In vitro New Approaches for Shortening of Generation Cycles and Faster Breeding of Grass pea (Lathyrus sativus L.)
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Abstract: Flowering is a complex process regulated by a combination of genetic and environmental factors. Grass pea (Lathyrus sativus L.) grows as long day plant under natural conditions with single breeding cycle per annum. There is need to develop strategies by accelerating breeding activities making it possible to grow more than one generation per annum that is impossible under natural conditions. In line with this objective, this mopho physiological study searched for alternatives by treating explants in vitro with 6-benzylaminopurine (BAP) and α-naphthaleneacetic acid (NAA) to induce earlier flowering with aim of leading to accelerated breeding. Nodal junctions bearing about 0.5 cm portion of internodes on both sides were used as explants. The Murashige and Skoog (MS) medium supplemented with 2 mg L-1 BAP and 1 mg L-1 NAA was found optimum for production of multiple shoots. The regenerated plantlets induced floral buds and flowers within two weeks of culture on MS medium supplemented with 0.1 - 0.5 mg L-1 BAP. Flowering was observed on the regenerated plantlets with an average number of 4.30± 0.32 flowers per plantlet that continued during acclimatization. In vitro rooting was observed (83.43±2.92%) in the presence of MS medium containing 0.10 mg L-1 indole butyric acid (IBA). The regenerated plants were acclimatized in the greenhouse, where they set seeds. It was concluded that it was possible to obtain 4.3 generations per annum. The results are very encouraging and could save time significantly for accelerated breeding of grass pea.
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1. Introduction
Selection in segregating populations is a very important step in plant breeding. Time taken to obtain a fixed line with desired traits is often a very critical factor in slowing down the genetic gains in breeding programs [1]. Thus breeders are continuously in search of new methods that could accelerate the process of conversion of vegetative to generative growth and induce precocious flowering. 
Grass pea (Lathyrus sativus L.) is highly plastic plant that grows well both under high temperature   subtropics [2] and adapted well to temperate climates [3].   Photoperiod and temperature affect flowering induction    under field conditions [4, 7]. Grass pea  takes 120 - 140 days to flower  under field conditions in  West Asia and 80-100 days in  South Asia; where, it is not feasible to have two or three generations of grass pea unless geographical differences in latitude or altitude are exploited to avoid possible crop failure [4]. Depending on genotypes and the environments, grass pea takes more than 25-45 days post-anthesis for pod filling process before reaching the physiological maturity [5]. Grass pea favors self pollination, with some out-crossing that is dependent on genetic or environmental factors with range of 9.8 to 27.8% [6] based on natural pollination mechanism/s that can increase heterogeneity among grass pea populations sown closer to each other. The presence of a high frequency of polyploid cells in another L. latifolius x L. heterophyllus hybrid (WP x het2) is a reflection of numerical chromosome instability which has been reported for several other Lathyrus species and hybrids [7, 9, 11].
Appreciable progress has not been made in advancement of grass pea using genetic & genomic, biochemical, morpho physiological, and molecular physiologic approaches in the past; as it is often included among neglected and orphan crops. This is further complicated by crossability relationships in Lathyrus species that have been grouped into primary, secondary and tertiary gene pools [8]. Therefore, development of genetic resources is of paramount importance for grass pea improvement [4]. These species may play an important role in the genetic improvement of the cultivated species. For example, a β-ODAP (β-N-oxalyl-l-α, β-diaminopropionic acid) free genotype has been identified in L. tingitanus, which can be used to develop toxin-free grass pea varieties [9] by back cross. However, such transfer through traditional crossing is restricted among the readily crossable species like L. cicera and L. amphicarpus [10]. Biotechnological approaches could prove an excellent tool   to transfer genes from secondary and tertiary gene pools. 

An in vitro system could be an excellent and convenient tool to switch vegetative growth to reproductive growth in flowering plants. Establishing a reliable in vitro protocol to induce precocious flowering in higher plants especially grass pea could help in accelerated breeding. Tissue culture techniques have potential to significantly shorten growth cycle and establish cultures that can be used in breeding [1, 11] and genetic transformation studies [12]. 

Flowering is considered as a complex process regulated by a combination of genetic and environmental factors, including light, pH, carbohydrates and plant growth regulators (PGRs) used in the culture medium [11, 13, 14]. In vitro flowering may also be used for rapid generation turnover by shortening the breeding cycle and distant hybridization among genotypes of different crop duration by synchronizing their flowering events. In vitro flowering has been reported for species like Pisum sativum L. [11], Oscimum basilicum [15], Phoenix dactylifera [16] and roses [17]. Ammar et al.[16] and Wang et al. [17] emphasize that in vitro floral induction is also influenced by combination of thidiazuron (TDZ) or zeatin and NAA.   

