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Abstract: Somatic embryogenesis was induced from mature cotyledon explants of two pigeon pea genotypes
cultured on MS medium supplemented with different concentrations of 2,4-D and Thiadizuron (TDZ). The
greatest response was obtained with 2.0 mg/l (2,4-D) or (TDZ). Type and concentrations of growth regulators
along with genotypes influenced the frequency of somatic embryogenesis. TDZ was more superior than 2,4-D
at 2.0 mg/l increasing number of somatic embryos/explant with ICPL 87-118 genotype and produced the highest
number (29.40), while no significant deference between 2.0 mg/l of either TDZ or 2,4-D in increasing this
parameter with ICPL 151 (20.0 and 21.20) respectively. Maturation treatment increased normal germinated
somatic embryos significantly (1.95) compared with somatic embryos that had no maturation treatment (0.40).
Half MS salts basal medium was better than full MS medium in germinating of pigeon pea somatic embryos. The
number of converted embryos increased significantly from 0.75 to 1.60 when 0.1 mg/l BA was supplemented
to the media. No secondary embryogenesis was induced on somatic embryos that cultured on maturation
medium. However, without maturation treatment, more than 70% of secondary embryogenesis was obtained
with full strength basal medium MS supplemented with 0.1mg/l BA. After one month from acclimatization the
plantlets grew vigorously and a percentage of plant survival (32%) was achieved during this phase of culture.
The present study aimed to produce embryos with high frequency and their subsequent conversion to plants
offers potential to use in plant transformation and regeneration and to produce synthetic seeds.

Key words:Cajanus cajan  Pigeon pea  Embryogenesis  Cotyledons culture  Direct regeneration in
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INTRODUCTION [1]. Attempts to obtain stress-resistant genotypes of

Pigeon pea (Cajanus cajan L. Millsp) is one of the have not been successful because of limited genetic
most popular legume grains in the world, especially in the variation and sexual incompatibility with wild relatives [2].
Indian subcontinent. Due to its multiple uses, pigeon pea The availability of an in vitro regeneration protocol is a
is widely used in intercropping systems in semi-arid pre-requisite for the application of most biotechnological
regions. It provides the main source of protein for many techniques, such as production of synthetic seed,
of the poorest populations and plays an important role in transgenic plants and somaclones [3]. Genetic engineering
reducing malnutrition for millions people around the approaches to introduce genes coding for insecticidal
world. Pulses can furnish an eminent source of dietary proteins into pigeon pea may prove useful in obtaining
protein constituents for human consumption as a big pest-resistant genotypes [4]. A prerequisite for the
benefit in a balanced energy and protein diet for those genetic transformation of a crop system is the availability
who live in developing countries, especially when intake of a good protocol for in vitro plant regeneration. In most
from animal or fish sources is limited or insufficient. In cases the somatic embryos or the embryogenic cultures
Egypt, pigeon pea is classified as a non-traditional crop, can be cryopreserved [5] which makes it possible to
though It has a multiple uses mainly under the newly establish gene banks [6]. Furthermore, in vitro somatic
reclaimed sandy soil, rather than the old cultivated soils embryogenesis is an important prerequisite for the use of

