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Abstract

Background: Autoclaving is used to eliminate contamination during tissue culturing, however, it is a
complicated process, time-consuming and costly. Chemical sterilization of tissue culture can effectively
eliminate contamination, is a simple procedure, and cost effective. However, studies on the chemical
sterilization mostly focus on bud induction, while the effects of chemical sterilization overall process of
tissue culture, including bud induction, proliferation, and rooting, remain to be determined. Here, we
investigate the effect of chemical sterilization on bud induction, proliferation, and rooting of Acacia
mangium x A. auriculiformis.

Results: The results showed that chlorothalonil (0.2 g/L) was a suitable chemical sterilant, and bud
induction medium was 1/8 Murashige and Skoog medium + agar 7 g/L + chlorothalonil 0.2 g/L + 6-
benzylaminopurine 0.5 mg/L The highest induction rate (99.54%) was observed in the third to fifth buds’
stem segments collected in October treated with 0.8 g/L carbendazim for 3 min, with a contamination
rate of 0. The rooting medium was agar 7 g/L + chlorothalonil 0.2 g/L+ indolebutyric acid 1.5 mg/L +
naphthylacetic acid 0.5 mg/L, and the rooting rate was 97.62%. The proliferation rate and subculture
duration showed a positive correlation, while the proliferation rate was 3.58 times higher at the fourth
subculture rooting.

Conclusions: Our results suggest that chlorothalonil can effectively replace autoclaving during bud
induction, proliferation, and rooting of A. mangium x A. auriculiformis. The findings of this study provide
technical support for rapid seedlings propagation, accelerates the breeding process of Acacia, and can be
applied in other tree species.

Background

Acacia mangium x A. auriculiformis, a hybrid of A. mangium and A. auriculiformis [1], is a promising tree
species with superior characteristics of growth, adaptability, fiber quality, pulping properties, and insect
and wind resistance compared to the parental species [2-6]. However, asexual propagation is the only
way to maintain superiority [7, 8].

Tissue culture is a widely used method for the asexual propagation of trees [9, 10]. This method is
characterized by fast reproduction speed and high reproduction coefficient, which can maintain the
superiority of the variety [11, 12]. However, complicated and time-consuming operating procedures, as
well as strict and meticulous technical requirements hinder the wide application of tissue culture [13]. For
example, tissue culture requires a well-equipped laboratory, which requires high capital and operating
costs [14]. Autoclaving is the most time-consuming process, which increases the production cost of
tissue culture [15, 16]. However, it is essential for avoiding contamination in traditional tissue culture.

To identify an alternative method to autoclaving, researchers have proposed adding chemical sterilizing
agents to the culture medium. This can mitigate contamination, while also ensuring the normal
reproduction of seedlings [17]. Chemical sterilants include chlorine dioxide [18—20], sodium hypochlorite
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[18, 21-23], peracetic acid [19], and hydrogen peroxide [24, 25] have been tested as potential candidates.
However, most of these studies have only focused on bud induction. Whether antibacterial agents play
the same role in proliferation and rooting remains to be determined. To make this method commercially
viable, it is necessary to ensure that chemical sterilization can replace autoclaving to minimize
contamination during bud induction, proliferation, and rooting.

Therefore, in this study, A. mangium x A. auriculiformis was used to identify the appropriate chemical
sterilant, without the strict control requirements of traditional tissue culture, in a non-sterile environment.
Most importantly, the feasibility in shoot induction, rooting, and subsequent proliferation was evaluated
to provide an improved tissue culture method using chemical sterilization instead of autoclaving.

Methods

Materials

In 2014, some elite trees of Acacia mangium and A. auriculiformis were selected from plantations located
at Shadui Town, Jiangmen City, Guangdong Province, China, and controlled their pollination. When the
seeds were mature, we harvested and used them to establish cutting orchard at an interval of 50 x 50 cm,
which were managed according to standard measures and were periodically fertilized, pruned, and
treated with fungicides. The semi-lignified annual shoots containing axillary buds from the cutting
orchard were used as explants.

We have independent intellectual property rights for the materials of this study.
Explants pretreatment

All of the experiments of this study were carried out in 2016. The semi-lignified annual shoots containing
axillary buds of A. mangium x A. auriculiformis were collected from cutting orchard, washed in tap water
with a soft brush, and then soaked in water with washing powder for 30 min followed by rinsing again in
tap water for 10 min. The stems were trimmed into uninodal with axillary buds until the size ranged from
2.0 to 3.0 cm and then were rinsed with running water for 1 h.

Sterilization agent screening

In order to select the best bacteriostatic agent and its concentration, according to Huang et al.[32], we
selected two sterilization agents, namely carbendazim or chlorothalonil, to set four concentration
gradients ((0.2, 0.4, 0.6, and 0.8 g/L)). After pretreatment, 24 explants were inoculated in each treatment,
repeated three times. The survival rate, contamination rate, and browning rate of explants in the
experiment were recorded after 30 days of culture.

Disinfection of explants
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According to Huang et al. [32], the collected stem segments were selected from the cutting orchard as
explants in 2016, and the following three types were used: upper explants (the upper stem segment with
axillary buds from the first to the second segments) with leaves (leaves were trimmed to approximately
1/4 of a whole leaf), and middle explants (from the third to the fifth stem segment containing axillary
buds) with and without leaves.

