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Abstract: The farmland ginseng cultivation in Yanbian Prefecture is the main direction in the future. This paper investigates
and studies the two main cities and counties in Yanbian Prefecture. The results show that there is no significant difference in root
weight and root diameter between the two-year-old farmland, the three-year-old rooting heavy Wang-qing experimental site is
significantly higher than other experimental sites, and the three-year-rooting-rough-dunning experimental site is significantly
higher than the other three experimental sites. Position. The correlation analysis of the two-year-old soil indicators with root traits
and total saponin content showed that total saponin content only showed a significant positive correlation with total phosphorus
content; available phosphorus showed a significant positive correlation with root weight and root diameter; root diameter had a
significant positive correlation with electrical conductivity. The content of total saponins and total phosphorus showed a highly
significant positive correlation, and a highly significant positive correlation with total nitrogen; root weight and pH showed a
highly significant positive correlation; root diameter and available phosphorus showed a highly significant positive correlation,
and nitrate nitrogen showed a significant positive correlation. The total saponins content of ginseng in two-year-old farmland
showed a significant negative correlation with root weight and root diameter, while the total saponins content in three-year-old
farmland showed a very significant negative correlation with root diameter, but no significant correlation with other traits.
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main source of soil N, P and K [6-8], Studies show that crop
yield increases with the increase of nitrogen content [9], Yu
Fulai [10] et al. improved the soil by applying fermented corn
straw powder, EM bacteria and diatomite. The results showed
that the yield of ginseng was significantly increased and the
incidence of ginseng was reduced. Therefore, reasonable
improvement of farmland soil is an important measure for
ginseng cultivation [11].

Ecological environment has a great influence on the growth
and development of ginseng, such as temperature, humidity,
light and other ecological factors on ginseng characteristics,
growth and yield [12], When the soil moisture content is
higher than 60%, the root rot of ginseng will be caused, and
the pathogenicity will increase. When the soil moisture

1. Introduction

Ginseng is a valuable medicinal material in Northeast China,
but the market is in short supply. The state's control over
forests is very serious. In order to achieve sustainable
development, cutting down forests and planting ginseng are
severely restricted, and advocating pollution-free farmland
planting ginseng mode is the future development trend [1-2].
Because ginseng has a high requirement on the environment, it
should be considered whether it is soil condition, air
temperature, humidity or pest control [3]. Soil physical and
chemical properties and biological activities are
comprehensive evaluation of soil fertility [4-5], Soil N, P and
K are important elements in soil, but soil organic matter is the
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content is lower than 30%, the yield and quality of ginseng
will be reduced [13]. Lee et al. showed that the root weight of
ginseng seedlings and the number of good ginseng seedlings
were positively correlated with the moisture content of
seedbed soil [14]. Ginseng likes to be cool and not tolerant to
high temperature. The optimum growth temperature of
ginseng is about 20°C. When the temperature is higher than

30°C or lower than 10°C, ginseng goes into dormancy [15-17].

Prevention and control of pests and diseases is an important
content. In order to achieve sustainable development, it is also
a key link to develop bio-fertilizers, new microbial agents and
pesticides which are environmentally safe and animal-friendly
[18-19], Research shows that green manure can also
effectively control pests and diseases [20].

Since 2002, two cities and two counties (Hunchun City,
Dunhua City, Antu County and Wangqing County) in Yanbian
Prefecture have been designated as the original protected area
of ginseng in Changbai Mountain, Jilin Province. Based on the
investigation and comparative study of two-year and
three-year-old ginseng production areas in four main farmland
areas in Yanbian Prefecture, the conditions of ginseng
cultivation in farmland were preliminarily explored through
the investigation and comprehensive analysis of soil
composition, agronomic characteristics and saponin content,
which laid a foundation for further research on ginseng
cultivation in farmland.

2. Materials and Methods
2.1. Survey of Test Sites

By visiting and searching, according to the same growth
years, live seeding and variety unification as the criteria,
the investigation sites were selected in Antu, Wangqing,
Dunhua and Hunchun of Yanbian Prefecture, and the
two-year-old and three-year-old Damascus cultivars
(provenances from Fusong County) were selected as the
objects of investigation. The specific conditions of
participation were as follows:

Antu Test Site: Located near Haigou Gold Mine, Antu
County, the soil type is loam, the former crops are corn and
soybean, and the soil improvement methods are pig manure,
corn straw, soybean cake and perilla.

