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Abstract. Somatic embryos were induced in cultures of immature soybean (Glycine max (L.)
Merr) embryos, or isolated cotyledons on MS modified medium supplemented with NAA and
2,4-D, BAP and ABA. When NAA and 2,4-D were compared at similar concentrations (25
and 23 uM), 2,4-D produced larger number of somatic embryos, however, embryogenesis
efficiency was improved in media containing NAA by using higher levels (100-150 uM) of the
auxin. Somatic embryo morphology varied with auxin type: NAA-induced embryos more
closely resembled zygotic embryos than did 2,4-D-induced embryos. Additions of BAP or
ABA to auxin-containing media had either no effect or reduced embryo production, although
ABA altered the morphology of 2,4-D-induced embryos. In media containing both NAA and
2,4-D, the latter was dominant in terms of embryo morphology. The effects of subculture
frequency and of transfers between 2,4-D and NAA media were investigated: Subculture
frequency influenced mainly the frequency of normal embryos, while preculture on 2,4-D
increased subsequent embryogenesis efficiency on NAA medium but reduced the frequency of
normal embryos.

Abbreviations. uEm~2s~!, microEinsteins per square meter per second; NAA, a-naphthalene
acetic acid; 2,4-D, 2,4-dichlorophenoxy acetic acid; ABA, abscisic acid; BAP, benzylamino
purine

Introduction

Much effort has been devoted to soybean tissue culture and to achieving
plant regeneration in vitro (for review see [9]). While perennial Glycine
species have been regenerated from complex explants [8, 10, 11, 23] and also
from protoplasts [17, 18], until recently attempts to regenerate G. max had

! Present address: Max-Planck-Institut, D-5000, Kéin 30, BRD.

2 To whom correspondence should be sent.

* This paper (No. 86-3-96), is published with the approval of the director of the Kentucky
Agricultural Experiment Station.



198

yielded only non-functional somatic embryos [4, 19]. Using immature
embryos as explants, however, several instances of somatic embryogenesis
[5, 14, 15] and whole plant regeneration [3, 12, 20] have now been reported.
Regeneration from immature leaf tissue has also been reported [24]. These
previous studies contain relatively little analysis of the major factors which
affect somatic production and development. In particular, little attention
has been given to the frequency of normal embryo production and to the
numbers of embryos produced per responding culture.

The present study was made during the development of a soybean re-
generation system [12] to investigate factors important to embryogenesis. In
this paper we will discuss hormonal and culture manipulation effects, while
in a companion paper we will discuss nutritional, physical and chemical
factors [13].

Materials and methods

Two G. max genotypes were used in these studies: maturity group 00 cultivar
McCall, (Dr. R.L. Bernard, University of Illinois), and maturity group II
cultivar J103 (Jacques Seed Co., Wisconsin).

Plant growth, embryo isolation

Procedures for donor plant growth, pod sterilization and embryo isolation
were as described previously [12]. Plants were grown in pots in a greenhouse,
under natural light supplemented with 13hrs artificial (high pressure
sodium) light during winter -months. Pods containing seeds of length
4.0 + 1.0mm were surface-sterilized by 30 sec immersion in 70% isopropyl
alcohol, followed by 10 min in 25% Chlorox bleach and then two rinses in
sterile water. Pods were opened and embryos isolated from the immature
seeds [12]. In early experiments embryos were cultured whole, while in later
experiments the embryonic axis was removed and the pair of isolated
cotyledons plated side-by-side, as this procedure increased the efficiency of
embryogenesis [13]. The type of explant used is specified in each table of
results.

Media, culture conditions
The basal medium consisted of MS salts [16], B5 vitamins [6], 3% sucrose

and 0.65% Phytoagar (Gibco) at pH 5.9 before autoclaving at 121 °C,
1.06 Kg='cm~2 for 15 mins. Hormones were added to media before auto-
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claving, with the exception of ABA, which was filter-sterilized and added to
autoclaved medium. Ten embryos (or cotyledon pairs) were cultured per
30ml of medium in 20 x 100 mm plastic dishes (Falcon), at 25 + 3°C
under a 16 hr photoperiod of cool white fluorescent light (~ 20 uEm~2s7").
For convenience, in the text media with particular hormone contents are
referred to in abbreviated form. Thus N50 and N150 denote media with 50
or 150 uM NAA, D23 medium with 23 uM 2,4-D, and so forth.

