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ABSTRACT

Negative impact of drought stress has been recognized to pose a growing threat to sustainable agriculture particularly under the global
climate change. The main goal of this research was to develop an effective protocol for regenerating drought tolerant peanut plants.
Specific objectives were to select drought tolerant embryogenic calli (EC), on a medium containing polyethylene glycol (PEG), and
evaluate the regenerated lines against drought stress environment. Somaclones were selected through continuous culture of EC for 6
months on MS-P16 medium. The EC were sub-cultured onto the fresh MS-P16 medium every month. In vitro drought tolerant somatic
embryos (SE) were selected on MS-P16 medium containing 15% PEG 6000. PEG tolerant SEs were regenerated (RO plantlets) and
grown to maturity in the greenhouse to produce R1 seeds. Subsequently, these seeds were planted to maturity to produce R2 seeds.
The R2 plants were subjected to drought stress by reduced watering under greenhouse conditions and their growth parameters and
yield were recorded. Results showed plants regenerated from 6-month-old EC cultures exhibited variations in plant height, fresh and dry
weight of above ground biomass and of the roots, total pod and filled (matured) pod yield at harvest. The majority (56-100%) of the EC
did not survive the in-vitro selection on MS-P16 containing 15% PEG. However, some newly regenerated SEs developed from mostly
browning tissues on the same medium. Peanut plants were regenerated from these SEs and the R1 and R2 plants derived from these
somatic embryos were obtained. Among evaluated R2 plants regenerated from PEG stress tolerant SEs, 44% plants exhibited drought
tolerance under greenhouse conditions.
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INTRODUCTION

percentages of peanut were reduced because of drought
stress (Vorasoot et al., 2003; Shinde and Laware, 2010).

Global warming threatens traditional farming in many
different ways. The debated changes in climate pattern
because of global warming could result in uncertainties

To prevent yield losses caused by drought stress,
development of drought tolerant peanut cultivars is

of yearly rainy and dry seasons (Ceccarelli et al., 2010).
To anticipate such potential problems, breeding and
developing new crop varieties adapted to climate change
is one of the important strategies for adapting agriculture
to the changing environments. Increase in drought periods
may require the development of drought tolerant crops

(Ceccarelli et al., 2010; Ahmed et al., 2013).

Drought stress could cause a significant yield reduction in
peanut (Arachis hypogaea L.). Total pods, seed yields and shelling

necessary. Under drought stress conditions, yield reduction
of tolerant cultivars would theoretically be less than those
of sensitive ones (Vorasoot et al., 2003; Shinde and Laware,
2010). Drought tolerant cultivars exhibited increase in
proline biosynthetic enzyme activities in leaves under
drought stress (Phutela et al., 2000; Barthakur et al., 2001);
hence, increased in proline content in those organs. Proline
functions as one of the osmo-protectants in plant cells
under drought stress (Phutela et al., 2000; Farooq et al.,
2009; Omidi, 2010; Rabert et al., 2014).
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Major constrains in breeding for drought tolerant cultivars
include limited availability of germplasm donor for the
tolerant characters and the complexity of selection methods
for the trait (Sinclair, 2011). When tested under drought
stress similar to one used in this experiment, a number of
supposely drought tolerant peanut cultivars in Indonesia
were in fact either sensitive or medium tolerant and none
of them were identified as drought tolerant based on their
drought sensitivity index (Riduan et al., 2005). Hence,
development of drought tolerant peanut cultivars are
neccessary.

It has been widely accepted that applying drought stress
during callus or plant cells proliferations is efficient for
selecting drought tolerant cell lines and the regeneration of
tolerant plants (Mohamed et al., 2000). Different responses
for drought tolerance, such as a higher membrane
stability and a better yield when grown under low water
potential, have been identified from somaclonal vatiants
(Matheka et al., 2008; Mohamed et al., 2000; Widoretno
and Sudarsono, 2004; Mahmood et al., 2012a).

In vitro regenerated plants often exhibit phenotypic
differences. Some of these differences may have been
inherited in the progeny generations (Jain, 1997; Larkin,
1998) and are exploited for developing new germplasm
with improved characters such as tolerance to abiotic
stress (Jain, 2001). Somaclonal variation may be the results
of a number of DNA changes (Cassells and Curry, 2001;
Mujib et al., 2007) since some of the observed variation is
heritable (Jain, 1997; Larkin, 1998).

In-vitro selection by culturing plant cells and tissues on
medium supplemented with polyethylene glycol (PEG) or
mannitol have identified drought tolerant tissues of potato
and rice (Gopal and Iwama, 2007; Wani et al., 2010; Rai,
2011). As a selective agent to simulate drought stress, high
molecular weight PEG (i.e. PEG 6000) (Rai, 2011), which
is non-penetrative and able to induce drought stress similar
to drought stress in the field (Steuter, 1981; Gawande
et al., 2005). Successful selections for drought tolerance
has been carried out in the presence of PEG in tomato
(Abdel-Raheem et al.,, 2007), potato (Gopal and Iwama,
2007), maize (Matheka et al., 2008), banana (Bidabadi et
al,, 2012), wheat (Mahmood et al., 2012a) and soybean
(Widoretno et al., 2003).

