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are incompatible to Mondal et al. (1994), might be due to 
difference in media formulations employed. In leaf blade, 
the results obtained are supported by Litz et al. (1983). 
Further justification is provided by Winnaar (1987) and 
Mondal et al. (1994). In case of petiole, results are 
controversial to findings of Mondal et al. (1994) for growth 
regulators used and Yang and Ye (1992) with respect to 
callus initiation. Concerning the treatments employed 
kinetin (0.5 mg L-1) emerged as the best level employed 
(170%) for callus initiation for all the explants used 
followed by kinetin 1.5 mg L-1 (100%) and 1.0 mg L-1 
(60%). 2, 4-D (2.5 mg L-1) and control induced similar 
percentage of callus (30%). Analysis of cumulative effect of 
growth regulators at various levels depicted extremely 
higher response of the explants for callus initiation on media 
modified with kinetin (330%) than 2, 4-D with 30% callus 
initiation, only (Fig. 4). It is verified by the findings of 
Jordan et al. (1983) and Mondal et al. (1990). Kumar et al. 
(1992) and Fitch (1993) further strengthened the better 
performance of 2, 4-D on the other growth regulators except 
kinetin.  
Callus growth (g). Leaf blade with midrib explant 
produced maximum (1.1939 g) callus followed by stem 
cutting (1.1238 g) and petiole (Fig. 5). Little is known about 
the callus growth in terms of weight. Further standardisation 

is desired for verification. Treatment comparison depicted 
kinetin (0.5 mg L-1) as the best treatment (1.8843 g) ensued 
by kinetin (0.3327 g) at 1.0 mg L-1. Among growth 
regulators, utilised kinetin (2.4163 g) was better than 2, 4-D 
(0.0124 g) with respect to total callus growth (Fig. 5). The 
results are supported by the findings of Jordan et al. (1983) 
and Modal et al. (1990) who reported better performance of 
kinetin. 
Time span to induce callus multiplication (days). In leaf 
blade with midrib explant, all the treatments initiated callus 
multiplication on 15th day of subculture (Fig. 6). Petiole 
yielded callus multiplication on 15th day of subculture in all 
treatments employed (Fig. 7). Stem cutting showed earliest 
callus multiplication on NAA (5 mg L-1) ensued by NAA (1 
& 3 mg L-1) and control (Fig. 8). Results are contrary to the 
findings regarding the basal media application as MS media 
(Mondal et al., 1990; Kumar et al., 1992), modified White�s 

media with coconut water (Medora et al., 1979; 1984) and 
De Fossard medium (Drew, 1987). The results vary 
regarding the growth regulators employed as NAA and BA 
by Mondal et al. (1990) and kinetin by Kumar et al. (1992).  
Callus multiplication (%). Leaf blade and leaf blade with 
midrib plus petiole, primary and secondary roots, root tip 
and callus derived from seedlings showed no response on 
any treatment. Petiole produced maximum callus (60% 

Fig. 5. Effect of growth hormones on callus growth of 
papaya explants 
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Fig. 6. Time span to induce callus multiplication in leaf 
blade with midrib explant of papaya 
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Fig. 7. Time span to induce callus multiplication in 
petiole explant of papaya 
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Fig. 8. Time span to induce callus multiplication in stem 
cutting explant of papaya 
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cultures) on NAA (3 mg L-1) followed by 50, 40 and 30% 
on NAA (5 & 1 mg L-1) and control, respectively. Leaf 
blade with midrib derived callus generated maximum 
multiplication (100% cultures) on NAA (3 mg L-1) ensued 
by 90, 60 and 50% on NAA (5 mg L-1), control and NAA (1 
mg L-1), respectively. Stem cutting gave callus 
multiplication in 100% cultures on all treatments (Fig. 9). 
Maximum rate of total callus multiplication on all 
treatments was yielded by stem cutting (400%) followed by 
leaf blade (300%) and petiole (180%). NAA (3 mg L-1) 
proved the best level with 260% of total callus 
multiplication ensued by NAA 5 mg L-1 (240%). NAA (1 
mg L-1) and control gave similar percentage i.e., 190% (Fig. 
9). The findings of Mondal et al. (1990) are antagonistic to 
our results as they have reported callus growth on NAA and 
BA. Similarly, Kumar et al. (1992) reported callus growth 
on kinetin.    
 The comparison of various explants, obtained from in 
vitro raised seedlings of papaya (Carica papaya  L.) revealed 
that stem cutting/nodal culture might be much better explant 
for callus induction on the MS media modified with kinetin 
as the growth regulator. The callogenic protocol 
development may be helpful to propagate male and female 
plants swiftly by subsequent embryogenesis and 
organogenesis. It may further be contributive in developing 
synthetic seeds and transgenic plants of papaya. 
 
