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This study analyzed the effects of ecological factors on secondary metabolites of Scutellaria baicalensis using two sources: 92 
individual roots of S. baicalensis from all over China, and secondary metabolites, medicinal materials and inorganic element 
contents obtained from the testing of 92 S. baicalensis rhizosphere soil samples. The study used environmental data from the 
Genuine Medicinal Material Spatial Analysis Database. Most of the chemical constituents of S. baicalensis were negatively 
correlated to latitude and positively correlated to temperature; generally, the contents of 21 chemical constituents were higher 
at low latitudes than that at high latitudes. By gradual regression analysis, it was found that the content of baicalin in S. bai-
calensis was negatively correlated to latitude and generally the content of inorganic elements in soil was excessively high (ex-
cluding Mg and Ca), which has a negative effect on the accumulation of chemical constituents in S. baicalensis. Based on the 
cluster analysis of 21 constituents, S. baicalensis from different places of origin was divided into two groups, and S. bai-
calensis was not genuine only in a specific small region. Within the zone from Chifeng, Inner Mongolia to Taibai, Shaanxi is 
suitable for accumulation of secondary metabolites of S. baicalensis and such a zone represents a suitable distribution and po-
tential genuine producing area.  
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Some traditional Chinese medicines that are grown in spe-
cific regions and widely recognized as having better benefi-
cial clinical therapeutic effects are called Daodi-herbs or 
geoherbs [1,2]. From a biological point of view, heteroge-
neous individuals of the same species can be classified as 
either geoherbs or non-geoherbs [3], with their unique 
chemical constituents resulting from the interaction between 
minor-polygenes and differential ecology [4]. Plants resist 

biological, physical and chemical environmental stresses by 
regulating the accumulation of secondary metabolites in 
long periods of adaption to the environment [59]. Ecolog-
ical factors are the dominant factors affecting the secondary 
metabolites of the plants [10]. Therefore, research on the 
effects of ecological factors on the accumulation of second-
ary metabolites in medicinal plants is crucial for revealing 
the causes of geoherblism of traditional Chinese medicine, 
which is also a key for carrying out directional cultivation 
and improving the quality of traditional Chinese medicine.  
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Huáng qín (Chinese: 黄芩) is originally from Scutellaria 
baicalensis. Its dried root is popular in traditional Chinese 
medicine. It works as an anti-inflammatory, antioxidant, and 
anti-allergen, and it is often used to treat fevers, coughs, 
allergic rhinitis, and wheezing [11]. Scutellaria baicalensis 
is widely distributed in Northeast China, North China, Cen-
tral China and Southwest China, and is common in exten-
sive areas north of the Yangtze River [12]. Research has 
demonstrated that variation in the quality of S. baicalensis is 
mainly due to environmental factors [13]. In our earlier 
study, 92 individual roots of S. baicalensis and the 92 cor-
responding rhizosphere soil samples were taken from all 
over China; the secondary metabolites in roots of S. bai-
calensis and inorganic elements in roots and rhizosphere 
soil were tested. Based on the data of these secondary me-
tabolites and inorganic elements, massive environmental 
data from the Spatial Analysis Database of Geoherbs are 
used to investigate the influence of ecological factors on the 
accumulation of secondary metabolites and their compre-
hensive effect, which may provide guidance for high-quality 
cultivation of S. baicalensis. 

1  Sample plots and data sources 

1.1  Sample plots 

To eliminate the effect of anthropogenic interference, all 

materials of S. baicalensis used in this study were taken 
from the wild. From the end of July 2007 to the beginning 
of September 2007, these samples were taken randomly 
from 16 main producing areas, from each of which 46 in-
dividual plants of S. baicalensis were collected to make a 
total of 92 plants. The information about the samples and 
their growing areas is given in Table 1. 

1.2  Data source 

Data regarding secondary metabolites of S. baicalensis: a 
total of 19 peaks and 21 constituents were tested in an 
HPLC chromatogram of S. baicalensis (constituents 46 
were not completely separated and the three constituents 
come to one peak, so the total number of peaks was 19). 
The actual contents of the four constituents C9 baicalin, 
C14 wogonoside, C17 baicalein and C18 wogonin, were 
quantified from standard substances, while the contents of 
the rest of the constituents were indicated as peak areas in 
this study because of the absence of standard substances. 
The results indicated that the difference in the peak area of 
21 constituents is significant among all the aforementioned 
areas (average peak areas of 19 peaks: 31264.05, 30113.50, 
318188.06, 273922.13, 60614.93, 100584.08, 3622943.69, 
260674.38, 74292.66, 129634.91, 353354.49, 922312.94, 
46522.56, 24492.74, 614868.38, 198518.55, 30584.19, 
10694.69 and 11552.00), suggesting that geographical en- 

Table 1  S. baicalensis samples and information about their growing areas 

Place of origin 
No. of 
origin 

Sample number Altitude (m) 
Latitude 

(°N) 
Longitude 

(°E) 
Annual precipitation 

(mm) 
Annual sunshine 

(h) 

Annual 
average 

temperature (°C) 

