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Objective: The moisture content in the soil directly affects the yield and quality of Panax notoginseng,
especially at the age of three years old. However, the suitable moisture for the growth of P. notoginseng
is unknown. In this study, the effects of different soil moisture on the growth of P. notoginseng were stud-
ied.
Methods: Four different water treatments (0.45 field capacity (FC), 0.60 FC, 0.70 FC, and 0.85 FC) were set
up in Shilin County, Yunnan Province, China. The water consumption and daily dynamic of water con-
sumption were determined daily (from April 21 to October 18, 2012), and the daily dynamic of water con-
sumption under different weather conditions (sunny and rainy) was determined. The transpiration
coefficient and water use efficiency were calculated through dry matter accumulation and total water
consumption. Accumulation of saponins of roots of P. notoginseng were analyzed by HPLC after treated,
and the soil moisture content suitable for the growth of P. notoginsengwas estimated by regression fitting
of the active ingredient accumulation and the soil moisture content.
Results: The water consumption of 0.85 FC, 0.70 FC, 0.60 FC and 0.45 FC were 2.89, 3.68, 3.37 and
2.73 kg/plant per day, respectively. The water consumption of P. notoginseng from June to August was
greater than other months. The daily dynamic of water consumption on sunny days and sunny days after
rain showed a ‘‘double peak” feature, and it showed a ‘‘single peak” feature on rainy days. The water uses
efficiency (WUE) of 0.85 FC, 0.70 FC, 0.60 FC and 0.45 FC were 2.51, 3.32, 4.59, 3.39 gDW/kg H2O, respec-
tively. The increase of soil moisture content would reduce the WUE of P. notoginseng. With the increase of
soil water content, the content of notoginsenoside R1 and ginsenoside Rg1 did not change significantly,
while the content of ginsenoside Rb1 and Rd showed a decreasing trend.
Conclusion: Soil moisture content significantly affected the water consumption of P. notoginseng, and
when it was 56.4% of the maximum water holding capacity in the field, the sum of the four saponins
of 100 strains of P. notoginseng was the highest.

� 2021 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The moisture content in the soil directly affects the yield and
quality of Panax. notoginseng (Burk.) F. H. Chen, especially at the
age of three years old, during which the content of effective ingre-
dients in P. notoginseng and its efficacy were seriously affected.
However, the suitable moisture for the growth of P. notoginseng is
unknown at this key period.
Most of the water in plants is absorbed by the roots of plants,
and the state of soil moisture directly affects the water status of
plants (Jin et al., 2016; Mi et al., 2016; Saf & Ünlükara, 2013).
Excessive soil moisture or severe drought will inhibit the growth
and development of plants, such as Salvia miltiorrhiza Bge., Salvia
plebeian R. Br, Aralia elata (Miq.) Seem and so on (Liu et al., 2011;
Shi et al., 2010; Chen et al., 2008). But for the cultivation of P. noto-
ginseng, previous research mainly focused on biological character-
istics, pests and diseases, ingredient accumulation (Xia et al., 2017;
Wan et al., 2006; Kim, 2012; Zhou et al., 2018; Zhao et al., 2018; Liu
et al., 2020; Ding et al., 2020), and did not pay attention to the soil
moisture content. P. notoginseng is a perennial plant, usually
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Fig. 1. Rainproof shelter of experiment in April 2012.
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cultivated in nursery beds in the first year, and moved to the field
for cultivation in the second year, and harvested after October of
the third year. The third year is the critical period for the growth
of P. notoginseng, so the three-year-old P. notoginseng was used as
the research object to study the optimal soil moisture content. Its
roots and rhizomes are commonly used in clinical traditional Chi-
nese medicine, which could stanch blood, disperse gore and reduce
the pain caused by blood disease (Ng, 2006; Konoshima et al.,
1999; Jee et al., 2014). Saponins are the main active ingredients
of P. notoginseng, ginsenoside R1 (7%�10%), ginsenoside Rb1

(30%�36%), Rg1 (20%�40%), Rd (5%�8.4%) and Re (3.9%�6%) are
main saponins, accounting for 90% of the total saponins of P. noto-
ginseng (Ning et al., 2017; Wang et al., 2016; Xia et al., 2014).