It is very difficult to understand flowering behavior of plants that has major effect on plant yield, productivity [18, 19] and breeding activities. There have been a few reports on in vitro regeneration of shoots and roots in grass pea [20, 21, 22], and any study relating to important adaptive trait of in vitro flowering has not been reported yet. Genetic network that regulates the transition to flowering in most of the plants [23, 24] show distinct gaps in current understanding of flowering mechanisms[19, 25]. Therefore, present study aimed to design a morpho physiological approach to improve in vitro shoot regeneration from nodal junctions of grass pea as explants to induce early flowering in relation to BAP treatment under controlled photoperiod conditions as a first step towards this direction. 
2. Materials and methods
2.1. Seed sterilization 
The seeds of grass pea cv. Gurbuz were obtained from the Department of Field Crops, Ankara University, Ankara, Turkey. They were washed in running tap water followed by surface sterilization using 30% H2O2 and three drops of Tween-20 for 20 min. This was followed by 3 × 5 min rinsing with sterile distilled water and blotting onto tissue paper. The sterilized seeds were germinated on Paper Bridge in water culture in test tubes. The nodal junction (about 0.5 cm portion of internode on both sides) explants were excised aseptically (Fig. 1a) and cultured on regeneration medium after one week of seed germination, when the plantlets achieved height of 5 - 6 cm. 
All culture media were autoclaved for 20 min at 1.4 kg cm−2, the pH was adjusted to 5.6 - 5.8 with 1N NaOH or 1N HCl; unless otherwise specified in the main text separately. All cultures were grown at 25 ± 2oC with a 16/8-h (light/dark) photoperiod. Light was supplied at intensity of 25 µmol m-2 s-1 by cool-white fluorescent lamps. 

2.2. Multiple shoots induction and in vitro flowering
Nodal junction was used as explants for organogenesis response in the species. The Murashige and Skoog [26] regeneration medium supplemented with 3% (w/v) sucrose and 0.3% (w/v) Gelrite was manipulated with a combination of BAP and NAA for shoot multiplication. A total of 10 combinations involving five concentrations of BAP (0.1, 0.25, 0.50, 1 and 2 mg L-1) with two concentrations of NAA (1 and 2 mg L-1) were tested.  Each treatment was replicated thrice and subcultured to fresh media at three weeks’ interval. Observations were recorded on number of multiplied shoots per explant and shoot length at the end of the experiment. The regenerated shoots (3 - 4 cm long) on MS basal medium supplemented with 0.1, 0.25 and 0.50 mg L-1 BAP were transferred to MS medium for two weeks to induce in vitro flowering and shoot elongation.    
2.3. Rooting
Elongated (6 - 7 cm long) and multiplied regenerated shoots that were induced on nodal junctions were used for the rooting experiment. Half strength of MS medium micro, macro elements and vitamins with 0.10, 0.25 and 0.50 mg L-1 IBA or without plant growth regulators were used to evaluate their effects on rooting. The cultures were kept at 25 ± 2 °C in 16 h light and 8 h dark cycle in the growth chamber. For rooting experiment, 6 - 8 multiplied shoots were used and each treatment was replicated thrice. Data on rooting percentage (%), mean number of roots per explant, and mean root length were recorded after three weeks of culture.
2.4. Acclimatization 

Healthy 150 plantlets with well-developed root and shoot systems were selected for acclimatization. They were removed from the culture media, washed in running tap water to remove agar containing media sticking to the roots followed by transfer to 12 cm diameter plastic pots containing 0.62 liter of either peat moss or peat moss-clay soil (2:1). Each vessel or pot was covered with a transparent polyethylene bag to create a high relative humidity; afterwards, the polythene bags were gradually opened. The acclimatized plants were maintained under ambient daylight conditions at 19-23°C in the greenhouse. 

