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Abstract

Jiaogulan (Gynostemma pentaphyllum (Thunb.) Makino) is
distributed mostly in mountainous areas, in shaded and humid places
at 300-3200 meters above sea level. This study was conducted to
determine the appropriate application dose of nitrogen for the growth
of Jiaogulan under different shading conditions. The experiment was
arranged in a split-plot design with three replications in 2021.
Nitrogen application dose was the main factor with three levels: N1,
N2, N3 of 90, 120 and 150kg of N ha?, respectively. The shading
condition was the sub-factor with two regimes: S1 - no shading and
S2 - 30% shading (30% reduction in solar radiation using black
netting). The observation parameters included main stem length,
number of leaves, and number of primary branches. The
physiological indicators (LAIl, SPAD, dry mass) were measured at
30, 60, 90, and 120 days after transplanting. Yield and total content
of saponins and flavonoids were determined at harvesting time. The
results showed that the application of the 30% shading condition
combined with increasing nitrogen application doses had positive
effects on the growth and yield of Jiaogulan. The highest yield was
obtained in the treatment combining the 30% shading condition and
N3 nitrogen application level. The total flavonoid and total saponin
contents did not significantly differ among the treatments. Thus, in
the spring-summer season, a combination of a 30% shading condition
and nitrogen application of 150 kg N ha™ should be applied to
produce good growth and high yield as well as ensuring the quality
of Jiaogulan.
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Introduction

Gynostemma pentaphyllum (Thunb.) Makino is a perennial
climbing plant belonging to the Cucurbitaceae family (China
Pharmaceutical University, 1996). This crop is also known by other
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names including Jiaogulan, Qi Ye Dan, Gong
Luo Guo Di, Pian Di Sheng Gen, Xiao Ku Yao,
Amachazuru, and Penta (Valentina et al., 2005).
Jiaogulan is a medicinal herb with great
therapeutic effects on many diseases such as
inflammation, hepatitis, cancer, hematuria,
pharyngeal edema, and trauma (Wu et al., 1998;
Blumert & Liu, 1999; Aftab et al., 2023). In
Japan, G. pentaphyllum is indicated as a
medicine with diuretic, antipyretic, anti-
inflammatory, and tonic properties (Tanner et al.,
1999; Chen, 2000). These effects are due to
Jiaogulan having many pharmacological
compounds, especially the abundance of
saponins. The biological activity of G.
pentaphyllum has been attributed to its saponins
of a dammarane nature called gypenosides or
gynosaponins (Cui et al., 1999; Aftab et al.,
2023; Nizomiddin et al., 2023; Wang et al.,
2023). Over 189 types of saponins were isolated
and identified from Jiaogulan, which are known
as gypenoside saponins (Gyps) (Li et al., 2016).
With so many great effects, Jiaogulan is used
more and more widely as a medicine, functional
food, herbal tea, and vegetable. As a result,
natural sources of this plant are being over-
exploited. Thus, research to find out the
technical measures for its expanding planting
areas as well as increasing its crop seasons to
produce enough materials for production and
consumption is essential.

