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Abstract. The influence of culture medium and explant on callus and shoot formation of lentil 
(Lens culinaris Medik.) has been studied. Three different explants (shoot-tip, first node and 
first pair of leaves) from three Spanish lentil cultivars were cultivated on two basal media: 
Murashige and Skoog medium (MS) and medium with mineral salts of MS medium plus 
vitamins of Gamborg's B5 medium (MSB), supplemented with growth regulators. Media with 
2,4-D induced the formation of calli in all explants, but no organ regeneration was obtained 
from these caUi. Multiple shoot formation was obtained from 33% to 92% of the explants in 
media supplemented with 2.25 mg 1-~ of BA and 0.186 mg I J NAA + 2.25 mg 1- l BA; in the 
other media one to two shoots per explant were formed in 10 to 98% of the explants. Root 
formation from explants was achieved only in media with NAA or IAA. Of the explants 
tested, the best morphogenetic responses were obtained from nodes and the poorest from 
leaves. 

Introduction 

In recent years the interest in tissue culture research o f  legumes has increased 
considerably. Plant  regeneration f rom somatic cell in vitro culture has been 

difficult to achieve among  large seeded leguminous species, in contrast  to 

forage legumes [1]. Successful plant regeneration has been reported in 
several species o f  grain legumes such as Arachis hypogaea, Phaseolus vut- 
garis, Cicer arietinum, Vigna unguiculata, Glycine max, Glycine soja, Vicia 
faba and Pisum sativum [2-8]. Knowledge of  the optimal conditions which 
favour  differentiation under  in vitro condit ions is an impor tant  step in the 
application o f  in vitro manipulat ion techniques in higher plants. Successful 
plant regeneration depends on factors such as the genotype, the explant and 
the composi t ion o f  medium, especially growth regulators. 

Lentil (Lens culinaris Medik.) is a grain legume o f  great economic value, 
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and hence of research interest. It has been cultivated in semi-arid areas of 
the Mediterranean Basin and Asia throughout the ages, and its contribution 
to human nourishment is of vital importance in some areas. However, it has 
been one of the least used legumes in studies of in vitro cultures. Bajaj & 
Dhanju [9] first reported in vitro lentil regeneration from meristem tips. 
Williams & McHugen [10] regenerated shoots from callus after culturing 
explants of the lentil cultivar Eston in MS media with kinetin and giberellic 
acid. Finally, Saxena & King [11] regenerated lentil plants from callus 
cultures of the cultivar Laird via somatic embryogenesis. The present paper 
reports new data on the effect of  explant and media composition and callus 
initiation and morphogenetic responses in three Spanish cultivars of lentil. 

M a t e r i a l s  a n d  m e t h o d s  

Seeds of three Spanish cultivars of lentil (Lens culinaris Medik.), Verdina, 
Pardina and Castellana, were used for this study. Seed samples were 
provided by the Plant Breeding Station of Valladolid (SIA), Spain. The seeds 
were surface-sterilized by immersion (2 s) in 70% ethanol and then in 5% 
sodium hypochlorite solution (20 min). After two rinses in sterile distilled 
water, the seeds were inoculated in sterile flasks containing wet cotton wool. 
After 8 days, shoot-tip (4-7 mm), first node and the first pair of leaves 
(hereafter they will be referred to as shoot-tip, node and leaves, respectively) 
were removed from seedlings. The explants were inoculated onto different 
media. Two basal media were used: 
- Murashige & Skoog's [12] medium (MS), pH 5.6, Difco Bacto-agar 

(10gl-l) ,  sucrose (30gl-1), and 
- MSB medium which consisted of the mineral salts of  MS medium plus 

the vitamins of the Gamborg's B5 medium [13], pH 5.8, Bacto-agar 
(8 g 1-1 ), sucrose (30 g l- 1 ) .  

Both media were supplemented with the growth regulators showed in Table 
1. The number of explants used and concentrations of growth regulators are 
also shown in Table 1. The media were autoclaved at 15psi, 121 °C for 
17 min. All the cultures were incubated at 25 + 1 °C under a light regime of 
16 h (fluorescent tubes Sylvania F36W/GRO, light intensity 2.94Wm-2). 

