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An attempt has been made to compare the effects of conventional phytohormones like IAA, 
NAA,  BAP  to  the  recent  hormones  viz.,  JA  and  SA  in  callus  induction  in  blackgram  using 
hypocotyl  as explant source.  Instead of  testing the hormone individually,  a combination of  
hormones was used to induce callus and organogenesis. A significant callusing response was 
noticed in MS medium supplemented with 0.5 ppm of  2,4-D and 1 ppm of  IAA.  Likewise, 
Salicylic  acid at 1 ppm induced high percentage of callus induction proving its efficiency in  
inducing the root formation. Jasmonic acid induced a high percentage of callus induction at 1.5 
ppm and greater rooting response than SA. Organogenic callus was observed at JA and SA 
supplementation. The combination of NAA, BAP and SA showed that 0.75 & 1.5 ppm of NAA, 1  
ppm of  BAP and  0.5  ppm of  SA showed a  better  response  in  culture  medium.  Thus,  the  
combination  of  these  hormones  seems serve  as  efficient  growth  supplements  for  in  vitro 
culture of many agricultural crops.
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Plant  tissue  culture  is  commonly  used  to 

describe the in vitro and aseptic growth of any plant 

part on a nutrient medium. Growth hormone is a 

natural  chemical  that  exerts  strong  controlling 

effects  on  growth  and  development.  It  is  used 

either in low or high concentrations to promote the 

callus or shoot and root formation. IAA and IBA are 

generally  responsible  for  root  induction  whereas 

BAP and cytokinins are known for shoot induction 

and  2,4-D  for  callus  induction.  Immature 

cotyledonary  node  explants  produced  a  high 

frequency  of  plant  regeneration  in  several  crop 

species (Tivarekar and Eapen, 2001). 

SA acts as a potential non-enzymatic as well as a 

plant  growth regulator,  which  plays  an  important 

role in  regulating a number of  plant  physiological 

processes (Fariduddin et al., 2003; Singh and Usha, 

2003; Waseem  et al., 2006; Arfan  et al., 2007). JA 

has  been reported to  influence a  wide variety  of 

physiological  and  developmental  responses 
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(Parthier et al., 1992). The major functions of JA in 

regulating plant  growth include growth inhibition, 

senescence and leaf abscission. JA has an important 

role in response to wounding of plants and systemic 

resistance in  plants  inhibiting the insect  ability  to 

digest protein.

MATERIALS AND METHODS

Explant sterilization and inoculation

Vigna mungo (L.) Hepper seeds were soaked in 

tap water for 30 minutes. Prior to germination, the 

healthy  seeds  were  subjected  to  several  steps of 

surface sterilization procedures as given below: The 

seeds were washed in distilled water containing a 

few drops of Tween 20, a wash in 0.1% (w/v) HgCl2 

solution  and  finally  under  UV-C  (Philips,  India) 

exposure  for  a  brief  period  of  5  mins.  The 

germinated hypocotyls were used as the source of 

explants.  Hypocotyl  explants  of  1-2  cm  in  length 

were  excised  using  a  sterile  sharp  blade  in  a 

Laminar  air  flow  chamber  (Atlantis,  India)  and 

implanted  in  MS  medium  supplemented  with 

different concentrations of 2,4-D (0.5-2.0 mg/L) and 

Salicylic  acid  (0.5-2.5  mg/L),  IAA  (0.5-1  mg/L), 

Jasmonic acid (0.5-2.5 mg/L) and BAP + NAA (0.5-2 

mg/L).

RESULTS

Supplementation of 2,4-D in MS medium

The  callus  formation  varied  on  MS  medium 

supplemented  with  different  growth  regulators. 

Good  callusing  response  was  noticed  at  0.5  ppm 

and 0.75 ppm of 2,4-D whereas moderate callusing 

response was noticed at 1.0 ppm and 1.5 ppm of 

2,4-D  (Table  1).  High  concentration  viz.,  2  ppm 

showed  least  callusing  response.  The 

supplementation  of  2,4-D  in  MS  medium  had 

resulted in induction of brown compact callus (Fig. 

1a).

Supplementation of IAA in MS medium

Regarding  IAA,  0.5ppm  and  0.75ppm  showed 

high  callusing  response  whereas  a  low  callus 

induction  at  2ppm  of  IAA  was  noticed  (Table  1). 

High concentration such as 1.5ppm of IAA showed a 

moderate callusing response by producing a brown 

compact callus (Fig.1b).

