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Multiple shoot formation in lentil (Lens culinaris) seeds
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Sciences, The University of Queensland, Brisban, vitro culture of lentil Lens culinarisMedik) has
Q 4072, Australia. email: g.ye@mailbox.ug.edu.aproved difficult. In the last 20 years, techniques have
been progressively improved, starting with Bajaj &
Dhanju (1979) who first reporteith vitro lentil
Abstract A protocol based on seed culture was deegeneration from meristem tips. Later Williams &
veloped for efficienin vitro propagation of lentil McHughen (1986) described a protocol for the
(Lens culinaris Medik). Benzyladenine (BA), regeneration of lentils from callus cells using
thidiazuron (TDZ), and kinetin all induced multiplehypocotyls and epicotyls as explants. Saxena &
shoot formation. In terms of the number of longing (1987) obtained whole plants from callus
shoots (>2.0 cm) produced per seed, BA and Th#duced from embryonic axes, while Polanco et al.
at optimum concentrations (0.2-0.4 and 0.1 mg/({1988) reported multiple shoot formation from shoot
tre, respectively) had similar efficiency, whereagp, first node, and first pair of leaves in media
kinetin produced less shoots. Murashige and Skosgpplemented with benzyladenine (BA) or BA and
(MS) salt composition was better than that af-naphthaleneacetic acid (NAA). Using seed
Gamborge (B5) for shoot induction. Increasing catulture, Malik & Rashid (1989) obtained multiple
cium (Ca) concentration was necessary to overcogteoot formation from cotyledonary nodes on a
shoot-tip necrosis. For shoot elongation, fresh meredium with BA. Singh & Raghuvansi (1989)
dium of the same composition of shoot inductioreported that plants could be regenerated directly
medium could be used for stumps from medium wifflom nodal segment and shoot tip explants as well
low BA (<0.8 mg/litre) or TDZ (<0.4 mg/litre). as from callus. On a medium containing kinetin,
Otherwise, MS medium supplemented with 0.5 mgbdal segments and shoot tip explants produced
litre gibberellic acid (GA) or 0.05 mg/litre a- multiple shoots without intervening by callus or root
naphthaleneacetic acid (NAA) was appropriatéermation. Malik & Saxena (1992) reported multiple
shoot formation by culturing seeds on Murashige &
Skoog (MS) medium supplemented with
thidiazuron (TDZ). Warkentin & McHughen (1993)
reported multiple shoot formation from
—_— cotyledonary nodes using BA. These studies
H00045 showed that cytokinins induced multiple shoot
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Warkentin & McHughen (1993) obtained multipleMATERIALS AND METHODS
shoots from cotyledonary nodes. Halbach et al. ) o
(1998) reported that the best shoot formation wi4ant materials and surface sterilisation
from bisected embryos, and that keeping theor all experiments except for the testing of
cotyledons attached to the embryo-axis wagnotypic differences, seed of ‘Titore’ was used. The
beneficial. Anmad et al. (1997) developed a protocsted was surface sterilised by rinsing in 95% ethanol
for the micropropagation of lentil and hybrids base@r 30 s, then soaking in a 1.25% (w/v) sodium
on single node culture. Ye et al. (2000) furthetypochlorite containing a few drops of the surfactant
improved the single node culture protocol. Tween 20 with continuously stirring for 20 min,

The narrow genetic base of cultivated lentil cal®llowed by 5-6 washes in sterile deionised water.
for the transfer of useful genes from other sources.
However, the low success rate of artificial crossinguitiple shoot induction
has greatly hampered this process. Embryo cultyrg . .
has been used to rescue interspecific hybrids betwif%d'um a.md BA conce.ntranon
L. culinaris and L. orientalis (Cohen et al. 1984; MS medium (Murashige & Skoog 1962), MS
Ladizinsky et al. 1985), arid vitro multiplication medium with a doubled content of CaCT50 mg/
of F, hybrids has been used as a way of enlargih%e) (MSC), B5 medium (Gamborg et al. 1968), and
hybrid populations (Ahmad et al. 1997; Ye et aB> medium +750 mg/litre of Cag(B5C) were
2000). However, a promising option to transfested in combinations with four concentrations of
useful genes by genetic transformation has not y&4 (0.2, 0.4, 0.6, and 0.8 mg/litre). After 3 weeks
been successful. The lack of an efficiemwitro ©Of culture the average number of shoot/seed, the
regeneration system may be one of the reasofYmber of long shoot/seed, and the shoot-tip necrosis
Therefore, the development of an efficienvas collected.
regeneration procedure for lentil is required. o _