Culture assessment

Cultures were scored at 30d. Four parameters were used to assess embryo
response: I. Embryogenesis Frequency, = number of embryogenic cultures/
total cultures initiated (a “culture” is the tissue derived from a single zygotic
embryo), II. Mean Embryo Number, =mean number of somatic embryos
both normal and abnormal (see below for definition) per embryogenic
culture. I11. Efficiency, = Embryogenesis Frequency x Mean Embryo No.,
IV. Frequency of Normal Embryos, =number of cultures with normal
embryos/total embryogenic cultures. In some experiments, the frequency of
cultures producing adventitious roots was also recorded.

For assessment, embryos with distinct root and shoot poles and at least
one defined cotyledons were classified as normal, while embryos lacking
distinct shoot poles, without cotyledons or with fused cotyledons were
classed as abnormal.

In all experiments, a minimum of 60 embryos was cultured per treatment,
and generally > 100 embryos were used per treatment. In experiments where
two genotypes were used, trends of response were always found to be very
similar, so for simplicity, only data for one genotype is shown.

Experiments

The effects of various concentrations and combinations of hormones were
tested by supplementing the basal medium as appropriate (see tables of
results).

To determine the influence of subculture frequency on somatic embryo-
genesis cultures were initiated on medium containing 25 or 50 uM NAA and
subcultured to fresh medium of the same composition at intervals of 5, 10
or 15d. The total culture period was 30d so cultures were transferred either
five, two or one times, with control cultures having the standard incubation
period.

Two experiments investigated the effects of either initial culture on high
concentrations of NAA (100 or 150 uM), or of various periods on 23 uM
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Table 1. Effects of hormones on somatic embryogenesis (cv McCall, whole embryos cultured).

Hormone Embryogenesis Mean embryo Efficiency Frequency
concn. (uM) frequency (A) no. (B)? (A x B) of normal
(%) embryos
(%)
NAA 25 29.3 + 6.1 1.73 £ 0.21 0.51 273 + 4.0
NAA 37.5 363 + 5.5 2.24 + 0.26 0.81 20.7 £ 6.2
NAA 50 329 + 7.1 2.52 + 041 0.83 26.1 + 7.6
NAA 25, BAP 0.045 232 + 6.3 1.69 + 0.33 0.39 NR®
NAA 25, BAP 0.23 10.1 + 4.1 1.71 + 0.36 0.17 NR
NAA 25, ABA 0.38 11.8 + 4.2 1.38 + 0.18 0.16 NR
NAA 25, 2,4-D 0.23 24.0 + 7.0 1.72 + 0.41 0.41 16.7 + 1.9
NAA 25, 2,4-DS 2.3 160 + 5.5 1.67 + 0.22 0.27 16.7 + 1.7
NAA 25, 2,4-D 23 56.0 + 6.2 3.69 + 0.35 2.07 11.9 + 3.3
2,4-D 23 600 + 5.4 340 £+ 035 2.04 12.6 + 3.4
2,4-D 23, ABA 0.38 613 + 7.2 2.85 + 0.30 1.75 174 + 5.0
2,4-D 23, ABA 3.8 414 + 5.6 2.45 + 0.29 1.02 34 + 1.2

® In this and following tables, embryogenesis frequency, mean embryo no., and normal
embryo frequency data are expressed as means and standard errors of the means.
® Not recorded.

2,4-D, before transfer to N50 medium. Data are presented only for the latter
experiment, but both will be discussed.

The data here are derived from a long series of experiments. As important
factors were identified the experimental system was modified, so com-
parisons of treatments may be made only within and not between experi-
ments as all control treatments were not necessarily identical.

Results
Effects of auxins and hormone combinations

Somatic embryogenesis was dependent on the type and concentration of
auxin in the medium (somatic embryos were never observed in the absence
of exogenous auxin). Comparing NAA and 2,4-D at a similar concentration
(23-25 uM), the latter was more potent for somatic embryo induction (Table
1), and gave the high efficiency value (efficiency is a measure of the yield of
somatic embryos per culture).

There was a clear effect of auxin type on culture morphology. Somatic
embryos induced by NAA had the most normal morphology (see Fig. 1a)
although mono- and polycotyledonous embryos were common. 2,4-D-
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Table 2. Effects of subculture frequency on somatic embryogenesis (cv McCall, whole embryos
cultured).