G. pentaphyllum is distributed mostly in
mountainous areas, in shaded and humid places
at 300-3200 meters above sea level. In Vietnam,
G. pentaphyllum is found naturally on Fansipan
mountain, and in Lao Cai, Ha Giang, Cao Bang,
Hoa Binh, and Ninh Binh provinces (Do Tat Loi,
2004). Guo & Wang (1993) indicated the ideal
soil for Jiaogulan cultivation was a fertile sandy
loam more than 30 cm deep, rich in humus,
nitrogen, and phosphorus, and having a pH of
6.5-7.0. Jiaogulan plants prefer shady areas with
air temperatures of 15-30°C. In order to increase
the planting area, it is necessary to study
cultivation  techniques to create suitable
conditions to meet the ecological requirements
and nutrient needs of Jiaogulan. The Vietnam
Red River Delta is a region with a hot and humid
tropical climate, especially in May, June, July,
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and August with high radiation levels, which are
unfavorable conditions for the growth of
Jiaogulan. Shading, a technique to reduce solar
radiation, is applied to many plants that require
weak light conditions but are grown in strong
light ecological areas (Moniruzzaman et al.,
2009; Meenakshi et al., 2019; Pavithira 2022;
Hongzhi et al., 2023; Ornprapa et al., 2023).
Therefore, shading should be tested and applied
to Jiaogulan in order to grow it in the Red River
Delta ecological conditions. In addition, because
the vegetative parts of Jiaogulan are used as
medicines and dietary supplements, the
application of nitrogen fertilizers needs to be
carefully considered to ensure the content of
useful active ingredients as well as to increase
yield. Besides, many studies have shown that the
combination of shading conditions with
increased nitrogen fertilization brings beneficial
effects on the growth of agricultural crops
(Hongzhi et al., 2023; Ornprapa et al., 2023).
Most studies of Jiaogulan have focused on
extraction, chemistry, and pharmacology, while
research on fertilizer application and shading
techniques is still limited. Therefore, the present
study was conducted to determine the
appropriate application level of nitrogen and
shading conditions for the growth, yield, and
quality of Jiaogulan.

Materials and Methods

Experiment site, plant
cultivation practices

The experiment was conducted at Vietnam
National University of Agriculture in the Spring-
Summer season of 2021, in Hanoi, Vietnam
(21°0° N, 105°55° E). The measured initial
chemical properties of the experimental soil
included total N (0.09%), total P (0.18%), total K
(1.33%), exchangeable N (4.25 mg/100 g),
exchangeable P (50.05 mg/100 g), exchangeable
K (11.75 mg/100 g), organic matter (1.65%), and
pH 6.35. The climate in this region is tropical,
with an average annual temperature of 25.3°C
and an average annual rainfall of 1952.2 mm.
Meteorological data for the research area during
the field experiment were collected at a weather
station and are shown in Figure 1.

materials, and
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Effects of nitrogen application doses on the growth and yield of Jiaogulan under shading conditions
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Figure 1. Climatic data during the entire experiment in Hanoi, Vietnam

Five-leaf Jiaogulan seedlings were used in
this study. Seedlings were prepared in a
greenhouse on sandy soil. The planting density
was 20 plants m?2 The applied doses of
fertilizers for lha were 2 tons of microbial
organic fertilizer, 60kg of P,Os, and 60kg of
K20O. The applied nitrogen doses were
according to the experimental treatments. The
types of fertilizers used in the experiment were
Song Gianh microbial organic fertilizer
(organic matter 15%, humic acid 2.5%, Ca
1.0%, strains of microorganisms: Bacillus
1x10® CFU/g; Azotobacter 1x10° CFU/qg;
Aspergillus sp. 1x10® CFU/qg), urea (46% N),
Lam Thao superphosphate (16.5% P20s), and
potassium  chloride (60% K:0). Basal
applications of the microbial organic and
phosphorous fertilizers were applied. The
amounts of the nitrogen and potassium
fertilizers were divided into two applications at
20 days and 50 days after planting.

Experimental and

parameters

The experiment was arranged in a split-plot
design with three replications. The experimental
main plot area was 10m2 The nitrogen
application dose was the main factor with three

