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Abstract

A study was conducted to investigate the effect of different factors
on shoot multiplication and regeneration of chickpea (Cicer arietinum L.)
Three varieties (HUDAS, FLIP03-147c and FLIP05-100C) and two
Palestinian landraces 'Ein Al Bayda' and 'Baladi' were used in this study.
The effect of different levels and combinations of the auxin 1-
Naphthaleneacetic acid (NAA) and the cytokinins Benzyl adenine (BA),
Kinetin (Kin) and N-1, 2, 3-Thiadiazol-5-yl-N’-phenylurea (TDZ) on shoot
multiplication and regeneration was examined in thisstudy. Shoots tip from
in vitro established seedlings were used as a source material for shoot
multiplication. The shoot tips were cultured on MS medium supplied with
0.0, 2.2 and 4.4 uM BA, or 0.0, 9.2 and 18.4 uM Kinetin, both cytokinins
were combined with 0.0 or 2.7 uM NAA. The highest shoot number (8.0)
was obtained on media without hormone or media supplied with 2.2 uM
BA in the Baladi landrace. However, Low shoots number wereobserved on
MS medium supplied with 9.2 or 18.4 uM Kin and 2.7 uM NAA in both
landraces. For shoot regeneration stem and leaf explants of the studied
cultivars and landraces were cultured on MS media supplied with different
combinations of TDZ, Kinetin and NAA. The highest shoot percentage

(62.0%) and number of shoots (3.0) was obtained with leaf explant using
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2.0 uM TDZ with ‘FLIP05-100C’, stem explants exhibited no shoot
regeneration in all five chickpea varieties. Very low shoot regeneration was
observed with all NAA level combined with TDZ. However, regeneration
percentage was highly reduced with higher cytokinin levels. No shoot

regeneration was observed with any Kinetin level.



Chapter One

Introduction



1.1 Background

Chickpea (Cicer arietinum L.) is one of the most important
leguminous food crops in the world, the total cultivated area is nearly 10
million hectares, the area distributed across the Americans, Mediterranean
basin, east Africa, the Middle East, Asia and Australia (Jayashree et al.,
2005). India is the largest producer of chickpea contributing to 65% of
world’s production (FAO, 2008).

The productivity of chickpea has not improved considerably over the
years (Singh and Kataria, 2012). Many factors are responsible for the
productivity of chickpea, which include excessive vegetative growth,
narrow genetic basis, old cultivated genotypes and poor harvest index.
(Hassan and Khan, 1991). The production of this crop is highly influenced
by biotic stresses like Ascochyta blight, Fusarium, and pod borer (Hossain,
2009), as well as abiotic stresses such as salinity, drought and cold (Kiran
et al., 2005). Cultivated chickpea has limited sources of genetic variability,
however, species of Cicer have many economically important traits like
resistance to diseases and pests (Gopalakrishnan et al, 2005).
Conventional breeding methods for stress resistance are often costly and
time consuming, limited to lack of proper genes in the gene pool and

intraspecific cross incompatibility.

In recent years, there has been a great interest in biotechnological
methods among breeders including in vitro culture, which can intensify the

breeding process (Gamborg, 2002). Modern biotechnology has provided



new opportunities including tissue culture, genetic engineering, and genetic
transformation to enhance the germplasm for crops (Sharma and Ortiz,

2000).

Genetically modified chickpea was already been produced by
Agrobacterium tumefactions mediated transformation with the genes npll,
GUS, bar, X-amylase, CrylAc (Polowick et al., 2004; Sanyal et al., 2005),
however, the transformation frequency was low in chickpea (Senthil et al.,
2004). In vitro regeneration through organogenesis and somatic
embryogenesis can be used for multiplication of genetically identical
clones and it is an integral part of genetic transformation procedures. In
vitro techniques are important tools for modern plant improvement
programs (Moghaleb et al., 1999), in addition to introduce new traits into
selected plants, and to develop suitable cultivars in a minimal time (Taj1 et
al., 2002). Many of the economically important plants productivity through
genetic transformation and other cellular techniques have been improved
regarding yield and productivity; many legumes have generally proved
notoriously recalcitrant due to the lack of reliable /n vitro regeneration
system due to difficulties of regeneration from callus (Barna and Wakhlu,
1993; Khawar et al.,, 2004). The regeneration protocols are not repeatable
because of complete regeneration to variety of factors such as genotype,
growth regulator, explants, physical factors like temperature, humidity, and
photoperiod (Reed, 1999). Regeneration in chickpea via direct shoot

induction and somatic embryogenesis has been reported from various



explants (Sagare et al., 1993; Islamet al., 1995; Barna and Wakhlu, 1995;
Murthy et al., 1996; Vani and Reddy, 1996; Batra et al., 2002 and Kiran et
al., 2005). Efficient regeneration protocol in chickpea and development of

highly reproducible is still awaited.

Previous studies suggest that chickpea culture response is
genotypically oriented, chickpea cultivars regenerated under similar
environmental conditions exhibit variable regeneration frequency (Aasim et
al., 2013). The aim of this study is to investigate the direct effect of various
concentrations of TDZ (Thidiazuron), NAA (1-Naphthaleneacetic acid),
BAP (6-Benzylaminopurine) and Kinetin on shoot regeneration directly

from leaves and stem of local chickpea varieties.
1.2 Objectives
The study aims at

1. Studying the effect of plant growth regulators (NAA, Kinetin, and

BA) on shoot multiplication of local chickpea landraces.

2. Studying the effect of plant growth regulators (NAA, TDZ, and
Kinetin) on adventitious shoot regeneration of several chickpea

varieties including local landraces.

3. Studying the regeneration ability of different explants from local

chickpea landraces.



Chapter Two

Literature Review



2.1 Plant tissue culture

Tissue culture is the aseptic culture of cells, tissues, organs, or whole
plants under controlled nutritional and environmental conditions (Thrope,
2007). The first reports regarding tissue culture date back to the beginning
of the 20™ century when Gottlieb Haberlandt (Haberlandt, 1902) developed
experiments to maintain mesophyll cells in culture. Haberlandt succeeded

in maintaining isolated leaf cells alive for extended periods.

The earliest nutrient media used for growing plant tissues in vitro
were based on the nutrient formulations for whole plants; but Knop’s
solution and that of Uspenski and Uspenskia were used the most, and

provided less than 200 mgl™ of total salts (White, 1963).

In 1962, Murashige and Skoog developed a new medium today
known as (MS) media. The concentration of some salts was 25 times than
of Knop’s solution. In particular, the levels of NO3™ and NH4" were very
high and the arrays of micronutrients were increased. MS formulation
allowed for a further increase in the number of plant species that could be
cultured, many of them using only a defined medium consisting of macro-
and micronutrients, a carbon source, reduced N, B vitamins, and growth
regulators (Gamborg et al., 1976). The MS salt formulation is now the most

widely used nutrient medium in plant tissue culture.

The first true plant tissue cultures were obtained by Gautheret

(Gautheret, 1934) from cambial tissue of Acer pseudoplatanus. He also



achieved success with similar explants of Ulmus campestre, Robinia
pseudoacacia, and Salix capraea using agar-solidified medium of Knop’s

solution, glucose and cysteine hydrochloride.

