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Abstract The development of somatic embryos is a key technology in plant breeding. To gain the best cultural conditions, the factors influen-

cing on germination and transplanting survival rate of the somatic embryos in Liriodendron hybrids were optimized, including the development

period of somatic embryos, macro-element, Vitamin C, genotypes, plant hormones and transplant medium in this study. The results showed

that the optimal development phase of germination was torpedo-shaped embryo, and the base cultural medium of 3/4 MS with vitamin C can

keep normal form from somatic embryos. The germination rate of somatic embryo had obvious genotype difference, among which the hybrid
1 x5002 was the most sensitive (82.46% ), and the hybrid 1 x 4088 was the most insensitive (13.24% ). The medium with 0. 1 mg/L of
KT +0.1 mg/L of IBA can help promote the germination of somatic embryogenesis. In addition, the yellow soil was more suitable than mixed

peat soil for transplanting Liriodendron hybrids seedlings. Therefore, the obtainment of the optimal conditions has important guidance for pro-

duction practices of Liriodendron hybrids.
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1 Introduction

Somatic embryogenesis has been considered as the most effective
reproductive method of breeding woody plants''’. In recent years,
many scholars have undertaken extensive studies on the mecha-
nism of plant somatic embryogenesis'”*' | and successfully estab-
lished the breeding system of several important woody plants inclu-
ding Liriodendron hybrids"™ | Larix'® and masson pine'”. Germi-
nation of somatic embryo seedling is a key factor influencing so-
matic embryogenesis technologies of Liriodendron hybrids in the
course of factory production. However, few studies have been con-
ducted on this effect. Therefore, we conducted an experiment to
optimize the influencing factors of Liriodendron hybrid embryo ger-

mination for large-scale production.

2 Materials and methods
2.1 Experimental materials The experimental materials in-
cluded Liriodendron hybrid embryos of six genotypes, induced by
the Key Laboratory of Forest Genetics and Biotechnology in Nan-
jing Forestry University. The concrete procedure of inducing Lirio-
dendron somatic embryo includes induction of embryogenic callus,
regulation of embryonic cell callus, development of somatic embry-

ogenesis, and plantlet regeneration[gfg],

The genotype of early
cotyledon embryos obtained includes these genotypes: 1 x 5002,
1 x4088, 1 x4036, 1 x7006, 1 x4006, 3 x6013.

2.2 Developmental phases According to the developmental
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phases of Liriodendron hybrid ( Genotype 1 x5002), the somatic
embryos were divided into torpedo type embryos, early cotyledon
embryos , mature cotyledon embryos ( morphologically showing cot-
yledons turning green and marked hypocotyl elongation) .

2.3 Hormone combinations The hormone combination design
of early cotyledonary embryos from genotype 1 x 5002 hybrid were
conducted, including 6-benzylamino purine (6-BA) , kinetin
(KT), indole acetic acid (NAA), and indole butyric acid (IBA).
2.4 Large amount of macro-elements and vitamin C in base
medium The early cotyledon embryo of 1 x5002 hybrid was in-
oculated into the medium of MS, 3/4 MS, 1/2 MS, 1/4 MS and
Vitamin C (Vc) combinations. According to the experimental de-
sign, other mediums were 3/4 MS + carrageenan (7 g/L.) + su-
crose (30 g/L), pH 5.6 —5.8, culture temperature (25 +2)C,
light period (14 h/d), light intensity (2 000 Lx). After one
month, the survival rate of hybrid embryo seedling was counted
with three repeats.

2.5 Transplanting method The hybrid somatic embryo seed-
lings were transplanted when they were rooting and the stem length
was 2 =3 em. The trials of transplanting methods were compared be-
tween yellow soil and peat soil. In each experiment, 100 plants were
transplanted and the survival rate was counted after one month.
2.6 Statistical analysis All data were subjected to statistical
analysis using the SPSS17. 0 software program. Analysis of vari-
ance (ANOVA) was performed using all the mean value of data at
1% probability level (P <0.01).

