
 

 

 

INTRODUCTION 

 

Peanut (Arachis hypogeae Linn) is recognized and 

economically significant legume of subtropical and warm 

regions (Venkatachalam and Jayabalan, 1997; Hasan et al., 

2013). It is used as an edible oil seed crop (Tuberoso et al., 

2007) alongwith used in making of highly important 

industrial products and biological compounds (Sanders et 

al., 2000; Morris et al., 2004; Blomhoff et al., 2008). Peanut 

is playing an important role against human malnutrition due 

to rich source of protein, amino acids (Pelto and Armar-

Klemesu, 2015) carbohydtrates and lipids (Settalıri et al., 

2012) which are essential for normal metabolism (Seal et al., 

2007) of human body. The peanut consumption is variable 

among countries and regions which include raw or roasted 

peanuts or peanut by-products (Campos-Mondragón et al., 

2009). A large amount of peanut in Turkey is also used as 

snack like USA, which accounts < 25% of peanut 

consumption (He et al., 2005) in some cases. The plant plays 

important role in agriculture due to its use in crop rotation, 

cover crop, intercrop with other economic crops and as 

forage legume crops for making hay (Hill, 2002; Langat et 

al., 2006; Balkcom et al., 2007).  

Developement of new peanut cultivars against biotic or 

abiotic stresses are of immense importance for breeders 

(Venkatachalam and Kavipriya, 2012). Biotechnological 

tools like tissue cultre and moleculer biology provides an 

opportunity to peanut breeders to breed the plants in a short 

time (Rey et al., 2000).  

Peanut like other legumes is considered as recalcitrant plant 

due to its response under in vitro conditions (Heatley and 

Smith, 1996) which may lead to low regeneration frequency 

and non-repeatable results. Although, researchers 

communicated researches which claims the establishment of 

protocols for peanut. But majority of these protocols are 

either very complex or offer low regeneration frequency 

(Matand and Prakash, 2007; Tiwari and Tuli, 2009). The 

above mentioned problems demand new regeneration 

protocol for the application of biotechnological tools for 

improving and/or developing elite cultivars of peanut. The 

present research was accomplished to compare and induce in 

vitro high shoot regeneration after pre and post treatments of 

three different peanut explants.  

 

MATERIALS AND METHODS 

 

Peanut seeds (NC-7 cv) were secured from Western 

Mediterranean Agricultural Research Institute (BATEM) 

Antalya, Turkey. The shells were removed by hand before 

sterilization and seeds were subjected to concentrated 

commercial bleach (5 % NaOCl -Ace, Turkey) for a time 

span of 30 min on magnetic stirrer. After this, rinsing of 

seeds for 3 × 5 min with distilled sterilized water was 

performed to minimize or eliminating the NaOCl traces. 

After the completion of sterilization process, seeds were 

carefully separated into two parts (Figure 1a) and mature ZE 

were detached and pretreatment with BA (25 mg.L-1) for a 

period of 15 days on agar gelled MS (Murashige and Skoog, 

1962) medium was performed.  
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Peanut (Arachis hypogeae Linn.). zygotic embryos (ZE), plumular apices (PA) and embryonic Axis (EA) of cv. NC-7 were 

pretreated for 15 days on Murashige and Skoog (MS) medium enriched with 25 mg.L-1 6-Benzylaminopurine (BA). 

Pretreated explants were then post treated on semi solid agar gelled MS medium possesses BA concentrations ranged 0.25 to 

3.0 mg.L-1 for a period of 8 weeks. Callus and shoot induction was registered on all explants irrespective of BA pre-and post 

treatments. The highest shoot counts per explant ranged 2.67-4.43 (ZE), 2.33-4.11 (PA) and 1.87-3.33 (EA). Average shoot 

length ranged 1.75-3.62 cm (ZE), 1.45-3.70 cm (PA) and 2.10-2.60 cm (EA). Successful rooting (100%) of shoots 

regenerated were achieved on agar gelled MS medium provided with Indole-3-butyric acid (IBA) at the rate of 1.0 mg.L-1. 

Successful adaptation of rooted plantlets were done by transferring them to pots filled with vermiculite. This study 

highlighted the high potential of micropropagation of three different explants in peanut biotechnology.  
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Three contrasting explants; (i) pretreated mature ZE (Fig 

1b), (ii) pretreated PA (Fig Fig 1b) and (iii) pretreated EA 

explants (Fig 1b) were used for regeneration in vitro. The 

MS culture medium contained sucrose (3% w/v) and agar 

(0.65% w/v) gelled MS regeneration medium. The post 

treatment medium was comprised of diverse BA 

concentrations (0.25, 0.50, 1.0, 2.0 and 3.0 mg.L-1). The data 

regarding callus induction (%), shoot regeneration (%), 

shoot counts and shoot length (cm) were tabulated after 8 

weeks of posttreatment. Subsequently, shoots regenerated in 

vitro were detached from explants aseptically and rooted by 

using 1.0 mg.L-1 IBA for a culture time of 6 weeks. Plastic 

bags filled with homogenized humid vermiculite were used 

for acclimatization of rooted plants in growth room (Day et 

al 2017). 