Embryo culture also had its beginning early in the first decade of the
last century with barley embryos (Monnier, 1995).This was followed by the
successful rescue of embryos from nonviable seeds of a cross between
Linum perenne and Linum austriacum (Laibach, 1929), and for full embryo
development in some early-ripening species of fruit trees (Tuky, 1934),

thus providing one of the earliest applications of in vitro culture.

Micropropagation may be utilized in production of virus — free
planting material, cryopreservation of endangered and elite woody species
(Mohan and Hoggman, 2007). Cytokinins generally promote cell division
and induce shoot formation and axillary shoot proliferation. High cytokinin
to auxin ratio promotes shoot proliferation while high auxin to cytokinins
ratio results in root formation (Aloni ef al., 2006). Gibberellins are used for
enhanced growth and to promote cell elongation.BA, TDZ and Kinetin are
generally used cytokininsfor in vitroregeneration, singly or in combination
with an auxins in legumes (Aasim et al., 2010). TDZ has been widely used
to promote shoot regeneration in many plant species with a significant

effect over other cytokinins (Fraguas et al., 2009).

Plant growth regulators can induce what is known as hyperhydricity
in tissue cultures of several species (Ziv, 1991; Fraguas et al., 2004; Toth et

al., 2004).Hyperhydricity formerly called “vitrification”, but it has become



a term used to characterize cryopreserved tissues and it is another
physiological effect very common in plant tissue culture (Gaspar et al.,
1985; Kevers et al, 2004). Hyperhydricity is also linked to shoot-tip
necrosis, a physiological disorder showed by in vitroplants as
aconsequence of high relative humidity, transpiration rate, and Calcium

availability in the medium and plant growth regulators (Bairu et al., 2009).

A plant tissue is considered to be “introduced and established” to the
in vitro culture when explants are not only free from superficial or visible
contaminants, which interfere with the morphogenic response, but also
when it shows a morphogenic response (Christensen et al., 2008). This
morphogenic response 1is characterized by multiplication and/or
differentiation of the plant tissues such as shoots, roots, leaves or

production of calli (Noshad et al., 2009).

During the 1990s, continued expansion in the application of in vitro
technologies to an increasing number of plant species was observed. Tissue
culture techniques are being used with all types of plants, including cereals
and grasses (Vasil and Vasil, 1994), legumes (Davey et al., 1994),
vegetable crops (Reynolds, 1994), potato (Jones, 1994) and other root and
tuber crops (Krikorian, 1994), plantation crops (Zimmerman and Swartz,
1994), and ornamentals (Debergh, 1994). Tissue culture techniques for
plant micropropagation, genetic transformation, biotech assisted selection,
mutagenesis, etc., rest on two fundamental morphogenesis processes:

organogenesis where in shoot buds are organized by concerted meristemic



activity of a number of cell and somatic embryogenesis where usually
single cell or small cluster of cells undergo differentiation to produce
somatic embryo similar to zygotic embryos (Gonzalez-Olemedoer al.,

2005).

Tissue culture allows the production and propagation of genetically
homogeneous, disease-free plant material (Ahmadi et al., 2010). For these,
“cleanup” techniques to eliminate plant pathogenic organisms have been
developed, such as meristem cultures or explant disinfection treatments
through chemical or physical methods (Chatenet et al., 2001). Cell and
tissue in vitro culture is a useful tool for the induction of somaclonal
variation (Sengaret al., 2010). Tissue culture protocols can be used for
preservation of vegetative tissues when the targets for conservation are
clones instead of seeds, to keep the genetic background of a crop and to
avoid the loss of the conserved patrimony due to natural disasters, whether

biotic or a biotic stress (Tyagi et al., 2007).
2.2 Chickpea (Classification, taxonomy and importance).

Chickpea (Cicer arietinum L. (2n=2x=16) is one of the oldest
(earlier than 9500 BC) and widely cultivated pulse crops in over 50
countries of the world. Chickpea is a member of the West Asian Leolithic
crop assemblage, associated with the origin of agriculture in the Fertile

Crescent some 10,000 years ago (Upadhyaya et al., 2011).
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Legumes (Fabaceae) constitute the third largest family of flowering
plants comprising more than 650 genera and 18000 species (Zhu et al.,
2005). Chickpea (Cicer arietinum L.) is the only cultivated species of the

genus Cicer which include 43 species (Donmez,2011).

It is a cool season legume crop has been thought to originate in
south-eastern Turkey, from where it has spread to other countries of the
world. It was first grown in turkey around 7,500 B.C. Cicer arietinum has
been domesticated from C. reticulatum Ladizinsky, a closely related wild
species (Tuker, 2009). Chickpea belongs to genus Cicer, tribe Cicereae,
family Fabaceae (Donmez, 2011). All other annual and perennial Cicer
spp. are genetically isolated in the tertiary gene pool and equidistant from
the domestic species as per amplified fragment length polymorphism
(AFLP) diversity analyses (Nguyen et al, 2004). The key to chickpea
domestication was the change from a winter habit with an autumn sowing
to a spring habit, which avoided or reduced the threat of lethal infestation

of the endemic ascochyta pathogen complex (Abbo et al., 2003).

Chickpea stems are branched, erect or spreading, sometimes shrubby
much branched, 0.2-1.0 m tall, glandular pubescent, olive, dark green or
bluish green in color (Corby, 1981). Root system is robust, up to 2m deep,
but the major portion up to 60cm. Leaves imparipinnate, glandular-
pubescent with 3-8 pairs of leaflets and a top leaflet (rachis ending in a
leaflet); leaflets ovate to elliptic, 0.6-2.0cm long, 0.3-1.4cm wide; margin

serrate, apex acuminate to aristate, base cuneate; stipules 2-5 toothed or
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absent (Cubero, 1987). Its life span is 2-3 months and on maturity bears
fruit which is called pod with 2-3 seeds per pod. The mature pod along with
the plant is harvested and thrashed to collect the seeds, the pods split

vertically which is the characteristics of all pulses (Cubero, 1975).

Chickpea is an important source of protein in the diets of the poor
and particularly important in vegetarian diets, it provides many amino acids
but it is typically low in methionine and histamine, it is not considered to
be a complete source of amino acids (Upadhhyaya et al., 2008). According
to the international Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) chickpea seeds contain an average of 23% protein, 64% total
carbohydrates (47% starch, 6% soluble sugar), 5% fat, 6% crude fiber and
3% ash. High mineral content has been reported for phosphorus
(340mg/100g), calcium (190mg/100g), magnesium (140mg/100g), iron
(7mg/100g) and zinc (3mg/100g). Recent studies have also shown that they
can assist in lowering of cholesterol in the bloodstream (Murty et al.,

2010).

Chickpeas are commonly used as medicine due to the presence of
glandular secretions. Glandular secretion of the leaves, stems & pods
consists of malice and oxalic acids giving a sour taste (Oudhia, 2003).
Medical applications include use for aphrodisiac bronchitis, cataract,
cutamenia, cholera, constipation, diarrhea, dyspepsia, flatulence, snakebite,

sunstroke and warts (Kumar et al., 2006).
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Moreover, the leaves are used to cure chronic bronchitis and the
seeds are considered as ant bilious, used as tonic, stimulant and aphrodisiac

acid is also supposed to lower the blood cholesterol level (Brenes et al.,

2008).