We have developed efficient procedures for inducing
somatic embryos from peanut leaflet explants (Edy,
1998; Sulichantini, 1998). Our previous studies have also
demonstrated the tolerant peanut embryogenic callus
could survive in such selective medium supplemented
with PEG and might regenerate into drought tolerant
plantlets (Rahayu et al., 2005; Rahayu and Sudarsono,
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2009a,b). The main goal of this study was to develop an
effective protocol for regenerating drought tolerant peanut.
Specific objectives are to regenerate somaclonal variants
among embryogenic calli (EC), to select drought tolerant
lines on a medium containing polyethylene glycol (PEG),
to evaluate the regenerated lines against drought stress
under greenhouse conditions, and to demonstrate that the
tolerance is genetically controlled and transmitted from RO
plants to the next generation, the drought tolerance were
evaluated at the R2 generation.

MATERIALS AND METHODS

Plant material

This experiment used three commercial peanut cultivars,
Singa, Kelinci, and Badak. The cv. Badak is known to be
more sensitive to drought stress in the field than the other
two cultivars tested.

PEG inhibitory concentration

Mature peanut seeds were sterilized in 5% NaOCI solution
for 2-3 minutes and rinsed three times in sterile aquadest.
To initiate EC and SE, leaflets were excised from embryo
axis of sterilized mature peanut seeds and cultured on
MS medium (Murashige and Skoog, 1962) supplemented
with 16 UM picloram (MS-P16 medium). The cultures
were incubated under the dark until they initiate EC and
SE. Peanut leaflets started initiating EC and SE after
10-12 weeks in MS-P16 medium. Continuous cultures of
the explants on MS-P16 medium induced development of
a mixture of EC and SEs (Edy, 1998; Sulichantini, 1998).
The established EC and SEs of peanut were subsequently
used to evaluate inhibitory effects of PEG.

The inhibitory effects of PEG 6000 at 0%, 5%, 10%, 15%
or 25% concentrations in MS-P16 medium on growth and
proliferation of EC and SEs were evaluated in a completely
randomized design experiment. Each experimental unit
consisted of five clumps of peanut EC cultured in one
culture vial (250 ml) containing 25 ml of MS-P16 medium.
Each clump of the EC contained 8 to 10 SEs. Five
replicates were prepared for each of PEG concentration.

This study used liquid PEG-supplemented MS-P16
medium to proliferate peanut EC and SEs as agar would
not solidify in the presence of a high concentration of
PEG 6000. Sterilization of the media used standard heat
sterilization methods at 120 °C, 1,5 kg/cm? using autoclave.
To prevent explants from drowning, a raft covered with a
single layer of filter paper (Whatman, grade 6 filter paper)
was floated on the liquid medium. Peanut EC and SE were
laid on top of the filter and cultured on the medium for
a total of three months period. The EC were transferred
onto fresh medium every month.
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Percentages of EC and SEs survival and the number of
proliferated SEs after three months on selective medium
were recorded. The concentration of added PEG inhibiting
at least 90% of the culture survival or SE proliferation
relative to those of 0% PEG was determined.

Regeneration of somaclonal variants

These activities examined the somaclonal variants among
regenerated plantlets from SEs without PEG treatment.
The presence of somaclonal variants was evaluated by
observing phenotype changes among regenerated plantlets
compared to control plant grown from seeds. Both
populations were maintained in the greenhouse.

The EC of peanut cv. ‘Kelinci” were initiated as previously
described (Edy, 1998; Sulichantini, 1998). As many as 200
clumps of peanut EC with 8 - 10 SEs per clump were used
as explants. Five clumps of peanut EC were cultured on a
single culture vial (250 ml) containing 25 ml solid MS-P16
medium. The explants were transferred onto fresh MS-P16
medium every month and continually proliferated for a
six months period. At the end of six months, all EC were
transferred onto MS medium supplemented with activated
charcoal (2 g/1; MS-AC medium) for SE maturation and
germination. Germinated SE was transferred onto MS
medium supplemented with 22 uM BAP (6-benzylamino
purine) to regenerate shoots. The regenerated shoots
(2-3 cm) were excised and transferred onto MS medium
supplemented with 10 mg/l NAA for one week.
Subsequently, the NAA treated shoots were transferred
onto MS-AC medium for 3-4 weeks to induce rooting
and regenerate plantlets. In all culture steps, the EC were
incubated in culture room with a constant temperature of
25 °C and a continuous lighting at approximately 900-940
lux (11.3-11.8 pe m™s™") provided by cool white fluorescent
tube lamp (100 W each). The lamps were placed at 50 cm
above the culture rack.

After developing 3-4 leaves, the plantlets were transferred
to a mixture of sterilized soil:compost:sand (2:1:1, v/v/v)
for acclimatization. The acclimatized plantlets were watered
with half strength MS basal medium every other day. Once
established, as indicated by formation of new leaves and
roots, individual plantlets were planted into a plastic pot
(50 cm in diameter and 40 cm in height) containing 10 kg
potting medium (a mixture of soil:compost:sand=1:1:1,
v/v/v). The pots were placed in a shaded greenhouse for
a week and exposed to full sun afterward. The relative
humidity in the greenhouse during the dry period ranged
from 50-64% and during the rainy period ranged from
79-89%.

The plantlets producing mature seeds were assigned as the
RO lines and the harvested R1 seeds were labeled separately.
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The R1 seeds were planted and R1 plants grown from R1
seeds were evaluated under greenhouse conditions. The
R1 plants producing mature seeds were selected and the
harvested R2 seeds were kept separately. The R2 seeds were
planted and R2 plants grown from R2 seeds were evaluated
under greenhouse conditions.

