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Present study aims to establish somatic embryogenesis and plantlet regeneration from
cotyledon culture in peanut (Arachis hypogaea L. cv. TMV13) under NaCl-stress conditions.
Cotyledon tissue was found to be efficient for somatic embryogenesis in MS medium fortified
with 10mg/L of 2,4-dichlorophenoxyacetic acid (2,4-D). Moreover, in order to achieve salt-
tolerant regenerants in peanut, cotyledons were inoculated on MS-medium supplemented with
various concentrations of NaCl-salt in presence of 2,4-D (10mg/L). Results indicate that with
the increase in NaCl-concentrations in medium, frequency of embryogenic callus formation
gradually declines and obtained as minimum (17.1+£0.16%) with high concentration (150mM) of
NaCl-salt while NaCl (200mM) was proved to be lethal. Further, salt-tolerant embryogenic callus
was transferred to medium added with (0.5mg/L, 1.0mg/L, 1.5mg/L, and 2.0mg/L) of BAP in
combination with (1.5mg/L) of IAA and NaCl (100mM) for the germination of somatic embryos
followed by shoot regeneration. Significantly, the maximum frequency (70.2£0.59%) of shoot
regeneration was obtained on medium containing BAP (1.5mg/L), IAA (1.5mg/L) and NaCl
(100mM). Moreover, salt-tolerant regenerated shoots were further transferred to medium
containing kinetin (1.0mg/L, 2.0mg/L, 3.0mg/L, and 5.0mg/L) along with NAA (1.5mg/L) and
NaCl (100mM) for root initiation. The high frequency (51+0.7%) of root regeneration was
observed on %2 MS medium containing kinetin (2.0mg/L), NAA (1.5mg/L), and NaCl (100mM).
Interestingly, rooting medium fortified with NaCl (100mM) was also proved to be effective for
precocious induction of in vitro flowering (26.66+0.12%) in the regenerated plantlets. The
regenerated plantlets were further transferred to plastic cup soil and acclimatized under
greenhouse conditions. The result indicated, salt-tolerant peanut cotyledon culture also shows
In Vitro plantlet regeneration and flower formation.

Key words: Cotyledon, In Vitro, Flowering, Regeneration, Salinity, Somatic embryos.
Abbreviations: 2,4-D-2,4-Dichlorophenoxyacetic acid; BAP-6-Benzylaminopurine; [AA-
Indole-3-acetic acid; NAA-1-Naphthaleneacetic acid; NaCl-Sodium Chloride.
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Arachis hypogaea L. (peanut or groundnut) is the
most important oilseed legume crop, native to South
America. It contains oil (44-56%), protein (22-30%) and
also is a source of P, Ca, Mg, Vitamin E, Vitamin K, and
Vitamin B2. It is consumed as oilseed crop in the region
of warmed condition and also used for industrial purpose
(Cheng et al.,, 1992). Peanut oil is also consumed for
digestible purpose because it contains high quantity of
certain  biological active compounds such as
tocopherols, flavonoids, and phytosterols (Tuberoso et
al., 2007).

During recent past, irreversible increase in salt
concentrations in soil or irrigation water has proved as a
major threat to agricultural production in arid and semi-
arid regions. Higher concentrations of salts in soil cause
water deficit conditions leading to accumulation of Na*
and CI ions which have detrimental impacts on food
crops including peanuts. Moreover, high salt content in
soil or irrigating water causes a drastic reduction in crop
yield by inhibiting seed germination, seedling growth,
flowering, and fruit set (Sairam and Tyagi, 2004).
Remarkably, peanut crop is known as susceptible crop
to salinity, and therefore, productivity is severely affected
(Meena et al., 2012).

Although, it has been possible to develop salt
resistance against stress via breeding of salt-tolerant
plants (Witcombe et al., 2008). However, plants tolerant
to salinity can be also obtained through cell and tissue
culture techniques by two approaches either through
selection of mutant cell lines or screening of germplasm

of the plant for salt tolerance under in vitro conditions.

Significantly, susceptible plants are known to confine
the uptake of salts in plant and adjust their cellular
osmotic pressures by the synthesis of compatible
solutes or signalling molecules such as proline, glycine
betaine, and sugars whereas the tolerant plants have
been identified to accumulate salts in cell vacuoles for
regulating salt concentrations in the cytosol as well as
ensuing maintenance of high cytosolic K*/Na* ratio in
plant cell (Krishna et al., 2015).

The development of suitable protocols for plant

regeneration has been suggested as one of the main

prerequisites for the genetic improvement of crop plants
using biotechnological methods. In order to achieve
stable genetic transformation in plants, plants
regenerated through somatic embryogenesis has been
considered as more useful than plants obtained through

organogenesis (Bhanumati et al., 2005).

However, literature also reveals plantlet regeneration
via somatic embryogenesis from immature cotyledon
explants (Baker and Wetzstein, 1994; Kim et al., 2004),
cotyledon (Maina et al, 2010), cotyledonary nodes
(Limbua et al., 2019; Swathy Anuradha et al., 2006), de—
embryonated cotyledon (Hoa et al., 2021), immature
zygotic embryos (Jayabalan et al., 2004), immature
embryonic axes (Eapen and George, 1993a), mature
embryo axes (Baker et al., 1995), leaflets (Chengalrayan
et al., 2001), epicotyls (Little et al., 2000) and embryo
axes, mature whole seed (Radhakrishnan et al., 2000)

could be possible in peanut tissue culture.