2.5. Statistical analysis 

Data were subjected to one-way analysis of variance (ANOVA, SPSS for Windows v. 12., SPSS, USA), and the post hoc tests were performed using least squares difference (LSD) and Tukey’s b test. The treatments were arranged in a completely randomized design. Data given in percentages were subjected to arcsine (√X) transformation [27] before statistical analysis.
3. Results
3.1. Multiple shoots induction 
Seeds showed germination in vitro two days after inoculation on paper bridge water culture. The seedlings showed growth of 5 - 6 cm within a period of one week. Nodal junctions explants were transferred to MS basal medium containing 10 different combinations of BAP (0.10 - 2 mg L-1) with NAA (1 and 2 mg L-1) for multiple shoot induction in cultured explant. Plant growth regulators affected the frequency (%) of shoot induction (F=23.78; df =9, 20; p≤ 0.001), number of shoots per explant (F=313.08; p≤ 0.001), and shoot length (F=40.757; p≤ 0.001). They also showed significant effects on callus (F=22.05 p≤ 0.001) and root induction (F=16.67; p≤ 0.001). Shoot regeneration was achieved on all media (Table 1). It was observed that increasing BAP concentration increased shoot elongation. 
Variable shoot regeneration was observed on MS medium containing various BAP-NAA combinations. The regenerated shoots obtained maximum growth after three weeks of culture. The results showed no or poor shoot induction and profuse rooting on MS medium containing 0.1 mg L-1 BAP plus 1 or 2 mg L-1 NAA (Fig. 1b). Shoot induction was noted with all the 10 BAP-NAA treatments and callus induction with only 8 BAP-NAA combinations. It indicates that there is no difference between any combinations of BAP at 1 or 2 mg L-1 and NAA at 1 or 2 mg L-1 in terms of shoot induction (Fig. 1c). The most of the explants increased in length, when subcultured after three weeks interval. The maximum number of 15.43 ±0.02 shoots per explant that were also the longest shoots (4.63± 0.93 cm) were induced on MS medium containing 2 mg L-1 BAP - 1 mg L-1 NAA (Table 1 and Fig. 1d). The results showed that BAP-NAA combinations in the MS medium affected shoot length as well as number of shoots. Reduced shoot number and length were noted on explants that induced callus as they had shorter nodes that affected the cumulative length of the shoots.  Root induction (76.03 ±2.11%) was also observed at the lower concentration of BAP (0.10 mg L-1) combined with higher concentration of NAA (2 mg L-1).   Root induction was inhibited at the higher concentration of BAP (≤ 1 mg L-1) combined with higher concentration of NAA (≤ 1 mg L-1). 
3.2.  In vitro flowering 
Sub-culture of regenerated plants on MS medium containing BAP (0.1- 0.50 mg L-1) showed morphogenetic differentiation after two weeks of culture and induced early flowering that continued to 4 -5 flowers per plantlet in the rooting medium as well as greenhouse. The ANOVA results also confirmed significant differences in shoot multiplication percent (F=36.18; df =2, 6; p≤ 0.001) and number of flowers per plantlet (F=14.77; p≤ 0.01). 
  Maximum shoot multiplication response in the term of percentage (90.12 ±3.47%) and shoots length (7.88 ±0.56 cm) was obtained on MS medium containing 3% sucrose and 0.25 mg L-1 BAP after two weeks of culture. Initial maximum change of 36.15± 1.91% from vegetative to generative stage with 4.3 flowers per plantlet was noted on the same medium (Table 2 and Fig. 1e, 1f). Initial change from vegetative to generative stage on explants cultured on MS medium containing 0.10 mg L-1 BAP (2.56% with 0.33 flowers per plantlet) and 0.50 mg L-1 BAP (4.76% with 0.66 flowers per plantlet) remained statistically similar. This flowering or generative stimulus was enough to continue flowering in the greenhouse.  Fastest achievement of 100% flowering in two weeks time was noted on 0.25 mg L-1 BAP treated explants. While, plantlets developing on other treatments achieved 100% flowering in 4 - 5 weeks time in the greenhouse (data not shown). No visible differences were recorded in morphology of flowers obtained on in vitro regenerated plants and the plants obtained from seeds.  Other combinations of BAP were found to negatively affect shoot multiplication and flower formation.
3.3. Rooting and acclimatization 
The regenerated shoots were rooted on ½ strength MS medium with or without IBA (Table 3). The presence of an auxin was necessary to enhance rooting, no rooting was observed in the absence of auxin (control). Root initiation was observed in most shoots two weeks after transfer to basal medium. In vitro regenerated flowering plants induced multiple shoots at the lower part of the plant.  No obstacle was recorded with or without these shoots on hardening of plants. The response of shoots to rooting was improved using low (0.10 mg L-1) concentration of IBA (Fig. 1g). Maximum root induction (%), mean number of roots per explant and root length was noted using ½ × MS medium containing 0.10 mg/l IBA. No rooting was noted on ½ × MS medium used as control.  Significant root multiplication response in percent (F=88.71; df=3, 8; p≤ 0.001) and mean number of roots per plantlet (F=75.83; p≤ 0.001) were observed; whereas root multiplication response (83.43± 2.92%), mean number of roots (7.33± 0.62) and the mean root length per plantlet (5.63± 1.46 cm) were obtained on ½ MS medium containing 0.10 mg L-1 IBA (Table 3). The results showed that rooting percentage and mean root length decreased drastically with increasing concentration of IBA. As explained in materials and methods 150 plantlets with well-developed roots were transferred to plastic pots containing 0.62 liter each of peat moss or peat moss-clay soil (2:1) in the greenhouse. The regenerated plant acclimatized on peat moss had strong root system with approximately 0.1 to 0.2 cm thick roots that tapered to hair like structures at growing ends by developing filamentous roots with lateral spread. 
Plant survival percentage remained 73% on peat moss + clay (2:1) and 85% on peat moss after three weeks of hardening. All the mature regenerated plants induced 4 - 5 pods per plant that developed into normal seeds. All developing pods contained 2 - 3 seeds that were morphologically similar to the seeds obtained from field grown plants.
4. Discussion
Plant regeneration by seeds is the major technique in legumes and grass pea is no exception [28, 29]. Biotechnology tools provide the possibility of inducing early generative phase in cultured plants that may help in accelerating breeding by shortening life cycle [11, 13].  
