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Abstract 

 
An efficient in vitro propagation method was developed for six lentil (Lens culinaris ssp. culinaris) genotypes: 

Digger (ILL5722), Indianhead, Nipper, Northfield (ILL5588), ILL 7537 and ILL 6002 that represent the genetic 

basis of the Australian lentil breeding program. Mature seeds were initially cultured on Murashige and Skoog (MS) 

medium supplemented with 4 mgL
-1

 of benzyladenine (BA). The maximum number of shoots per seed was 

4.13+0.33.
  
The best adventitious shoots proliferation rate (6.42+0.81 shoots per explant) was obtained from single 

shoots excised from two-week-old axenic germinated seedlings subcultured onto MS medium containing 3 mgL
-1

 

BA. Roots of normal morphology were produced from up to 90 % of the in vitro regenerated nodes when transferred 

to MS medium supplemented with 4 mgL
-1

 α-naphthaleneacetic acid (NAA) and up to 80% of the regenerated 

plantlets were transferred to a soil environment with normal flowering and seed set. 
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______________________________________________________________________________ 

 

Introduction 

 
Lentil (Lens culinaris ssp. culinaris) is an annual cool season grain legume produced as a high protein food source 

throughout the world. In Australia, lentil has been grown as a commercial crop since the late 1980's and the seed is 

produced largely for export to south Asia and the Middle East. The breeding program is reliant on relatively few 

parental lines and is thus genetically narrow (Ford et al. 1997). The genotypes mainly used were; Northfield 

(ILL5588), Digger (ILL 5722), Nipper, ILL7537, and Indianhead, which contain resistances to important diseases 
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such as Ascochyta lentis (Ford et al. 1999; Chowdhury et al. 2001; Nguyen et al. 2001; Ye et al. 2003), and ILL 

6002, which is a vigorous, tall, erect and early flowering variety used to develop new varieties with improved 

characteristics for easier and efficient harvesting (Materne, 2002). 

 

Several studies have uncovered genomic regions and even specific genes responsible for governing desirable traits, 

for incorporation into breeding programs (Ford et al. 1999; Ta’ran et al. 2003). Molecular mapping efforts have 

identified markers that are close and flanking chromosomal loci within which the major trait-influencing genes are 

located and marker-assisted selection for improved disease resistance is underway in Australia and Canada 

(Muehlbauer et al. 2006). Microarray analysis has identified some of the functional genes that convey resistance to 

Ascochyta lentis in the highly resistant line ILL7537 (Mustafa et al. 2009). In order to speed up the breeding and 

selection of elite varieties, that contain the genes of interest, a transgenic approach may be undertaken. For this, a 

reliable and highly reproducible in vitro regeneration system, that is applicable to the targeted genotypes, is required. 

In addition an in vitro culture protocol would enable mass multiplication of high quality and disease-free clonal 

plants. 

 

The development of an in vitro regeneration system for lentil has previously been studied using different tissues 

such as shoot apices (Bajaj & Dhanju 1979; Polanco et al. 1988; Polanco & Ruiz 1997; Singh & Raghuvanshi 1989; 

(Bajaj & Dhanju 1979; Polanco et al. 1988; Polanco & Ruiz 1997; Singh & Raghuvanshi 1989; Williams & 

McHughen 1986). According to Williams and McHughen (1986), calli derived from lentil shoot meristems and 

epicotyls regenerated shoots at a 50% rate. However, roots could not be induced on media containing either indole 

acetic acid (IAA) or naphthyl acetic acid (NAA), commonly used for root induction in plant tissue culture systems. 

Instead, only 11% of shoot explants developed roots when cultured on a sand-bed. Bractlets used by Polanco and 

Ruiz (1997) had a higher potential for root induction with a lower level of benzylaminopurine (BAP) in the media. 

In contrast, callus was induced when lentil bractlets were cultured on higher levels of BAP in the media (Polanco & 

Ruiz 1997).  

 

Immature seed were also used as an explant source (Fratini & Ruiz 2006; Polanco & Ruiz 1997, 2001) and Polanco 

and Ruiz (2001) reported no significant differences on shoot regeneration rates from immature seed among different 

genotypes. In contrast, they did report differences between lentil genotypes on rates of root induction (Polanco and 

Ruiz 2001). Lentil seeds cultivated on NAA medium had the best rooting rate at 50%, and the rooted plants had 80-

100% survival rate when hardened off in the glasshouse (Ye et al. 2002). 