Auxin Subculture Embryogenesis Mean embryo  Efficiency = Frequency

concn. frequency frequency (A) no. (B) (A x B) of normal

(uM) (%) embryos

(%)

NAA 25 5d 556 + 6.5 2.13 + 0.21 1.18 33+ 28
10d 533 + 6.8 2.34 + 0.21 1.29 94 + 58
15d 500 + 7.2 1.96 + 0.22 0.98 0
No subculture  46.7 + 5.5 1.93 + 0.17 0.90 36 + 7.8

NAA 50 5d 51.7 £ 6.7 2.00 + 0.17 1.03 6.5 + 43
10d 60.0 + 3.0 1.70 + 0.15 1.02 13.3 + 6.7
15d 473 + 44 223 +£0.19 1.05 19.2 + 45
No subculture  48.0 + 5.1 208 + 0.22 1.00 16.7 + 4.9

induced embryos were usually horn-shaped (see Fig. 1b) although leafy and
fasciated structures were also seen. Cultures on NAA media produced little
callus whereas 2,4-D invariably induced some callusing. Adventitious roots
were usually formed on NAA media, but rarely on 2,4-D media.

The comparison of three NAA concentrations, 25, 37.5 and 50 uM
showed little difference in response, although 50 uM NAA gave the highest
efficiency value Table 1. Medium containing 23 uM 2,4-D gave more than
double the efficiency value of the most effective NAA medium, but with a
low frequency of normal embryo production. In combinations of 25 uM
NAA with 0.23, 2.3 or 23 uM 2,4-D, the two lower 2,4-D levels appeared to
have little effect on embryogenesis efficiency, while the high level gave results
very similar to those for 23 uM 2,4-D alone. Nevertheless, in each combina-
tion, 2,4-D appeared to be the dominant auxin in terms of somatic embryo
morphology: even 0.23 uM 2.4-D markedly reduced the frequency of normal
embryo production by comparison with N25 medium without 2,4-D.

Effects of cytokinins and ABA

In combination with 25uM NAA, 0.044 uM BAP had little effect, while
0.22uM BAP reduced embryogenesis frequency. The higher BAP con-
centration also stimulated friable callus production. ABA at 0.38 uM, in
combination with 25 uM NAA, reduced embryogenesis in comparison with
medium containing NAA alone. In combination with 23 uM 2,4-D, ABA at
0.38 uM, had little influence on embryogenesis efficiency but increased the
frequency of normal embryos slightly over the control value (plain D23
medium). At 3.8 uM, however, ABA halved the embryogenesis efficiency
and reduced normal embryo production. An occasional effect (~ 10% of
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cultures) of ABA on the morphology of 2,4-D-induced somatic embryos was
to make their cotyledons broad and leaf-like.

Subculture frequency effects

As simply increasing the NAA concentration in induction medium gave
relatively small increases in embryogenesis efficiency (Table 1) the effects of
subculture frequency (i.e. the provision of non-depleted medium) were
examined (Table 2). Somatic embryo production showed no clear trend of
response to subculture frequency in either N25 or N50 medium. The highest
embryogenesis efficiency was recorded for subcultures on N25 medium. In
N25 medium, the frequency of normal embryos was low throughout, while
on N50 medium, the frequency was generally higher, but was reduced by the
most frequent (5d) subculture treatment.

Transfer experiments and high-NAA media

Among the 2,4-D — to — NAA transfer treatments, one day’s exposure to
2,4-D reduced embryogenesis efficiency by comparison with the control
(N50 304d), but efficiency increased with the 3d and 5d 2,4-D treatments and
then decreased with the 10d treatment (Table 3). (In this experiment the
embryogenesis frequency in the D23 30 d treatment was lower than routinely
expected on this medium, although the mean embryo number was quite
typical.) The highest frequencies of normal embryo production was seen in
the absence of 2,4-D (N50, 30d) or with 1 d culture on 2,4-D (D23 1d, N50
29d) and decreased with increasing exposure to 2,4-D. The single NAA
— to — 2,4-D treatment gave the lowest efficiency value, and like the D23

Table 3. Effects of transfers between 2,4-D and NAA media on somatic embryogenesis (cv
J103, isolated cotyledons cultured).