The explants were cultured for four weeks. Shoots were then isolated and 
were transferred to flasks containing MS basal medium with NAA 
(0.0186mgl-~), BA (0.225mgl -1) and GA 3 ( l m g l  -~) to promote further 
shoot growth. Residual explants and/or calli were transferred to fresh 
medium of the same composition. 
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Results and discussion 

Callus formation 

Irrespective of the growth regulator combination all the media induced 
callus formation. Table 1 shows the responses obtained in the different 
culture media after four weeks. The media with 2,4-D gave 100% callus 
formation irrespective of the cultivar and explant, and the greatest cullus 
growth, but were ineffective in inducing morphogenesis. Similar results were 
obtained by Mok & Mok [14] and Ruiz et al. [15] in Phaseolus, and Rubluo 
et al. [4] in Pisum. All media without 2,4-D induced callus formation, but 
at lower frequency than in media with 2,4-D. This callus grew relatively 
slowly. Media containing IAA generally produced the least callus formation 
and growth. Likewise, media containing BA as the only phytohormone 
induced callus formation at a low frequency, while, on the contrary, media 
with NAA + BA gave callus at a high frequency. In general no noticeable 
differences in callus formation and growth were observed between the two 
basal media, MS and MSB, except for the growth regulator combination of 
NAA + BA where MSB was superior. 

Verdina generally formed callus at a lower frequency than the two other 
cultivars in media without 2,4-D, while the percentages between Castellana 
and Pardina varied from medium to medium. The influence of the explant 
was less pronounced, although the node generally formed calli with the 
highest frequency and the leaf with the lowest. 

Morphogenesis 

2,4-D, alone or in combination with any other auxin and/or cytokinin, did 
not induce morphogenesis (Table 1). In contrast, regeneration of plants has 
been successfully achieved using 2,4-D in other leguminous species such as 
Trifolium pratense [16] and Arachis hypogaea [17], to mention but a few. 
Nevertheless our data agree with those of Williams & McHugen [10] with 
Lens culinaris. 

Of the growth regulators tested, BA was the most effective inducing shoot 
formation from calli or directly from the explants (shoot-tip and node). This 
was due not so much to the frequency of regeneration, which was not always 
the highest, but to the kind of morphogenesis obtained in the form of 
multiple shoots (Fig. 1). Combinations involving NAA and BA have also 
been successfully employed in inducing plant regeneration in other legumes 
[2, 3, 5, 7, 18]. The shoot-tips and nodes inoculated onto the media with 
NAA or IAA resulted in the formation of one or two shoots per explant, 
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Fig. 1. Multiple shoot formation from Verdina node. (a) in MS + BA medium, (b) in 
MSB + NAA + BA medium. 
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which may have originated from the pre-existing meristems in the original 
explants [17]. 

Our results agree with the reported inhibitory effect of BA on the forma- 
tion of  roots [2]. The media used in our study containing BA alone or in 
combination with NAA never induced roots. In the media with IAA alone, 
roots were large and frequent, while in media with NAA they were short, 
thick, and resembling calli. 

Leaves gave the poorest response since no shoots were obtained irrespec- 
tive of  the culture media and cultivar tested, except a single explant of  
Pardina on MSB + BA + NAA medium. Nodes gave the best response. 
Williams & McHugen [10] also observed that in lentil the ability to re- 
generate shoots varied from one explant to another. They obtained the best 
regeneration response (60%) culturing shoot meristems in a MS + ki- 
netin + gibberellic acid medium, while we have obtained an 84% mor- 
phogenetic response from shoot-tips and a 98% from nodes, but in media 
different from the ones used by Williams & McHugen [10]. Saxena & King [11] 
obtained lower frequencies (3-5%) of  plant regeneration via somatic em- 
bryogenesis from embryo-derived callus of  lentil. 

The formation of roots occurred less frequently from leaf explants than 
from shoot-tips or nodes. The frequency of  root formation from shoot-tips 
and nodes were similar, but their frequency of  root formation depended on 
the cultivar and medium used (Table 1). 

