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Correlation Between Functional Components in Codonopsis pilosula Roots and Soil Factors
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[Abstract] Objective: To explore the correlation between the content of 4 functional components in
Codonopsis pilosula roots from different areas and soil factors, and thereby to lay a theoretical basis for soil
ecological regulation and improvement of quality of C. pilosula roots. Method: The content of lobetyolin,
atractylenolide Il , alcohol extract, and polysaccharides, as well as soil fertility and 16 soil factors in 24 batches
of samples from different producing areas were determined. Principal component analysis (PCA) and Pearson's
correlation analysis were used to explore the key soil factors leading to the variation of chemical component

content in C. pilosula roots. Result: The content of lobetyolin and atractylenolide Il in samples from Longxi
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was the highest, and the content of polysaccharides peaked in samples from Huguan. The content of lobetyolin
was in positive correlation with soil total nitrogen, total phosphorus, total potassium, alkali-hydrolyzable
nitrogen, and available potassium (P<0.01) , as well as soil organic matter, pH, available manganese, and
available zinc (P<0.05). There was a positive correlation between pH and atractylenolide Il content (P<0.05).
Soil total potassium was in positive correlation with alcohol extract and polysaccharide content (P<0.01). Soil
available zinc was positively correlated with alcohol extract and the polysaccharide content (P<0.05). Sample
sites with higher PCA scores were Pingshun, Huguan, and Longxi, which were significantly positively
correlated with the content of polysaccharides in C. pilosula roots in different habitats. Conclusion: The content

of functional components in C. pilosula roots can be improved by raising soil organic matter content and applying

specific fertilizers.
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Table 1 Source information of Codonopsis pilosula
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Fig. 1  HPLC for mixed reference substance (A) and

Codonopsis pilosula (B)
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Table 3 Four components contents in Codonopsis pilosula from

different area

g EERE ERAEN mnm sz
Ipgrg! lng g Y /% /%
DF1 315.5 91.7 48.78 9.11
DF2 2492 64.9 56.96 7.79
DF3 296.3 73.4 55.88 10.95
DF4 2525 95.1 59.14 8.64
HG1 741.1 2125 62.12 26.35
HG2 634.6 166.8 71.45 23.47
HG3 691.4 191.4 66.76 21.15
HG4 603.8 174.7 64.04 18.24
LCl 472.6 110.4 63.49 19.48
LC2 464.2 63.6 62.84 15.77
LC3 382.4 92.9 68.17 18.52
LC4 327.6 110.5 58.43 13.83
LLI 691.4 120.7 65.68 14.98
LL2 758.2 142.8 61.16 18.25
LL3 713.1 92.6 68.41 13.87
LL4 734.2 132.7 59.89 17.51
LX1 786.2 330.2 58.12 11.78
LX2 917.6 361.7 64.25 7.26
LX3 782.3 390.1 60.94 10.84
LX4 965.4 303.7 57.43 9.88
PS1 856.6 135.6 70.19 23.47
PS2 762.8 98.1 75.82 25.12
PS3 923.2 153.8 61.57 16.84
PS4 894.1 178.1 64.26 22.49
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Table 4 Contents of soil factors from C. pilosula different habitats

