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ABSTRACT Peanut (Arachis hypogaea L.) is an important oilseed, cash crop grown worldwide mainly in a tropical and subtropical
climate. Drought stress (DS) is one of the serious abiotic stresses that alter the morphological, physiological, biochemical and molecular
responses of plants and causes huge production loss across the globe. The aim of this study, to investigate the twenty widely grown
Korean genotypes at the seedling stage under the control and drought stress conditions, to identify tolerant lines as well as related traits.
In addition, the influence of DS and rehydration or recovery after stress on peanut genotypes was also studied. Initial screening showed
that given genotypes had a differential response to DS, demonstrating a wide range of variation in tested peanut genotypes during the
seedling stage towards the DS. Further, based on investigation of the different growth attributes and biochemical assessment six
genotypes (Palkwang, Milkwang, and Daekwang) and (Daekwang, Haeol, and Heukhwaseang) were observed as drought-tolerant and
drought-sensitive lines respectively. The findings of this study will aid in the selection of peanut genotypes in future breeding efforts
aimed at improving drought tolerance and minimizing peanut production loss.
Keywords Peanut, Genotypes, Seedling stage, Drought stress, Tolerance, Plant attributes

INTRODUCTION
Peanut (Arachis hypogaea L.) is an important oilseed,
cash crop from the Fabaceae family grown worldwide,
mainly in a tropical and subtropical climate. Peanut is a rich
source of edible oil, protein for humans and is used as food
and forage for livestock (Janila et al. 2013; Bacharou Falke
et al. 2019). Approximately 60% of the world’s peanut
cultivation comes from Asia, Africa, and America, which
is considered as most vulnerable to climate change and
recognized as prevalent to drought, high temperature, and
salt area (Mace et al. 2006; Cuc et al. 2008).
Climate change is a serious challenge to crops as well as

humanity. Plants are immovable and subjected to expose
more frequently by abiotic stresses such as drought,
salinity, temperature, metal, and flood during their life
cycle. The land worldwide is approximately 20% under
drought stress, making it one of the most significant
environmental constraints to crop productivity. Drought is
one of the most common abiotic stresses causing
physiological, biochemical, morphological and molecular
changes in plants. Due to climate change, drought is vastly
affecting agricultural practices all over the world.
Typically, drought stress negatively influences crop
quality as well as production, thereby food security.
Drought stress is predicted to cause an annual crop loss of
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6 million tons worth roughly 520 million dollars
(Bhatnagar-Mathur et al. 2008; Rahdari and Hoseini 2012;
Sharma et al. 2012; Zlatev and Lidon 2012; Bacharou
Falke et al. 2019; Nabi et al. 2020). Although several
studies were conducted on plant drought responses, very
few studies reported long-term consequences of drought on
plant cultivation leading to crop failure (Tayade et al.
Rahdari and Hoseini 2012; Zlatev and Lidon 2012; Nabi et
al. 2019b). Plants have developed several mechanisms
such as escape or avoidance, tolerance and adaptive
mechanisms to combat drought stress. These mechanisms
include stomatal conductance, osmotic adjustment,
antioxidant, and hormonal production which leads to
protecting plants from oxidative damage to enhance the
plant’s survival underexposed drought stress (Nogueira
and Santos 2000; De Azevedo Neto et al. 2006; Tayade et
al. 2018). Thus, studying physiological and molecular
genetics aspects may help researchers better understand
plant drought stress responses that can lead to improving
and developing new stress-tolerant cultivars.
In the climate change era, where frequent or consistent
drought and increasing drought cultivation area is
unavoidable. Thus, it’s highly desirable to develop peanut
cultivars or varieties with improved drought tolerance.
Breeding approaches for developing drought-tolerant
peanuts have been explored by researchers (Songsri et al.
2008; Wang X et al. 2012; Santos et al. 2013). Most
breeding efforts are aiming to develop the new germplasm
or varieties by improving phenotypic features, of desirable
plants, which ultimately can withstand or adapt to adverse
climate conditions without losing crop productivity.
However, it had limited success due to the inheritance and
complex genetic makeup of the trait (Bhatnagar-Mathur et
al. 2008; Leal-Bertioli et al. 2015). In addition, drought
trait is a quantitative trait and multiple genes are associated
with drought stress tolerance; information about the QTLs
that regulate drought stress tolerance in peanuts scares.
Several studies have reported in peanut with an evaluation
of physiological, biochemical, and agronomic traits to
improve performance by selecting plants with good yield
under drought conditions (Janila et al. 2016).
The crop production is mainly depending on the water
supply to crop begins with planting and continues through-

out the life cycle until seed maturation. Morphological
traits are commonly used to recognize and access for
improved performance when developing new crop
varieties (Rosales-Martínez et al. 2014). Plant characteristics such as root architect including deep rooting, roots
biomass density, roots distribution, and root angle (Matsui
and Singh 2003), play an essential role during drought
stress these traits can be used as a drought-resistant
selection criterion. In addition, shoot growth, chlorophyll
content, antioxidant and secondary metabolites content
also regulates drought stress and aid plants to combat
drought stress. However, plant growth stages distinctly
vary throughout life and there are no common morphological traits that can be associated with all plant’s growth
stages, therefore dealing with individual traits would be a
great approach (Passioura 2012). Therefore, screening the
plant materials or the available germplasms for the
different traits would provide basic and precise knowledge
that can help to design and use the potential plant material
in breeding programs for climate-resilient, high-yielding
crop development. A recent study (Bacharou Falke et al.
2019) investigated new improved peanut varieties response
to drought stress under controlled conditions to identify
tolerant materials and drought tolerance-related traits.
Plants exhibiting traits with better root architect,
antioxidant, total water transpiration rate, chlorophyll
content, showed association with drought tolerance.
The National Agrobiodiversity Center, Rural Development Administration (RDA), Republic of Korea RDA
co-ordinate and conduct the breeding program of peanut
improvement focused on the Korean environment. During
the last 20 years, a number of intra and interspecific peanut
breeding lines were developed through different crossing’s
combination programs. Furthermore, field trials, agronomic performance and trait evaluation, selection was
performed to identify high-yielding, agronomically suitable peanut materials. Because of environmental influences and the difficulty in determining the impacted plant
growth stages under rain-fed environments, drought stress
screening is difficult (Tuberosa 2012). Our, aim of the
current study was to evaluate drought effects on selected
peanut genotypes under the control conditions to give
uniform treatment for identifying precise tolerant geno-
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types by investigating physiological, morphological and
biochemical attributes. The study would be useful to
provide the template for developing high-yielding droughttolerant peanut genotypes for advancing breeding schemes.