Additionally, various growth regulators have been
also used for somatic embryogenesis such as 2,4-D
(Eapen and George, 1993; Baker et al., 1995; Roja Rani
and Padmaja, 2005) and picloram (Little et al., 2000).
Significantly, present study is aimed for establishing a
stable and efficient protocol for differentiation of somatic
embryos from the peanut cotyledon explant tissues
through callus formation that could be useful for
handling gene transfer experiments in peanut and also

from one species to others.

Although, peanut has been studied extensively for
regeneration under in vitro conditions, however, none of
the existing regeneration protocols is established under
salinity stress conditions. Moreover, the productivity and
nutritional value of this crop can be improved by
developing cultivars tolerant to salinity stresses in order
to grow in saline soil/water conditions and also to
maintain protein and oil quality/quantity in peanut.
Therefore, present study was undertaken to establish
somatic  embryogenesis  followed by plantlet
regeneration and precocious in vitro flowering under
NaCl-salinity stress conditions to obtain salinity tolerant

peanut plants.
MATERIALS AND METHODS

Seed Collection and Sterilization Procedure: Mature
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and dry peanut seeds (cv. TMV13) were collected from
Tamil Nadu Agriculture University (TNAU) Coimbatore,
India. To begin with, healthy peanut seeds were initially
surface sterilized with detergent (Tween-20) for 5-7
mins. Properly washed peanut seeds were further
treated with ethanol (70%) for 45-60 seconds followed
by HgCl, (0.1%) treatment for 7-10mins. Finally, treated
peanut seeds were washed with sterile distilled water
(SDW) for 4-5 times.

Nutrient Medium Formulation: MS (Murashige and
Skoog, 1962) medium supplemented with sucrose (3%)
as carbon source and further agar (0.8%) was used to
solidify the medium. Different growth hormones
(auxin/cytokinin) were used either alone or in
combinations for achieving somatic embryogenesis and
plantlets regeneration. Moreover, pH of the nutrient
medium was also adjusted to 5.5-5.8 and the nutrient
medium was finally sterilized under 121°C at 15 psi for
15 minutes.

Explant preparation and culture: The sterilized
peanut seeds were placed on a sterile filter paper kept in
sterile petridish. The seed coats and the embryos from
sterilized peanut seeds were also removed without
damaging the cotyledons. The cotyledon explants were
then inoculated on the MS-medium for embryogenic
callus induction. The cultures were incubated at 16h light
and 8h dark.

Embryogenesis induction medium: Nutrient medium
was containing MS-salts with sucrose (3%), agar (0.8%)
and various concentrations (5mg/L, 10mg/L, 15mg/L,
20mg/L, 25mg/L, 30mg/L, and 40mg/L) of 2,4-
Dichlorophenoxyacetic acid (2,4-D) for induction of
callus and somatic embryogenesis.

Somatic embryo germination or shoot regeneration
medium: Induced embryogenic callus was sub-cultured
on MS-medium supplemented with various
concentrations  (0.5mg/L, 1.0mg/L, 1.5mg/L, and
2.0mg/L) of 6-benzylaminopurine (BAP) in combination
with (1.5mg/L) of indole-3-acetic acid (IAA) for somatic

embryo germination leading to shoot-regeneration.

Root induction medium: Regenerated shoots from
the germinated somatic embryos were then transferred
on %-MS-medium with various concentrations of kinetin
(1.0mg/L, 2.0mg/L, 3.0mg/L, and 5.0mg/L) in

combination with (1.5mg/L) of a-naphthaleneacetic acid
(NAA) for root induction and complete plantlets

formation.

Salinity Stress Treatments: During this study, MS-
nutrient medium was supplemented with various
concentrations of NaCl (10mM, 25mM, 50mM, 75mM,
100mM, 150mM, and 200mM) salt along with 2,4-D
(10mg/L) for induction of embryogenic callus and
differentiation of somatic embryos. Further, for the
germination of somatic embryo and shoot regeneration,
embryogenic calli were transferred to MS-medium
supplemented with BAP (0.5mg/L, 1.0mg/L, 1.5mg/L,
and 2.0mg/L), IAA (1.5mg/L) and NaCl (100mM)-salt.

Furthermore, for root regeneration, salt-tolerant
regenerated shoots were further transferred to ¥2-MS-
medium supplemented with kinetin (1.0mg/L, 2.0mg/L,
3.0mg/L, and 5.0mg/L) in combination with NAA
(1.5mg/L) and NaCl (100mM)-salt.

In Vitro Flowering: Regenerated salt-tolerant shoots
%-MS-rooting
supplemented with kinetin (1.0mg/L, 2.0mg/L, 3.0mg/L,
and 5.0mg/L) in combination with (1.5mg/L) of NAA and
NaCl (100mM)-salt.

were transferred to medium

Transplantation to Soil: The regenerated plantlets
with complete root and shoot raised during cotyledon
cultures were transferred and gradually acclimatized in
plastic cups containing sterilized mixture of red soil
(20%), vermiculite (40%), and compost (40%) for

hardening under greenhouse conditions.
Statistical Analysis

A minimum of 25-30 explants were used for each
treatment and each experiment was repeated at three
times. The mean frequency of explants showing somatic
embryogenesis, somatic embryos showing shoot
regeneration, regenerated shoots showing root
formation, and frequency of plantlets exhibit precocious
flowering was recorded and calculated. The data were
analyzed based on SPSS software.