Chickpea 1s produced all over the world covering more than 10
million hectors of cultivated land (Kottapalli ef al., 2009). In 2004, global
chickpea production was about 8.6 million metric tons, second only to dry
beans among edible pluses (Smith and Jimmerson, 2005). Chickpea are
produced in over 45 different countries all over the world. West and
Central Asia accounted for 14% and 12% of world chickpea area and

production, respectively, during 1996-2005(Yadav et al., 2007).

During 2006-2007, worldwide production of chickpea was 8.24
million tons from an area of 9.4 million hectares and average production of
0.77 t ha.While, contribution of Asia was 7.36 million tons (89.4%)
(FAO, 2008). Despite its economic importance and strong national and
international breeding programs, the productivity of chickpea has not

improved considerably over the years (Hossain, 2009).
2.3 Chickpea tissue culture

Legumes are considered as the second most important source of food
after cereals for human and animal consumption (Smith and jmmerson,
2005). Therefore, the improvement techniques of legumes through tissue

culture are important.
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Medium supplemented with BA and NAA induced callus from the
cut end of the stem explants in contact with the medium, the regenerated
shoots produced roots on medium supplemented with IBA; this technique

could be standardized to improve regeneration system (Sheilaet al., 1992).

Many studies were conducted on chickpeas to establish an efficient

system of shoot multiplication and regeneration.

Rekha and Thiruvengadam. (2009) studied shoot regeneration from
the cotyledon, internodes and axillary buds of chickpea. The maximum
number of multiple shoot and longest shoot were obtained on MS medium

containing 1.0 mgl™ BAP in cotyledon node and 1.5 mgl™ in axillary buds.

Krishna and Joshi. (2008) found the best media for shoot
multiplication from the node and callus cultures have been identified as MS

+NAA 0.5+ BAP 0.5 mgl™ and MS + BAP 2.0 mgl™".

Shaheena et al., (2012) found efficient protocol for direct in vitro
multiple shoot induction and plantlet regeneration achieved from shoot tip
explants of Cicer arietinum L. Multiple shoots proliferation was best
observed on 3.0 mgl” TDZ from the shoot tip explants within three weeks

of culture.

MS media with B5 vitamins supplemented with 5.0uM benzyl amino
purine (BAP) has been found to be a highly effective medium for multiple

shoot formation from intact seedlings (Polisetty et al., 1997).
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Shagufta et al., (2007) found the multiple shoots of chickpea were
shifted to full and half strength MS. Medium supplemented with different
concentrations of NAA and IBA for induction of roots while the half
strength media with 1.0 uM NAA gave excellent response of root

induction.

Saleem et al., (2010) study the effect of indigenous chickpea (Cicer
arietinum L.) cultivars, KK-1 and Hassan-2K , Shoot initiation was best
achieved on lower concentration (3.0 and 5.0 uM) while high concentration
of BAP delayed shoot initiation in explants of both cultivars. BAP at 3.0
and 5.0 uM produced maximum number of shoots (88 and 89%) in both

cultivars.

Somatic embryogenesis was induced in both direct and indirect
pathways from immature cotyledons and young leaf explants of chickpea
(Cicer arietinum L.) on MS medium with various concentrations of auxins
and cytokinins. NAA and 2,4-D were used in the range of 1.0-16.0 mgl-'.
NAA 10.0-14.0 mg L induced direct embryo formation on cut edges of

immature cotyledons. (Nazet al., 2008)

Ali and Bano. (2008) investigates the effect of Kinetin and Abscisic
acid (ABA) on leaf and nodule senescence in chickpea (Cicer arietinum L.)
CV. ABA at 10.0-5.0 uM was effective in enhancing leaf and nodule

senescence resulting in significant decrease in plant growth and yield.
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A higher frequency of adventitious shoots buds/multiple shoots
formation was observed in TDZ containing medium. TDZ induces high
frequency of somatic embryogenesis or adventitious bud formation either
alone or incombination with other growth regulators IBA, NAA and

Kinetin (Anwaret al., 2008).

Vani and Reddy. (1996) study the epicotyls explants rise to multiple
shoots when cultured on B5 medium containing BA (1.0 mgl™) and Kin

(1.0 mgl™) + IAA (0.5mgl™).

Kumar et al., (1994) found that 2,4-D (1.0-1.25 mgl™) could induce
embryogenic response only in 20 per cent for leaf explants in the chickpea
cultivar C235. Whereas, using of kinetin (0.25 mgl™") in combination with
2,4-D could bring out embryogenic response in about 90% explants. The
well-formed embryos germinated into plantlets on basal B5 medium. The
same group also gave regeneration protocol, using 0.25 mgl' 2.4-D
picloram each 0.1lmgl" BAP in the variety BG 256 for maturation of

embryos modified B5 medium with 2.0 mgl™.

Immature leaflet explants of chickpea (p-256) develop callus on MS
medium supplemented with 1.25 puM 2,4-D and 10.0 uM BAP and calli
were regenerated on MS+ 5.0 uM BAP + 10.0 uM IBA. (Rizvi and Singh,
2000).

Maximum 26 shoots explant were induced from single cotyledon

with half embryonic axis in MS medium supplemented with 1.6 mgl” BA,
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0.04 mgl-' NAA and shoots elongatedwhen 0.2 mgl' IAA was added
(Chakraborti et al., 2006).

Isolation and regeneration of chickpea protoplasts from hypocotyl
derived protoplasts cultured on V47 medium supplemented with NAA (1.5
mgl™") and BAP (0.5 mgl™) were able to produce microcalli, but microcalli
failed to undergo differentiation and organogenesis to produce plantlets

(Sagare and Krishnamurthy, 1991).

Polowick et al., (2004) used rooting medium consisting of B5 basal
salts and vitamins supplemented with 1.0 uM NAA for rooting the
chickpea shoots and subsequently shoots with short roots which were
transferred to magenta vessels containing B5 salts and vitamins and0.7%
agar until root system was well established in 1 - 3 weeks while those with

roots longer than 3.0 cm were transferred directly to soil.

Richa and Singh. (2002) developed efficient plant regeneration
protocol via somatic embryogenesis from embryonic axes on MS medium
supplemented with 1.25 mgl" and 0.25 mgl™ kinetin. Differentiation of
masses callus with globular structured embryos was observed during dark

incubation.

Jayanand et al., (2003) used explants derived from the axillary
meristems from the cotyledon nodes of in vitro—germinated seedlings of

chickpea. TDZ and lower concentration of 2-iP and kinetin in the
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elongation of medium resulted in faster and enhanced frequency of

elongated shoots.
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Chapter Three
Materials and Methods
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3.1: Plant material

Seeds of three varieties (HUDAS, FLIP03-147C and FLIP05-100C)
provided from ICARDA and two landraces ('Ein Al- Bayda' and 'Baladi')
provided from local collection (Faculty of Agriculture, An-Najah Nat.