The shoots regenerated were transferred to MS basal medium with 
N A A  + BA + G A  3 to promote shoot elongation. In this medium the 
shoots grew but we have not observed rooting. We have also failed to induce 
rooting from regenerated shoots in MS basal medium (i.e. growth-regulator- 
free) and MS medium supplemented with 2 mg 1-t of  IAA or 0.186 mg 1-~ of  
NAA. Thirty regenerated shoots were transferred to each of  these last three 
media. 

Acknowledgements 

We thank Dr P~rez de la Vega for his comments on the manuscript. This 
work was supported by a grant from the CAICYT (2093/83 C2). 

References 

1. Mroginski LA, Kartha KK (1984) Tissue culture of legumes for crop improvement. In: 
Janick J (Ed) Plant Breeding Rev, Vol 2 (pp 215-264). The AVI Publishing Company Inc, 
Westport, Conn 



182 

2. Kartha KK, Pahl NL, Leung NL, Mroginski LA (1981) Plant regeneration from meris- 
tems of grain legumes; soybean, cowpea, peanut, chickpea, and bean. Can J Bot 59: 
1671-1679 

3. Mroginski LA, Kartha KK, Shyluk JP (1981) Regeneration of peanut (Arachis hypogaea) 
plantlets by in vitro culture of immature leaves. Can J Bot 59:826-830 

4. Rubluo A, Kartha KK, Mroginski LA, Dyck J (1984) Plant regeneration from pea leaflets 
cultured in vitro and genetic stability of regenerants. J Plant Physiol 117:119-130 

5. Allavena A, Rossetti L (1986) Micropropagation of bean (Phaseolus vulgaris L.); effect of 
genetic, epigenetic and environmental factors. Sci Hortic 30:37--46 

6. Barwale UB, Meyer Jr. MM, Widholm JM (1986) Screening of Glycine max and Glycine 
soja genotypes for multiple shoot formation at the cotyledonary node. Theor Appl Genet 
72:423-428 

7. Busse-Eisenreich G (1986) In vitro cultivation of Vicia faba and induction of mor- 
phogenesis. Biol Zentralbl 105:97-104 

8. Wright MS, Williams MH, Pierson PE Carnes MG (1987) Initiation and propagation of 
Glycine max L. Merr.: plants from tissue-cultured epicotyls. Plant Cell Tiss Org Cult 8: 
83-90 

9. Bajaj YPS, Dhanju MS (1979) Regeneration of plants from apical meristem tips of some 
legumes. Curr Sci 48:906-907 

10. Williams D J, McHughen A (1986) Plant regeneration of the legume Lens culinaris Medik. 
(lentil) in vitro. Plant Cell Tiss Org Cult 7:149-153 

11. Saxena PK, King J (1987) Morphogenesis in lentil: Plant regeneration from callus cultures 
on Lens culinaris Medik. via somatic embryogenesis. Plant Sci 52: 223-227. 

12. Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassays with 
tobacco tissue cultures. Physiol Plant 15:473-497 

13. Gamborg OL, Miller RA, Ojima K (1986) Nutrient requirements of suspension cultures 
of soybean root cells. Exp Cell Res 50:151-158 

14. Mok MC, Mok DWS (1977) Genotypic responses to auxins in tissue cultures of Phaseo- 
lus. Physiol Plant 40:261-264 

15. Ruiz ML, Pel~iez MI, Rueda J, Espino FJ, V~izquez AM (1986) A comparative study of 
callus formation and plant regeneration from different explants of Phaseolus vulgaris and 
Ph. coccineus. In: Horn W, Jensen CJ, Oderbach W, Schieder O (Eds) Genetic manipula- 
tion in plant breeding (pp 495-497). Walter de Gruyter, Berlin 

16. Phillips GC, Collins GB (1979) In vitro tissue culture of selected legumes and plant 
regeneration from callus cultures of red clover. Crop Sci 19:59-6 

17. Narasimhulu SB, Reddy GM (1983) Plantlet regeneration from different callus cultures 
of Arachis hypogaea L. Plant Sci Lett 31:157-163 

18. Mroginski LA, Kartha KK (1981) Regeneration of plants from callus tissue of the forage 
legume Stylosanthes guianensis. Plant Sci Lett 23:245-251 


