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8.U. ZIRAAT F. ,TESI DERGlSt
YAYIN

S.0. Ziraat Fakiltesi Derglstnde dnceltk sirasyyla mesleks ve teknik konulardaki orfjinal
;astlnm. Imahgerk:mc: yazlan yayinlamr. Ancak, bir dergideki derleme makalest sayisi en ok ik
et ol .

Derglye sunulan yazilar, makale konusu tle tigili uzmanhk dalindaki bir danismana génderilir.
Damgman gérliigleri yayin komisyonunda degerlendirildikten sonra yayini konusunda karar
vertlir.

Eserin bagk@ metne uygun, kisa ve agtk olmahi ve bayttk harfle yazlmaldir.

Orfjinal araghrmalann yazihg tertibl agagidaki sekilde olmalidir !

Eserin yazar veya yazarlannmin adi tam olarak kt¢ak harflerle, bagh@in alt ortasina yazlmal ve
aynca yazar veya yazarlann @invan, cahgtiklan yer istm veya tsimlerin I k dipnot
(*. **) igaretlertyle itk sayfanin altina bir ¢izgl ¢izilerek metinden ayn bir gekilde belirtiimelidir.
Varsa aragtirmay destekleyen kurumlann tsmi de bu dipnot iginde beltrtilmelidir.

Escrin bdliimler gu siraya uygun olmalidir : Tarkge ve yabanci dilde (ingilizee, almanca ve
fransizca) Ozet, Girlg, Materyal ve Metod, Arastirma Sonuglan ve Tartigma, Kaynaklar. Her
bdlame ait baghk satir hizasinda koyu bir gekilde yazlmahdir.

Tarkge ve yabanc: dilde verilen dzetlerin herbiri 200 kelimeyl gegmeyecek sckilde hazirlanmal ve
yabanc: dilde dzetin bagina esertn bash aym dilde,ve bityak harflerle yazilmalidir. Tarkee &zetin
altina anahtar kelimeler, Ingilizce 8zetin altina key words yazilmahdir.

Metin igerisinde kaynaklardan yarardanirken (Soyads, sene) sistemt kullamiimahdir. Ornekler : -

Black (1860) .... oldugunu tespit etmistr.

- Bitkilerin fotoperyoda gésterdikleri reakstyon baz: kimseler tarafindan arastinlmgtir (Weaw-
er. 1933; Galston, 1961 ve Anderson, 1968).

- Eser O¢ veya daha fazla kimse tarafindan yazilmgsa tlk yazann soyad le dmegin "Anderson ve
ark. (1945) geklinde yanlmaldir. Yararlanilan kaynadin yazan veya yaymlayan kurum bilin-
meyen yazar {3md yerine "Anonymous” yazlmalidir.

Kaynak Listesinin Hazirlanmas: : Kaynak listes] yazarlanin veya ilk yazarlann soyadlanna gore

alfabetik olarak siralanmalidir. Kaynak listesinde eseri yazan yazarlanin hepsinin tsminin veril-

mes! gereldr. Omek; - Kacar, B., 1972. Eserin ads "A.0. Ziraat Fak. Yayinln : 453, Uygulama kla-
vuzu : 155, 450-455, Ankara.

- %‘ﬁdgﬁlg G.. Hanway, A H., Hoane, H.G. ve Andecor. G.H.. 1961. "Eserin adi” Agron. Jour. 7 (2) :

Génderilecek yazlar, Sekil ve Tablo dahil olmak dzere 15 daktilo sayfasim ge¢meyecek sekilde
hazirlanmahdr,

Eserde verilecek Tablo, Gizelge ve Cetvel'in tamamm derglde birlik saglamak agisindan "Tablo” ola-
rak isimlendirilmeli ve numaralandinlmalidir, Ayrica Tablo numara ve fsmi dmegin ‘Tabro 1.
Topraklann ..." geklinde tablolann @st kismma yazimaldir. Tablolar bagka kaynaktan alinmgsa
agiklamasindan hemen sonra kaynak gsterilmelidir (Ornegin, "Black, 1961" gibi).