Soil 
type 

Soil 
subtype 

Huma, 
Heilongjiang 

1 6 290 51.831 126.428 469.5 2138.5 0.2 
Dark brown 

soil 
Dark brown 

soil 
Argun, Inner 

Mongolia 
2 6 565 50.423 119.508 344.9 2210.3 0.5 

Dark 
meadow soil 

Gley dark 
meadow soil 

Duerbote, 
Heilongjiang 

3 6 146 46.511 124.595 413.3 2329.7 3.8 
Aeolian 

sandy soil 
Fixed aeolian 

sandy soil 

Baicheng, Jilin 4 6 241 45.898 122.425 416.1 2406.4 4.2 Chestnut soil 
Dark chestnut 

soil 

Yanji, Jilin 5 6 302 42.919 129.598 537.9 1903.2 6 
Dark 

meadow soil 
Gley dark 

meadow soil 
Linxi, Inner 
Mongolia 

6 6 1212 44.054 117.763 360.8 2434.3 3.6 Chestnut soil 
Dark chestnut 

soil 
Chifeng, Inner 

Mongolia 
7 6 691 42.087 118.764 395.8 2375.4 6.1 

Cinnamon 
soil 

Eluvial cinna-
mon soil 

Chicheng, 
Hebei 

8 6 1100 40.93 115.817 413.5 2420 6.6 
Yellow 

loessial soil 
Yellow loessial 

soil 
Yanqing, 
Beijing 

9 4 488 40.473 115.978 442.6 2377.7 7.7 
Yellow 

loessial soil 
Yellow loessial 

soil 
Weichang, 

Hebei 
10 6 530 40.203 117.942 729.6 2170.4 8.6 

Cinnamon 
soil 

Eluvial cinna-
mon soil 

Wutai, Shanxi 11 6 1148 38.821 113.359 717.4 2216 7.8 
Cinnamon 

soil 
Eluvial cinna-

mon soil 
Fenyang, 
Shanxi 

12 6 1588 37.421 111.645 465.3 2055.6 7.9 
Cinnamon 

soil 
Cinnamon soil 

Yan’an, Shaanxi 13 6 1218 35.592 109.88 615 2060 9.7 Spongy soil Loessal soil 

Heshui, Gansu 14 6 1121 36.118 108.672 546.2 1987.3 9.7 Spongy soil Loessal soil 

Taibai, Shaanxi 15 6 1682 34.073 107.303 713.6 1471.6 10.6 Brown soil Brown soil 
Shanyang, 
Shaanxi 

16 4 949 33.557 109.894 711.2 1611.5 12 
Yellow 

brown soil 
Clay pan yel-

low brown soil 
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vironment has an impact on the contents of the chemical 
constituents of S. baicalensis. 

Data regarding inorganic elements in S. baicalensis and 
their rhizosphere soil: the average contents of such inorgan-
ic elements as Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr and Zn in S. 
baicalensis were 9891.85, 12.54, 23.09, 2150.84, 6336.77, 
5736.96, 70.83, 692.09, 74.4 and 28.98 mg kg1, respec-
tively, and the average contents in rhizosphere soil were 
37235.21, 209.41, 37.14, 14612.92, 22363.33, 9890.42, 
908.89, 739.04, 40.91 and 70.54 mg kg1, respectively. The 
contents of inorganic elements in S. baicalensis and rhizo-
sphere soil were significantly different among all the 
aforementioned places, which suggest that the geographical 
environment may have an impact over the accumulation of 
inorganic elements in medicinal materials and the contents 
of inorganic elements in the soil may directly affect the  
accumulation of inorganic elements in the medicinal    
materials.  

Data on meteorological factors: these data were sourced 
from the local meteorological station nearest to the sample 
plot and include the temperatures, annual precipitations, 
annual sunshine hours, and annual relative humidity over 30 
years from 1971 to 2000. A spatial interpolation analysis 
was performed on the averages of the dominant climate 
factors over the 30 years from 1971 to 2000 by using Surfer 
7.0 and the Kriging method at an interpolation accuracy of  
4 km×4 km to obtain the countrywide spatial distribution 
map for each dominating climate factor. An allowance of 
1/5 magnitude was made for verifying the accuracy of the 
interpolation results [14,15].  

2  Data processing 

The test results were analyzed with Excel 2003 and SPSS 
13.0. Correlation analyses were conducted using Pearson 
coefficient test. Multiple comparisons were carried out us-
ing the SNK method. A multivariate regression analysis was 
conducted to establish the correlation model between envi-
ronmental factors and chemical constituents. Cluster analy-
sis showed the similarity of the chemical constituents of 
medicinal materials from different places of origin.  

3  Results and analyses  

3.1  Correlation between ecological factors and sec-
ondary metabolites of S. baicalensis 

3.1.1  Correlation between climatic factors and secondary 
metabolites of S. baicalensis 

Usually latitude and longitude indirectly affect medicinal 
plants through the influence of temperature and precipita-
tion, and their effect on plants is as important as tempera-
ture, precipitation, sunshine and other climatic factors. As 

seen from Table 2, among the 19 peaks, 11 components 
have no significant correlation with ecological factors, 
while the other eight components have significant correla-
tion with up to six ecological factors. For example, compo-
nent 9, which has the largest content, is significantly corre-
lated with six ecological factors, and so are components 4–6 
(which have not been separated). This suggests that differ-
ent chemical compositions are influenced differently by 
ecological factors. Six ecological factors are significantly 
correlated with 3–7 chemical compositions, suggesting that 
the same ecological factors will have different influences on 
different chemical compositions. Among them, latitude and 
longitude are significantly correlated with seven and six 
chemical compositions respectively, suggesting that these 
two factors have the largest influence on chemical composi-
tion. Meanwhile, latitude and most chemical compositions 
are negatively correlated, while temperature and most 
chemical compositions are positively correlated, suggesting 
that high temperature is good for accumulation of the ma-
jority of chemical constituents inside the root of S. bai-
calensis. Studies of Zobayed et al. [16] have shown that 
heat stress is an important environmental factor in promot-
ing accumulation of secondary metabolites for Hypericum 
(Hypericum perforatum). 