- ’ﬁﬁl é@i i‘ﬂl Wﬁﬁl H XW&I i%%(%fﬂl H ff)lfi; ol f;;i f;;; 2:; ii f;:; i?ﬁ; iiﬁélﬂ’ﬂlﬁ Ifﬁ%l’l%f
/gkg”  /g'kg” /g'kgw /mg-kg’ /mg-kg /mg-kg /g-kg N 0 N . 0 . /mg-kg” /mg-kg
/mg-kg” /mg-kg” /mg-kg” /mgekg /mg-kg /mg-kg
DFl 074 055 1414  65.08 6.82 83.65  20.08 721 895 2.63 1.31 032 0.220 0.14 5.98 0.27
DF2 125 055 1485 7391 4.36 83.82 1211 704 729 3.14 1.54 031 0.120 0.26 3.81 0.32
DF3 082 066 1191 6032 3345 81.43 2363 7.65 8.6 2.83 0.99 036  0.043 0.45 10.24 0.28
DF4 081 073 1156 6444 1562 78.64 2207 778 9.3 3.13 1.14 0.57  0.053 0.27 9.17 0.31
HG1 152 081 1947 7684 445 96.12 3212 811 1042  10.02 1.15 079  0.190 0.30 9.46 0.22
HG2 131 081 2035 5501 8.95 15812 2771 821 12.62 4.13 1.26 149 0320 0.21 8.81 0.31
HG3 154 046 1815 7537 6.65 12402 36.08 7.55 1233 7.76 1.01 0.59 0350 0.31 6.83 0.37
HG4 167 044 1724  68.81 435 11005 4033 7.08 1221 7.32 0.91 0.65  0.280 0.33 6.44 0.38
LCl 146 079 1814 8171 5.13 6722 2372 848 243 4.69 0.59 028  0.110 0.28 9.62 0.35
LC2 132 068 1652  69.22 542 139.04 2094 842 321 3.55 0.84 101 0220 0.21 10.03 0.32
LC3 121 077 2021  70.64 121 9133 1872 7.68 1262  12.83 1.13 048  0.360 0.15 7.22 0.54
LC4 139 080 2031 7832 1.16 9441 2492 7.09 1021 9.68 7.66 037 0.090 0.18 6.02 0.59
LL1 116 081 1692 6523 6.55 25313 3512 8.06  2.92 8.33 0.87 101 0220 0.24 7.23 0.17
LL2 074 092 1831  43.04 455 201.09 2345 832 325 7.49 0.78 0.54  0.130 0.21 7.23 0.15
LL3 141 092 1876  98.62 1322 129.08 5034 808  2.82 6.48 0.82 0.82  0.080 0.34 8.05 0.29
LL4 128 078 18.63  64.85 465 29401 5443 803  4.06 9.04 0.95 082  0.170 0.33 8.04 0.31
LX1 1.51 063 2003  97.63 1002  128.07 9.99 848 1991 1231 0.71 0.70  0.098 0.13 8.73 0.85
LX2 1.6 1.06 19.06 141.08 3135 13913  17.11 859 12.92 2.62 0.57 0.74  0.140 0.22 9.57 0.48
LX3 257 083 19.82 12800 1509 137.06  12.62 838 1126  12.06 0.42 135 0.160 0.12 8.32 0.27
LX4 263 085 1943 117.04 2052 21506 1071 850  9.27 8.26 0.53 045  0.120 0.16 8.34 0.26
PS1  3.10 0.86 2081 16406 17.12  219.08  63.62 6.96 15.12 7.96 1.44 7.80  0.150 0.36 6.43 0.99
PS2  3.02  1.05 2172 143.02 1723 117.04 6634 8.8 28.83 7.39 1.19 1230 0.130 0.17 9.64 1.23
PS3 357 142 21.01 33600 1838  223.08 110.06 8.09 17.06  14.11 1.13 9.94  0.130 0.25 7.65 0.49
PS4 362 1.8 22.82 21508 1241 12314 7272 802 1981 1415 0.94 7.84  0.110 0.26 10.06 0.63
K5 RBAMUERSESESTIEETH Pearson HX R
Table 5 Pearson correlation coefficient of content from 4 components in C. pilosula and soil factors
feke’ ek ke imgrkg metkg” mgrke ek /mg'kg' /mg-kg' /mg-kg' /mg-kg' imgkg' imgkg' Jgkg' Jgkg!
WHEHAT 06377 05832 07117 05697 0299 0.6182 0442”0 0496" 0357 0506 -0.356 04527 -0.012 -0.088 0268 0.294
HARMNEED 0269 0.145 0384 0285 0324 0165 -0226 04757 0278 0331  -0240 -0.088 -0.011 -0.378 0212  0.026
EEY 0353 0312 0557 0363 -0.003 0.154 0392 0153 0359 0.167  -0.136 0487”0336  0.100 0279  0.466"
WHLZEE 0382 0210 05727 0333 -0.320 0.133  0.507" -0.007 0323 0356  -0.025 048" 0389 0204 0.198 0.344
1.V P<0.05,% P<0.01
4 itig eV A HiE s m 2 Y R AE K EE 7
eI R R o e SRR AT CH R T A Y+
HIHNERK L, LIEIE ) pH . - IET W R K oo e, AT REE Z B 2 45 8 R MRS R0 H
FAEM A R AR AR AW, SR SRR 0 B R T AL
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xo6 EMABEXRHMFBMEMEMTEZRTEHE