pigeon pea species by conventional breeding methods
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many biotechnological tools for genetic improvement [7]. (TDZ) at 0.0, 0.5, 1.0, 2.0 and 4.0 mg/l were tested. The pH
In this regard, somatic embryos play a key role in current was adjusted to 5.8 prior to the addition of 0.7% (w/v)
genetic transformation methods. The development of a agar. Medium was distributed into culture jars (325 ml),
somatic embryogenesis technique could have a great where each jar contained 50 ml of the medium. The jars
impact on pigeon pea improvement programs [8]. were capped with polypropene closures and autoclaved
Establishment of cultures yielding high frequency somatic at 121°C and 1, 2 Kg/Cm air pressure for 20 min. All
embryogenesis would be useful for gene expression cultures were incubated at 25 ± 2°C under 16-h
studies involving genetic transformation since a steady photoperiod approximately (2000 Lux) using cool, white
quantity of target tissue can be produced [9]. Cell fluorescent light. The results were collected six weeks
differentiation into somatic embryos is governed by after culture initiation. Number of explants forming
environmental or cultural stimuli [10]. Somatic somatic embryos, for calculating percentages and number
embryogenesis offers an alternative and efficient means of somatic embryos per explant were counted.
for plant multiplication [11]. The present study describes All experiments were repeated twice during 2008 and
a reproducible protocol for plant regeneration via somatic 2009. Experiments were set up in completely randomized
embryogenesis, through hypocotyls explant in two block design with five replicates. Each replicate consisted
important genotypes of pigeon pea. of one jar (325 ml) cultured with three explants. The results

MATERIALS AND METHODES

The present study was carried out in Plant Somatic embryos were divided into two groups, the first
Biotechnology Department, Genetic Engineering and cultured on maturation medium and the other one cultured
Biotechnology Institute, Minufiya University, Egypt, directly on germination medium (without maturation
during the years of 2008-2010. treatment).

Explant Preparations: Dry seeds of Cajanus cajan L. Maturation Treatment: The somatic embryos were
ICPL 87-118 and ICPL151 genotypes were obtained from removed from explants tissue and individually cultured
Agricultural Researches Centre, Giza, Egypt. Healthy and (for 4 weeks) on MS medium supplemented with 500 mg/l
uniform seeds were surface sterilized with 70% ethanol L-glutamine, 200 mg/l Casein hydrolisate and 0.1 mg/l
(v/v) for 1 min, followed by treatment with 0.1% mercuric ABA. to initiate long term maturation stage.
chloride (HgCl ) for 5 min and subsequently rinsed four2

times with sterile distilled water to remove all traces of the Germination and Conversion: The embryos of the two
disinfectant. These seeds were aseptically germinated on groups were individually transferred to germination media,
MS medium [12]. The medium was supplemented with 3% which consisted of 3 g/l activated charcoal and half or full
(w/v) sucrose and 0.7% (w/v) agar. Following preparation strength MS basal salts each with or without 0.1 mg/l BA.
the medium and prior to addition of agar, the pH was The results were collected four weeks after culture
adjusted to 5.8 and the medium was poured into culture initiation. Number of normal germination and embryos that
jars (325 ml) where each jar contained 50 ml of the medium. form secondary embryos were counted and their
Seedlings were grown under white fluorescent light at percentages were calculated. 
2000 Lux for 16 h/day photoperiod and 25± 2°C. The experiment was factorial (three factors) in
Cotyledons were isolated from 10 day-old seedling and completely randomized block design with five replicates.
cultured on embryogenic induction medium. Therefore, Each replicate consisted of one jar (325 ml) cultured with
two genotype cotyledons were tested for induction of three embryos. The results were statistically analyzed
somatic embryogenesis. according to Gomez and Gomez [13].

Induction of Somatic Embryogenesis: The cotyledon Soil Establishment of Plantlets: Plantlets obtained from
explants were placed on MS medium salts, vitamins, 3% Cajanus cajan somatic embryos were taken out of the
(w/v) sucrose and supplemented with 200 mg/l L- culture jars and washed gently in running tap water, then
glutamine and 500 mg/l Casein hydrolisate. Plant growth transferred to culture in plastic pots containing mixture of
regulators included various concentrations of 2,4- soil 1:1 peatmoss: vermiculite (v/v) for 30 days. This
dichlorophenoxyacetic acid (2,4-D) and Thidiazuron mixture was sterilized by autoclave for 20 min at 121°C, 1,

2

were statistically analyzed, according to [13].