Climatic and geographical differences will affect the 
composition and ratio [17] of flavonoid content inside 
plants. Stepwise regression analysis obtained the regression 
equation for baicalin and climatic factor: Ybaicalin= 
24.9280.312 latitude (F=18.054, P=0.000), which also 
showed that baicalin content is negatively correlated with 
latitude. The other three components, wogonoside, baicalei 
and wogonin, did not obtain the stepwise regression equa-
tion. The regression equation between baicalin and climatic 
factors could be obtained through the use of regression 
analysis: Ybaicalin=30.661−0.002 altitude−0.364 latitude− 
0.067 longitude−0.002 annual precipitation−0.001 annual 
sunshine duration−0.470 annual average temperature 
(F=4.213, P=0.001). The regression equation between 
wogonin and climatic factors was Ywogonin=0.193+0.018 lat-
itude−0.002 longitude−0.001 annual precipitation+0.042 
annual average temperature (F=3.061, P=0.009). No regres-
sion equation was obtained for wogonoside. 

3.1.2  Correlation between soil inorganic elements and 
secondary metabolites of S. baicalensis 

Table 3 shows 21 components in S. baicalensis with differ-
ent correlations with 10 inorganic elements. Seven compo-
nents have no significant correlation with inorganic ele-
ments, while the other components have significant correla-
tion with 17 components. Among them, component 9, 
baicalin, and component 13 have significant correlation 
with seven kinds of inorganic elements, suggesting that 
each component is influenced differently by inorganic ele-
ments. Ten inorganic elements have significant correlation 
with 17 chemical compositions, Mg and Mn have signifi-
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Table 2  Correlation between 21 component contents (peak area) and ecological factors of S. baicalensisa) 

 Ecological factor Altitude (m) Latitude (°N) Longitude (°E) 
Annual precipitation 

(mm) 
Annual sunshine 

duration (h) 
Annual average 
temperature (°C) 

Component 
Significant correla-

tion number 
3 7 4 5 5 6 

C 1 0 0.209 0.160 0.036 0.116 0.124 0.253 

C 2 1 0.271 0.460 0.556* 0.326 0.096 0.474 

C 3 3 0.291 0.517* 0.630** 0.395 0.454 0.512* 

C 46 6 0.565* 0.729** 0.707** 0.749** 0.594* 0.715** 

C 7 4 0.567* 0.669** 0.459 0.521* 0.454 0.642** 
C 8 0 0.079 0.122 0.228 0.202 0.005 0.103 

C 9 6 0.569* 0.614* 0.599* 0.509* 0.506* 0.559* 

C 10 3 0.461 0.506* 0.401 0.531* 0.627** 0.465 

C 11 3 0.468 0.554* 0.470 0.480 0.781** 0.507* 

C 12 0 0.215 0.234 0.043 0.386 0.221 0.214 

C 13 0 0.423 0.091 0.288 0.187 0.429 0.014 
C 14 0 0.380 0.330 0.227 0.299 0.345 0.297 

C 15 0 0.155 0.033 0.099 0.242 0.172 0.066 

C 16 0 0.167 0.092 0.141 0.171 0.011 0.128 

C 17 0 0.079 0.188 0.200 0.097 0.150 0.212 

C 18 0 0.432 0.147 0.239 0.324 0.082 0.073 
C 19 0 0.186 0.013 0.060 0.080 0.204 0.060 

C 20 4 0.485 0.654** 0.383 0.558* 0.540* 0.639** 
C 21 0 0.264 0.112 0.006 0.354 0.118 0.068 

a) * shows significance at the level as α=0.05; ** shows significance at the level as α=0.01; C9 as baicalin, C14 as wogonoside, C17 as baicalein, C18 as 
wogonin. 

Table 3  Relevant analysis between 21 component contents (peak area) and soil inorganic elements of S. baicalensisa) 