Wang Qing Test Site: Located in Shili Ping Village,
Dongguang Town, Wangqing County, the soil type is sandy
loam, corn and soybean before cropping, and the soil is
improved into soybean cake, corn straw, limestone and
organic fertilizer.

Dunhua experimental site: located in Hanzhang Township,
Dunhua City, the soil type is loam, but the viscous high
permeability is relatively poor; the previous crop is corn and
soybean, fermented cow dung, corn straw, perilla, limestone
for soil improvement.

Hunchun experimental site: located in Hadamen Township,
Hunchun City, the soil type is yellow sandy loam, the former
crop is corn, and the soil improvement methods are chicken
manure, biological fungi and organic fertilizer.

2.2. Investigation Plan

At the beginning of April 2017, after determining the test
site, there were three test plots for biennial and triennial
students in each test site, and no topdressing treatment was
done. The size of the plot was 1.4-1.8 m wide and the length
was about 5 m. Soil samples were collected by five-point
sampling method. When collecting soil samples, surface soil
was moved to the soil below Lutou, and each plot was
collected three times. In ginseng red fruit stage, the
above-ground investigation was carried out at each
experimental site. Ten plants were randomly selected from
each plot to measure plant height, petiole length, maximum
leaf length and width, stem diameter. All measured plants
were labeled on the main stem and numbered. At the end of
September, all the labeled plants were harvested, and the
ginseng roots were washed with running water immediately
after harvesting, and the excess water was absorbed by filter
paper. The root length, main root length, root diameter and
root weight were measured. Then the samples were taken back
to the laboratory and dried in a 50 C constant temperature
oven. After one week, the dry weight of the samples was taken
out and determined. After crushing and sieving (60 meshes),
the content of saponins was determined.

2.3. Determination Method

The specific determination methods of soil pH value,
conductivity, organic matter, total nitrogen, ammonium
nitrogen, nitrate nitrogen, total phosphorus, available
phosphorus, total potassium and available potassium refer to
the "Agricultural Analysis of Soil" compiled by Bolden. The
extraction of ginsenosides mainly refers to the methods of
Chinese Pharmacopoeia 2010 Edition [18] and Han Xiao et al.
[19]. At the end of September 2017, 15 ginseng plants were
randomly collected from each treatment. Plant height, leaf
length, leaf width, root length and main root length were
measured by ruler, stem diameter and root diameter were
measured by vernier caliper, and fresh and dry weight of
ginseng roots were measured by electronic balance.

2.4. Data Processing

Office Excel 2010 is used to record the original data,
SPSS22.0 is used to analyze the difference significance of the
data, and Excel is used to draw.

3. Results and Analysis
3.1. Comparison of Soil Physical and Chemical Properties

3.1.1. Comparison Between Conductivity and Soil pH

By comparing and analyzing the soil conductivity of
different test points (Figure 1), it can be seen that the soil
conductivity of Wangqing test point in two-year-old is
significantly lower than that of the other three test points, and
there is no significant difference among the other three areas;
the soil conductivity of Wangqing test point in three-year-old
is significantly different from that of the other three test points,
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and there is no significant difference between Antu test point
and Dunhua test point. different. It was found that the pH of
each pilot project was different, mainly determined by the way
of soil improvement and soil quality itself. The pH of each
region was below 7, indicating that the soil was still acidified
(Figure 2). There are significant differences between the
two-year-old farmland pH Antu test site and the other three
test sites. In the three-year-old, the soil pH of Wangqing test
site is significantly higher than that of the other three test sites,
and there are significant differences. There is no significant
difference between Wangqing test site and Dunhua test site.
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Figure 1. Comparison of soil conductivity at different test sites.
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Figure 2. Comparison of soil pH in different test sites.

Note: Significant differences in the representation of different lower-case
letters (p<0.05), same as below.