3 Results
3.1 Developmental phase The results (Table 1) showed that

the germination rate of torpedo embryo was 76.32% , with robust
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plantlets, long stem pumping, normal leaf morphology; the seed-
ling rate of early cotyledonary embryo was 60.02% , produced a
few malformed seedlings, and showed malformed leaves, hypocotyl

vitrification and the emergence of a large number of callus; mean-

was the lowest (only 23.73% ), and had serious vitrification, leaf
malformation and a large amount of callus produced. Therefore,
the torpedo embryo had been proved to be better for germination of
Liriodendron hybrid embryo.

while, the germination rate of mature cotyledon embryo seedling

Table 1 Comparison of germination ability of somatic embryos in different stages

Survival rate // %

Type of somatic embryos Morphological characters

Torpedo type embryos 76.32 £0.27 A Normal morphology without deformity, little callus
Early cotyledon embryos 60.02 £0.15 B Normal somatic embryo with little vitrification and malformed leave, large numbers of callus
Mature cotyledon embryos 23.73 £0.31 C Normal somatic embryo with vitrification and malformed leave, large numbers of callus

Note : Data for the three combinations with a column followed by different small (capital) letters indicated significant differences among the three combinations at

5% (1% ) probability levels, respectively. It was same in Table 2 and Table 3.

3.2 Genotype of cotyledon embryos Under the same condi- percentage of combination 10 was the highest (84.61% ), and the
lowest was combination 12 (68.27% ) ; in the combination of KT
and NAA, the seedling percentage of combination 11 was the high-

est (70.88% ), and the lowest was combination 16 (50.36% ).

tion, the germination ability is different between several somatic em-
bryos genotypes (Fig. 1). Genotype 1 x5002 had the highest seed-
ling rate of 84.26% , followed by 3 x 6013, the seedling rate was
67.14% , the lowest was 1 x 4088, and the seedling rate was only
13.24% . The seedling rates of genotypes 1 x 4088, 1 x 4036 and
1 x7006 were below 35% , belonging to difficult seedling types; the 80 |
seedling rates of genotypes 1 x4036 and 3 x6013 were 52.01% and

100

67. 14% , respectively, belonging to intermediate seedling types;

60
and the genotype of 1 x5002 belonged to easy seedling type. 0 b
3.3 Hormone combinations on germination ability of leaf
embryo The contrast experiment of different hormone combina- 20 F I
tions (Table 2) showed that in the combination of 6-BA and IBA
ions (Table 2) showed that in the combination o an , . _. .

the rate of combination 2 into seedlings was the lowest (48.78% ),

Seeding rate Il %

.. . . 1x4088 1x4036 1x7006 1x5002 1x4006 3x6013
and the rate of combination 5 was the highest (65.21% ) ; in the Genot
. . . enotype
combination of 6-BA and NAA | the combination 3 was the highest . . Y .
Fig.1 Comparison of genotypes of cotyledon embryo on seeding

(45.26% ) , indicating that 6-BA and IBA promoted the germina-
tion of somatic embryos, obviously better than the combinations of

6-BA and NAA; in the combination of KT and IBA, the seedling

germination

Table 2 Effects of 6-BA, KT and NAA, IBA in different combinations of germination from somatic embryos

Combination No. 6-BA //mg/L KT // mg/L IBA //mg/L NAA //mg/L Seedlings rate // %
1 0.1 0 0.05 0 53.21 £0.24 Aa
2 0.1 0 0.10 0 48.78 +£0.45 Bb
3 0.1 0 0 0.05 45.26 +£0.11 Bb
4 0.1 0 0 0.10 36.48 £0.30 Cc
5 0.5 0 0.05 0 65.21 £0.28 A