The objective of this work was the developmertinetin and TDZ concentrations
of an efficient regeneration procedure for lentil basedS supplemented with different concentrations of
on seed culture. kinetin (0.2, 0.4, 0.6, 0.8, 1.0, or 1.5 mg/litre) or TDZ

Table 1 Effects of medium and benzyladenine (BA) concentration on multiple shoot formation of Lemts (
culinaris) seeds (data collected after 3 weeks of culture). (MS = Murashige & Skoog (1962); MSC = MS + 440 mg/
litre CaCl,; B5 = Gamborge et al. (1968); B5C = B5 + 750 mg/litre GAQNS = not significant at = 0.05.)

Average no. of long

Average no. of shoots/seed shoots/seed (>2.0 cm)
BA (mgl/litre) BA (mgl/litre)
Medium 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
MS 7.4 13.7 11.6 13.2 4.1 4.9 3.8 34
MSC 9.7 125 13.6 12.1 55 4.4 3.6 3.8
B5 6.0 7.5 8.3 8.7 4.0 2.8 3.4 3.6
B5C 7.5 9.0 9.7 11.5 4.4 4.4 4.1 35
ANOVA
Average no. of long
Average no. of shoots/seed shoots/seed (>2.0 cm)
Mean Mean

Source d.f. square F square F
Medium 3 322.18 78.35 A< 0.001) 11.70 12.32 (< 0.001)
MS versus B5 1 265.31 51.10P € 0.001) 6.34 6.67 R<0.001)
MS versus MSC 1 13.65 3.01 NS 1.55 1.63 NS
B5 versus B5C 1 83.53 18.94P € 0.001) 3.81 4.01 R<0.001)
BA 3 225.36 54.80 R <0.001) 13.29 13.99 A(< 0.001)

Medium*BA 9 25.50 6.20 B <0.001) 6.15 6.48 R<0.001)
Error 224 4.41 - 0.95 -
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(0.1, 0.2, 0.4, 0.6, 0.8, 1.0, or 1.2 mg/litre). Thieeakers to maintain high humidity. They were
average number and length of shoot was collectedatered once a day using 20% strength MS salt
solution.

Species and inbreds All media were supplemented with 3% sucrose
Shoot formation capabilities of the following 10and solidified by 8% agar. They were adjusted to pH
inbreds of four lentil species were tested using M7 before sterilisation by autoclaving (122 kPa, 20
medium supplemented with 0.2 mg/litre BA— min). Growth regulators were sterilised by filtration
culinaris: ‘Titore’, ‘Olympic’; L. nigricans and then added to autoclaved medium. Plastic tissue
W6 3210, W6 3218, W6 3221, and W6 32Q8; culture vessel of 150 ml volume was used with
ervoidesW6 3173, W6 3176, and W6 3192; dnd c¢. 50 ml medium per vessel. All cultures were kept
odemensiswW6 3244. in a culture room with 6Amol n2s1 at 24°C with

) ) 16-h days.
Elongation of induced shoots
Stumps (the remaining part after initially excisingXPerimental design and statistical analysis
long shoots (>2.5 cm)) were transferred to fresh randomised complete block design with three
medium of the same composition of the multipleeplicates of five culture vessels per treatment (com-
shoot induction medium, and a basal MS mediubination) was used for all experiments. For shoot
with 0.5 mg/litre GA or 0.05 mg/litre NAA. Two induction, 10 seeds were used per container, but only
weeks later, data were collected for the number fofe shoots were used per vessel for root initiation.

long shoots (>2.0 cm)/seed. The data were analysed based on vessel means using
) ) ) the general linear model (GLM) function of SAS
Root induction and transfer plants to soil (1990). Percentage data were arcsine-transformed

The developing shoots (>2.0 cm) from seeds satisfy the requirement of normality.

cultured on MS medium containing 0.2 mg/litre BA

were excised, and used for root induction. Shoots of

cultivar ‘Titore’ were cultured on basal MS medium

supplemented with varying concentrations of NARESULTS

(0.2,1.0, or 1.5 mg/litre) or indole-butyric acid (IBA) itiole shoot inducti

(1.5 or 2.0 mg/litre). MS basal medium containinr%u Ipie shoot induction

1.5 mgllitre NAA was used to root the shoots frof¥lultiple shoots were induced on each of the four

other inbreds. After 4 weeks, data were collected fétedia and at every BA concentration (Table 1). The
the number of rooted shoots. effects of medium, BA concentration, and their