The present study provides both a reliable and significantly improved in vitro regeneration compared to previous reports [20, 21] and accelerated flowering in grass pea. The study reports maximum shoot regeneration using nodal junction explants with 87.90% shoot regeneration frequency, 15.43 ±0.02 shoots per explant and 4.63± 0.93 cm shoot length  on 2 mg L-1 BAP + 1 mg L-1 NAA  in the MS medium. The results are improvement over the results of Barik et al.[20] and Barpete et al.[21]. Barik et al.[20] achieved maximum number of 8.2 shoots per explant with root length of 4.1 cm. whereas; Barpete et al.[21] noted maximum number of 8 shoots per explant with 4 cm long shoots.  A comparison of three regeneration studies show genotype, age and type of explant significantly affects regeneration capacity.  
The most important observation in the present experiment pertains to accelerated flowering, never reported or observed earlier in grass pea. The present experimental arrangement helped in accelerated transformation of in vitro regenerated plantlets from vegetative to generative stage bearing fertile floral buds and flowers. All flowers matured and set healthy fertile seeds in pods. The results are contrary to the findings of Basaran et al.[30] and Kumar et al.[4]. They report that grass pea is a long-day plant and flowering is achieved only after 174 - 184 days (24.85 - 26.28 weeks) and 120 - 142 days (17 - 20.9 weeks) on sowing in open fields under Turkish and Indian conditions respectively. This study reports flowering of grass pea after 7 weeks of explants culture (16-h light photoperiod) under in vitro conditions. It is assumed that 16 h light photoperiod and regeneration on BAP containing medium stimulated early transition from vegetative to generative growth in line with Heylen and Vendrig [13]. The precocious flowering induced under in vitro conditions in this study continued during rooting and acclimatization and approached 100% when the plants were transferred to greenhouse. This is an important development in grass pea and could be used as an excellent tool to accelerate breeding and hybridization by accelerated selection in segregating populations of hybrids and pure lines without dependence on geographical factors or season [11]. 
The important role of auxin in flower induction and development has been reported in green pea[31] and Vigna mungo [32]. However, in some species, auxin is either ineffective [33] or inhibitory [34] for floral development. In this study, BAP used singly in the culture medium was effective for floral induction in grass pea, when used at low concentrations (0.25 mg L-1) and promoted induction of floral buds. These results are in agreement with Fujioka et al. [35] and Nagdauda et al. [36] who reported in vitro flowering in pea and bamboo under the influence of cytokinins. Similarly, Kostenyuk et al. [37] also suggested beneficial effects of cytokinin (2.5 mg L-1 TDZ) on the induction of in vitro flowering in orchids. Cytokinins induce precocious flowering signals in Cymbidium niveo and tobacco as well [38, 39]. First flower induction was noted after one week of sub-culturing the explants leading to the development of four to five flowers per plantlet on growing shoots that continued to blossom under greenhouse conditions.  It is assumed that cytokinins evoked floral induction by early transition from vegetative to generative stage that affected early mitotic activity regulation leading precocious initiation of axillary meristems [15, 40]. Moreover, no floral induction was noted on shoots cultured on MS medium without PGRs.
Precocious floral induction is meaningless if the growing roots can not be rooted and acclimatised under external conditions. The present study distinctly showed no rooting on shoots cultured on MS medium without PGRs. Ochatt et al. [41] and Barpete et al. [42] suggested that the use of PGRs must be used for root initiation in protein peas and grass pea respectively. The results also clearly distincts effectiveness of MS basal medium containing 0.10 mg L-1 IBA for inducing maximum rooting (83.43± 2.92%), mean number of  roots per explants and root length post flowering. Comparing studies by Barik et al. [20] and Barpete et al. [21] with this study, the results emphasize use of low concentration of IBA (0.10 mg L-1) for improved precocious rhizogenesis, number of roots per explant and root length.  Barik et al. [20] and Barpete et al. [21] reported 75 and 78% root induction using 0.25 mg L-1 IBA or 2.85µM indole-3-acetic acid respectively. The results are not in agreement with Barik et al. [20] in days to achieve rooting; who reported 30 days to root micropropagated plants. Present study reports 7.33± 0.62 roots per explant with 5.63± 1.46 cm long roots.  Barik et al. [20] achieved maximum number of 3.6 roots per explant with root length of 3.9 cm. Similarly, Barpete et al. [21] noted average number of 6 roots per explants with 5 cm long roots.   
Another important aspect of in vitro flowering reported in this study is survival of flowering plants outside culture vessels in pots during hardening and acclimatization in the greenhouse.  Major problem in most in vitro derived plants is a desiccation shock experienced   just after transplantation [22, 42, 43]. This is fatal during the initial days of establishment. No negative effects of   desiccation shock were observed on the transplanted material in the present study, irrespective of their growth stage (vegetative, early or late generative stage), and almost all transplanted plant recovered in a short time under the greenhouse conditions. All rooted plants transferred to the greenhouse were at least 8–10 cm tall and included a minimum of 4-5 elongated nodal junctions fused with a branched root system resulting in   85% successful acclimatization of plants in peat moss within three weeks (Fig. 1h).   
This paper presents a simple and reliable morpho physiological approach to achieve an in vitro system for increasing number of grass pea generations in a reduced time (one week to obtain explant from germinated seedlings, five weeks for regeneration and induction of early flowering, three weeks for rooting, three weeks for hardening, acclimatization and full blooming to obtain mature seeds) and confirms 4.3 generations of grass pea per annum. 
Although flowering could be linked with a hormone equilibrium, there is need to carry out further genetic, biochemical and molecular physiologic studies for a better understanding of the flowering process, in grass pea. The morpho physiological observations reported here are novel and this protocol can be used to obtain approximately 4 - 5 generations per annum with mid to late flowering genotypes. Grass pea genotypes are usually released after 6 - 8 generations of self pollination to achieve an appropriate level of homozygosity. Decreasing the length from F1 to F7 generation will overcome this breeding bottleneck and accelerate possibility of genetic improvement of grass pea with accelerated selection. Consequently, this in turn will help in grass pea improvement for reduction of ODAP neurotoxin meaningfully.  
Acknowledgements 

