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Abstract 
Cotyledonary node explants from 3 - 5-d-old seedling derived explants of Cucurbita pepo (L.) pro-
duced multiple shoots in Murashige and Skoog (MS) salts B5 vitamins containing medium in the 
presence of N6-benzylamino-purine BAP 1 mg/L + Thidiazuron TDZ 0.05 mg/L. After 4 weeks ex-
plants were subcultured to medium containing MS salts B5 Vitamins BAP 0.5 mg/L, Gibberellic 
acid GA3 1 mg/L and L-Glutamine 15 mg/L. Periodic excision of regenerated shoots from the ex-
plants increased shoot efficiency during subculture. The combination of L-Glutamine with BA and 
GA3 significantly increased the shoot proliferation. Elongated shoots were excised from shoot 
clumps and transferred to rooting medium containing indole-3-butyric acid (IBA, 1.0 mg/L). The 
rooted plants were hardened in small pot containing standardized garden soil, well developed 
plant transferred to greenhouse and survival rate was 85%.  
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1. Introduction 
The Cucurbita genus, of American origin, is one of the most variable genera within the Cucurbitaceae family [1]. 
The main economic value of the species resides in the consumption of its immature fruits as vegetables, com-
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monly known as summer squashes. Summer squashes of the Zucchini type rank among the highest-valued veg-
etables worldwide, whereas the “winter squash” types (fruits consumed when mature) of Cucurbita pepo and 
related Cucurbita spp. are food staples and rich sources of fat and vitamins in developing countries [2]. It has 
various medicinal effects comprising antidiabetic, antihypertensive, antitumor, antimutagenic, immunomodulat-
ing, antibacterial, anti-hypercholesterolemic, intestinal antiparasitic, antalgic, and anti inflammation effects, and 
utilization possibilities of various Cucurbitaceae species have been reported [3]. A wide range of pathogens 
hamper the cultivation of C. pepo, with more than eight different viruses infecting the crop [4]. Among these 
viruses, Papaya rings pot virus (PRSV) and Zucchini yellow mosaic virus (ZYMV) are the most important due 
to their prevalence and the degree of damage caused, which reduces crop and fruit quality. The control of these 
viruses is difficult and conventional breeding has not succeeded in producing new varieties with resistance to 
more than one virus species [5]. The development of tissue culture protocols is one of the solutions to address 
these problems.  

In early reported regeneration via somatic embryogenesis in C. pepo [6]-[10]. Due to the difficulties in ob-
taining and longtime culturing somatic embryos, alternative protocols for direct or indirect organogenesis have 
been studied. Direct regeneration in C. pepo was first described using cotyledon with attached hypocotyl as ex-
plant [11]. A wide range of other C. pepo cultivars regenerate to the same extent (with one exception) using the 
same technique [12]. Brief sonication treatment stimulate shoot regeneration reported [13]. In vitro shoot rege-
neration of a seedling-derived organ caused by prolonged seed storage period reported [14]. The objective of 
this study was to investigate the effect of age of the explant, effect of important additives and subcultures to im-
prove the regeneration from cotyledonary node explants of important zucchini type vegetable crop.  

2. Materials and Methods 
Seeds of C. pepo (Dark Green Zucchini) were purchased from the Reimer Seeds, Saint Leonard, MD. Mature 
seeds were soaked for 15 - 30 min in regular tap water and seed coats removed with forceps. The pealed seeds 
were then washed for 1 min in 70% ethanol and rinsed 3 times with sterile water. Then pealed seeds were treated 
with 2% chlorine solution (2 - 3 drops with Tween 20) for 20 min. Then the seeds were washed with sterile wa-
ter for 5 times. Sterilized pealed seeds were germinated, in 100 × 20 mm petri dishes Murashige and Skoog (MS) 
medium [15] supplemented with 3% sucrose, 0.8% agar, and pH 5.7 - 5.8. Five petri dishes were arranged in a 
plastic bag with four 1-inch slits for aeration. The plastic bag was tied strongly to prevent the lids from opening 
and also avoiding the contamination during the seed germination. Seeds were germinated for 5 days in a growth 
room. All the cultures at maintained under the white fluorescent light at a photon flux of 24 µmol∙m−2∙S−2 for 
16/8 h light/dark photoperiod at 25˚C ± 2˚C and all media were sterilized at 120˚C for 20 min.   