Sekil ve Grafikler aydinger kagidina ¢ini miirekkebi (e glzelmell, resimler parlak fotograf kartina
styah beyaz ve net basimig olmalidir. Eserlerde kullantlan grafik ve fotograflarda "SEKIL" olarak
{simlendirilip numaralandintmah ve gekil altina (Ornegin, Sekdl 1. Traktdrlerde ..." gib)
agiklamalan yazilmahdir. 13x18 em'den daha baytk gekil kabul edilmez.

Yazar veya yazarlar eserlerini gdnderirken, bagka bir yerde yayinlanmad veya yaymlanmak
Gzere verilmedi3ini yazili olarak belirtmelidirler. it veya y

Yazilann sorumluluklan yazarlanna aittir.

Eserin basum sirasindaki dizeltmeler yazannca yapitir. Eserlere telif Geretl 8denmez.
Sirekli yazilar yayinlanmaz.

Derginin bir sayisinda ik tsim olarak bir yazarin écten fazla eserl basiimaz.
Yaywnlanmayan yazlar jade edilmez.

YAYIN KOMISYONU
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YEMEKLIK DANE BAKLAGILLERDE DOKU KULTURU VE BITKI
REGENERASYONU CALISMALARI

Mehmet BABAOGLU*

OZET

Yemeklik dane baklagillerde tarler ve cinsler aras: uyusmazhklar mevcut gen
havuzunu sinirlamaktadir. Bu nedenle genetik manipulasyon ve in vitro teknikleri
konvansiyonel 1slagiya yeni varyasyonlar ortaya koymak icin baytk éneme
sahiptir. Ayniyca, bu tar bir yaklasim yine 1slah¢iya stire bakimindan buyik
kazanglar saglayacaktir.

Yemeklik dane baklagiller, manipiile edilmesi ve iyilestirilmesi gereken bir
¢ok karakterleri olmasina ragmen in vitro tekniklerine gosterdikleri tepki
bakimindan olduk¢a buytk zorluklar arz etmektedirler. Fakat istenmeyen
karakterlerin azaltilmas1 ve gesitli dayamikhihk genlerinin ilgili genotipe
aktarilabilmesi i¢in tekrar edilebilir bir bitki regenerasyon metoduna ihtiyag
vardir.

Bu cahismada yemeklik dane baklagillerin genetik maniptilasyonu tizerine
yapilan ¢alismalann en 6nemli koge taglarnni olusturan aragtirmalar tablo halinde
verilmistir. Burada amag, yemeklik dane baklagillerde calismaya baglamis veya
yeni basglayacak olan aragtirmacilara yol géstermek ve 6zellikle belirtilen cins, tar
veya varyetelerde in vitro tekniklerinde kullanilmas: gereken en uygun bitki
kisimlari, besin ortamlant ve bitki buiyime regiilatérleri kombinasyonlari

konularinda rehberlik etmektir.

Anahtar K=limeler : Kallus, mikropropagasyon, apikal meristem, kéklendirme.

ABSTRACT

TISSUE CULTURE AND PLANT REGENERATION IN GRAIN
LEGUMES : A REVIEW

The available gene pool in grain legumes is restricted by the sexual
incompatibility of many interspecific and intergeneric crosses. Genetic
manipulation and in vitro cultures provide substantial advantages in broadening
the genetic variability and reducing the time required for introgression of new
traits.

Grain legumes are generally recalcitrant crops with respect to their in vitro
responses and require manipulation for undesirable characters they possess.

® Yrd. Dog. Dr., S.U. Ziraat Fakiiltesi, Tarla Bitkileri Béliimii, KONYA
E-mali : Mbabaogl@karatay.cc.selcuk.edu.tr. ’
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Yemeklik Dane Baklagillerde Doku Kltor ve Bitki
Regenerasynu Gahgmalarn

Similarly, genetic transformation of any specles necessitates a reproducible plant
regeneration system.

This study was intended to give an initial guidance, to researchers on grain
legumes, about the most appropriate explant, medium and plant growth regulator
combination for a given species. All previous works were summarised in table.

Key Words : Callus, micropropagation, apical meristem, rooting.