6 0.5 0 0.10 0 60.10 £0.07 A

7 0.5 0 0 0.05 37.33+£0.23 B

8 0.5 0 0 0.10 32.78 +0.31 B

9 0 0.1 0.05 0 70.23 £0.24 Bb
10 0 0.1 0.10 0 84.61 £0.17 Aa
11 0 0.1 0 0.05 70.88 +0.35 Bb
12 0 0.1 0 0.10 62.13 £0.09 Ce
13 0 0.5 0.05 0 70.21 £0.32 Aa
14 0 0.5 0.10 0 68.27 £0.21 Aa
15 0 0.5 0 0.05 56.49 +0.18 Bb
16 0 0.5 0 0.10 50.36 £0.41 Be

Therefore, the germination in Liriodendron hybrid plantlets
cultured in IBA added is better than NAA added. And KT is more

conducive than 6-BA to the promotion of embryo germination.

So the optimal hormone combination is KT 0.1 mg/L +IBA 0. 1
mg/L for the somatic seedlings germination of Liriodendron

hybrids.
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3.4 Macro-elements and Vc on the germination ability of
cotyledon embryos The results showed that the medium of 3/4
MS was the most suitable for the somatic embryo germination, the
seedling rate was up to 84.26% . And macro-elements in the me-
dium had significant effects on the germination of somatic embryos
of Liriodendron hybrids. Furthermore, the addition of Smg/L Ve
helped increase the seedling rate. And it was also found that Ve
added can increase the normal growth of plantlets, reduce the
seedling deformity and vitrification rate (Fig. 2). So, Ve played
an important role in maintaining normal morphology of Lirioden-
dron hybrid plantlets, which was essential for organic ingredients
in germination culture medium.
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Fig.2 Effects of macro-elements and Vc of germination from so-
matic embryos

3.5 Comparison of two kinds of matrixe for different geno-
type embryo seedlings
(Table 3) showed that the plantlets survival rate of the genotype of
1 x5002 and 3 x 6013 was the highest. And the yellow soil was

more suitable than mixed peat soil for the survival and growth of

The transplanting matrix experiment

plantlets.

Table 3 Comparison of transplanting survival rate of genotypes of so-
matic embryos seeding and two kinds of transplanting matrix

Survival rate /%

Genotype Yellow soil Peat soil

1 x4088 88 +0.23A 86 +0.11 A
1 x4036 83 +0.41A 74 +0.18 B
1 x7006 79 £0.08A 77 £0.29 A
1 x5002 95 +0.17A 87 £0.31 B
1 x4006 72 £0.36A 70 £0.15 A
3 x6013 90 £0.24A 83 +0.26 B

4 Discussions

This study explored the cultivation of somatic embryo germination
in Liriodendron hybrids, the following questions should be consid-
ered during the breeding process. (i) The developmental stages

had great relationship with the embryo germination efficiency (the
torpedo embryo > the cotyledon embryo), which may be due to
the cotyledon formation in cotyledon embryos absorbed nutrients,
water, hormones and other substances of organ differentiation
process, leading to the deformity, vitrification, callus growth and
the seedling rate decline"’; (ii) Ve had been proved to maintain
the normal morphology of callus differentiation, seedling forming,
and Liriodendron hybrid plantlets, which was an essential ingredi-
ent in the culture medium; (iii) The cultured condition of 5 —
10 d at 20°C of 1 000 Lx, then transferring to 25°C of 2 300 Lx
can also reduce the deformity rate in the hybrid seedlings.

In summary, the optimal germination method of Liriodendron
hybrid plantlets is to choose the pale yellow somatic embryo under
the phase from small torpedo to early cotyledonary embryo type
firstly ; inoculate on the sucrose culture medium of 3/4 MS + 0.1
mg/L of KT + 0.1 mg/L of IBA + 5mg/L of Ve + 30 g/L of
sucrose with 5 d culture in 1 000 Lx at 20°C ; and then transferred
to the condition of 25°C with 2 300 Lx can obtain the optimal
effect of embryo germination of Liriodendron hybrid .
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