The three types of explants after pretreatment were disinfected according to the protocol described in
Table 4, the sterilized explants were then inoculated into a medium containing optimal concentrations of
sterilizing agents, and 21 explants were inoculated for each treatment and repeated three times. After 30
days of culture, the growth status of explants for each trial was recorded (statistical survival,
contamination, and browning rate). Finally, we screened out the best type of explants and disinfection
strategy.

Table 4

Explant type and disinfection scheme for bud induction of
Acacia mangium x A. auriculiformis.

Explant types Disinfection strategy

Middle stem without leaves 0.8 g/L Carbendazim 3 min
75% Alcohol 10 s
75% Alcohol 15 s

Middle stem with leaves 0.8 g/L Carbendazim 3 min
75% Alcohol 10 s
75% Alcohol 15 s

Upper stem with leaves 0.8 g/L Carbendazim 1 min
75% Alcohol 2 s
75% Alcohol 5 s

Bud induction medium

In order to select the best bud induction medium for open tissue culture of A. mangium x A.
auriculiformis, different types of media were examined: modified MS (a large number of MS elements
were reduced to 50%), 1/2 MS, 1/4 MS, 1/8 MS (reducing all elements of MS to 1/2, 1/4,and 1/8,
respectively), and blank as a control, containing different levels of 6-BA (0, 0.5, and 1.0 mg/L). The best
type of explants were selected for pretreatment while the best disinfection strategy was used to disinfect
the explants and inoculate the explants into different types of bud induction media containing 0.2 g/L
chlorothalonil. Each treatment contained 24 explants and was repeated three times. After 30 d, the
survival rate, contamination rate, browning rate, and budding rate were determined.

Explants collection season
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Shoots with axillary buds were collected as explants in January, April, July, and October of 2016. The best
type of explants were selected for pretreatment while the best disinfection strategy was used to disinfect
the explants. The best induction medium screened was used to induce the bud under open conditions.
Seventy-two explants were selected for induction in each season. The number of induced buds was
recorded after 30 days of culture and the best month for explant collection was selected.

Rooting medium

In order to screen the best rooting medium for A. mangium x A. auriculiformis, well-growing buds selected
from the bud induction medium were inoculated into a medium containing 0.2 g/L chlorothalonil and a
combination of IBA and NAA at different concentrations for rooting (Table 5). Twenty-four induced buds
were selected for each treatment; all treatments were repeated three times. The rooting of induced buds
was observed after 15, 30, and 45 d, while the rooting rate was counted after 30 days of culture.

Table 5. Concentrations of IBA and NAA used for rooting medium.

Treatments [BA (mgT) NAA (mgl)
1 0
2 0.75
3 1.0 0.3
4 1.25
5 15
6 0
7 035
g 1.0 0.3
9 0.75
10 1

Proliferation by subculture rooting

Well-growing buds selected from the bud induction medium were inoculated into the best rooting medium
containing 0.2 g/L chlorothalonil. After rooting for 45 d, the seedlings were cut into approximately 2.5 cm
with at least one axillary bud for subculture rooting. The number of inoculated seedlings per generation
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and the number of seedlings obtained after rooting subculture were recorded. Each subculture was
inoculated with 16 plantlets; three replicates were used for all treatments.

Culture condition

Cultures were maintained under white fluorescent light with a photon flux of 30 pmol m=2s™" fora 12 h
photoperiod at 25+ 2°C. No sugar was added to the medium, and 7 g/L agar was added. The pH was
adjusted to 5.8 £ 0.2. It did not require high temperature or autoclave sterilization, and 0.2 g/L
chlorothalonil was added before the agar solidified. All operations of culture medium preparation were
carried out in a non-sterile environment without using an ultra-clean bench. The explants were cultured in
a culture flask throughout the experiment, without controlling the specific relative humidity.

Data analysis

SPSS program version 19.0 for Windows was used to perform the analysis of variance. The significant
differences (P< 0.05) between the mean values of each treatment were determined using Duncan’s
multiple range test. The parameters were recorded as follows:

Survival rate = Number of survived explants/Total number of inoculated explants x 100%

Browning rate = Number of explants turned brown /Total number of inoculated explants x 100%
Contamination rate = Number of contaminated explants/Total number of inoculated explants x 100%
Bud induction rate = Number of explants with bud induction/Total number of surviving explants x 100%
Rooting rate = Number of seedlings with roots /Total number of survived seedlings x 100%

Proliferation = Number of proliferated seedlings/Total number of explants inoculated.

Results
Sterilization agent screening

The culture conditions and the different sterilants that were added to the medium are shown in Table 1.
When the explants of A. mangium x A. auriculiformis were cultured under non-sterile conditions,
significant differences were detected in the survival rate because of adding different sterilants to the
medium. There was significantly higher contamination in the media with carbendazim than chlorothalonil
(P <0.05). As the chlorothalonil concentration increased, so did the browning rates, yet, the survival rates
significantly decreased (P < 0.05). The contamination rates were not significantly different among
different chlorothalonil concentrations. The highest survival rate was 80.55%, at a chlorothalonil
concentration of 0.2 g/L. These results demonstrate the sterilization effect of adding 0.2 g/L
chlorothalonil to the medium.
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Table 1

Effects of sterilizing agents on bud induction of Acacia mangium x A. auriculiformis.