3.1.2. Comparison of Soil Nitrogen Contents

A comparative analysis of total nitrogen content in soils of
each test site (Figure 3) shows that the total nitrogen content in
soil of Antu and Wangqing test sites is significantly higher than
that of Dunhua and Hunchun test sites in two years, and there is
no significant difference between Antu test site and Wangqing
test site, and there is no significant difference between Dunhua
test site and Hunchun test site. The soil total nitrogen content at
the site was the highest. Figure 4 shows that there are significant
differences in nitrate nitrogen content between two-year-old
ginseng soil, Wangqing test site and the other three test sites, but
there is no significant difference among them. The nitrate
nitrogen content of three-year-old ginseng soil is significantly
lower than that of two-year-old ginseng soil, Wangqing test site
is significantly lower than that of other three areas.
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Figure 3. Comparison of soil total nitrogen content in different experimental
sites.
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Figure 4. Comparison of soil ntrate nitrogen contents at different test sites.

3.1.3. Comparison of Phosphorus and Potassium Contents
in Soils

Through the comparative analysis of the total phosphorus
content in the soil of each pilot project (Figure 5), we can see
that the total phosphorus content of biennial soils is not
significantly different in the other three areas except Dunhua
test site, Wangqing test site and Hunchun test site, which are
significantly higher than Dunhua test site and Hunchun test
site in three years. Figure 6 shows that the content of available
phosphorus in biennial soils in Antu test site is significantly
lower than that in other three areas, and there are significant
differences with other three areas. There is no significant
difference between Dunhua test site and Hunchun test site.
The content of available phosphorus in three-year-old soils in
different regions is basically the same as that in two-year-old
soils. Through the comparative analysis of the total potassium
content in the soils of each pilot project (Figure 7), it can be
seen that the total potassium content in the two-year-old soil in
Dunhua experimental site is significantly higher than that in
the other three areas, and there are significant differences
between the three areas. In the three-year-old, the total
potassium content in the Antu experimental site is
significantly higher than that in the other three areas, while
there is no difference among the Wangqing experimental site,
Dunhua experimental site and Hunchun experimental site.
Significant difference.
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Figure 5. Comparison of soil total phosphorus content in different test sites.
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Figure 6. Comparison of soil available phosphorus content in different test
sites.
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Figure 7. Comparison of soil total potassium content in different
experimental sites.

3.2. Comparison of Agronomic Characters of Ginseng

3.2.1. Comparison of the Growing Conditions of the Upper
Part of Ginseng
Through comparative analysis of the above-ground parts of
two-year-old farmland ginseng in each test site (Table 1), the
results showed that the plant height of Dunhua test site was

significantly lower than that of the other three areas, and there
was no significant difference among the three areas; the stem
diameter of Antu test site and Hunchun test site was
significantly thicker than that of Wangqing test site and Dunhua
test site; the petiole length of Antu test site was significantly
longer than that of other three areas, Wangqing test site and
Hunchun test site. There was no significant difference between
Dunhua test site and Hunchun test site in petiole length.

Leaf length and leaf width can reflect the size of ginseng
leaves, and indirectly reflect the dry matter accumulation
rate of photosynthesis. Through comparison, it can be
concluded that the leaf length and leaf width of Wangqing
and Dunhua experimental sites are significantly higher than
that of Antu and Hunchun experimental sites, while there is
no significant difference between Wangqing and Dunhua
experimental sites, and there is no significant difference
between Antu experimental sites and Hunchun
experimental sites.

Through comparative analysis of the aboveground parts of
three-year-old ginseng in each experimental site (Table 2), the
results showed that the aboveground characteristics of
Wangqing experimental site were significantly higher than
those of other three areas, and there was no significant
difference between the leaf width of Dunhua experimental site
and Wangqing experimental site, and the characteristics of
Wangqing experimental site were better by comparison.

3.2.2. Comparison of Underground Growth of Panax
Ginseng

Table 3 shows that there is no significant difference in root
diameter, root length, main root length and root weight among
the four test sites of 2-year-old ginseng. The drying rate of
Wangqing test site and Dunhua test site is slightly higher than
that of the other two test sites, and there is significant difference
between Antu test site and the other three test sites. Table 4
shows that the root thickness of 3-year-old ginseng is lower
than that of the other three test sites, and that of Dunhua test site.
The root length of Wangqing test site is shorter than that of
other three test sites and has significant difference. The root
weight of Wangqing test site is greater than that of other three
areas. There is significant difference between Antu test site and
other three areas. The drying rate of Wangqing test site and
Dunbhua test site is higher than that of other two test sites.

Table 1. Comparison of shoot growth of two-year-old ginseng in different experimental sites.