 

Cotyledonary nodes were also used as an explant source and assessed for regeneration on BAP-containing media 

(Cocu et al. 2003; Gulati et al. 2001; Sarker et al. 2003; Wakentin & McHughen 1993); however, there was no 

significant difference in the rooting rates among genotypes in Gulati’s report. Other explant sources previously used 

have included nodal explants (Ahmad et al. 2006; Fratini & Ruiz 2008; Polanco et al. 1988; Singh & Raghuvanshi 

1989; Ye et al. 2002), intact seedlings (Malik & Saxena 1992) as well as somatic embryogenesis (Saxena & King 

1987). Generally, techniques to regenerate shoots have been successful. However, for the majority of previous 

studies, the ability to reproducibly regenerate roots from regenerated shoots has been far less successful and studies 

have contradicted (Altaf 2007). Among all of the explant sources assessed, cotyledonary nodes were optimal for 

multiple shoot formation. Regeneration methods also exist via somatic embryogenesis (Saxena and King 1987). 

However, not only are the successes of these methods very genotype-specific, there has been considerable difficulty 

reported in root production and hence whole plant regeneration. 

 

Therefore, the aim of this study was to develop a reproducible in vitro regeneration protocol from cotyledonary 

nodes for the six important lentil genotypes; Northfield (ILL5588), Digger (ILL 5722), Nipper, ILL7537, 

Indianhead and ILL6002. 

 

Materials and Methods 

 

Plant material 

 
Homozygous (inbred) seed of Northfield (ILL5588), Digger (ILL 5722), Nipper, ILL7537, Indianhead and ILL6002 

were provided by the Australian Temperate Field Crop Collection, Horsham, Australia. They were surface sterilized 
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by immersion for 1 min in 70% ethanol followed by a 10 min wash in 10 % sodium hypochlorite (NaOCl) 

containing 0.01% (v/v) Tween 20, a 5 min wash in 5% NaOCl containing 0.01% (v/v) Tween 20 and three 5 min 

washes in sterile H2O. 

 

Effect of BA on in vitro seed germination 

 
Sterilized seed were plated on MS (Murashige and Skoog)  medium containing 30 gL

-1
 sucrose, 7 g/L

-1
 agar and 0, 

1, 2, 3, or 4 mgL
-1

 benzyladenine (BA) (pH 5.8). Each treatment was replicated 10 times (one seed per culture tube) 

and the entire experiment was repeated trice. Cultures were maintained in a growth chamber at 25 ºC under a 16-h 

light/ 8-h dark photoperiod and the number of shoots per germinated seed and shoot length were counted after four 

weeks. 

 

Effect of BA on multiple shoot production 

 
Single shoot explants of 1 cm in length were excised from two-week-old axenic germinated seedlings. These were 

cultured on MS medium supplemented with 30 gL
-1

 sucrose, 7 gL
-1 

agar and 0, 1, 2, 3 or 4 mgL
-1

 BA (pH 5.8). 

Three explants were cultured per culture bottle and each treatment was repeated 10 times. Cultures were maintained 

in a growth chamber at 25 ºC under a 16-h light/ 8-h dark photoperiod and the number of shoots/per explant was 

counted after four weeks. 

 

Effect of NAA on root induction 

 
Single nodes of 1 cm in length were excised from two-week-old axenic germinated seedlings and cultured on MS 

medium supplemented with 30 gL
-1

 sucrose, 7 gL
-1

 agar and 0, 1, 2, 3 or  4 mgL
-1

 of α-naphthaleneacetic acid 

(NAA) (pH 5.8). One explant was placed in each culture tube and each treatment was repeated 10 times. Cultures 

were maintained in a growth chamber at 25 ºC under a 16-h light/ 8-h dark photoperiod and the percentage of root 

induction per treatment was determined after four weeks. 