Previous studies on soil moisture usually designed three gradi-
ents (Liu & Gao, 2019). In this study, we designed four gradients
(0.85 field capacity (FC), 0.70 FC, 0.60 FC, and 0.45 FC) because it
is not certain whether higher soil moisture will be beneficial to
the growth of P. notoginseng. The three-year-old P. notoginseng
enters the peak growth period in April and is harvested in October.
Therefore, the study of soil moisture content on P. notoginseng was
chosen during this period. This study is aimed to discover the
effects of different soil moisture contents on water consumption
characteristics and saponins accumulation in P. notoginseng, and
provide a theoretical basis for water management of P. notoginseng
cultivation, and also benefit the research on the optimal ecological
niche of P. notoginseng.
2. Materials and methods

2.1. Plants and soil

Three-year-old P. notoginseng were used in this study. The
experimental site was located in the town of Guishan in Shilin
County, Yunnan, China (24�440140’ N, 103�380540’ E, altitude
2,128 m). The soil type was red clay soil. The field capacity (FC)
was 36.8%. The contents of different substances in the soil were
shown in Table 1.

2.2. Experimental design

The experiment was carried out in the rainproof shelter (Fig. 1).
A total of 200 3-years-old individuals with uniform morphology
were randomly selected for the experiment, which were planted
on March 12, 2016, in plastic pots with dimensions of 22 cm in
height, 27 cm in mouth diameter, and 18 cm in bottom diameter.
The total weight of stones and pot was 1.7 kg, and each pot was
then filled with 6.3 kg of filtered soil sample. The pots were put
under rain shelter after covering 150 g dried pine needle on potted
soil. The pots without P. notoginseng were set as the control group.
After transplanting, the soil moisture content was kept at about
70% of the maximum field water holding capacity. The water con-
trol experiment was performed on April 20, 2012, when the seed-
ling leaves were sprouting. Four stress levels were designed-0.45
FC, 0.60 FC, 0.70 FC, and 0.85 FC. Each level had 25 pots with two
Table 1
Contents of different substances in soil.

Substances in soil Content

Organic matter 3.29%
Total nitrogen 0.125%
Total phosphorus 0.111%
Total potassium 0.697%
Available nitrogen 9.376 mg/kg
Available phosphorus 35.966 mg/kg
Available potassium 166.58 mg/kg
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plants in each. The water loss was supplemented at 17:00 daily.
The water control ended on October 20, 2012, in total of 183 d.
In each treatment, six pots with good growth and no disease were
randomly selected, the whole plant was excavated, and the root
morphology was observed. The root dry weight, root drying rate,
root-shoot ratio and the accumulation of active components were
analyzed.

2.3. Measuring methods

Water consumption was measured every day at 17:00, the pot-
ted plants were weighed by an electronic platform scale, and the
water loss was made up through the pipe in the bucket, the pot
weight and water supplement were recorded, and the water con-
sumption of P. notoginseng per plant was calculated and corrected
according to the blank comparison of water loss and weight gain of
P. notoginseng at each growth and development stage.

Daily water consumption change was measured with weighing
every two hours from 7:00 to 19:00, recording the data and calcu-
lating the water consumption per plant during each period.

The transpiration coefficient was the ratio of total water con-
sumption to dry matter accumulation during the test period; The
water use efficiency was the ratio of the dry matter accumulation
of P. notoginseng to the total water consumption during the test
period. The dry matter accumulation of P. notoginseng during the
test period was the difference between the biomass at the end of
the experiment and the biomass at the beginning of the test. At
the beginning of the experiment and at the end of the experiment,
three pots of six plants were collected for each treatment, and the
biomass was measured by oven drying.

2.4. Determination of notoginsenoside R1, ginsenosides Rg1, Rb1 and Rd

Sample preparation referred to the requirements of the Chinese
Pharmacopoeia (2015 edition). HPLC analysis was performed on a
Waters chromatography system (Milford, MA, USA), equipped with
Waters 1525 Binary Pump, Waters 2487 Dual k Absorbance Detec-
tor and Waters 2707 Autosamplerc. The column temperature was
maintained at 30 �C. The UV absorption was measured at
203 nm. The chromatographic conditions were consistent with
our previous tests for saponins (Xia et al., 2017). The flow rate
was kept at 1 mL/min and the sample injection volume was
20 lL. The chromatographic column was Waters SYMMETRY C18

(4.6 mm � 250 mm, 5 lm). The standard products used were
purchased from National Institutes for Food and Drug Control



Table 3
Water consumption of P. notoginseng of different times.