 
Figure 1. Explants used for in vitro regeneration (a) 

zygotic embryo (b) pretreated zygotic embryo 

with plumular apices and embryonic axis. 

 

The basal medium used for both regeneration and rooting 

experiments was prepared by using MS medium, sucrose (30 

g/L) and agar (6.5 g/L). The pH was automated to 5.6 - 5.8 

ahead to autoclaving (104 kPa 120 °C temperature, for 20 

min). White Light Emitting diodes (LEDs) having 16 h light 

photoperiod were used for incubation of all cultures 

provided with temperature of 24±2°C. Three replicates 

having 8 explants were used for shoot regeneration.  

The experimental data tabulated was tested to Statistical 

Analysis by using One Way ANOVA (analysis of variance) 

by applying SPSS21 for Windows (SPSS Inc. Chicago, IL, 

USA). For comparison of means, Least significance 

Difference (LSD) or Duncan’s Multiple Range Test 

(DMRT) at p0.01 level of significance was used. The data 

presented in percentages (%) were arcsine (√X) transformed 

(Snedecor and Cocharan, 1967) before subjecting them to 

ANOVA and DMRT 

 

RESULTS  

 

The results of the study shows potential of three different 

pre-and posttreated explants (ZE, PA and EA) for in vitro 

regeneration. Availability of BA concentrations had clear 

impact (p>0.01) on shoot counts and shoot length but no 

significant impact was noted on callus induction (%) and 

shoot regeneration (%). Callus initiaton started within 10 

days of culture on the basal part of EA and PA explants. 

Callus induction on ZE explants started from the radicle part 

that was evident after 3 weeks of post treatment. All explants 

induced shoots within 8-10 d. Both callus and shoot 

regeneration was documented 100% after 8 weeks of post 

treatment. Therefore, the data pertaining to these were not 

subjected to statistical analysis. However, the data pertaining 

to shoot counts and the shoot length were tested for 

statistical analysis.  

 

Table 1. Efficacy of different BA concentrations on in 

vitro regeneration Potential of peanut (Arachis 

hypogeae LINN.) 

Explant  Callogenesis 

(%) 

Shoot 

regeneration 

(%) 

Shoot 

counts 

Shoot 

length 

(cm) 

ZE    100ns    100ns 3.46a 2.44b 

PA 100 100 2.99b 2.75a 

EA 100 100 2.66b 2.38b 
Means followed by different letters in single columns are 

statistically significantly (LDS test; P<0.01) 
 

Results revealed the clear role of pretreated explants on in 

vitro regeneration of peanut. Explants tested in this study 

resulted in 100% callus induction and shoot regeneration 

(%). Shoot counts and shoot length were statistically 

significant from different explants (p>0.01). Shoot length 

and shoot counts ranged 2.66-3.46 and 2.38-2.75 cm 

respectively. The highest shoot counts (3.46) were achieved 

from ZE explants that was followed by 2.99 for PA and 2.66 

for EA explants. Contrarily, longest shoots were achieved 
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from PA (2.75 cm) explants followed by 2.44 cm for ZE and 

2.38 cm for EA explants (Table 1). 

The results referring to the shoot counts openly indicated the 

carry over effects of BA pretreatment and post treatment 

concentrations on the regeneration potential of the explants. 

Provision of BA concentrations in the posttreatment medium 

regulated the in vitro regeneration of peanut. Although callus 

induction and shoot regeneration was recorded 100%, shoot 

counts and shoot length were statistically significant 

(p>0.01). Shoot counts and shoot length in response to 

different BA concentrations ranged 2.44-3.66 and 1.94-2.93 

cm respectively. Maximum shoot counts (3.66) and shoot 

length (2.93 cm) were attained from medium with 0.50 mg/l 

BA. Contrarily, lowest shoot count (2.44) and shorter shoots 

(1.94 cm) were tested on medium having 3.0 mg.L-1 BA 

(Table 2). Provision of higher concentration of BA above 1.0 

mg.L-1 was detrimental and resulted in reduction in shoot 

counts and shoot numbers.  

 

Table 2. Efficacy of different BA concentrations on in 

vitro regeneration Potential of peanut (Arachis 

hypogeae LINN.)  

