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ABSTRACT

The aim of this study was to iniliaté and maintain callus organogenesis cultures
of soybean and evaluate the response of seven soybean genolypes in cailus
formation. The genotypes were selected on the basis of their reaction to cotton leaf
worm infection. This investigation was conducted in the field at Giza research station
in 2003 and 2004seasons. Immature embryos (with 0.5-10 mm long} were excised
from immature seeds and used as ex-plant. The basal Murashige and Skoog {MS)
medium with addition of 4 times of micronutrients, Proline {1381 mg/1), NAA {0.0372
mgfl) and BAP (2.9956 mgf) gave complete salisfaction for callus production,
Formation of shoots and roots were succeeded and rooted planitets were
transpianted to pots in green house. The results indicted that the genotype L86K-73
was tha best in response to tissue culture technique in soybean. Callus growth rate
was positively and significantly correlated with each of number of shoots/callus and
number of roots, Therefore, both characters could be used to predict succeeding of
callus growth in soybean.

INTRODUCTION

Soybean (Giycine max (L.) Merr.) is impontant oil and poultry feed crop in
Egypt. The crop has been mainly grown in the Nile valley and the Deilta since
1572. The cultivated area has declined from 100,000 feddan in 1991 to less
than 38,000 feddan in 2004 {Anonymous, 2004). The reduction in the areais
due to high production cost and lower net retum comparing with com, the
main competitor summer crop 1o scybean. The crop production faces several
constraints. Insect infestation during vegetative growth stage by feeding
insects such as cottons leaf worm {Spodopetra littoralis, Boisd.) and green
colton leaf worrn (Spodopetra exigua Hubner) usually causes dramatic yield
losses {(Lutfallah et a/, 1998). The seed yield reduction in Soybean due to
infection by cotton leaf worrn in Egypt ranged from 36.6% to 42.7% (Lulfallah
el al., 2003). Therefore, insecticides are extensively used in soybean fields,
which rising production cost, causing accumuiation of undesirable residues
and increasing environmantal pollution (Awedallah ef al., 1990). The use of
host-plant resistance is necessarily to solve most of those problems. Despite
several cotlon leaf worm-resistant soybean varieties have been released
such as Giza21,Gizal5,Giza83 and Giza111 {(Anonymaous, 2005), the farmers
still prefer to grow susceptible varieties such as Clark, Giza 82 and Giza 22.
Hence, insect infection still exisls in soybean fields and insecticides still
widely used.
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Advances in biotechnology could facilitate the development of insect-
resistant soybean cultivars by means of gene transformation. Successful use
of gene transfer requires that the gene for insect resistant is identified,
isolated and then reconstructed for expression in relevant organ of the new
host. In addition, gene transfer procedures and appropriate lissue culture
mettiods must be developed for each target species 1o regenerate fertile,
transgenic plants (Schroeder ef af., 2000).

The tirst transgenic plants with resistance to insects contained genes for
‘~sectlicidal proteins called 8-endotoxins from the soil microorganisms,
Bacdius thuringiensis (Bt). Bt protecled cotlon, potato, and corn were

i+ "duced 1o the market place in 1996 (Schroeder et ai., 2000). In soybean,
© 2 nduction of indirect organogenesis from immature embryos was f(irst
aamonstrated by Christianson ef al, (1933) and Tiliton and Russell (1984).
They succecded lo regenerate plants from callus, drove from immature
embryos. The obtaining callus organogenesis or somatic embryogenesis was
depending <n the composition of the medium (Barawale ef al., 1986 and
Yang et &l., 1990). Organogenesis resulted when embryos were plated on
Murashige and 3hoog (MS) medium, which contained high concentration of
micronutrients. This technique has been used successfully to perform callus
and plant regeneration from callus in soybean {Coppens and Dewitle, 1990;
Komatsuda, 19%5; Chandra and Penlal, 2003 and Tripathi and Tiwari, ?003).
Despite the facl that biotechnology offers good opticn for genetic
enhancement of crop plants, little in vitro work has been done in soybean in
Egypt.

Prior to gene transfer, responding soybean genotypes lo organogenesis
in tissue culture technique needed to iderntify. The aim of this study was to
infliate and maintain callus organogenesis cullures of soybean. The
differences among soybean genolypes in callus formalion were also
evaluated.

MATERIALS AND METHODS

Seven exotic and Egyplian soybean genotypes selected on the basis
af their reaction to cotton leaf worm infection. The seeds these genotypes
viere oblained from Food Legume Research Prograin, Field Crops Research
Institute, ARC. Giza, Egypt (Table 1). The genolypes were grown in the field
at Giza research station in 25" May 2003 and 2004.