Sterilants Concentration Survival rate Contamination rate Browning rate
(g/L) (%) (%) (%)
Chlorothalonil 0.2 80.55% + 4.81 6.95P + 4.81 12.50° + 0.00
0.4 68.05% + 8.67 6.94° +12.03 25.00°+4.17
0.6 63.89%+8.67 9.72°+2.41 26.39°+10.48
0.8 16.67° +4.17 20.83P+12.50 62.502 + 8.33
Carbendazim 0.2 18.05°+24.41  56.942+18.79 25.00° + 8.33
0.4 8.33P+8.34 62.502 + 30.04 29.17°+22.05
0.6 12.50°+14.43  65.282+15.77 22.22°+13.39
0.8 19.44° + 6.36 59.722 + 8.67 20.83°+8.34
Control 0.0 31.94+6.36 54172 +4.17 13.89° £ 2.41
Different letters indicate significant difference using Duncan’s test at 5% probability. Data are shown
as the mean * the standard error.

Disinfection of explants

There was significant variation in the rates of browning, contamination, and survival for different
disinfection strategies in A. mangium x A. auriculiformis explants (Table 2). When the upper stem with
leaves and the middle stem without leaves were used as explants, the browning rates were significantly
higher than those of the middle stem with leaves. However, the survival rates were significantly lower than
of the middle stem with leaves, regardless of the disinfectant used. Therefore, the middle stem with
leaves was suitable for the bud induction of A. mangium x A. auriculiformis (Fig. 1). The rates of
browning, contamination, and survival were not significantly different for the different disinfection
strategies. When the middle stem with leaves was used as explant, the explant’s survival rate was
approximately 96.83% after treatment with 0.8 g/L carbendazim for 3 min.
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Table 2
Effects of explant type and disinfect strategy on Acacia mangium x A. auriculiformis bud induction.

Explant type Disinfection strategy Survival Contamination Browning
rate (%) rate (%) rate (%)
Middle stem without 0.8 g/L Carbendazim 28 57b¢ + 9.522b 4+ 0.00 61900 +
leaves for 3 min 14.29 14.29
75% Alcohol for 10 s 47.62° + 0.00°+0.00 52.38PC +
14.29 14.29
75% Alcohol for15s 38.10P + 0.00° + 0.00 61.90P+9.53
9.53
Middle stem with 0.8 g/L Carbendazim 06832 + 0.00° + 0.00 3179+2 75
leaves for 3 min 275
75% Alcohol for 10's 76.192 + 14.292b + 9 53 9.529+0.00
9.52
75% Alcohol for15 s 00.482 + 0.00+0.00 9.52d+4.77
477
Upper stem with 0.8 g/L Carbendazim 38.10P + 23.812+ 19 05 3810+ 9 53
leaves for 1 min 28.58 - B
75% Alcohol for 2 s 6.35°£2.75 4.76%°+4.76 88.892 + 5.50
75% Alcohol for 5s 476°+0.00 9.522+9.53 85.712+9.53

Different letters indicate significant difference using Duncan’s test at 5% probability. Data are shown
as the mean  the standard error.

Bud induction medium

After adding chlorothalonil to the bud induction medium, the contamination rate increased. When the
medium was 1/8 Murashige and Skoog medium (MS), there was no contamination of the explants, the
survival rate reached >90%, and the bud induction rate was higher than in other media. When the
concentration of 6-benzylaminopurine (6-BA) was 0—1 mg/L, the germination rate first increased and
then decreased. The germination rate was highest at 0.5 mg/L 6-BA (Table 3). The medium had a
significant effect on the browning rate, and higher nutrient content in the medium led to a higher
browning rate. Therefore, the best bud induction medium combination for A. mangium x A. auriculiformis
is 1/8 MS + 6-BA 0.5 mg/L, with a maximum germination rate of 92.55%.
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Table 3

Effects of medium and 6-BA concentration on bud induction of Acacia mangium x A. auriculiformis.

Treatment

Medium
type

1/2 MS

1/4 MS

1/8 MS

Modified
MS

Control

6-BA
(mg/L)
0

0.5
1
0

0.5

0.5

1

Survival rate

(%)

11.11°%4 + 4.82
56.94° + 6.36
26.39°+9.62
55.56° +15.78

68.06° + 14.63

56.94° + 6.36
90.282 + 6.37
94.452 + 4.81
90.282 + 6.37
5.55% + 4.81

23.61°d +
13.40

1.399+ 2 .41
11.11¢4+4.82
5.55¢d + 4.81

55.56P +15.78

Contamination
rate

(%)

8.332+8.33
1.392+2.41
1.392+2.41
0.002+0.00

2.78%+2.40

1.392+2.41
0.002+0.00
0.002+0.00
0.002 +0.00
4173+4.17

4173 +4.17

4173+7.22
8.332+8.33
4172417

0.002+0.00

Browning rate

(%)

80.56+12.73
41.67°+8.34
72.222+8.67
44.44° + 1578

29.17°¢ +
12.50

41.67°+8.34
9.72¢d + 6.37
5.559+4.81

9.72%4 + 6.37
90.282 +2.41

72228 +14.63

94.442 + 6.36
0.009+0.00
3.039+5.25

2.089+3.61

Germination
rate

(%)

0.00°+0.00
16.74°+10.54
6.67°+11.55
2.08°+3.61

4545+818

2.22°+3.85
92.122+7.06
92.552+2.84
89.44% + 4.83
0.00°+0.00

4.76°+8.25

0.00°+0.00
80.562+12.73
90.282+2.41

44.44b +15.78

Different letters indicate significant difference using Duncan’s test at 5% probability. Data are shown
as the mean + the standard error.