BA Callogenesis 

(%) 

Shoot 

regeneration 

(%) 

Shoot  

counts 

Shoot 

length 

(cm) 

0.25    100ns    100ns 2.76b 2.85a 

0.50 100 100 3.66a 2.93a 

1.00 100 100 3.48a 2.52b 

2.00 100 100 2.83b 2.39b 

3.00 100 100 2.44b 1.94c 
Means followed by different letters in single columns are 

statistically sigificantl (DMRT test; P<0.01) 

 

Interactive effect of explant × BA was statistically 

insignificant for callus induction and shoot regeneration (%) 

due to 100%. However, shoot counts and shoot length 

showed variable effects to explant × BA combination. All 

explants required different concentration of BA for 

regenerating highest shoot counts per explants and shoot 

length. The shoot counts ranged 2.67-4.43 (ZE - Fig 2a,b,c), 

2.33-4.11 (PA - Fig 3a,b) and 1.87-3.33 (EA - Fig 4a,b) 

explants. Whereas, shoot length exhibited the clear impact of 

BA and type of explant but in general, longer shoots were 

achieved irrespective of pretreatment with 25 mg/l BA 

followed by post treatment with BA. Average shoot length 

ranged 1.75-3.62 cm (ZE), 1.72-3.70 cm (PA) and 2.11-2.60 

cm (EA) on post treatment medium (Table 3). The ZE had 

the longest shoots of 3.62 cm on post treatment medium 

(0.50 mg.L-1 BA). Whereas, the longest shoots with average 

length of from 3.70 cm or 2.60 cm were achieved from PA 

and EA explant respectively when post treated with BA at 

the rate of 0.25 mg.L-1 (Table 2).  

The highest shoots counts from ZE were documented as 4.43 

from 0.50 mg.L-1 BA and 4.67 form 1.0 mg.L-1 BA, which 

were statistically similar (Table 3). Similarly, availability of 

0.50 mg.L-1 BA in the culture medium also generated longer 

shoots of 3.62 cm. PA explants regenerated highest shoots 

count of 4.11 (0.50 mg.L-1 BA) but longer shoots were 

attained from 0.25 mg.L-1 BA. Whereas, EA explants 

regenerated highest shoots counts of 3.33 when post treated 

on 1.0 mg.L-1 or 2.0 mg.L-1 BA (Table 1) and longest shoots 

(2.60 cm) were attained from medium having 0.25 mg.L-1 

BA (Table 3).  

 

Table 3. Efficacy of explant × BA on in vitro regeneration 

Potential of peanut (Arachis hypogeae LINN.) 
Exp-

lants 

BA 

(mg  

L-1) 

Callus 

induction 

(%) 

Shoot 

regeneration 

(%) 

Shoot 

counts 

Shoot 

length 

(cm) 

ZE 

 

 

0.25    100ns    100ns 2.87cde 2.25cde 

0.50 100 100 4.43a 3.62a 

1.00 100 100 4.67a 2.45cde 

2.00 100 100 2.67c-f 2.12def 

3.00 100 100 2.67c-f 1.75f 

PA 

 

0.25    100ns    100ns 3.55bc 3.70a 

0.50 100 100 4.11ab 3.05b 

1.00 100 100 2.44def 2.72bc 

2.00 100 100 2.50def 2.58cde 

3.00 100 100 2.33ef 1.72f 

EA 0.25    100ns    100ns 1.87f 2.60cd 

0.50 100 100 2.43def 2.11ef 

1.00 100 100 3.33bcd 2.40cde 

2.00 100 100 3.33bcd 2.46cde 

3.00 100 100 2.33ef 2.35cde 

Means followed by different letters in single columns are 

statistically sigificantly (DMRT test; P<0.01) 

 

 
Figure 2. In vitro shoot regeneration from different 

pretreated explants of peanut cv NC-7 after 8 

weeks of culture (a) zygotic embryos-ZE (b) 

plumular apices-PA, (c) embryonic axis-EA 

 

After successful in vitro regeneration from all explant, the 

shoots were excised aseptically and inoculated on rooting 

medium fortified with IBA at the concentration of 1.0 mg.L-

1. Induction of adventitious roots started within 10 days (Fig 

5a) and the rooting reached 100% in 6 weeks period. 

Thereafter, these plantlets (Fig 5b) were acclimatized in pots 

filled with vermiculite and these pots were covered with 

transparent polyethylene bags for 15 days. These pots were 

kept in the growth room provided with ambient conditions 

(24±1 ºC temperature and 16h light photoperiod). 

Polyethylene bags were removed after 2 weeks and left 
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opened for acclimatization in open environment where 

plants showed high survival frequency.  