Explants were prepared from the 3 - 5-d-old C. pepo seedlings by making a horizontal slice through the hy-
pocotyl region. A subsequent vertical cut was made between the (2 cotyledonary node explants) cotyledons, and 
the embryonic axis was removed then the cotyledon was cut in half and the distal parts discarded. Shoot induc-
tion medium tested individually containing MS medium, B5 vitamins, 3% sucrose, solidified 0.8% purified agar 
in 100 × 20 mm Petri plates, supplemented with BA 0.5 - 2 mg/L or KN (0.5 - 2 mg/L or TDZ (0.01 - 0.1 mg/L) 
and L-Glutamine (5, 10, 15, 20, 25 mg/L). On the other hand BA + TDZ + L-Glutamine or BA + KN + L-Gluta- 
mine combinations were tested.  Explants with emerging shoots were subcultured in the same medium twice at 
the interval of 2 weeks each. Different concentrations of auxins (NAA/IAA) individually and in combination 
with BA were also tested for their shoot induction efficiency. Explants were cultured adaxialside up with the 
hypocotyl imbedded plates were wrapped with 3 M pressure sensitive tape (ScotchTM, 3M, USA). After 14 
days of culture, half hypocotyl region was excised from each of the explants, and the remaining explant was 
transferred to same medium. After 14 days the cotyledons were removed from the node carefully, remaining 
differentiating node subculture to same medium. Two weeks later explants were transferred to shoot elongation 
medium (SEM) containing MS salts, B5 vitamins BA 0.5 mg/L, 0.5 mg/L GA3, and 15 mg/L L-Glutamine. The 
explants were subculture by 12 - 14 days interval to fresh medium and follow the shoot elongation. Maximum 6 
- 8 subsequent subcultures, the elongated single shoot (2 - 3 cm) were transferred to the rooting medium (RM) 
containing MS salts, B5 vitamins, 3% sucrose, 0.6% agar and 1mg/L IBA in test tube. The rooted plants were 
transferred to the soil.  

A complete randomized design was used in all experiments and analysis of variance and mean separations 
were carried out using Duncan’s Multiple Range Test (DMRT). Statistical significance was determined at 5% 
level.  
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3. Results and Discussion 
3.1. Seed Germination 
Seed sterilization of C. pepo var. dark green germinated with seed coat directly on MS + B5 vitamins basal me-
dium in petri plates or Majantha boxes showed 25% - 40% germination after 5 - 7 days, whereas 80% - 90% was 
achieved uniform germination after 5 days if the after removal of seed coat on the B5 basal medium. The ger-
mination C. pepo pealed seeds on MS agar medium [9] and [11] has been reported. 

3.2. Effect of Cytokinin in Alone on Multiple Buds or Shoot Formation 
Cotyledonary node explants from 3 - 5 d-old seedlings were used as the explants. Adventitious buds were in-
duced from the meristematic regions of cotyledonary node explants on MS medium supplemented with BA (0.5 
- 2 mg/L) or KN (0.5 - 2 mg/L) or TDZ (0.01 - 0.2 mg/L) after 2 weeks of culture. Axillary meristems of the 
cotyledonary node explants possess cell that are competent for regeneration and hence are considered as target 
tissue for gene delivery in legumes [16]. Shoot buds or shoots were formed from cotyledonary node explants 
with 1 mg/L BAP. Lower concentration BAP or KN (below 0.5 mg/L) however, did not promote the shoot bud 
or shoots (data not shown). Among the three cytokinins the BA was more suitable than others. However, TDZ 
alone not promote the shoot formation. BA is the most widely used and most effective in cytokinin in various 
crops, requirement of BA for induction of multiple shoots has already been reported in C. pepo [11] and other 
cucurbitaceous family such as C. melo [17] C. sativus [18]. 

3.3. Effect of Cytokinin Combinations on Multiple Shoot Formation 
TDZ was tested individually as well as combinations with BA. When using TDZ different concentrations alone 
did not promote more number of shoot buds or shoots (Table 1). Among the different concentrations TDZ 0.05  

 
Table 1. Effect of plant growth regulators on multiple shoot induction from cotyledonary node explants of C. pepo cultured 
on MS medium.                                                                                         

Growth regulators (mg/L) Explants with shoots % Mean No. of shoots/explants Callus formation 

BA    

0.0 0.0 0.0  

0.5 68 f 4 c  

1.0 90 b 7 a  

1.5 78 c 4.7 b  

2.0 55 j 3.5 d  

KN    

0.5 60 h 2.5 f  

1.0 65 g 3.0 e  

1.5 75 d 4.0 c  

2.0 55 j 2.4 g  

TDZ    

0.01 58 i 1.8 h  

0.05 70 e 3.5 d  

0.1 55 j 1.5 i + 

0.5 30 k 1.0 j ++ 

1.0 0 0 +++ 

BA + TDZ    

1.0 + 0.05 95 a 12 a  

Each value represents the treatment means of ten independent replicates. Values with the same letter within columns are not significantly different 
according to (DMRT) Duncan’s Multiple Range Test at the 5% level. 
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with combination with BA 1 mg/L occurred shoot bud formation from the cotyledonary node explants after 2 
weeks later. A maximum of 12 - 15 shoot buds/shoots per cotyledonary node explants were observed in MS + 
B5 medium fortified with combination of BA 1mg/L and TDZ 0.05 mg/L at the end of second subculture. 
Highest shoot regeneration (85%) and highest mean number of shoots (6.89) per culture was achieved in indirect 
shoot organogenesis in C. pepo reported [19] direct organogenesis in Cucumis sativus [20] and reported L. cy-
lindrica [21]. Presence of BAP either alone or in combination with other cytokinins proved essential for direct 
as well as indirect shoot regeneration in cucurbits [22]. TDZ has been reported to be the best cytokinin to induce 
the maximum number of shoots in different plants such as A. sinuate [23] V. radiate [24] C. sativa [25] V. mun-
go [26]. However higher concentration of (above 0.5 mg/L with BA combination above 1.0 mg/L TDZ concen-
tration with BA (1 mg/L), observed callus formation did not promoted the shoots.   

