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Abstract

Ginsenoside Rbl is an allelopathic self-toxic substance that can affect the growth and development of ginseng. This study
investigated whether the application of exogenous Rb1 enhances the pathogenicity of ginseng by regulating the antioxidant
system and endogenous hormones. Rb1 can inhibit the growth and development of Panax ginseng by inducing Fusarium
oxysporum under three concentrations. At the same time, the activities of four antioxidant enzymes and the contents of three
endogenous hormones in the roots of Panax ginseng decreased significantly. Compared with the control group, the incidence
of ginseng in different treatment groups was significantly increased and the underground growth was significantly inhibited.
In conclusion, exogenous ginsenoside Rb1 with different concentrations can enhance the pathogenicity of ginseng.
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Introduction

Panax ginseng is a perennial herb of Panax genus, mainly
from China, South Korea and other Asian countries (Zhao
et al. 2019; Zhan et al. 2021). As the main bioactive ingredi-
ents of ginseng, ginsenosides Rb1, Rd and Re have powerful
pharmacological effects such as anti-tumor, anti-inflamma-
tory, anti-diabetes, anti-oxidation, anti-allergy, neuroprotec-
tion, vasodilation and anti-cancer (Peng et al. 2012; Kim
et al. 2016; Sun et al. 2016; Shi et al. 2019; Wang et al.
2019), so ginseng has been widely used in clinical for more
than 2000 years (Kim. 2018; Wang et al. 2020a, b).

In the growth process of ginseng, it is necessary to inter-
act with biological factors (microbial pathogens and pests,
etc.) and abiotic factors (drought, high temperature, low
temperature and salinity, etc.) (Foyer et al. 2016). These
complex factors will affect the normal growth and develop-
ment of ginseng, cause oxidative stress reaction, and thus
lead to the phenomenon of loss of ginseng yield and quality
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(Cetinel et al. 2021). Soil-borne microbial pathogens are
major sources of biological stress that can synergically
increase the severity of negative effects with other stress
sources. Fusarium oxysporum is one of the most destructive
pathogens in soil. It has a high survival rate in soil under
harsh environmental conditions and can cause serious rot to
the roots of crops represented by ginseng, commonly known
as root rot (Kim et al. 2009). According to statistics, the
annual incidence of root rot disease is about 10-20%, which
has become a bottleneck restricting the sustainable develop-
ment of ginseng (Li et al. 2021). At the same time, studies
have reported that root exudates of ginseng can also aggra-
vate the biological stress of pathogens on ginseng (Nicol
et al. 2003). At present, the known root exudates of ginseng
mainly include saponins, sugars, amino acids, phenols and
other primary and secondary metabolites (Sun et al. 1980).
As the main member of root exudates of ginseng, the accu-
mulation difference of ginsenosides can cause the occur-
rence of root rot, thus indirectly aggravating the stress effect
of pathogens on ginseng (Xia et al. 2016).

Microbial pathogens, as the main biological stress fac-
tors in plant growth, are one of the main abiotic factors that
affect the normal growth performance of plants. In addition,
a series of physiological and biochemical changes occur in
plants to counteract the potential harm caused by biologi-
cal stress. The activity of antioxidant enzymes may be a
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good indicator of the influence of external environment on
plant toxicity. MDA is one of the important indexes of mem-
brane damage (Lukatkin et al. 2012). Once the membrane is
destroyed, it is released into the extracellular environment,
so MDA detection can directly assess the extent of damage
to the membrane system (Peng et al. 2019). Peroxidase and
catalase are mainly responsible for removing H,O,. Among
them, peroxidase catalyzes the redox reaction between H,0,
and various reducing agents such as phenols, amines and
alcohols, which often occurs in normal plant growth and
defense reactions (Naliwajski and Skodowska 2021). Cata-
lase is an important enzyme that removes the products of
superoxide dismutase-catalyzed reactions by converting
H,0, directly to H,O and O, (Surgun-Acar and Zembheri-
Navruz 2021). In addition, endogenous plant hormones are
closely related to cell differentiation in vitro, and can reflect
the influence of external environment on plant toxicity
through changes in plant morphology (Huang et al. 2012).