Treatment Embryogenesis Mean embryo Efficiency Frequency Frequency
(medium/days) frequency (A) no. (B) (A x B) of normal of roots
(%) embryos (%)
(%)

N50? 30d 80.0 + 6.6 318 + 035 254 375 £ 39 546 + 82
D23 1d, N5029d 72.0 + 5.3 2.56 + 0.25 1.84 389 + 52 80.0 + 6.3
D23 3d, N50 27d 857 £ 5.2 367 + 024 314 19.0 + 6.8 79.6 + 5.8
D23 5d, N50 254 920 + 44 389 + 022 3.58 29.1 £72 720 + 9.6
D23 10d, NSO 20d 449 + 6.3 323 £ 043 1.45 9.1 +27 0

D23 30d 625 £ 179 3.48 + 0.51 2.18 0 0

N50 5d, D23 25d  52.0 + 9.2 2.19 £ 043 1.14 0 0

2 See Materials and Methods for abbreviations for media.
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30d treatment, yielded no normal embryos. Adventitious root production
was stimulated by 1-5d exposure to 2,4-D, but no roots were produced in
the longer 2,4-D treatments or in the NAA — to — 2,4-D transfer
treatment.

In a second transfer experiment cuitures were initiated on N50, N100 or
N150 medium and were then transferred to fresh N50 medium after 5, 10 or
15d, or were left on the original medium throughout the 30 d culture period.
Embryogenesis frequency was similar among all treatments, but cultures on
N100 and N150 media gave consistently higher mean embryo number values
(N100, mean 4.07 + 0.36, N150, mean 4.77 + 0.40) than N50 medium
(mean 3.62 + 0.26), and the N150 30d treatment induced the most normal
embryos (40.5 + 3.4%). The time of incubation before transfer had no
consistent effect on embryogenesis efficiency. In the light of these results, the
three media N50, N100 and N150 were further compared (Table 4).
Throughout this experiment, the frequency of embryogenesis was high, but
efficiency was again seen to increase at the elevated NAA concentrations,
although the differences were less marked than in the previous experiment.
The frequency of normal embryos was similar in the three treatments.
Adventitious root production was comparatively more sensitive to auxin
than embryogenesis, increasing by 28% over the NAA concentration range.

Discussion

The data here show the importance of exogenous auxin in regulating soy-
bean somatic embryogenesis. Auxin type, concentration, and the timing and
length of auxin treatment had specific effects on the process, both in terms
of efficiency and of embryo morphology. Considering the efficiency of
embryogenesis, media containing 2,4-D produced the largest numbers of
somatic embryos, and when equivalent concentrations of 2,4-D and NAA
(23 and 25 uM, respectively) were compared, the former was markedly more

Table 4. Effects of high concentrations of NAA on somatic embryogenesis (cv J103, isolated
cotyledons cultured).

Auxin Embryogenesis = Mean embryo  Efficiency  Frequency  Frequency
concn. (uM)  frequency (A) no. (B) (A x B) of normal of roots
(%) embryos (%)
(%)
NAA 50 85.0 + 5.0 247 + 0.18 2.10 353+ 57 380 + 3.7
NAA 100 96.3 + 3.1 2.65 +£ 0.17 2.55 346 + 6.1 520 + 6.5
NAA 150 932 + 4.0 2.82 + 0.17 2.63 382 + 45 662 £+ 40
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active (Table 1). In order to induce consistently high numbers of somatic
embryos on media containing NAA, considerably higher concentrations of
the auxin (100 or 150 uM) were required (Table 4). Soybean cotyledon tissue
has a high diffusive resistance [7], so high external concentrations of auxins
may be required for “inductive” concentrations to develop within the ex-
plant. In other studies on soybean somatic embryogenesis, 2,4-D has been
the most commonly-used auxin [5, 14, 15, 20], although only two studies
have compared different auxins [3, 15]. Where different 2,4-D concentra-
tions have been tested, the optima found have differed (5 uM [15], 22.5 uM
[20]). Similarly, the increased somatic embryo production seen at high NAA
concentrations in the present study contrasts with the optimum levels sug-
gested by other workers (2.5 uM [15], 43 uM [3]). These discrepancies may
stem from the use of different sucrose levels or of different explants (whole
embryos versus isolated cotyledons), as both factors strongly affect somatic
embryogenesis [13].

Somatic embryo induction from cotyledon tissue required only the provi-
sion of exogenous auxin. In treatments where either cytokinin (BAP) or
ABA was also supplied, embryogenesis efficiency was either unaffected or
reduced, depending on the supplement concentration. BAP stimulated the
formation of friable callus, particularly at sites of damage, and this tissue
never produced somatic embryos. An inhibitory effect of cytokinin in media
containing 2,4-D has previously been reported [15]. ABA is known to be
important in the regulation of soybean embryogenesis in vivo [1], and either
stimulates or inhibits zygotic embryo growth and development in vitro,
depending on embryo stage [2]. The present data suggest, however, that
exogenous ABA inhibits auxin-induced somatic embryogenesis, although an
effect on somatic embryo development was observed, in that cotyledons of
some 2,4-D-induced embryos became leaf-like in the presence of 0.38 uM
ABA.