University)
3.2: Seed disinfestations

Seeds were sterilized for 15 minutes in a 40 % Chlorax solution (5.25%
sodium hypochlorite) containing 0.1% (v/v) tween 20 as wetting agent.
Seeds were rinsed three times with sterile distilled water for 5 minutes to

remove the traces of the bleach.
3.3: Medium preparation

Chickpea seeds were transferred aseptically to MS medium supplemented
with 30 gml™ sucrose, 0,1 gml™ myinistol and solidified with 8.0 gm agar.
The pH of the medium was adjusted to 5.6 with 0.1M KOH or 0.1M NaOH
before solidifying with agar. The solidified medium was sterilized by

autoclaving at 121°C for 21 minutes.
3.4: Establishment of the plant material

After disinfestations, seeds of chickpea were planted in test tubes each
containing 10 ml of MS based medium, one seed per test tub. The tubes

were incubated in a growth chamber at 22 + 1°C for two weeks with 16 h
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of photoperiod illumination of 40 pmol m™ s supplied from cool white

fluorescent.
3.5: Explant preparation

The in vitro grown seedlings were used as a source of two types (stem and
leaf) explant; the explants were excised after 14 days of germination. For

regeneration experiments, explants were taken from the seedling cultures.
3.6: Shoot multiplication experiment

In this experiment shoots tip of about 2.0 cm length were cut from
the establishedseedlings transferred into the hormonal combination media
and incubated under 22 + 1°C with 16 h of photoperiod illumination of 40

umol m™ s 'supplied from cool white fluorescent.
3.6.1: Effect of NAA and BA on shoot multiplication

Shoot explants were excised and cultured on MS (Murashige and
skoog, 1962) medium supplement with different concentrations of Benzyl
Amino Purine BAP (0.0, 2.2 and 4.4 puM) in combination or alone
withtheauxin 1-Naphthaleneacetic acid NAA at 0.0 and 2.7 uM (Table 3.1).

3.6.2: Effect of NAA and Kinetin on shoot multiplication

Shoot explants were excised and cultured on MS medium
supplement with different concentrations of Kinetin at (0.0, 9.2 and 18.4

uM) in combination or alone with the auxin 1- Naphthaleneacetic acid
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NAA at 0.0 and 2.7 uM (Table 3.2). pH was adjusted to 5.56 prior to

autoclave. Cultures were incubated at similar conditions.
recorded after 3 weeks of culture.

Table 3.1: Concentration of PGRs

Data were

used for chickpea shoot

multiplication
PGRs concentration (uM)
Treatment
NAA BA
0.0 2.2
0.0 4.4
2.7 2.2
2.7 4.4

Table 3.2: Concentration of PGRs

used for chickpea shoot

multiplication
PGRsconcentration (uM)
Treatment

NAA KIN
0.0 9.2
0.0 18.4
2.7 9.2
2.7 18.4




22
3.7: Regeneration experiment

In this experiment two different explants from in vitro established
seedlings were used (stem and leaf). Each explant was cut into two pieces
and cultured on 9.0 cm diameter petri dishes (4 segments for each plate)

containing 25.0 ml of MS media.
3.7.1: Effect of NAA and TDZ on shoot regeneration
3.7.1.1: Experiment One

MS media supplement with two different PGR levelsNAA at 0.0, 2.7
uM, and Thidiazuron (TDZ) at 0.0, 1 and 2 uM was used in this experiment
(Table 3.3). pH was adjusted to 5.56 prior to autoclave. The cultures were
incubated under dark condition for 2 weeks; then they were transferred
under similar condition of the germination experiment. After 3 weeks every

petri was tested for shoot regeneration.
3.7.1.2 Experiment two

In this experiment, higher levels of TDZ (0.0, 3 and 4 uM) combined
with 0.0, 2.7 uM of NAA were used (Table 3.4). pH was adjusted to 5.56

prior to autoclave.
3.7.2: Effect of NAA and Kinetin on shoot regeneration

Explants were cultured on medium supplemented with different PGR

levels of kinetin (0.0, 2.3 and 4.6 uM) applied alone or combined with
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NAA at 0.0, 2.7 uM (Table 3.5). PH was adjusted to 5.56 prior to
autoclave. All cultured were incubated under dark condition for 2 weeks;
then they transferred in the incubator under 22 + 1°C with 16 h day light.
After 3 weeks every petri was tested for shoot regeneration.

Table 3.3: Concentration of PGRs wused for chickpea shoot
regeneration (Experiment One)

PGRs concentration (uM)
Treatment NAA TDZ
1 0.0 0.0
2 0.0 1.0
3 0.0 2.0
4 2.7 0.0
5 2.7 1.0
6 2.7 2.0

Table 3.4: Concentration of PGRs used for chickpea shoot
regeneration (Experiment two)

PGRs concentration (uM)
Treatment NAA TDZ
1 0.0 0.0
2 0.0 3.0
3 0.0 4.0
4 2.7 0.0
5 2.7 3.0
6 2.7 4.0
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Table 3.5: Concentration of PGRs used for chickpeashoot regeneration

PGRs concentration (uM)
Treatment NAA KIN
1 0.0 0.0
2 0.0 2.3
3 0.0 4.6
4 2.7 0.0
5 2.7 2.3
6 2.7 4.6

3.8: Statistical analysis:

The treatments in multiplication and regeneration experiments were
considered as factorial treatment design, each combination of the growth
regulators in each experiment were considered as a treatment, the
treatments were arranged in completely randomized design with 10
replicates in multiplication and 3 replicates in regeneration experiments.
Collected variables were summarized and analyzed in one way analysis of
variance (ANOVA) using SAS software (SAS, 1990). Comparative
analysis was conducted for the significant result using LSD at 0.05

probability level.
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Chapter Four
Results
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4.1: Seed plantation

After 2 weeks, seeds of different varieties and landraces germinated
successfully onto the basal medium (Fig 4.1 A,B), however 'Baladi' exhibit
the highest growth onto MS medium comparing with FLIP05-100c, Ein Al-
Bayd landrace, FLIP03-147c, and 'Hudas' (Table 4.1). No contamination
was observed in any of the treatments. There was significant differences in
seed germination percentages among the 5 investigated chickpea types. The
highest germination % was observed for Baladi landrace 75% followed by
Ein Al - Bayda landrace, HUDAS, and FLIP05-100c 43%, 30%, and 30%

respectively and least recorded FLIP03-147c with 25%.

Table 4.1: Germination % of chickpea seeds on MS- media

Cv Germination %
1 25
2 30
3 30
4 75
5 43

1= FLIP03-147¢ variety, 2= '"HUDAS' variety, 3= FLIP05-100c variety, 4=

Baladi landrace, 5= Ein Al -Bayda landrace
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Fig (4.1) Growing chickpea seed on MS basal media: A) Chickpea seed on MS media,
B) Chickpea seed on MS media after 14 days, C) The variety (FLIP03-147c) on MS
media where browning of tissues appear as a result of phenol compounds.

4.2: Shoot multiplication experiment

4.2.1: The effect of different levels of BA and NAA on shoot

multiplication
4.2.1.1: Baladi landrace

The effect of both NAA and BA on shoot number of 'Baladi' is
presented in (Table 4.2). No significant interaction was observed between
NAA and BA; therefore, the result of each factor was presented separately.
The highest shoot number (8.0) was obtained at media without hormone

and when BA was used at 2.2 uM (Fig 4.2 A), whereas lower shoot number
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per plant (1.3 and 3.5) were observed in explants treated with 2.7 uM NAA
and 4.4 uM BA (Fig 4.2 B). All of shoot explantswere axillary shoot.