In this study, physiological indexes of ginsenoside Rbl
enhancing panax ginseng virulence were systematically ana-
lyzed, including antioxidant enzymes, soluble proteins and
endogenous hormones. The results of this study will eluci-
date the potential physiological mechanism of saponin Rb1
regulating antioxidant system and endogenous hormones
enhancing the pathogenicity of ginseng. It is hoped that this
new discovery can contribute to the sustainable development
of ginseng cultivation.

Materials and methods
Overview and experimental design of the study area

The experiment was conducted in the Medicinal Plant
Resource Garden of Changchun University of Chinese
Medicine (43° 891014" N, 125° 317505" E) in Changchun,
Jilin Province on April 25, 2021. Four treatments were used
in pot experiment: (1) only F. oxysporum was added into
the soil of the new forest as the control group (CK); (2) on
the basis of F. oxysporum, 0.3 pg/kg ginsenoside Rb1 was
poured into the new forest soil (Rb1-0.3); (3) on the basis of
F. oxysporum, 3 pg/kg ginsenoside Rb1 was poured into the
new forest soil (Rb1-3); (4) on the basis of F. oxysporum,
30 pg /kg ginsenoside Rb1 was poured into the new forest
soil (Rb1-30).

Experimental materials
The test material was 2-year-old ginseng plants of the gin-

seng species ‘Ma Ya’, purchased in April 2021 from the
ginseng market in Wanliang Town, Fusong County, Jilin
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Province (512.2 m above sea level (Latitude 42°4438" N,
Longitude 127° 3098" E). Ginseng was planted in round-
bottomed pots with 6 ginseng plants per pot and 9 kg of soil
per pot. The cultivated soil was taken from the new forest
soil of Baixi Forest Farm, Fusong County, Jilin Province.
The surface leaf litter was removed and the soil of 10-20 cm
layer was collected for reserve. Ginsenoside control products
were purchased from Shanghai Baoman Biotechnology Co.,
LTD., protein (TP) assay kit, Malondialdehyde (MDA) kit,
Superoxide Dismutase (SOD), Catalase (MDA) kit. CAT
kit and Peroxidase (POD) kit were purchased from Nan-
jing Jiancheng Co., LTD. Plant Gibberellin (GA) ELISA
Kit, Plant Hormone Abscisic acid (ABA) ELISA Kit Plant
indole-3-acetic acid (IAA) ELISA Kit were purchased from
Chemical Control Research Center of China Agricultural
University.

Experimental instrument

The microplate meter used in this study is M200pro pro-
duced by Tecan of Switzerland, the high-speed refrigerated
centrifuge is CR30NX produced by Ebender China Co.,
LTD, and the oscillation incubator is ZQZY-85CNS pro-
duced by Shanghai Zhichu Instrument Co., LTD. The digital
display constant temperature water bath is HH-8 produced
by Changzhou Zhibo Instrument Manufacturing Co., LTD.,
the vernier caliper is 532-101 NM13 produced by Shang-
hai First Precision Instrument, and the analytical balance
is MS-TS produced by Mettler Toledo International Trade
(Shanghai) Co., LTD.

Morphological determination and growth analysis
of ginseng

The experiment was carried out on September 16, 2021, and
the underground growth of ginseng was recorded during har-
vesting. Six plants were randomly selected from each treat-
ment and labeled. The root diameter, main root length and
fibrous root number of ginseng were measured, and the fresh
weight of ginseng was weighed. Use a ruler to measure tap-
root length and a vernier caliper to measure root thickness.