Variation in the efficiency of embryogenesis, whether in response to auxin
type or concentration or to other factors generally reflected similar respon-
ses of the two constituent parameters: in that treatments which induced a
high percentage of explants to become embryogenic also induced com-
paratively high numbers of embryos on these responding cultures.

Variation in soybean somatic embryo “quality” or morphology has been
commented on previously [15, 20], but no previous study has reported the
frequencies of normal and abnormal embryos. This parameter is, however,
of importance to the application of embryogenesis systems, as the efficiency
of conversion of embryos to plantlets often varies considerably with embryo
normality [4, 21]. The major factor affecting soybean somatic embryo
morphology is auxin type, although other physical and chemical factors are
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also involved [13]. Embryos induced by NAA typically exhibit clear bipolar-
ity, with distinct radicle and hypocotyl regions, well-defined cotyledons and
a shoot apex visible from an early stage of development (see Fig. 1). The
most frequent abnormalities seen in NAA-induced embryos are the loss of
one or more cotyledons, and fusion to the parental cotyledon tissue.
Embryos induced by 2,4-D are in general horn-shaped, with indistinct or
fused cotyledons. The shoot apex is frequently underdeveloped in otherwise
“mature” embryos. The differences in morphology between NAA- and
2,4-D induced embryos are reflected in their abilities to germinate. Embryos
with normal morphology germinate readily, while abnormal embryos are
recalcitrant and often require long periods of incubation or culture mani-
pulations for germination [12, 20]. In alfalfa, another legume, somatic
embryos induced by low 2,4-D concentrations have more normal morphol-
ogy and seed storage protein profiles and have a higher frequency of conver-
sion to plantlets than embryos induced by high 2,4-D concentrations [21].
Somatic embryos induced on media containing both NAA and 2,4-D had
morphologies typical for embryos induced by 2,4-D. Even when the ratio of
NAA to 2,4-D exceeded 100:1 (25:0.23 uM, Table 1) the latter was the
dominant auxin in terms of embryo morphology and the frequency of
normal embryos was markedly reduced, although this level of 2,4-D had
little effect on embryogenesis efficiency.

Regarding the influence of subculture frequency, it is perhaps surprising
that somatic embryo production was similar in cultures transferred several
times to fresh medium and in those maintained on the original medium for
the whole 30d culture period. Nevertheless, this effect was observed with
two different auxin concentrations (Table 2). This finding suggests either
that depletion of medium components (or accumulation of deleterious
compounds) are neither limiting nor promotive factors for embryo produc-
tion, or that the major events which affect the process take place within the
first five days of culture. The observation that in N50 medium a 5d subcul-
ture interval reduced the frequency of normal embryos implies a separation
between the processes of embryo induction and embryo development: the
former being insensitive to the subculture treatments tested, the latter being
influenced by the 5 d subculture treatment. Separation between the processes
of embryo induction and development is supported by the previously-
mentioned finding that, in combination with NAA, very low concentrations
of 2,4-D had little effect on embryo production (induction) but did influence
embryo morphology (development).

The efficiency of somatic embryogenesis on NAA medium was altered by
preincubating explants on 2,4-D medium (Table 3). The period of pre-
incubation appeared to be critical: 5d exposure to 2,4-D gave the highest
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efficiency value, while 1d or 10d exposure gave lower efficiency values than
continuous culture on NAA medium. In alfalfa, the induction of organo-
genesis by the exposure of callus to 2,4-D was shown to be influenced
strongly by the duration of culture on the induction medium. Organogenesis
frequency was maximal with 3 or 4 d exposure to 2,4-D and declined sharply
with longer or shorter 2,4-D treatments [22].

The data for the 2,4-D — to — NAA transfer experiment demonstrate a
cumulative effect of 2,4-D on somatic embryo morphology: 1d exposure to
2,4-D had no detectable effect, but longer exposures to 2,4-D progressively
reduced the frequency of normal embryos. The finding that the 5d NAA,
25d 2,4-D treatment yielded no normal embryos suggests that embryos
which start their development under normal inductive conditions are still
susceptible to conversion to abnormal morphology by subsequent exposure
to 2,4-D.