MATERIALS AND METHODS
Plant materials
Twenty peanut genotypes including widely grown
genotypes of Korea with diverse morphological and
physiological characteristics were used for the study (Table
1). Seeds of the peanut genotypes (Daekwang (Variety),
Palkwang (Variety), Mikwang (Variety), Akwang (Variety),
Baekjung (Variety), Pungan (Variety), Jaseon (Variety),
Sinpalkwang (Variety), Ami (Variety), Danwon (Variety),
Daan (Variety), Ahwon (Variety), Tamsil (Variety), Sewon
(Variety), Haeol (Variety), Udo.Coll (Germplasm),
Heukhwaseang (Germplasm), Gochang.Coll (Germplasm),
F435-5 (Germplasm), Tifton8 (Variety)) were obtained from
the Rular Development gene bank (http://genebank.rda.
go.kr/), South Korea.

Experimental condition
The experiment was performed at RDA, Crop breeding
Research Division Miryanag, Gyeongnam South Korea.
Peanut seeds were surface sterilized with 70% ethanol,
wash 4-5 times, and kept in dark condition for 24 hours at
28℃, and then seeds were soaked in water for 24 hours for
uniform germination. The experiment used a randomized
block design (RBD) with four replications and three sets of
plants per treatment. After the 24 hours uniformly
germinated, seeds were sown in a mixture of vermiculite:
perlite:peat moss (2:2:1) and pot (size: 90 mm × 80 mm).
Subsequently, seeds were transferred to greenhouse
control conditions. Particularly, all the seedlings were
grown at 25-28℃ under long-day conditions (16-hourslight/8-hours-dark). After sowing, watering was done on a
regular basis and all three sets of plants were treated equally
until two weeks. Thereafter, two-week old peanuts grown
in the greenhouse were restricted watering up to the next 15
days. Water regimes followed, as one set was used as a
well-watered treatment (WW), and the other set was used
as a drought-stress treatment (DS). During the pot ex-

Table 1. List of peanut inbred lines selected for this study.
S.No.

Genotype name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Daekwang
Palkwang
Mikwang
Akwang
Baekjung
Pungan
Jaseon
Sinpalkwang
Ami
Danwon
Daan
Ahwon
Tamsil
Sewon
Haeol
Udo.Coll
Heukhwaseang
Gochang.Coll
F435-5
Tifton8

IT/PI/K
number
IT
IT
IT
IT
IT
IT

172557
214799
212202
213162
213160
229435
IT 310161
IT 310160
IT 304334
K000280

Species
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis
Arachis

hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea
hypogaea

Subspecies

Variety

Type

Group

fastagiata
hypogaea
fastagiata
fastagiata
fastagiata
hypogaea
fastagiata
hypogaea
fastagiata
fastagiata
fastagiata
hypogaea
hypogaea
fastagiata
hypogaea
hypogaea
fastagiata
fastagiata
fastagiata
hypogaea

Vulgaris
hypogaea
Vulgaris
Vulgaris
Vulgaris
hypogaea
Vulgaris
hypogaea
Vulgaris
Vulgaris
Vulgaris
hypogaea
hypogaea
Vulgaris
hypogaea
hypogaea
Vulgaris
Vulgaris
Vulgaris
hypogaea

domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
oversea
domestic
oversea
oversea

Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Variety
Germplasm
Germplasm
Germplasm
Germplasm
Variety
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periment, evaluation of plants was conducted on both WW
and DS plants.

Evaluations of plant growth attributes
Height of the plant (PH)
The plant height (PH) or main stem length was measured
at drought and rescue or rehydration conditions. A measuring ruler was used to assess the height of peanut genotypes
(KMT Korea Measuring ruler, KMT Co., Seoul, Korea).
The height of the plant was determined from the ground to
the axial top of the shoot.
Fresh shoot weight and root weight (FSW and
FRW)
The peanut plant’s fresh shoot and root weight were
recorded using a digital scale (Digital GSM scale, CAS
Korea Co., Seoul, Korea). Briefly, WW and DS plants were
gently uprooted from their pots. Plant roots were cleaned
using tap water to remove soil particles properly and
maximum care was taken to avoid the loss of roots.
Investigation of carried out for shoot and root sections of
the peanut plants separately.
Fresh shoot and root length (FSL and FRL)
Similarly, fresh shoot length (FSL) and fresh root length
(FRL) were recorded for WW and DS plants; using an
ordinary ruler (Digital GSM scale, CAS Korea Co., Seoul,
Korea). Maximum care was taken while measuring the root
and shoot length of WW and DS plants.
Area of the leaf (LA)
The total leaf area of peanut genotypes was recorded
using the area meter (LI-3100C area meter, LI-COR Inc.,
Nebraska, USA). Plants of each pot were harvested and
leaflets were removed before scanning in the leaf area
meter, which displayed the total leaf area.
Total chlorophyll content (TCC)
The chlorophyll content of a fully matured leaf from
different parts of plants (top, middle, and bottom) was
investigated at the 3, 10 and 15 days after drought and
rescue situations from both WW and DS plants. The SPAD
meter (SPAD 502, Minolta Co., Tokyo, Japan) was used to

measure the chlorophyll content of peanut plants. Four
replicate measurements per plant were recorded and the
average data were used to represent the results of each
genotype.