Maturation and Germination of Somatic Embryos:
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2 Kg/cm  air pressure. The pots were maintained in a the genotype, type and concentrations of growth2

greenhouse. Every pot contained two plantlet and regulators. The main effect of genotypes showed that
nourished by solution of 1/4 strength MS salts basal ICPL 87-118 yielded (11.44) somatic embryos/explant
medium to enhance the development of plants. The which significantly increased compared than ICPL 151
percentage of survived plantlets was recoded after one (7.56). It has been claimed that genotypes play major role
month of acclimatization. in morphogenic responses [15]. However, data on the

RESULTS AND DISCUSSION has an insignificant increase in number of somatic

Seeds germinated in vitro on hormone free-MS basal showed that the addition of growth regulators to the
medium showed 100% germination within 48-72 h with medium from 1.0 to 4.0 mg/L was significantly effective in
normal growth and development of pigeon pea seedlings. increasing number of somatic embryos/explant and the
Cotyledons used as explants in the regeneration studies highest record (23.50) was produced when the medium
were obtained from in vitro ten-day-old seedlings. The was supplemented with 2.0 mg/l followed by 1.0 mg/L
explants in the present study, expanded in size and white (12.50). Concerning the interaction effect between
compact callus developed from the edges of the genotypes and growth regulator types, data in Table (1)
cotyledons.(Fig 4 a) showed that number of somatic embryos/explant was

Effect of Genotypes and Growth Regulators on Induction supplemented with 2,4-D or TDZ, but this increase did not
of Somatic Embryogenesis reach to the significance level at 5%. Similar results were
Number of Somatic Embryos per Explant: Direct somatic obtained in soybean by Bailey et al. [16] who reported
embryogenesis in cultures proceeds from cells which are that the frequency of explants displaying proliferative
already determined for embryogenic development. This embryogenic tissue was significantly different among 8
requires growth regulators and favorable conditions to soybean genotypes, as was embryo yield over cycle of
allow these pre-embryogenic determined cells to undergo proliferation.
cell division and expression of embryogenesis [14]. Results of the interaction between cultivars and
Somatic embryogenesis is generally believed to be growth regulator concentrations indicated that no somatic
triggered by an auxin and for many plants, 2,4-D has been embryos were produced at levels of 0.0 or 0.5 mg/L for
widely regarded to be effective for somatic both cultivars, while significant increase was observed
embryogenesis. with increasing growth regulator levels from 1.0 to 2.0

Effects of different types and concentrations of mg/L and the highest records were at 2.0 mg/l for ICPL87-
growth regulators and genotypes on the number of 118 and ICPL151 genotypes (26.40 and 20.60) respectively.
somatic embryos/ explant of pigeon pea after 6 weeks in There were significant differences among genotypes and
vitro are shown in Table (1). The frequency of somatic varieties for somatic embryo formation and plant
embryogenesis    regeneration      was     influenced     by regeneration using a single media sequence [17].

main effect of growth regulator types indicated that 2,4-D

embryos/explant (9.52) compared with TDZ (9.48). Data

higher in ICPL 87-118 than ICPL151 when their media were

Table 1: Effect of genotypes and growth regulator types and concentrations on the number of somatic embryos /explant of Cajanus cajan after 6 weeks in vitro
Number of somatic embryos
-------------------------------------------------------------------------------------------------------------------------------------------------
Conc. of growth regulators (C)
-------------------------------------------------------------------------------------------------------------------------------------------------

Cultivars (A) G.R. types(B) 0.0 0.5 1.0 2.0 4.0 Mean (A x B) Mean of (A)
ICPL 87-118 2,4-D 0.0 0.0 16.20 23.40 18.40 11.60 11.44

TDZ 0.0 0.0 15.60 29.40 11.40 11.28
ICPL151 2,4-D 0.0 0.0 7.80 21.20 8.20 7.44 7.56

TDZ 0.0 0.0 10.40 20.00 8.00 7.68
Mean of (C) 0.0 0.0 12.50 23.50 11.50 Mean of (B)

