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Abstract— Sapium sebiferum is one of the four woody oil tree species in China for bioenergy forest. Its seeds have high oil
content and are widely used. It is an excellent tree species that can be cultivated as a renewable energy source. An
experiment was conducted to study culture in vitro and rapid propagation of S. sebiferum using segments with axillary bud.
The results showed that the survival rate could be reached to 50.0% when the explants were disinfected with 70% ethanol for
30 seconds and with 0.1% HgCl, for 10 minutes. In induction culture, the lateral buds began to sprout about 5 days later,
and after 20 days, the buds gradually differentiated. Among the three basic mediums, WPM medium has the highest effective
bud induction rate, the effect of 6-benzyladenine (6-BA) mass concentration on axillary bud induction rate is extremely
significant. The optimal medium WPM +6-BA 0.5mg/L+ NAA 0.05mg/L, conducting bud induction, and the induction rate
could reach 62.9% after 30 days. Multiplication culture was carried out in the medium MS + 6-BA 1.0 mg/L +NAA 0.5
mg/L+ KT 0.5 mg/L, the proliferation effect was the best, with the multiplication rate of 81.2% and proliferation multiple of
3.2. The results of variance analysis showed that Naphthalene acetic acid (NAA) is the main factor affecting bud
proliferation, followed by 6-BA. The rooting rate was up to 93.3% after induction in the medium 1/2 MS+ IBA 0.5mg/L. The
establishment of rapid propagation technology system through tissue culture is an important way to solve the shortage of
high-quality seedlings and provide technical support for the establishment of large scale S. sebiferum energy forest.

Keywords— Sapium sebiferum; Bioenergy; Stem section; Culture in vitro; Rapid propagation.

l. INTRODUCTION

Sapium sebiferum (Roxb.) is a deciduous tree of Sapium in Euphorbiaceae , also known as wood wax tree. S. sebiferum is a
drought- tolerant, short-term water-tolerant tree, There is a cultivation history of more than 1400 years in China (Editorial
committee of Chinese flora 1980). It is one of the four major woody oil-bearing plants with strong cultivation adaptability,
high oil content and wide use. It is an important economic bioenergy tree in China (Li et al. 2011). S. sebiferum is an
excellent afforestation tree for timber forest and shelter forest in China with fast growth and long life. Especially as a scenic
forest, it has a tall crown and different colors in four seasons, which is of great ornamental value. The root bark, bark and
leaves of Sapium sebiferum are important raw materials of traditional Chinese medicine for the treatment of cirrhosis ascites,
eczema and dermatitis. The leaf phenol extract has many effects, such as antioxidant, anti-inflammatory and anti ACD (Fu et
al. 2015) (allergic contact dermatitis). The seed is covered with a layer of wax skin, which can be used to extract sapium fat
(also known as Chinese (vegetable) tallow); the kernel can be extracted sapium oil (Li and Liu 2011). 100 kg seeds can be
extracted 23 to 25 kg of sapium fat and 16 to 18kg of sapium oil. The well-operated sapium forest, the oil yield of seeds is as
high as 40%, higher than that of Camellia oleifera , and it is also higher than Elaeis guineensis Jacq known as "oil king". The
oil extracted from the seeds can be used not only as an edible oil source or an industrial oil source, but also as a power oil
source, and is an inexhaustible source of renewable oil(Li et al. 2011; Shi and Guo 2001; Tan 2013; Li and Xu 2006; Peng
2013). With the deepening of biodiesel research and the accelerated development of biomass energy forestry
industrialization, As a kind of high oil content substance, S. sebiferum seeds have a quite considerable prospect to be
converted into biodiesel. Biodiesel is a typical “green energy” with the advantages of extremely low sulfur content, low
aromatic hydrocarbon content, high oxygen content, high cetane content, and low exhaust gas emission(Wu et al. 2011;
Helwani et al. 2009; Chen 2006; Campanelli et al. 2010; Hayyan and Mjalli 2010). The importance of wood biomass
energy has been raised many times (Venketeswaran et al. 1983; Bajaj 1986).
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Therefore, it is necessary to carry out the research on the breeding, the rapid propagation, cytochemical composition,
secondary metabolites, and the comprehensive utilization technology of seed production biodiesel, which is of great
significance to alleviate the energy shortage, improve the ecological environment, and promote the adjustment of rural
industrial structure. The establishment of S. sebiferum energy forest requires a large number of high-quality seedlings.
Compared with traditional propagation methods (such as seedling planting or grafting), this method can produce plant
materials for breeding or other purposes with less labor and lower cost in a shorter time (Bommineni et al. 2001). The
establishment of rapid propagation technology system through tissue culture is an important way to solve the shortage of
high quality seedlings. With regard to tissue culture, previous researcher used callus to regenerate the plants in vitro
(Venketeswaran and Gandhi 1982), and performed in vitro propagation by means of bud proliferation from nodal explants
(Siril and Dhar 1997). In this study, stem segments of S. sebiferum were cultured in vitro, and its high-quality seedlings rapid
propagation technology system was studied to provide technical support for the establishment of large-scale S. sebiferum
energy forest.