Explants collection season

There were significant differences in the bud induction rates of explants collected during different
growing season (Fig. 2). The bud induction rate was the lowest in January (66.21%) and reached its
highest in October (99.54%). The bud induction rate of explants collected in April and July was slightly
lower than in October but higher than 95%. Therefore, April to October is the most optimum period to
collect explants for bud induction.
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Rooting medium

Different concentrations Indolebutyric acid (IBA) and naphthylacetic acid (NAA) had significant effects on
rooting (Fig. 3). In treatments 1 to 5, when the NAA concentration was 0.5 mg/L, the rooting rate
increased with IBA concentration. For treatments 6 to 10, when the IBA concentration was 1 mg/L,
increasing NAA concentration caused the rooting rate to increase and then decrease. The highest rooting
rate was 97.62% when treated with IBA (1.5 mg/L) and NAA (0.5 mg/L; treatment 5). The results indicate
that a high concentration of IBA improves rooting potential, and the optimal NAA concentration was 0.5-
1.0 mg/L. The roots started to appear after culturing for 12 d (Fig. 4a), and root length increased up to 5
cm after culturing for 35 d (Fig. 4b).

Proliferation by subculture rooting

After rooting culture for 45 d, the roots of seedlings grew to approximately 5 cm, and then the seedlings
were cut into 2—3 sections for subculture rooting. The multiplication rates increased significantly with the
increase in subculture duration, and the proliferation rate of the fourth subculture was the highest at 3.58

(Fig. 5).
Discussion

Sterilization agent screening

Chemical sterilization has great applications and prospects and provides a new sterilization option for
the development of micropropagation technology. Peiris et al. successfully used 0.003% sodium
hypochlorite to control explant contamination in gerbera rooting in vitro [14]. Cardoso and Da Silva used
ClO,, for sterilization and reported an increase in the vigor of gerbera buds [26]. Meanwhile, Duan et al.
found that hydrogen dioxide had a better sterilization effect on potato micropropagation and caused no
damage to seedling growth and tuber induction [27]. These results indicate that different bacteriostatic
agents are suitable for a range of explant sterilization methods.

There are many studies on in vitro propagation of Acacia species [28—31], but its regeneration system is
inefficient, expensive, and time-consuming, which limits large-scale production. Chemical sterilization,
instead of autoclaving, is an effective method for solving this problem [14]. Previous studies have shown
that chlorothalonil can be used as a bacteriostatic agent for A. auriculiformis bud induction. Compared
with other reported chemical disinfectants, chlorothalonil has the advantages of simple operation, low
contamination, and high germination rate [32].

In this study, the sterilization effects of chlorothalonil and carbendazim were compared, and show that
chlorothalonil had a good sterilization effect on A. mangium x A. auriculiformis. The antibacterial effects
of chlorothalonil on bud induction, proliferation, and rooting were studied. These data clearly show that
the addition of appropriate concentrations of chlorothalonil to the culture medium did not cause
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phytotoxicity. In contrast, the appropriate concentration of chlorothalonil promoted the germination and
rooting rate of explants. This further confirms the effectiveness of chlorothalonil as a chemical sterilant
in the tissue culture process, and the feasibility of chemical sterilization in the process of bud induction,
reproduction, and rooting.

Disinfection of explants

The in vitro establishment of explants varies according to type, size, sampling site [33], and disinfection
method [34-36]. The source of the explants significantly influenced the contamination rate and
subsequent axillary bud growth. Three types of explants were used in this study: leafy and leafless
middle stem segments, and leafless stem tips. The semi-woody stem segment in the middle was the
most suitable explant, consistent with previous studies [37, 38]. This may be due to the rich nutrients
stored in the middle stem itself, which can promote the elongation and growth of the buds. The bottle
caps used for cultivation were sealed; therefore, the presence of leaves can better ensure the energy
supply of the explants, thereby improving the bud induction rate and growth.

Under natural conditions, the outside and inside of plant explants contain more bacteria and molds,
which must be disinfected during tissue culture [4, 34, 39]. The pretreatment of explants can effectively
reduce the contamination rate, and different types of explants require different disinfection methods.
Mercury is commonly used as a disinfectant; however, it is highly toxic to explants, therefore, in the long-
term, it is not suitable as a disinfectant for tissue culture.