Determination of physiological resistance
of ginseng

Fresh ginseng roots (0.5 g) were ground in 5 ml of PBS
(0.05 mol/l, pH 7.8) in an ice bath. The content of malondi-
aldehyde (MDA) was measured by a kit (Nanjing Jiancheng
Institute of Biological Engineering, Nanjing, China). The
absorbance of the reaction solution was measured at 530 nm.
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This value was used to calculate the MDA content. The crude
extract of the enzyme was prepared by reference to a modified
version of the method of Ba et al. (Ba et al. 2013). The samples
were ground into a homogenate and transferred to a centrifuge
tube. Buffer was then added to a final volume of 5 ml. The
samples were then centrifuged at 10,000 rpm for 10 min at
4 °C. SOD, POD and CAT activities were measured using
commercial assay kits (Nanjing Jiancheng Biologicals), spe-
cifically, SOD activity was determined by the SWT-1 method,
where SOD was expressed as one unit of enzyme activity per
g of plant tissue in the reaction system at 50% SOD inhibition;
CAT was determined by the ammonium molybdate method,
where CAT activity was measured as one unit of activity per
milligram of H,O, per second. Colorimetric method was
used to determine POD, and POD activity was defined as the
amount of enzyme catalyzing micrograms of substrate per
minute per milligram of plant tissue protein at 37 °C.

Root survival rate

Six ginseng strains were randomly selected from each treat-
ment to investigate the incidence of root disease in under-
ground part of ginseng, and the incidence area of each gin-
seng root was graded. Disease severity classification standard
and disease severity index refer to Rahman et al.’s method
(Rahman and Punja 2006): A indicated that there was no vis-
ible root spot, B indicated that the diameter of root spot was
0.9 mm, C indicated that the root spot was 1-4.0 mm, D indi-
cated that the root spot was 4.1-7.0 mm, E indicated that the
root spot was larger than 7.0 mm, and F indicated that the
root spot infected the whole root. The calculation formula is
as follows:

Number of diseased plants

Root disease index = x 100%

Total number of plants

Results
Growth and development of ginseng

Compared with CK group, the main root length, root diam-
eter and fibrous root number of ginseng treated with dif-
ferent concentration of saponin Rbl were significantly
reduced (Fig. 1). Among them, Rb1-3 group had extremely
significant effect (P <0.01), and Rb1-30 group had signifi-
cant difference in main root length and fibrous root number
compared with the control group (P <0.05), but there was
no significant difference in root diameter among different
treatment groups (P > 0.05).

Physiological indexes of ginseng

Compared with the control group, the soluble protein con-
tent of ginseng treated with all three concentrations of gin-
senoside Rb1 was significantly different, with the highest
soluble protein content (74.99 ug/ml) in the Rb1-3 treated
group (Fig. 2). At concentrations of 0.3, 3, and 30 pg/kg,
Rb1 induced changes in the antioxidant protection system
of ginseng root tissues through the induction of Fusarium
oxysporum (Fig. 3). In brief, it was observed that the CAT
enzyme, POD enzyme and SOD enzyme activities of gin-
seng roots treated with the three concentrations of ginse-
nosides were significantly reduced compared to the con-
trol group, and the MDA content was also significantly
decreased, with the lowest activity of all three enzymes at
a ginsenoside Rb1 concentration of 3 ug/kg, as evidenced
by a CAT enzyme activity of only 0.12 U/mgprot (Fig. 3A)
The activity of POD enzyme was 4.35 U/mgprot (Fig. 3B),
the activity of SOD enzyme was 14.09 U/mgprot (Fig. 3C),
and the MDA content was only 0.45 nmol/mgprot (Fig. 3D).

Disease severity index (DSI) =

Xy XD+ XX+ Xex3)+XpX4)+ X X5+ Xpx6)

Xy +Xp+ X+ Xp+Xp + X

where X, X, Xc. Xp, Xg, and Xg represent the numbers of
plants with rotting severity in Grades A, B, C, D, E and F,
respectively.

Data processing and analysis

Excel 2019 was used for data recording, sorting and chart mak-
ing, and SPSS 23.0 was used for data analysis. (IBM, New
York, USA). One-way ANOVA and Duncan’s New Complex
Range method were used to test the significance of the differ-
ence between the mean values of all treatments. In statistical
analysis, P <0.05 was considered as significant.