1. MATERIALS AND METHODS

The test materials were collected from S. sebiferum plantation of Huazhong Agricultural University. The semi lignified
branches on the healthy, vigorous and disease-free plants with a diameter of 0.2-0.4cm were selected.

Primary culture: The inoculated explants were stem segments with buds. Remove the leaves from the branches indoors and
wash them with tap water several times. After soaking in 1% washing powder water for 10 minutes, the surface of the
explants was cleaned with a brush, and then washed with water for 2 hours.

In aseptic condition, 70% alcohol was used to disinfect for 30 s, then 0.1% HgCl, was used to disinfect at different minutes
(5, 8, 10, 12). After 4 rinses with sterile distilled water, the stem segment with axillary bud was cut into 1-2 cm, each stem
segment has one or two buds, which was used to select the optimal conditions for disinfection. Each treatment was repeated 3
times, with 16 explants.

Selection of optimal inducement conditions: The basic medium was MS, WPM and B5, and the growth regulators were 6-BA
(0.5, 1.0, 2.0) and NAA (0.05, 0.1, 0), 6-BA and NAA are mass concentration (mg/L). The orthogonal experiment was
carried out with 3 factors and 3 levels of basic medium. There are 9 treatments in total; each treatment was repeated 3 times,
with 30 explants.

Subculture: After 30 days of primary culture, the induced buds were cut and inoculated on subculture medium, observe their
proliferation and make statistical analysis. In the subculture, MS was used as the basic medium, and the orthogonal
experiment was carried out at the level of 6-BA (0.5, 1.0, 2.0) mass concentration, KT (0.1, 0.5, 1.0) mass concentration and
NAA (0.1, 0.5, 0) mass concentration. Each treatment was inoculated with 30 explants, and each treatment was repeated 3
times. There are 9 treatments in total.

Induction rate = (number of induced explants / total number of inoculated explants) x 100%.

Rooting culture: Inoculate the healthy shoots obtained from Subculture on rooting medium for root induction. The rooting
was counted after 30 days. 1 / 2MS were used as the basic medium for rooting induction, and 3 treatments were carried out
with different mass concentrations of IBA (0.1, 0.5, 1.0). Each treatment was inoculated with 15 explants, and each treatment
was repeated 3 times.

The culture conditions, unless otherwise specified, are (25 + 2) °C(degree centigrade), 14h / d, 1500-2000Ix. For each
medium, 0.7% agar and 3% sucrose (1.5% for rooting medium) were added. The pH of the medium is 5.8-6.0, the growth
regulators units are mg/L.

Data analysis: SAS 9.4 and EXCEL2003 are used for data statistics, analysis of variance and multiple comparisons.
Data availability: The manuscript includes all data that support the findings of the present study.

1. RESULTS AND ANALYSIS
3.1 Effect of different treatment time of 0.1% HgClI, on pollution rate of explants.

In aseptic condition, S. sebiferum explant was sterilized with 70% alcohol for 30s, and then sterilized with 0.1% HgCl, for 5,
8, 10 and 12 minutes, than the pollution rate and survival rate was counted after 2 weeks (Table 1). With the increase of 0.1%
mercuric chloride treatment time, the pollution rate decreased, but the germination rate also decreased. This show that the
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treatment time of 0.1% HgCl, is increased, which is beneficial to reduce pollution; when the treatment time exceeds a certain
limit, it will cause serious damage to plant tissue cells, so it should be considered comprehensively according to the survival
rate and pollution rate. In terms of S. sebiferum explants, 0.1% HgCl, treatment for 10 minutes is the best sterilization
method, the pollution rate can be reduced to 26.5%, and the survival rate can reach 50.0%.