Time interval Water
consumption /
(kgH2O�plant�1)

Average water
consumption
per day /
(kgH2O�plant�1

�d�1)

Significance of
difference

April 21th � May 20th 0.459 0.0153 a
May 21th � June 20th 0.502 0.0162 a
June 21th � July 20th 0.645 0.0215 b
July 21th � Aug 20th 0.632 0.0204 b
Aug 21th � Sept 20th 0.490 0.0158 a
Sept 21th � Oct 20th 0.411 0.0137 a
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(notoginsenoside R1:110745-200617, ginsenoside Rg1:110703-
201027, ginsenoside Rb1:110704-201122, ginsenoside
Rd:111818-201001).

2.5. Data analysis

The test was performed in a completely randomized design. All
experimental data were calculated using Microsoft Excel 2016. The
data were analyzed by one-way ANOVA and Duncan’s multiple
comparison tests using IBM SPSS Statistics 16.0 software. The fit
of the regression model was done under the Regression menu. Sta-
tistical significance was considered as P < 0.05.

3. Results

3.1. Water consumption of different treatments

The average water consumption of 0.70 FC was 3.678 kg/plant
during the 183 d of the experiment. The average water consump-
tion of 0.45 FC was the smallest, which was 2.727 kg/plant, with
a variation of 0.951 kg/plant. The results of variance analysis
showed that there was a significant difference in water consump-
tion between 0.45 FC and 0.85 FC treatments and 0.60 FC and 0.70
FC treatments (Table 2). The result showed that the water con-
sumption of P. notoginseng had a significant relationship with the
soil water environment. If the soil moisture content is too high
or too low, the water consumption and water consumption inten-
sity of P. notoginsengwill be reduced, and the soil moisture content
in the middle will increase the water consumption. Nowadays, the
shortage of water resources has become a universal problem in the
world. When soil moisture is maintained between 0.60 and 0.70
FC, it is not only beneficial to the growth of P. notoginseng, but also
able to make rational use of soil moisture.

3.2. Water consumption in different months

In this study, the period was divided into six uniform intervals
on the 20th of each month, and the water consumption and water
consumption intensity of each interval were counted. The results
showed that from June 21 to July 21, the average water consump-
tion of P. notoginseng was the largest, which was 0.645 kg/plant;
the average water consumption from September 21 to October
20 was the lowest, which was 0.411 kg/plant, with a variation of
0.234 kg/plant. Analysis of variance showed that the average water
consumption in the middle two intervals (June 21 to July 20 and
July 21 to August 20) was significantly higher than the average
water consumption of the other four intervals (Table 3). It showed
that the water consumption of P. notoginseng had a significant rela-
tionship with its growth period. From June to August, P. notogin-
seng changed from vegetative growth to reproductive growth,
and its water consumption was increased. Since August, the vege-
tative organs of P. notoginseng no longer grow, and the water con-
tent in the plant was relatively reduced, so the water consumption
was reduced.
Table 2
Water consumption of P. notoginseng of different treatments.

Treatments Water
consumption /
(kgH2O�plant�1)

Average water
consumption per day /
(kgH2O�plant�1�d�1)

Significance
of
differences

0.45 FC 2.7267 0.0149 a
0.60 FC 3.3672 0.0184 b
0.70 FC 3.6783 0.0201 b
0.85 FC 2.8914 0.0158 a

Note: Different lowercase letters indicate significant difference (n = 183, P < 0.05).
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3.3. Water consumption dynamics