RESULTS

Induction of Callus and Somatic embryogenesis

In control experiment, cotyledon explant of peanut
on MS-basal medium was found to show slight

proliferation and failed to show the symptoms of callus
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initiation and regeneration even after 3-weeks of culture
initiation (FIG. 1A). However, cotyledon explants that
were treated with various concentrations of 2,4-D were
seen to exhibit callus formation from the explant tissues
followed by induction of somatic embryos. Moreover, low
concentration (5mg/L) of 2,4-D was proved as the least
effective for the induction of embryogenic callus
formation (FIG. 1B) in comparison to higher
concentrations (10mg/L and 15mg/L) of 2,4-D where
embryogenic callus induction was more evident.
Moreover, typical globular and heart shaped somatic
embryos (FIG. 1C & D) could be observed with 2,4-D
(10mg/L and 15mg/L) respectively after 2-3 weeks of

culture initiation.

Significantly, frequency of embryogenic callus
induction was recorded as the low (35.0+0.13%) in
cotyledon explants that were treated with the very low
concentration (5mg/L) of 2,4-D while further increased
2,4-D concentration (10mg/L) was proved to enhance
frequency of somatic embryogenesis and it was
obtained as the maximum (60.0£2.11%) and also the
maximum number (5.84+0.04) of somatic embryos per
embryogenic callus (Table-1). However, very high
concentration (40mg/L) of 2,4-D proves to be strongly
inhibitory and frequency of somatic embryogenesis
(20.3+£0.11%) and also number of somatic embryos per
embryogenic callus was found to be the minimum
(1.09+0.005).

Effects of NaCl-Salt Stress on Somatic

Embryogenesis

In comparison to control-treatment as MS-medium
with 2,4-D (10mg/L) and without NaCl-salt, nutrient
medium with NaCl-salt was found to be influencing
factor during induction and development of somatic
embryo from cotyledon culture. Moreover, with the
increase in NaCl-salt concentrations in MS-medium in
presence of 2,4-D (10mg/L), the frequency of somatic
somatic

embryogenesis and number of

embryos/explants was found to gradually decline.

After 3-weeks of culture initiation in cotyledon

explants that were growing in  MS-medium
supplemented with various concentrations (10mM,

25mM, 50mM, 75mM, 100mM, 150mM, and 200mM) of

NaCl with 2,4-D (10mg/L), induction and development of
somatic embryos could be seen in various shape,
morphology, and texture (FIG. 1E-l) indicating the
morpho-regulatory response of salinity stress on somatic
embryogenesis. However, lower concentrations of NaCl
(10mM, 25mM, and 50mM), differentiated somatic
embryos were found to be normal and with well-defined
typical structures (FIG. 1E, F, & G) respectively.

Significantly, cotyledons that were treated with
50mM of NaCl along with 2,4-D (10mg/L), differentiated
somatic embryos were found to be normal in growth and
morphological appearance (FIG. 1G). However,
cotyledon explants growing with higher concentrations of
NaCl (100mM), number of differentiated somatic
embryos were limited and also appeared to be abnormal
in shape and suppressed in growth (FIG. 1H) at the end
of 3" week of culture initiation. Interestingly, cotyledon
explants that were treated with very high concentration
150mM of NaCl along with 2,4-D (10mg/L),
establishment of somatic embryogenesis was
remarkably inhibited and somatic embryos were
observed to be morphologically altered (FIG. 1l).

Moreover, the least frequency of somatic
embryogenesis (17.1+1.03%) and minimum number of
somatic embryos/embryogenic callus (2.6£0.5) was
recorded in case of cotyledon explants that were treated
with the 150mM of NaCl salt-added nutrient medium
while the low dose of NaCl (10mM) treatment was
turned out to be poorly inhibitory (75.0£2.69%/17.5+1.2)
in terms of both frequency of somatic embryogenesis
and number of somatic embryos/explants respectively.
Further, very high concentration of NaCl (200mM) was
proved as completely toxic and lethal for somatic
embryogenesis (Table-1).

Germination of Somatic Embryos and Shoot
Regeneration

Embryogenic callus induced on 2,4-D supplemented
nutrient medium was further transferred to MS-basal
medium and also on MS- medium containing various
concentrations (0.5mg/L, 1.0mg/L, 1.5mg/L, and
2.0mg/L) of BAP along with IAA (1.5mg/L) in order to
induce the germination of somatic embryos followed by
shoot regeneration. Significantly, embryogenic callus
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transferred on BAP (1.5mg/L) along with IAA (1.5mg/L)
medium was turned out to be the best nutrient medium
for germination of somatic embryos and shoot

regeneration (FIG. 2A).