In all evaluations, peanut cv. ‘Kelinci” grown from seeds
was also planted as standard. The standard population was
also subjected to similar steps of evaluation as in R0, R1,
and R2 lines, respectively.

In each of the evaluation, above ground biomass, primary
root length and total pod yield data from each plant were
recorded. Statistical analysis of the means and one-way
analysis of variance was conducted. Significant differences
among population means were compared by Least
Significant Difference (LSD) Test using Statistical Analysis
Software (SAS) version 9.0.

In addition to simple statistic evaluation, the data were also
grouped into five classes and the distribution frequency of
the plants based on the observed quantitative characters
were determined and graphed for each population. The
possible existence of variation was inferred when there
were differences in the distribution of the classes among
evaluated plants in each population (i.e. the RO, R1, and R2
of SE derived versus standard seed-derived populations).
If for any of the quantitative characters, the distribution
frequency of the plants derived from SEs was wider than
the standard one, it was regarded as an indicator for the
presence of somaclonal variants. The plants having lower
value than the least of the standard population were
regarded as negative variants, whereas the plants having
higher value than the highest of the standard population
were regarded as positive variants.

Identification of PEG stress tolerant EC and SE

The sub-lethal concentration of PEG 6000 identified from
previous experiment was added to MS-P16 medium and
was used to identify putative PEG stress tolerant variants.
As many as 500 clumps of peanut EC, each containing 8
to 10 SEs were cultured (five clumps of EC per vial) on
selective medium containing sub-lethal PEG 6000 for a
total of 3-month period. The cultures were transferred
onto fresh selective medium every month. At the end of the
selection period, surviving EC and SEs were proliferated
on solid MS-P16 medium without PEG for two months.
Subsequently, they were subjected for plantlets regeneration
following the described procedures in the section of
somaclonal variant regeneration. The R1 seeds were
harvested from surviving RO plantlets and R2 seeds were
harvested from R1 plants. The R1:2 peanut seeds were used
in the following experiment for drought stress evaluation.
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Identification of drought tolerant variants

The R2 seeds, derived from previously identified PEG
stress tolerant SHs was planted in greenhouse (R2 plants).
The original peanut cv. ‘Kelinci” planted from seeds
(i.e. standard plants) was also grown under similar
conditions. Evaluated peanut plants were grown individually
in a plastic pot (50 cm in diameter and 40 c¢m in height),
each containing 10 kg of potting medium (a mixture of
soil:compost:sand=1:1:1, v/v). For each treatment, eighteen
peanut lines of the respective populations were evaluated.

The 18 lines of the R2 generation were grown under
drought stress conditions during the period of vegetative
up to generative stages (12-80 days after planting). The
other 18 lines of the R2 generation were grown under
optimum conditions. Similarly, 18 plants of the standard
population were also grown under drought stress and the
other 18 plants under optimum conditions. The drought
conditions were administered by watering the treated plants
only after 75% of their leaves wilted. In the experiment,
if leaves of the evaluated peanut plants wilted more than
75%, they would not recover and eventually died. The
water were added up to field capacity and the plants were
maintained until 75% of their leaves wilted again, and so
on. The water was withheld up to four days at the vegetative
growth stage (8 weeks after planting) and up to two days
at the generative stage to get 75% leaf wilting. The plants
grown under optimal conditions were watered every other
day up to field capacity. Both peanut populations were
grown to maturity and harvested at 115 days after planting,

Observations were conducted for the following characters:
plant height, fresh and dry weight of above ground biomass
and roots, total pod numbers, and filled (matured) pod
numbers at harvest. Dry weight of above ground biomass
and roots were weighted after oven drying at 60°C for 3
days. The collected data were statistically analyzed using
two-way analysis of variance (ANOVA) and differences
among treatments and populations were determined
using least significant difference (LSD) test. The statistical
analysis was conducted using Statistical Analysis System
(SAS), version 9.0.

Drought sensitivity index (DSI), calculated using the following
equation (Fischer and Maurer, 1978), was used to identify
responses of the evaluated plants against drought stress.

In that equation, Yp was the average of filled pod yield
under drought stress, while Y was the average filled pod
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yield under optimum conditions. The Xp was the average
yield of all plants under drought stress, while X was the
average yield of all plants under optimum conditions. The
evaluated lines were identified as tolerant if their DSI<0.5,
medium tolerant if 0.5<DSI<1.0, and sensitive against
drought stress if DSI>1.0.

RESULTS AND DISCUSSIONS

PEG inhibitory concentration

Evaluating the effects of PEG supplementation in the
media against proliferating peanut embryogenic calli (EC)
is necessary before using PEG to identify drought tolerant
mutants. Too much PEG 6000 in the medium might kill
all of the cultured cells whereas too little PEG resulted
in regenerating too many plantlets (Matheka et al., 2008).
Effective concentration of PEG in the medium should

promote the survival of drought tolerant cells or tissues but
inhibit the survival of the others (Widoretno et al., 2003).

Peanut EC of all three cultivars proliferated and formed
SEs on liquid MS-P16 medium (Fig. 1a). A close-up
representative of proliferated EC and SEs of peanut cv.
‘Kelinci” after three months in culture is presented in Fig, 1b.
Supplementing PEG 6000 into MS-P16 medium inhibited
peanut EC and SE proliferation. Tissue browning and
reduced SEs formation from peanut EC were observed even
in the medium with 5% PEG 6000 (Fig. 1c). Higher PEG
concentrations resulted in more severe tissue browning and
inhibitory effects on SE formation (Fig. 1d-i).