4.2.1.2: Ein Al- Bayda landrace

The effect of both BA and NAA on shoot number of 'Ein Al-
Bayda'is presented in (Table 4.3). The statistical analysis reveal no
significant interaction between NAA and BA on shoot multiplication,
therefore, the result of each factor was presented separately. The highest
shoot number (5.95) was obtained at media without hormones and when
BA was used at 2.2 uM (Fig 4.2 C), whereas lower shoot number per plant
(2.1, 3.8) were observed in explants treated with 2.7 uM NAA and 4.4 uM
BA (Fig4.2 D).

Table 4.2: The effect of different concentration of BA, NAA on the
number of shoots multiplication of chickpea Baladi local landrace.

Hormone(uM) Level No of shoot
0.0 8.0a
NAA 2.7 1.3b
BA 2.2 58a
4.4 35b
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Number followed by the same letter or letters are not significantly differ at
5% level according to (LSD Multiple Range test) (DMRT)

Table 4.3: The effect of different concentration of BA, NAA on the
number of shoots multiplication of chickpea Ein Al- Bayda local
landrace.

Hormone (uM) Level No of shoots
0.0 5950 a
NAA 2.7 2.100 b
BA 22 4250 a
4.4 3.800

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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Fig (4.2):Shoot multiplication of chickpea cultivars: A) Shoot multiplication ofBaladi
local landrace on (2.2uM) BA with stunted growth, B) Shoot multiplication of Baladi
local landrace on (4.4 pM), C) Shoot multiplication of Ein Al-Bayda locallandrace on
(2.2uM), D)Shoot multiplication of Ein Al-Bayda local landrace on (4.4 uM).
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4.2.2: The effect of different levels of Kinetin and NAA on shoot

multiplication

4.2.2.1: Baladi landrace

Data on shootmultiplication of 'Baladi' from shoottip cultured on MS
— medium with both NAA and Kin is presented in (Table 4.4). No
significant interaction was observed between NAA and Kin, therefore, the
result of each factor was presented separately. The highest shoot number
(5.31) was obtained at media without hormones (Fig 4.3 A). However
When NAA was used at 2.7 uM no shoots were produced.Lower number of

shoots were observed (2.31, 2.85) with (9.2, 18.4) uM Kin.

4.2.2.2: Ein AL- Bayda landrace

The effect of both NAA and Kin on shoot number of ' Ein Al- Bayda'
is presented in (Table 4.5). There was no significant interaction effect
between NAA and Kin on shoot number, therefore, the result of each factor
was presented separately. The highest shoot number (4.45) was obtained at
media without hormone (Fig 4.3 B). However, when NAA was used at 2.7
UM no shoots were produced, lower number of shoots were observed

(2.75-1.70) with 9.2, 18.4 uM Kin.



Table 4.4: The effect of different concentration of Kin, NAA on the
number of shoots multiplication of chickpea Baladi local landrace
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Hormone (uM) Level No of shoots
0.0 531a
NAA 2.7 0.0b
Kin 9.2 231 a
18.4 2854

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)

Table 4.5: The effect of different concentration of Kin, NAA on the
number of shoots multiplication of chickpea Ein AL- Bayda local

landrace
Hormone (uM) Level No of shoots
0.0 445 a
NAA 2.7 0.0b
Kin 9.2 2.75 a
18.4 1.70 b

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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Fig (4.3): Shoot multiplication of chickpea landraces: A) shoot multiplication of Baladi
local landrace, B) shoot multiplication of Ein Al-Bayda local landrace.

4.3: Regeneration experiment

4.3.1: Experiment one

4.3.1.1: Effect of explants, TDZ and NAA on shoot regeneration
4.3.1.1.1: Ein Al-Bayda landrace

Two types of explants (stem and leaf) were used in regeneration
experiments with two cytokinin (TDZ and Kinetin) and auxin (NAA). The
effect of explants and growth regulator on shoot percent and average
number of shoot is presented in (Table 4.6, 4.7, 4.8). No significant

interaction among the studied factors (explants and hormone) on shoot
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regeneration was observed, therefore each factor was presented separately

in different tables.

Table 4.6 shows, the effect of explants on shoot regeneration. Stem
explants exhibited no regeneration; however leaf explants showed (43%)

shoot regeneration, the same trend was observed with shoot number.

No significant effect on shoot percentage and average number of
shoots observed when NAA was used, the same trend was observed with
shoot number (Table 4.7). However, no significant effect of TDZ on shoot
regeneration was observed in (Table 4.8). The highest shoot regeneration
(29.2%) was recorded onto medium supplied 2.0 UM TDZ, medium
without TDZ exhibited lower regeneration % as well shoot number (Fig
4.4).

Table4.6: The effect of explants on shoot % and average number of
shoots of Ein Al-Bayda landrace

Explant Shoot % Av. Shoot no
Stem 00D 00b
Leaf 43.0a 20a

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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Table4.7: The effect of NAA level on shoot % and average number of
shoots of Ein Al-Bayda landrace

NAA level (M) Shoot % Av.Shoot no
0.0 213 a 1.0a
2.7 21.6a 11a

Number followed by the same letter or letters are not significantly differ at
5% level according to (LSD Multiple Range test) (DMRT)

Table 4.8: The effect of TDZ level on shoot % and average number of
shoots of Ein Al-Bayda landrace

TDZ level (nM) Shoot % Av. Shoot no
0.0 1252 0.5a
1.0 229 a 1.25 a
20 2923 133a

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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Fig (4.4) Shoot regeneration of Ein Al-Bayda local landrace on 2.0 pM TDZ with
stunted growth.

4.3.1.1.2: FLIP03-174C variety

The effect of explants and growth regulator on shoot percentage and
average number of shootsis presented in (Table 4.9). Significant interaction
between the studied factors (explants and hormone) on shoot regeneration
was observed. Stem explants exhibited no regeneration; however leaf
explants showed (33.3%) of shoot regeneration at 1.0 uM TDZ. Medium
with 2.7 uM NAA exhibited lower regeneration %, no significant

interaction in shoot number was observed.
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Table 4.9: The effect of explants, NAA and TDZ on shoot percent and
average number of shoots of FLIP03-147C variety

Explant | NAA | TDZ@uM) | Shoot% | Av.Shoot no
(M)
Stem 0.0 0.0 0.0 ¢ 0.0
Stem 2.7 0.0 0.0c 0.0
Stem 0.0 1.0 0.0c 0.0
Stem 2.7 1.0 0.0c 0.0
Stem 0.0 2.0 0.0c 0.0
Stem 2.7 2.0 0.0c 0.0
Leaf 0.0 0.0 0.0c 0.0
Leaf 2.7 0.0 16.7b 0.28
Leaf 0.0 1.0 333a 0.14
Leaf 2.7 1.0 0.0 c 0.0
Leaf 0.0 2.0 16.7b 0.14
Leaf 2.7 2.0 0.0 c 0.0
Sig interaction Sig NS

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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4.3.1.1.3: HUDAS variety

The effect of explants and growth regulator on shoot percentage and
average number of shoots is presented in (Table 4.10, 4.11). Significant
interaction among the studied factors (explants and NAA) on shoot
regeneration was observed, however, TDZ showed no significant
interaction so it was presented separately (Table 4.11). Both NAA and
explants exhibited a significant effect on shoot regeneration (Table 4.10).
Stem explants exhibited no regeneration, however leaf explants showed
(33.0%) of shoot regeneration, the same trend was observed with shoot
number. The effect of TDZ on shoot regeneration was shown in (Table
4.11). The highest shoot percentage (14.6 %) was recorded onto medium
supplied with1.0 uM TDZ (Fig 4.5), medium without TDZ exhibited lower

regeneration % as well with shoot number.