After rooting, plantlets were removed froninteraction on shoot induction were significant both

culture vessels, washed thoroughly with tap wattr the number of shoots and the number of long
to remove the remaining medium and planted &hoots/seed (>2.0 cm). The contribution of the
plastic pots containing sterilised soil mixtureinteraction variance to the overall variance was much
Plantlets were then transferred to the glasshouse. [&gs than those of medium and of BA concentration.

the first 2 weeks, plantlets were covered with gla&®r the number of shoots per seed the MS salts were
superior to B5 salts, regardless of the concentration

of BA tested. For the number of long shoot per seed,

B5 medium is better than MS when BA
Table 2 Effects of medium and benzyladenine (BAfoNncentration is 0..8 m_g/lltre. B5 with 750 mg/litre
concentration on shoot-tip necrosis frequency (da€@aCh produced significantly more (long) shoots
collected after 3 weeks of culture). (M_S = Murashige &han B5. Double the content of CaGi MS medium
Skoog (1962); MSC = MS + 440 mg/litre CaCBS5 = jmproved shoot induction only slightly. Generally,
Gamborge et al. (1968); B5C = B5 + 750 mg/litre G3Cl 1,5 long shoots were produced at lower BA
concentrations, whereas more shoots were induced
in higher BA concentrations (Table 1).

BA (mgl/litre)

Medium 0.2 0.4 0.6 0.8 Shoot-tip necrosis (STN) of main shoots was
MS 85.0 70.0 55.5 48.5 observed (Table 2). A higher frequency of STN
MSC 2.5 2.5 0.0 0.0 occurred in the B5 and MS medium. The most
BS 90.5 87.3 75.0 72.5 serious STN happened to B5 with 0.2 and 0.4 mg/
B5C 18.3 15.5 4.8

52 Jitre BA. Compared to the results of B5 and B5 with
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8 Fig. 1 Relationship of number of
long shoots per seed and thidi-
° 2 azuron (TDZ) concentrations.
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Table 3 Effect of kinetin on the formation and development of multiple shoots (data collected
after 3 weeks of culture). Basal medium was Murashige & Skoog (MS) salts and vitamin with 3%
sucrose; means were from 120-150 seeds. Error degrees of freedom was 82.

Kinetin (mg/litre): 0.2 0.4 0.6 0.8 1.0 1.5 L$D
No. of shoots 1.05 1.05 1.75 4.45 4.63 290 114
No. of long shoots (>2.0 cm) 1.00 1.05 1.50 2.75 2.45 190 0.86
Long shoot length (cm) 5.85 6.37 6.65 5.22 5.15 536 0.83

750 mg/litre of CaGl and those of MS and MS with  Thidiazuron induced the formation of multiple
doubled content of Caglit was obvious thahe shoots at all concentrations. The number of long
addition of Ca largely overcame STN. However, ashoots/seed decreased with TDZ concentration,
B5 medium with 750 mg/litre Cagland MS seven shoots at 0.1 mg/litre compared with two at
medium with doubled content of CaCthe 1.2 mgl/litre (Fig. 1). Moreover, the proportion of
percentage of STN was very different, though the @anormal shoots (stunted and hyperhydric) increased
content was the same. with increased concentration. Most of the shoots
Kinetin induced multiple shoots from seedrom media containing higher TDZ concentrations
explants as well (Table 3). Statistically significantbecame chlorotic and died within 2 weeks after
differences among the concentrations tested weransfer to shoot elongation or rooting media (data
found for the number of shoots and long shoots/seedt shown).
The concentration of 0.8 and 1.0 mg/litre were better . .
for the total and the useable number of shoots fePMmparisons between lentil inbreds
seed. Comparing the number of shoots induced usMgltiple shoots were induced from all inbred/
optimal concentration of kinetin (0.8 mg/litre) (Tableccessions tested, and a minimum of 3 shoots/seed
3) with that using BA (Table 1), it was clear thatvere produced (Fig. 2). Shoot formation capability
fewer shoots were produced by using kinetivaried among and within species. The most
However, the shoots induced by using kinetin weresponsive inbred (‘Titore’ df. culinaris, W6 3210
longer, although no designed comparison was madé.L. nigricans and W6 3244 ot.. odemensis
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Fig. 2 Shoot formation from
seeds of 10 inbreds of four lentil
species. Differences among 12 4
inbreds labelled by the same
letter(s) were not significant at

