5528 B4 11 1) PEXEAFFERE Vol. 28, No. 11
202246 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2022

56 2 IR & 5 R 1A e o By
4

R¥gET, EERRS, Fis L, HRR?, Bam®, e
(1. k&% %, L K& 046011;
2. LBk AE MG M TR ARAG, L K& 047100;
3. RMPEHRSE $_WEER, M 550003)

[(HZE] BH AR H5E S 4R D3O/ 09 & B 5 R 7 A S& Pk L O S 1 A= 25 R 45 48 50 38 2 0 R A0G
LA o T3 e R )7 e T 24 HEWKSE SR SR I SO AR MR TT BRI W AIGE S 200 & R )
16 Fh - A5G H 748 b o 0 3 3 4 43 Bt K Pearson M1 5C /AT, SR W AE S 4L B AR R OCHE IR . SRk
VU582 0 & 4 1Y 3 2 et FAS R R T3 4k 3 O B e, T 50 5 20 W 4t dee e A BB Xl a0 . R385 i A
FHCE 5 56 SO & B 22 )5 R A DG E (P<0.01) , A HLIT . pH A UGS 5 AR S BE 5 58 S Pty & 5 22 ) 52 ) S A DG 1
(P<0.05) , pH 5 5 A P4 g I & o5k 1] 522 05 G A OGPk (P<0.05) ; 42 1 55 B5i2 4 3 2 25 i 1A 228 I 35 A OGP (P<0.01) L T 1
RSN 5 B ) S B Y S W AR DGk (P<0.05) o AS[R] 77 Ml 598 3 40 20 AT 2 W, A5 40 0 R AR St 2 I L A
O BEVE 33X 5 ANIR b S 22 Bl 0 & R 3 IR A G 518 A0 S Ak rhoa] DU A TS 4R A LUK S R SR T R
NE R 5 A 254 it A ] 452 5 2 D R0 43 1

[XBiIR] £ DR HS2h; LEET; M

[hE 42 5] R284.2;R285;R289;R22;R2-031; R33 [ XBk4RIREB] A [XE4&S] 1005-9903(2022)11-
0164-09

[doi] 10.13422/j.cnki.syfjx.20220813

[ 48 H AR dE]  https://kns.cnki.net/kcms/detail/11.3495.R.20220402.1442.001.html

(M4 H R B #A]  2022-04-05 18:57

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 I 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.
[ Keywords]
roots; soil factor; correlation analysis
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®1 REHRREER %30 mL, FR i . o 7 4 HL (250 W, 40 kHz)50 min,
Table 1  Source information of Codonopsis pilosula ﬁk(/?\ ) %i‘/@éﬁﬁ i T—fﬁ%ﬂ]/}j{ﬁ Wi, 0.22 wm U N F
No. L FIEPBIEN WU ki S B VR T 4 CC VKA T R

DF1 M4 K7 BE M JH RS 105°447 12" 26°52/17" 1 545.9 7% &1

DF2 JM# Ky BARS KA 108°421497 26°57°19" 16375 5 1 5 WA b A A VAL A A SN 9 AR BB B
S CEATBE £ v LR onQrog” oEQ 11" . e e S N N

DF3 M & Ky BATH £ VRS 105°39'25” 26°58'11” 1527.8 HER A P S T B B 10 mL R L L

DF4 M Ky B 5 £ k) 105°23734” 26°56'21" 1563.6

HGL 74 a7 ¢ B 4 B T K B ) 113°267 12" 35°53743” 1 318.8
HG2 1L P54 56 B4 3 B0 AR
HG3 117448 47 5 B i U 7 1 B 113°16742” 35°52/55” 13225

113°25'40" 35°52'15"

1321.2

HG4 NP4 ar 5 B u R8T F N AT 113°12747” 35°56'54” 1.320.4
LC1 LG 48 24k B8 it % SR A 113°25714” 36°38729” 851.5
LC2 117545 R4l B 6 B g S5 A 113°24720” 36°3934”  893.1
LC3 1Li7G 48 24k Lyt I & A1 E AT 113°23728” 36°36'30”  879.9
LC4 174 Rk Bt & KIS 154 113°2128” 36°34727"  843.7
LLL (NP BRI E N R S PEIEF 113°28746” 35°47'45” 1316.7