Fig (4.5) Shoot regeneration of HUDAS variety on 1.0 uM TDZ
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average number of shoots of HUDAS variety

The effect of NAA level and explants on shoot % and

Explant
NAA(M) Leaf Stem
Shoot% | Av.Shoot No | Shoot% Av.Shoot
no
0.0/333a 13a 0.0b 0.0b
277155b 0.22b 0.0b 0.0b

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)

Table4. 11: The effect of TDZ level on shoot % and average number of

shoots of HUDASVvariety
TDZ(pM) Shoot% Av.Shoot no
0.0 4.2 0.16
1.0 14.6 0.58
2.0 10.4 0.42
NS NS

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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4.3.1.1.4: Baladi landrace

The effect of explants and growth regulator on shoot percentage and
average number of shoots is presented in (Table 4.12). Significant
interaction among the studied factors (explants and hormones) on shoot
regeneration was observed. The highest shoot percentage (50.0%) was
obtained from leaf explants on medium containing 1.0 and 2.0 uM TDZ
without NAA (Fig 4.6), when NAA was used at 2.7 uM no regeneration
was observed. On the other hand, no shoot regeneration was achieved using

stem explant.

Fig (4.6) Shoot regeneration of Baladi local landrace on 1.0 uM TDZ
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Table 4.12: The effect of explants, NAA and TDZ on shoot % and
average number of shoots of Baladi landrace

Explant | NAA(uM) | TDZ(uM) | Shoot % | AV. Shoot no

0.0 00b 0.0b

0.0 1.0 0.0b 00b

Stem 2.0 0.0b 0.0b
0.0 0.0b 00b

2.7 1.0 00b 00b

2.0 0.0b 00b

0.0 00b 0.0b

0.0 1.0 50.0a 25a

2.0 50.0 a 20a

Leaf 0.0 00b 0.0b
2.7 1.0 0.0b 00b

2.0 0.0b 00b

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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4.3.1.1.5: FLIP05-100C variety

The effect of explants and growth regulators on shoot percentage and
average number of shoot is presented in (Table 4.13). Significant
interaction among the studied factors (explants and hormone) on shoot
regeneration was observed. However, the highest shoot percentage (62.0%)
was achieved from leaf explant growing on medium containing 2 uM TDZ
without NAA (Fig 4.7), at 1.0 uM TDZ shoot number was reduced
(42.0%). No shoot regeneration was obtained from stem explant. The

medium contains 2.7 uM NAA, gave lower shoot number.

Fig (4.7) Shoot regeneration of FLIP05-100C variety on 2.0 uM TDZ
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Table4.13: The effect of explants, NAA and TDZ on shoot % and
average number of shoots of FLIP05-100c¢ variety

Explant | NAA(uM) | TDZ(uM) | Shoot % AV.Shoot no

0.0 0.0 b 0.0b

0.0 1.0 0.0 b 0.0b

2.0 0.0 b 0.0b

Stem 0.0 0.0 b 0.0b
2.7 1.0 0.0 b 0.0b

2.0 0.0 b 0.0b

0.0 0.0 b 0.0b

0.0 1.0 42.0 a 1.6b

2.0 62.0 a 30a

Leaf 0.0 0.0 b 0.0b
2.7 1.0 0.0 b 0.0b

2.0 83 b 033 b

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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4.3.2: Experiment two

4.3.2.1: Effect of explants, TDZ and NAA on shoot regeneration

When higher level of TDZ was used, the regeneration was reduced
as presented in (Table 4.14, 4.15), no regeneration was obtained with
FLIP05-100C variety, however, very low regeneration % was obtained in

FLIP05-100C variety, Baladi landrace and Ein Al-Bayda landrace.

4.3.2.1.1Baladi landrace

The effect of explants and growth regulator on shoot percentage and
average number of shootsis presented in (Table 4.14).Regeneration was
only obtained with leaf explants.No significant interaction among the
studied factors (explants and hormones) on shoot regeneration was
observed. Only 2.0% of regeneration was obtained with 3.0 uM TDZ with

average shoot number of 0.25 (Fig 4.8).



Fig (4.8) Shoot regeneration of Baladi local landrace on 3.0 uM TDZ due to
vitrification.
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Table 4.14: The effect of explants, NAA and TDZ on shoot % and
average number of shoots of Baladi landrace

Explant | NAA@M) | TDZ(uM) | Shoot % | AV-Shoot
no

0.0 0.0b 0.0b

0.0 3.0 0.0b 0.0b

Stem 4.0 0.0 b 0.0 b
0.0 0.0 b 0.0b

2.7 3.0 0.0 b 0.0b

4.0 0.0b 0.0b

0.0 0.0b 0.0b

0.0 3.0 20a 0.25 a

4.0 0.0b 0.0 b

Leaf 0.0 0.0 b 0.0 b
2.7 3.0 0.0b 0.0b

4.0 0.0b 0.0 b

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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3.2.2.1.2: Ein Al-Bayda landrace

The effect of explants and growth regulator on shoot percentage and
average number of shoot is shown in (Table 4.15). Regeneration was only
obtained with leaf explants. No significant interaction between among the
studied factors (explants and hormones) on shoot regeneration was
observed. Only 4.0 % of regeneration was obtained with 4.0 uM TDZ with
average shoot number 1.7 (Fig 4.9). The regeneration was obtained in leaf

explants.

Fig (4.9) Shoot regeneration of Ein Al- Bayda local landrace on 4.0 uM TDZ
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Table 4.15: The effect of explants, NAA and TDZ on shoot % and
average number of shoots of Ein Al- Bayda landrace

Explant | NAA(uM) | TDZ(uM) | Shoot % AV. Shoot
no

0.0 0.0 b 0.0b

0.0 3.0 0.0 b 0.0b

Stem 4.0 0.0b 0.0b
0.0 0.0b 0.0b

2.7 3.0 0.0b 0.0b

4.0 0.0 b 0.0b

0.0 0.0 b 0.0b

0.0 3.0 0.0 b 0.0b

4.0 402 17a

Leaf 0.0 0.0 b 0.0 b
2.7 3.0 0.0 b 0.0 b

4.0 0.0 b 0.0 b

Number followed by the same letter or letters are not significantly differ at

5% level according to (LSD Multiple Range test) (DMRT)
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Chapter Five

Discussion
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The study reported for the first time an in vitro study of local
chickpea landraces in Palestine, Landraces are diverse genetically. This
diversity provided protection against pests, diseases, and abiotic stresses.
Landraces genetic resources are commonly maintained in sifu conservation
(Ford and Jackson, 1986). The replacement of local landraces with
improved varieties of narrow genetic base, in turn, may lead to genetic
vulnerability, genetic vulnerability may be defined as the susceptibility of
most of the cultivated varieties of a crop species to biotic (diseases and
insect pests) and abiotic (adverse climatic changes) stresses due to

similarities in their genotypes (Singh, 2000).