Carbendazim and penicillin have been used to control contamination, while carbendazim effectively killed
fungi and reduced the contamination rate of explants [40]. Pretreating explants with 0.1% (carbendazim)
+0.1% (Syngenta) for 1 h resulted in the lowest microbial contamination (40.60%) [41]. A mixture of
carbendazim, polyvinylpyrrolidone, ascorbic acid, citric acid, and benzylpenicillin as the pretreatment
agent reduced the contamination rate of Madhuca hainanensis explants [42]. Silver and copper
nanocolloids are new non-toxic sterilization agents with good bactericidal effects [43]. The selection of a
suitable disinfectant and disinfection time for explant pretreatment is key to the success of the
experiment. The explants in this study soaked with 0.8 g/L carbendazim for 3 min were free of
contamination, and the survival rate reached 96.83%. Therefore, to achieve the ideal disinfection effect,
the disinfection strategy must be determined according to the type, location, size, disinfectant, and
disinfection time of the material.

Bud induction medium

The optimal type and concentration of antimicrobial agent may vary, depending on the explant. A total
active chlorine concentration = 0.0003% can completely sterilize the medium: a total active chlorine
concentration of 0.0003% caused the biomass of pineapple buds and the number of new buds to more
than double [21]. In the establishment of Eucalyptus benthamiiin a non-autoclaved medium in vitro, the
number and total length of sprouts supplemented with 0.001% and 0.003% active chlorine were most
similar to the traditional medium [44]. Chlorothalonil can effectively control the aseptic environment,
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reduce the contamination rate, and increase the survival rate of explants for A. auficuliformis bud
induction [32]. In this study, chlorothalonil achieved a good effect in the bud induction stage of A.
mangium x A. auriculiformis: using 1/8 MS + 0.5 mg/L 6-BA as the bud induction media, the bud
induction rate was 92.55%.

The composition of the culture medium also affects Acacia in vitro culture. The media used here for bud
induction differed from those of traditional tissue culture. In the traditional tissue culture method of A.
auriculiformis, a medium of MS + sucrose 20 g/L yields a bud induction rate of 97.33% [45]. In this study,
1/8 MS medium was most suitable for bud induction of A. mangium x A. auficuliformis, indicating that
the induction stage of A. mangium x A. auficuliformis is more suitable for medium with low nutrient
concentrations. The explants can survive and grow on medium without sucrose, indicating that these
seedlings possessed photoautotrophic growth and could synthesize the energy needed for their growth.
In terms of the bud induction rate, survival rate, and contamination rate, adding 0.5 mg/L 6-BA to the
culture medium produced better results. This is different from the optimal concentration of traditional
tissue culture, which may be related to bactericide in the culture medium.

The addition of chlorothalonil in this study controlled the growth of microorganisms in the medium and
reduced the contamination rate. Compared with traditional tissue culture, it maintained a high induction
while simplifying the operation and saving cost. This is consistent with previous findings [32].

Rooting Medium

There are many relevant studies on the choice of rooting medium type, sucrose concentration, and
hormone type and concentration [46—48]. There are also some reports on autotrophic micropropagation
technology [49—-51], which have shown that sucrose, as a carbohydrate in the culture medium, is
essential in traditional micropropagation. However, sucrose may not be used in the photoautotrophic
micropropagation system, but CO, will be used as the plant's carbon source to replace sucrose so that it
can carry out photosynthetic autotrophic micropropagation. In this study, due to the non-sterile culture
environment, sucrose was not added to the medium to prevent contamination of large amounts of
explants. However, no carbon substitute was added, which would help the seedlings better adapt to the
environment, greatly reducing the time of domestication and transplanting. The addition of an
appropriate concentration of plant growth regulators ensured an optimum-rooting rate of explants. The
results show that hormone concentration had a significant effect on rooting. The higher rooting rate also
shows that the addition of chlorothalonil does not negatively impact plant growth regulators. In future
research, the exact point where the hormone concentration promotes the growth of explants will be
determined, and sucrose substitutes will be identified that can provide a carbon source and inhibit
bacterial growth.

The addition of chemical disinfectants can significantly reduce the contamination rate, but few studies
have focused on rooting. Ding et al. [51] reported that using Tuzet as a fungicide for rooting culture of
Aspergillus niger, the rooting rate was 85%, and the survival rate of seedlings was higher than that of
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traditional tissue culture. In this study, 0.2 g/L chlorothalonil was added to the medium for chemical
sterilization. Compared with autoclaved medium, the addition of chemical sterilants can increase the
rooting rate to up to 97.62%. Although this rate is lower than the traditional tissue culture (99.43%) [38],
the difference is not significant, indicating that chemical sterilization can effectively replace high-pressure
sterilization as, not only does it not inhibit rooting, but it also reduces the contamination rate. However,
the effect of chemical sterilization on explant growth was not obvious from the rooting rate analysis
alone. It is necessary to observe the growth performance after transplantation and other aspects.

Proliferation by subculture rooting

Few reports have described the successful proliferation of explants after chemical sterilization of the
culture medium [52, 53]. Sodium hypochlorite and sugar were added to the culture medium for banana
tissue culture, and high toxicity of the sterilization agent was found [53]. Most of the cluster buds showed
a high level of browning in the early stage of inoculation, with no success in the proliferation of bananas.
H198 was used as a sterilization agent in the tissue culture of Konjak, and most of the explants were
observed to brown during the proliferation culture [52].