 Element Ca Cr Cu Fe K Mg Mn P Sr Zn 

Component 
Significant 

correlation number 
2 6 5 6 4 7 7 1 5 1 

C 1 2 0.023 0.202 0.187 0.204 0.071 0.001 0.230* 0.020 0.239* 0.018 

C 2 0 0.191 0.151 0.104 0.123 0.009 0.077 0.044 0.090 0.095 0.100 

C 3 5 0.197 0.245* -0.205 0.251* 0.341** 0.176 0.260* 0.033 0.228* 0.079 

C 46 1 0.161 0.018 0.011 0.041 0.152 0.434** 0.006 0.078 0.025 0.126 

C 7 6 0.050 0.306** 0.387** 0.305** 0.083 0.465** 0.234* 0.293** 0.155 0.051 

C 8 5 0.170 0.316** 0.253* 0.296** 0.182 0.076 0.300** 0.010 0.349** 0.139 

C 9 7 0.222* 0.210* 0.213* 0.278** 0.258* 0.271** 0.283** 0.168 0.188 0.048 

C 10 1 0.035 0.100 0.099 0.136 0.094 0.343** 0.084 0.036 0.106 0.192 

C 11 6 0.215* 0.265* 0.156 0.277** -0.273** 0.176 0.284** 0.126 0.280** 0.005 

C 12 0 0.061 0.023 0.024 0.013 0.059 0.077 0.024 0.004 0.054 0.075 

C 13 7 0.107 0.291** 0.258* 0.300** 0.299** 0.137 0.283** 0.123 0.304** 0.229* 

C 14 1 0.129 0.023 0.061 0.060 0.100 0.205* 0.070 0.074 0.029 0.113 

C 15 0 0.129 0.066 0.044 0.038 0.062 0.084 0.056 0.073 0.125 0.127 

C 16 0 0.024 0.134 0.103 0.135 0.119 0.186 0.174 0.071 0.193 0.003 

C 17 0 0.184 0.141 0.083 0.130 0.165 0.197 0.196 0.084 0.193 0.079 

C 18 1 0.000 0.017 0.054 0.065 0.004 0.271** 0.002 0.021 0.022 0.059 

C 19 0 0.081 0.122 0.201 0.159 0.051 0.189 0.074 0.093 0.017 0.025 

C 20 2 0.173 0.126 0.209* 0.112 0.104 0.320** 0.027 0.132 0.048 0.038 

C 21 0 0.024 0.040 0.021 0.019 0.054 0.170 0.065 0.059 0.058 0.036 

a) * shows significance at the level as α=0.05; ** shows significance at the level as α=0.01; C9 as baicalin, C14 as wogonoside, C17 as baicalein, C18 as 
wogonin. 

cant correlation with seven components, while Cr and Fe 
have significant correlation with six components, suggest-

ing that these inorganic elements have larger influence on 
chemical composition. There are 44 significant correlations 
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between chemical composition and inorganic elements, of 
which 34 are negative and 10 are positive. Of the 10 posi-
tive correlations, four different components are positively 
correlated with Mg (another three components are nega-
tively correlated with Mg), and Ca has significant positive 
correlation with two chemical compositions, suggesting that 
many other inorganic elements with higher content are gen-
erally not conducive for the accumulation of chemical con-
stituents inside S. baicalensis. 

3.1.3  Correlation between inorganic elements and sec-
ondary metabolites of S. baicalensis 

In the processes of growth, development and response to 
environmental stress in plants, inorganic element changes 
are significantly correlated [18] with changes in metabolites 
inside the body. Inorganic elements of S. baicalensis are in 
vivo ecological factors of secondary metabolite accumula-
tion, and have important influence on secondary metabolites 
of S. baicalensis by ecological factors. As shown in Table 4, 
different chemical compositions of S. baicalensis have dif-
ferent correlations with inorganic elements. Six of the 21 
components have no significant correlation with inorganic 
elements, while the other components have significant cor-
relations with 1–7 kinds of inorganic elements. Component 
9 (baicalin) has significant correlations with seven inorganic 
elements of medicinal material; component 10 has signifi-
cant correlations with six inorganic elements of medicinal 
material. Ten inorganic elements inside S. baicalensis are  

significantly correlated with 3–6 chemical compositions, 
and six inorganic elements have significant correlations 
with five different chemical compositions. This shows that 
the frequency of significant correlations between different 
chemical compositions and inorganic elements is very low, 
while the frequency of significant correlations between in-
organic elements and chemical compositions is very high. 

3.2  Correlation between ecological factors and inor-
ganic elements of S. baicalensis 

3.2.1  Correlation among inorganic elements of S. bai-
calensis 

Inorganic elements have a major impact on the accumula-
tion of secondary metabolites, but how do a variety of eco-
logical factors affect inorganic elements in S. baicalensis? 
Comparing the data in Tables 3 and 4, we find that there is 
no relationship between correlation of some chemical com-
positions with inorganic element content in S. baicalensis 
and correlation between this chemical composition with this 
inorganic element content. To further study the relationship 
between inorganic elements in S. baicalensis and those in 
soil, the correlations among the inorganic elements of the 
root of S. baicalensis and the correlation between inorganic 
elements in the root of S. baicalensis and soil were ana-
lyzed. 