Moreover, percentage of embryogenic callus
showing somatic embryo germination or shoot
regeneration and also number of regenerated shoots per
embryogenic callus was recorded as maximum
(84+1.7%) and (3.98+0.2) respectively. However, further
higher concentration of BAP (2.0mg/L) along with IAA
(1.5mg/L) was proved relatively inhibitory for both

somatic embryo germination and shoot regeneration.

Therefore, percentage of embryogenic callus with
regenerated shoots and also number of regenerated
shoots per embryogenic callus was recorded as
maximum (66+0.2%) and (2.60+0.03) respectively.
Moreover, other lower concentrations of BAP (0.5mg/L
and 1.0mg/L) with IAA (1.5mg/L) were proved to be
equally good for somatic embryo germination and shoot

regeneration from embryogenic callus (Table-2).
Root Induction on Regenerated Shoots

Regenerated shoots from embryogenic callus
growing on various concentrations of BAP (0.5mg/L,
1.0mg/L, 1.5mg/L, and 2.0mg/L) supplemented
regeneration nutrient media were transferred to root
¥-MS-medium
concentrations of kinetin (1.0mg/L, 2.0mg/L, 3.0mg/L,
and 5.0mg/L) along with NAA (1.5mg/L). Significantly,
kinetin (2.0mg/L) along with NAA (1.5mg/L) was
emerged as the best root induction medium and

induction containing various

exhibited the maximum response.

Furthermore, an increase of BAP (1.0mg/L) in
regeneration medium added with IAA (1.5mg/L) and
NaCl (100mM), germination of somatic embryos and
shoot regeneration was more apparent on regeneration
medium (FIG. 2C) and frequency of embryogenic callus
showing shoot regeneration and number of regenerated
shoots/embryogenic callus (58+0.1%/2.69+0.07)

respectively (Table-2.).

Significantly, further higher concentration of BAP
(1.5mg/L) with IAA (1.5mg/L) and NaCl (100mM) was
proved to be the best and optimal nutrient medium for

somatic embryo germination and shoot regeneration

(FIG. 2D & E) and hence, maximum frequency of shoot
regeneration (70.2+0.59%) and also number of
regenerated shoots (2.76+0.5) per embryogenic callus

was obtained with this nutrient combination.

Moreover, during present study, very high
concentration of BAP (2.0mg/L), frequency (55.6+1.5%)
of rooting in regenerated shoots was observed (Table-
3). While other concentrations of kinetin (1.0mg/L,
3.0mg/L and 5.0mg/L) along with NAA (1.5mg/L) were
proved to be less efficient for root induction in
regenerated shoots. Moreover, in all tested
concentrations of kinetin in present study, kinetin
(5.0mg/L) along with NAA (1.5mg/L) was turned out to
be the least effective (37.2+0.05%) for root initiation in

regenerated shoots (Table-3).

Effects of Salinity Stress on Somatic embryo

germination/Shoot regeneration

Once somatic embryos were differentiated on
various concentrations of NaCl (10mM, 25mM, 50mM,
75mM, 100mM, and 150mM) supplemented nutrient
media, embryogenic callus was transferred to the
germination and shoot regeneration MS-medium added
with various concentrations (0.5mg/L, 1.0mg/L, 1.5mg/L,
and 2.0mg/L) of BAP in combination with 1.5 mg/L of
IAA and 100mM of NaCl-salt.

Somatic embryos differentiated in the embryogenic
callus could show immediate germination after
transferring on regeneration medium containing very low
concentration of BAP (0.5mg/L) along with IAA
(1.5mg/L) and NaCl (100mM). Moreover, various stages
of developing somatic embryos were apparent after one-
week of transfer on regeneration medium (FIG. 2B).
However, frequency of embryogenic callus showing
shoot regeneration was recorded as the minimum
(44+0.1%) with 0.5mg/L of BAP treatments and number
of regenerated shoots per embryogenic callus was
obtained as (2.24+0.01).

Moreover, BAP (2.0mg/L) along with 1AA (1.5mg/L)
and NaCl (100mM) was turned out to be relatively
inhibitory for somatic embryo germination and shoot
regeneration. Germinated somatic embryos were
apparent morphologically aberrant and inhibited (FIG.
2F). This could be due to either presence of high BAP or
salinity stress caused by NaCl present in the
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regeneration medium.

However, frequency of regenerated shoots per
embryogenic callus was found to be high (60.3+0.15%)
but interestingly, the number of regenerated
shoots/embryogenic callus was obtained as the
minimum (2.091£0.01) (Table-2). Results indicate that
high concentration of BAP (2.0mg/L) proves to be
slightly inhibitory for somatic embryo germination and

shoot regeneration from embryogenic callus.

Effects of Salinity Stress on Root Development in
Regenerated Shoot

During evaluation of NaCl- salinity stress effects on
root induction in regenerated shoots grown on various
concentrations of BAP (0.5mg/L, 1.0mg/L, 1.5mg/L, and
2.0mg/L), regenerated shoots were transferred to root
induction %-MS-medium containing various
concentrations of kinetin (1.0mg/L, 2.0mg/L, 3.0mg/L,
and 5.0mg/L) along with NAA (1.5mg/L) and NacCl

(100mM).