 

Hardening off and whole plant regeneration 

 
All in vitro plantlets that produced a root-like structure were placed on MS medium supplemented with 30 gL

-1
 

sucrose and 3.5 gL
-1

 agar to recover for 7 days. The roots of surviving plantlets were subsequently washed in sterile 

H2O to remove agar and then placed in sterile soil medium (50% peat, 25% perlite, 15% vermiculite, 10% coarse 

sand, 50 mgL
-1

 dolomite to pH 7.0. Foliage was covered to maintain high humidity and placed in a controlled 

environment growth room at 20 ºC under a 16-h light/ 8-h dark photoperiod. After 5 days, plants were uncovered 

and removed to the glass house maintained at 20±2 ºC during the months of September-October, Melbourne, 2009 

and those that proceeded to flowering and appeared morphologically normal were noted. 

 

Results and Discussion 

 

Effect of BA on in vitro seed germination 

 
The number of shoots produced per germinated seed was generally not significantly different among genotypes and 

BA concentrations (P<0.05), although seed cultured without BA produced the lowest mean number of shoots at four 

weeks. Of the BA concentrations assessed, 4 mgL
-1

 induced the highest mean number of shoots per germinated seed 

with ILL7537 producing significantly higher shoot numbers (6.70±0.72 shoots). BA promotes cell division, shoot 

proliferation and shoot morphogenesis and has previously been reported to influence the formation of multiple 

shoots from a single seed in a Spanish lentil cultivar (Fratini and Ruiz, 2002). A similar pattern of BA-dependant 

variation in shoot production was also reported from seed of 10 inbred lines of four Lens species; L. culinaris, L. 

nigricans, L. ervodides and L. odemensis (Ye et al. 2002). 
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Although BA is useful for the purposes of producing multiple shoot explants from a single seed for future culture 

manipulation, this hormone has also been reported to inhibit shoot elongation in lentil (Fratini and Ruiz 2002; Ye et 

al. 2002). When seed of the six lentil genotypes in the current study were germinated on MS medium without BA, 

Nipper and ILL6002 produced shoots that were significantly shorter than those of the other four genotypes 

(4.11±0.93 cm and 3.65±0.91 cm, respectively; P<0.05). Subsequently, the shoot lengths of all genotypes assessed 

were significantly shortened by the addition of 1 mgL
-1

 of BA, with Nipper and ILL6002 producing the shortest 

shoots. However, increasing the BA concentration to 2, 3 or 4 mgL
-1

 did not cause any further significant decrease 

in shoot length. 

 

Effect of BA on multiple shoot production 

 
As previously shown from germinated seeds, the mean number of shoots that were multiplied from single excised 

shoot explants was significantly greater when BA was included in the media. However, of all treatments assessed, 

the only significantly responsive genotype was Digger, when placed on media containing 3 or 4 mgL
-1

 BA 

(19.92±2.07 and 12.00±2.49 shoots, respectively). This indicated a genotype-specific response to shoot 

multiplication as previously reported in other crop species (Zhang and Bhalla, 2004; Bhatia et al. 2005). BA 

cytokinin is well known to stimulate adventitious shoot formation and Polanco et al. (1988) previously obtained the 

optimal multiple shoot formation from shoot tips and nodes of three Spanish lentil cultivars on MS medium 

supplemented with 2.25 mgL
-1

 BA. 

 

Effect of NAA on root induction 

 
No root formation was observed on any of the six genotypes cultured on MS medium without the addition of NAA. 

Both Indianhead and IL7537 were the most responsive to NAA, with roots formed from single nodes grown on a 

concentration of 1 mgL
-1

 (30 and 40%, respectively). All of the other genotypes assessed required a NAA 

concentration of ≥2 mgL
-1

 to form a root structure. Of the concentrations assessed, 4 mgL
-1

 NAA was optimal to 

induce roots on all of the genotypes assessed. Polanco and Ruiz (2001) previously reported the stimulatory effect of 

NAA on root induction in lentil, with a rooting efficiency of 89% on 1 mgL
-1

 NAA. Similarly, Ye et al. (2002) 

determined that 1.5 mgL
-1

 NAA induced roots from >50 % of the shoots assessed from four lentil species. 

 

Hardening off and whole plant regeneration 

 
Of the surviving rooted plantlets, Indian head was most successful transferred and survived to flowering and seed set 

with normal morphology (mean of 80% across all treatments), Digger and Nipper were the next most successful 

(40%), then ILL6002 and ILL5588 (20%) with ILL7537 the least successful (10%). 

 

In conclusion, although the effect of BA and NAA were somewhat genotype specific, an efficient and reliable in 

vitro propagation protocol was developed for each of the six genotypes paramount to the Australian lentil breeding 

program. This provides an efficient means for large scale propagation of cloned plantlets from seed culture and may 

be used in future lentil transgenic studies. 

