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Abstract Embryogenic callus (EC) was created from 

mature embryos of Larix kaempferi. With the mature 

embryos, keeping the culture in dark conditions throughout 

the experiment (38.2%) seemed to give better results than 

exposing them to 16 h light (25 μEm
-2
s
-1
) for the first week 

(21.9%). EC was obtained most frequently from Quoirin and 

Lepoivre (LP) mediums with 1.0 mg/L 4-amino-3,5,6- 

trichloropicolinic acid (Picloram), plus 1.0 mg/L benzyladenine 

(BA) (62.8%) or Litvay's medium (LM) containing 1.0 mg/L 

p-chlorophenoxyacetic acid (pCPA) plus 1.0 mg/L BA 

(62.8%) treatment. In both cases, best results were obtained 

when zygotic embryos were cultured in darkness. As for the 

effective sucrose concentration on initiation of EC, 29.2 mM 

sucrose (38.6%) gave the best results. 
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Introduction

The genus Larix is widely distributed in temperate zone of the 

world. Larch has been considered as one of the candidates for 

reforestation and genetic improvement because of its wood 

quality, fast growth, and wide ecological adaptability (Bailian 

and Wyckoff 1994; Gowere and Richards, 1990). In addition, 

larch has wood and fiber characteristics suitable for kraft 

pulping, with young trees exhibiting pulp strength and yields 

comparable to mature jack pine and other conifers (Einspahr 

et al. 1983; Hatton 1986). However, the use of this species for 

reforestation has been hindered due to a low seed set and poor 

germination (Lelu et al. 1994a). A solution for this problem 

may be employing somatic embryogenesis culture system to 

produce unlimited number of propagules having identical 

genetic make-up originated from a single seed (Attree and 

Fowke 1991). This culture technique might accelerate traditional 

tree improvement programs by reducing the time required to 

produce genetically improved forest trees. In the genus Larix, 

somatic embryogensis has been reported with female game-

tophytes of Larix decidua (von Aderkas and Bonga 1988; 

Nagmani and Bonga 1985), immature embryos of L. decidua, 

L.×eurolepis, L.×leptoeuropaea (Lelu et al. 1994a), L.×eurolepis 

(Klimaszewska 1989), L. occidentalis (Thompson and von 

Aderkas 1992), and L.×leptoeuropaea (Lelu et al. 1994a). In 

L. kaempferi, only EC induction has been reported to date 

with both female gametophyte and immature embryos (von 

Aderkas et al. 1990). However, it has not been successful to 

induce somatic embryos and plant regeneration from emb-

ryogenic cultures of this species. The main reason might be 

that L. kaempferi is generally regarded as more recalcitrant 

species to in vitro system-adventitious shoot bud induction 

from embryo and/or embryonic tissue (Bonga and Pond 1991; 

Diner et al. 1986) than any other conifer species. Therefore, 

there is a need to establish the optimal conditions to induce 

somatic embryogenesis of L. kaempferi. The aim of this report 

was to know the appropriate in vitro conditions for the 

initiation of EC from mature embryos of this species. This 

study may also offer the basic data for the further somatic 

embryo induction and plant regeneration form the established 

EC of L. kaempferi.

Materials and Methods

Plant materials

The mature embryos of L. kaempferi were harvested in 

October from the seed orchard at Interior Breeding Station of 

Korea Forest Seed and Variety Center located in Chung ju, 
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Table 1 Effect of media and plant growth regulators on 

