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Screening Alfalfa Accessions for Regeneration Capacity
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Abstract. Nine cultivars of Medicago sativa and one accession of M. arborea were tested in six different
media for their capacity to produce somatic embryos and plantlets from callus cultures. The effect of the
interaction of genotype and culture medium on the initiation of callus from root, hypocotyl and cotyledon
explants and the subsequent somatic embryogenesis was investigated. The results indicated that the
number of embryos was significantly influenced by the variety and medium protocols and their interac-
tion. The varieties responded differently to medium protocol with respect to number of plantlets.

Introduction

Medicage arborea has several agronomically valuable genes such as drought resis-
tance and the ability to produce appreciable forage yield in the temperate climate
which prevails in the Mediterranean area during the winter season when the culti-
vated M. sativa becomes dormant. Such traits of M. arborea would be of great value
if they can be transferred to M. sativa. Unfortunately, sexual crosses between M.
sativa and M. arborea fail to produce seeds due to some incompatibility barriers.

Somatic cell fusion facilitates the combination of plant genotypes that cannot be
brought together by sexual crossing [1]. A prerequisite for the application of somatic
hybridization to alfalfa improvement is the establishment of protocols which result in
efficient somatic embryogenesis and subsequent plant regeneration in a wide range
of commercially useful genotypes.

The induction of somatic embryogenesis from cell and tissue cultures has been

reported to be dependent upon the genotype [2,3,4], medium protocol |5,6] and
explant source [5,2].
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This study was conducted to identify callus — inducible genotypes among Egyp-
tian varieties to evaluate different media and to identify genotypes capable of soma-
tic embryogenesis and subsequent plant regeneration.

Materials and Methods

Plant material

Seeds of eight Medicago sativa cultivars Siwa, Montakhab Nubaria, Pioneer
572m Amador, GT 13RT, E}-Wadi El-Gedeed, Wahat, Montakhab Esmaelia and
the accession of M. arborea were obtained from the Forag Crop Section, Field Crop
Institute, Agricultural Research Center, Giza, Egypt. Seeds of M. Sativa cv. Euro-
pean Lucerne were obtained from the Plant Genetic Manipuiation Group, Botany
Department, Nottingham University, England. Seeds were surface sterilized in 99%
ethanol for 30 seconds followed by 15 min 0.1% HgCl, and therafter washed with six
changes of sterile tap water. Seeds were germinated on agar solidified (0.8% W/V)
based medium (MS) [7] containing 3% sucrose, but lacking growth regulators and
incubated in the light (2000 Lux, daylight fluorescent tubes) at 23 + 2°C,

Callus induction

Three different explants were prepared from 7 days seedlings. (1) The cotyle-
dons were cut into half longitudinally. (2) Hypocotyl segments of 5-10 mm long were
excised. (3) The roots were cut into segments of 5-10 mm length. The three explants
of the same seedling were placed, on to the surface of a solidified culture medium,
and, in one petri dish. Twenty seedlings from each variety were tested for each
medium protocol. The six media protocols used in this study are listed in Table 1. The
dishes were incubated under 16 h illumination (2,000 lux, day light fluorescent tubes)
at25 £ 2°C.

Four weeks after incubation, the fresh weight of the initiated callus derived from
different explant types for the six media per variety was recorded under sterile condi-
tions as average of twenty seedlings.

Somatic embryogenesis and plant regeneration

Calli derived from different explant types were transferred to the six media
sequences (Table 1) for the induction of somatic embryogenesis. At the end of cul-
ture sequences, the somatic embryos and subsequent plant recovery were counted as
average of twenty seedling. The plantlets were then transferred to a mist chamber,
in the greenhouse, for two weeks and then grown as for plants derived from seeds,
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Table 1. Medium pretocols used to determine callus induction response, embryogenic response and shoot
regeneration in some Medicago sativa varieties and M. arborea

Protocol Medium sequence (day of culture) [growth regulator concentration mg. L™"]

UM (28) UM (28) MS (28) MS (14-28)
20 24D 2,0 2,4-D 0.05 NAA [0]
0.25 Kinetin .25 Kinetin 0.5 6-BAP

MS (28) MS (28) SH (28) B5(14-28)
2.0 2,4-D 2.0 2,4-D l.ég(N.H._,),50, [0]
0.2 Kinetin (0.25 Kinetin 5.75 gproline