Different peanut cultivars responded differently to PEG
stress. Peanut cv. ‘Singa’ exhibited the best responses
against added PEG in the medium. Peanut cv. ‘Kelinci’ and
peanut cv. ‘Badak’ exhibited more severe inhibitory effect
of PEG in the media (Fig. 1d-e and 1g-h) than peanut cv.
‘Singa’ (Fig. 1f and 1i). Significant inhibition on EC and SEs
proliferation was observed on selective medium containing
10% PEG 6000 (Table 1). The EC of peanut cv. ‘Kelinci’
and ‘Singa’ survived and proliferated SEs equally well on
selective medium supplemented with 10% or 15% PEG
6000 (Table 1). At 15% of PEG 6000, none of the EC of
peanut cv. ‘Badak’ survived after three months in culture,
nor did they proliferated any SE (Table 1). When subjected
to selective medium containing 20% PEG, only a small
fraction of EC of peanut cv. ‘Kelinci’ and ‘Singa’ survived
after three months. They also proliferated fewer SEs per
explant (Table 1). None of the EC of peanut cv. ‘Badak’
survived nor proliferated SEs on medium supplemented
with 20% PEG (Table 1).

All peanut cultivars showed at least 90% less number of
SEs/explant on selective medium supplemented with 15%
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Fig 1. Representative responses of peanut embryogenic calli (EC) and somatic embryos (SEs) cultured on MS-P16 medium with or without
adding PEG 6000. (a) Proliferation of peanut embryogenic calli (EC) and somatic embryos (SEs) on a raft floated on the liquid MS-P16 medium.
(b) Representative of EC and SEs grown on media without PEG (PEG 0%), and (c) on 5% PEG. Responses of EC and SEs on selective medium
supplemented with 10% PEG: (d) Peanut cv. ‘Badak,’ (e) Peanut cv. ‘Kelinci,” and (f) Peanut cv. ‘Singa.’ Responses of EC and SEs on selective
medium supplemented with 15% PEG: (g) Peanut cv. ‘Badak,’ (h) Peanut cv. ‘Kelinci,” and (i) Peanut cv. ‘Singa,’” respectively.

of PEG 6000 than those on MS-P16 medium without PEG
(PEG 0%). PEG 6000 at 15% was seclected as sub-lethal
PEG level. Culturing EC and SEs for three months on
liquid MS-P16 medium supplemented with 15 % of PEG
might be used to identify PEG stress tolerance EC and SEs.

Supplementing PEG 6000 into MS-P16 medium resulted
in inhibition of EC and SE proliferation of three peanut
cultivars. The higher PEG concentration added in the
medium, the lower the development and proliferation of
SE. Matric forces of ethylene oxide sub-units of the PEG
polymer results in low osmotic pressure in the medium.
The ethylene oxide sub-units retain water through the
formation hydrogen bonds (Steuter, 1981; Kawasaki
et al., 1983; Abdel-Raheem et al., 2007; Sayar et al., 2010).
Therefore, in the selective medium supplemented with
PEG 6000, water molecule in the medium become less
available and they cannot be absorbed directly by the
growing explants. Lower osmotic pressure might inhibit
EC and SEs proliferation and development on the selective
medium containing 15% PEG.
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PEG-induced lower water potential might result in either
cytoplasmic or vacuolar volume decline because of water
removal from the cells (Chartzoulakis et al., 2002). Those
conditions might also have happened in peanut EC and SE
cultured on MS-P16 medium containing 15% PEG, leading
to lower survival and reduced SE proliferation. Browning
and dying of EC and SEs grown on PEG supplemented
medium might also be due to water loss induced by osmotic
stress or a high phenol production (Sakthivelu et al., 2008).

Browning rate, survival and regeneration of calli have
been used as indicators to select for dehydration stress
tolerant variants (Wani et al., 2010; Aazami et al., 2010).
Browning rate has been suggested as a good indicator
for plant calli sensitivity to PEG 6000 stress (Mahmood
et al., 2012b). PEG stress tolerant callus tended to show
less browning and higher survival rates under high level of
PEG 6000 (Mahmood et al., 2012b). Our results were in
line with results of those studies on PEG stress tolerance
in plants. By adding PEG 6000 in the selective medium,
callus proliferation reduced as well as z»-vitro regeneration
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capacity of potato (Gopal and Iwama, 2007), soybean
(Sakthivelu et al., 2008), tomato (Aazami et al., 2010),
and wheat (Sayar et al.,, 2010). In previous experiments
(Rahayu et al., 2005), inhibition of zz-vitro shoot growth
of peanut by PEG 6000 also correlated with the level of
drought stress tolerant in peanut. Similar correlations have
also been observed in sugarcane (Saccharum hybrids) (Wagih
et al.,, 2004).

Regeneration of somaclonal variants

Most of the regenerated plantlets of peanut cv. ‘Kelinci’
(150 plantlets) did not survive at acclimatization stage and
only 62 plantlets survived as RO plants in the greenhouse.
Out of those, only 24 RO plants were normally developed
and reached reproductive stage. Nine RO plants produced
mature pods and yielded RO-1 seeds. The number of yielded
total pods/plant among the RO plants vatied between 4-16
while that of filled pods/plant were 4-13, respectively.
Representative photos of SE germination up to RO plant
regeneration are presented in Fig. 2a-i.