Mean of (B x C) 2,4-D 0.0 0.0 12.00 22.30 13.30 9.52
TDZ 0.0 0.0 13.00 24.70 9.70 9.48

Mean of (A x C) ICPL 87-118 0.0 0.0 15.90 26.40 14.90
ICPL151 0.0 0.0 9.10 20.60 8.10

LSD at 5%: A = 1.39, B = NS, C = 2.20, A x B = NS, A x C = 3.12, B x C = NS, A x B x C = 4.41 
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Data of the interaction between growth regulators  can be substituted for auxins or auxin/cytokinin required
type and their concentrations reveal that no significant to induce somatic embryogenesis. This is probably due to
differences were observed in the number of somatic the involvement of TDZ in the modulation of endogenous
embryos/explant. Data in the same Table show the growth regulators, especially auxins and cytokinins [20].
interaction effect among cultivars and growth regulator TDZ has a dual role in the induction of somatic
types and their concentrations. It is quite clear that embryogenesis; cytokinin like activity that promotes cell
hormone free media and 0.5 mg/L treatments did not division and differentiation and a auxin-like activity that
produce any somatic embryo for both genotypes when seems to be crucial for induction of embryogenic
treated with 2,4-D or TDZ. However, number of somatic competence. Two interesting aspects of the present study
embryos per explant increased significantly with are the dose dependent morphoregulatory role of TDZ
increasing either 2,4-D or TDZ from 1.0 to 2.0 mg/l then and TDZ exposure of morphogenesis in pigeon pea. It has
decreased significantly with increasing this concentration been shown for the first time that the continuous
to 4.0 mg/l for both genotypes under study. TDZ at 2.0 presence of TDZ at lower concentrations (0.05-1 mM)
mg/l was more superior than 2,4-D in increasing this induced multiple shoots while at higher concentrations
parameter for ICPL 87-118 cultivar and produce the (10, 20 mM) TDZ caused a complete shift in the
highest number (29.40), while no significant deference regeneration pathway from induction of adventitious
between 2.0mg/l of either TDZ or 2,4-D in increasing this shoots to direct somatic embryogenesis [21].
parameter in ICPL 151 (20.0 and 21.20) respectively [18]. Presence of casein and glutamine in induction

It was reported that when cotyledon were cultured medium may induce the number of somatic embryos. This
continuously on medium with 2,4-D, primary somatic is in accordance with the earlier report which
embryogenesis was evident at all 2,4-D levels tested. But, demonstrated that medium contained glutamine and
percent  primary    embryogenesis   dramatically casein hydrolisate produced significantly higher mean
decreased and mean embryo number per explant was number of Cassia nodosa somatic embryos than those
significantly reduced at higher 2,4-D levels. Brown et al. which did not contain glutamine or casein hydrolisate
[19] reported that for many plants, 2,4-D has been widely [22].
regarded as the most effective auxin for inducing somatic
embryogenesis. Percentage of Explant Form Somatic Embryogenesis:

In the present study, TDZ induced direct somatic Table 2 and fig. 1 show the effect of different types of
embryogenesis in cotyledons of pigeonpea, a response growth regulator at various concentrations and
usually mediated by an appropriate concentration of high genotypes on the percentage of explant from somatic
auxin or by auxin_/cytokinin ratio. These results embryos of Cajanus cajan after 6 weeks in vitro. Data on
corroborated the  findings  of the earlier reports that TDZ the  main  effect  of cultivars on the percentage of explant

Table 2: Effect  of  genotypes and types of growth regulator at various concentrations on the percentage of explant form somatic embryos of Cajanus cajan
after 6 weeks in vitro

% Explant form somatic embryos
-------------------------------------------------------------------------------------------------------------------------------------------------
Con. of Growth Regulators (C)
-------------------------------------------------------------------------------------------------------------------------------------------------