MS(28) MS (28) SH (28) B5{14-28)
2.0 24D [0] 1.6g(NH,),50, [0]
0.2 Kinetin 0.2 Kinetin 5.75 g proline

SH (28) SH (28) Boi2y {28) B5(14-28)
4.7NAA 11.1 2,4-D [0] [0]
2.2 Kinetin 1.1Kinetin

SH, (28} Boi2y(28) Boi2y (7-14)
2.0 24-D [0] [0]
2.0 Kinetin

Bo(28) BoiZY (28) Boi2y(7-14)
2.0 2,4-D [0} [0]
2.0kinetin
2.0NAA

Media abbreviations: UM = Uchimiya and Murashige [16],

MS = Murashige and Skoog [7], SH = Schenk and Hildebrandt [17],
B; = Gamborge et al. [18], Boi2y = Saunders and Bingham [19],

Bo = Bingham et al [2].

Statistical analysis

Data were statistically analyzed according to Snedecor and Cochran [8]. Total
embryos and total plantlets were analyzed following a square root + 0.5 transforma-
tion. Comparisons among means were made via the least Significant Difference mul-
tiple range test.



24) M.N. Barakat, ef al.

Results and Discussion

Callus induction

The analysis of variance for callus weight presented in Table 2 indicated that cal-
lus weight was highly significantly influenced by varieties, medium protocols and
explants. All the two way interactions and the three way interactions were highly sig-
nificant.

The Um medium containing 2.0 mg/L. 2,4-D and 0.25 mg/L kinetin gave the
optimum callus induction in most varieties of Medicago species (Table 3). On the
other hand callus growth was minimal on Bo medium containing 2.0 mg/L 2.4-D), 2.0
mg/L kinetin and 2.0 mg/L. NAA.

The Medicago arborea produced the highest significant catlus weight (0.626 g)
across media (Table 3) which was also higher than that produced from any variety of
M. sativa. Among M. Sativa varieties Montakhab Nubaria gave significantly the
highest callus weight (0.547 g). Wahat has significantly the lowest callus (0.222 g} and
it was insignificantly different from El-Wadi El-Gedeed (0.251 g) and GT 13 RT
(0.243 g).

The response for callus induction varied according to medium composition.
Table 3 indicates that UM medium gave the highest average weight of callus (0.500
g) accross varicties and it was significantly superior to all other media. On the other
hand, Bo medium wassignificantly inferior to all other tested media. The data (Table
3) also revealed that there was an interaction between the variety and medium. M.
arborea gave the highest callus weight when cultured on UM or SH medium (0.879
and (1.839 g, respectively). Nevertheless, there were no significant differences among
those two treatments and the average of Montakhab Nubaria with SH 11 medium and
Siwa with UM medium (0.833 and 0.802 g, respectively). These four treatments sig-
nificantly produced the highest callus weight. While Bo medium gave the lowest
weight with most of the varieties.

The cotyledon explants significantly gave the highest response to callus induc-
tion (0.481 g) as compared to the other two sources (Table 3). However, the differ-
ence between hypocotyl and root in callus induction was not significant. There was
a highly significant interaction between the variety and explant. The hypocotyl of M.
arborea gave the highest weight of callus (0.945 g). For the varieties of M. sativa, the
highest weight of callus was obtained from the cotyledon explant, except for Amador
and Wahat where differences between cotyledon and root explants were insignific-
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ant. Differences in callus weight between hypocotyl and root explants were related
to their varieties.

The first order interaction between medium protocol and explant was highly sig-
nificant. Cotyledon explant gave the highest weight of callus (0.806 g) with UM
medium, whereas all the three explants gave the lowest weight with Bo medium
(Table 3).

The obtained results provide an indication of the relative importance of
genotype and media effect on culture response. These results showed that the growth
rate of the callus was dependent on the varieties, the explant source and the culture
medium employed. Such results are in agreement with Kao Michayluk [9] who
reported that genotypic and varietal differences are important factors in obtaining
successful results in tissue culture of forage plants.