In this study, 0.2 g/L chlorothalonil was added to the culture medium without sucrose during the
proliferation culture, and there was no differentiation or proliferation. However, no browning or
contamination was observed. Sucrose was added to the culture medium with 0.2 g/L chlorothalonil, and
explants showed high level of contamination at the early stage of culture, resulting in culture failure.
Sucrose plays an important role in the proliferation process as a carbon source and maintaining osmotic
pressure. Sucrose affects cell differentiation and the nutritional status of explants and affects their
proliferation. If sucrose were not added to the medium, the explants would not differentiate and
proliferate. If, conversely, sucrose was added, it would cause contamination and failure of culture.

In this study, the height of the seedlings was approximately 5 cm or higher after the rooting culture of 45
d and the seedlings could be cut into 2—3 segments, and then successfully proliferated through the
rooting subculture. The proliferation of the fourth subculture was 3.58. The proliferation rate of traditional
tissue culture was 2.52% (proliferation by inducing cluster buds). This study was superior, in terms of
proliferation rate, to traditional tissue culture. The explants developed roots more easily after the first
rooting subculture, and the number of days for rooting gradually decreased with increasing subcultures.
The average day for one-time subculture rooting was approximately 40 d. As the rooting culture
environment was similar to that of the nursery culture, the seedlings could be transplanted directly
without acclimatization. For traditional tissue culture, the proliferation days were 40 d, the rooting days
were 15 d, and the acclimatization period was 5-10 d [38]. Therefore, this study was superior to
traditional tissue culture and could save seedling time and improve the utilization rate of seedlings.

Conclusions

In this study, the antibacterial effect of chlorothalonil was verified, and a novel method for A. mangium x

A. auriculiformis micropropagation is proposed. The suitable bud induction medium is 1/8 MS + agar 7
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g/L + chlorothalonil 0.2 g/L + 6-BA 0.5 g/L for A. mangium x A. auriculiformis, with a bud inducing rate of
99.54%. After bud induction for 20 d, buds of approximately 3 cm were used as explants for rooting
culture. The suitable rooting medium was agar (7 g/L + chlorothalonil 0.2 g/L +1BA 1.5 mg/L + NAA 0.5
mg/L) with a rooting rate of 97%. The roots appeared after culturing for 12 d with rooting medium. The
seedlings with roots grew to approximately 5 cm (or higher) after culturing with rooting medium for 45 d
and then were cut into 2—3 cm for subculture rooting. Successful proliferation was achieved through this
method, and the proliferation rate was 3.58 of the fourth subculture. These results indicate that
chlorothalonil can effectively control explant contamination in different media with no toxic effects on
the three stages of tissue culture of Acacia hybrids, namely bud induction, proliferation, and rooting;
hence, it can be a good substitute for autoclaving, reducing the cost of autoclaves and ultra-clean
workbenches for large facilities, simplifying the operation process, and improving the efficiency of tissue
culture.

Abbreviations

MS: Murashige and Skoog medium; 6-BA: 6-benzylaminopurine; IBA: indolebutyric acid; NAA:
naphthaleneacetic acid.

Declarations

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and materials

The datasets supporting the conclusions of this article are included within the article.
Competing interests

The authors declare that they have no competing interests.

Acknowledgements

Not applicable

Funding

Page 14/23



This work was supported by the Fundamental Research Funds of CAF (CAFYBB2017MB009). The
funders had no role in the design of the study, analysis of the data, or writing the manuscript.

Authors’ contributions

LH conceived and designed the experiments. HW performed the experiments. YL, LH, HW, and MQS
analyzed the data. YL and LH wrote the paper. YL, LH, and MQS revised the paper. All authors read and
approved the final manuscript.

References

[1] Samba RT, Neyra M, Lesueur D. Natural nodulation of Acacia mangium— Acacia auriculiformis hybrids:
distribution of the indigenous strains in the nodules. World J Microbiol Biotechnol. 2007;23:1485-8.

[2] Galiana A, Gnahoua GM, Chaumont J, Lesueur D, Prin Y, Mallet B. Improvement of nitrogen fixation in
Acacia mangium through inoculation with rhizobium. Agrofor Syst. 1998;40:297-307.

[3] Diouf D, Duponnois R, Tidiane Ba A, Neyra M, Lesueur D. Symbiosis of Acacia auriculiformis and
Acacia mangium with mycorrhizal fungi and Bradyrhizobium spp. improves salt tolerance in greenhouse
conditions. Funct Plant Biol. 2006;32:1143-52.

[4] Yong SYC, Choong CY, Cheong PL, Pang SL, Nor Amalina R, Harikrishna JA, et al. Analysis of ESTs
generated from inner bark tissue of an Acacia auriculiformis x Acacia mangium hybrid. Tree Genet
Genomes. 2011;7:143-52.

[5] Monteuuis O, Galiana A, Goh D. In vitro propagation of Acacia mangium and A. mangiumx A.
auriculiformis. Methods Mol Biol. 2013;11013:199-211.

[6] Muhammad AJ, Ong SS, Ratnam W. Characterization of mean stem density, fibre length and lignin
from two Acacia species and their hybrid. J For Res. 2018;29:549-55.