x8 BFMRSHEBENSBAIRGERES

Table 6 Eigenvalue and variance contribution rate of correlation Table 8 Principal component scores and composite score of
coefficient C. pilosula
F s FEAE(E J TR /% B TR /% . . - - . ZEe
i ? ’ 7 ’ BER RN T ERSN2 B3 B4 RS T;
1 5.938 37.110 37.110 =
5 5523 15972 5881 DF1 -2.86 -1.28 -0.60  -0.62 038  -1.37
N 1922 12,011 64.802 DF2 =279 -1.69 -1.62 0.16 -029  -1.50
4 1629 10183 75076 DF3 -2.15 3.08 -332 -0.25 024  -0.71
5 1136 7102 8 178 DF4  -220 1.62 -1.72 -0.84  -038  -0.88
HG1  -0.45 0.20 0.71 0.03 0.12  -0.04
Bl =1 = ==
®7 RESHLMGETHEEENE HG2  -0.66 -0.07 135  -026 098  -0.05
Table 7 Results of C. pilosula samples determination initial factor
HG3  -132 -1.60 0.01 0.52 1.94  -0.55
loading matrix
HG4  -1.51  -1.90 -0.93 0.67 1.71 -0.78
THERT O ER1 ERS2 EMS3 ERS 4 ESS
LC1 -1.28 1.43 037  -042  -034  -0.27
e 0.906  -0.088  -0.029 0.056 0.059
LC2  -1.66 1.095 1.05  -0.22 035  -0.32
A 0.806 0.296 0.098 0.135  -0.326
LC3 -0.53  -2.26 1.86  -0.82 0.97  -0.34
et 0.741  -0.285 0.439  -0.039  -0.051
LC4  -0.62 -3.66 -0.99  -1.01 -3.55 -1.29
Bl e 2R 0.885 0.067  -0.113 0.144  -0.085
LL1 -1.17 0.09 1.22 1.98  -0.15  -0.08
AR 0.319 0.679  -0.401  -0.157 0.040
LL2 -1.43 0.52 1.47 1.04 -1.00 -0.24
A 0.323 0.088 0.313 0.677  -0.051
LL3 -0.39 1.19 -0.57 1.14  -0.70 0.04
AL 0.775  -0.077  -0.257 0.456 0.093
LL4 -0.40 0.21 0.76 2,63  -0.12 0.23
pH 0.212 0.688 0.637  -0.154  —0.083
LX1 0.74  -0.17 134  -241 -0.04 0.16
A 0.723  -0220  -0.132  -0.505 0.279
LX2 0.44 2.70 0.03  -1.21 -0.16 0.46
AR 0.629  -0.336 0.402 0.121  -0.126
LX3 0.74 0.45 1.84  -0.72  -037 0.46
RS -0.051  -0.577 -0.252  -0.153  -0.642
LX4 0.48 1.38 145  -0.01 -0.66 0.52
AR 0.903  -0.067 -0.242  -0.009 0.147
PS1 3.01 -1.48 -2.35 1.15 0.79 0.77
A -0.183  -0.458 0.435 0.130 0.628
PS2 492 -0.22 -0.89  -2.52 1.01 1.50
AT -0.110 0.242  -0.630 0.513 0.213
PS3 6.26 0.21 -0.41 218  -0.66 2.48
32 48 1 0.263 0.740 0.150  -0.300 0.095
PS4 4.85 0.14 -0.04  -0.14  -0.07 1.80
22 48 1 % 0.656  -0.285  -0.257  -0.456 0.146

TLRER RN EIRZHENE

TR B EE S W ) oA RS i A ) AR
X AR 5 B 1 B S, 6 AR R R W R A B AL
FiZ i A7 o SR WA A WL RN B BT S e T
S e A S NE F1 K- RIS RE J) RIS wie g 2. £ A
THICE T B S P ES S T 2 R0 19 4
W) OB AR . A RS B 58 S T B £ B 4
Tr A AR T O PEAE T o Bk VB O BRSEXT T
BB A Kk & A T AR O T SE S 0 25 F R
PR, 58S 20 B ISR (1 T B A A
TEAR, LX) F5e SR & MG W R A B
S, A S SR T Pearson A O 1 43 BT 12 4 4 S 4k
Y RS T AT A, N T S5 S Ak
J 3 T A 6 R ABAE-0.5~09, 5 EW L&A &
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W AP B R AT pH A RSB A RS
AREH SRS EARNE L B Y5
2 Z PG

T T A AN PR BT RE A 2 2 4 09 AR R T Ik
BT B A RS R T AL BB 2541 o R
SR TE e LI > A e M b A A O A Rk R
Bl A R i, AT MR A S R RR . £
SECCRTFE R, R T pH RN S SR 1Y)
M58 2 BT & B R SCHE I 3R, RO A LT 42
Fnrgsdh . Hh s S 5 0 pH S B 2 3 I
MK, AXMEMBEREGZ 2. HSEA—E
4 TS R BV T, pH 7~9 AT A AR SE G 2 R R
pH XT38 2 J T FI 45 AR A B T2 o3 19 52 e B AT
WM eAh TR R A B VAR
KA R3S W R X S IE g i 9 R AR
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+ 38 pH X 56 2 0 i A 2 . R IS R
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it , R W45 58 2 b D RO A 1Y i, AT 42 R A 2
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