= 0.05 level. LC1: ‘Titore’ ofL.
culinaris; LC2: ‘Olympic’ of L.
culinaris; LN1-LN4: inbreds
W6 3210, W6 3218, W6 3221, and
W6 3208 ofL. nigricans LE1—
LES: inbreds W6 3173, W6 3176,
and W6 3192 ot.. ervoides and
LO1: inbred W6 3244 ofL.
odemensis

10 A

Number of shoots/ seed

LE1 LN4 LE3 LC2 LE2 LN3 LN2 LN1 LO1 LC1

Lentil inbreds and species

Table 4 Elongation of shoots from different shoot induction media on different
elongation media. Differences among treatments within a column (row) labelled
by the same right (left) superscript letter(s) were not significant at0.05
level. (GA = gibberellic acid; TDZ = thidiazuron; NAA a-naphthaleneacetic
acid; BA=benzyladenine.)

Shoot induction medium

Elongation

medium 0.4 TDZ 0.1 TDZ 0.8 BA 0.2 BA
Fresh medium a3 1a ab 1 32 Gogic) ab .52
MS + 0.5 GA a7 6ab ah] 5a abpaxb ahpsa
MS + 0.05 NAA a7 gab ahp qa abhj @b ahpga

produced 3 times more shoots/seed than the leafStong shoots on stumps from medium containing

responsive inbred (W6 3173 bf ervoide. 0.8 mg/litre BA (10.3 and 11.7, respectively), or 0.4
i i mg/litre TDZ (7.6). However, these two elongation
Elongation of induced shoots media did not significantly improve the shoot

Both of the original shoot induction medium, anélongation of stumps from medium containing 0.2
the medium used for elongation affected the numbmg/litre BA or 0.1 mg/litre TDZ.

of long shoots per stumps produced (Table 4). After In addition to the elongation of small shoots,
2 weeks on fresh medium of the same compositiomsany new shoots/shoot meristem were induced
on average stumps from medium containing 0.2 mayound the connecting site of the cotyledons and the
litre BA and medium containing 0.1 mg/litre TDZhypocotyl, irrespective of whether fresh medium of
produced 10.5 and 11.3 long shoots, respectiveliie same composition, or MS basal medium
Stumps from medium containing 0.8 mg/litre BAupplemented with GAor NAA was used.

and medium containing 0.4 mg/litre TDZ produced After one round of subculture, the stumps
five and three long shoots, respectively. Using Mi$ecame too large to be easily transferred. It was
basal medium supplemented with 0.5 mg/litresGAequired to subdivide stumps into three or four small
or 0.05 mg/litre NAA greatly increased the numberlusters. Continual shoot production from these
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Fig. 3 Rooting percentages of
induced shoots from 10 inbreds of
c four lentil species. Differences
among inbreds labelled by the
same letter(s) were not significant
at o = 0.05 level. LC1: ‘Titore’ of
L. culinaris LC2: ‘Olympic’ of L.
culinaris; LN1-LN4: inbreds
W6 3210, W6 3218, W6 3221, and
W6 3208 ofL. nigricans LE1—
LE3: inbreds W6 3173, W6 3176,
and W6 3192 ofL. ervoides
and LO1: inbred W6 3244 df.
odemensis

Rooting percentage (%)

LN2 LO1 LE2 LC1 LN4 LN1 LN3 LC2 LE1 LE3

Lentil inbreds and species

Table 5 Effect of plant growth regulator and shoot source on rooting percentage (data collected
after 4 weeks of culture). Differences among treatments within a column (row) labelled by the same

right (left) superscript letter(s) were not significantiat 0.05 level. (NAA =a-naphthaleneacetic
acid; IBA = indole-3-butyric acid.)