INTRODUCTION

The grain legumes, also called pulses, currently of importance to World
Agriculture include; pea (Pisum sativum L.), chickpea (Cicer arietinum L.), faba bean
(Vicia faba L.), lentil (Lens culinaris Medic.), common bean (Phaseolus vulgaris L),
Mung bean (Vigna radiata L.), cowpea (Vigna unguiculata L.), pigeon pea (Cajanus
cajan L.), lupin (Lupinus species), soybean (Glycine max L.) and groundnut (Arachis
hypogea L.). The latter two, groundnut in particular, are also grouped with the oil
crops (Willlams, 1986).

Legumes are the only plants which do not depend entirely on external
applications of nitrogenous fertilisers for their nitrogen supply. They can
sometimes supply up to 50% of their nitrogen requirement from ammonia produced
after fixation of nitrogen from the air as a result of the symbiotic relationship with
the gram-negative sofl bacterium, Rhizobium (Chrispeels and Sadava, 1994).

Grain legumes should be supported by agricultural policies as well as
improvements in yield and quality, since according to the GATT (General
Agreement on Tariffs and Trade) report, there is no area limitation for the
cultivation of grain legumes as there is for oil crops and cereals (Delplancke, 1993).
The EU (European Union) Common Agricultural Policy, from 1978 onwards, has
been to encourage the cultivation of protein crops, especially grain legumes, for
animal feed to make up the deficiency in protein-rich material supply (Muel, 1995).
As a result of this policy, production of grain legume crops has increased, providing
19% of the total 36% of protein production in the EU (Ranalll, 1995).

Grain legumes, in general, are recalcitrant crops {n vitro and currently
require the establishment of reproducible in vitro protocols for their genetic
improvement (Sator, 1880).

CALLUS AND SUSPENSION CULTURES IN GRAIN LEGUMES

A high auxin:cytokinin ratio usually induces callus formation from in vitro
cultured explants. The auxin 2,4-D is usually sufficient when incorporated in the
culture medium for the induction of callus in monocotyledons, however, for
dicotyledonous species, a cytokinin is almost always present as well (George,
1993).

2



M. BABAOGLU

Callus induction in the legume genus, Pisum, is achieved more readily than for
other grain legume species, since most pea explants (shoot tips, hypocotyls, stems,
leaves) give callus followed by shoots or roots (Christou, 1992). MS basal medium is
the most appropriate culture medium for callus induction often incorporating high
levels of Picloram, NAA or 2,4-D with low levels of BAP or KIN. Picloram and 2,4-D
have also been successfully used with Phaseolus tissue cultures, with the addition
to the culture medium, of coconut water. NAA has been less effective at similar
concentrations while IAA was ineffective. Limited organogenesis from callus
cultures is also possible (Christou, 1992).

Cell suspension cultures can be established for many grain legumes
(Christou, 1992), whereby explant sources (immature embryos or cotyledons) in
media containing 2,4-D give rise to embryogenic cell suspensions as in for example,
soybean [ Glycine max; Finer (1994)].

PLANT REGENERATION AND MICROPROPAGATION IN GRAIN LEGUMES

A summary review of regeneration status of the major grain legumes is
presented in Table 1. In most plant regeneration and micropropagation studies,
the use of MS medium with BAP (0.2-10.0 mg 1"1) either alone or in combination
with NAA was common. Plant cells also are able to use reduced nitrogen from the
ammonium fon and from amino acids (e.g. L-glutamine, L-proline) (George, 1993).
Franklin et al. (1991) found that L-glutamine (1461 mg 1-1) successfully replaced
inorganic nitrogen source in culture media for cotyledonary node explants of
Phaseolus vulgaris. The avallability of nitrogen and the form in which it is
presented markedly influences the growth and morphogenesis of plant and cell
cultures. Changes in the NO3 /NH4* ratlo enabled direct and indirect shoot
formation, embryogenesis and axillary shoot proliferation in a wide range of tissue
cultures (George, 1993). Nadolska-Orcyzk (1992) reported somatic embryogenesis
from immature cotyledons of Lupinus species in MS medium with a lowered
NH4NOg3 concentration (Table 1).

Recently, a different approach was developed for in vitro regeneration and
propagation of some major grain legumes. In their rapid and least labour-requiring
protocols, Malik and Saxena (1992b, c) achieved plant regeneration using mature
seeds, from a number of grain legumes germinated directly on MS medium
containing TDZ or BAP (Table 1).