Cultivars (A) G.R. types(B) 0.0 0.5 1.0 2.0 4.0 Mean (A x B) Mean of (A)
ICPL 87-118 2,4-D 0.0 0.0 23.26 63.34 60.00 29.32 29.32

TDZ 0.0 0.0 33.34 73.34 40.00 29.33
ICPL151 2,4-D 0.0 0.0 13.34 43.34 40.00 19.33 17.33

TDZ 0.0 0.0 23.34 33.34 20.02 15.34

Mean of (C) 0.0 0.0 23.32 52.50 40.84 Mean of (B)

Mean of (B x C) 2,4-D 0.0 0.0 18.30 51.67 51.67 24.32
TDZ 0.0 0.0 28.34 53.34 30.01 22.33

Mean of (A x C) ICPL 87-118 0.0 0.0 28.30 66.67 51.67
ICPL151 0.0 0.0 18.34 38.34 30.01

LSD at 5% A = NS B = 0.46 C = 0.74 A x B = NS A x C = NS B x C = 1.04 A x B x C = NS
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Fig. 1: Effect of genotypes and types of growth regulator at various concentrations on the percentage of explant form
somatic embryos of Cajanus cajan after 6 weeks in vitro.

form  somatic  embryos  reveal that ICPL 87-118 genotype on the percentage of explant form somatic embryos.
gave the (29.32%) compared with ICPL 151 (17.33%). The Obviously, data showed that the percentages of explant
regeneration capacity varied from species to species and form somatic embryos increased significantly with
between varieties of the same species and even from the increasing growth regulator concentration from 1 to 2 mg/l
same type of explant source [23]. It is of important to and the highest records were at 2.0 mg/l TDZ and 2,4-D
mention that MS media supplemented with 2,4-D or TDZ (53.34 and 51.67) respectively. 
are necessary for induction of somatic embryogenesis. Concerning the interaction among growth regulator
In addition, 2,4-D was more effective in increasing this types and their concentrations and genotypes data in the
parameter (24.32%) compared with TDZ (22.33%). Eapen same table reveal that increasing growth regulator
and George [24] reported that, among the different auxins concentrations significantly increased percentage of
tested, 2,4-D was most effective, producing the highest explant form somatic embryos compared with free
frequency of responding cultures and highest average hormone media and 0.5 mg/l treatment. 
number of somatic embryos per responding culture, while The highest values (73.34%) for ICPL 87-118 treated
other auxins were less effective. Similar results were with TDZ and 43.34 for ICPL 151 treated with 2,4-D were
reported in the present study. obtained at 2 mg/l. Similar results were obtained with

The percentage of explants form somatic embryos medicago, an outcrossing species where the optimal
increased significantly with increasing growth regulators concentration of growth regulators for somatic
level from 1 to 2 mg/l then decreased significantly with embryogenesis was different and specific for each
increasing this level to 4 mg/l. These resultus are in genotype [26].
agreement with those of Bhojwani and Razdan[25]who
stated that at higher concentration of auxin, probably the Effect of Maturation Treatment on Normal Germinated
population of embryogenic cells drops due to their Somatic Embryos: Herein, it could be demonstrated that
disruption and elongation and the embryogenic potential pigeon pea somatic embryos required a period of
of the culture is lost. maturation before acquainting the capacity for vigorous

Concerning the interaction effect between genotypes conversion and plantlet development.
and growth regulator types, data indicated that although Data in Table (3) show the main effect of maturation
ICPL 87-118 was superior in increasing percentage of treatment on the number of normal germinated somatic
explants form somatic embryos when combined with either embryos. It is clear that maturation treatment increased
2,4-D or TDZ than ICPL 151, but this increase did not normal germinated somatic embryos significantly (1.95)
reach to the level of significance at 5%. Moreover, there compared with somatic embryos that had no maturation
were no significant differences between both genotypes treatment (0.40). The somatic embryos so  developed with
under study when combined with growth regulator exogenous application of ABA closely resembled zygotic
concentrations. Table (2) shows the interaction effect embryos in both morphological structure and behavior
between growth regulators type and their concentrations [27].
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Table 3: Effect of Maturation treatments, MS strength and BA concentrations on the number of normal germinated somatic embryos of Cajanus cajan after