Significantly, kinetin (2.0mg/L) along with NAA
(1.5mg/L) and NaCl (100mM) was proved as the most
suitable nutrient medium for root induction efficiently and
exhibited the maximum frequency (51+1.07%) of rooting
concentration
(5.0mg/L) of kinetin along with NAA (1.5mg/L) and NaCl

(100mM) was turned out to be the least effective

in regenerated shoots while high

(29.9+£0.1%) for root initiation in regenerated shoots
(Table-3).

Results indicate that optimal kinetin concentration
(2.0mg/L) along with NAA (1.5mg/L) supports maximum
potential of root induction in regenerated shoots even

under salinity stress conditions and rood initiation could
be observed after 67-days of culture initiation (FIG. 2G).
However, same 100mM of NaCl plays an inhibitory role
during root initiation in regenerated shoots when high
kinetin (5.0mg/L) with NAA (1.5mg/L) is present in %-

MS-nutrient medium.
In Vitro Precocious Flowering

Significantly, root induction %-MS medium
containing kinetin (2.0mg/L) with NAA (1.5mg/L) and
NaCl (100mM) could be also effective for precocious
flower bud induction followed by development of flower
in regenerated shoots and thus, regenerated complete
plantlets with well-developed roots and shoots could be
seen with fully developed flower (FIG. 2H) after 11"
week of culture initiation. Furthermore, the maximum
frequency (26.66+0.12%) of in vitro flowering was
recorded in regenerated shoots with induced roots that
were growing in nutrient medium containing kinetin

(2.0mg/L), NAA (1.5mg/L) and NaCl (100mM).

However, flowering was completely lacking in
regenerated shoots which were growing with higher
concentration of kinetin (1.0mg/L and 5.0mg/L) in
presence of NaCl (100mM). In contrast, nutrient medium
containing lower concentration of kinetin (1.0mg/L) with
NAA (1.5mg/L) and NaCl (100mM) was proved as poorly
effective (6.7%+0.06) for in vitro flowering (Table-3).
Significantly, during present study, regenerated shoots
growing on Y-MS-medium fortified with various
concentrations of kinetin (1.0mg/L, 2.0mg/L, 3.0mg/L,
and 5.0mg/L) along with NAA (1.5mg/L) and without

NaCl-salt, flowering symptoms were completely lacking.

Table-1. Peanut (Arachis hypogaea L.); Cotyledon culture- effects of various concentrations of 2,4-D and NaCl on
percentage of somatic embryogenesis and number of somatic embryos per embryogenic callus growing on
MS-nutrient medium supplemented with or without 2,4-D and NacCl.

Concentra- | % of Embryoge- No. of Somatic Concentration of % of No. of Somatic
tion of 2,4-D nic Callus Embryos/Embryoge- | NaCl (mM) with Embryogenic Embryos/Embryo
(mglL) Formation nic Callus 2,4-D (10mgJ/L) | Callus Formation genic Callus
(Mean=SE) (Mean+SD) (Mean=SE) (Mean+SD)
0 0 0 0 0 0
5 35.0+0.13 3.21+0.05 10 75.0%2.69 17.5%1.2
10 60.0+2.11 5.84+1.04 25 63.2+1.6 11.3+0.5
15 56.1+1.62 4.30+0.15 50 47.4+1.12 9.1+1.11
20 53.3+1.44 3.69+0.10 75 40.7+1.14 7.2+0.2
25 36.7+0.68 2.19+0.03 100 35.1+0.23 3.2£0.1
30 31.5+0.26 2.11+0.01 150 17.1+0.16 2.6£0.5
40 20.3+0.11 1.09+0.005 200 0 0
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Figure 1. Peanut (Arachis hypogaea L.); Cotyledon culture- effects of NaCl-salt stress on callus induction and somatic
embryogenesis-(A) Cotyledon explant tissue shows slight proliferation followed by gradual necrosis on MS-
basal medium (B) explant tissues shows profuse friable callus formation followed by differentiation of somatic
embryos (arrow-marked) on MS- medium supplemented with 5mg/L of 2,4-D (C) Differentiation of well-defined
somatic embryos at various stages (arrow-marked) on induced callus treated with 10mg/L of 2,4-D (D)
Somatic embryogenesis (arrow-marked) on MS- medium supplemented with 15mg/L of 2,4-D (E) Induction of
embryogenic (arrow-marked) callus in MS-medium supplemented with 2,4-D (10mg/L) and 10mM of NaCl (F)
Somatic embryogenesis (arrow-marked) in induced callus on MS- medium fortified with 2,4-D (10mg/L) and
25mM of NaCl (G) Induction of embryogenic callus on 2,4-D (10mg/L) and 50mM of NaCl (H) Formation of
embryogenic callus followed by browning of callus on MS- medium fortified with 2,4-D (10mg/L) and 100mM of
NaCl (I) Somatic embryogenesis and gradual necrosis of induced callus on MS-medium with 2,4-D (10mg/L)
and 150mM of NaCl-treatments (After 2-3 weeks of culture initiation).
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Figure 2. Peanut (Arachis hypogaea L.); Cotyledon culture- effects of NaCl- salt stress on somatic embryo germination
and plantlets regeneration-(A) Culture shows somatic embryo germination followed by plantlets regeneration
on MS-medium fortified with BAP (1.5mg/L) and IAA (1.5mg/L) without NaCl- salt (B) MS-medium with BAP
(0.5mg/L), IAA (1.5mg/L) and NaCl (100mg/L) showing differentiation of typical somatic embryos and initiation
of somatic embryo germination- after 1* week of transfer (C) Somatic embryo germination on MS-medium with
BAP (1.0mg/L), IAA (1.5mg/L) and NaCl (100mg/L)-After 3" week of culture initiation (D) MS-medium with
BAP (1.5mg/L), IAA (1.5mg/L) and NaCl (100mg/L) shows somatic embryo germination (E) MS-medium with
BAP (1.5mg/L), IAA (1.5mg/L) and NaCl (100mg/L) showing plantlets regeneration-After 5-6" week of culture
(F) MS-medium with BAP (2.0mg/L), IAA (1.5mg/L) and NaCl (100mg/L) showing inhibitions in somatic
embryo germination- After 7" week of culture initiation (G) Root induction in regenerated shoot on ¥%-MS-
medium supplemented with kinetin (2.0mg/L), NAA (1.5mg/L) and NaCl (100mM)-After 9" week of culture
initiation (H) In Vitro precocious flowering in regenerated shoot on %2-MS-medium with kinetin (2.0mg/L), NAA
(1.5mg/L) and NaCl (100mM)-After 11" week of culture initiation (I) Acclimatization of in vitro raised plantlet in
plastic cup soil (After 13" week of culture initiation).
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Table 2. Peanut (Arachis hypogaea L.); Cotyledon culture — effects of various concentrations of BAP on percentage of
embryogenic callus showing shoot regeneration and number of regenerated shoots/embryogenic callus on MS-
medium supplemented with or without NaCl-salt (100mM) and IAA (1.5mg/L).