Three R1 seeds randomly sampled from each of the
best nine RO plants were planted to obtain a total of 27
R1 lines. All of the evaluated R1 lines produced mature

pods (3-15 pods per plant). Some of the regenerated lines
are producing normal number of pods/plants, some
producing less than normal (probably a negative mutants
for pod yield), and a few producing higher than normal
pod numbers/plant. The R1s producing low number of
pods/plant were usually derived from RO plants that are
cither producing more above ground biomass but less
flowers or having abnormal flowers (partial male sterile).
Since the R1 plants yielding low number of pods were also
derived from those RO with low pod yield, it is our opinion
that low numbers of pods/plant yields ate not because of
degeneration or decline in the quality of the somaclones.
Some of the morphological abnormalities were inherited
into the R1 and R2 generation, such as: more biomass
production and partial male sterility as it has been reported
by Rahayu and Sudarsono (2009a), indicating that the
characters are genetically controlled.

On the other hand, a number of RO plants yielded normal
or higher number of pods/plant. The R1 and R2 lines
derived from these RO plants yielding high number of
pods/plant also produce high number of pods, indicating
the possible sexual inheritance of the character. This
finding was in line with previous findings that in vitro

Fig 2. PEG stress tolerance peanut somatic embryos (SE), SE germination, and Plantlet regeneration. (a) PEG stress tolerance peanut SEs
one month after recovery in MS-P16 medium. (b) and (c) SE maturation on MS-AC medium. (d) Germination of mature SEs on MS-AC medium.
(e) Regenerated shoot from germinated SE on MS-AC medium containing 22 uM BAP. (f) Root induction from regenerated shoots on MS-AC
containing 10 mg/l NAA. (g) Rooted plantlet on MS-AC medium. (h) Surviving plantlet after acclimatization. (i) Surviving RO-plants in the glasshouse.

480

Emir. J. Food Agric e Vol 27 e Issue 6 e 2015



Rahayu and Sudarsono: In vitro selection of drought tolerant peanut

derived variation could yield plant variants with improved
yield (Jain 2001). Three R2 seeds randomly sampled from
each of the best R1 were planted to obtain a total of 27
R2 lines.

Table 2 presents mean of above ground biomass (AGB)
of the evaluated RO, R1 and R2 plants. In general, the RO
plants yielded more AGB than those of standard peanut
cv. ‘Kelinci” On the other hand, the R1 and R2 plants
yielded less AGB than those of standard (Table 2). Primary
root length (PRL) of RO, R1 and R2 plants were shorter
and the total pod number (TPN) was fewer than those
of standard peanut cv. ‘Kelinci’ (Table 3). A photograph
comparing roots of the RO derived from SE and the
standard peanut cv. Kelinci grown fom seed was presented
in Fig. 3. Although frequency distribution of R0, R1,and R2
plants based on its PRL was similar to that of control line
there were two R2 plants showing longer PRL than those
of control. These two R2 plants had PRL of >34.2 cm.
There were 11 R2 plants yielded less TPN than those of

Table 1: The average number of surviving explants per vial,
the number of SE per explant, and their percentages of
relative reduction to 0% PEG for peanut cv. ‘Badak,’ ‘Kelinci,’
and ‘Singa’ grown for three months on selective medium
containing 5%, 10%, 15% or 20% of PEG

0 5.0 5.0 5.0 0 0
5 4.4 5.0 5.0 12 0
10 3.0 4.2 4.4 40 16
15 0 2.2 2.2 100 56
20 0 0.6 1.0 100 88

0 32.1 36.0 34.4 0 0
5 25.6 25.2 23.5 20 30
10 2.6 11.2 12.2 92 69 65
15 0 3.4 3.8 100 91 90
20 0 0 1.2 100 100 96

aPercentages of relative reduction (RR) to PEG 0% was calculated using the
following equation RR=[(np0-npN)/(np0)]*100%; np0=The observed value
on medium without PEG (PEG 0%); npN=The observed value on medium

containing either PEG 5%, 10%, 15%, or 20%

standard plants. These 11 plants had TPN of <4.2 pods
per plant (Table 4).

Addition of picloram (trichloropicolinic amino acid) into
MS-P16 medium was effective to induce embryogenic
callus (Edy, 1998; Sulichantini, 1998). It was reported
previously synthetic auxin induced cell division and
enlargement (Companoni and Nick, 2005) which led to
formation of somatic embyos. Picloram was also used for
callus and SE induction of Phyla nodiflora (Ahmed et al.,
2011) and peanut leaf explants (Edy, 1998; Sulichantini,
1998) and coconut endosperm (Sukamto, 2011).

The peanut lines regenerated from SEs with characters
deviated from those of the standard lines might have
been variants for the characters. Culture period of six
months on MS medium containing picloram (MS-P106)
was long enough to allow repeated division of the callus.
Auxin concentration in callus induction and number
of subcultures are major factors affecting somaclonal

Fig 3. Representative example of roots of the standard peanut cv.
Kelinci from seed (left) and the RO plants developed from somatic
embryo (SE) in this experiment (right). The SE maturation and
germination were conducted on MS medium containing activated
charcoal (MS-AC) followed by shoot regenation om MS medium
containing BAP. Subsequetly, the regenerated shoot were excised
and transferred onto MS medium containing 10 mg/l NAA for root
induction. Rooting was conducted by culturing the shoot onto MS-AC
prior to transplanting into soil medium.