Supplementation of SA in MS medium

The role of SA in the induction of organogenic 

callus  was  studied  in  Vigna  mungo.  All 

concentrations of SA showed positive response of 

callus  induction  (Table  1).  But  the  frequency  of 

callus was 40% at 1 ppm of SA. All concentrations of 

SA produced well  branched roots except that  the 

nature  of  the  root  was  different  at  each 

concentration.  At  0.5ppm  of  SA,  thin  roots  with 

slightly branching was produced whereas 1ppm of 

SA produced well branched thick roots (Fig.1c). 

SA  has  been  reported  to  improve  in  vitro 

regeneration as well  as abiotic stress tolerance in 

plants. The effect of various concentrations of SA or 

in  vitro propagation  of  shoot  apices  of  Hibiscus 

showed  the  regenerating  potential  of  SA 

(Sakhanokho  et  al.,  2009).  SA  has  been  used  to 

enhance  in  vitro regeneration  in  several  other 

plants species (Quiroz-Figueroa et al., 2001; Luo et  

al., 2001; Hao et al., 2006). In the present study, SA 

was  found  to  induce  root  formation  than  shoot 

initiation. The response of root initiation was seen 

at  all  concentrations  with  maximum  at  1  ppm. 

Addition of 0.5 mM SA induced shoot growth with 

more  shoots  per  explants  in  in  vitro culture  of 

Hibiscus (Sakhanokho et al., 2009).

Supplementation of JA in MS medium

Like  SA,  JA  also  produced  organogenic  callus. 

The frequency of root formation was 50% at 1 ppm 

of  JA  and maximum response was  noticed at  1.5 
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ppm  of  JA  (Table  1).  At  0.5  ppm,  JA  directly 

produced  roots  without  undergoing  callus 

formation. At 1.5 ppm of JA, long and well branched 

roots with 100% frequency of root formation was 

noticed  (Fig.1d).  At  2ppm  of  JA,  there  was 

moderate root formation. The effect of JA on shoot 

formation in cotyledons was examined by Patricia 

et al. (2001). Shoot formation was initiated below 

10 µM.

An  initial  exposure  of  Pinus cotyledons  to  JA 

resulted in shoot primordial and subsequent shoot 

formation (Patricia et al., 2001). In our study, JA at 

0.5ppm to 2.5ppm stimulated root primordial and 

subsequent root formation with lateral branches. JA 

has  been  reported  to  influence  shoot  and  bulb 

formation  in  garlic  at  1–10  µM  concentration 

(Ravnikar et al., 1993).

Supplementation  of  NAA,  BAP  and  SA  in  MS 

Medium

A combination of NAA and BAP was tested for 

callus  induction  using  the  hypocotyl  explants  of 

Vigna mungo (Table 1). The hypocotyl explants of 

Vigna mungo responded at NAA (0.75 ppm) + BAP 

(1 ppm) + SA (0.5 ppm), NAA (1 ppm + BAP (1 ppm) 

+ SA (0.5 ppm), NAA (1.5 ppm) + BAP (1 ppm) + SA 

(0.5 ppm), NAA (2 ppm) + BAP (1 ppm) + SA (0.5 

ppm). The callus initiation response was high in MS 

medium supplemented with NAA (0.75 ppm and 1.5 

ppm), BAP (1.0 ppm) and SA (0.5 ppm). Combined 

action of  NAA (0.75 ppm) and BAP (1.0  ppm)  on 

inoculated  hypocotyl  explants  induced  callus 

formation which was found to be friable in nature. 

Addition  of  SA  (at  0.5  ppm)  to  this  combination 

resulted in root initiation from the callus is shown in 

(Fig.1e).

High frequency of callus induction was noticed 

from  hypocotyl  explant  of  Vigna  mungo at  0.75 

ppm of NAA with 1 ppm of BAP and 0.5 ppm of SA. 

Callus  growth  was  highest  (70%)  when 

supplemented with IAA (3 mg/l) + BAP (2 mg/l) in 

Boerhaevia diffusa L. (Samiron  et al., 1999). In the 

present study, the addition of SA and JA to the MS 

medium  resulted  in  enhanced  callus  initiation  as 

well  as  root  initiation.  Compared  to  SA,  JA  was 

effective  in  inducing  profuse  rooting  with  lateral 

branching.  Thus,  the  combination  of  the 

phytohormones  proved  to  be  beneficial  in  both 

shooting and rooting responses in Vigna mungo.