Effects on endogenous hormones of ginseng

Compared with CK group, the endogenous hormone ABA
content of ginseng root treated with three concentrations
of ginsenosides showed significant differences. The endog-
enous hormone ABA in ginseng roots had the lowest ABA
content (308.86 ng/g) at a concentration of 3 pg/kg. When
the concentration of Rb1 was 0.3 ug/kg, the highest ABA
content was 401.73 ng/g (Fig. 4A.). Compared with CK
group, the contents of endogenous hormone IAA in gin-
seng root treated with three concentrations of ginseno-
sides showed significant differences. As shown in Fig. 4B,
the endogenous hormone IAA content of ginseng roots
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Fig. 1 Growth and development of underground parts of ginseng during harvesting. Each value represents the mean + SD of three replicate treat-
ments. Different lowercase letters indicate significant differences between treatments (P <0.05)
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Fig.2 Effect of different treatments on soluble protein content of
ginseng roots. Each value represents the mean of three replicates per
treatment + SD. Different lowercase letters indicate significant differ-
ences between treatments (P < 0.05)

had the lowest IAA content at a concentration of 3 pg/kg,
with a concentration of 60.07 nmol/g, and the highest IAA
content at a concentration of 70.63 nmol/g when the Rb1
concentration was 0.3 pug/kg. Compared with CK group,
the content of endogenous hormone GA in ginseng root

@ Springer

treated with three concentrations of ginsenosides showed
significant differences. The GA content of ginseng root
endogenous hormone was the lowest at a concentration of
3 ug/kg with a concentration of 372.69 pmol/g; the highest
GA content was found when the concentration of Rb1 was
0.3 ug/kg with a concentration of 459.13 pmol/g (Fig. 4C).

Incidence and severity of ginseng

The incidence rate of CK group was the lowest, only
33.3%, and the ginseng disease severity index of this group
was 1.67. The incidence of ginseng treated with ginseno-
side Rb1 was significantly higher than that of CK group,
and the highest incidence was Rb1-30 group, which had
an incidence of 100% and disease severity index of 4.16.
The incidence of ginseng in Rb1-3 group was 66.7%, and
the disease severity index was 4. Although the incidence
of ginseng in Rb1-0.3 group was not as high as that in
the first two groups, the incidence also reached 50%, and
the ginseng disease severity index in this group was 3
(Table 1).
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Underground growth of ginseng

Figure 5 shows the underground root growth of ginseng
treated with CK and three concentrations of ginsenosides. It
was found that the ginseng in the CK group, the root growth
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of three replicates per treatment+SD. Different lowercase letters
indicate significant differences between treatments (P < 0.05)

was better than that in the three treatment groups, as shown
by the thicker roots, more number of fibrous roots and almost
no disease spots on the ginseng epidermis in this group. It
can be seen from the Fig. 5 that Rbl inhibited the growth
of ginseng roots by inducing Fusarium oxysporum at the
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Table 1 Incidence and severity of ginseng diseases under the three
treatments

CK Rb1-0.3 Rbl1-3 Rb1-30
Root disease 33.3% 50% 66.7% 100%
index
DSI 1.67d 3¢ 4b 4.16a

On one-way ANOVA, letters indicate significant differences between
treatments, P < 0.05

concentrations of 0.3, 3, and 30 pg/kg, with the most severe
inhibition of underground growth in the ginseng treated by
the Rb1-30 group.

Discussion

Ginseng metabolites with high activity can significantly
affect the growth and quality of ginseng (Li et al. 2010).
Compared with the control group, the growth of ginseng was
inhibited in treatment groups with different concentrations.
Among them, Fusarium oxysporum showed the strongest
induction ability when Rgl concentration was 3 ug/kg,
which effectively restricted the growth and development of
ginseng. This can be verified by the growth index charac-
teristics of the group, and the growth index of the group
showed significant differences compared with the control
group (P <0.05). Compared with the control group, the tap-
root length, root diameter and fibrous root number in this
group decreased by 33.34%, 18.25% and 38.22%, respec-
tively. In addition, most ginseng in this group showed dis-
ease spots, and its growth was obviously inhibited.