% of No. of % of No. of
Concentration Embryogenic Regenerated Concentration of | Embryogenic Regenerated
of BAP (mg/L) | Callus showing Shoots/ BAP (mg/L) with | Callus showing Shoots/
with IAA Shoot Embryogenic IAA (1.5mglL) and Shoot Embryogenic
(1.5mglL) Regeneration Callus NaCl (100mM) Regeneration Callus
(MeanzSE) (MeanzSD) (Mean+SE) (Mean+SD)
Control-BM 0 0 Control-BM 0 0
0.5 68.1+0.04 2.4+0.09 0.5 44+0.1 2.24+0.01
1.0 75.240.13 3.451£0.15 1.0 58+0.1 2.69+0.07
1.5 84+1.7 3.98+0.2 1.5 70.2+0.59 2.76x0.5
2.0 66x0.2 2.60+0.03 2.0 60.3+0.15 2.09+0.01

Table 3.Peanut (Arachis hypogaea L.); Cotyledon culture — effects of various concentrations of kinetin on percentage of
regenerated shoots showing root regeneration on %-MS-medium supplemented with or without NaCl-salt

(100mM) and NAA (1.5mg/L).

. . Concentration of % of Shoots % of Shoots
Concentration of % of Shoots showing o . . .
s . . Kinetin (mg/L) with showing Root | showing Flower
Kinetin (mg/L) with Root Regeneration | d - Lo
NAA (1.5mgIL) (MeanSE) NAA (1.5mglL) an Regeneration Initiation
- NaCl (100mM) (Mean=SE) (Mean=SE)
1.0 50.21+1.13 1.0 44.3+0.5 6.7+0.06
2.0 55.6+1.5 2.0 51+1.07 26.66+0.12
3.0 41.3+0.17 3.0 34.7+0.2 0
5.0 37.2+0.05 5.0 29.9+0.1 0

Transplantation of Regenerants

In vitro regenerated peanut plantlets during
cotyledon culture were brought under gradual hardening
and acclimatization procedures in growth chamber.
13" week-old regenerated plantlets with root and shoot
were further transferred in plastic cup containing
sterilized mixture of red soil (20%), vermiculite (40%),
and compost (40%) for hardening under greenhouse
conditions (FIG. 2I). These plantlets were found to
grow successfully in plastic cup conditions and further

were transferred to garden soil.
DISCUSSION

Almost all physiological processes like respiration,
photosynthesis, nitrogen fixation and other metabolic
and enzymatic processes are known to be affected by
soil salinity and cause stunted growth leading to a
significant reduction in crop productivity (Shabala and
Munns, 2012; Acosta-Motos et al., 2017). Soil salinity,
usually NaCl, may also reduce plant growth by ion

toxicity and water deficits. Moreover, peanut crop is
known as susceptible to salinity and other stresses
resulting the severe loss in productivity (Meena et al.,
2012).

As it is suggested that peanut cultivars tolerant to
salinity are not available today (Pal et al., 2021). Hence,
results of present study reveal the establishment of
somatic embryogenesis from cotyledon tissues under
salinity conditions and also regeneration of salt tolerant

plantlets in peanut legume oil crop.
Induction and Development of Somatic embryos

Peanut regeneration through somatic

embryogenesis has significantly increased by using
different  explants.  Regeneration via  somatic
embryogenesis from

(Baker 1994),

(Jayabalan et al., 2004), immature embryonic axes

immature cotyledon explants
et al, immature zygotic embryos
(Eapen and George, 1993a), mature embryo axes
(Baker et al., 1995), leaflets (Chengalrayan et al., 2001),
epicotyls (Little et al., 2000), and young leaflets from
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aseptically germinated embryo axes (Baker and
Wetzstein, 1992) has been reported in peanut
(Bhanumati et al., 2005).