The researchers are thankful to the International Center for Agricultural research in the Dry Areas (ICARDA), Rabat, Morocco; Ankara University, Ankara, Turkey; and The Scientific and Technological Research Council of Turkey (TUBITAK) for supporting the research work.  
References
[1]
Z. Zheng H.B. Wang, G.D. Chen, G.J. Yan, C.J. Liu, A procedure allowing up to eight generations of wheat and nine generations of barley per annum, Euphytica 191 (2013) 311-316.
[2] 
C.D.M.  responses to seasonal cues.































































































Sarwar, A. Sarkar, A.N.M.M. Murshed, M.A. Malik, Variation in natural population of grass pea, (1995), pp. 161-164 in Lathyrus sativus and Human Lathyrism: Progress and Prospects (H.K.M. Yusuf, F. Lambein, eds.) Proc. 2nd Int. Colloq. Lathyrus/ Lathyrism, Dhaka, 10-12 December 1993. University of Dhaka.

[3]    
A.M. Haqqani, M. Arshad, Crop status and genetic diversity of grasspea in Pakistan, (1995), pp. 59-65 in Lathyrus Genetic Resources in Asia. Proceedings of a Regional Workshop, 27-29 December 1995, Indira Gandhi Agricultural University, Raipur, India (R.K. Arora, P.N. Mathur, K.W. Riley, Y. Adham, eds.). IPGRI Office for South Asia, New Delhi, India.
[4]
S. Kumar, P. Gupta, S. Barpete, A. Sarker, A. Amri, P.N. Mathur, M. Baum, Grass pea. In: M. Singh, H.D. Upadhyaya, I.S. Bisht (eds) Genetic and Genomic Resources for Grasspea Improvement, (2013), pp.269-293 DOI: http://dx.doi.org/10.1016/B978-0-12-397935-3.00011-6.

[5]
S. Kumar, G. Bejiga, S. Ahmed, H. Nakkoul, A. Sarker, Genetic improvement of grasspea for low neurotoxin (ODAP) content, Food Chem. Toxicol. 49 (2011) 589-600.
[6]
M.M. Rahman, J. Kumar, M.A. Rahaman, M.A. Afzal, Natural outcrossing in Lathyrus sativus L. Ind. J. Genet. 55 (1995) 204-207.
[7]
S. Barpete, Genetic associations, variability and diversity in biochemical and morphological seed characters in Indian grass pea (Lathyrus sativus L.) accessions, Fresenius Environm. Bullet. 24 (2015) 1-6.