NAA (mg/litre) IBA (mg/litre)
0.2 1.0 1.5 15 0.2
Adventitious a13.3 M3 3 8.3 0.0 %.7
Primary a32 P %66.7 75.0° b60.¢° 25 (P

clusters were obtained using a MS basal mediumCallus formation was observed on the cut surface
supplemented with 0.5 mg/litre GAr 0.05 mg/litre of shoots when NAA was applied. The higher the
NAA. Up to 20 long shoots/stamp could b&lAA concentration, the greater the callus
harvested in 3 weeks. development. However, roots were not initiated
) ) from callus.
Rooting and transfer to soil Using MS basal medium supplemented with 1.5
The proportion of rooted shoots varied widely witimg/litre NAA, more than 50% of shoots from 10
different NAA and IBA supplements of the MSinbreds rooted, although there were differences
medium (Table 5). From 14% (on basal MS mediuamong inbreds (Fig. 3). The highest and lowest
without growth regulator) to 75% (on MSrooting were W63192 df. ervoides(82.5%), and
supplemented with 1.5 mg/litre NAA) of the shoot¥V63241 of L. odemensisand W63218 oflL.
rooted within 4 weeks. NAA was more effectivanigricans (51.5%), respectively.
than IBA. Usually only one well developed root The percentage survival of the plantlets after
with several short secondary roots were producedddnsfer to soil mixture was 90% far culinaris
shoot within 4 weeks, but three or four roots witiTitore’. For other inbred, survival percentage varies
secondary roots were obtained after a furtherfeom 80 to 100%. However, no designed
weeks of culture in a fresh medium with the sam@mmparison among inbred was made because of the
composition. limited number of plantlets.
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DISCUSSION The rooting percentage in this study was higher
Cytokinin BA, TDZ, and kinetin all inducedthan in all the previous studies except that of Ahmad

multiple shoot formation. The effectiveness of B t al. (1997). One reason may be the lower
pie Si o L oncentration of external cytokinins used. However,
on shoot induction in lentil tissue culture has be<=T

i ) s very hard to compare our results with previous
well documented (Saxena & King 1987; Polanco . :
al. 1988: Malick & Rashid 1989: Warkentin &gfudles because of the different types of explants

McHughen 1993: Ahmad et al. 1997; Hallbach %sed. Nevertheless, the high rooting ability of shoots

al. 1998). Malik & Saxena (1992) reported that TD oduced from seeds gives seed culture another

; . i ; portant advantage.
mduc_ed muIt|pIe_ shc_)ots. dlrectly. from Intac During the process of root induction, several
seedlings ol. culinaris, Pisum sativumCicer

arietinum_and Phaseolusvulgaris Singh & shoots were produced simultaneously at the basal

; . art of some shoots. When detached, these shoots
Raghuvansi (1989) reported that multiple shoo are much easier to root than others. This

directly formed from nodal segments and shoot t servation can be exploited to increase the
e_xplr?mt using MS medium supplemented W'tgf?‘iciency of multiplication in a future study.
kinetin. Kinetin has also been successfully used to

induce shoot formation from lentil hypocotyls,
epicotyls, and shoot meristem via callus phase
(Williams & McHughen 1986). ONCLUSION

Shoot-tip necrosis was observed in many media
used for shoot induction. The addition of calciur@ytokinin BA, TDZ, and kinetin all induced multiple
(Ca) overcomes shoot-tip necrosis. Parh et al. (1988)oot formation in lentil seed culture. For shoot
first reported shoot-tip necrosis of vitro lentil formation, MS salts with doubled calcium chloride
seedlings. They alleviated this problem by doublingpntent and 0.2—0.4 mg/litre BA was recommended.
the Ca content of the MS basal medium. StudiesThidiazuron at 0.1 mg/litre was also efficient, but
other plant species have indicated that Ca deficienfyther experimentation is required to justify the use
which can be easily promoted lyvitro conditions of this growth regulator.
such as low transpiration rate and high humidity, The higher number of shoots/seed and higher
may be the main reason for STN (Sha et al. 1988)0ting percentage make the system developed the

It was shown that BA-based seed culture coutdost efficient one foin vitro culture of lentil. This
be used for inducing multiple shoots from a rangaiggests that this protocol is very universal.
of lentil germplasm, although intra- and interTherefore an efficient and universal protocolifor
specific variations were obvious. However, the smalitro culture of lentil is likely to be developed based
number of cultivars/accessions of each species usedseed culture.
did not allow us to accurately estimate the inter- and
intra-specific variability of shoot regeneration
capability. These results implied that a universal
protocol for lentilin vitro culture could be developedREFERENCES
based on seed culture using a BA-containin
medium, and that cultivars screening for go . ) :
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success rate o vitro culture. . . Cell Tissue and Organ Culture 4769-176.
A common phenomenon when inducing shoots

from seeds was inconsistent shoot developmeBRg@jaj, Y. P. S.; Dhanju, M. S. 1979: Regeneration of
Furthermore, short shoots (<2.0 cm) did not root well ~ Plants from apical meristem tips of some leg-
(Ye et al. 2000). Therefore, it was necessary to ~ Umes.Current Science 4806-907.