Dry shoot and root weight (SDW and RDW)
The shoot and root sections from WW and DS peanut
plants were oven-dried for 48 hours at 60℃ (VS-4150,
Vision Scientific Co., Daejeon, Korea) (Donnelly et al.
2018). The shoot and root dry weight (SDW and RDW)
was determined after respective plant parts were ovendried for 48 hours at 60℃.
Leaf wilting Index (LWI)
The leaf wilting was investigated and scored visually,
following the total number of leaves per plant; the number
of leaves showing wilting signs with the following wilting
scale: Mai-Kodomi (MAIK) scale. The leaf wilting was
categorized as based on previous reports described by
(Alidu et al. 2019). Briefly, the total number of leaves
showing wilting signs, with 0 indicating that there is no
wilting, 1 indicates that there is 25% wilting, 2 indicates
50% moderate wilting, 3 indicates 75% wilting (yellow and
brown leaves), and 4 indicates full wilted leaves. Leaf
wilting of plants was captured throughout the two-week DS
experiment.
Measurements of relative water content (RWC)
The relative water content (RWC) of peanut plants,
leaves was determined using the method previously
reported (González-Vilar et al. 2003). RWC was measured
using four leaflets from the top leaves of the main stem.
Firstly, fresh weights (FW) of harvested leaves were
recorded within 15 minutes, after which leaf samples were
floated for 5 hours in 20 mL distilled water to achieve
maximum turgidity and turgid weight (TW) was recorded.
The leaflets were then oven-dried for 48 hours at 80℃, and
their dry weight (DW) was recorded. The RWC of leaves
was calculated using the formula mentioned below.
  
    × 
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Measurement of transpiration rates
4-week-old plants, aerial structures were separated from
their roots and held at room temperature. The leaves weight
of each aerial structure was subsequently determined every
40 minutes over a period of 5 hours (Kang et al. 2002).
Each measurement was performed using eight plants per
line. Experiments were repeated at least two times with
similar results.

200 μL of 1 M NaOH was added to the mixture. Using a
microplate spectrophotometer, the resultant extract was
utilized to measure spectrophotometric absorbance at 500
nm (Multiskan GO Thermo Fischer Scientific, Vantaa,
Finland). The quercetin standard was used for the
calibration curve analysis. The total flavonoid content of a
sample was calculated using micrograms garlic acid
equivalent.

Quantification of antioxidant
Generally, plants counter oxidative stress by producing
low molecular weight solutes such as flavonoids, and
phenol. Thus, in this study, we evaluated flavonoid and
polyphenol content using the spectrophotometric method
described by (Sirhindi et al. 2016; Nabi et al. 2021).

Total polyphenol oxidase (PPO)
The total polyphenol oxidase activity in leaves tissue
was investigated according to the method described by
(Nabi et al. 2021). Briefly, peanut sample leaf (100 mg)
tissue was homogenized with 10 mL 0.1 M potassium
phosphate buffer (pH 6.8), 50 μL of H2O2 was also added
to the extraction buffer. The resulting crude extract was
centrifuged for 15 min at 5000 rpm and 4℃. Subsequently,
100 μL of the supernatant was transferred to another tube,
and 50 μL of pyrogallol (50 μM) was added to it. The
resulting solution mixture was incubated for 5 minutes at
25℃.The enzymatic reaction assay was stopped prior to
absorbance using 5% 1 N H2SO4 (v/v) solution. The
estimation was performed by measuring the absorbance at
420 nm using a spectrophotometer (Multiskan GO, Thermo
Fischer Scientific, Vantaa, Finland). Total phenolic content

Total flavonoid content
The total flavonoid content investigated for the peanut
WW and DS plants as reported by (Nabi et al. 2021; Ali et
al. 2017) with few changes. 300 μL of leaf tissue extract
was combined with an equivalent volume of doubledistilled water (ddH2O), and 30 μL of 5% NaNO2 was
added. After a 5 minutes incubation period at room
temperature, 60 μL of 10% AlCl3 was added to the reaction
mixture. Followed by another 5 minutes of incubation,

Fig. 1. Effect of drought stress on plant height (cm) of twenty peanut genotypes in control and stress conditions.
Experiments were done twice with replicates (n = 4). Asterisks * indicate significant differences at 5% level of
significance (*P ＜ 0.05, **P ＜ 0.01), and the results are given as mean values SD. Error bars represent standard
error.
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was determined based on purpurogallin produced and
estimated as a 0.1-unit increase in absorbance.

Statistical analysis
All of the experiments were carried out separately and
three times each. GraphPad Prism software (Version 7.00,

Table 2. Shoot length (cm) and roots length (cm) in peanut genotypes under drought and rescue conditions.
Trait

Peanut inbred lines

Shoot length
(cm)

Daekwang
Palkwang
Mikwang
Akwang
Baekjung
Pungan
Jaseon
Sinpalkwang
Ami
Danwon
Daan
Ahwon
Tamsil
Sewon
Haeol
Udo.Coll
Heukhwaseang
Gochang.Coll
F435-5
Tifton8
Daekwang
Palkwang
Mikwang
Akwang
Baekjung
Pungan
Jaseon
Sinpalkwang
Ami
Danwon
Daan
Ahwon
Tamsil
Sewon
Haeol
Udo.Coll
Heukhwaseang
Gochang.Coll
F435-5
Tifton8

Root length
(cm)