The results of correlation analysis among inorganic ele- 
ments of the root of S. baicalensis are shown in Table 5, and   

Table 4  Correlation between inorganic elements and chemical composition of S. baicalensisa) 

 Element Ca Cr Cu Fe K Mg Mn P Sr Zn 

Component 
Significant 

correlation number 
4 5 5 5 5 4 6 5 6 3 

C 1 4 0.078 0.232* 0.095 0.053 0.339** 0.217* 0.132 0.147 0.052 0.224* 

C 2 1 0.025 0.105 0.048 0.108 0.171 0.118 0.239* 0.063 0.163 0.124 
C 3 3 0.006 0.165 0.243* 0.091 0.205* 0.203 0.152 0.160 0.107 0.256* 

C 46 3 0.077 0.321** 0.169 0.165 0.273** 0.105 0.161 0.200 0.374** 0.168 
C 7 5 0.009 0.235* 0.033 0.306** 0.289** 0.012 0.180 0.295** 0.509** 0.034 

C 8 2 0.016 0.034 0.176 0.159 0.032 0.213* 0.182 0.208* 0.028 0.087 
C 9 7 0.210* 0.187 0.228* 0.261* 0.029 0.046 0.369** 0.219* 0.272** 0.301** 

C 10 6 0.209* 0.217* 0.282** 0.184 0.211* 0.249* 0.176 0.221* 0.187 0.162 
C 11 4 0.053 0.052 0.250* 0.098 0.029 0.048 0.215* 0.210* 0.226* 0.200 
C 12 0 0.135 0.151 0.119 0.144 0.007 0.022 0.146 0.072 0.106 0.188 
C 13 1 0.115 0.058 0.222* 0.027 0.132 0.041 0.106 0.046 0.025 0.178 
C 14 4 0.216* 0.205* 0.096 0.148 0.083 0.024 0.278** 0.004 0.222* 0.125 
C 15 3 0.129 0.005 0.043 0.289** 0.193 0.218* 0.296** 0.130 0.079 0.095 

C 16 2 0.312** 0.054 0.063 0.216* 0.030 0.074 0.147 0.140 0.032 0.026 

C 17 0 0.081 0.038 0.164 0.022 0.034 0.109 0.110 0.129 0.114 0.191 
C 18 0 0.124 0.036 0.011 0.186 0.017 0.039 0.094 0.045 0.002 0.062 

C 19 0 0.166 0.055 0.008 0.096 0.110 0.050 0.007 0.007 0.092 0.042 

C 20 4 0.148 0.228* 0.066 0.361** 0.029 0.048 0.325** 0.084 0.271** 0.117 

C 21 0 0.029 0.129 0.018 0.089 0.073 0.120 0.010 0.013 0.057 0.007 

a) * shows significance at the level as α=0.05; ** shows significance at the level as α=0.01; C9 as baicalin, C14 as wogonoside, C17 as baicalein, C18 as 
wogonin. 
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there are in total 45 correlation coefficients for every two 
elements among the 10 inorganic elements of S. baicalensis. 
Eighteen of these were significantly correlated, exceeding 
1/3 of the total number. The 10 inorganic elements, Ca, Cr, 
Cu, Fe, K, Mg, Mn, P, Sr and Zn, are significantly correlat-
ed with other kinds of inorganic elements as with correla-
tion frequencies of 4, 0, 2, 5, 2, 5, 5, 3, 5 and 7, respectively. 
Of these, Ca and P show negative correlations, suggesting 
antagonism between these two components; the other kinds 
of inorganic elements are positively correlated, suggesting 
that the majority of the absorption of inorganic elements 
may have a synergistic effect. Among them, Zn, Fe, Mg, 
Mn and Sr of S. baicalensis are positively correlated with 
five or more other kinds of inorganic elements, suggesting 
that the absorption of these elements has a synergistic effect 
with a variety of inorganic elements. 

3.2.2  Correlation between inorganic elements in the root 
of S. baicalensis and those in rhizosphere soil 

The results of the correlation analysis between the root of S. 
baicalensis and inorganic elements of soil are shown in Ta-
ble 6, and only three medicinal materials, Ca, Cu and P, of 
the 10 kinds of inorganic elements of S. baicalensis are pos-
itively correlated with soil content, while the other seven 
elements of medicinal materials are not correlated. Ca, Cr, 

Cu, Fe, K, Mg, Mn, P, Sr and Zn of S. baicalensis are sig-
nificantly correlated with the other 0, 1, 6, 2, 6, 0, 4, 1, 4 
and 5 inorganic elements in the soil, suggesting that several 
other inorganic elements have little or no influence on the 
accumulation of Ca and Mg. Accumulation of Cr, Cu, Fe, K, 
Mn, P, Sr and Zn is influenced by the other inorganic ele-
ments in the soil, and accumulation of Cu, K and Zn might 
be influenced by more inorganic elements. This reflects the 
fact that demand for different inorganic elements and ab-
sorption characteristics of S. baicalensis are different, sug-
gesting that some inorganic elements of S. baicalensis are 
not only related with corresponding elements in the soil, but 
might be more related with other inorganic element com-
ponents in the soil.  

Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr and Zn in the soil are 
significantly correlated with the other inorganic elements of 
medicinal materials 1, 4, 3, 3, 1, 5, 3, 3, 4 and 2. This sug-
gests that Cr, Mg and Sr in the soil have greater impacts on 
inorganic elements of S. baicalensis, among which soil Mg 
is significantly and negatively correlated with Cr, Fe, Mn 
and Sr of medicinal materials, while significantly and posi-
tively correlated with K in the medicinal materials, sug-
gesting that Mg in the soil might promote K absorption by 
the root of S. baicalensis.