design, treatments,
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levels: N1 - 90 kg of N ha, N2 - 120 kg of N
ha, and N3 - 150 kg of N ha™. The shading
conditions were the sub-factor with two
conditions: S1 - No shading and S2 - 30%
shading. Black netting was used to provide the
30% shading condition (30% reduction in solar
radiation) and kept about 50 cm away from the
surface of the Jiaogulan canopy. The
observation parameters included the main stem
length (measured from the base to the top of the
main stem), number of leaves, and number of
primary branches (branches grown from the
main stem). The physiological traits (leaf area
index (LAI) and dry mass) were measured at 30,
60, 90, and 120 days after transplanting (DAT).
LAI (m? of leaves m of land) was determined
according to the formula: LAI= (A1* Number
of plants m2 of land)/A2*100 where A1l is the
weight of whole fresh leaves of one plant (g)
and A2 is the mass of 1dm? of fresh leaves (g).
The shoots were cut at 5 cm from the base and
oven-dried at 80°C for 48h to determine the dry
mass (weight method), and saponin and
flavonoid contents. The total content of
saponins was measured by the recommended
method of the Vietnam Ministry of Health
(Vietnam Ministry of Health, 2017). The total
content of the flavonoids was determined
according to Pan Zhi Hao et al. (2012).
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Statistical analysis

The data were subjected to ANOVA for the
shading conditions, nitrogen application doses,
interaction of shading condition and nitrogen
application dose, and replication, using
IRRISTAT 5.0. The treatment mean differences
were analyzed using least significant differences
(LSD) at the 5% significance level.

Results
Effect of nitrogen application doses and
shading  conditions on the growth

characteristics of Jiaogulan

Changes in the plant growth characteristics
of Jiaogulan due to the effects of the nitrogen
fertilizer and shading conditions are shown in
Figure 1 and Table 1. The length of the main
stem, the number of leaves, and the number of
primary branches increased rapidly in all the
treatments from 42 to 84 DAT. Under S1,
Jiaogulan gave better growth when nitrogen was
applied at N2. Under S2, the growth results of

Main stem length (cm)

400
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Jiaogulan with the N2 and N3 nitrogen
applications were better than that of N1. The
application doses of nitrogen did not
significantly affect the main stem length. In
contrast, the 30% shading treatment showed a
statistically significant difference in this
parameter of Jiaogulan in comparison with the
no-shading treatment. Regarding the interaction
between doses of nitrogen application and
shading conditions, the S2N3 treatment showed
the longest main stem among the treatments.

Concerning the number of leaves, the results
show that Jiaogulan produced more leaves when
nitrogen application levels were increased.
Different shading conditions also had
significantly different effects on the number of
leaves. Under the 30% shading condition,
applying 150 kg of N ha resulted in the highest
number of leaves among the treatments.
Regarding the number of primary branches, the
nitrogen application of 150 kg ha® gave the
highest value (11.90), followed by 120 kg N ha*
(10.87), and finally 90kg of N ha! (9.27).

Number of leaves

400
300
200
100

14 28 42 56 70 84

Days after transplanting

98 112

Number of 1stbranches

300
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20
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Note: S1 - no shading, S2 - 30% shading, N1 - 90 kg of N ha?, N2 - 120 kg of N ha, and N3 - 150 kg of N ha’.

Figure 2. Changes in the growth characteristics of Jiaogulan affected by nitrogen application doses and shading conditions
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Effects of nitrogen application doses on the growth and yield of Jiaogulan under shading conditions

Table 1. Effects of nitrogen application doses and shading conditions on the growth of Jiaogulan

Treatments Main stem length (cm)  Number of leaves  Number of primary branches
N1 93.21« 69.33¢ 6.27¢
S1 N2 116.45° 146.40° 9.00°¢
N3 60.77¢ 91.13« 7.27¢
N1 265.75° 275.27° 12.27°
S2 N2 317.162 314.8%® 12.73°
N3 319.632 358.932 16.532
S1 90.14° 102.29° 7.51°
Shading (S)
S2 300.852 316.33? 13.842
N1 179.48% 172.3° 9.27°¢
Nitrogen application dose (N) N2 216.812 230.60% 10.87°
N3 190.20° 225.032 11.902
LSDo.05(S) 51.72 92.23 2.70
LSDo.05(N) 28.39 48.05 0.91
LSDo,05(SXN) 40.14 67.95 1.28
CV% 10.90 17.20 6.40
CV% (S) 12.00 15.20 9.20

Note: Means followed by different letters in each column for the single factors (shading condition or nitrogen application dose) or
the interaction of shading condition and nitrogen application dose were significantly different in the LSD tests.