Embryogenesis and Plant Regeneration

Statistical analysis of somatic embryogenesis responses revealed highly signifi-
cant difference among varieties and among medium protocols (Table 2). The vari-
eties x medium protocols interaction was significant at the 0.10 probability level for
number of embryos, However, there were no significant differences among root,
hypocotyl and cotyledon explants with respect to the number of embryos,

Differences in response to ability to form somatic embryos were observed
among different varieties in the present investigation (Table 4 and 5). The best
response was obtained with the varieties European Lucerne, Montakhab Numbaria
and Pioneer 572 as well as the wild species. The callus tissue on UM medium (pro-
tocol A) gave rise to clusters of green embryoids. Other embryoids were also
observed scattered on the callus surface. The 3-step induction method (protocol A
and B) which use a high auxin {2,4-D) to a low cytockinin (kinetin}) ratio of growth
regulators were the most effective for embryo induction.

When the embryos were placed onto hormone free medium (Table 1)
embryoids germinated into plantlets. However, some embryos did not develop,
some grew into callus, some proliferated into more embryos and some grew only into
roots. It was also observed that germination of embryos and success of plant recovery
varied among varieties. The efficiency of embryo germination and subsequent plant
recovery ranged from 0.0% to 100% (Table 6).
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Table 5. Number of embryes obtained by using different explants and different medium protocols fer
Medicago sativa varieties and M. arborea

Medivm* Explant
Variety protocol Total
Cotyledon Hypocotyl Root
Montakhab A 26(4) 27(4) 0 53
Nubaria B 15 (1) 74(2) 0 89
C () 2(2) 0 3
Pioneer 572 A 8(3) 0 5{4) 13
B 0 0 2(1) 2
C 0 3D ] 3
E 0 37(1) 0 37
F 9( U 0 9
Amador B 0 101y 0 10
F 3 0 0 3
GTI13R: A 4(2) ( 3(1) 7
B 3hH 1 0 3
E (D) 0 0 l
F 2(N 0 0 2
Ei-Wadi-El-Gedeed B 0 It 0 l
C 41 0 0 4
Europeane A 35(0) 76(3) 184(2) 295
Lucerne B 5{2) 0 { 3
C (N 0 0 1
Walsit A 3(2) 8 0 5
F 0 6¢1) 0 6
Montakhab B 3 ( G 3
Esmaelia C 4(2) 18(1) 0 22
M. arborea A 3 3(3) 10 7
B 6(4) 23{6) 9{2) 38
C 0 9 (4) 0 9
D 0 0 (L) 1
F 5(1) 1(1) 0 6

Figures between brackets represent original number of seedlings which gave embryos

* See Table | for medium protocol
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Table 6. Percentage of embryos which developed into plantlets

Explant
Species Variety Medium*
protocol Cotyledon Hypocotyl Root
M. sativa Montakhab A 50.0 319 +
Nubaria B 73.3 83.8 -
Pioneer 572 A 37.5 - 20.0
E - 56.8 -
Amador B - 50.0 -
GT1i3Rt A 0 - 100.0
B 33.0 - -
Europeane A 60.0 64.5 76.6
Lucerne
Montakhab B 333 - -
Esmaelia C 0 55.5 -
M. arborea A 333 0 0
B 0 39.1 333

* See table 1 for medium protocols
+ No embryo was obtained

The number of plantlets was significantly influenced by varieties and highly sig-
nificantly affected by medium protocol (Table 2). The variety x medium interaction
was highly significant.

It was evident from Tables 4 and 6 that European lucerne and Montakhab
Nubaria recorded the highest significant number of plantlets. In contrast, Siwa, El-
Wadi El-Gedeed and Wahat did not give any plantlets. Also, data indicated that
medium protocols A and B produced the highest number of plantlets. However, dif-
ferences between medium protocol B and the other medium protocols were not sig-
nificant (Table 4).

Morphological variations have been observed after transferring embryos in
some medium protocol. For example, some of the embryos obtained from M. sativa
varieties montakhab nubaria with medium protocol B, montakhab esmaelia with
medium protocol C and M. arborea with medium protocol B were multiplied or pro-
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liferated when transferred onto SHP medium. This observation was similar to those
reported by Santos et al. [10] and Lupotto [11].

Results of this investigation show that there are strong cultivar X medium
interactions for both somatic embryogenesis and plant regeneration. Variety differ-
ences have been reported as important variables in the regneration of several species
[12,13,14]. Genotypic variation in embryogenesis is a widespread phenomenon in
alfalfa [3,5,15].

The present investigations are however, of a preliminary nature and were
designed to establish the culture conditions conductive for callus initiation and sub-
sequent plant regeneration. The results of embryogenesis with M. sativa and M.
arborea explants and callus provided useful information for subsequent investiga-
tions regarding plant regeneration from cultured protoplasts.
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