Table 5  Analysis of correlation among inorganic elements of the root of S. baicalensisa) 

Element Ca plant Cr plant Cu plant Fe plant Kn plant Mg plant Mn plant P plant Sr plant 

Cr plant 0.075         

Cu plant 0.012 0.180        

Fe plant 0.426** 0.170 0.089       

K plant 0.096 0.174 0.069 0.090      

Mg plant 0.078 0.023 0.147 0.218* 0.451**     

Mn plant 0.395** 0.082 0.046 0.918** 0.048 0.252**    

P plant 0.238* 0.032 0.259** 0.046 0.016 0.071 0.074   

Sr plant 0.332** 0.150 0.037 0.391** 0.181 0.273** 0.462** 0.130  

Zn plant 0.079 0.008 0.566** 0.384** 0.233* 0.363** 0.395** 0.237* 0.211* 

a) * shows significance at the level as α=0.05; ** shows significance at the level as α=0.01. 

Table 6  Correlation between inorganic elements in S. baicalensis and those in soila) 

Element Ca plant Cr plant Cu plant Fe plant K plant Mg plant Mn plant P plant Sr plant Zn plant 

Ca soil 0.227* 0.132 0.078 0.167 0.068 -0.093 0.309** 0.067 0.123 0.131 
Cr soil 0.027 0.092 0.560** 0.111 0.325** 0.126 0.132 0.130 0.236* 0.292** 

Cu soil 0.051 0.146 0.356** 0.067 0.405** 0.107 0.083 0.063 0.225* 0.189* 

Fe soil 0.017 0.094 0.470** 0.046 0.363** 0.130 0.054 0.121 0.169 0.253** 

K soil 0.168 0.007 0.452** 0.102 0.020 0.048 0.037 0.014 0.093 0.154 

Mg soil 0.171 0.259** 0.077 0.225* 0.295** 0.149 0.226* 0.075 0.490** 0.050 
Mn soil 0.004 0.094 0.562** 0.035 0.260** 0.152 0.088 0.182 0.080 0.331** 

P soil 0.129 0.026 0.073 0.369** 0.006 0.098 0.444** 0.295** 0.550** 0.095 

Sr soil 0.029 0.064 0.594** 0.072 0.190* 0.159 0.093 0.222* 0.078 0.306** 

Zn soil 0.099 0.098 0.209* 0.130 0.110 -0.043 0.250** 0.108 0.038 0.006 

a) * shows significance at the level as α=0.05; ** shows significance at the level as α=0.01. 
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3.2.3  Correlation between inorganic elements of S. bai-
calensis and ecological factors  

As seen in Table 7, P and Sr in S. baicalensis are signifi-
cantly and negatively correlated with altitude and annual 
average temperature, while significantly and positively cor-
related with longitude and latitude, suggesting that high 
temperature is not conducive for absorption of P and Sr by 
the root of S. baicalensis. Ecological factors such as climate 
do not affect absorption for other inorganic elements by S. 
baicalensis directly. 

3.3  Comprehensive effect of ecological factors on sec-
ondary metabolites of S. baicalensis  

Secondary metabolites of S. baicalensis are a result of the 
comprehensive effect of various factors from both internal 
and external environment. To further analyze the compre- 

 

 
Figure 1  Dendrogram of chemical composition for S. baicalensis of 
different origins (associated method within groups). 1–16 represent sepa-
rately: Huma, Heilongjiang Province; Ergun, Inner Mongolia; Duerbote, 
Heilongjiang Province; Baicheng, Jilin Province; Yanji, Jilin Province; 
Linxi, Inner Mongolia; Chifeng, Inner Mongolia; Chicheng, Hebei Prov-
ince; Yanqing, Beijing; Paddock, Hebei Province; Wutai, Shanxi Province; 
Fenyang, Shaanxi Province; Yan’an, Shanxi Province; Heshui, Gansu 
Province; Taibai, Shaanxi Province; and Shanyang, Shaanxi Province.  

hensive effect of ecological factors on secondary metabo-
lites of S. baicalensis. Euclidean distance was adopted and 
cluster analysis was carried out on S. baicalensis all over 
the world. An associated method was used within groups, 
based on 21 chemical compositions in S. baicalensis, and 
the result showed that S. baicalensis from different origins 
could be divided into two main categories (Figure 1). 
Among them, samples 1–10 (except 7) are clustered into 
one class while samples 11–16 and sample 7 are clustered 
into another class. When these sample plots are displayed 
on the map, it can be found that the first of these two groups 
is mainly distributed in the northeast regions of China, and 
the second group is mainly distributed in regions from the 
north to the northwest. The origin of these two groups does 
not cross geographically, but each group has a geographical 
continuity, indicating that ecological factors have compre-
hensive effects on the secondary metabolites of S. bai-
calensis. 