The daily water consumption of P. notoginseng was very unsta-
ble and there was no obvious regular pattern (Fig. 2). The maxi-
mum daily water consumption occurred at 0.70 FC on July 26,
which was 50.21 g/plant/d, and the lowest occurred at 0.45 FC
on April 22, which was 0.45 g/plant/d, with a variation of 49.76 g/
plant/d. The daily dynamics of water consumption and monthly
water consumption of different treatments were analyzed. The rel-
ative change trend of 0.70 FC, 0.60 FC and 0.45 FC from the begin-
ning of the study to the end of the study was consistent, and the
water consumption of 0.70 FC was always higher than 0.60 FC
and higher than 0.45 FC (Fig. 3). When the water supply was suffi-
cient, the water consumption of P. notoginseng was relatively high.
The relative change of 0.85 FC was relatively large. The water con-
sumption of 0.85 FC was the highest at the beginning of the exper-
iment, and the relative water consumption was decreased
gradually over time. The water consumption of 0.85 FC became
the lowest at the end of the study. At the beginning of the experi-
ment, plants had small differences in each process, when the soil
moisture content was large, the water consumption was large.
Over time, the soil moisture content was too low, and the oxygen
content in the soil inhibited the root respiration and affected the
growth of P. notoginseng, making water consumption at a lower
level.

During the study, the water consumption of P. notoginseng was
low in the early stage, high in the medium term, and low in the
last. In the early stage of the experiment, due to the small leaf area
and low ambient temperature of the P. notoginseng, the water con-
sumption was low. After June 20, the leaf area of P. notoginseng
reached its maximum level and began reproductive growth. At this
time, the temperature of the environment was higher, resulting in
a rapid increase in water consumption of P. notoginseng. From June
20 to August 20, the water consumption peak of P. notoginsengwas
formed, and the water consumption accounted for 40.69% of the
water consumption during the whole study period. After August
20, the artificial disbudding stopped the reproductive growth of
P. notoginseng, senescence of P. notoginseng began slowly, and the
temperature became lower, which reduced the water consumption
of P. notoginseng.
3.4. Daily dynamic of water consumption under different weather
conditions

On the sunny day, the daily water consumption of P. notogin-
seng showed a distinct ‘‘double peak” feature (Fig. 4). The water
consumption peaked at 13 to 15o’clock in all four treatments.
The water consumption of four treatments in this section was
9.5 g/plant, 8.7 g/plant, 8.9 g/plant and 7.3 g/plant, which
accounted for 23.6%, 24.5%, 25.9%, and 31.2% of the total water con-
sumption, respectively. The less soil moisture content is, the higher



Fig. 2. Daily water consumption of P. notoginseng.

Fig. 3. Monthly water consumption of P. notoginseng.
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the proportion of water consumption in the whole day is. The
water consumption sub-high peak occurred from 9:00 to 11:00,
and the water consumption of four treatments was 9.2 g/plant,
7.3 g/plant, 7.1 g/plant and 5.3 g/plant, which accounted for
22.8%, 20.7%, 20.8% and 22.7% of the total water consumption,
respectively. From 11:00 to 13:00, the water consumption was
Fig. 4. Daily dynamic of water consumption of P. notoginseng under sunny day.
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low, which was the phenomenon of ‘‘noon break”. The water con-
sumption reached the lowest level throughout the day, and the
water consumption of the four treatments was about 1.0 g/plant.

The daily dynamic of water consumption in the rainy days of P.
notoginseng showed an obvious ‘‘single peak” feature (Fig. 5). The
trend of the four treatments was basically the same. From the
morning, the water consumption was increased first and then
decreased. At 13:00 to 15:00, the water consumption reached its
peak. The water consumption was 5.8 g/plant, 6.1 g/plant,
4.1 g/plant, and 3.3 g/plant, accounting for 29.1%, 31.6%, 28.5%
and 27.0% of the total daily water consumption, respectively.
However, it didn’t show ‘‘noon break” from 11:00 to 13:00.
Therefore, the water consumption of P. notoginseng can be further
reduced by proper soil water stress in rainy days.