Table 1: Origin and main characteristics of the seven-tested soybean

genotypes.

Name Qrigin Pedigree Characteristic

LE6K-73 USA L73-4873 X L73-0132 Maturity group no. |, white flower color.
Corsoy-79 USA Corsoy X Lee 68 Maturity group no. Il, white flower calor.
Forrest USA Cyer X Bragg Maturity groeup no. V, white flower color.
Hutcheson USA - Maturity group no. V1, purple flower color.
Lakcto, USA Selection Maturity group no. I, purple flower color.
Giza 21 Egvpt Crowford X Celect Maturity group no, IV, purple flower color.
Giza 83 Egypt Selection from MBB&0-133 | Maturity group no. I, purple flower color.
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Sowing was done al a crap density of 33 plants/m’.in 3.0 meter long
ridges, 60 cm. apart and 4 ridges per plotl, Ferilizers at 30 kg P,Os/feddan
and 15 kg N/feddan were added to the soil prior for cultivation. All agronomic
practices were applied as recommended. In early pod initiation stage, 40
young pods were collected from the plants of each genotype and moved to
the laboratory immediately.

Immature seeds were taken out from young pods and then surface
sterilized by immersion in a solution containing 30% commercial bleach
Clorox with a drop of Tween 80 (polyethylene sgrbitan monooleate) for 20
min. The immalure embryos (with 0.5-10 mm long) were excised fram the
seeds by taking the seed coat off and then culting next to the hilum, The
immature embryos were immersed in an organogenesis medium (MR}, which
prepared according to Murshige and Skoog {1962) and Gamborg et al. (1988)
and presented in Table 2,

The immature embryos were incubated under complete darkness at
25°C12 for 4 weeks

Table2. Composition of nutrient media for callus initiation (OR) and
shooting formation {MSR)} as described by Murashige and

Skoo-g- f‘l 962) and Gamborg et al. (1968).
Components [ OR (Mg/l} T MSR {Mg/h)
Macronutrients ol

INH.NO; 1650.00 1650.00 ]
NO; 19000.00 18000.00 ]
SC..7H;0 370.00 370.00 ]
KH,PC, 170.00 170.00 B
CaCly.2 H.0 440.00 440.00
Micronutrients
Kl 4X0.530 0.830
H380s 4X 6,200 6.200
Mn30, H0 4X 22,300 22.300 |
Zn50,.7H,0 4X, 10,600 10.600 ]
NaMaQ, 2H.0 4% 0.250 0.250 ]
KoCly. BH,0 4X 0.025 0.025 i
Na; EDTA 4X 37.250 37.250 ]
FeS0,.7H,0 4% 27.850 27.850 Il
itamins BS
Nicolinic acids 1.00 1.00
Thiamin-HCI 10.00 10.00
idoxine-HCI{ 1.00 1.00 B
[Myginsitol 100.00 100.00
lAming acids
Proling 13581.00 . 1381.00 _—
Hormones L
HAA 0.0372 T -
BAP 2996 [ 0383
(BA _ . L 0.0406
Edditions
L'l'_hiamin-HCl 1.687 -
Nicotinic acids 3693 .
Sucrose 30000.00 30000.00
ar B0D0D.00 8000.00
H 58 58
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After 4 weeks the percentage of callus induction was calculated as (number
of explants performed calli/total number of used explants) x 100, and callus
growth rale was measured as callus weight (g). To perform shoots, callus
were put on MSR medium (Table 2) at 25°C at day and 18°C at night with 16
h day (light source was from coal white fluorescent lamps B0 um photons m’

). The calli that did not perfarm shoots during 3 weeks were sub-cultured
10 new MSR mediumn. This procedure was repeated every 3 weeks till callus
perform shoots. The callus lhat performed 1.0cm. long shoots were
transformed to glass tubes containing the hormone-free MS medium
{Murashige and skoog, 1962) for rooting formalion. When reasonable number
of roots are grown, usually after 3-4 weeks, the planllets were removed from
glass tubes in to 10.0cm. diameter- plastic pots filled with fumigated soil
mixture of peat and sand with a ratio of 3:1. The Pols were placed in the
grean house at Giza research station and were covered with polyethylene
bags. To maintair optimum air humidity surround plants, pots. Irrigation was
done with Hogland solution (0.25) (Hogland and Arnon, 1950).