Table 2: The means of above ground biomass (AGB) weight and distribution frequency of R0, R1, and R2 plants and the standard
peanut cv. ‘Kelinci’ based on their AGB weight. The RO, the R1, and the R2 plants were regenerated from peanut somatic
embryos (SE) without in-vitro selection

Standard 109.7 14
RO 186.2 12
R1 60.8 27
R2 36.4 27

13 0 0 0
5 3" 2 2r
0 0 0 0
0 0 0 0

*Plant having biomass higher than standard plant populations, most probably variants for this character

Emir. J. Food Agric e Vol 27 e Issue 6 e 2015

481



Rahayu and Sudarsono: In vitro selection of drought tolerant peanut

Table 3: Means of the primary root length (PRL) and distribution frequency of R0, R1, and R2 plants and the standard peanut
cv. ‘Kelinci’ based on their PRL. The RO, the R1, and the R2 plants were regenerated from peanut somatic embryos (SE) without

in-vitro selection

Population Total Mean of Number of plants with PRL (cm)
number of PRL (cm) <13.8 13.8-20.6 20.6-27.4 27.4-34.2 >34.2
plants
Standard 27 22.7 8 8 12 4 0
RO 24 16.8 9 10 4 1 0
R1 27 18.5 5 18 8 1 0
R2 27 17.7 9 11 S 2 2*

*Plant having primary root length higher than standard plant populations, most probably variants for this character

Table 4: Means of total pod number (TPN) and distribution
frequency of R0, R1, and R2 plants and the standard peanut
cv. ‘Kelinci’ based on their TPN. The RO, the R1, and the R2
plants were regenerated from peanut somatic embryos (SE)
without in-vitro selection
Population Total Mean
number of
of plants TPN

Number of plants with TPN
<4.2 4.2-8.4 8.4-12.6 12.6-16.8 >16.8

Standard 27 142 0 2 11 12 2
RO 24* 68 0 5 3 1 0
R1 27 95 © 15 < 3 0
R2 27 59 11 10 5 1 0

*Out of 24 RO plants, only 9 RO plants produced mature pods. **Plant having
total pod number lower than standard plant populations, most probably
variants for this character

variation in an 7 vitro culture (Gaafar and Saker, 2000).
Fast and repeated cell divisions could induce somaclonal
variation through changes in chromosome numbers and
rearrangements, DNA methylations, and point mutations
(Kaeppler et al., 1998; Kumar and Mathur, 2004).
Frequency of somaclonal variation correlated with the
length of culturing period (Bouman and de Klerk, 1997;
Rodrigues, 2008; Valledor et al., 2007) and this correlation
was confirmed in Picea mariana and P. glanca (Tremblay et al.,
1999), Asparagus officinalis (Pontaroli and Camadro, 2005),
Dieffenbachia (Shen et al., 2007), and wheat (Mahmood
et al., 2012a).

Identification of PEG stress tolerant EC and SE

Most of the EC and SEs of peanut cv. ‘Kelinci,” cultured
on selective medium supplemented with 15% PEG
6000, turned brown and died. Out of 500 clumps of EC
containing about of 4000-5000 SEs cultured on the selective
medium, only 415 grew normally and looked fresh white.
These normally growing SEs on selective MS-P16 medium
containing 15% PEG were PEG stress tolerant; therefore,
these activities identified the presence of PEG stress
tolerant EC and SEs. Since addition of PEG in selective
media causes dehydration stress, PEG stress tolerant EC
and SEs could also be drought stress tolerant SE variants.
Hence, peanut plants regenerated from PEG stress tolerance
EC and SEs could also be drought stress tolerance.

Plantlet regeneration from the PEG stress tolerant SEs
resulted in 140 plantlets with normal shoots and root
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morphologies. After acclimatization, 54 RO plants survived
and 18 plants reached reproductive stages and yielded
mature pods (Table 5). Representative photos of the RO
plant regenerated from SE and standard plant from seeds;
the R1 plants and the R2 plants are presented in Fig, 4a-c.
Representative photos of the R2 plant under optimum
conditions; the above ground biomass and harvested pods
of an R2 plant under optimum conditions are presented
in Fig. 4d-f while the R2 plant under drought stress; the
above ground biomass and the harvested pods of a tolerant
R2 plant under drought stress conditions are presented in
Fig, 4g-i.

Out of 18 RO plants, nine plants yielding the highest pods
were selected. Two RO-1 seeds from each of the selected
RO plant were planted to generate R1 plants. Out of 18
R1 plants, nine plants yielding the highest number pods
were further selected. Four R1-2 seeds from each of the
selected plants were taken and planted to generate R2
plants. Therefore, there were 36 R2 plants available for
further evaluation (Table 5). Response of these R2 plants
against drought stress under greenhouse conditions were
evaluated in the next experiment.

Identification of drought tolerant variants

The R2 plant mean values for a number of recorded
parameters under optimum conditions were lower than
those of standard ones (Table 6). Based on their filed pod
yield under optimum conditions, the distribution frequency
of R2 plants was similar to those of standard peanut cv.
‘Kelinci” (Fig. 5). However, one R2 plant yielded more
numbers of filled pods under optimum conditions than
those of the standard plants (Fig. 4) and this was probably
a possitive plant variant for yield character.