embryogenic tissue initiation grown in the light from mature 

zygotic embryos of L. kaempferi
a

Medium
Plant growth regulators (mg/L) ET initiation

(%±S.E.)2,4-D Picloram
b

pCPA
c

BAP

LM
e

1.0 1.0 16.0±1.9cdefg
d

2.0 1.0 28.0±3.7abcde

5.0 1.0 12.5±3.1efg

1.0 1.0 20.9±3.3bcdefg

2.0 1.0 28.0±3.8abcde

5.0 1.0 12.0±2.2fg

1.0 1.0 18.0±3.9bcdefg

2.0 1.0 20.0±3.9bcdefg

5.0 1.0  8.0±1.0g

LP
f

1.0 1.0 10.1±0.1fg

2.0 1.0 17.0±1.7bcdefg

5.0 1.0  8.5±1.9g

1.0 1.0 24.7±2.3bcdef

2.0 1.0 24.4±4.3bcdef

5.0 1.0 15.4±2.1defg

1.0 1.0 13.5±2.8efg

2.0 1.0 12.7±3.6efg

5.0 1.0 17.2±3.0bcdefg

SH
g

1.0 1.0 32.5±2.7ab

2.0 1.0 16.0±8.0cdefg

5.0 1.0 17.8±2.9bcdefg

1.0 1.0 24.8±3.8bcdef

2.0 1.0 31.4±2.9abc

5.0 1.0 20.6±2.6bcdefg

1.0 1.0 29.6±10.4abcd

2.0 1.0 41.7±13.0a

5.0 1.0 11.3±4.5fg
a
The mature embryos were cultured in the light (25μEm

-2
s
-1
) for 

one week followed by darkness for 7 weeks.
b
4-amino-3,5,6-trichloropicolinic acid   
c
para-chlorophenoxyacetic acid
d
Means with the same letter are not significantly different as 

determined by analysis of variance with Duncan's mutiple 

range test. Pr>F: 0.0001, F value: 3.32
e
Litvay et al. (1985)  
f
Quoirin and Lepoivre (1977)  
g
Schenk and Hilderbrandt (1972)

Korea. The seeds were stored at 4°C until use. Immediately 

before removal of the mature embryos, the seeds were 

imbibed in tap water for 24 h at room temperature. After 

imbibition, sound seeds were selected. The seeds were soaked 

in tap water for 10 min with a drop of tween 20, and then 

surface sterilized in 30% hydrogen peroxide solution for 30 

min followed by washing one time with sterile distilled water. 

And the seeds were disinfected with 10% sodium hypochlorite 

solution for 30 min by shaking vigorously. After the seeds 

were washed once with distilled water, they were submerged 

in 1.0% (w/v) mercuric chloride solution for 20 min, and then 

washed four times with sterile distilled water. 

EC initiation from mature embryos

After the mature embryos were extracted from the female 

megagametophytes, they were bisected transversally, and 

placed on EC medium. The ovuliferous scales were discarded, 

and the mature zygotic embryos were cultured on three EC 

initiation media such as modified LP (Quoirin and Lepoivre 

1977), LM (Litvay et al. 1985), and SH (Schenk and 

Hildebrandt 1972). Each medium was composed of full-strength 

salts and vitamines supplemented with 1,000 mg/L casein 

hydrolysate, 3.4 mM glutamine, 29.2 mM sucrose, and 0.2% 

(v/v) gelrite (Sigma) as a gelling agent. L-Glutamine was 

sterilized with a disposable filter unit (0.2 μm pore size) and 

then added to cooled medium after autoclaving. The medium 

was supplemented with one of the three types of auxins; 

2,4-D, Picloram or pCPA, at the concentrations ranging from 

1.0 to 5.0 mg/L, and one cytokinin (BA) first at the 

concentrations of 1.0 mg/L (see Table 1 and 2). Two different 

culture methods were employed, the first was culturing the 

mature embryos in the 25 μEm
-2
s
-1
 light for one week 

followed by transferring to darkness for 7 weeks. The second 

treatment was incubating them in darkness throughout. After 

4 weeks in culture, all the cultures were transferred to fresh 

medium. The frequency of EC was surveyed after 8 weeks in 

culture. 

 

Effect of sucrose concentrations on EC initiation

The effect of various concentrations (14.6, 29.2, 58.4, 87.6, 

116.8, 146 mM) of sucrose on EC initiation was tested. 

Totally 60 embryos were cultured on each of the 6 different 

sucrose concentrations with three replicates. Ten mature 

embryos were placed on each petri-dish (87×15 mm) with 

medium. The cultures were kept in darkness at 25±1°C for 8 

weeks. The frequency of EC initiation was recorded after the 

initial 8 weeks of culture. 