[8]
M.T. Jackson, A.G. Yunus, Variation in the grasspea (L. sativus L.) and wild species, Euphytica 33 (1984) 549–559.

[9]
M. Zhou, A.K. Arora, Conservation and use of underutilized crops in Asia. In: Arora, RK, Mathur PN, Riley KW, Adham Y (eds), Lathyrus genetic resources in Asia: International Plant Genetic Resources Institute, Rome, Italy, 1996, pp 91-96. 

 [10]
S.J. Ochatt, P. Durieu, L. Jacas, C. Pontecaille, Protoplast, cell and tissue cultures for the biotechnological breeding of grasspea (Lathyrus sativus L.), Lathyrus Lathyrism Newslett. 2 (2001) 35-38.

[11]
F.M. Ribalta, J.S. Croser, W. Erskine, P.M. Finnegan, M.M. Lulsdorf, S.J. Ochatt, Antigibberellin-induced reduction of internode length favors in vitro flowering and seed-set in different pea genotypes, Biol. Plant 58 (2014) 39-46.

[12]
D.P. Barik, U. Mohapatra, P.K. Chand, Transgenic grasspea (Lathyrus sativus L.): factors influencing Agrobacterium-mediated transformation and regeneration, Plant Cell Rep. 24 (2005b) 523–531.

[13]
C. Heylen, J.C. Vendrig, The influence of different cytokinins and auxins on flower neoformation in thin cell layers of Nicotiana tabacum L., Plant Cell Physiol. 29 (1988) 665–671. 

[14]
B. Piwowarczyk, A. Pindel, E. Muszyńska, Callus induction and rhizogenesis in Lathyrus sativus L., Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 64 (2016) 123–128, http://dx.doi.org/10.11118/actaun201664010123.
[15]
S. Sudhakaran, V. Sivasankari, In vitro flowering response of Oscimum basilicum L., J. Plant Biotechnol. 4 (2002) 181-183.
[16]
S. Ammar, A. Benbadis, B.K. Tripathi, Floral induction in date palm seedlings (Phoenix dactylifera var. Deglet Nour) cultured in vitro, Can. J. Bot. 65 (1987) 137-142.

[17]
G.Y. Wang, M.F. Yuan, Y. Hong, In vitro flower induction in roses, in vitro cellular and developmental biology, Plant, 38 (2002) 513-518.

[18]  
C. Jung, A.E. Muller Flowering time control and applications in plant breeding. Trends Plant Sci. 14 (2009) 563–573.

[19]  
J. Putterill, L. Zhang, C.C. Yeoh, M. Balcerowicz, M. Jaudal, E.V. Gasic,  FT genes and regulation of flowering in the legume Medicago truncatula., Functional Plant Biol. 40 (2013) 1999-1207. http://dx.doi.org/10.1071/FP13087.

[20]
D.P. Barik, U. Mohapatra, P.K. Chand, High frequency in-vitro regeneration of Lathyrus sativus L.,  Biol. Plant, 49 (2005a) 637-639.

[21]
S. Barpete, N.C. Sharma, D. Parmar, M. Dhingra, In-vitro regeneration of Lathyrus sativus L., Nat. J. Life Sci. 05 (2008) 207-210. 
[22]
S. Barpete, K.M. Khawar, S. Özcan, Differential competence for in vitro adventitious rooting of grass pea (Lathyrus sativus L.), Plant Cell Tiss. Org. Cult. 119 (2014) 39-50.
[23] 
A. Srikanth, M. Schmid, Regulation of flowering time: all roads lead to Rome, Cell. Mol. Life Sci. 68 (2011) 2013–2037.

[24]
F. Andres, G. Coupland, The genetic basis of flowering responses to seasonal cues, Nat. Rev. Genet. 13 (2012) 627–639.

[25] 
A.C.S. Wong, V.F.G. Hecht, K. Picard,  P. Diwadkar,  R.E. Laurie, J. Wen, et al., Isolation and functional analysis of CONSTANS-LIKE genes suggests that a central role for CONSTANS in flowering time control is not evolutionarily conserved in Medicago truncatula, Front. Plant Sci. 5 (2014) 486. doi: 10.3389/fpls.2014.00486.
[26]
T. Murashige, F. Skoog, A revised medium for rapid growth and bioassay with tobacco tissue cultures, Physiol. Plant, 15 (1962) 473-497.

[27]
G.W. Snedecor, W.G. Cochran, Statistical methods. The Iowa State University Press, Iowa, USA, 1967, pp 327-329.

[28]
S.J. Ochatt, C. Conreux, L. Jacas, Flow cytometry distinction between species and between landraces within Lathyrus species and assessment of true-to-typeness of in vitro regenerants, Plant Syst. Evol. 299 (2013) 75-85.