 

Acknowledgments 

 
The authors thank the Australian Temperate Field Crop Collection, Department of Primary Industries (DPI), 

Horsham, Australia, for providing lentil seeds. 

 

References 

 
[1] Ahmad  N, Siddique I, Anis M (2006) Improved plant regeneration in Capsicum annuum L. from nodal segments. 

Biologia Plantarum 50, 701-704. 

 

A

S 
B

S 

C

S 
D

S 



US Open Agricultural Journal                                                                                                                           

Vol. 1, No. 1, March 2014, PP: 1 - 8 

Available online at http://arepub.com/Journals.php  
  

5 

© American Research Publications 

[2] Altaf N (2007) Seed variability in callus regenerated plants of lentil cultivar masoor-85. ELEAFChe 6, 1851-

1859. 

 

[3] Bajaj YPS, Dhanju MS (1979) Rescue of plants from apical meristem tips of some legumes. Current Science 48, 

906-907. 

 

[4] Bhatia P, Ashwath N, Midmore DJ (2005) Effects of Genotype, explant orientation, and wounding on shoot 

regeneration in tomato. In Vitro Cellular and Developmental Biology Plant 41, 457-464. 

 

[5] Chowdhury MA, Andrahennadi CP,  Slinkard  AE, Vandenberg  A (2001) RAPD and SCAR markers for 

resistance to ascochyta blight in lentil. Euphytica 118, 331–337. 

 

[6] Cocu S, Khawar K, Gulbitti-Onarici S, Sancak C, Ozcan S (2003) Plant regeneration from immature embryos of 

lesser burnet (Sanguisorba minor Scop.) in vitro and greenhouse establishment of regenerated plants. S. Afr. J. Bot 

69, 446-447. 

 

[7] Ford R, Pang ECK, Taylor PWJ (1997) Diversity analysis and species identification in Lens using PCR 

generated markers. Euphytica. 96 (2): 247-255. 

 

[8] Ford R, Pang ECK, Taylor PWJ (1999) Genetics of resistance to ascochyta blight (Ascochyta lentils) of lentil 

and the identification of closely linked RAPD markers. Theoretical and Applied Genetics 98, 93-98. 

 

[9] Fratini R, Ruiz ML (2002) Comparative study of different cytokinins in the induction of morphogenesis in lentil 

(Lens culinaris Medik.). In Vitro Cellular and Developmental Biology Plant 38, 46-51. 

 

[10] Fratini R, Ruiz ML (2006) Interspecific hybridization in the genus Lens applying in vitro embryo rescue. 

Euphytica 150, 271-280. 

 

[11] Fratini R, Ruiz ML (2008) Micropropagation of intra and interspecific Lens hybrids. Euphytica 159, 199-206. 

 

[12] Gulati A, Schryer P, McHughen A (2001) Regeneration and Micrografting of lentil shoots. In Vitro Cellular 

and Developmental Biology-Plant 37, 798-802. 

 

[13] Malik KA, Saxena PK (1992) Thidiazuron induces high-frequency shoot regeneration in intact seedlings of pea 

(Pisum sativum), chickpea (Cicer arietinum) and lentil (Lens culinaris). Australian Journal Plant Physiology 19, 

731-740. 

 

[14] Materne M (2002) Development of new lentil varieties. Eureka a final report summery. Grains Research & 

Development Corporation Pp3. 

 

[15] Muehlbauer  FJ, Cho S, Sarker A, McPhee KE, Coyne CJ, Rajesh PN, Ford R (2006) Application of 

biotechnology in breeding lentil for resistance to biotic and abiotic stress  Euphytica 147, 149-165. 

 

[16] Murashige TF, Skoog F (1962) A revised medium for rapid growth and bioassay with tabacco tissue culture.  

Physiologia Plantarum 15, 473-497. 

 

[17] Mustafa BM, Coram TE, Pang ECK, Taylor PWJ, Ford R (2009) A cDNA microarray approach to decipher 

Ascochyta blight resistance in lentil. Australasian Plant Pathology 38, 617-631. 