4  Discussion and conclusion 

4.1  Effects of ecological factors and secondary metabo-
lites of the root of S. baicalensis 

Under the conditions of heterogenic environments, accu-
mulation of secondary metabolites in medicinal plants has 
different features [19]. The different contents or proportion 
of accumulated secondary metabolites of medicinal plants 
means that it is possible that the clinical therapeutic effects 
are not exactly the same even for the same kind of tradi-
tional Chinese medicine, leading to the differences in the 
clinical medicine quality of traditional Chinese medicines 
[20,21]. The relevant analysis aims at studying whether 
there is any interdependent relationship among these phe- 
nomena, discussing the relevant directions and conducting 
statistics and analyses of relevant degree towards the spe-
cific phenomena with interdependent relationships [22,23]. 
This study analyzed the correlation among secondary me- 
tabolites of the root of S. baicalensis and inorganic elements, 
and the ecological factors that might affect their content. It  

Table 7  Correlation between inorganic elements of S. baicalensis and ecological factorsa) 

Element Altitude (m) Latitude (°N) Longitude (°E) 
Annual precipitation 

(mm) 
Annual sunshine 

duration (h) 
Annual average 
temperature (°C) 

Ca plant 0.022 0.120 0.210 0.115 0.186 0.127 

Cr plant 0.374 0.437 0.341 0.374 0.219 0.419 
Cu plant 0.274 0.326 0.255 0.165 0.401 0.252 
Fe plant 0.232 0.376 0.260 0.122 0.002 0.388 
K plant 0.183 0.366 0.328 0.315 0.220 0.393 

Mg plant 0.031 0.120 0.021 0.236 0.269 0.165 

Mn plant 0.253 0.342 0.319 0.079 0.027 0.347 
P plant 0.586* 0.669** 0.662** 0.131 0.302 0.591* 
Sr plant 0.672** 0.688** 0.674** 0.423 0.339 0.650** 
Zn plant 0.380 0.301 0.424 0.133 0.159 0.221 

a) * shows significance at the level as α=0.05; ** shows significance at the level as α=0.01. 
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can be concluded from the correlation analysis of secondary 
metabolites of the root of S. baicalensis that different kinds 
of ecological factors have different extents of effects on 
different secondary metabolites of the root of S. baicalensis. 
The same kind of ecological factor may have different ef-
fects on different secondary metabolites. Most secondary 
metabolites have negative correlations with latitude and 
positive correlations with temperature, showing that high 
temperature is beneficial for accumulation of most second-
ary metabolites in the root of S. baicalensis. Different sec-
ondary metabolites are affected by different kinds of inor-
ganic elements in the soil to different extents, where the 
inorganic elements including Mg, Mn, Cr and Fe in the soil 
all have relatively significant strong effect on secondary 
metabolites. Except for Mg and Ca, too high a content of 
inorganic elements is unfavorable for accumulation of sec-
ondary metabolites of the root of S. baicalensis. Among the 
21 components in the root of S. baicalensis, six components 
have no obvious correlation with inorganic elements. The 
correlation with inorganic elements of remaining compo-
nents differs significantly while the frequencies of remarka-
ble significant correlations with chemical components of 
different inorganic elements are approximately the same. 
Baicalin is the component that has the highest content in the 
root of S. baicalensis. The six ecological factors, soil and 
various kinds of inorganic elements in the medicinal mate-
rials have significant correlations with accumulation of bai-
calin, suggesting that multiple ecological factors have rela-
tively significant effects on the accumulation of baicalin. 

On the whole, different secondary metabolites in the root 
of S. baicalensis show significantly different responses to-
wards different ecological factors, while various ecological 
factors have different effects and intensities on the accumu-
lation of secondary metabolites in the root of S. baicalensis. 
Most secondary metabolites in the root of S. baicalensis 
have negative correlations with latitude and positive corre-
lations with temperature. A similar phenomenon has also 
been found in many studies on Rhizoma atractylodis and 
Artemisia apiacea [24,25]. Research has shown that as a 
kind of phytoalexin, both synthesis and emission of second-
ary metabolites will increase under environmental stress 
[19], indicating that the relatively cool and cold zones are 
suitable for growth of S. baicalensis while high tempera-
tures may lead to certain adversity stresses, consequently 
leading to synthesis of secondary metabolites.   

4.2  Effect of ecological factors on inorganic elements in 
the root of S. baicalensis  

Different kinds of inorganic elements have different func-
tions inside the plant. Not only do inorganic elements affect 
root nutrition, physiological and metabolic activities of the 
plant, and promote plant growth, but they also constitute 
factors for active ingredients of medicinal plants. Therefore, 
inorganic elements affect formation and accumulation of 

chemical composition of plants [2630]. To further observe 
the effect of inorganic elements on accumulation of second-
ary metabolites, this study analyzed the correlation between 
various ecological factors and accumulation of inorganic 
elements in the root of S. baicalensis. It can be concluded 
that except for the significantly negative correlation be-
tween Ca and P in the root of S. baicalensis, there is posi-
tive correlation between the remaining inorganic elements, 
which shows that absorption of these inorganic elements 
might have synergistic reactions. In particular, absorption of 
Zn, Fe, Mg, Mn and Sr has synergistic reactions with multi-
ple inorganic elements. Among the 10 inorganic elements 
including Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr and Zn in the 
root of S. baicalensis, only three medicinal materials in-
cluding Ca, Cu and P are significantly positively correlated 
with contents in the soil while medicinal materials of the 
other seven elements are not significantly correlated with 
contents in the soil. On the contrary, this study showed that 
Cr, Cu, Fe, K, Mn, P, Sr and Zn in the root of S. baicalensis 
are significantly correlated with other inorganic elements in 
the soil. Furthermore, Cu, K and Zn are correlated with 
many inorganic elements, indicating that their accumulation 
might be affected by more inorganic elements. Note that 
content of a certain inorganic element in the root of S. bai-
calensis might not only be correlated with the correspond-
ing element content in the soil, but may also be closely cor-
related with contents of other inorganic elements in the soil. 
Different inorganic elements in the soil have different ef-
fects on inorganic elements in the roots of S. baicalensis, 
where Cr, Mg and Sr have relatively significant effects on 
accumulation of inorganic elements in the root of S. bai-
calensis. Besides high temperatures, which are unfavorable 
for absorption of P and Sr by the root of S. baicalensis, this 
study showed that ecological factors have no direct effects 
on absorption of most inorganic elements by the root of S. 
baicalensis. 