LL2 INPEA BN R & b7 U8 FF 113°27'24” 35°47750” 1 302.2

LL3 ILVE 4 B NI EL S SCgR R 113°27719” 35°46745” 13225
LL4 1762 B ) B3R ITAT 113°27722” 35°57745” 1331.4
LX1 Hl 4 e v EL BB RI I IAS  104°34724” 35°11717” 18315
LX2 HA Beva 5L 2 FFEA 104°39746” 34°45726” 1920.6
LX3 HN 2 e v B oBUR BUA ST TR 104°347 487 35°13740” 1890.1
LX4 HN2 e v Btg AL BUE B A 104°36720” 35°32/50” 1855.4
PSL 1LIVH A4 - JI BT 465G £ A 2F R 113°50710” 36°20755”  945.3
PS2 PG4 IR E A S 3k £ 2806 A 113°52753” 36°18746”  970.4
PS3 Il 7544 i L 75 £ 1% B4 R 113°437217 36°20736”  910.8
PS4 PG FIRE B £ 4224 4)  113°53'46” 36°21'54" 991.6
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Table 2 Regression equations, correlation coefficients and linear

ranges of 2 components
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i %ix 2R [l A Jr .
/mg-L
ok 228t Y=3599.8X-25.742  0.9999  0.898~57.500
& A PITEE T Y=2 441.2X-1.2688 0.9999  0.449~14.375

K% 5 TR S HeE B AR N TR TR 0%
T A, RSD 43 51 4 0.5% 1 0.4% , 2% B %% 1) kG % 1
RAf.

oo M % 5% B AR VR T A S B RS
AR P4 g 1T 0% i AR % RSD 4351 A 0.5% A1 0.5% , & 1
A S TR 48 h NS E .

5 BT W A S e R
APy EE R PR R4y 805 Bk 9204 pg-gt AN
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63.6 wg-g*, 28 S R EH 56.8% ; HK Mot B b,
B KAH H 965.4 ng- g™, i /ME ALK 249.2 ng-g*, A8
S5 R HHR 35.6% ; 7 WIS [] 57 b v sk 7 ok AR
PRI R 2 AR . T 4R AR A T AN
[F] 77 b 1) 5 2 22 S e /N R B 1 D, 72 S R B
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Table 3 Four components contents in Codonopsis pilosula from

different area

B WS AR A I Fiia ;;.gz;g

/ng-g* /ng-g*t Y11% W%
DF1 315.5 91.7 48.78 9.11
DF2 249.2 64.9 56.96 7.79
DF3 296.3 73.4 55.88 10.95
DF4 252.5 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
Lc1 4726 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 3276 1105 58.43 13.83
LL1 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

ANRVRREE 22 A8k . 25 Sl R MR A RSB, e
KAH M 12.3 mg-kg™, 1fi fe/ME AL A 0.28 mg- kg™, A8
S RBGRE 157.14% . H R WA S, 5 KA A
7.66 mg-kg™, e /ME N K 0.42 mg- kg, A8 5 R B
| 109.75%; fF H N A S BE L ® K H N
33.45 mg-kg*, fir /ME A 1.16 mg-kg?, A F R BN
75.54% .,
3.3 MBI AT & 0 A OC A B 4
BRSNS RIES, 20 3BT ELEA .
AW A BT DA R L AR B AR P IE A G (P<
0.01), 5H ML .pH A RS A SR B3 IE
FH K (P<0.05) . AR MWE L5 pH A & 3% 1E 41 X
(P<0.05) . M2 ¥ 5 484 i B 3 1E A C (P<
0.01), 5 A BB AR W #F E A (P<
0.05). 4 2 Z M5 4 M &2k B F M IE A C (P<
- 168 -

0.01), 5H ML A XA 5 B % 1IEH X (P<0.05) .
g5 L rad, ek e X S A R ) K
WS 2NN RBAA EEMAE, F A A L
AR UL 3R A R A B E . &
BIE Y48 = b 2B A OSBRI & AT DU
S H B YRR B