[7] Kim NT, Ochiishi M, Matsumura J, Oda K. Variation in wood properties of six natural acacia hybrid
clones in northern Vietnam. J Wood Sci. 2008:54:436-42.

[8] Sunarti S, Putri Al. Inisiasi tunas acacia hibrid (Acacia mangium x A. auriculiformis) secara in vitro.
JPTH. 2009;3:11-22.

[9] Yang MJ, Xie XM, He XQ, Zhang FQ. Plant regeneration from phyllode explants of Acacia crassicarpa
via organogenesis. Plant Cell Tiss Organ Cult. 2006;85:241-5.

[10] Dutra LF, Wendling I, Brondani GE. A micropropagacao de eucalipto. Pesqui Florest Bras. 2009;58:49-
59.

Page 15/23



[11] Debergh PC, Maene LJ. A scheme for commercial propagation of ornamental plants by tissue
culture. Sci Hortic 1981;14:335-45.

[12] Singh A. Micropropagation of Plants. In: Bahadur B, Venkat Rajam M, Sahijram L, Krishnamurthy K,
editors. Plant Biology and Biotechnology. New Delhi: Springer; 2015. p. 329-46.

[13] Loyola-Vargas VM, De-la-Pefia C, Galaz-Avalos RM, Quiroz-Figueroa FR. Plant Tissue Culture. In:
Walker JM, Rapley R, editors. Molecular Biomethods Handbook. Totowa: Humana Press; 2008. p. 875-
904.

[14] Peiris SE, De Silva EDUD, Edussuriya M, Attanayake AMURK, Peiris BCN. CSUP technique: a low cost
sterilization method using sodium hypochlorite to replace the use of expensive equipment in
micropropagation. J Natl Sci. 2012;40;49-54.

[15] Macek T, Vanék T, Mackova M. Diethylpyrocarbonate—an effective agent for the sterilization of
different types of nutrient media. Plant Cell Tiss Organ Cult. 1995;43:185-90.

[16] Zhai YC, Zhou ZJ, Zhou L. Analysis of benefit and cost for nursing by tissue culture of trees.
Guangdong Forestry Science and Technology. 1996;4:10-3.

[17] Herman EB. Non-axenic plant tissue culture: possibilities and opportunities. Acta Hortic.
1990;280:233-8.

[18] Yanagawa T, Nagai M, Ogino T, Maeguchi R. Application of disinfectants to orchid seeds, plantlets
and media as a means to prevent in vitro contamination. Lindleyana. 1995;10:33-6.

[19] Cardoso JC. Chemical sterilization of culture medium for anthurium in vitro culture. Pesq Agropec
Bras. 2009;44:785-8.

[20] Cardoso JC, Inthurn ACP. Easy and efficient chemical sterilization of the culture medium for in vitro
growth of gerbera using chlorine dioxide (ClO,). Ornamental Hortic. 2018;24:218-24.

[21] Teixeira SL, Ribeiro JM, Teixeira MT. Influence of NaClO on nutrient medium sterilization and on
pineapple (Ananas comosus cv Smooth cayenne) behavior. Plant Cell Tiss Organ Cult. 2006;86:375-8.

[22] Pais AK, da Silva AP, de Souza JC, Teixeira SL, Ribeiro JM, Peixoto AR, et al. Sodium hypochlorite
sterilization of culture medium in micropropagation of Gerbera hybrida cv. Essandre. Afr J Biotechnol.
2016;15:1995-8.

[23] Siekierzyniska A, Litwiiczuk W. Micropropagation of strawberry (Fragaria x ananassa Duch.) on
chemically sterilized media. Acta Sci Pol Hortorum Cultus. 2018;17:147-56.

[24] Snow R. Improvements in methods for germination of orchid seeds. AOS Bulletin. 1986;54:178-81.

Page 16/23



[25] Curvetto NR, Marinangeli PA, Mockel GC. Hydrogen peroxide in micropropagation of Lilium. A
comparison with a traditional methodology. Biocell 2006;30:497-500.

[26] Cardoso JC, Teixeira da Silva JAT. Micropropagation of gerbera using chlorine dioxide (CIO,) to
sterilize the culture medium. In Vitro Cell Dev Biol-Plant 2012;48:362-8.

[27] Duan Y, Zhang H, Sun M, Zhao F, Xue T, Xue J. Use of chlorine dioxide to sterilize medium for tissue
culture of potato. Sci Rep. 2019;9:10232.

[28] Douglas GC, Mcnamara J. Shoot regeneration from seedling explants of Acacia mangium Willd. In
Vitro Cell Dev Biol-Plant 2000;36:412-5.

[29] Beck SL, Dunlop RW. Micropropagation of the Acacia species—A review. In Vitro Cell Dev Biol-Plant
2001;37:531-8.

[30] Vengadesan G, Ganapathi A, Amutha S, Selvaraj N. In vitro propagation of Acacia species—a review.
Plant Sci. 2002;163:663-71.

[31] Gantait S, Kundu S, Das PK. Acacia: an exclusive survey on in vitro propagation. J Saudi Soc Agric
Sci. 2018;17:163-77.