TABLE 1
EFFECT OF DIFFERENT TREATMENT TIME OF 0.1% HgCI ON POLLUTION RATE OF S. sebiferum EXPLANTS

5 46.8 15.6 37.6

8 28.6 21.4 50.0

10 26.5 23.5 50.0

12 25.8 25.8 48.4
3.2 Effects of different hormone combinations on axillary bud induction of S. sebiferum.

The stem segment of S. sebiferum was inoculated in the medium, and the lateral buds began to sprout about 5 days later
(Fig.1-A). At the same time, a small number of stem base began to expand, and buds appeared. After 15 days, the lateral
buds opened, and after 20 days, the buds gradually differentiated (Fig.1-B). The statistical results of the effects of different
hormone combinations on the axillary bud induction of S. sebiferum are shown in Table 2. The effective bud induction rate
of stem segment with axillary bud in medium 4 was significantly higher than that of other treatments, and the induction rate
was 62. 9%

The axillary buds can be activated as early as 3 days. Medium 1 and medium 5 were also effective, the induction rates were
44.4% and 45.7% respectively. Treatment 9 was significantly lower than other treatments, only 28.6%, and could be
activated in 5-7 days.

FIGURE 1: Growth of S. sebiferumin different stages of tissue culture. A: the buds are beginning to sprout
after 5 days. B: The axillary buds grew well after 20 days in suitable medium. C: The multiple shoots
induced from the buds in after 15 days, the optimal formula of culture medium of S. sebiferum bud
proliferation is: MS + 6-BA1.0mg/L+KT 0.5mg/L + NAAO.5mg/L. D: Root culture of single seedling. E:
The average root length was 2.5cm in the medium 1/2MS+0.5mg/L IBA F:Transplanted seedlings survived
after 25 days.
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TABLE 2
EFFECT OF DIFFERENT MEDIUM ON THE EFFECTIVE BUD INDUCTION RATE OF STEM SEGMENT WITH
AXILLARY BUD

. Hormone mg/L . .
Treatment number medium Induction rate% Activated days/d
6-BA NAA
1 MS 0.5 0 44.4 4-6
2 MS 1.0 0.05 40.7 4-6
3 MS 2.0 0.10 333 4-6
4 WPM 0.5 0.05 62.9 3-5
5 WPM 1.0 0.10 45.7 3-5
6 WPM 2.0 0 42.9 4-6
7 B5 0.5 0.10 35.5 4-7
8 B5 1.0 0 32.1 5-7
9 B5 2.0 0.05 28.6 5-7

Analysis of variance showed that among the basic media, P < 0.0001, its F value was 16.89, far greater than Fq o (2, 20) =
5.85; among the Ba mass concentration, P < 0.0027, its F value was 8.08, far greater than Fog; (2, 20) = 5.85; among the
NAA mass concentration, P < 0.1877, its F value was 1.82, less than Fy o5 (2, 20) = 3.49. It can be seen that the effect of NAA
concentration on axillary bud induction rate is not significant. The effect of basic medium and 6-BA concentration on
axillary bud induction rate is extremely significant. Among the three basic media, WPM medium has the highest effective
bud induction rate, which reflects that WPM medium is conducive to the induction and growth of axillary buds of woody
plants.

There is significant difference in axillary bud induction rate among MS, WPM and B5 medium levels (Table 3). The average
induction rate was 51.50% at WPM medium. When the mass concentration (MC) of 6-BA was 0.5mg/L, the average
induction rate was 47.60%, which was significantly higher than the other two levels. and there was no significant difference
between the concentrations of 1.0 and 2.0mg/L. So, 0.5mg/L 6-BA has the best induction effect on the stem segment of S.
sebiferum. There was no significant difference in NAA concentrations. However, when the mass concentration of NAA is
0.05mg/L, the average induction rate is 44.07%, which is better than the other two levels. Therefore, the most favorable
medium combination for effective bud induction is WPM + 6-BA0.5mg/L + NAAO0.05mg/L.

