnezhad 2010). It is possible 
to exploit the RNA content, RWC, and the 
chlorophyll content to choose high-yield 
genotypes keeping cell turgor in the water-
stressed medium to produce a relatively high 
yield. Both progressive mild and intensive water 
stress demonstrated RWC reduction. Mild stress 
induced a relatively greater RWC than severe 
stress. This suggests that plants can sustain the 
water content in mild stress, unlike in intensive 
stress treatment. Hsu and Kao (2003) and Zgallai, 
Steppe et al. (2005) reported RWC reduction 
under PEG-imposed water stress for rice leaves 
and tomatoes, respectively. 

Bayoumi et al. (2008) demonstrated that RWC 
played a role in water absorption from the soil and 
the capability of water loss control via stomata. 
Also, they argued that one can exploit RWC to 
choose high-yield genotypes maintaining cell 
turgor under water-stressed media to produce a 
relatively large yield. 

(Gowda and Hegde 1986) reported that the 
imposition of stress for 30–45 days after 
beginning to sow the first flower flush at the age of 
up to forty-five days did not form pegs. The 
flowers generated after re-watering, however, 
compensated for the loss. DTE is an index that 
detects genotypes maintaining sufficient yield in 
water deficiency circumstances (Clavel, Diouf et 
al. 2006). DTE demonstrated that upright-LBM 
Branco exhibited drought tolerance (tolerant BR 1 
value), while LBR Branco was found to be drought 
moderate (de Lima Pereira, Albuquerque et al. 
2016). The present upright genotype results are in 
agreement with (Pereira, Melo Filho et al. 2012), 
who applied mild water stress to LBR Branco. 
Mid-tolerant to drought, this line is satisfactorily 
capable of osmotic adjustment under water 
deficiency. On the grounds of agronomical and 
physiological properties, LBR Branco can be a 
promising substance for semiarid climates and 
provide an opportunity of recommending runner 
cultivars for northeast Brazil. Drought stress is a 
significant environmental contributor to agricultural 
productivity reduction and food safety decline 
across the world. Drought resistance is a 
considerably desirable property in breeding; 
however, it is a complicated process since 
drought induces different molecular events in 
plants, resulting in various responses in both 
resistance and sensitive genotypes. (Lauriano, 
Lidon et al. 2000) argued that surrounding-
induced plant drought stress temporally and 
spatially varies at various scales, impacting 
membrane lipids and photosynthetic responses, 
e.g., carboxylation, phosphorylation, and thylakoid 
electron transport. Such alternations have 
consequences that are reflected in crop 
performance since they make phenotypical 
responses to stress due to their various genetic 
adjustments, which facilitates the selection. An 
insight into molecular and physiological genetics 
could help develop new stress-tolerant cultivars. 
Hence, resistant material identification on the 
ground of single aspects could not be sufficiently 
effective as it may result in prejudice and 
misinterpretation in selecting promising materials. 
The plant physiology research has demonstrated 
features that have the highest correlation with 
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drought tolerance, and agronomic studies have 
provided further validation. High-yield cultivars 
continuing production in drought conditions are in 
priority to allow for stable production. Concerning 
peanuts, previous studies reported a number of 
physiological properties that are impacted under 
drought, including leaf water potential, relative 
water content (RWC), rate of transpiration, 
stomatal resistance, canopy temperature, and leaf 
temperature. These properties were employed by 
various studies as the criteria for selecting 
drought-tolerant peanut (Azevedo Neto, Nogueira 
et al. 2010, Pereira, Melo Filho et al. 2012). The 
study utilized three physiological properties, 
including leaf water potential, transpiration, and 
diffusive resistance, to detect drought-tolerant 
peanuts, further validating the findings under field 
conditions.   

CONCLUSION 
This study demonstrated that PEG-6000-

imposed progressive water stress induces 
substantial biochemical and physiological 
alternations in peanut (Arachis hypogaea L.) 
ICGV01263 plant. It is possible to exploit the RNA 
content, RWC, and the chlorophyll content to 
choose high-yield genotypes maintaining cell 
turgor in water-stressed media. These tests may 
be employed for other cultivars with higher RNA 
contents, RWC, and chlorophyll contents, as well 
as greater drought resistance and stable yield. 
These attributes could be exploited to screen the 
drought tolerance of other cultivars. The present 
work sought to identify resistant characters under 
drought stress. The findings indicated that the 
RNA content, RWC, and the chlorophyll content 
differed between the control and stressed peanuts 
(Arachis hypogaea) ICGV01263. Hence, these 
attributes may be utilized for screening drought 
tolerance. 
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