6 weeks in vitro

No. Converted embryos

------------------------------------------------------

BA concentrations (C)

------------------------------------------------------

Treatment(A) Media strength(B) 0.0 mg/l 0.1mg/l Means of (A x B) Means of (A)

With Maturation T. Half MS 1.40 2.80 2.10 1.95

Full MS 1.20 2.40 1.80

Without Maturation T. Half MS 0.40 0.40 0.40 0.40

Full MS 0.00 0.80 0.40

Means of (C) 0.75 1.60 Means of (B)

Means of (B x C) Half MS 0.90 1.60 1.25

Full MS 0.60 1.60 1.10

Means of (A x C) Maturation T. 1.30 2.60

Without T. 0.20 0.60

LSD at 5% A = 0.49, B = NS, C = 0.49, A x B = NS, A x C = 0.69, B x C = NS, A x B x C = NS

Half MS salts basal medium was better than full demonstrated that maturation of somatic embryos was
strength MS medium in germination of pigeon pea somatic achieved on half strength MS medium with 0.1 mg/l
embryos. The main effects of MS medium strength on the abscisic acid (ABA). 
normal germinated somatc embryos are shown in Table (3) Concerning with the interaction effect among
which reveal that half strength MS increased the number maturation treatment, BA levels and media strength data
of normal germinated somatic embryos (1.25) compared in Table (3) show that increasing BA levels to 0.1 mg/l
with full MS (1.10), but this increment was insignificant at increased the number of converted embryos in all
5% level. The number of converted embryos increased interaction treatments, especially with maturation
significantly from 0.75 to 1.60 when 0.1 mg/l BA was treatment combined with half MS (2.80), but this increment
supplemented to the media. Mohan and Krishnamurthy was not significant at 5% level. 
[28] reported that the mature somatic embryos of pigeon Under the present work conditions, it could be
pea were germinated on MS medium supplemented with suggested that there is an important role of activated
0.1mg/l BAP and plantlets were hardened and transferered charcoal in reducing the inhibitory effect of residual
to soil. growth regulators and stimulating embryos conversion.

Activated charcoal was used in germination to These findings were obtained by Fridborg et. al. [29]who
decrease the effects of residual growth regulators (2,4- reported that activated charcoal has often been used to
D,TDZ). adsorb 2,4-D and aromatic compounds produced by plant

Data in the same table show the interaction effect of tissues which are inhibitory to growth or development.
maturation treatment and media strength on the number of Effect of Maturation treatment, MS strength and BA
converted embryos. Although the number of converted presence on conversion of somatic embryos.
embryos was superior in maturation treatment combined Fig (2) shows the effect of maturation treatments, MS
with half or full strength MS basal medium (2.10 and 1.80) strength and BA presence on the percentage of normal
respectively, but this increase did not reach to the level of germination of somatic embryos. Data reveal that 0.1 mg/l
significance at 5%. Respecting to the interaction effect BA, particularly with maturation treatments resulted in
between maturation treatment and BA levels the same increasing percentage of converted somatic embryos
data indicate that the converted embryos increased compared with BA free medium and the highest record
significantly with adding 0.1 mg/l BA for maturation was obtained with maturation treatment combined with
medium and without maturation treatment (2.60 and 0.60) half strength of MS supplemented with 0.1 mg/l BA, while
respectively compared with free hormone medium. Non- the lowest record (0.0%) was obtained when somatic
significant differences were obtained in this parameter due embryos without maturation treatment were cultured on
to the interaction effect between media strength and BA free-BA full MS basal medium. These results are in
concentrations. While, Mohan and Krishnamurthy[28] agreement   with   those  of  (Kysely  and  Jacobsen  [30]
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Fig. 2: Effect of Maturation treatments, MS strength and BA concentrations on the percentage of normal germinated
(converted) somatic embryos of Cajanus cajan after 6 weeks in vitro.