To measure the response of soybean genotypes to cailus induction
the following characters were measured and calculated in 4 replicates:
Number of shoots/callus, Percentage of plantlets performed roots [{(number of
plantlelsitotal number of shoots) x 100], number of root/plantlet, length of root
cm. and diameter of root mm.. Analysis of variance was made for each
character and the simple correlation among all characters was caiculated
(Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Seven exotic and Egyptlian soybean genotypes were used in this study.
Several types of explants have been used in previously reported plant-
regeneration studies on soybean, but immature embryos have been
successfully cultured to produce plants (Christianson et al., 1983). Thus,
cultures in this study were initiated from immature embryos at early
developmental poding growth stage with length from 0.5 to 10 mm. Sterilized
immature embryos obtained from each of the lested soybean genotypes were
ciitured on OR organogenesis medium. During the first week explants were
entarged, but no calli have been observed. At the end of the second week
callus began to initiate on OR medium, which consisted of 4 times of
micionutrients, Proline (1381 mg/l), NAA (0.0372 mg/l) and BAP (2.996 mg/l).
The calli obtained were vigorously growing, fragile and had greenish color
{Fig.1A}). The oblained calli were subculture onlo MSR media, which
consisted Proline (1381 mg/l), BAP (0.383 mg/l) and IBA {0.0406 mg/l).
Yithin 4 weeks of cuituring, shools were produced (Fig. 1B). The newly
formed shoots growing o the shooting media were lranslated 10 rooling
medium when shool lenoth reached 3-5 ¢m. Roots were grown well (Fig. 1C)
in #S medium wilh hormone free, These results are in actordance with those
of Ghanem (1993) on hyoscyamus, how found that free hormone-MS medium
was the best among five rooting media and gave the best root formation.
After 3-4 weeks of root formation, the plantlets were grown enough to be
transferred to pots for adaptation (Fig. 1D).
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Figuret: lllustration of Callus induction{A), Shooting stage(B),
Rooting stage(C), and Adaptation {D)

The performance of callus and plantlet characters for all tested
genatypes are presented in Table3. Callus induction frequencies among
genotypes were different and ranged from 63% for Corsoy-79 to 79% for
L86K-73, but with no significant differences among genctypes Table, 3. This
result indicated that all tested genotypes had 2lmost equal responses to
callus induction wilh culture method used in this study. The calius growth
rale ranged widely among genotypes. The genolyoe L86K-73 gave the
highest growth rate value of 1.18 g followed by C~,50y-79 with 0.93 g Table,
3. The genotype L28K-73 performed also the highest number of shoots/callus
(16.25), while a!! othzr genotypes had markedly lower number of
shoots/calius, which ranged from 3.75 1o 9.75. No signilicant differences
observed amgcng genolypes for percentage of plantlets performed roots and
diameter of roots, The genotype LB6K-73 had also the longest root of 14.25
cm and laid among the best three genntypes perfermed the highest number
of roots, These findings indicieu that the genotype LBEBK-73 was the best in
response Lo tissue culture lechnique in soybean.
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Table 3, Mean performances of callus and plantlet characters for seven
tested soybean genotypes.

) Callus Callus No. of Plantlet No. of Length | Diameter

Genotypes | induction | growth | Shoot! |performed roots of root | ofroot
{%) rate callus | roots (%) {em.) {mm)

L BEK-73 79.00 1.180 18.25 20.633 6.00 | 14.25 2.825
120180y-78 63.00 0.930 8.75 26.8086 7.00 | 11.75 16256
Forrest 6600 | 0.135 7.00 22173 4.50 | 13.00 2.300
Hutcheson 67.00 0.086 3.75 36.250 3.00 | 11.25 2.525
Lakota 69.00 0.278 4.50 23.750 4.50 7.75 2.825
GizaZ1 68.60 0.118 9.75 21.023 7.00 8.75 1.950
CizaB3 63.00 0.100 8.75 28.819 400 | 1250 2.375
LS E 5% NS 0.247 2.209 NS 2.254 | 5.164 N.S.

Correlation coefficienls among pairs of all studied characlers were
calculated and presented in Table 4, The results showed that callus growth
rate was posilively and significantly correlated with each of number of
shootsfcallus and number of roots. Therefore, both characters are
considering important indicator for callus growth rate, and could be used lo
predicl succeeding of callus growth,

Table 4. Correlation coefficients among ali studied characters,

Callus plantiet
No. of No. of Root Root
Character gr:;::h shoot pe:c;:r;ed roots length [diameter
Callus induction % 0.158 | 0157 0.088 (.033 -0.112 | -0.050
Cailus growth rate 0.605 -0 083 0.467 0320 | -0.220
No. of shoots -C.381 0.253 0.228 | -0.026
Plantlet performed root 0.335 0.193 | -0.259
No. of roots -0.093 | -0.226
Root length 0.157
. "* Significant 2! 0.1 level of probabiiity.
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