[29]
M.C. Vaz Patto, H.D. Hanbudry, M. Van Moorhem, F. Lambein, S. Ochatt, D. Rubiales, Grass pea In: M.P. Vega de la, A.M. Torres, J.I. Cubero, C. Kole, (eds) Genetics, genomics and breeding of cool season grain legumes, Science, Lebanon, 2011, pp 151-204.

[30]
H. Basaran, A. Mut, U. Önal, Z. Acar, I. Ayan, Variability in forage quality of Turkish grass pea (Lathyrus sativus L.) landraces, Turk. J. Field Crops, 16 (2011) 9-14.

[31]
G. Franklin, P.K. Pius, S. Ignacimuthu, Factors affecting in vitro flowering and fruiting of green pea (Pisum sativum L), Euphytica, 115 (2000) 65–73. 

[32]
S. Ignacimuthu, G. Franklin, G. Melchias, Multiple shoot formation and in vitro fruiting of Vigna mungo (L.) Hepper, Curr. Sci. 73 (1997) 733–735.

[33]
R. Rastogi, V.K. Sawhney, The role of plant growth regulators, sucrose and pH in the development of floral buds of tomato (Lycopersicon esculentum Mill) cultured in vitro, J. Plant Physiol. 128 (1987) 285-295.

[34]
M.H. Deaton, J. Buxton, T.R. Hamilton-Kemp, The effects of growth regulators on development of Nicotiana affinis flowers in vitro, Hort. Sci. 19 (1984) 509-511.

[35]
T. Fujioka, M. Fujita, Y. Miyamoto, In vitro flowering and pod setting of non-symbiotically germinated pea, J. Jap. Soc. Hort. Sci. 68 (1999) 117–123.

[36]
R.S. Nagdauda, V.A. Parasharami, A.F. Mascarenhas, Precocious flowering and seeding in tissue-cultured bamboos, Nature, 344 (1990) 335-336.

[37]
I. Kostenyuk, B.J. Oh, L.S. So, Induction of early flowering in Cymbidium niveo marginatum Mak in vitro, Plant Cell Rep. 19 (1999) 1-5.

[38]
A.J.M. Peeters, G. Gerards, G.W.M. Barendse, G.J. Wullems, In vitro flower bud formation in tobacco: interaction of hormones, Plant Physiol. 97 (1991) 402-408.

[39]
F. Bonhomme, B. Kurz, S. Melzer, G. Bernier, A. Jacqmard, Cytokinin and gibberellin activate SaMADSA, a gene apparently involved in regulation of the floral transition in Sinapis alba, Plant J. 24 (2000) 103-111.

[40]
A. Kiełkowska, Sex expression in monoecious cucumbers micropropagated in vitro, Biol. Plant, 57 (2013) 725-731.
[41]
S.J. Ochatt, P.C. Caille, M. Rancilac, The growth regulators used for bud regeneration and shoot rooting affect the competence for flowering and seed set in regenerated plants of protein peas, In vitro Cell Dev. Biol.-Plant 36 (2000) 188-193.

[42]
S. Barpete, M. Aasim, K.M. Khawar, S.F. Özcan, S. Özcan, Preconditioning effect of cytokinins on in vitro multiplication of embryonic node of grass pea (Lathyrus sativus L.), Turk. J. Biol. 38 (2014b) 485-492.

[43]
T. Kozai, Micropropagation under autotrophic conditions. In: P.C. Debergh, R. Zimmermann, (eds) Micropropagation, technology and application, Kluwer, Netherlands, 1991, pp 447–469.

Table 1. Shoot induction from nodal junction explant of grass pea inoculated on MS medium containing BAP (0.10 – 2.0 mg L-1) and NAA (1- 2 mg L-1) after three weeks of culture.
	   MS + Treatments mg L-1
	Shoot induction (%)
	Number of shoots/ explants
	Shoot length (cm)
	Callus* induction (%)
	Callus formation
	Root induction (%)
	Number of roots/ explants
	Roots length (cm)

	BAP 
	NAA  
	
	
	
	
	
	
	
	


	0.10
	1.0
	4.73± 0.29 e
	0.33±0.03 d
	0.13± 0.04d
	52.36±2.84 a b
	+
	39.20±2.43 b
	1.80±0.90 a b c
	1.26± 0.11a

	0.10
	2.0
	9.56 ±1.79e
	0.33 ±0.01d
	0.10 ±0.00d
	49.96±3.27 a b
	+
	76.03 ±2.11a
	4.36±0.51 a
	0.66 ±0.02a b

	0.25
	1.0
	40.73± 1.15c d
	1.30 ±0.07d
	0.46 ±0.03c d
	37.16± 2.92b c
	+
	42.60± 2.87b
	1.96± 0.62a b c
	1.26± 0.08a