3.4. Effect of L-Glutamine with Cytokinin to Improve the Shoot Multiplication  
The addition of L-Glutamine was very useful for adventitious shoot regeneration in C. pepo. The highest fre-
quency of adventitious shoot regeneration (above 90%) and the maximum shoots/buds regeneration (20/explants) 
were achieved on MS medium containing BA, TDZ and 15 mg/L L-Glutamine at the end of second shoot induc-
tion. The shoot regeneration number per explants progressively decreased or callus formation with higher level 
of L-glutamine (data not show). The released nitrogen sources from L-glutamine provides a readily available 
source of nitrogen, the implication being that the formation of necessary carbon skeleton or the reduction of ni-
trate to ammonia is a limiting factor in the cells [27]. Maximum multiple shoot enhancement was observed in 
Cucumismelo [17], Cucumis sativus [28] due to the addition of glutamine. Our results showed that the im-
provement of in vitro multiple shoot buds/regeneration as well as improve the shoot number per cotyledonary 
node explants can be achieved by using BA TDZ with combination of L-Glutamine.  

3.5. Effect of Subculture on Shoot Elongation Medium and Shoot Production  
After 4 weeks of the culture the explants further transferred to the shoot elongation medium containing reduced 
concentration of BA 0.5 mg/L GA3 0.5 mg/L with 15 mg/L L-glutamine. For this combination was used for all 
the subcultures. During the subculture the newly shoot buds are formatted and also observed clustered shoots. 
Similar reports were reported in C. pepo [11]. During the subculture rarely in vitro flowering are formed, preco-
cious flowering is well known phenomenon in cucurbits [29]. Interestingly we observed continuous new bud, 
shoot formation in the elongation medium and the same time older shoots are elongated. Maximum shoots pro-
duction observed at the end of culture/end of 8th subculture 34 - 36 shoots/explant (Table 2). However, without 
BA and L-glutamine in the elongation medium shoot produced are reduced. 

3.6. Rooting and Hardening of Plants 
Rooting step is one of the very important in plant tissue culture techniques. During the elongation process the 
shoot elongation was occurred. Above 2 - 3 cm elongated shoot were transferred to the shoot induction medium 
containing MS salts with 1mg/L IBA. IBA is widely used for root induction in cucurbits [30] Maximum percen-
tage of rooting (100%) was found with 1.0 mg/L IBA in the present study (Table 3). Well rooted plants trans- 

 
Table 2. Effect of L-Glutamine with the combination of BA 0.5 mg/L, GA3 1 mg/L on multiple shoot production and elon-
gation.                                                                                                  

L-glutamine  
mg/L 

% of shoot  
regeneration/explant 

No. of  
shoots/explant 

New buds/shoots formation  
in the same explant 

Total No. of shoots multiplication/explant  
at the end of subculture/culture 

0 65 e 8.2 f 1 - 3 f 10 - 12 e 

5 70 d 10.4 c 6 - 8 c 16 - 18 c 

10 80 c 12.5 b 8 - 10 b 20 - 22 b 

15 97 a 22.7 a 12 - 14 a 34 - 36 a 

20 85 b 10.1 d 5 - 7 d 15 - 17 d 

25 60 f 8.4 e 2 - 4 e 10 - 12 e 

Each value represents the treatment means of ten independent replicates. Values with the same letter within columns are not significantly different 
according to (DMRT) Duncan’s Multiple Range Test at the 5% level. 
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Table 3. Effect of IBA on root induction.                                                                    

IBA mg/L Days required for root induction % roots formation No. of roots/shoot Length of roots (cm) 

0.1 15 d 55 e 5.2 e 3.5 d 

0.5 12 c 75 c 7.2 c 4.0 b 

1.0 7 a 100 a 9.8 a 4.7 a 

1.5 10 b 98 b 8.9 b 3.8 c 

2.0 17 e 60 d 6.5 d 2.5 e 

Each value represents the treatment means of ten independent replicates. Values with the same letter within columns are not significantly different 
according to (DMRT) Duncan’s Multiple Range Test at the 5% level. 

 
ferred to the small plastic pot filled with standardized garden soil for hardening. After 2 weeks hardened plants 
were transferred to the greenhouse and 85% of them survived. All the surviving plants reached maturity and 
produced viable seeds.    

4. Conclusion 
A simple, efficient, improved and reproducible direct regeneration protocol used cotyledonary node explant of C. 
pepo was developed from 3 - 5-d-old in vitro seedlings. This improved shoot regeneration system may contri-
bute to the establishment of an Agrobacterium-mediated transformation system for C. pepo—an important Zuc-
chini type vegetable crop. 
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