Control condition
28
29
29.5
25.75
34.25
27.5
25.5
26
29.25
29
26
32
25
24.75
23
26.25
25
21
28.25
24.5
29.5
34.12
36.5
40.75
25.25
21.01
34.25
30.75
27.01
27.75
29.51
36.01
24.25
27.49
29.01
31.75
28.75
23.01
21.95
22.25

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.4
0.4
0.28
0.47
0.47
0.28
0.28
0.4
0.47
0.4
0.4
0.81
0.4
0.47
0.4
0.47
0.4
0.4
0.25
0.57
0.28
0.41
0.64
0.47
0.47
0.57
0.47
1.49
0.41
0.47
0.28
0.41
0.62
0.28
0.41
0.62
0.47
0.41
1.36
0.85

Stress condition
13.75
19.5
19.25
18
20.5
13.25
10.75
16.51
15.51
15.25
9.75
22
16
15.25
14.5
15.5
12
11.21
19.75
19.22
18.75
19
24.25
19.5
22
15.5
17.01
12.75
17.01
20.01
20.01
26.5
22.01
25.5
22.625
21.5
20
19.5
16.86
16.5

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.41****
0.75****
0.47****
0.39****
0.47****
0.47****
0.47****
0.28****
0.28****
0.62****
0.25****
0.41****
0.41****
0.47****
0.28****
0.28****
0.41****
0.62****
0.47****
0.29****
0.47****
0.41****
0.85****
0.28****
0.41**
0.28****
0.41****
0.47****
0.41****
0.41****
0.41****
0.64****
0.81
0.64
0.62****
0.64****
0.91****
0.64**
0.43****
0.64****

Rescue condition
17.5
21
15.25
18.75
19.5
14.5
12.12
17.5
16.75
16.5
11.5
24.5
17.25
16.75
16.5
16.75
14.75
12.5
21.75
19.75
22
23.45
28.5
21
23.74
17.5
19
14.5
19
21.25
22.5
28.25
24
26.25
23.25
23.62
22.25
21.2
21.86
20.25

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.71****
0.64****
0.47****
0.47****
0.64****
0.28****
0.51****
0.28****
0.47****
0.64****
0.64****
0.64****
0.47****
0.47****
0.64****
0.47****
0.47****
0.28****
0.47****
0.42****
0.41****
0.66****
0.64****
0.57****
0.48
0.28**
0.41****
0.64****
0.41****
0.47****
0.64****
0.62****
0.41
0.47
1.11****
0.55****
0.75****
0.45
0.31
0.47****

Note: Data represented as means as mean ± SE (n = 4). No marker, non-significant. *, **, *** and **** show the
significant differences with the control treatments using Student’s t-test at the 0.05, 0.01, 0.001 and 0.0001 probability
levels, respectively.
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1992-2016 GraphPad) was used to measure the data in
triplicate and statistically evaluate it. To determine
significant differences at a 5% level of significance, the
data were evaluated for standard error (SE) and Student’s
t-test.

RESULTS
Plant height
To investigate the drought effects on peanut plant
growth and development, we measured plant height (PH)
and compared the relative change of plant height under DS
to WW conditions. Comparisons revealed that all the
genotypes under DS showed a significant reduction in the
PH (Fig. 1) compared to WW control plants. Among all the
genotypes F435-5, Palkwang, Baekjung, Mikwang, and
Ahwon showed 12.87%, 18.66%, 20.55%, 24.47%, and
28.34%, reduction in the PH respectively compared to
control condition plants. Whereas, Daan, Ami, Pungan,
Sinpalkwang, and Jaseon, showed maximum reduction in
the PH ranging from 34.66-51.0% under the DS compared
to WW plants. These results indicated that DS inhibits plant
growth by more or less percentage for all the genotypes.

Shoot length (SL) and root length (RL)
The shoot length (SL) were analyzed and presented in
(Table 2). The results reveal that SL of given genotypes
showed significant difference under DS condition
compared to WW conditions. Peanut genotypes Akwang,
F435-5, Ahwon, Palkwang, Mikwang, and Baekjung,
showed 28.54%, 30.9%, 32.83%, 32,85%, 34.75% and
40.15% reduction in SL respectively compared to WW
conditions control plants (Table 2). On the other hand,
Daekwang, Heukhwaseang, Pungan, Jaseon and Daan
showed 50.1%, 51.18%, 51.82%, 57.84% and 63.07%
reduction respectively in SL compared to WW conditions
control plants. From these results, we identified genotypes
that showed relatively less reduction in SL and had better
performances for SL under the DS compared with the other
genotypes (Table 2). Further, the recovery rate was
observed in tested genotypes, Daekwang (27.27%),
Tifton8 (23.28%), Heukhwaseang (19%), Daan (18.05%)

and Haeol (13.86%), showed a higher recovery rate than
the genotypes Sinpalkwang (6.12%), Mikwang (5.19%),
Tamsil (5.18%), Akwang (2%), Baekjung (0.05%) as well
as compare to stressed plants (Table 2).
Root length (RL) is one of the important traits in drought
stress, commonly water and nutrient absorption regulated
by root, RL and surface area plays an important role during
absorption and transportation of water and nutrients.
Therefore, we measured the RL and its significance under
the DS experiment. We observed that all the genotypes
showed a significant reduction in the RL under DS
compared to the WW condition (Table 2). Particularly,
Sinpalkwang, Akwang, Jaseon, Palkwang, and Ami
genotypes showed 58.54%, 52.15%, 50.34%, 44.31% and
37.02% reduction respectively compared to WW plants.
Whereas, genotypes Haeol, Gochang.Coll, Baekjung,
Tamsil, and Sewon showed 22.01%, 15.25%, 12.87%,
9.24%, and 7.24% reduction respectively compared to
WW plants. However, under the rescue condition genotypes F435-5, Palkwang, Tifton8, Mikwang and Daekwang
showed recovery 29.64%, 23.42%, 22.73%, 17.53% and
17.53% respectively compared to stressed plants. Whereas
genotypes Akwang, Ahwon, Danwon, Sewon, and Haeol
showed 7.69%, 6.60%, 6.20%, 2.94% and 2.76% recovery
respectively compare to stressed plants.