Jiaogulan gave a statistically significantly higher
number of primary branches when grown under
the 30% shading condition in comparison with
the no-shading condition. The interaction of
different application levels of nitrogen and
shading conditions also significantly affected the
number of primary branches. The combination of
30% shading and a nitrogen dose of 150 kg ha*
gave the best effects on the number of primary
branches (16.53).

Effect of nitrogen application doses and
shading conditions on the physiological
characteristics of Jiaogulan

Effect of nitrogen application doses and
shading conditions on LAI

The data in Table 2 show that the LAI gradually
increased with growing time. It can be seen that
the 30% shading condition significantly
increased the LAI in comparison with no
shading. LAl in the 30% shading treatment was
doubled compared with that in the no shading
condition. Increasing the application dose of
nitrogen from 90 to 120 to 150 kg ha® also
increased the LAI from 1.80 to 3.00 to 3.24,
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respectively.  Statistical analysis of the
interaction effect between the nitrogen
application levels and shading conditions
indicated that increasing the application dose of
nitrogen in both the no-shading and 30% shading
conditions increased LAI. Nitrogen application
at the N3 level in the 30% shading condition gave
the highest LAl among the treatments.

Effect of nitrogen application doses and
shading conditions on the SPAD values

The results of Table 3 show that the
application doses of nitrogen and shading
conditions clearly affected the SPAD values at
120 days after planting. The SPAD value when
plants were grown under the 30% shading
condition (44.44) was higher in comparison with
the no-shading condition (38.14). Fertilizing
with increased nitrogen application doses also
increased the SPAD values; however, no
statistical differences were recorded among the
treatments. Although the interaction between
shading conditions and nitrogen application
doses had a statistically significant effect on the
SPAD values, under the 30% shading condition,
Jiaogulan did not show statistically significant
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Table 2. Effects of nitrogen application doses and shading conditions on LAl

Unit: m? of leaves m™ of land

Days after transplanting

Treatments

60 90 120
N1 0.89°¢ 0.98¢ 1.05¢
S1 N2 0.89°¢ 1.31¢ 1.80¢
N3 0.88° 1.98° 2.11°
N1 1.63° 2.50° 2.54°
S2 N2 2.307 3.817 4,192
N3 2.348 3.648 4.372
S1 0.89° 1.42° 1.66°

Shading (S)
S2 2.09? 3.42? 3.70°
N1 1.26° 1.74¢ 1.80°
Nitrogen application dose (N) N2 1.60? 2.56° 3.00?
N3 1.618 2.812 3.242
LSDo.05(S) 0.14 0.52 0.28
LSDo,05(N) 0.14 0.15 0.25
LSDo.05(SxN) 0.20 0.21 0.35
CV% (S) 13.4 14.0 15.0
CV% 7.10 4.80 7.00

Note: Means followed by different letters in each column for the single factors (shading condition or nitrogen application dose) or
the interaction of shading condition and nitrogen application dose were significantly different in the LSD tests.

differences in SPAD values among the different
nitrogen level treatments.

Effect of nitrogen application doses and
shading conditions on dry mass

There were significant differences in the dry
mass of Jiaogulan among the treatments at all
observation stages (30, 60, 90, and 120 DAT)
(Table 4). The dry mass increased most rapidly
during the stage of 60 to 90 DAT. Dry mass
ranged from 170.77 g m? (SIN3) to 381.37 g m™
(S2N3). The 30% shading condition provided
higher dry mass than the no shading condition at
all growth stages. Under the 30% shading
condition, increasing the application amount of
nitrogen also increased the dry mass of
Jiaogulan. However, under the no-shading
condition, in the period of 90 to 120 DAT, due to
hot weather conditions, the growth of plants in
the N3 treatment was seriously affected, and dry
weight was greatly reduced. The interaction
between shading conditions and nitrogen
application doses had a statistically significant
effect on the dry mass of Jiaogulan. The highest
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dry mass was recorded when applying nitrogen
at the N3 level under the 30% shading condition
among the treatments (381.37 g m™).