Natural populations may suffer from natural calamities but they are
still genetically more flexible to adapt themselves or to evolve with the
calamities while commercial cultivars are genetically uniform that their
population is inflexible enough to do so (Boef et al., 1996). The
regeneration and multiplication of landraces reported in this study, is an
important step toward the improvement of these landraces through

biotechnology technique.

In our study, seeds of all chickpea cultivars were treated with 40% Chlorox
to optimize the level of Chlorox suitable for in vitro germination, this level
prevented contamination, however, seed germination percentage was not
the same in all varieties and landraces (Chaudhry et al., 2007). FLIP03-
147C chickpea exhibited low growth after the initiation of germination,

phenol metabolites was exudates from the seeds, this could explain the low
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germination % associated with this variety (Fig 4.1C) (Fernandez-Orozco

et al., 2009).

Sterilization is an important step, which affects growth and
regeneration, Chlorox (Sodium hypochlorite) used as a surface sterilization
agent, played an important role in germination of seeds (Chaudhryet al.,

2007).

Phenolic are secondary metabolites that modulate plant development
(Arnaldos ef al., 2001) and plant reaction against biotic and a biotic stresses

(Kefeliet al., 2003; Conceicao et al., 2006; Fan et al., 2006).

Oxidized phenolic compounds inhibit enzymatic activity and darken
the culture medium, subsequently the explants brown or blacken and die
(Laukkanen et al., 1999; Arnaldos et al., 2001). Several authors have
suggested solutions to minimize the lethal browning or blackening of
explants caused by phenolic compounds in plant tissue culture. Among
these protocols are treating explants with ascorbic acid (Arditti and Ernst,
1993) adding a polyphenol adsorbent, such as activated charcoal (Arditti
and Ernst, 1993), or antioxidants, such as cysteine (Sanyal et al., 2005),
ascorbic acid (Arditti and Ernst, 1993), PVP (Lain¢ and David, 1994 )or
silver nitrate (Sanyal et al., 2005). Lopez-Amoros et al., (2006) indicated
that chickpeas contains different concentrations of hydroxybenzonic phenol
compounds, protocatechuic, p-hydroxybenzoic, vanillic acid trans-ferulic
acid, cis and trans p-coumaric acid, however during the germination, the

amount of phenol compounds was increased.
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In this study, the number of multiplied shoots was not high, plants
belong to the leguminosae are difficult to regenerate throughin vitro
propagation (Huda et al., 2000). The rate of shoot multiplication depends
on the number of nodal cuttings that can be excised from the shoot at the
end of each passage (Veraplakorn et al., 2012). Multiple shoot formation
via organogenesis could occur directly from the explants or indirectly from
the dedifferentiated callus. Both approaches are controlled by plant

hormones and other factors added to the medium (Tang and Chen, 2011).

The importance of BA in multiple shoot formation in chickpea and
other legumes 1s widely reported (Barik ef al., 2004; Odutayo et al., 2005).
Similar to the findings of Shagufta et al., (2007), the result of the present
study indicate that BA level in the media is an important factor influencing
the shoot. The highest shoot number was obtained when BA was used at
2.2 uM whereas lower shoot number per plant were observed in explants

treated with 4.4 uM BA.

Sujatha et al., (2007) studied the effect of BA and explants on shoot
multiplication in chickpea. BA at 4.44 uM was found to be more effective
in inducing multiple shoots in three explant source, Cotyledon, shoot tip
and nodes; they observed that cotyledon node produced the maximum
number of shoots compared to shoot tip and nodal explants. Our result
disagreed with Elke and Hess, (1994) who demonstrated that shoot number
per explant increases with increasing BAP (6-Benzyl-Amino-Purine),

Franklin ez al., (1998) obtained maximum shoot number (49) on 3.0 mgl™
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BAP with seedling explants (cotyledon node and shoot tip). In contrast, in
this study, BA at 2.2 uM resulted in the highest shoot number, whereas

with the higher level (4.4 uM) lower shoot number per plant was observed.

On the other hand, our result agree with Veraplakorn et al., (2012),
who reported higher shoot number (6.4) in Cavalcade cowpea produced in
MS medium supplemented with 1.0 mgl' BA, however, when BA
concentration was increase the shoot formation decline, increasing both

NAA and BA concentration tend to reduce shoot number.

Reduction in the number of shoots with increasing concentration of
BAP was reported by Rehman et al., (2004), similar to our study higher
concentrations of BAP reduced the shoot number in both chickpea Baladi

and Ein Al- Bayda landraces.

Multiple shoot formation from shoot apices was obtained on MS
medium supplemented with 20 uM BA + 0.1 uM NAA in pea (Griga et al.,
1986). In both Baladiand Ein Al- Bayda landraces the addition of NAA at
2.7 uM reduces shoot production; similar finding in chickpea was reported

by (Aasim et al., 2011).

BAis the most commonly used cytokinin followed by kinetin in plant
tissue culture. In this study, the shoot number wasreduced when 9.2, 18.4
uM Kinetin was used, hence it is proved that the concentration of BAP can
increase up to certain limit otherwise, it causes undesirable effects.

Sawardekar. (2007) indicate that BAP produced limited number of multiple
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shoots; he suggest that BAP can produce more than 12 shoots but BAP at
higher concentration cause the swelling of explants and shoots become
watery. MSmedia with B5 vitamins supplemented with 5.0 uM BAP were
found to be highly effective in medium for multiple shoot formation

(Polisetty et al., 1997).

Multiple shoots have been induced from shoot tips cultured on MS
medium supplemented with 2.0 mgl” NAA and IBA 2.0 mgl™' (Chandra et
al., 1993) stunted shoots were obtained with 2.2 uM BA experiment in
Baladi chickpea (Fig 4.2 A). The occurrence of stunted shoots on
unconditioned explants cultured on medium containing BA with NAA
might be due to inhibition of active cell division in these explants (Aasim et
al., 2009a). Abdelwahd et al., (2008) reported high shoot induction (26.0)
obtained on shoot elongation medium consisting of MS medium

supplemented with 6.0 uM 2-ip and 3.0 uM kin for 10 days.

In our study the highest number of shoots was obtained when 0.0 uM
NAA in both chickpea 'Baladi' and 'EIN Al -Bayad'. Shoots transferred to
plant growth regulator free medium have potential to synthesize and
maintain desired endogenous levels of gibberellins and other auxins, MS
basal medium without the addition of plant growth regulators resulted in a

large number of shoot production (Anwar et al., 2010a).

In our study direct regeneration from axillary buds was
obtained.Similar results were reportedfrom other herbaceous legumes such

as grasspea (Barik et al., 2007). Plant multiplied by forced axillary
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branching may be due to cytokinin responsibility (Bhowjwani and Razdan,

1996).