Fresh shoot weight and roots (FSW and FRW)
Likewise, shoot and root weight between DS and WW
condition were analyzed, and fresh shoot weight (FSW)
and fresh root weight (FRW) were recorded (Table 3). The
results indicated that there was a significant reduction in
FSW and FRW of genotypes under the DS compared to the
WW condition. After 15 days of DS followed by rescue or
rehydration, there was a noticeable change in FSW and
FRW of the peanut genotypes. However, this change was
not statistically significant compared to DS conditions
(Table 3). The genotypes under control WW condition
showed more weight compared to stress condition and
rescue condition or rehydration.
However, some genotypes showed a significant change
in the FSW in rescue conditions compared with stress
conditions. For example, genotypes Palkwang, Pungan,
Jaseon, Sewon and F435-5, etc. showed the significant

22 ∙ Plant Breed. Biotech. 2022 (March) 10(1):15~30

Table 3. Shoot weight (gm) and roots weight (gm) in peanut genotypes under drought and rescue conditions.
Trait

Peanut inbred lines

Control condition

Stress condition

Rescue condition

Shoot weight (gm)

Daekwang
8.17 ± 0.34
1.52 ± 0.29****
1.88 ± 0.12***
Palkwang
5.83 ± 0.03
2.25 ± 0.04
2.62 ± 0.12
Mikwang
7.05 ± 0.62
2.39 ± 0.23***
2.25 ± 0.13
Akwang
7.83 ± 0.05
2.37 ± 0.43
2.82 ± 0.01***
Baekjung
12.38 ± 0.17
2.51 ± 0.3****
2.95 ± 0.05****
Pungan
8.78 ± 1.43
0.68 ± 0.1****
1.85 ± 0.02****
Jaseon
11.26 ± 0.98
1.17 ± 0.01****
1.82 ± 0.04****
Sinpalkwang
7.34 ± 1.198
1.01 ± 0.16****
1.75 ± 0.08**
Ami
11.03 ± 1.27
1.05 ± 0.05****
1.65 ± 0.19****
Danwon
15.77 ± 0.15
1.73 ± 0.31****
2.07 ± 0.11****
Daan
10.71 ± 0.18
4.82 ± 3.39****
1.87 ± 0.02****
Ahwon
12.62 ± 0.26
2.63 ± 0.15****
3.57 ± 0.12****
Tamsil
5.6 ± 0.75
1.83 ± 0.01
2.83 ± 0.01
Sewon
6.02 ± 0.07
2.47 ± 0.04
3.475 ± 0.04
Haeol
6.48 ± 0.15
1.33 ± 0.06****
1.81 ± 0.15*
Udo.Coll
7.28 ± 0.09
2.26 ± 0.08****
3.11 ± 0.06
Heukhwaseang
7.84 ± 0.69
1.22 ± 0.03****
2.43 ± 0.17**
Gochang.Coll
4.3 ± 0.08
1.22 ± 0.03****
2.27 ± 0.14
F435-5
11.02 ± 5.32
2.31 ± 0.02***
3.14 ± 0.12****
Tifton8
15.4 ± 0.33
1.32 ± 0.11****
1.095 ± 0.07****
Root weight (gm)
Daekwang
2.52 ± 0.17
0.832 ± 0.02****
0.83 ± 0.02****
Palkwang
1.78 ± 0.11
1.2 ± 0.05
1.98 ± 0.05
Mikwang
3.33 ± 0.06
1.97 ± 0.04***
2.25 ± 0.16*
Akwang
2.06 ± 0.02
1.09 ± 0.09
1.29 ± 0.03
Baekjung
3.47 ± 0.23
1.19 ± 0.17****
2.11 ± 0.06***
Pungan
2.9 ± 0.79
0.49 ± 0.08****
0.745 ± 0.06****
Jaseon
4.55 ± 0.21
1.21 ± 0.04****
1.4575 ± 0.05****
Sinpalkwang
2.69 ± 0.49
0.85 ± 0.006****
1.33 ± 0.07***
Ami
3.69 ± 0.21
1.2 ± 0.08****
1.65 ± 0.07****
Danwon
6.37 ± 0.41
1.38 ± 0.22****
1.4775 ± 0.21****
Daan
3.25 ± 0.09
1.58 ± 0.08****
1.6425 ± 0.05****
Ahwon
3.49 ± 0.14
1.16 ± 0.04****
1.265 ± 0.04****
Tamsil
1.77 ± 0.02
1.1 ± 0.03
1.655 ± 0.07
Sewon
1.63 ± 0.06
1.19 ± 0.05
1.425 ± 0.04
Haeol
2.11 ± 0.03
0.25 ± 0.046****
0.805 ± 0.03***
Udo.Coll
2.71 ± 0.23
0.19 ± 1****
0.8325 ± 0.03****
Heukhwaseang
2.7 ± 0.08
0.59 ± 0.001****
0.745 ± 0.05****
Gochang.Coll
1.75 ± 0.06
0.44 ± 0.03****
0.6125 ± 0.07***
F435-5
4.8 ± 1.17
0.11 ± 0.12***
1.2625 ± 0.07**
Tifton8
2.42 ± 0.1
0.85 ± 0.03****
0.6475 ± 0.04****
Note: Data represented as means as mean ± SE (n = 4). No marker, non-significant. *, **, *** and **** show the
significant differences with the control treatments using Student’s t-test at the 0.05, 0.01, 0.001 and 0.0001 probability
levels, respectively.

FSW in rescue condition (Table 3).