Most regeneration systems in grain legumes rely on the use of tissues
carrying pre-existing meristems. Nodal explants including cotyledonary nodes
(Glycine max, Cheng et al., 1980; Phaseolus vulgaris, Franklin et al., 1991; Pisum
sativum, Nauerby et al., 1991; Cicer arietinum, Brandt and Hess, 1993), shoot apical
meristems or shoot tips (Phaseolus vulgaris, Kartha et al., 1981; Lens culinaris,
willlams and McHughen, 1986; Glycine max, McCabe et al., 1988) were the most

3



Yemeklik Dane Baklagillerde Doku Kaltiri ve Bitki
malan

Regenerasynu Gahs

Table 1. Studies Rélating to In Vitro Regeneration of Grain Legumes : a Summary.

with 1.0 BAP and 0.01

induction (96 %), with

cotyledonary nodes.

Plant Species Explant specification |Media (all PGRs? in mg.l- )] Response Notes References
Cicer arietinum cv. Shoot tips and nodal MS2 plus 0.00 v Five shoots per explant { One shoot Barna and Wakhlu,
C-235 segments (1L.Ocm)of | MS” PuS 000186 NAA - 14n 8 w. 9.6 nodal from each nodal 1995,

s grown on 1/2 | jnduction, 0.00186 NAA | segments with shoots | segment. Rooting was
MS um for 9 d. and 0.225 BAP for shoot r explant after 4 w. zﬁmﬂcanﬂy
multiplication. -2 IBA effective for uenced by the
rooting. presence o S.
Cicer arletinum cvs. Cotyledonary nodes. B5? medium with 1.0 BAP | Seven shoots from each | Meristem tips produced | Brandt and Hess,
Annigeri and ICCV6. Meristem tips. and DKW-C-a medfum node. Multiple shoot more shoots tlgan 1993

IBA. WH medium with 0.5 | 10 shoot per meristem ] Vitrification of shoots
IBA for rooting. after 4-6 w. during rooting.
Cicer arletinum L Shoot apical meristem | MS with B5 vitamins and | 2.25 BAP alone can Axillary shoots can Kartha et al, 1981
with subjacent tissues | 3 % (w/v) sucrose with induce multiple shoot | only be rooted when 0.2
from 4-6 d old seedlings | 0.0-2.25 BAP and 0.0-0.86 | formation, and 0.25 IBA is used. Rooting is
NAA. BAP maintains shoot | auxin specific.
development.
Cicer arletinum PGI, Mature embryo axes. MS liquid medium with 3 | Callus and subsequent | Somatic embryos Sagara etal, 1995
PG12 and PG5 % (w/v) sucrose and 3.0 2, | somatic em:go originate directly from
genotypes. 4,5T. formation leading to epidermal and
recovery of plants. subepidermal cells.
Glycine argyrea Tind. | Cotyledons, leaflets BS medium with 3 % (w/v} {1) Callus induction (2 Phenolic production Hammatt et al.,

various accessions. and petioles. sucrose plus i) 1.1 BAP, w), 1i) Shoot reduced by rapid 1989.
0.005 IBA., i) 1/2 BS5, no regeneration from subcultures.
hormones. us after 3-6
subcultures.
apGR : Plant growth regulator, CPPU : N-(2-Chloro-4-pyridyl)-N' -phenylurea, DHZ : DL-Dihydrozeatin, TDZ : thidiazuron; 1-phenyl-3-(1, 2, 3-thiadiazol-5-
yl) urea, B medium : Gamborg et aL, 1968, LS medium : Linsmeier and Skoog, 1965, MS medium : Murashige and Skoog, 1962, medium : White, 1965.
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Table 1 continued.