promote the development of the short shootsohen, D.; Ladizinsky, G.; Ziv, M.; Muehlbauer, F. J.
Removal of longer shoots and the subculture of the 1984: Rescue of interspecifleens hybrids by
stumps onto a suitable medium gave very good means of embryo cultur@lant Cell Tissue and
result. For stumps from medium with low BA (<0.8 Organ Culture 3343-347.

mg/litre) or TDZ (<0.5 mgllitre), fresh medium ofamporg, 0. L.; Miller, R. A.: Oijima, K. 1968: Nutri-
the same compositions could be used. Otherwise,  ent requirements of suspension cultures of
MS medium supplemented with 0.5 mg/litre £k soybean root cell€xperimental Cell Culture 10
0.05 mg/litre NAA was appropriate. 135-142.

mad, M.; Fautrier, A. G.; McNeil, D. L.; Hill G. D.;



8 New Zealand Journal of Crop and Horticultural Science, 2002, Vol. 30

Halbach, T.; Kiesecher, H; Jacobsen, H. J.; Kathen, A. 8AS Institute Inc. 1990: SAS/STAT/User guide Volume
1998: Tissue culture and genetic engineering of 2, version 6, 4th edition, Cary, NC.
lentil (Lens culinarisMedik.). In: 3rd European

Conference on Grain Legumes, Valladolid, Spairr@Xena, P. K.; King, J. 1987: Morphogenesis in lentil:

plant regeneration from callus cultures loens

Ladizinsky, G.; Cohen, D.; Muehlbauer, F. J. 1985: culinaris Medik via somatic embryogenediant
Hybridization in the genusens by means of Science 52223-227.
embryo cultureTheoretical and Applied Genetics
70: 97—101. Sha, L.; McCown, B. H.; Peterson, L. A. 1985: Occur-
. o . rence and cause of shoot-tip necrosis in shoot
Malik, K. A.; Saxena, P. K. 1992: Thidiazuron induces cultures.Journal of American Society of Horti-
high-frequency shoot regeneration in intact seed- cultural Science 110643.

lings of pea Pisum sativur) chickpea Cicer
arietinum) and lentil Lens culinariy. Australian  Singh, R. K.; Raghuvanshi, S. S. 1989: Plantlet regenera-
Journal of Plant Physiolog¥9: 731-740. tion from nodal segment and shoot tip derived

Malik, M. A.; Rashid, A. 1989: Induction of multiple- explants of lentilLens Newsletter 13-35.
shoots from cotyledonary node of grain legumegyarkentin, T. D.; McHughen, A. 1993: Regeneration
pea and lentiBiologia Planta 31230-232. from lentil cotyledonary nodes and potential of

this explants for transformation Bygrobacterium

Murashige, T.; Skoog, F. 1962: A revised medium for tumefaciens.ens Newsletter 26-28.

rapid growth and bioassays with tobacco tissue
culture.Physiologica Plantarum 1$173-497.  jlliams, D. J.; McHughen, A. 1986: Plant regeneration

Parh, D. K.; Conner, A. J.; Jacobs, J. M. E.; McNeil, D. L. of the legumelens culinarisMedik (lentil) in
1998: Shoot-tip necrosis and alleviation duiimg vitro. Plant Cell Tissue Organ and Culturg
vitro culture ofLens culinaris SABRAO Journal 49-152.
of Breeding and Genetics :387-101. Ye, G.; McNeil, D. L.; Conner, A. J.; Hill, G. D. 2000:
Polanco, M. C.; Pelaez, M. I.; Ruiz, M .L. 1988: Factors Improved protocol for the multiplication of lentil
affecting callus and shoot formation framvitro hybrids without genetic change by culturing sin-
cultures ofLens culinarisMedik. Plant Cell Tis- gle node explantSABRAO Journal of Breeding

sue and Organ Culture 1375-182. and Genetic82 13-21.