In the sunny days after the rain, the daily water consumption of
P. notoginseng also showed obvious ‘‘double peak” characteristics
(Fig. 6). The water consumption peaked at 15:00 to 17:00. The
water consumption was 6.67 g/plant, 8.7 g/plant, 8.7 g/plant and
4.5 g/plant, respectively. The water consumption sub-high peak
occurred from 9:00 to 11:00, and the water consumption of four
treatments was 4.7 g/plant, 8.0 g/plant, 7.3 g/plant and 2.0 g/plant,
respectively. In the two peaks, the water consumption of 0.70 FC
Fig. 5. Daily dynamic of water consumption of P. notoginseng under rainy day.
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and 0.60 FC was significantly larger. The water consumption also
reached the lowest level throughout the day from 11:00 to 13:00.
3.5. Transpiration coefficient and water use efficiency

The soil moisture content not only affected the water consump-
tion of P. notoginseng, but also affected the dry matter accumula-
tion, and further affected the transpiration coefficient and water
use efficiency of P. notoginseng. The transpiration coefficients of
the four treatments were 0.85 FC, 0.70 FC, 0.45 FC and 0.60 FC from
high to low (Table 4). Water use efficiency is exactly the opposite
of the change in transpiration coefficient. Excessive or too little
water increased the transpiration coefficient of P. notoginseng and
reduced the water use efficiency of P. notoginseng. Moderate water
stress tends to reduce stomatal conductance, the plant can assim-
ilate more molecules of CO2 for each unit of transpired water, being
more efficient in the use of the available water. Thus, the WUE of
0.60 FC was the highest. Appropriate drought treatment not only
improved the dry matter accumulation of P. notoginseng, but also
improved the water use efficiency.
3.6. Effect of soil moisture content on accumulation of active
components in P. notoginseng

The effect of soil moisture content on the contents of four sapo-
nins in P. notoginseng was not closely consistent (Table 5). Among
them, the content of notoginsenoside R1 and ginsenoside Rg1 did
Table 4
Transpiration coefficient and water use efficiency of P. notoginseng of different treatments

Treatments Water consumption /
(g�plant�1)

Dry matter accumulation /
(g�plant�1)

0.85 FC 2891.4 7.26
0.70 FC 3678.3 12.20
0.60 FC 3367.2 15.44
0.45 FC 2726.7 9.25

Table 5
Influence of soil moisture content to saponins of roots.

Treatments R1 / (k�kg�1) Rg1 / (k�kg�

0.45 FC 12.13 ± 2.43 a 25.55 ± 2.35
0.60 FC 9.50 ± 3.42 a 28.75 ± 2.59
0.70 FC 10.79 ± 1.31 a 25.64 ± 4.60
0.85 FC 9.59 ± 2.27 a 26.88 ± 3.81

Fig. 6. Daily dynamic of water consumption of P. notoginseng in sunny days after
the rain.
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not change significantly with soil moisture content, and there
was no significant difference between the treatments; The content
of ginsenosides Rb1 and Rd were decreased gradually with the
increase of soil moisture content. The content of ginsenoside Rb1

treated with 0.45 FC was significantly higher than that of the other
three treatments. The content of ginsenoside Rb1 treated with 0.60
FC was significantly higher than 0.85 FC; The content of gin-
senoside Rd of 0.45 FC was significantly higher than 0.85 FC. The
sum of the four saponins content of soil moisture content of 0.45
FC, 0.60 FC, 0.70 FC and 0.85 FC was 81.74, 77.31, 71.71 and
67.87 g/kg, respectively. With the increase of soil moisture content,
the saponin content showed a gradual decline, indicating that
excessive soil moisture was not conducive to the accumulation of
saponins in roots, while certain drought was beneficial to the accu-
mulation of saponins in roots.

3.7. Calculation of suitable soil moisture content for P. notoginseng
production

With the method of simple regression, the root dry weight of P.
notoginseng, the sum of the contents of four saponins, the incidence
of root rot and soil water content were respectively fitted by
regression, and the following three relations were obtained:

Y ¼ �3:592X þ 9:802ð45% 6 X 6 85%; R2 ¼ 0:980Þ
Where Y was the sum of the contents of four saponins in P. notogin-
seng root per 100 g, and the unit was g. X was the ratio of the actual
soil water content to the maximum field water holding capacity,
and the unit was %.

According to the above formula, the function of the content of
four saponins (g) and soil water content in 100 strains of P. notogin-
seng roots was constructed.