Leaf wilting and leaf area
One of the common indications of drought stress in

plants is causes leaf wilting. The peanut genotypes showed
a wide range of variation for leaf wilting index (LWI) in
response to drought stress and after rescue or rehydration
plants (Fig. 2). After the DS, maximum LWI and the
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Fig. 2. The wilting indices of leaves in twenty different peanut genotypes after 15 days of drought stress at the seedling
stage. (A) The leaf-wilting index (LWI) after 15 days of drought stress was used to classify 20 peanut genotypes.
(B) Measurement and visualization of leaf wilting and leaf area of twenty peanut genotypes after rehydration.
Experiments were done twice with replicates (n = 4). Asterisks * indicate significant differences at 5% level of
significance (*P ＜ 0.05), and the results are given as mean values SD. Error bars represent standard error.

wilting symptom was observed in Daekwang, Ami,
Danwon, Haeol and Daan genotypes compared to other
genotypes (Fig. 2B). Among all 20 genotypes Palkwang,
Mikwang, Tamsil, Sewon and Baekjung showed very little
LWI and observed, showed the maximum recovery from
leaf wilting after rescue or rehydration of the plants post 15
days of DS. Whereas, genotypes Daekwang, Ami, and
Daan showed sensitivity to drought and showed very less
recovery of leaf wilting after rescue or rehydration plants
(Fig. 2).

Relative water content (RWC)
Plants under DS commonly exhibit some physiological
changes to counter the adverse effect of DS. The
modifications in physiological functions are regulated
through important mechanisms such as leaf water
potential, leaf relative water content (RWC), chlorophyll
content (CC), stomata conductance, cellular osmatic
pressure during the DS. Through these mechanisms, plants

survive during DS. Leaf relative water is one of the
important indicators of water status in plants, the balance
between water supply to the leaf tissue and transpiration
rate is reflected in the RWC of leaves (Lugojan and Ciulca,
2011; Chen et al. 2015). Thus in this study, we examined
the RWC in the 15 days after DS. Our results indicated that
genotypes Ami (‒1.02), Sewon (4.95), Daan (6.62),
Udo.Coll (9.00), and Ahwon (10.16), exhibited significantly reduced RWC (Fig. 3) compared to the control
plants. Whereas, Palkwang (84.93), Sinpalkwang (72.70),
Haeol (71.13), Heukhwaseang (74.76) genotypes shown a
high amount of RWC (Fig. 3) which was not significantly
changed compared to control plants.

Impact of drought stress on plant phenotype and
survival
To examine the impact of drought stress on different
peanut genotypes we restricted plants watering up to15
days. The results indicated that after 15 days of DS,
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Fig. 3. Leaf relative water content (RWC) (%) of twenty peanut genotypes after drought treatment. The dotted blue line
2
represents the linear regression and associated R determined at P ＜ 0.05 (*P ＜ 0.05). Experiments were done
twice with replicates (n = 4). The results are given as mean values SD. Error bars represent standard error.

Fig. 4. The two-week-old twenty peanut genotypes were exposed to drought stress by withholding water for 15 days. (A)
Representative genotypes subjected to drought stress treatment for 15 days, all plants were rehydrated or rescued
(48 hours) and their recovery and survival was calculated. (B) Phenotypic evaluation of twenty genotypes after
rehydration or rescue (48 hours). Experiments were done twice with replicates (n = 4). The results represent mean
values SD. Error bars represent standard error.

followed by re-watering for 4 days’ genotypes such as
Palwang, Mikwang, Baekjung and Ahwon showed
maximum recovery (Fig. 4). Whereas genotypes Daekwang,

Ami, Danwon, Sewon, Haeol, Gochang.Coll, F435-5, and
Tifton8 showed the sensitivity to DS and 25% of plants
recovered after the re-watering. Similarly, Akwang,
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Pungan, Jaseon, Sinpalkwang, Tamsil, Udo.Coll, and
Heukhwaseang, showed 50% recovery, and Milwang
genotypes showed 75% recovery after rehydration or
re-watering.

Antioxidant activity (total Polyphenol oxidase and
total flavonoid content)
Typically, plants exposed to drought stress accumulate
the reactive oxygen species (ROS). Over-production of
ROS leads to oxidative damage of cell components. To
combat increased ROS, plants produce antioxidants such
as, polyphenols and flavonoids, which inhibit or counter
the ROS production under DS. Therefore, we examined the
polyphenol and flavonoid content, of the three droughttolerant (Palkwang, Mikwang and Baekjung) and droughtsensitive genotypes (Daekwang, Haeol, and Heukhwaseang)
these lines were selected based on phenotypic observation.
The total polyphenol content was significantly decreased in
all the sensitive genotypes under the DS compared to control
WW conditions plants (Fig. 5). Likewise, flavonoid content
was examined; results indicated that drought-tolerant
genotypes (Palkwang, Mikwang and Baekjung) exhibit
reduction in flavonoid content under DS compared to WW
condition (Fig. 5). Whereas, sensitive genotypes (Daekwang,
Haeol, and Heukhwaseang) showed a highly significant
reduction in flavonoid content under DS compared to WW
conditions (Fig. 5). These results suggested that the antioxidant
level of polyphenol and flavonoid content in genotypes

significantly reduced under the DS compared to in genotypes
(Palkwang, Mikwang and Baekjung). This result indicates
that due to a low production of the antioxidant in genotypes
Daekwang, Haeol, and Heukhwaseang might have been
unable to combat with DS and showed the sensitivity.