 

 
Figure 5. In vitro rooting and adaptation of peanut (a) 

root initiation after 10 days (b) rooted plantlets 

(c) acclimatized plants 

 

DISCUSSION 

 

In vitro regeneration response of peanut is generally low and 

variable which make this plant recalcitrant like other 

legumes dependent on various factors (Rani ve Padmaja, 

2005). Among these factors, application of plant growth 

regulators and explants are important factor which regulate 

the in vitro regeneration. Cytokinins are generally selected 

as singly for inducing shoots or combined with auxins. The 

study offers an unusually new technique in tissue culture 

using pre and post treatment of explants to induce shoot 

regeneration that has been rarely reported by the researchers 

in few plant species only (Brar et al., 1999; Van Le et al., 

2002; Madhulatha et al., 2004; Aasim et al., 2013; Sağlam, 

2012; Barpete et al., 2014; Day et al., 2017).  

Pretreatment of ZE enables researchers to take PA and EA 

explants conveniently due to increased size of ZE (Aasim et 

al., 2013). The other advantage of initial exposure of 

explants to higher cytokinins (pretreatement) is their rapid 

cell division which can be easily exploited to induce shoots 

from these dividing cells after post treatment. This pre and 

post treatment methodology has been successfully used for 

different legumes (Day et al., 2017). Similarly, other studies 

have also emphasized the positive impacts of cytokinin 

pretreated explants for Picea abies (Von Arnold and 

Tillberg, 1987), banana (Madhulatha et al., 2004), lentil 

(Aasim et al., 2012) and dwarf chicklings (Saglam, 2012). 

The results exhibited 100% callus and shoot regeneration 

frequency regardless of type of explant, pre or post 

treatments. Previous studies on pretreatment and post 

treatment using BA (Aasim et al., 2009, 2013; Day et al., 

2017) or TDZ (Barpete et al., 2014) have been reported. 

Low and varaible callus and shoot induction have also been 

reported for different explants pretreated with different 

cytokinins (Akasaka et al., 2000; Sağlam 2012; Matand et 

al., 2013).  

In general, relatively low frequency of shoot regeneration is 

common for peanut in response to different protocols 

employed already (Sharma and Anjaiah, 2000; Shan et al., 

2009; Burns et al., 2012; Venkatachalam and Kavipriya, 

2012). Similarly, low shoot regeneration frequency in 

response to pretreatment of explants employed for peanut 

was also documented (Akasaka et al., 2000; Matand et al., 

2013). These results are do not approve findings in this study 

which yielded 100% shoot regeneration. Previous studies on 

other legumes show agreement with these results, where 

shoot regeneration frequency of 100% after pretreatments 

was noted regardless of explant or culture treatment like 

cwopea (Aasim et al., 2010), chickpea (Aasim et al., 2013) 

or grasspea (Barpete et al., 2014). These results suggested 

the positive bearings of pre-treatment of explants with 

BA.The results on shoot counts affirmed the significance of 

explant type and BA concentrations during post treatments. 

All explants generated maximum shoots on different 

concentration of post treated BA. Aasim et al. (2011) 

revealed the demand of different BA concentration for 

inducing maximum shoot counts on chickpea using mature 

ZE and EA explants (Aasim et al., 2010). Application of 

higher concentration of BA in post treatment medium was 

harmful for explants for producing more number of shoots 

(Park et al. (2011).  

Likewise shoots counts, variable impact in response to BA 

was noted on shoot length for all explants. ZE regenerated 

comparatively longer shoots (0.50 mg.L-1 BA) in comparison 

to PA and EA explants, which required relatively low BA 

quantity of 0.25 mg.L-1. The longest shoots originated at low 

concentration of post treated medium containing BA might 

be due to carry over effect of pretreatment dose of BA (Day 

et al., 2017). Irrespective of pretreatment of explants with 

BA and post treatment, average longer shoots above 1.5 cm 

were originated which supports the previous findings in 

cowpea by using PA (Aasim et al., 2009) or EA explants 

(Aasim et al., 2010).  

Auxins are genrally used for the root induction of in vitro 

propagated shoots. Hassan et al. (2013) presented the 

rooting of regenerated shoots of peanut relatively difficult 

under in vitro. In this study, 100 % rooting attained using 1.0 

mg.L-1 IBA confirmed the results of Day et al. (2017). 

Similarly, 100 % rooting of different legumes using 

pretreated explants have been documented by Aasim et al. 

(2009) for cowpea and Barpete et al. (2014) for grasspea. 

However, negative effects like low rooting frequency due to 

pretreatment has also been reported for other legumes like 

chickpea (Aasim et al., 2011) or lentil (Aasim, 2012). In last 

step, successful adaptation of rooted peanut plantlets in the 

pots were performed which resulted in survival rate of ~ 80 

% (Barpete et al., 2014).  

 

Conclusions: Development of new protocols for recalcitrant 

plants is of immense importance for the application of 

biotechnological tools in breeding. This study highlights 

successful use of pre-and posttreatment of explants with 

multiple shoot induction, improved rooting frequency and 

acclimatization of in vitro regenerated plantlets. The results 

emphasize positive role of in vitro pre and post treatments 
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that may find usage in future genetic transformation and 

breeding studies. 
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