REFERENCES 
 
Drew, R.A., 1987. The effects of medium composition and cultural 

conditions on in vitro root initiation and growth of papaya (Carica 
papaya  L.). Hort. Sci., 62: 551�6. 

Fitch, M.M.M., 1993. High frequency somatic embryogenesis and plant 
regeneration from papaya hypocotyl callus. Plant Cell, Tissue and 
Organ Culture,  32: 205�12. 

Jordan, M., 1989. In vitro regeneration potential of three species of 
Caricaceae (C. candamarcensis, C. papaya and C. pentagona .). 
Erwerbsobstbau,  31: 90�94.   

Jordan, M. and J. Velozo, 1995. Improvement of somatic embryogenesis in 
highland-papaya cell suspensions. Plant Cell, Tissue and Organ 
Culture, 44: 189�94.  

Jordan, M., I. Cortes and G. Montenegro, 1983. Regeneration of plantlets by 
embryogenesis from callus cultures of Carica candamarcensis. Plant 
Sci. Lett., 28: 321�6. 

Kumar, S., S. Singh, H.P. Singh, A.K. Singh and A. Singh, 1992. Growth 
regulator studies in tissue culture of three species of papaya. 
Biologisches Zentralblatt, 111: 21�6. 

 Litz, R.E., S.K. O’Hair and R.A. Conover, 1983. In vitro growth of Carica 
papaya  L. cotyledons. Scientia Horticulturae,  19: 287�93.   

Medora, R.S., D.E. BilderBack and G.P. Mell, 1979. Effect of media on 
growth of papaya callus culture. Zeitschrift Fur Pflanzenphysiologie, 
91: 79�82. 

Medora, R.S., G.P. Mell and D.E. Bilderback, 1984. Effect of various media 
on growth and protease production in Carica papaya  L. callus 
cultures. Zeitschrift Fur Pflanzenphysiologie, 114: 179�85. 

Mondal, M., S. Gupta and B.B. Mukherjee, 1990. In vitro propagation of 
shoot buds of Carica papaya  L. var. Honey Dew. Plant Cell Reports,  
8: 609�12.  

Mondal, M., S. Gupta and B.B. Mukherjee, 1994. Callus culture and plant 
production in Carica papaya  L.  (var. Honey Dew). Plant Cell 
Reports, 13: 390�93. 

Moore, G.A. and R.E. Litz, 1984. Biochemical markers for Carica papaya , 
C. cauliflora, and plants from somatic embryos of their hybrid. J. 
Amer. Soc. Hort. Sci., 109: 213�8. 

Mosella, C.L. and A.R. Iligaray, 1985. In vitro tissue culture as a tool for 
plant research and propagation. III. Responces of pawpaw (Carica 
pubescens, Lenne et Koch) to in vitro culture. Simiente, 55: 63�7.  

Murashige, T. and F. Skoog, 1962. A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Plant.,  15: 473�97. 

Prahardini, P.E.R. and T. Sudaryono, 1992. The effect of additional 
naphthalene acetic acid and benzyl adenine to the growth of papaya 
cv. Dampit using MS in vitro culture. J. Hortikultura,  2: 6�12.  

Rojas, V.D.R. and S.L. Kitto, 1991. Regeneration of babaco (C. pentagona ) 
from ovular callus. J. Amer. Soc. Hort. Sci., 116: 747-52. 

Usman, M., B. Fatima, Muhammad J. Jaskani and Muhammad Mumtaz 
Khan, 2002. Development of a callogenic protocol in papaya 
(Carica papaya  L.). 1. In vivo grown vegetative explants. Int. J. 
Agri. Biol., 4: 95�98. 

Winnaar, W., 1987. First plants from pawpaw callus. Information Bulletin, 
177: 1�2  

Yang, J.S. and C.A. Ye, 1992. Plant regeneration from petioles of in vitro 
regenerated papaya (Carica papaya  L.) shoots. Botanical Bull. 
Academia Sinica, 33: 375-81. 

Ye, K.N., D.Q. Yu, J.C. Huang and B.J. Li, 1993. Effect of desiccation on 
papaya somatic embryo storage and regeneration. Acta Scientiarum 
Naturalium Universitatis Sunyatseni 32:63-69.  

 
 
 

(Received 02 November 2001; Accepted 15 November 2001)

 

Fig. 9. Effect of growth hormones on callus 
multiplication (%) of papaya explants 
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