Table 1 : Effect  of various concentrations  of 2,4-D, IAA, NAA, BAP,  SA & JA on callus  induction from 
hypocotyl explants of Vigna mungo in MS medium (15 days after inoculation)

Hormone 
Concentration (ppm)

Frequency of callus induction (%) Nature of callus

2.4-D IAA NAA BAP SA JA

0.5 80 70 65 55 40 60 Organogenic

0.75 70 80 80 60 60 50 Organogenic

1.0 70 60 60 80 70 70 Organogenic

1.5 60 50 70 75 50 100 Brown compact

2.0 40 40 70 60 40 60 Brown compact
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Figure 1 : Induction of compact, organogenic callus and multiple roots from the hypocotyl explants of 

Vigna mungo (L.) Hepper on MS medium supplemented with dififerent concentrations of 2.4-D, 
IAA, SA, IA, BAP+ NAA, (a, b, c, d and e).

REFERENCES

Arfan, M., Athar, H.R. and M. Ashraf.  (2007). Does 

exogenous application of Salicylic acid through 

the  rooting  medium  modulate  growth  and 

photosynthetic  capacity  in  two  differently 

adapted  spring  wheat  cultivars  under  salt 

stress? J. Plant Physiol., 6(4): 685-694.

Fariduddin,  Q.,  Hayat,  S.  and  A.  Ahmad.  (2003). 

Salicylic  acid  influences  net  photosynthetic 

rate, carboxylation efficiency, nitrate reductase 

activity  and  seed  yield  in  Brassica  juncea. 

Photosynthetica, 41: 281-284.

Hao, L., Zhou, L., Cao, X. and J. XiT. (2006). The role 

of Salicylic acid and carrot embryogenic callus 

extracts  in  somatic  embryogenesis  of  naked 

oak  (Avena  nuda).  Plant  Cell,  Tissue  Organ.  

Cult., 85: 109-113.

Luo-J-P, Jiang, S-T. and L-J. Pan.  (2001). Enhanced 

somatic  embryogenesis  by  Salicylic  acid  of 

Astragalus  adsurgens pall:  Rrelationship  with 

H2O2 production  and  H2O2 –  adsurgens 

metabolizing enzyme activities.  Plant Sci., 161: 

125-132.

Parthier, B., Bruckner, C., Dathe, W., House, B. and 

G. Herrmann. (1992)). Jasmonates: metabolism, 

biological  activities  and  modes  of  action  in 

senescence and stress responses.  In:  Progress  

in Plant Growth Regulation (Karssen, C.M. and 

L.C.  Van  Loom,  (eds.)  D.  Vreugdenhil, 

Dordrecht:  Kluwer  Academic  Publishers, 

Netherland. Pp.276-285.

Patricia T. A., David, M. R. and A. Trevor (2001). The 

effect  of  Jasmonic  acid  on  de  novo shoot 

formation in cotyledons of radiata pine (Pinus  

radiata D. Don). J. Plant Physiol., 5: 607-611.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 1  2014

266



Comparative Effects of Auxins, Jasmonic acid and Salicylic acid...

Quiroz-Figueroa,  F.  and  M.  Mendez-Zeel.  (2001). 

Picomolar  concentration  of  Salicylates  induce 

cellular  growth  and  enhance  somatic 

embryogenesis in Coffea arabica tissue culture. 

Plant Cell Rep., 20: 679-689.

Ravnikar,  M.,  Zel,  J.,  Plaper,  I.  and  A.  Spacapan. 

(1993). Jasmonic acid stimulates shoot and bulb 

formation  of  garlic  in  vitro.  J.  Plant  Growth  

Reg., 12: 73-77.

Sakhanokho, H.,  Rowena, M.Y.  and Kelley.  (2009). 

Influence  of  Salicylic  acid  on  in  vitro  

propagation  and  salt  tolerance  in  Hisiscus  

acetosella  and  Hibiscus moscheutos  (CV ‘ Luna 

Red’), Afr. J. Biotech., 8: 1474-1481.

Samiron, P., Uma, P. and M.C. Kalita. (1999). In vitro 

studies on Punnornova (Boerhaevia diffusa L.) – 

A  medicinal  herb.  Indian  J.  Plant  Physiol.,  4: 

108-110.

Singh, B. and K. Usha. (2003). Salicylic acid induced 

physiological and biochemical changes in wheat 

seedlings  under  water  stress.  Plant  Growth  

Regul., 39: 137-141.

Tivarekar, S. and S. Eapen.  (2001). High frequency 

plant regeneration from immature cotyledon of 

mungbean.  Plant  Cell  Tissue  Organ  Cult., 66: 

227-230.

Waseem, M., Athar, H.U.R. and M. Ashraf.  (2006). 

Effect of Salicylic acid applied through rooting 

medium on drought tolerance of Wheat. Pak. J.  

Bot., 38(4): 1127-1136.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 1  2014

267