Transpiration rates of plant leaves and total
chlorophyll content (CC)
Under drought stress, stomatal conductance is an
important adaptation mechanism for plants. Because
closed stomata minimize water evaporation, plants have a
higher survival rate during DS. Thus, we examined and
compared the transpiration rates 0 to 380 minutes during
DS. The genotypes Udo. Coll, Tamsil, and F435-5 showed
the maximum loss of water indicating the highest
transpiration rate (Fig. 6B). Whereas, genotypes Ahwon,
Jaseon, and Sewon showed lower water loss showing
minimum transpiration rate (Fig. 6B). Overall, 30-35%
fresh weight reduction in plants was observed after 6h of
leaf detachment compared to WW plants.
Typically, under DS plants exhibit changes in the
photosynthesis process which leads to altering the pigment
like chlorophyll present in leaf subsequently it influence
the total chlorophyll content. Thus, we investigated the
total chlorophyll content with different time intervals 3rd,
th
th
10 and 15 day of DS. The result indicated the reduction
of total chlorophyll content in most of the genotypes during
rd
th
3 and 15 days of DS compared to WW control plants

Fig. 5. Effect of drought stress on polyphenol and flavonoid content in given genotypes. (A) Total polyphenol and (B)
Total flavonoid contents of peanut genotypes under DS and control conditions (WW). Experiments were done
twice with replicates (n = 4). Significance was determined at (*P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001 and
ns = non-significant) the results are given as mean values SD. Error bars represent standard error.
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Fig. 6. Effect of drought stress on chlorophyll content
and water transpiration in twenty peanut genotypes.
(A) Chlorophyll content (B) Transpiration rate or
plant weight (%) under DS and control condition.
Experiments were done twice with replicates (n = 4).
Significance was determined at P ＜ 0.01 (*P ＜
0.05 and **P ＜ 0.01) the results are given as mean
values SD. Error bars represent standard error.

(Fig. 6A). Genotypes Deakwang, Haeol and F435-5
showed a significant reduction in the chlorophyll content
on the 15th day of DS (Fig. 6A). Whereas, genotype
Palkwang, Pungan and danwonshowed a very less reduction in total chlorophyll content compared to WW control
as well all other DS genotypes on the 15th day of DS (Fig.
6A, Table 4).

DISCUSSION
Drought is one of the key constraints that restrict crop
productivity among the various stresses that plants face
during their life cycle. Including peanut, drought stress and
its impact on crop yield are well recorded in several plant
species (Nabi et al. 2021). Commonly, drought stress is

harmful to plants, it severely alters plant physiological,
morphological, biochemical as well as metabolic functions
(Nabi et al. 2019a). Drought stress primarily impaired the
photosynthesis, antioxidant level, cellular and plant development alterations (Laxa et al. 2019; Nabi et al. 2021).
Drought recovery is important for plant yield and
productivity; hence, recent studies looked into it in several
plant species. However, studies are limited on peanut
rehydration or recovery after drought stress. Moreover,
according to the literature, a necessity for crop improvement is the evaluation and screening of germplasm or plant
materials under DS based on physiological and biochemical features. Our study aimed was to identify
drought-tolerant genotypes among widely grown cultivars,
hence several physiological and biochemical analyses of
peanuts were conducted. Second, we desired to know if
these genotypes can recover after a drought and what effect
drought has on plant physiological, morphological, and
biochemical characteristics.
Typically, plants subjected to drought stress exhibit the
symptoms like leaf wilting, change in leaf pigment or
yellowing of leaf, leaf rolling, plant height, shoot, root
reduction (40). Our evaluation also found that under the
DS, most of the genotypes showed a reduction in the PH
under DS. In addition, we also observed significant
alteration in SL and RL (Table 2) of given genotypes under
DS condition compared WW control condition. Similar
type of adverse effect was observed in different plant
species including peanut upon the DS (Kapoor et al. 2020;
Luo et al. 2020; Delfin et al. 2021; Rahmianna et al. 2021).
Based on the evaluation of different plant traits, we found
that there is a wide genotypic variation present in the given
genotypes for the DS. Our finding also revealed that
genotypic variation for LWI in response to DS and after
rehydration of plants (Fig. 2). Similarly, our results
indicated higher RWC in the case of tolerant genotypes
(Fig. 3) and also enhance the plant’s survival rate (Fig. 4).
Previously it was reported that higher drought tolerance is
linked with water transpiration rate and RWC in leaf
(Painawadee et al. 2009; Thangella et al. 2018a; Kapoor et
al. 2020). Due to the ability of some of the genotypes to
maintain high RWC that might have shown tolerance to DS
hence this result shows consistency with previous findings.
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Table 4. Effect of drought stress on chlorophyll content of given genotypes.
Trait
Total
chlorop
-hyll
content
(CC)

Peanut inbred
lines
Daekwang
Palkwang
Mikwang
Akwang
Baekjung
Pungan
Jaseon
Sinpalkwang
Ami
Danwon
Daan
Ahwon
Tamsil
Sewon
Haeol
Udo.Coll
Heukhwaseang
Gochang.Coll
F435-5
Tifton8

3rd day
Control
condition
50.37 ± 2.18
52.15 ± 0.67
50.12 ± 3.06
48.97 ± 3.17
48.52 ± 1.18
50.37 ± 1.45
47.97 ± 2.61
49.17 ± 1.99
48.32 ± 0.68
45.81 ± 1.26
46.37 ± 2.38
49.81 ± 1.67
46.17 ± 1.85
42.37 ± 2.04
45.62 ± 1.57
50.07 ± 2.38
52.77 ± 4.19
45.82 ± 4.25
46.51 ± 0.49
48.27 ± 0.51

Stress
condition
47.17 ± 1.43
49.37 ± 1.32**
49.82 ± 1.14*
46.10 ± 2.17
45.70 ± 1.82
48.35 ± 2.18
44.40 ± 0.95*
48.82 ± 0.74
47.42 ± 0.83
44.25 ± 0.99
44.55 ± 2.78
45.25 ± 2.45
44.82 ± 1.28
44.70 ± 0.79
44.05 ± 1.06
45.20 ± 1.79
44.87 ± 2.31
42.10 ± 2.75*
45.30 ± 1.75
44.2 ± 0.8