In recent years, it has been found that pesticide effects on 
traditional Chinese medicine have to do with the trace ele-
ments contained and the content proportion of various trace 
elements [31,32]. Cao et al. [24] noted that the active ingre-
dient of Chinese medicine might be one or several organic 
elements or might be associated with trace elements, but is 
most likely formed by both. Other scholars have pointed out 
that there is complicated interaction among inorganic ele-
ments, which is reflected as a relationship that is equally 
important and irreplaceable [27,28]. For example, the Cd in 
plants can disturb metabolism of Fe, reduce effectiveness of 
Fe in plants [29] and block nutrient element transmission 
towards the leaves by disturbing the absorption and transfer 
of elements including Mn, Zn and Mg by the plants through 
antagonism. This study has found a complicated correlation 
among the chemical composition in S. baicalensis, inorgan-
ic elements in S. baicalensis and inorganic elements in the 
soil. The three parts correlate with each other closely and 
form a complicated dynamic balance system, although they 
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themselves are relatively independent systems. Therefore, it 
is difficult to obtain meaningful results by analyzing inor-
ganic elements of Chinese medicine independently. 

4.3  Comprehensive effects of environment on the root 
of S. baicalensis and medicinal materials distribution of 
S. baicalensis geoherblism 

S. baicalensis has been widely distributed since ancient 
times. Shennong’s Herbal Classic mentioned Zigui (Zigui, 
Hubei Province) and Yuanju (Heze, Shandong Province); 
Annotated Shennong’s Herbal mentioned Pengcheng and 
Yuzhou (both located in modern Jiangsu Province); Newly 
Revised Canon of Materia Medica mentioned Yizou (Yi-
chang, Hubei Province), Lizhou (Fu County, Shaanxi Prov-
ince), and Jingzhou (Jing County, Gansu Province); Sup-
plement to Invaluable Prescriptions for Ready Reference: 
Originating Places of Medicine mentioned Ningzhou (mod-
ern Ning County, Gansu Province ), and Jingzhou (modern 
Jing County, Gansu Province); Classified Materia Medica 
mentioned Luzhou (modern Changzhi, Shaanxi Province) 
and that Yaozhou (modern Yao County, Shaanxi Province) 
abounded in S. baicalensis. Commentaries on the Illustra-
tions recorded that “Neighboring counties of Sichuan, East-
ern Yellow River and Shaanxi all abound in it”. An Illus-
trated Book on Plants recorded that “Southern Yunnan 
abounds in it” and Medicine Production Differentiation 
recorded that “the areas in Shanxi, Zhili and Rehe abound in 
it”. In modern times, the main production areas of S. bai-
calensis have shifted northward and are currently mainly 
concentrated in three areas including Northern, Northwest-
ern and Northeastern China. When it comes to the genuine 
production area of S. baicalensis, Newly Revised Canon of 
Materia Medica recorded that “the plant growing in Yizhou, 
Lizhou and Jingzhou is better”, where Yizhou refers to Yi-
chang, modern Hubei Province, Lizhou refers to modern Fu 
County, Shaanxi Province and Jingzhou is Jing County, 
Gansu Province [33,34]. Since the beginning of this century, 
some scholars have claimed that S. baicalensis produced in 
Chengde, Hebei Province is a genuine medicinal material 
[2], while Gansu, Shanxi, Hebei and Shandong provinces 
have all shown to be genuine production areas for S. bai-
calensis. This shows that more research is needed to con-
firm the genuine production area of S. baicalensis. This 
study has found that contents of 21 chemical compositions, 
including baicalin, in S. baicalensis in areas with low lati-
tude are higher than at higher latitude on the whole. The 
cluster analysis based on 21 components has roughly divid-
ed S. baicalensis from 16 production areas into two major 
categories, where the 21 components have higher contents 
in S. baicalensis in Chifeng, Inner Mongolia; Wutai, Shanxi 
Province; Fenyang, Shanxi Province; Yan’an, Shaanxi 
Province; Heshui, Gansu Province; and Taibai, Shaanxi 
Province. Other production areas have lower contents. This 
has revealed the reason for different records for genuine 

production areas of S. baicalensis by ancient people from 
the other side, i.e., geoherblism of S. baicalensis is not lim-
ited to a small area. The area stretching from Chifeng, Inner 
Mongolia to Taibai, Shaanxi Province is suitable for accu-
mulation of secondary metabolites of S. baicalensis, and is 
suitable for growth and production of S. baicalensis. In oth-
er words, this area has the potential to become a genuine 
production area for S. baicalensis as long as S. baicalensis 
is produced with enough output and processed by reasona-
ble means.  
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