The presence of cytokinin to stimulate cell division is required to
propagate the embryonic stage and to form new multiple shoots, these
compounds used for shoot proliferation by release of axillary buds from
apical dominance (Khalisi, 2009). TDZ is an expensive GR that is not
economic and results in abnormal shoots, so BAP could be used as efficient
GR with economic cost in multiple shoot production (Shalini ef al., 2001).
It was reported that BA proved to be an ideal hormone for shoot

multiplication of shoot tip culture in legumes (Sounder et al., 1989).

In this study, variation in shoot regeneration among explants used
was clear, this result was consistent in all varieties and landraces. Leaf
explants showed higher regeneration than stem. Morphogenetic responses
of plant tissue culture are controlled by the optimal selection of the
explants (Mohamed et al., 1992). In chickpea explants such as, cotyledon,
epicotyls, hypocotyl, immature leaflets, leaves, internodes and root tips
have been tried to induce callus (Vani and Reddy, 1993). The findings of
this study agreed with Hofmann ef al., (2004) who reported that leaf
explants is a good source for shoot induction through callus in chickpea.
However, in other studies no shoot or callus regeneration was achieved
with both leaf or stem explant in lentil (Khawar et al., 2004). On the other
hand, Aasim et al., (2011) reported successful shoot regeneration from

mature embryo and embryonic axis explants of chickpea.
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The higher shoot regeneration ability from leaf explantcompared to
other explants could be due to meristem activity (Hinchee ef al., 1988). In
our study, stem explant resulted in callus tissue formation only, no other
differentiation was observed. Aasim et al., (2010) showed that cotyledon
nodal explants regenerate more compared to hypocotyl explants which
induced callus only. Jayanand et al., (2003) developed an efficient and
reproducible protocol for the regeneration of shoots at high frequency using

explants derived from the axillary meristems in chickpea plant.

Different tissues when grown on the same media show variability in
differentiation. This probably could be due to either endogenous levels of
various growth hormones or relative sensitivity to various auxins (Chandra
etal., 1993). Hence, there is a need to standardize regeneration protocol for

each type of explant.

In our study, shoot regeneration was observed when lower levels of
TDZ were used, however, no regeneration was observed with Kinetin.
Plant growth regulators had effective role on the induction of callus,
shootsand the concentration of the growth regulators; play a vital role in

regeneration of plants in vitro (Aloni et al., 2006).

Our result agreed with the findings of other researchers, who
reported that TDZ at lower concentration is better than BA, Kinetin or 2i-P
(Saini and Jaiwal, 2002; Keneda et al., 1997; Yoshida, 2002; Genga and
Allavena, 1991).
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In addition,Anwar et al., (2010b) indicated that TDZ at 4.0 uM in
combination with 2i-P (10.0 uM) and Kinetin (2.0 uM) was found to be
optimal for the expansion of merisematic zone followed by shoot induction
of chickpea. On the other hand Huda et al., (2003) reported the maximum
percentage (40.0) of shoots bud formation was obtained on MS medium
with 2.0 mgl”' BAP and 0.5 mgl” NAA. In our study, shoot vitrification was
observed with Baladi and EinAl-Bayda landraces with 3.0 and 4.0 uM of
TDZ (Fig 4.8, 4.9), similar finding was reported with Aasim et al., (2008)

and Asaim et al.,(2009b)on cowpea plant.

In our study more callus was observed with NAA containing media,
this is agreed with the findings of Aasim et al., (2009¢) who also reported a
positive effect of the presence of NAA in the culture medium on callus
induction in cowpea. The addition of NAA in the culture medium resulted
in decreasing shoot regeneration. This finding agrees with Brar et al.,
(1997) who reported a negative effect of NAA along with BA on shoot

regeneration in cowpea.

In Ein Al —Bayda landrace, stunted shoots were observed with TDZ
application (Fig 4.4) might be due to inhibitions and less active cell
division, which agreed with Chen et al., (1995) who observed stunted

shoots on unconditioned explants of bean.

Thidiazuron (TDZ) has been reported as a potent growth regulator
for in vitro morphogenesis in many plant species including grain legumes

(Wang et al., 2008).Thidiazuron has been demonstrated as a better
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induction factor for organogenesis and somatic embryogenesis in chickpea
(Rizvi and singh, 2000). Although the exact mechanism of action of TDZ
is not clear, it is believed to be involved in regulating endogenous levels of
various growth regulators (Malik and Sexena, 1992). The high activity of a
low concentration of TDZ has not been investigated, we assumed that TDZ
1s persistent in plant tissue and is metabolized in manner similar to that
reported with phaseolus luntus L. (Mok and Mok, 1985). TDZ when
interacted with endogenous hormones, it reprograms the mode of
morphogenesis (from organogenesis to somatic embryogenesis) possibly by
releasing, synthesizing, protecting or even inhibiting auxins in situ in
combination with other sub culture metabolic change (Gill and Saxena,

1992).

In this study stem and leaf explants showed no response to shoot
regeneration in all five cultivars when Kinetin was used in the media.
However, the internode explants was found to be the best for callus
induction with different combinations of 2.0 mgl” kinetin and 2.0 mgl’

IAA (Huda et al., 2000).

Organogenic differentiation in cell and tissue culture is due to
hormonal manipulation of the culture medium, morphogenesis of shoot via

organogenic is highly affected by the plant hormones (George et al., 2008).

In our experiment, the media supplied with 1.0 and 2.0 uM TDZ,
showed variation response among the 5 genotypes studied. The

organogenic response varied greatly with the genotypes, the significance of
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the genotype in determining cultures response was recognized (Cardinale et
al., 2007). Our findings agree with (Singh et al., 1997) who reported
variation in shoot regeneration (48-85%) among 3 chickpea lines (BG-256,

C235, PDG).

In another study, 39% shoot regeneration was obtained with the
MCC764 chickpea line, no shoot regeneration was observed with other
lines (Mirkabad et al., 2010). Moreover, Sayem et al., (2010) reported

different shoot regeneration of chickpea genotypes.

In our study all chickpea genotypes (Baladi landrace, Ein Al-Bayda
landrace, HUDAS variety, FLIP05-100c variety, FLIP03-147¢c variety)

showed no response when cultured on MS containing Kin.

In contrast to our study, good shoot health and expanded leaf were
observed on MS medium containing 1.0 mgl™ Kin, Binachhola-3 chickpea
failed to produce any shoot, other three local verities (Barichhola-4,
Binachhola-4, Hyprochhola) showed better response in this medium (Banu

etal., 2011).



60

Chapter Six

Conclusions and Recommendations
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6.1 Conclusions

The results of the present investigation demonstrated that the high
variability in the growth and regeneration of local chickpea varieties, BA at
2.2 uM was good for shoot multiplication from shoot tip in Baladi and Ein
Al-Bayda local landraces, while TDZ at 2.0 uM alone was the best for
shoot regeneration from leaf explant in FLIP05-100c variety, leaf explants
were better source than stem section for shoot regeneration. The
establishment of an in vitro multiplication and regeneration protocol for
Palestinian chickpea landraces could be effectively used for the

improvement of these landraces through biotechnology technique.

6.2 Recommendations

The result of this study is considered as initial findings on the
multiplication and regeneration of local chickpea varieties in Palestine.
More investigations are needed to improve the multiplication and
regeneration of chickpea cultivar. Ex vitro studies are also needed to

evaluate the growth and performance of the regenerated plants.
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