Under the described drought stress conditions, both
standard and R2 plants exhibited lower values for all
recorded parameters compared to those under optimum
conditions (Table 6). However, the percentages of reduction
because of drought stress for the R2 plants were smaller
than those of standard plants (Table 6). Under drought
stress conditions, the distribution frequency of R2 plants
was also wider than those of standard plants (Fig; 5). Three
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Fig 4. Peanut plants developed from PEG stress tolerance somatic embryos (SE). Representative of (a) the RO plant (left) regenerated from SE
and control plants (right) from seeds at 8 weeks after planting (wap); (b) the R1 plants at 8 wap and (c) the R2 plants at 12 wap. (d) The R2 plant
under optimum conditions at 4 wap. (e) Above ground biomass and (f) harvested pods of an R2 plant under optimum conditions. (g) The R2 plant
under drought stress conditions at 4 wap. The photograph was taken 3 days after the last watering. (h) Above ground biomass and (i) harvested

pods of a tolerant R2 plant under drought stress conditions.

Table 5: Effectiveness of regenerating peanut plants originated
from PEG stress tolerant embryogenic calli (EC) and somatic
embryos (SEs) identified on MS-P16 medium supplemented
with sub-lethal concentration of PEG 6000 (15%)

Number of initial EC clumps (SEs)* 500 (4000-5000)

Number of identified PEG stress tolerant SEs 415
Number of regenerated plantlets from PEG 140
stress tolerant SE

Number of regenerated RO plants 54
Number of RO plants yielding matured pods 18
Number of selected R1 plants with highest 9
pod numbers

Number of selected R2 plants with highest 9

pod numbers
Note: *Each clump of EC contained 8-10 SEs

R2 plants showed higher filled pod yield under drought
conditions than those of the standard (Fig. 5).

Such results indicated that the employed drought conditions
did not significantly affect peanut R2 plants as compared to
that of the control ones. The results also indicated that the
R2 plants, regenerated from PEG stress tolerant SEs, coped
better to drought stress under greenhouse conditions than
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those of standard plants. Moreover, three R2 plants exhibited
better filled pod yield under drought stress conditions in the
greenhouse than those of standard (Fig. 5).

The DSI calculated based on filled pod yield in this
experiment indicated that the standard plant (peanut
cv. ‘Kelinei’) was identified as sensitive against drought
stress (DSI>1, Fig. 5). On the other hand, the R2 plants
regenerated from PEG 6000 stress tolerant SEs were
identified either as sensitive against drought stress SI>1; 8
lines), medium tolerant (0.5<DSI<1; 2 lines), or tolerance
(DSI<0.5; 8 R2 lines) (Table 7, Fig. 6). One of the identified
drought tolerance plant (K15-4.1.1), was also the positive
variant for filled pods yield character. Therefore, this
K15-4.1.1 variant could potentially be developed as a
putative peanut line having both high yield and drought
tolerant characters.

PEG 6000 stress tolerant EC and SE variants regenerated
drought tolerant R2 plants. Continuously proliferated
EC and SE for six month yielded these PEG 6000 stress
tolerant EC and SEs from PEG sensitive standard peanut
cv. ‘Kelinci” Therefore, those EC and SE variants might
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Table 6: Mean differences and standard deviation of quantitative
characters between the original peanut cv. ‘Kelinci’ (standard)
and the variant R2 lines regenerated from PEG stress tolerance
peanut somatic embryos (SEs), identified on MS-P16 medium
supplemented with 15% PEG 6000, grown under optimum and
drought stress conditions in the greenhouse

Table 7: Responses to drought stress of 18 R2 plants
regenerated from PEG stress tolerant peanut embryogenic
calli (EC) and somatic embryos (SEs), identified on MS-P16
medium supplemented with 15% PEG 6000. The evaluated
populations were grown under optimum and drought stress
conditions in the greenhouse

Quantitative characters Mean and standard deviation No Line code Number of filled DSI Responses
of the population pods/plant
Standard R2 plants Drought stress  Optimal
Plant height (cm) 1 K15-1.1-1 7.04 713 0.86 MT
Optimum 68.5aA+12.5 35.6bA+9.7 2 K15-1.1-2 7.74 7.94 172 S
Stress 13.7bB+3.2 21.5aB+6.0 8 K15-2.2-1 8.14 8.35 172 S
Reduction (%) 80 40 4 K15-2.2-2 7.96 8.06 0.85 MT
Above ground biomass (g) (> K15-4.1-1 8.45 8.49 032 T
Optimum 109.7aA+3.3 42.2bA+17.5 6 K15-4.1-2 7.85 8.08 194 S
Stress 11.1bB+1.2 30.7aB+16.9 7 K15-5.1-1 6.91 6.95 039 T
Reduction (%) 90 38 8 K15-5.1-2 7.74 7.91 147 S
Shoot dry weight (g) 9 K15-5.2-1 8.39 8.42 024 T
Optimum 25.4aA+6.3 12,9bA+4.4 10 K15-5.2-2 8.23 8.28 041 T
Stress 5.6bB+2.3 11,8aA+3.4 11 K15-8.2-1 7.87 8.04 144 S
Reduction (%) 78 8 12 K15-8.2-2 7.56 7.60 036 T
Root fresh weight (g) 13  K15-10.1-1 8.15 8.37 179 S
Optimal 4.2aA+1.1 1.1bA+0.7 14 K15-10.1-2 8.23 8.28 041 T
Stress 0.5aB+0.2 0.6aB+0.3 15 K15-10.2-1 8.87 8.93 046 T
Reduction (%) 87 46 16 K15-10.2-2 9.12 9.34 161 S
Root dry weight (g) 17  K15-18.2-1 8.15 8.32 1.39 S
Optimal 1.0aA+0.3 1.1aA+0,6 18 K15-18.2-2 8.85 8.89 031 T
Stress 0.3aB=+0.1 0.3aB+0.1 Note: Based on their drought sensitivity index (DSI), calculated using
Reduction (%) 71 69 filled _ppd yield per plant, 18 plants of peanut cv. A‘Kelinci"(standard) were
Total pods number (l\:/ll?rs-sl:;led‘ as sensitive to drgught stress uqder this experiment. S: Sensitive,
: Medium tolerant, and T: Tolerant against drought stress under
Optimal 22.5aA+5.6 10.7bA+6.6 greenhouse conditions
Stress 5.3bB+1.5 12.0aA+6.0
Reduction (%) 76 13 densities and drought susceptibility characters in peanut
Filled pods number (Rahayu and Sudarsono, 2009b). Drought tolerance vatiants
ol s a2 identified in this study, however, show stomatal densities
Stress : 4.00B=1.0 8.2aA=3.9 lower than those of drought sensitive ones and exhibit
Reduction (%) 72 0