Acknowledgements

The authors are grateful to Ms. Jean Sunega for her expert technical
assistance and to Ms. Stephanie Blakemore and Ms. Iris Deaton for manu-
script preparation. This work was supported by the Agrigenetics Research
Corporation Ltd., and was carried out in collaboration with U.B. Barwale,
H.R. Kerns, M.M. Meyer and J.M. Widholm of the University of Illinois.

References

1. Ackerson RC (1984) Regulation of soybean embryogenesis by abscisic acid. J Exp Bot
152: 403-413

2. Ackerson RC (1984) Abscisic acid and precocious germination in soybeans. J Exp Bot
152: 414-21

3. Barwale UB, Kerns HR, Widholm JM (1986) Plant regeneration from callus cultures of
several soybean genotypes via embryogenesis and organogenesis. Planta 167: 473481

4, Beversdorf WD, Bingham ET (1977) Degrees of differentiation obtained in tissue cultures
of Glycine species. Crop Sci 17: 307-311

5. Christianson ML, Warnick DA, Carlson PS (1983) A morphogenetically component
soybean suspension culture. Science 222: 632-634

6. Gamborg OL, Miller RA, Ojima K (1968) Nutrient requirements of suspension cultures
of soybean root cells. Exp Cell Res 50: 151-158

7. Gifford RM, Thorne JH (1985) Sucrose concentration at the apoplastic interface between
seed coat and cotyledons of developing soybean seeds. Plant Physiol 77: 863-868

8. Grant JE (1984) Plant regeneration from cotyledonary tissue of Glycine canescens, a
perennial wild relative of soybean. Plant Cell Tiss Organ Cult 3: 169-173

9. Hildebrand DF, Phillips GC, Collins GB (1985) Soybeans. In: Bajaj YPS (ed) Biotechnol-
ogy of Plant Improvement, Vol. 2, 283-312. Berlin-Heidelberg: Springer-Verlag



208

10.

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

Hymowitz T, Chalmers ML, Constanza SH, Saam MM (1986) Plant regeneration from
leaf explants of Glycine clandestina Wendl. Plant Cell Rep 3: 192-194

Kameya T, Widholm JM (1981) Plant regeneration from hypocotyl sections of Glycine
species. Plant Sci Lett 21: 289-294

Lazzeri PA, Hildebrand DF, Collins GB (1985) A procedure for plant regeneration from
immature cotyledon tissue of soybean. Plant Mol Biol Rep 3: 160-167

Lazzeri PA, Hildebrand DF, Collins GB (1987) Soybean somatic embryogenesis: Effects
of nutritional, chemical and physical factors. Plant Cell Tiss Organ Cult (submitted)
Li BJ, Langridge WHR, Szalay AA (1985) Somatic embryogenesis and plantlet regenera-
tion in the soybean Glycine max. Plant Cell Rep 4: 344-347

Lippmann B, Lippmann G (1984) Induction of somatic embryos in cotyledonary tissue
of soybean, Glycine max L. Merr. Plant Cell Rep 3: 215-218

Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassay with
tobacco tissue cultures. Physiol Plant 15: 473497

Myers JR, Lazzeri PA, Collins GB. Plant regeneration of Glycine canescens F.J. Herm.
from suspension culture-derived protoplasts (in prep)

. Newell CA, Lu MT (1985) Protoplast culture and plant regeneration in Glycine canescens

F.J. Herm. Plant Cell Tiss Organ Cult 4: 145-149

. Phillips GC, Collins GB (1981) Induction and development of somatic embryos from cell

suspension cultures of soybean. Plant Cell Tiss Organ Cult 1: 123-129

Ranch JP, Ogelsby L, Zielinski AC (1985) Plant regeneration from embryo-derived tissue
cultures of soybeans. In Vitro 21: 653-658

Stuart DA, Nelson J, Strickland SG, Nichol JW (1985) Factors affecting developmental
processes in alfalfa cell cultures. In: Henke RR, Hughes KW, Constantin MP, Hollaender
A (eds) Tissue culture in forestry and agriculture, 59-73. New York: Plenum

Walker KA, Wendeln ML, Jaworski EG (1979) Organogenesis in callus tissue of Medica-
go sativa: The temporal separation of induction processes from differentiation processes.
Plant Sci Lett 16: 23-30

Widolhm JM, Rick S (1983) Shoot regeneration from Glycine canescens tissue cultures.
Plant Cell Rep 2: 17-20

Yang Z, Chen Z, Liu Z, Zhang Z (1984) Soybean tissue culture: In vitro culture of leaves
and the induction of regenerated plants. Bulletin of Sciences 16: 1012-1016