Observations and photographs of scanning electron microscopy

For the investigation of somatic embryogenesis by scanning 

electron microscope, several pieces of embryogenic or 

non-embryogenic callus were collected after 8 weeks in 
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Table 2 Effect of media and plant growth regulators on 

embryogenic tissue initiation grown in the dark from mature 

zygotic embryos of L. kaempferi
a

Medium
Plant growth regulators (mg/L) ET initiation

b

(%±S.E.)2,4-D Picloram pCPA BAP

LM 1.0 1.0 51.2±8.1abcdef

2.0 1.0 42.0±2.0bcdefgh

5.0 1.0 30.0±5.8ghijklm

1.0 1.0 56.4±4.9abcd

2.0 1.0 56.0±9.5abcd

5.0 1.0 18.8±2.4ijklm

1.0 1.0 62.8±5.4a

2.0 1.0 41.2±7.1bcdefgh

5.0 1.0 54.0±5.7abcde

LP 1.0 1.0 60.0±2.9ab

2.0 1.0 37.8±4.5cdefghi

5.0 1.0 14.0±0.7lm

1.0 1.0 62.8±10.2a

2.0 1.0 32.1±5.0fghijkl

5.0 1.0 16.0±4.6klm

1.0 1.0 14.0±3.3lm

2.0 1.0 16.0±4.6klm

5.0 1.0 10.4±3.2m

SH 1.0 1.0 44.7±7.2abcdefgh

2.0 1.0 35.4±4.1efghijk

5.0 1.0 28.0±8.5hijklm

1.0 1.0 55.0±9.8abcdefg

2.0 1.0  4.7±2.2abcdefgh

5.0 1.0 17.4±2.0jklm

1.0 1.0 57.1±9.2abc

2.0 1.0 42.0±9.9bcdefgh

5.0 1.0 36.2±1.9defghij
a
The mature embryos were cultured in the dark throughout the 

8 week culture. 
b
Means with the same letter are not significantly different as 

determined by analysis of variance with Duncan's mutiple 

range test. Pr>F: 0.0001, F value: 7.71.

Fig. 1 The embryogenic callus (EC) initiation in L. kaempferi. 

(A) The mature zygotic embryos with radicle (ra), hypocotyl 

(hy), and cotyledon (co) after 2 days in culture. The explant 

showed swollen and red color pigmentation in hypocotyl or 

radicle parts. (B) Initiation of EC from the hypocotyl region. 

(C) Proliferating EC shown in Fig. 1b. (D) Formation of 

immature somatic embryos with embryonal head and suspensor 

(arrows)

culture. No dehydration or fixation treatment was done on the 

sample. Observations and photographs were made on a 

ABT-55 scanning electron microscope (Toshiba, Japan).

Statistical analysis

Analyses of variance were performed for frequency of 

embryogenic tissue initiation and somatic embryo maturation. 

Statistically significant mean differences were determined 

with Duncan's mutiple range test.

Results and discussion

EC initiation from mature embryos

When the mature embryos were placed on EC initiation 

medium within 1 to 2 days in culture, the explants developed 

red color in the hypocotyl and radicle parts (Fig. 1a). After the 

5 days, the embryos became gradually swollen, and started 

EC initiation from the hypocotyle zone (Fig. 1b). At this time, 

the induced EC showed the typical features that appeared only 

in EC such as white to translucent, and mucilaginous texture 

(Fig. 1c) as has been reported (Liao and Amerson 1995). 

When examined by SEM, the EC appeared to have long 

filamentous shape with embryonal head as well as suspensor 

(Fig. 2b). On the other hand, non-embryogenic callus (NEC) 

with isodiametric small cells could also be observed (Fig. 2a). 

After 7-9 days in culture, the early-staged somatic embryos 

having both putative embryonal head and suspensor were 

induced from the cultured EC. After 2 weeks, the distinctive 

proembryos having both embryonal head and suspensor could 

also be observed (Fig. 1d). The effect of the three basal media 

on the EC initiation from mature embryos was compared. 