M. BABAOGLU

Plant Species Explant specification | pedia (all PGRs {n mg.I 1 Response Notes References

Glycine max (L.) Merr. | Embryonic axes with MS with 3 % (w/v) Multiple shoots from Rooting on McCabe et al., 1989.

exposed apical sucrose, 0.037 NAA and both and hormone-free medium

merlsternl devoid of 3.% BAP u;;llu? théamitlﬁe axillary meristems or grafting of shoots

eaves. and proline for 2 w then under photo 16 seed
primary puiay il gy b photoperiod ( onto 10 d old lings.
and 0.3 BAP

Glycine max (L) Merr. | Immature shoot tips MS with 0.037 NAA and Multiple shoots Layers in addition to Sato et al. 1993.

without primary 3.0uBnAprl;s thui1am1ne. proliferation from LIYLZ in the apical

leaves. ré) ‘:_ho(;. 38wBAf$n on shoot tips and meristem, also

with 0. : meristems. Rooting in [ involved with shoot
B5 without hormones. | formation.

Glycine max (L.) Merr.
cv. Mandarin.

Shoot apical meristems
with subjacent tissues
and two leaf primordia.

MS with BS vitamins
and 3 % (w/v) sucrose j)
0.186 NAA, 0.225 BAP,
1i) 0.186 NAA, 0.0225
BAP

i) Whole plant
regeneration (33 %, no
multiple buds, i)
Multiple buds but no
plant regeneration.

Formation of mult!ﬁle
buds prevented who.
plant regeneration.

Kartha etal, 1981.

Glycine max (L.) Merr.
cvs. Willlams, Amsoy
and Dare

Cotyledonary segments
frogg BAP pre-t!'eg:;ed
seedlings.

Modified BS with 3 %
(w/v) sucrose plus 0.005
IBA and 0.045-4.5 BAP

Two axillary shoots
from each node, BAP
(>2.25) inhibits main
shoot development.

BAP reduces apical
dominance. Rooting of
regenerated shoots
difficult.

Cheng et al., 1980.

Lens culinaris Medik.

Portions of shoot
meristem.

MS with 3 % (w/v)
sucrose, 10.0 KIN and
0.1 GA3 for 4 win the
dark then, transfer to
16 h photoperiod.

Callus formation in the
first step, multiple
shoot formation from
the callus (50 %) in the
second step.

Only callus from shoot
meristem produces
multiple shoots.
Rooting not successful.

Williams and
McHughen, 1986.




Yemeklik Dane Baklagillerde Doku Kiiltiirii ve Bitki

Regenerasynu Cahs
Table 1 continued.

Plant Species

Explant specification

Media (all PGRs in mg.I-1)

Response

Notes

References

L. angustifolius cv.
Turkus.

Callus derived from
hypocotyl explants.

LS (modified) g‘{us 0.1 NAA
and 1.0 BAP ($4). S4 plus
0.06 NAA and 0.6 (S6)
for shoot elongation. S4
plus 0.6 NAA for rooting.

Multiple shoot
induction from callus
cultures.
Hypocotyl-derived

us was nost
responsive (30-100 %).

Type of cytokinin did
not effect regeneration
capacity of explants.
NAA effective for root
induction.

Sroga, 1987.

L. angustifolius cvs.
Emir, Mirela,

L mutabilis line P, L.
albus c¢v. Bac.

Immature cotyledons

ex from pods
(16-26 d post-flowering)

BS supplemented with 5.0
2.4-D alone or with 0.25 KIN
for induction, MS with lower
NH 4NO3 plus 0.1 ABA, 0.1
BAP for somatic embryo

Somatic embryo
formation from
submarginal tissues of
cotyledons. 2,4-D was
more effective than

Embriyo formation
and development
required an

appropriate sequence of
media.

Nadolska-Orczyk,
1992

germination NAA for induction.
L. luteus cv. Aurea Hypocotyl segments. | Modilied Teoule & Dattee Plant regeneration via | Agar concentration not | Daza and Chamber,
ypocoty! segm (1986) medium with 0.02 shoot oréanogenesis. less than 1.0 % (w/v) for | 1093,
NAA and 2.0 2,i-p for shoot |Callus formation successful shoot ]
regeneration inhibited shoot regeneration.
regeneration
L texensis Cotyledonary nodes MS with 1.0 BAP (3-4 w) for | Shoot formation after 4| IAA and IBA had no Ugadhyaya etal.,
containing hypocotyl | shoot induction, MS with 5.0 |w. BAP was more effect on rooting. 1992
tissue. NAA for rooting of shoots.  |effective than KIN. Rooting was the main
Rooting of shoots was | problem.
low (14 %).