Effect of nitrogen application doses and
shading conditions on the yield and quality of
Jiaogulan

The yield of Jiaogulan was significantly
affected by the interaction of shading conditions
and different application doses of nitrogen during
the growth period. Under the no-shading
condition, increasing the application levels of
nitrogen from N1 to N2 increased the dry vyield
from 2.05 to 2.55 tons of dry mass ha, while the
yield decreased dramatically in the N3 treatment
(1.71 tons of dry mass ha®). Under the 30%
shading condition, increasing the nitrogen
application doses from N1 to N2 to N3 increased
dry yield from 2.64 to 2.81 to 3.81 tons of dry
mass ha™, respectively (Table 5). The different
yields among the treatments under the interaction
effect might have been driven by the different
influences of both the two single factors of
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Effects of nitrogen application doses on the growth and yield of Jiaogulan under shading conditions

Table 3. Effects of nitrogen application doses and shading conditions on SPAD values

Days after transplanting

Treatments
30 60 90 120
S1 41.482 42.38* 44.00* 38.14°
Shading (S)
S2 40.43* 39.322 43.60* 44.442
N1 40.232 39.062 42.322 39.672
Nitrogen application dose (N) N2 41.142 40.942 44.412 42.502
N3 41.502 42.477 44.672 41.702
N1 40.722 39.822 41.102 35.78°
S1 N2 42.80° 43.40° 46.342 40.25%
N3 40.932 43.742 44552 38.38%
N1 39.732 38.30% 43.532 43.552
S2 N2 39.482 38.452 43.85% 44,252
N3 42.082 41.202 44782 45.022
LSDo,05%(S) 3.74 13.23 9.68 1.84
LSDo,0s5(N) 2.52 4.03 3.75 5.07
CV%(S) 4.56 16.20 11.05 7.00
LSDg,050(CXN) 3.57 5.7 5.31 7.16
CV% 4.60 7.40 6.40 9.20

Note: Means followed by different letters in each column for the single factors (shading condition or nitrogen application dose) or
the interaction of shading condition and nitrogen application dose were significantly different in the LSD tests.

shading condition and nitrogen application level.
The 30% shading condition provided 9.23 tons of
fresh mass ha™ and 0.99 tons of dry mass ha™ of
yield of Jiaogulan, which were higher than plants
under the no shading condition. Increasing the
application doses of nitrogen from N1 to N2 to
N3 increased the yield from 2.35 to 2.68 to 2.76
tons of dry mass hal. Therefore, the results
showed that combining the 30% shading
condition and the nitrogen application of 150 kg
ha* gave the highest yield of Jiaogulan.

Table 5 shows that there were no significant
differences in the total saponin and total
flavonoid contents among the treatments. This
indicates that the shading conditions or different
application doses of nitrogen did not cause
statistical differences in the contents of saponins
and flavonoids. However, due to the increase of
yield in N2 and N3 under the 30% shading
condition, the amount of saponins and flavonoids
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per cultivated unit area were higher than under
the no shading condition.