During this study, the somatic embryogenesis and
plantlets regeneration have been achieved in peanut (cv
TMV13) by using mature cotyledon explant. After 17"
day of the cotyledon culture, the maximum frequency
(60.0+2.11%) of embryogenic callus and also number of
somatic embryos (5.84+1.04) per embryogenic callus
was recorded in cotyledon explants that were growing in
MS- medium fortified with low concentration of 2,4-D
(10mg/L) while high concentration (40mg/L) of 2,4-D
was turned out to be strongly inhibitory and proved as
reasonably inefficient for somatic embryogenesis
(20.3+0.11%). Moreover, present study is also in
conformity with earlier study in peanut immature embryo
culture where somatic embryogenesis could be initiated

in the callus induction medium (Hazra et al., 1989).

However, in contrast previous study indicates that
mature cotyledon explant responded high frequency of
somatic embryo formation with the high concentration of
2,4-D (40mg/L) within 30" days of culture (Richard et al.,
1992) while another study suggests that the high
number of somatic embryo formation could be possible
with the concentration of NAA (1.34uM) and BAP
(13.2uM) (Chand et al., 2002). Furthermore, MS medium
with high concentration of 2,4-D was proved to be
supportive for somatic embryo formation (Lee and Soh,
1993).

Similarly, normal somatic embryos formation could
be observed with the higher level of 24-D
concentrations (Levi and Sink, 1991). However,
cotyledon explants could be effective only for Bulbil-like
body (BLB) induction on MS-medium supplemented with
various concentrations of 2,4-D (10mg/L, 20mg/L,
30mg/L, and 40mg/L) in comparison to the other
explants such as root, stem, leaf and hypocotyls
(Kedong et al., 2016).

Additionally, the presence of picloram (15mg/L—
35mg/L) in MS-medium supports plantlet regenerations
via somatic embryogenesis (Jayabalan et al., 2009).
The maximum number of somatic embryos per explant
and also the maximum number of epicotyl explants

showing somatic embryogenesis was observed in the
concentration range (83.0 and 124.4puM) of picloram
(Little et al., 2000).

Germination of Somatic embryos and Plantlets

Regeneration

Traditionally, various explants have been used for
shoot regeneration (Bhatnagar et al., 2010; Srinivasan
et al., 2010). Since cotyledon explant is a natural source
of nutrition to the developing embryo, so in comparison
to other standard explants, such as, leaf, stem, and root
culture, it has been proved to be the most potent tissue

for in vitro regeneration (Matand et al., 2013).

Moreover, shoot initiation from the somatic embryos
could be possible in the regeneration medium (Roja
Rani and Padmaja, 2005) instead of transferring of
callus from callus induction medium to embryo induction
medium. During another study, embryonic callus from
root explants was induced by 2,4-D and kinetin followed
by maturation with gibberellin and abscisic acid leading
to plantlets regeneration on hormone free half-strength
MS-medium (Pathak et al., 2012).

Significantly, during present study on mature
cotyledon culture in peanut cv. TMV13, maximum
frequency (84+1.7%) of shoot regeneration could be
obtained on MS-regeneration medium containing low
concentration of BAP (1.5mg/L) in combination with IAA
(1.5mg/L) but in contrast, higher concentrations of BAP
(3.0mg/L,4.0mg/L, 5.0mg/L, and 6.0mg/L) in
combination with TDZ (1.0mg/L) were found to be
suitable for high regeneration frequency (80-98%) in
genotypes- CG7, ICGV12991 and Red Valencia (Aman
et al., 2009; Limbua et al., 2019).

Moreover, other study reports for achieving the
multiple shoot formation from somatic embryos on
medium supplemented with BAP (8.9uM) and kinetin
(14pM) (Chengalrayan et al., 1997). During this study, in
order to induce root formation or complete plantlet
regeneration, shoots that were regenerated on various
concentrations (0.5mg/L, 1.0mg/L, 1.5mg/L, and
2.0mg/L) of BAP with IAA (1.5mg/L) containing MS-
nutrient media were transferred to %-MS-root induction
medium containing various concentrations of kinetin
(1.0mg/L, 2.0mg/L, 3.0mg/L, and 5.0mg/L) along with

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 20 No. 4 2024



Vikrant and Abirami 220

NAA (1.5mg/L). Results indicate that maximum
frequency (55.6+1.5%) of regenerated shoots could
show root initiation on ¥2-MS-medium supplemented with
kinetin (2.0mg/L) along with NAA (1.5mg/L).

Previous study indicates the high frequency (93.3%)
of plantlets regeneration could be possible from the
cultures growing in medium supplemented with the
NAA(1.34pM) in combination with various concentrations
(2.2uM-8.8uM) of BAP while mean number of plantlet
regeneration (15.4+0.88) was obtained with the medium
supplemented with NAA (1.34uM) and BAP (4.4uM)
(Chand et al., 2002).