TABLE 3
MULTIPLE COMPARISON OF EFFECTIVE BUD INDUCTION OF STEM SEGMENT WITH AXILLARY BUD
6-BA NAA
Medium Average rate of induction
Mc mg/L Average% Mc mg/L Average%

MS 39.47° 0.5 47.60a 0 39.80a
WPM 51.50° 1.0 39.50b 0.05 44.07a

B5 32.07° 2.0 34,93b 0.10 38.17a

3.3 The effect of different hormone combinations on the axillary bud proliferation of S. sebiferum.

In the subsequent generation proliferation test, the cut shoots were cultured for proliferation (Fig.1-C), the growth of the
shoots was observed and proliferation was counted after 25 days, as shown in Table 4. the proliferation rate of medium 3 and
5 is good, 78.5% and 81.2% respectively, and their multiplication times 2.7 and 3.2 are also higher than other medium,

The worst medium 9, only 51.3% of buds proliferated, and the proliferation coefficient was only 2.1. The results of variance
analysis showed that 6-BA . KT (Kinten) and NAA concentration had a significant effect on bud proliferation rate, F value
was 11.83, 9.16 and 38.32 respectively, P value was less than 0.0004, 0.0015 and 0.0001 respectively. It can be seen from the
F values of 6-BA, KT and NAA that NAA is the main factor affecting bud proliferation, followed by 6-BA.
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TABLE 4
RELATIONSHIP BETWEEN AXILLARY BUD PROLIFERATION RATE, PROLIFERATION COEFFICIENT AND
HORMONE RATIO IN SUBCULTURE

S — HO"mOIlleT ratiomg/ L — Prolifer;t)ion rate I:g:]!_ir:girearﬂg/:
1 0.5 0.1 0 52.3 2.1
2 0.5 0.5 0.1 51.4 2.0
3 0.5 1.0 0.5 78.5 2.7
4 1.0 0.1 0.1 54.9 2.2
5 1.0 0.5 0.5 81.2 3.2
6 1.0 1.0 0 72.4 2.5
7 2.0 0.1 0.5 63.5 24
8 2.0 0.5 0 58.7 2.2
9 2.0 1.0 0.1 51.3 2.1

Table 5 showed the multiple comparison results of the effects of 6-BA, KT and NAA concentration on the proliferation rate
of bud proliferation culture. When the concentration of 6-BA was 1.0mg/L, the average proliferation rate was 69.50%, which
was significantly higher than the other two levels. When the concentration of KT is 0.5 and 1.0mg/L, it is also significantly
higher than 0.1mg/L, but not between 0.5 and 1.0mg/L. Considering the high price of KT, 0.5mg/L is the best. The average
proliferation rate was 74.33% when the concentration of NAA was 0.5mg/L.

TABLES
MULTIPLE COMPARISON OF THE EFFECTS OF 6-BA, KT AND NAA ON THE PROLIFERATION RATE OF BUD
PROLIFERATION CULTURE

6-BA KT NAA
MC mg/L Average% MC mg/L Average% MC mg/L Average%
0.5 60.73b 0.1 56.83b 0 61.13b
1.0 69.50a 0.5 63.77a 0.1 52.53c
2.0 57.77b 1.0 67.40a 0.5 74.33a

The analysis of variance of multiplication coefficient of shoot proliferation culture showed that there was no significant
difference between the three factors of 6-BA, KT and NAA concentration on the multiplication coefficient of S. sebiferum
shoot (table omitted), which indicated that the three levels of 6-BA, KT and naa3 had little effect on the multiplication
coefficient. Therefore, considering the proliferation rate, the most favorable medium combination was MS + 6-BA
1.0mg/L+KT 0.5mg/L + NAA 0.5mg/L.

3.4 The effect of IBA concentration on the rooting of S. sebiferum.

This experiment used 1/2MS medium with a large number of elements halved, selected IBA as exogenous hormone,
inoculated about 1.5 cm stems in rooting medium, cultured under light. Generally, about 10 days, the base of the stem was
swollen, and white root buds can be observed. After 30 days, the rooting rate, rooting multiple and rooting length were
counted (Fig.1-D). As shown in table 6, it was found that the mass concentration of IBA had a great influence on the rooting.
The rooting rate and rooting number of the 3 treatments were significantly different. Among them, the mass concentration of
IBA was 0.5mg/L, the highest rooting rate was 93.3%; the average rooting multiple was 3.2, and a few bases produced
callus. When the IBA mass concentration was 1.0 mg/L, the base was prone to produce a large number of callus, only
straight roots, and thick, and some pseudo roots (invalid roots). Treatment 3, the rooting rate was relatively low. It can be
seen that in the tissue rooting process of S. sebiferum, the IBA mass concentration is better with 0.5mg/L (Fig.1-E).
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TABLE6
EFFECT OF IBA ON ROOTING OF S. sebiferum
NO. MC mg/L Rooting rate % Rooting multiple root length
1 0.1 84.4Bb 2.7b 1.7b
2 0.5 93.3Aa 3.2a 2.5a
3 1.0 71.8Bc 1.8c 2.0b
3.5 Transplanting of rooting seedlings for sterile seedlings with strong rooting growth.