Phaseolus acutifolius,
P. aureus, P. coccineus,
P. wrightii.

Seeds germinated and
grxpwn on medium with
BAP.

MS with B5 vitamins, 3 %
(w/v) sucrose solidified with

0.25 9% (w/v) Phytagel plus
18.0 BAP. P

Shot regeneration and
somatic
embryogenesis.

No auxin necessary for
induction of somatic
embryos.

Malik and Saxena,
1992 a.




Table 1 continued. .

M. BABAOGLU

Plant Species Explant specification | Media (all PGRs in mg.I- 5} Response Notes References
Phaseolus vulgaris cv. | A cotyledon and a Seeds germinated on MS Buds and shoots were Franklin et al.,
Dark Red Kidney s portion of with l.g125 BAP. Explant produced from each E:v%?:;e%sf}rl&m 1991. "

embryonlic_: axis “iil;hndifn culture on MS devoid of explant. peripheral layers of
1.0 mm of epicoty inorganic nitrogen, rign
hypocotyl. P subrsgt:ltuted L-glutamine meristematic
plus 3.37 . 0.7 GA3.
Phaseolus vulgaris cv. | Shoot apical meristems | MS with B5 vitamins and 3| 2,25 BAP induced BAP alone induces | Kartha et al.. 1981.
Dwarf Green Stringless | with subjacent tissues. | % (w/v) sucrose, plus 2.25 | multiple buds, rooting | multiple bud formation
BAP occurred after 2 weeks.
Phaseolus vulgaris L. | Nodal explants. MS with B5 vitamins, 3% | cPPU and TDZ Axillary shoot Mohamed etal.
(w/v) sucrose, 1.1 BAP or supplemented media regeneration was 1992.
0.062 CPPU? or 0.055 TDZ. | resulted in more e ced by dark
shoots. incubation and BAP
pre-conditioning.
Phaseolus vulgaris Intact seedlings grown | MS with B5 vitamins, 3% | Shoot t t Malik and Saxena,
various cultivars. in the presence of plant | (w/v) sucrose solidified fm‘,’,‘,’ i ar; ’ffé’;’ g‘;ﬁeﬂ’é’gu from 1992 b.
growth regulators with 0.25 % (w/v) Phytagel originating “from intact seedlings with
plus 2.2 TDZ2 or 18.0 BAP. | subepidermal tissues. ?7hd(;n exposure to TDZ
Pisum sativum cvs. Apical domes devoid of | B5 plus 0.186 NAA and 0.11 d NAA . induced
Century, Afghanistan, | leaf primordia (200-300 for induction, 1/2 BS Eﬁ&’f’ ,ﬁgﬁ%‘,’,‘f an mou:;lymm N Kartha etal. 1974.
Laxtons, Progress. pm in length) with 0.186 NAA for cytokinins and high
rooting. mineral salts
inhibitory.




Yemeklik Dane Baklagillerde Doku Kaltiiri ve Bitki

Regenerasynu Galhg
Table 1 continued

shoots from axillary
buds.

Plant Species Explant specification | pMedia (all PGRs in mg.I 1) Response Notes References
Pisum sativum L. Axil buds of MS medium with 1.0 BAP, | Rapid shoot Shoot regeneration is ] Jeckson and Hobbs,
genotype P1244253 cotyledo nodes 1/2 B5 medium without regeneration with independent of 1990.

withut cotyledons PGR's for rooting of minimum callusing. genotype.

regenerated shoots.
Pisum sativum L Mature seeds. MS with BS vitamins, Maximal shoot Chickpea and lentil Malik and Saxena,
Clcer arietinum L. solidified with 0.25 % (w/v) ;genemuon from produced fewer shoots 1992 c.
Lens culinaris Medik Phytagel plus 2.2-6.0 TDZ ljacent basal parts of | than pea. High TDZ

and some other cytokinins. | epicotly with 4 d inhibited secondary

Rooting on MS with 0.46 exposure to 2.2 TDZ root formation or

NAA (40-50 %). Over-exposure to TDZ (> | callus in chickpea.