Effects of Salinity Stress on Somatic embryogenesis
and Plantlets Regeneration

It is suggested that only the explants that are
capable of tolerating induced stressful in vitro conditions
can express embryogenic phenomenon (Rai et al,
2011). Somatic embryos that were developed under
salinity conditions in different hormones-containing
medium, showed better germination in the presence of
NaCl as compared with those developed on medium
without NaCl (Rai et al., 2010).

In contrast, present study indicates that salinity
stress affects negatively on both somatic embryogenesis
and plantlets regeneration. Cotyledon tissues growing in
control conditions  without ~ NaCl-medium but
supplemented with 2,4-D exhibited, normal embryogenic
callus formation while explants cultured on NaCl-
supplemented medium, showed gradual reduction in
embryogenic callus formation and moreover, higher
concentrations of NaCl (150mM and 200mM) were
proved to be lethal and caused salinity stress inhibitions
in terms of induction and development of somatic

embryos.

In this study, reduced frequency of somatic
embryogenesis (17.1+0.16%) and also number of
somatic embryos per callus (2.6+0.5) was obtained from
the concentration of 2,4-D (10mg/L) in presence of
150mM of NaCl-stressed condition. Significantly, 200mM
of NaCl was turned out to be lethal and toxic for somatic
embryogenesis. Moreover, other study reports that MS-
medium supplemented with ABA and BAP combination
gives best shoot regeneration from the cotyledon

explants (Kaviraj et al., 2006).

Significantly, well-developed somatic embryos on
transfer to MS-medium supplemented with gibberellic
acid, indole-3-butyric acid, myo-inositol, and riboflavin
exhibit best shoot production. During this study,
maximum shoot-regeneration (70.2+0.59%) and also
maximum number (2.76+0.5) of regenerated shoots per
embryogenic callus was achieved on transfer of
embryogenic callus grown on 2,4-D supplemented
medium to shoot regeneration medium containing BAP
(1.5mg/L) along with IAA (1.5mg/L) and NaCl (100mM).

Generally, IBA is known as a greater ability to
promote rooting with less callus formation compared
with other types of auxins (Drew et al., 1993) and root
regeneration in recent study was achieved on MS-
medium containing ¥2 MS -salt with 2.0mg/L of IBA
(Baker Al-Shara et al., 2020).

However, during this study, roots were obtained in
the well-developed regenerated shoots that were
developed on medium supplemented with BAP
(1.5mg/L), IAA (1.5mg/L) and NaCl (100mM). Thus, the
maximum percentage (51+1.07%) of regenerated shoots
could show root formation on %- MS-medium fortified
with (2.0mg/L) of kinetin in combination with NAA
(1.5mg/L) and NaCl (100mM). However, other studies
reveal that roots were induced from shoots that were
treated with the concentration (5.4uM) of NAA (Roja
Rani and Padmaja, 2005). It is moreover, suggested that
NAA stimulates root regeneration better than IBA (Hoa
etal., 2021).

In Vitro Flowering/ Transplantation of Regenerants

Interestingly, present study indicates that
combination of hormones required for root induction;
kinetin (2.0mg/L) and NAA (1.5mg/L) with NaCl
(100mM) in Y- MS medium was also proved to be
efficient enough to induce precocious bud development
followed by complete flowering (26.66+0.12%) after 11-
weeks of culture initiation. However, higher
concentrations of kinetin (3.0mg/L and beyond) in
presence of NaCl (100mM) were turned out to be
ineffective for flower induction in regenerated plantlets.
However, other report reveals that lower concentrations
of IAA and NAA in combination with cytokinins could be
proved  effective for flower  bud induction

(Narasimhulu and Reddy, 1984). Moreover, in recent
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study (Baghel and Bansal, 2014) on Guizotia
abyssinica Cass. a multipurpose oil crop, the regenerated
shoots were found to show in vitro flowering on MS-
medium contained with combination of BAP (0.1mg/L)
and GA; (0.1mg/L).

During present study, in vitro regenerated salt-
tolerant peanut plantlets were gradually acclimatized in
paper cups containing sterilized mixture of red soil
(20%), vermiculite (40%), and compost (40%) for
hardening under greenhouse conditions. Later, 13-week-
old acclimatized plantlets were transferred to garden soil
conditions. Thus, present study offers an establishment
of efficient peanut regeneration protocol under salinity
stress conditions leading to achievement of salt-tolerant
peanut crop. Moreover, this study would be a meaningful
step in the direction of salt-tolerant legume crops
improvements in general and peanut legume oil crop in

particular.
CONCLUSION

This study indicates that cotyledon explant tissue
shows maximum potential of somatic embryogenesis
with MS-medium in presence of 2,4-D (10mg/L) and
NaCl (100mM). Further, these somatic embryos were
found to show high frequency of salt- tolerant shoot
regeneration on MS-medium fortified with BAP
(1.5mg/L), IAA (1.5mg/L) and NaCl (100mM). Moreover,
rooting in regenerated shoots could be achieved on Y-
MS with kinetin (2.0mg/L) and NAA (1.5mg/L) in
presence of NaCl (100mM). Significantly, root induction
medium in presence of NaCl (100mM) could be proved
effective for precocious in vitro flowering in peanut.
Later, in vitro raised salt-tolerant peanut plantlets were
gradually acclimatized in paper cup under greenhouse
followed by transfer to garden soil.
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