10th day
Control
condition
54.15 ± 2.94
51.11 ± 2.58
48.72 ± 1.21
56.05 ± 1.66
49.05 ± 0.38
49.15 ± 1.71
56.75 ± 3.46
56.15 ± 1.88
52.17 ± 3.61
48.61 ± 1.11
51.57 ± 3.28
46.27 ± 0.91
47.92 ± 1.48
47.05 ± 1.57
50.20 ± 0.47
50.51 ± 2.15
49.45 ± 0.81
49.32 ± 2.78
49.92 ± 0.62
55.37 ± 0.43

Stress
condition
45.82 ± 1.07*
47.37 ± 1.24
46.12 ± 0.67*
42.5 ± 1.79***
45.35 ± 1.61
44.07 ± 1.11*
47.90 ± 1.57*
45.20 ± 0.48**
42.95 ± 1.58*
45.6 ± 1.88
43.57 ± 0.53*
44.42 ± 2.63
41.10 ± 2.21*
40.17 ± 2.48
45.81 ± 2.01
47.60 ± 1.21
45.23 ± 1.41
42.45 ± 2.45*
45.67 ± 2.22
37.675 ± 0.51*

15th day
Control
condition
55.21 ± 2.33
50.95 ± 0.64
48.82 ± 1.11
53.78 ± 0.52
53.35 ± 2.45
54.75 ± 1.77
53.35 ± 1.69
57.15 ± 1.77
54.05 ± 0.95
48.96 ± 2.66
54.21 ± 0.52
50.72 ± 0.54
53.47 ± 0.77
54.65 ± 1.58
49.41 ± 0.54
52.35 ± 1.41
51.61 ± 1.89
45.02 ± 9.77
47.55 ± 2.24
50.07 ± 2.38

Stress
condition
21.12 ± 0.42*
45.37 ± 1.51*
40.87 ± 0.77
32.05 ± 1.49**
39.17 ± 1.21
42.87 ± 1.24***
24.71 ± 0.35*
11.12 ± 1.56**
34.65 ± 0.62
20.47 ± 1.47*
10.67 ± 0.64**
42.57 ± 1.79**
21.67 ± 0.81*
11.61 ± 1.38*
11.02 ± 0.61*
20.82 ± 2.18*
22.07 ± 1.99*
18.97 ± 2.31*
21.02 ± 0.15*
10 ± 16.19**

Note: Data represented as means as mean ± SE (n = 4). No marker, non-significant. *, ** , and *** show the significant differences
with the control treatments using Student’s t-test at the 0.05, 0.01 and 0.001 probability levels, respectively.

The evaluation of peanut genotypes under DS aid to
identify the genotypes which showed significant tolerance
response to DS and some genotypes which showed
sensitive responses to DS. Furthermore, the evaluation
determined that DS significantly affects plant growth and
development by altering the different plant traits. However,
genotypes which showed better performance and limited
reduction for traits like PH, SL, RL, FSW, and FRW were
ideal for drought tolerance may be considered to use further
peanut improvement. At the same time from the results, it
suggested that genotypes that showed no or limited
survival and maximum reduction in traits like PH, SL, RL,
FSW, and FRW are may not be suitable to cultivate under
drought stress. However, these sensitive genotypes may be
utilized in the peanut breeding program to make new
crosses with contrasting parents to develop mapping lines
for drought tolerance as well as further peanut drought
improvement programs.
To combat the DS plants required a diverse metabolic,
osmotic regulation, which ultimately reduces the water and
gas exchange at the same time it should avoid loss in

photosynthetic efficiency. Photosynthesis in plants is
extremely vulnerable to environmental stress; hence, it is a
key indicator of drought (Thangella et al. 2018b). It is
known that DS adversely affect the photosynthesis rate and
subsequently damage pigmentation that resulting into
interruption in the photosystem (PS) PSI and PSII.
Moreover, studies reported that under drought conditions,
plants total chlorophyll content including chlorophyll
fluorescence (Chl a and Chl b) reduced in several plant
species including peanut (Lauriano et al. 2004; Kalariya et
al. 2015; Adhikari et al. 2018; Nabi et al. 2021). From our
evaluation, we also found a reduction in the total
chlorophyll content and Chl a, Chl b fluorescence in tested
genotypes. Moreover, we observed chlorophyll content of
genotypes that showed tolerance during DS get less
affected compared to sensitive ones (Fig. 6).
The antioxidant and secondary metabolite production in
response to DS and rehydration or recovery diversely
varies with the species, cultivar, plant parts, and duration or
intensity of the stress (Cruz de Carvalho 2008). Typically,
under DS phenolic compounds increased in the plants.

28 ∙ Plant Breed. Biotech. 2022 (March) 10(1):15~30

Moreover, it has been reported in plant species, like
Arabidopsis, rice, maize, and Hypericum brasiliense
Choisy DS modulate phenolic compounds (Ayaz et al.
2000; De Abreu and Mazzafera 2005; Hura et al. 2008). In
peanut previously reported that polyphenol and flavonoid
levels differentially increased tolerance and sensitivity of
genotypes under DS (Aninbon et al. 2016; Juliano and
Lebo 2019). Our results are consistent with previous
studies, which investigated DS in peanut and other plant
species.
Overall, results of the present study demonstrated that
under the DS peanut genotypes negatively affect plant
growth and development compared to the WW control
plants. However, certain genotypes showed the differential
response to DS and showed better performance during
rehydration or recovery treatment. These better performing
genotypes also showed the tolerance to DS through
different morphological, physiological and biochemical
enhancements that might be the reason these selected
genotypes showed the ability to combat DS.
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