Discussions

Application of the 30% shading condition
created favorable ecological conditions for
Jiaogulan to grow well and produce a high yield

Jiaogulan is a medicinal plant that prefers
shaded and cool climates with temperatures
ranging from 15 to 30°C. If Jiaogulan is grown in
such outdoor conditions, the plants will grow
well, producing large biomasses and high active
ingredient contents (Guo & Wang, 1993). In our
experiment, the 30% shading condition created
suitable lighting regimes with Jiaogulan's
ecological demands, and thus, the growth,
development, and yield indicators in the 30%
shading condition were higher than those in the
no shading condition.
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Table 4. Effects of nitrogen application doses and shading conditions on dry mass

Unit: g m2
Days after transplanting
Treatments
30 60 90 120

N1 16.67° 81.60¢ 221.79° 204.68°
S1 N2 15.47° 80.80¢ 218.59¢ 25523°

N3 10.80°¢ 116.47°¢ 354.03* 170.77¢

N1 16.47° 123.40% 209.11¢ 281.47°
S2 N2 14.13% 137.73° 251.16° 263.88°

N3 24.80? 180.13 269.69° 381.372

S1 14.31° 92.96° 264.80° 210.23°
Shading (S)

S2 18.47 147.09% 243.322 308.912

N1 16.57% 102.50° 215.45° 243.07°
Nitrogen application dose (N) N2 14.80° 109.27° 234.87° 259,552

N3 17.802 148.302 311.862 276.072
LSDo.05(S) 4.20 3.97 26.00 75.61
LSDo.0s(N) 2.37 11.66 19.74 30.05
LSDg 05(SxN) 3.34 16.49 27.91 42.50
CV% 10.80 7.30 5.80 8.70
CV% (S) 14.3 13.3 12.8 12.7

Note: Means followed by different letters in each column for the single factors (shading condition or nitrogen application dose) or
the interaction of shading condition and nitrogen application dose were significantly different in the LSD tests.

Table 5. Effects of nitrogen application doses and shading conditions on the contents of flavonoids and saponins, and the yield of
Jiaogulan

Treatments Total flavonoids Total Fresh yield Dry yield
(%) saponins (%)  (tons of fresh mass ha)  (tons of dry mass ha')
N1 2.36 2.00 7.58¢ 2.05¢
S1 N2 2.39 2.30 11.00¢ 2.55°
N3 1.63 2.30 7.08¢ 1.71°
N1 2.47 2.23 15.67¢ 2.64°
S2 N2 2.52 2.73 17.38° 2.81°
N3 2.53 2.83 20.33? 3.812
Shading (S) S1 2.20 2.28 8.56° 2.10°
S2 2.51 2.60 17.792 3.092
N1 2.42 2.12 11.63° 2.35°
Nitrogen application dose (N) N2 2.46 2.52 14.192 2.68%
N3 2.08 2.68 13.712 2.762
LSDo.5(S) ; ) 173 0.75
LSDo.s(N) - - 0.95 0.30
LSDo0s(SXN) - - 1.34 0.43
CV% 6.03 9.36 5.40 8.80
CV% (S) 12.05 12.68 10.03 14.49

Note: Means followed by different letters in each column for the single factors (shading or nitrogen application dose) or the interaction
of shading condition and nitrogen application dose were significantly different in the LSD tests.
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Effects of nitrogen application doses on the growth and yield of Jiaogulan under shading conditions

The plant height, number of leaves, number
of primary branches, LAI, dry mass, and yield of
Jiaogulan in the 30% shading condition were
significantly higher in comparison with the no-
shading condition. This is similar to the research
results of Chen et al. (1991) in China who
reported that the dry weight of Jiaogulan was
0.15 kg m under a shaded treatment while 0.035
kg m? in an open area treatment. The dry mass
and yield of Jiaogulan in this experiment were
higher than plants grown in Beijing, China (Chen
etal., 1991), and similar to the research results of
Luu et al. (2021) in Vietnam. Meenakshi et al.
(2019) reported that damask rose’s LAI values
increased when plants were grown under 25%
and 50% shading conditions in comparison with
the control (0% shade). Guenni et al. (2008)
indicated that shade as a single factor can
improve shoot growth in C4 perennial grasses
commonly used as forage plants in the tropics.
Kirk et al. (2002) also reported that applying a
33% shaded condition increased the growth,
development, and yield parameters of pawpaw
plants such as plant height, number of leaves,
LAI, dry mass, and vyield. Pavithira (2022)
indicated that cabbage grown at a 70% shading
level obtained higher growth and yield in a low
country dry zone. The results in our study also
clearly showed that Jiaogulan grew well and had
high yields when grown in shaded conditions.
Thus, shaded conditions should be applied for
planting Jiaogulan in areas with ecological
conditions of strong light. This will create
opportunities to expand the planting area and
increase productivity to meet the needs of humans.