	0.25
	2.0
	20.53±1.06 c d e
	1.00± 0.05d
	0.53 ±0.08c d
	24.00± 2.25c d
	+
	60.83± 2.35a b
	4.03± 0.43a
	0.76 ±0.05a b

	0.50
	1.0
	14.23± d e
	0.66 ±0.05d
	0.43 ±0.03c d
	74.40±3.92 a
	+
	44.03± 2.39b
	1.43 ±0.27b c
	0.83± 0.03a b

	0.50
	2.0
	46.43 ±1.39b c
	1.56 ±0.31d
	1.20± 0.05c
	31.66± 1.91b c
	+
	7.40 ±0.20c
	1.16 ±0.07c
	0.33± 0.01b

	1.0
	1.0
	71.00± 1.23a b
	7.46± 0.16c
	2.50± 0.09b
	40.60± 2.95b c
	+
	4.16 ±0.36c
	0.33± 0.01c
	0.36± 0.07b

	1.0
	2.0
	70.86 ±1.59a b
	11.96± 0.43b
	2.33± 0.80b
	0.00±0.00
	-
	0.00±0.00
	0.00±0.00
	0.00±0.00

	2.0
	1.0
	87.90 ±1.31a
	15.43 ±0.02a
	4.63± 0.93a
	0.00±0.00
	-
	0.00±0.00
	0.00±0.00
	0.00±0.00

	2.0
	2.0
	83.30 ±1.92a
	3.60± 0.09d
	2.30± 0.06b
	66.36± 1.54a
	++
	0.00±0.00
	0.00±0.00
	0.00±0.00

	MS medium (control)
	14.23±1.59de
	1.00±0.07d
	0.15±0.01d
	0.00±0.00
	-
	0.00±0.00
	0.00±0.00
	0.00±0.00


Values with in a column followed by different letters are significantly different (p<0.01) using Tukey’s b test.

*Callus formation: -, Nil: +, Low; ++ Moderate
± standard error
Table 2. In vitro flowering response of nodal junction explants of grass pea on MS medium containing different concentrations of BAP after two weeks of subculture.
	BAP treatments  (mg L-1)
	Shoot   multiplication response (%)
	Mean shoots length  (cm)
	Initial flowered (%)
	Number of flowers per  plantlet

	0.10
	39.23 ±1.15c
	5.08± 1.58c
	2.56 ±0.18b
	0.33± 0.21b

	0.25
	90.12 ±3.47a
	7.88 ±0.56a
	36.15± 1.91a
	4.30± 0.32a

	0.50
	62.50± 2.91b
	6.86± 1.62a b
	4.76 ±0.55b
	0.66 ±0.27b

	MS0 (control)
	14.23±0.24
	1.00±0.03
	0.00±0.00
	0.00±0.00


Values with in a column followed by different letters are significantly different (p < 0.05) using LSD test.

Table 3. Root induction response of nodal junction explants of L. sativus L. on ½ strength MS medium containing different concentrations of IBA.
	IBA treatment
(mg L-1)
	Root induction (%)
	Mean number of roots / explants
	Root length (cm)

	½ MS medium* (Control)
	0.00
	0.00
	0.00

	0.10
	83.43± 2.92a
	7.33± 0.62a
	5.63± 1.46a

	0.25
	63.30±2.31 b
	4.36± 0.33b
	3.16± 1.26b

	0.50
	14.12± 1.09c
	2.96± 0.84c
	1.66± 0.08c


Values with in a column followed by different letters are significantly different (p < 0.05) using LSD test. 

* ½ strength of macro, micro elements and vitamins of MS medium
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Fig. 1. Multiple shoots induction and in vitro flowering of L. sativus cv. Gurbuz: (a) nodal junction bearing about 0.5 cm portion of internodes on both sides as explants, (b) poor shoot induction and profuse rooting on MS medium containing 0.1 mg L-1 BAP and 2 mg L-1 NAA, (c) callus induction and shoot induction from nodal junction on MS medium supplemented with 1.0 mg L-1 BAP and 1.0 mg L-1 NAA after 3 weeks of culture, (d) maximum number and longest shoots per explants were induced on MS medium containing 2.00 mg L-1 BAP - 1 mg L-1 NAA (e, f) maximum flowering response on MS medium containing 3% sucrose and 0.25 mg L-1 BAP after two weeks of culture, (g) rooting using ½ strength MS medium containing 0.1 mg L-1 IBA, (h) plant bearing mature pods containing seeds after acclimatization under greenhouse conditions.  Bar of Fig. 1a, b, c =0.4 cm,    Fig. 1d, e, f = 0.3 cm, Fig. 1g = 2 cm, 1h = 5 cm.
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