 

[18] Nguyen TT, Taylor PWJ, Brouwer JB, Pang ECK, Ford R (2001) A novel source of resistance in lentil (Lens 

culinaris ssp. culinaris) to ascochyta blight caused by Ascochyta lentis. Australasian Plant Pathology 30, 211–215 

 

[19] Polanco MC, Pelaez MI, Ruzi ML (1988) Factors affecting callus and shoot formation from in vitro cultures of 

Lens culinaris Medik. Plant cell Tissue Organ Culture 15, 175-182. 

 

http://www.jstor.org.ezp.lib.unimelb.edu.au/action/showPublication?journalCode=invitrcelldeveplan


US Open Agricultural Journal                                                                                                                           

Vol. 1, No. 1, March 2014, PP: 1 - 8 

Available online at http://arepub.com/Journals.php  
  

6 

© American Research Publications 

[20] Polanco MC, Ruiz ML (1997) Effect of benzylaminopurine on in vitro and vivo root development in lentil, Lens 

culinaris Medik. Plant Cell Reports 17, 22-26. 

 

[21] Polanco MC, Ruiz ML (2001) Factors that affect plant regeneration in vitro culture of immature seeds in four 

lentil cultivars. Plant Cell Tissue and Organ Culture 66, 133-139. 

 

[22] Sarker RH, Mustafa BM, Biswas A, Nahar SMM, Hashem R,  Hoque MI (2003) In vitro regeneration in Lentil 

(Lens culinaris Medik). Plant Tissue Culture 13, 155-163. 

 

[23] Saxena PK, King J (1987) Mophogenesis in Lentil: Plant regeneration from callus cultures of Lens culinaris 

Medik via somatic embryogenesis. Plant Science, Irish Republic 52, 223-227. 

 

[24] Singh RK, Raghuvanshi SS (1989) Plantlet regeneration from nodal segmentand shoot tip dervied explants of 

lentil. Lens Newsletter 16, 33-35. 

 

[25] Tar'an B, Buchwaldt
 
L, Tullu

 
A, Banniza

 
S, Warkentin

 
TD, Vandenberg A (2003) Using molecular markers to 

pyramid genes for resistance to ascochyta blight and anthracnose in lentil (Lens culinaris Medik). Euphytica 134, 

223-230. 

 

[26] Wakentin TD, McHughen A (1993) Regeneration from lentil cotyledonary nodes and potential of this explant 

for transformation by Agrobacterium tumefaciens. Lens Newsletter 20, 26-28. 

 

[27] Williams DJ, McHughen A (1986) Plant regeneration of the legume Lens culinaris Medik (lentil) in vitro. Plant 

Cell Tissue Organ Culture 7, 149-153. 

 

[28] Ye G, McNeil DL, Conner AJ, Hill GD (2002) Multiple shoot formation in lentil (Lens culinalis) seeds. New 

Zealand Journal of Crop and Horticultural Science 30, 1-8. 

 

[29] Ye G, McNeil DL, Hill GD (2003) Inheritance of foliar resistance to ascochyta blight in lentil (Lens culinaris). 

New Zealand Journal of Crop and Horticultural Science 31, 77-83. 

 

[30] Zang Y, Bhalla PL (2004) In vitro shoot regeneration from commercial cultivars of Australian canola (Brassica 

napus L.) Australian Journal of Agricultural Research 55, 753-756. 



US Open Agricultural Journal                                                                                                                           

Vol. 1, No. 1, March 2014, PP: 1 - 8 

Available online at http://arepub.com/Journals.php  
  

7 

© American Research Publications 

M
ea

n
 n

o
. 
o
f 

sh
o
o
ts

 p
er

 g
er

m
in

at
ed

 s
ee

d
 

0

1

2

3

4

5

6

7

8

0 1 2 3 4

ILL5588

Digger

Nipper

ILL7537

Indianhead

ILL6002

BA concentration (mgL
-1

) 

Figure 1: The shooting response of germinating seeds of six important lentil parental genotypes to 

BA concentration in MS medium. 
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Figure 2: The mean length of shoots from germinating seeds of six important lentil parental 

genotypes on BA concentrations in MS medium. 
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Figure 3: Mean number of shoots multiplied from a single shoot explant of six important lentil 

parental genotypes in response to BA concentration in MS medium. 
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Figure 4: Percent of multiplied shoots that formed a root for six important lentil parental genotypes 

in response to NAA concentration in MS medium. 
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