Under the 30% shading condition, increasing
the application dose of nitrogen had good effects
on Jiaogulan growth and yield while ensuring
quality

The positive effects of nitrogen fertilizer on
plant growth and yield have been reported in
many published papers, especially for plants in
which the harvestable parts are the stems and
leaves. The yield of cabbage has been shown to
increase when the amount of nitrogen fertilizer is
increased (Timothy et al., 2022). Wenping et al.
(2022) reported that nitrogen nutrition improved
the weight of Chinese flowering cabbage
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(Brassica campestris L. ssp. chinensis var. utilis
Tsen et Lee). The addition of nitrogen also
stimulated a potato plant’s source capacity and
consequently increased tuber yield (Zewide et
al., 2012; Li et al., 2016). The green color of
plant leaves, cell elongation, growth of
vegetative parts, and chlorophyll content were
encouraged by nitrogen applications (Brady,
1990), resulting in Bangladhonia leaves that
were succulent and soft (Islam et al., 2003). In
addition, if creating environmental conditions
close to the plant's ecological demands when
planting in unsuitable regions or seasons,
producers can combine other cultivation
measures to promote growth and development,
and increase productivity. Moniruzzaman et al.
(2009) indicated that for optimizing yield and
quality, Bangladhonia (Eryngium foetidum L.)
needs to be grown in places where 25-50% shade
is available coupled with the application of
161kg of N haX. Domingos et al. (2011) reported
that the application of shading combined with
nitrogen fertilizer increased leaf length and the
leaf elongation rate of Brachiaria species.
Shading stimulates the response of the plants to
the application of nitrogen which increases leaf
growth. Combining shading conditions and
increasing the amount of nitrogen fertilizer also
increased the yield of vegetable fern (Ornprapa
et al., 2023).

The results of our experiment are in
agreement with previous studies (Domingos et
al., 2011; Timothy et al., 2022; Wenping et al.,
2022), in that the growth and yield of Jiaogulan
were better in treatments combining the 30%
shading condition and nitrogen application
doses, and yields were higher in treatments with
higher  nitrogen  fertilizer  concentrations.
Concerning quality, in our study, the total
flavonoid and total saponin contents of Jiaogulan
did not significantly differ among the treatments.
However, under the 30% shading condition, the
total contents of these two substances in the N2
and N3 nitrogen levels were slightly higher than
in the N1 treatment. Thus, growing Jiaogulan in
the 30% shading condition combined with
nitrogen fertilization both increased productivity
and ensured the medicinal contents. This will be
meaningful in practical production as it can both
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expand growing areas and increase productivity
while still ensuring the quality of Jiaogulan to
meet the purpose of medicinal herb production as
well as daily consumption.

Conclusions

Jiaogulan growth was much affected by the
interaction of shading conditions and nitrogen
application doses. At the early growth stages,
increasing the nitrogen application dose
increased plant growth under both the 30%
shading and no shading conditions. At the later
growth stages, under the 30% shading condition,
increasing the nitrogen application dose
continuously increased plant growth. However,
the N3 treatment dramatically decreased plant
growth under the no-shading condition. The
highest Jiaogulan yield was recorded in the
combination treatment of N3 with the 30%
shading condition. There were no significant
differences in the total flavonoid and total
saponin contents of Jiaogulan among the
treatments. Thus, in the spring-summer crop
season, a combination of a 30% shading
condition and nitrogen application of 150 kg N
ha should be applied to produce great growth
and high yield as well as ensuring the quality
of Jiaogulan.
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