The sealing film on the bottle will be unraveled first, and the sealing film will not be removed. After 1 day, the sealing film
will be completely removed and opened for 1-2 d; then, the seedlings were taken out and the medium on the roots was
washed. The roots were further immersed in 0.2% carbendazim solution for 3 minutes and then transplanted into a seedling
substrate of m (river sand): m (nutrient soil) = 1:1. In the environment where the temperature was about 25 °C and the
humidity was maintained at 90% or more, the survival rate was 83.3% at 30 days (Fig.1-F).

V. CONCLUSIONS AND DISCUSSION

The modernization of plant biotechnology began at the beginning of the 20th century, Plant tissue cell culture and
regeneration, and cloning of new plants. After that, through molecular breeding to modify their genetic characteristics,
including maker-assisted selection, genetic transformation and gene editing, there are likely to be more new programs in the
future (Altman 2019). However, as a basic technology, tissue culture has made a great contribution. Among them,
micropropagation technology has the advantages of rapid propagation, maintaining in vitro activity and protecting
germplasm resources (Amirchakhmaghi et al. 2019). Just to solve the problem that some woody plants are difficult to be
sowed or cut propagation and the vitality is easy to degenerate. Difficulty in sowing or cutting propagation.

During the cultivation of S. sebiferum stem as explant, the pollution is more serious. After 30 s of disinfection with 70%
alcohol and 10 minutes of sterilization with 0.1% mercuric chloride, the pollution rate is still high, which may be related to
endophytic bacteria. In many woody plant species, especially in the wild, bacterial contamination is particularly difficult to
treat and detect, because bacterial infection is large and often cannot be accurately identified and disposed in plant tissues
(Viss et al.1991; Buckley et al. 1995). Antibiotics can be added to the culture medium to prevent the pollution of stem
culture, which may needs further study. Ascorbic Acid (VC), Polyviny Pyrrolidone (PVP) or Sodium thiosulfate
pentahydrate (SH) can be added to the medium optionally to control browning.

The success of tree tissue culture system largely depends on the selection of medium (Liu et al. 2017). WPM medium is
conducive to the induction and growth of axillary buds of woody plants. It has been reported that the possibility of variation
in vitro is much lower through axillary bud and adventitious bud as explants (Sharma et al. 2007; Shenoy and Vasil 1992). In
this experiment, stem segment with buds of Sapium sebiferum was used as explant, and buds were induced in medium of
WPM + 6-BA0.5mg/L + NAA 0.05mg/L. The induction rate was 62.9% after 30 days. In the 3 levels of 6-BA concentration ,
when the concentration was 0.5mg/L, the average induction rate was 47.60%, significantly higher than the other two levels, it
is also confirmed that 6-BA, at high concentration can stimulate shoot multiplication and inhibit their elongation (Lee and
Wetzstein 1990; Jaime and Teixeira 2003). The variety and combination of growth regulators are more comprehensive,
which is beneficial to screening of culture conditions conductively. Multiple analysis also be more scientific selection.

In the process of proliferation, the medium of MS + 6-BA1.0 mg/L + KT 0.5mg/L + NAAO.5mg/L had the best proliferation
effect, and the multiplication multiple was up to 3.2. IBA is the most commonly used for rooting induction (Keresa et al.
2012; Xu et al. 2008). Single bud was inoculated on 1/2MS + IBA 0.5mg/L medium for rooting induction, with the best
effect and the rooting rate of 93.3%. These results showed that the concentration of hormones used in the medium
significantly affected the regeneration mode and differentiation type of the culture. In our study, axillary bud stem segment
was used as explants, there is recent scientific study (Hou 2020) on the establishment of in vitro plant regeneration systems
directly derived from leaves and petioles of S. sebiferum, and adventitious bud induction rate is very high. This study has
completed the study of aseptic culture of tissues, and the next step is the study of cell suspension culture and secondary
metabolites, which is devoted to the identification of chemical components and pharmacological analysis of cell products,
and in the hope of contributing to human health and forest bioenergy.
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LIST OF ABBREVIATIONS

Abbreviation Full name
6-BA 6-benzyladenine
NAA Naphthalene acetic acid

KT Kinten
HgCl, Mercuric Chloride
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