Test site Height (cm) Stem diameter (cm) Leaf length (cm) Leaf width (cm) Petiole length (cm)
Antu 6.43a 2.25a 5.34b 2.73b 6.06a
Wangqing 5.83a 1.94b 6.63a 3.12a 4.45b
Dunhua 3.81b 1.96b 6.45a 3.33a 4.96b
Hunchun 5.70a 2.40a 4.80b 2.10b 3.30c

Note: Different lowercase letters in the same column mean significant difference (p<0.05), same as below.

Table 2. Comparison of shoot growth of three-year-old ginseng in different experimental sites.

Test site Height (cm) Stem diameter (cm) Leaf length (cm) Leaf width (cm) Petiole length (cm)
Antu 13.83b 3.6b 7.90d 4.31b 7.08b
Wangqing 17.74a 4.51a 12.36a 5.12a 7.94a
Dunhua 8.8¢c 2.75¢ 10.78b 4.92a 5.92¢
Hunchun 12.71b 3.7d 9.15¢ 4.48b 6.51b
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Table 3. Comparison of shoot growth of 2-year-old ginseng in different experimental sites.

Test site Root diameter (cm) Root length (cm) Main root length (cm) Root weight (g) Dry density (g)
Antu 10.74a 10.21a 4.36a 4.01a 27.77b
Wangqing 10.76a 11.98a 3.94a 4.16a 30.14a
Dunhua 11.77a 11.35a 4.46a 4.42a 30.86a
Hunchun 11.02a 10.44a 4.17a 4.23a 29.73ab

Table 4. Comparison of shoot growth of three-year-old ginseng in different experimental sites.

Test site Root diameter (cm) Root length (cm) Main root length (cm) Root weight (g) Dry density (g)
Antu 13.13¢ 20.46a 6.80b 15.32¢ 29.25b
Wangqing 16.71b 20.35a 9.07a 22.09a 31.93a
Dunhua 19.72a 15.94b 5.44¢ 20.38ab 32.31a
Hunchun 17.54b 18.89a 6.24b 19.24b 31.01b

. . . 3.4. Relevance Analysis of Indicators
3.3. Comparison of Ginsenoside Contents

3.4.1. Correlation Analysis of Total Saponins Content and
Agronomic Traits

The results of correlation analysis between total saponins
content and agronomic traits of two-year-old farmland
ginseng (Figure 10) showed that there was a high correlation
between total saponins content and root weight and root
diameter. The correlation coefficient between total saponins
content and root weight was -0.67, which showed a highly
significant negative correlation with root diameter, and the
correlation coefficient was -0.83, but no significant correlation
with other sexual transformation.

The results of correlation analysis of total saponins content
and agronomic traits of three-year-old farmland ginseng
(Figure 11) showed that root diameter was highly negatively
correlated with total saponins content, and the correlation
coefficient was -0.87. There was no significant correlation

The average values of ginsenoside content in biennial and
triennial farmland in each experimental site are shown in
Figure 8. The content of Rgl, Rb1, Rb2 and Rd in biennial and
triennial farmland in Antu experimental site are higher than
those in other three areas. The content of Re, Rf and Rc in
other areas are higher than those in Wangqing experimental
site; the content of total saponin Antu is the highest, followed
by Wangqing.

The content of triennial monomer saponins in Figure 9 Antu
is the highest in Re, Rc, Rb2 and Rd, while the content of Rg1
and Rf is the highest in Wangqing, and the content of Rbl is
the highest in Hunchun. The content of total saponins in Antu
is the highest, followed by Wangqing, which is basically the
same as that in two-year-old.
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3.4.2. Correlation Analysis of Soil Indicators with Root
Characters and Total Saponins Content

Figure 12 showed that there was a significant high
correlation between two-year rooting diameter and electrical
conductivity, with a correlation coefficient of 0.717; pH
showed a high positive correlation with root weight, showing
a moderate positive correlation with root weight (r =0.826, r
=0.689); total nitrogen and total saponins showed a moderate
positive correlation with a correlation coefficient of 0.673;
available phosphorus showed a high correlation with root
weight, root thickness and root dryness. Positive correlation
was found (r > 0.70), and no significant correlation was found
in the rest.