Fsaponin Xð Þ ¼ 100� Y3ð Þ � Y1 � Y2

100

Substituting Y into the above function can obtain a function of
the sum of the total dry weight (g) and the saponins content of
100 strains of P. notoginseng and the soil moisture content. The
expression was as following:

F Xð Þ¼ 100 � 0:431e5X
� �ð�98:36X2þ 121:8X� 24:60Þð�3:592Xþ 9:802Þ

100
;

45% 6X6 85%

The calculated F(X) had a maximum value when the ratio of soil
moisture content to the maximum water holding capacity in the
field is 56.4%, and the maximum value was 92.39 g. That is, when
.

Transpiration coefficient /
(gH2O�gDW�1)

Water use efficiency / (gDW�kgH2O-

1)

398.19 2.51
301.43 3.32
218.05 4.59
294.90 3.39

1) Rb1 / (k�kg�1) Rd / (k�kg�1)

a 36.28 ± 2.83c 7.78 ± 1.76b
a 32.08 ± 3.19b 6.98 ± 1.07 ab
a 29.65 ± 1.41 ab 5.63 ± 0.74 ab
a 26.43 ± 5.05 a 4.97 ± 2.20 a
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the soil moisture content was 56.4% of the maximum water hold-
ing capacity in the field, the sum of the four saponins of 100 strains
of P. notoginseng was the highest, which was 92.39 g.
4. Discussion

4.1. Water consumption of different soil moisture content and weather

Water affects all aspects of plant metabolism. The response of
plants to water is the result of complex interactions between plant
organs through metabolism and signal events. The water con-
sumption and water consumption intensity of P. notoginseng were
significantly affected by soil moisture content. The rapid growth
period of P. notoginseng vegetative organs was from April to June
(Liao et al., 2016). The daily dynamic of water consumption had
an obvious relationship with the weather. On the sunny day and
sunny day after the rain, the daily water consumption of P. notogin-
seng showed a distinct ‘‘double peak” feature. However, the daily
water consumption in the rainy days showed an obvious ‘‘single
peak” feature. Water deficit affects many physiological processes
in plants, generally increasing stomatal resistance and reducing
transpiration (Santana et al., 2015). Too high or too low soil mois-
ture content will significantly increase the transpiration coefficient
of P. notoginseng and reduce its utilization rate of water. Maintain-
ing proper soil moisture content is beneficial to the formation of P.
notoginseng yield and can save water resources.

4.2. Influence of soil moisture on saponins

Secondary metabolites are usually the main medicinal compo-
nents of Chinese medicine, and environmental factors have an
important influence on their formation and accumulation. Studies
have found that moderate drought stress was beneficial to the
accumulation of active ingredients such as saponins in Gynos-
temma pentaphyllum (Thunb.) Makino, baicalin in Scutellaria
baicalensis Georgi, and total saponins from Tribulus terrestris L.
(Long et al., 2008; Shao et al., 2006; Yang et al., 2010). This study
found that the sum of saponins in the roots of P. notoginseng
tended to decrease with the increase of soil moisture content,
which was consistent with the research results of Feng et al.
(2006). Within the range of soil moisture content designed in this
experiment, with the increase of soil moisture content, the con-
tents of notoginsenoside R1 and ginsenoside Rg1 belonging to pro-
topanaxtriol did not change significantly, while the contents of
ginsenoside Rb1 and ginsenoside Rd belonging to protopanaxadiol
were significantly decreased. It can be inferred that the ratio of
the active ingredient content can be adjusted according to the dif-
ference in the response of each active ingredient to the soil mois-
ture content.

The appropriate soil moisture content estimated in this study
was 56.4% of the maximum field water holding capacity, which
was smaller than the results of Cui et al. (2003) (about 65%), which
may be caused by the experimental systematic error. But it also
showed that more aspects, such as the influence of soil moisture
content on the occurrence of diseases and insect pests, light and
respiration characteristics, etc., should be explored to find the suit-
able range of soil moisture for the production of P. notoginseng and
then ensure the yield and quality of P. notoginseng.
5. Conclusion

Soil moisture content significantly affected the water consump-
tion of P. notoginseng, and when it was 56.4% of the maximum
water holding capacity in the field, the sum of the four saponins
of 100 strains of P. notoginseng was the highest.
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