Studies have shown that antioxidant enzyme activity is
closely related to plant resistance to stress and is an impor-
tant index to study allelopathy of plants (Sathiyaraj et al.
2014). As an intermediary, H,0O, is often used to study the
mechanism of oxidative stress on cell damage (Sohn et al.
2013). CAT and POD are two indicators of oxidative stress
in higher plants. They usually play a synergistic role to

promote the decomposition of H,0O, in cells and prevent it
from further producing highly toxic hydroxyl and oxygen
free radicals, thus protecting the antioxidant system (Song
et al. 2007; Chung et al. 2016). The content of MDA can
reflect the degree of membrane peroxidation and indirectly
reflect the degree of cell damage and stress resistance of
plants (Wang et al. 2014; Liang et al. 2018; Zhang et al.
2021). SOD is an antioxidant metal enzyme existing in
organisms, and its activity is generally positively correlated
with the production of excess superoxide (Islam et al. 2021).
The physiological resistance test results showed that MDA
content and SOD, CAT and POD activities of Rb1-0.3 and
Rb1-30 groups were higher than those of Rb1-3 group,
indicating that the stress resistance of these two groups
was stronger than that of Rb1-3 group, that is, the degree
of stress suffered by ginseng was greater than that of Rb1-3
group. It can be seen that several physiological indexes stud-
ied in this experiment were lower than those in CK group,
which may be because ginseng was sampled at the harvest-
ing stage, and ginsenoside Rb1 induced Fusarium oxyspo-
rum, then the low-toxicity H,O, was converted into H,O in
ginseng mainly through the synergistic effect of CAT and
POD. The disproportionation reaction led by SOD reached
a dynamic balance, and after a long test cycle, the activ-
ity values of antioxidant enzymes in these treatment groups
were all lower than those in CK group.

The growth process of higher plants is affected by a vari-
ety of complex factors, such as environmental conditions
(such as light, temperature, and humidity), enzymes, pro-
teins and endogenous plant hormones, all play a particu-
larly important role (Kim et al. 2014). As a growth inhibi-
tor, ABA has some physiological effects on increasing stress
resistance. The trend of ABA content in different treatment
groups was Rb1-3 <Rb1-30 <Rb1-0.3, which was consist-
ent with the trend of antioxidant enzyme activity of ginseng.
Ginsenoside Rb1 could enhance the induction of Fusarium
oxysporum and inhibit the elongation and growth of ginseng
roots and other organs, affect differentiation, and induce the
appearance of ginseng disease spots. Under allelopathic
stress, IAA index was sensitive. The trend of IAA content

CK Rb1-0.3

Rb1-3 Rb1-30

Fig.5 Pictures of the growth of underground parts of ginseng with different treat
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in different treatment groups was Rb1-3 < Rb1-30 < Rbl1-
0.3. These results were consistent with the trend of ABA
results and the change of ABA content also caused a certain
degree of growth and metabolism inhibition in physiology.
The content trend of GA in different treatment groups was
Rb1-3 < Rb1-30 < Rb1-0.3. The results showed that the
pathogenicity of Fusarium oxysporum induced by ginseng
was different with the concentration of ginsenoside Rb1, and
the endogenous hormone GA of ginseng might be combined
with other hormone indexes to adapt to the change of envi-
ronment by balancing hormone homeostasis.

Conclusion

In this study, dynamic differences in the content of active
saponin Rbl1 at different concentrations in soil could affect
the changes of enzyme activity in plants and restrict the nor-
mal growth of ginseng by causing oxidative stress damage.
Specifically, under the induction of ginsenoside Rb1 at three
different concentrations, CAT can enhance the destruction of
ginseng tissues and cells, while SOD and POD can protect
the bacteria from the influence of ginsenoside Rb1. It was
beneficial to the infection of Fusarium oxysporum, enhanced
the damage of Fusarium oxysporum to the root of ginseng
and hindered the healthy growth of ginseng. After testing
found that ginseng saponin Rbl in vitro after induction of
F. oxysporum caused some pathogen, host interactions in
the changes of antioxidant enzyme activity and endogenous
hormone, calculated the Rb1 hinder ginsenosides of ginseng
normal growth and development of the new mechanism, pre-
vention and control of this in the future for us to develop
new ideas, ginseng root rot also provide guarantee for the
sustainable development of ginseng industry.
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