[32] Huang LJ, Wang H, Shahid MQ, Zeng BS. Chlorothalonil: an effective bacteriostatic agent for bud
induction of Acacia auriculiformis under open condition (non-axenic). Plant Methods. 2019;15:5.

[33] Murashige T. Plant propagation through tissue cultures. Annu Rev Plant Physiol. 1974,25:135-66.

[34] Niedz RP, Bausher MG. Control of in vitro contamination of explants from greenhouse- and field-
grown trees. In Vitro Cell Dev Biol-Plant. 2002;38:468-71.

[35] lliev I. George EF, Hall MA, De Klerk G-J, editors. Plant Propagation by Tissue Culture. Volume 1. The
Background. 3rd ed. Plant Cell Tiss Organ Cult. 2008;93:353-55.

[36] Borges SR, Xavier A, Oliveira LSD, Lopes AP, Otoni WC, Takahashi EK, et al. Estabelecimento in vitro
de clones hibridos de Eucalyptus globulus. Ci Fl. 2012;22:605-16.

[37] Huang LJ, Chen ZX, Zhang SQ, Liang R. Tissue culture technique of Acacia mangium elite trees.
Forest Res. 2012;25:227-30.

[38] Shi Q, Hu F, Huang LJ, Chen Y. In vitro propagation of Acacia mangium x A. auriculiformis. J S China
Agric Univ. 2015;36:79-84.

[39] Chen WL, Yeh DM. Elimination of in vitro contamination, shoot multiplication, and ex vitro rooting of
Aglaonema. Hortscience 2007;42:629-32.

Page 17/23



[40] Li Y, Li CY. Application of carbendazim and penicillin in tissue culture contamination. Forestry Sci
Technol. 2002;27:6-8.

[41] Singh NV, Singh SK, Patel VB. In vitro culture establishment studies on pomegranate. Indian J Hortic
2011;68:307-11.

[42] Singh HP, Singh S, Saxena RP, Singh RK, Singh S. Pretreatment of nodal segments for in vitro
establishment and bud activation of Madhuca latifolia. Plant Physiol Biochem. 1992;19:116-22.

[43] Dimkpa CO, McLean JE, Britt DW, Anderson AJ. Bioactivity and biomodification of Ag, ZnO, and CuO
nanoparticles with relevance to plant performance in agriculture. Ind Biotechnol. 2012;8:344-57.

[44] Brondani GE, De Oliveira LS, Bergonci T, Brondani AE, Franca FAM, Lopes Da Silva AL, et al. Chemical
sterilization of culture medium: A low cost alternative to in vitro establishment of plants. Sci Forest.
2013;41:257-64.

[45] Wang H, Huang LJ, Hu F. Bud inducing from 16-year elite trees explants of three Acacia species. Bull
Bot Res. 2016;36:730-8.

[46] Vahdati K, Leslie C, Zamani Z, McGranahan G. Rooting and acclimatization of in vitro-grown shoots
from mature trees of three Persian walnut cultivars. Hortscience. 2004;39:324-7.

[47] Akila ML, Ali L, Jaqueline B, Saliha YB, Nacer A, Salima GK. Proliferation and rooting of wild cherry:
The influence of cytokinin and auxin types and their concentration. Afr J Biotechnol. 2011;10:8613-24.

[48] Dewir YH, EI-Mahrouk ME, Murthy HN, Paek KY. Micropropagation of Cattleya: improved in vitro
rooting and acclimatization. Hortic Environ Biotechnol. 2015;56:89-93.

[49] Kubota C. Concepts and background of photoautotrophic micropropagation. Prog Biotechnol.
2001;18:325-34.

[50] Valero-Aracama C, Zobayed SMA, Roy SK, Kubota C, Kozai T. Photoautotrophic micropropagation of
Rhododendron. Prog Biotechnol. 2001;18:385-90.

[51] Ding GC, Gao SH, Lin SZ, Chen Y, Xu JY, Li CQ. Research on open-ended photoautotrophic
micropropagation technology of Acacia melanoxylon. J Fujian Coll For. 2010;30:11-14.

[52] Zhao QH, Chen YB, Yang CZ, Xie LL, Jiang QL. Preliminary study on the open tissue culture of
Amorphorphallus konjac. Amino Acids Biotic Resour. 2009;31:79-82.

[53] Huang TD, Mo TH. Research on optimizing the compositions of multiplication medium in Banana
open tissue culture. J Anhui Agric Sci. 2012;40:9584-6.

Figures

Page 18/23



Figure 1

Bud induction of the middle explants with leaves of Acacia mangium x A. auriculiformis.
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Figure 2

Bud induction rate of Acacia mangium x A. auriculiformis explants collected from different months.
Different letters indicate significant differences at P < 0.05 using Duncan’s multiple range test.
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Figure 3

Effects of different concentrations of IBA and NAA on rooting of Acacia mangium x A. auriculiformis
Different letters indicate significant differences at P < 0.05 using Duncan’s multiple range test.
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Figure 4

Rooting culture of Acacia mangium x A. auriculiformis. Rooting culture after a: 12 d; b: 30 d.
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Proliferation rate of subculture rooting of Acacia mangium x A. auriculiformis. Different letters indicate
significant differences at P < 0.05 using Duncan’s multiple range test.
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