From Figure 13, it can be seen that three-year-old pH is
highly positively correlated with root weight and drying rate,
with correlation coefficients of 0.788 and 0.722, respectively;
total nitrogen and total saponin content show a highly
positive correlation, with correlation coefficient of 0.728;
nitrate nitrogen is highly positively correlated with root
diameter (r=0.727); total phosphorus is highly positively
correlated with total saponin content (r=0.809); available
phosphorus is highly correlated with root diameter and
drying rate. There was a highly positive correlation between
root weight and root weight, and the rest showed a
significant correlation.
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Figure 12. Correlation Analysis of two-year-old Soil Indicators with Root
Characters and Total Saponins Content.
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Figure 13. Correlation analysis of three-year-old soil index with root traits
and total saponins content.

Note: A-conductivity B-pH C-total nitrogen D-Nitrate nitrogen E-total
phosphorus F-Available phosphorus G-Total potassium.

4. Discussion

Soil indices are very important factors in ginseng
cultivation. In comparison of pH values, the pH values of
Wangqing and Dunhua test sites are significantly higher than
those of the other two sites. The main reason may be that
limestone is added to soil improvement, which has a certain
impact on ginseng growth and development. Appropriate pH

is helpful to improve the utilization efficiency of soil nutrients
by plants. The results of correlation analysis between soil and
agronomic ginseng showed that there was a significant
positive correlation between soil pH and root weight in
biennial and triennial soils, indicating that soil pH had a
certain effect on the yield of Agronomic ginseng. Zhao
Shoujing [21] et al. showed that the suitable range of soil pH
for ginseng cultivation was between 5.5 and 7. Through
analysis, it can be seen that soil pH below 5 has a more
obvious effect on the root weight of ginseng in farmland.

There is a highly positive correlation between total nitrogen
and total saponin content. It can be seen that increasing total
nitrogen content can effectively increase total saponin content.
Wang Tianle [22] et al. found that the ratio of nitrogen,
phosphorus and potassium is different in different nutrient
content. The comparison of nitrate nitrogen content shows that
the content of Wangqing experimental site in Biennial and
triennial years is lower than that in other three areas. The
improvement of Wangqing experimental site is as follows:
Farmer manure was used, which was similar to the results of
Zhangdi [23]. It showed that the application of farmer manure
had a certain effect on nitrate nitrogen content. The content of
total saponins and mono saponins Rgl, Rf, Rb1 and Rb2 in
two-year-old and three-year-old regions were lower than that
in three-year-old regions, which indicated that the content of
these four mono saponins increased with the increase of
growth years, but the content of Re in three-year-old was
lower than that in two-year-old Lin Hongmei [24] et al. The
conclusion is basically consistent with that of this paper, but
the conclusion of Rb2 is contrary, which needs further study.

The results showed that the content of total saponins in
biennial and triennial farmland was different in different
regions. The correlation analysis of agronomic traits and
saponins content showed that the content of total saponins was
only negatively correlated with root diameter, and the
correlation coefficients were -0.83 and -0.87, respectively,
showing strong correlation, but not with other agronomic
traits. The results of Li et al [25] are consistent.

5. Conclusion

This paper investigates four main farmland production areas
in Yanbian Prefecture and finds that there is no significant
difference in ginseng root weight and root diameter between
two-year-old farmland and three-year-old farmland. The
three-year-old rooting heavy Wangqing test site is significantly
higher than other test sites, and the three-year-old rooting rough
dunning test site is significantly higher than the other three test
sites. The total saponin Antu test site is high. The correlation
analysis of the two-year-old soil indicators with root traits and
total saponin content showed that total saponin content only
showed a significant positive correlation with total phosphorus
content; available phosphorus showed a significant positive
correlation with root weight and root diameter; root diameter
had a significant positive correlation with electrical
conductivity. The content of total saponins and total phosphorus
showed a highly significant positive correlation, and a highly
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significant positive correlation with total nitrogen; root weight
and pH showed a highly significant positive correlation; root
diameter and available phosphorus showed a highly significant
positive correlation, and nitrate nitrogen showed a significant
positive correlation. The total saponins content of ginseng in
biennial farmland showed a significant negative correlation
with root weight and root diameter, while the total saponins
content of ginseng in triennial farmland showed a very
significant negative correlation with root diameter, but no
significant correlation with other traits.
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