Note: In each character, mean values in a column followed by the same
capital letter and in a row followed by the same lower letter, respectively,
were not significantly different based on DMRT at 0=5%

acquire PEG stress tolerant mechanisms during EC or SEs
proliferation. Such acquired mechanisms might also be
the ones responsible for drought stress tolerant characters
under greenhouse conditions.

There are two known mechanisms for plants to evade
negative effects of drought stress, such as: the drought
stress avoidance and the tolerant mechanisms. The stress
avoidance is the ability of plant to maintain high tissue
water potential under drought stress. Plants achieve such
status by enhancing water uptake through deep rooting
systems or reducing transpiration loss through smaller or
succulent leaves (Mundree et al., 2002; Farooq et al., 2009).

In previous finding using the same population of peanut
variants, the new mechanisms of drought tolerant might
have been identified. Previous investigation also indicated
there was a significant positive correlation between stomatal
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no significant correlation between root/shoot ratio and
primary root length with drought susceptibility index
(Rahayu and Sudarsono, 2009b).

The ability of plant cells to cope with lower water potential
inside the plant cells and tissues indicates drought tolerance
responses. In general, tolerance mechanisms should
consist of preventing or reducing cell damage, maintaining
homeostatic, and maintaining plant growth under drought
stress conditions (Mundree et al., 2002). Plant cells achieve
such status by accumulating osmolyte compounds, such
as: glycine-betaine, proline and other amino acids, LEA
protein, organic acids, polyols, and soluble sugars (Serraj
and Sinclair 2002; Mundree et al., 2002; Farooq et al., 2009;
Naguib et al., 2010). Osmolyte compounds also possess an
important role in detoxification and osmotic adjustment
processes to maintain turgor pressure and function of the
cell (Chaves et al., 2009; Farooq et al., 2009).

Adding PEG 6000 into tissue culture medium induced
dehydration stress (Steuter, 1981) to the cultured explants.
Surviving EC and SEs under such selective medium
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Fig 5. Distribution frequency of R2 plants and those of standard peanut
cv. ‘Kelinci’ based on the filled pod yield under optimum and drought
stress conditions in the greenhouse. The R2 were originally generated
from PEG stress tolerance EC and SE identified as results of in-vitro
selection using MS-P16 medium containing 15% PEG 6000.

20 4 Responses to drought stress :
O Sensitive @Medium tolerant M Tolerant

Number of individuals

Standard R2 variant

Peanut populations

Fig 6. Grouping of responses to drought stress of standard peanut
cv. ‘Kelinci’ (undergo no-in-vitro selection) and the variant R2 plants
regenerated from PEG stress tolerance embryogenic calli (EC) and
somatic embryos (SEs) identified from in-vitro selection on MS-P16
medium supplemented with 15% PEG 6000. Grouping of the responses
was based on their drought sensitivity index (DSI), calculated using
filled pod yield per plant.

might have indicated they developed from mutant
cells and tissues acquiring dehydration stress tolerance
mechanisms. Regenerated plants from such EC and SEs
might maintain the same mechanisms at plant levels and
they might be the same mechanisms causing drought
tolerance in identified variant lines. Although PEG induced
dehydration stress may be different than drought stress in
the field, the tolerance to both conditions might employ
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similar mechanisms such as maintaining high tissue water
potential under the stress. Therefore, selecting for EC and
SEs under PEG induced stress may end up with drought
tolerant variants (Bajji et al., 2004).

CONCLUSION

This study demonstrated that regeneration of somaclonal
variation is a potential technique to obtain variants in
peanut. PEG 6000 supplemented medium could be used to
effectively select and regenerate drought tolerant plants. The
protocols of in-vitro screening and identification of drought
stress tolerant plants developed in this study could be used
for future studies. The sub-lethal concentration of PEG 6000
supplemented into MS-P16 for 7n-vitro selection was 15%.
This concentration effectively inhibited (= 90%) growth and
proliferation of EC and SEs. In-vitro selection of peanut EC
and SE variants using 15% PEG 6000 supplemented MS-
P16 liquid medium has effectively identified more drought
stress tolerant plants than the control ones.
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