3 d) inhibits roting.

Pisum sativum L. cvs. | Immature cotyledons. | MS with 0.5 BAP, 4.0 NAA | Somatic embryos and | Explant orientation Ozcan etal., 1993.
Orb and Consort. for shoot regeneration, shoot organogenesis. was important. Varying

5.0-10 NAA for somatic genotypic responses.

embryogenesis.
Pisum sativum L. Shoot nodal explants, | MS with BS vitamins plus | Somatic embryos. Genotype and explant | Van Dorne et al.,
various cultivars. shoot apices. 1.0 2,4-D or 1.0 Picloram Picloram and 2,4-D source dependent. 1995

for induction. required for induction.
Pisum sativum various | Nedal thin cell layers. | BS liquid medium with Regeneration and Presence of IBA results | Nauerby et al., 1991.
cultivars. glucose, DHZ? and IBA multiplication of in more shoot

’ regeneration.
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MS medium with 1.0 NAA.
MS medium with
cytokinins

induction.
Embryo germination.

s e and maturation of
ryos in another
medium.

Plant Species Explant specification Meda (all PGRs in mg.I-1) Response Notes References
Vicia narbonensis Excised shoot tips MS medium with; 1.0-10 Callus enduction Somatic embry Pickardt etal,
Picloram. Somatic embryo induction via a callus 1991.

Vigna ungiuculata (L.)
Walp. cv. Vita 5-Exita

Shoot apical meristems
with subjacent tissues.

MS with B5 vitamins and 3
% (w/v) sucrose plus

0.0-0. 125BAPand00-0093
NAA.

Whole plant
regeneratjon (100 %) on
PGR-free medium and
use of PGR reduced
regeneration
frequency.

Endogenous hormones
are sufficient for
stimulation of
regeneration.

Kartha etal, 1981.
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frequently used explants for the induction of multiple buds and/or shoots, which
usually originated from subepidermal cells (Table 1).

Apical meristems have been the focus of many culture-based studies and
plant development in general. Despite minor differences, the organisation and
functioning of all shoot apical meristems is essentially the same. The terms “shoot
apex”, “shoot apical meristem” and “shoot tips" are often used synonymously or as
discrete terms depending upon authors (Medford, 1992).

Studies relating to the use of shoot apical explants of grain legumes for the
induction of morphogenesis (multiple buds or shoots) can be placed in the
following categories: i) excision and culture of apical meristems devoid of leaf
primordia [(Lupinus species; Ball, 1946), Pisum species (Kartha et al., 1974), Lens
species (Willlams and McHughen, 1986)}, ii) exposure of apical meristems which are
still attached to the subjacent tissues [Cicer species, Glycine species (Kartha etal.,
1981)), i) exposure of apical meristems (domes) from which primary leaf primordia
were removed [Glycine species (McCabe et al., 1988)], iv) whole shoot tips as
explants [Cicer species (Brandt and Hess, 1993)] and v) apical meristems devoid of
initial apical layer(s) [Lupinus mutabilis Sweet (Babaogiu, 1996)].

In general, in vitro -generated vegetative cuttings from grain legumes are
more successfully rooted than shoots recovered from cells/tissues in vitro. Rooting
of regenerated shoots can be induced by NAA or IAA but is still a low frequency
event and hence problematical (Christou, 1992). Root formation is generally
inhibited by cytokinins (George, 1993), for example, BAP and TDZ inhibit root
formation in regenerated shoots of Pisum species and Phaseolus species (Kartha et
al, 1974; Malik and Saxena, 1992c¢ respectively).

Rhizobial lipo-oligosaccharides (nod factors) have been shown to induce
root hair initiation in Vicia species (Spaink, 1992) and could be helpful to stimulate
rhizogenesis (Prof. E.C. Cocking, pers. comm.) in recalcitrant species. Grafting of
regenerated shoots was found to overcome the rooting problem in some legumes
[Glycine max (McCabe et al., 1988), Pisum sativum (Tegeder et al., 1995), Vicla faba
(Bohmer et al., 1995)], whilst Agrobacterium rhizogenes has been used to root in
vitro some difficult-to-root Lupinus species (Babaoglu, 1996).
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