Fig. 3: Effect of Maturation treatments, MS strength and BA concentrations on the percentage of Secondary somatic
embryos of cajanus cajan after 6 weeks in vitro.

who  demonstrated  that  cytokinins  seem   to  promote with. Guijarro et al. [33], reported that the addition of 1u
pea embryo quality when they are introduced in M BA did not reduce secondary embryogenesis and
development medium. Moreover, Garay et al. [31] improved germination significantly. Bozhkov et al. [34]
transferred somatic embryos to half strength MS medium obtained a sharp increase of recovery of somatic embryos
in order to increase their germination. The effects of high after one or two subcultures on medium supplemented
and low basal salts also appeared to be important in with ABA and BA. 
embryo maturation [32].

In some cultures, abnormal embryos with either one Plantlets Grown in Soils: After one month from
or three cotyledons were also observed. acclimatization the plantlets grew vigorously and a

Effect of Maturation treatment, MS strength and BA percentage of plant survival (32%) was achieved during
presence on secondary somatic embryos this phase of culture and the plants were normal and

Fig 3 reveals that no secondary embryogenesis developed uniform (Fig 5). Same data also revealed the
produced on somatic embryos that cultured on maturation low frequencies of conversion, Baker et al. [35] who
medium. However, without maturation treatment, this mentioned that most of the literature on the conversion of
parameter was increased and the highest percentage was peanut somatic embryos and survival of somatic embryo-
obtained with full strength basal medium MS raised plantlets in soil described low frequencies of
supplemented with 0.1mg/l BA. This result is in agreement conversion.
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Fig. 4: Different stages of in vitro regeneration of pigeon pea cotyledons that were cultured on MS medium
supplemented with different concentrations of growth regulators:-(A) Mature cotyledons explant exhibiting callus
and some direct somatic embryos.
(B) Separated somatic embryos from explant.
(C) Germinated somatic embryos on MS medium supplemented with AC. 
(D) Cluster of secondary somatic embryos on MS medium.

Fig. 5: Somatic embryos derived plants one month after pigeon pea (Cajanus cajan L.) under local
transfer to soil. environmental  condition.  Egypt,  J.  Appl.  Sci.,

George and Eapen [36] could produce normal 2. Srinivasan, T., V.K. Verma and P.B. Kirit, 2003.
embryos using immature cotyledons and embryonal axes Efficient  shoot  regeneration  in  pigeon  pea
as explants on auxin supplemented medium, but failed to (Cajanus   cajan   L.)   using   seedling   petioles.
get plantlets. However, in this paper, somatic Dep. Plant Science, Univ. of Hyderabad, Hyderabad
embryogenesis and formation of normal plants using 500 046, India. Email; pbksl@uohyd.ernet.in
mature cotyledones (dry seeds) are available throughout 3. Parrott,  W.A.,  M.A.  Bailey,   R.E.   Durham   and
the year. Furthermore, Mallikarjuna et al. [37] induced H.V. Mathews, 1992. Tissue culture and regeneration
somatic embryogenesis on a medium containing a in legumes. In: Moss JP (ed). Biotechnology in Crop
combination of NAA and BAP While, only 2,4-D or TDZ Improvement in  Asia  (pp:  115-148).  Patancheru,
supplementation was sufficient in this work. Finally, it India: International Crops Research Institute for the
could be concluded that this is simple, reproducible and Semi Arid Tropics.

efficient direct embryogenesis protocol which involved
almost a single step on simple medium containing only
TDZ or 2,4-D, from mature dry seed cultures of several
genotypes of pigeonpea. Since the plantlets developed
directly without an intervening callus phase, somaclonal
variation in the regenerated plants is avoided.
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