Regardless of light conditions, the best results were obtained 

from LM medium (45.8%), followed by SH medium (39.5%), 

and LP medium (29.2%) (Table 1 and 2). Since the LM salt 

formulation appeared to be the most satisfactory for EC 

initiation, it was selected thereafter as a basal induction 

medium in the immature zygotic embryos. The LM medium 
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Fig. 2 Scanning electron micrographs of non-embryogenic or 

EC callus in L. kaempferi. (A) Non-embryogenic callus, characterized

by small, compact spherical and isodiametric cells. (B) EC showed

numerous elongated structures containing immature somatic embryos

Fig. 3 Effect of sucrose concentrations on the initiation of EC 

from mature zygotic embryos in L. kaempferi (Pr>F: 0.167, F 

value: 2.54)

has been reported to be effective in other conifer species (von 

Aderkas and Bonga 1987; Beardmore and Charest 1995). 

Keeping the culture in the dark condition throughout the 

experiment (38.2%) seemed to give better results than 

exposing them to 16 h light (25 μEm
-2
s
-1
) for the first one 

week (21.9%) in this species. Gupta and Durzan (1989) also 

reported that keeping the cultures in the darkness was 

essential for the induction of EC from the mature embryos of 

Norway spruce. However, Verhagen and Wana (1989) 

showed that the initiated EC grow equally well under a 16 h 

light photoperiod in Norway spruce mature embryos. 

However, in our preliminary experiment, as soon as EC 

appeared, they started to lose their embryogenic phenotype 

(i.e. color and texture). We moved EC from dark to light 

condition, upon transfer, they turned to NEC having green 

color or isodiametric cells within one week as shown in SEM 

pictures. The three kinds of auxins (2,4-D, Picloram, and 

pCPA) at various concentrations (1.0~5.0 mg/L) were tested 

for their ability to initiate EC when combined with a cytokinin 

(1.0 mg/L BA) (Table 1 and 2). The best EC forming 

frequency was obtained from LP medium with 1.0 mg/L 

Picloram plus 1.0 mg/L BA (62.8%) or LM medium 

containing 1.0 mg/L pCPA plus 1.0 mg/L BA (62.8%) 

treatment (Table 2). This result seems to be better than those 

reported with other larch species (Klimaszewska 1989; von 

Aderkas et al. 1990). The addition of Picloram (1.0~5.0 mg/L) 

or pCPA (1.0~5.0 mg/L) seemed to be beneficial to inducing 

EC from L. kaempferi mature embryos. This result appeared 

to be similar to that obtained with immature embryos of Picea 

glauca which needed 1.0 mg/L Picloram for EC initiation (Lu 

and Thorpe 1986). However, it is unusual that the highest EC 

initiation frequency was obtained from Picloram or pCPA 

treatment considering that it is routinely supplemented with 

2,4-D for primary medium (induction medium) to initiate EC 

from conifer embryos. 

Effect of sucrose concentrations on EC initiation

As for the effective sucrose concentration on initiation of EC, 

29.2 mM sucrose (38.6%) gave the best results (Fig. 3). 

Studying with the megagametophytes of L. decidua, von 

Aderkas and Bonga (1987) reported that the medium 

containing 87.6 mM sucrose (80 %) produced the best results. 

Although a high yield of EC could be obtained on LP medium 

containing 29.2 mM sucrose, the yield decreased as the 

embryos became matured. In the case of mature embryos of 

Picea abies, von Arnold and Hakman (1986) reported that 

sucrose in the medium had a marked effect on the initiation of 

the embryogenic type callus. The results of this study as well 

as other previously reported suggest that the sucrose 

concentration in the medium plays an important role in EC 
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initiation. Therefore, varying concentrations of sucrose should 

be tested in culture medium depending on conifer species 

(Lelu et al. 1994b; Nagmani and Bonga 1985). 

Conclusion

The low number of viable embryos of L. kaempferi resulted 

from severe damages by both blight and harmful insects, 

Dioryctria abietella, in growing seasons (early June-late 

July). By this reason, it was not possible to get sufficient 

sound seeds for experiment. Also, the seeds looking normal in 

appearance are frequently inviable, or empty. In this study, 

the majority of initiated EC failed or quickly ceased to 

proliferate upon subculture. In addition, even some of the 

surviving EC lost their capability for vigorous proliferation 

and died during the course of subculture. The necrosis of all 

EC within the first-two weeks after subculture on the fresh 

medium leads us for urgent necessity of developing methods 

to maintain the viability of EC if somatic embryogenesis is to 

become a useful technique in this species. 
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