3.4 R =HLAE S T R S5 R W
F6.KT, WNIr ETTREARE , K6 RI/RFATS N F
o R TR R B 4l it 80% , 10K A S A 7 L
4125 7 82.18% A A B, A L T 5 4~ 3 B4 $2 L4y
Brioo & ae R mds 28 KRR R £ 7 iy S A
FEAE o XTI 54 = o AT SR B4 B, 3R 7 AT
F R L, R TR AR A O A A A B L AL
AL A RS AR, ERS 2P STk K
FR) R 58 B R G AT R A pH . R R 3 TR BTk iR K
(9 pH M ST, J2 505 4 H 5Tk 3 R i o
G N S N PR @Y TR
B 6 AT Ay 1 25 TRk RN 37.11%,
LAY 2 97 2 STk 15.77%, 43 3 977 22 BTk
o 12.01%, = ALY 4 F1 S 1 7 25 DTIR R A XA/
S T U o S WY N Y W ST W TN S S /I
AR EE SIS A R0 pH ARSI A
A SM N LR FZRER 7. Hod E A
I3 1.2 I A A g PR A 6 A 1 A S e Bk
F M A4y 3,45 T AR X A HE Y 52 e AH X
B,

XoF 45 7 M B LA AR o M SRR AR T &8
A AL 25 A 75 00 B I RE L Ol LX4  PS1,PS2. . PS3,
PS4, FL P BE Ml LXA 1 58 S J T A R P e T3 4
AR X A R, 1 PS1.PS2  PS3 I PS4 A b i i) 4% 2
Z W5 0 & A A o A9 4 R AR B AR ML Sl LXE,
LX2 . LX1.LL4, & FixkE b5t 2 g Sy AR
W 56 2 22 Wi B it A T A R AR KT TR
3B B s DFL . DF2 . DF3 . DF4, H:rp 58 B4 4F |
GARNE N 562 Z 00 & s d k.

RO ST BT A i X (e o sl
FE AT AR A AR,
FRGEA P pH A 8%k A Rk . Hoh g a8
SR H AL S AT A AR NER T K 35 205 i
IR A 88 P A RS B A RN, pH AR AL, (A2
AR S R A — N RS B
R g DR AT R T S T RO A BB T A AR
25 Al i R USR58 2 0 i R
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Table 4 Contents of soil factors from C. pilosula different habitats

BR O B W BURA AN

FE
Eo

AR AR AR AR AR AR

s% KE AE An sm gm o SR

lg-kg® Jg-kg? fg-kg® /mg-kg? /mg-kg® /mg-kg® /g-kg® Ig-kg® img-kg® mgkgt mg-kg® img-kg® img-kg® Img-kg* /mg-kg*
DF1 0.74 055 1414 65.08 6.82 83.65 20.08 721 8.95 2.63 131 0.32 0.220 0.14 5.98 0.27
DF2 125 0.55 14.85 73.91 4.36 83.82 1211 7.14 7.29 3.14 1.54 0.31 0.120 0.26 3.81 0.32
DF3 0.82 0.66 11.91 60.32 33.45 81.43 23.63 7.65 8.06 2.83 0.99 0.36 0.043 0.45 10.24 0.28
DF4 0.81 0.73 11.56 64.44 15.62 78.64 22.07 7.78 9.13 3.13 1.14 0.57 0.053 0.27 9.17 0.31
HG1 1.52 0.81 19.47 76.84 4.45 96.12 3212 811 10.42 10.02 1.15 0.79 0.190 0.30 9.46 0.22
HG2 131 0.81 2035 55.01 8.95 158.12 2771 821 12.62 4.13 1.26 1.49 0.320 0.21 8.81 0.31
HG3 1.54 0.46 18.15 75.37 6.65 124.02 36.08 755 1233 7.76 1.01 0.59 0.350 0.31 6.83 0.37
HG4 1.67 0.44 17.24 68.81 4.35 110.05 40.33 7.08 1221 7.32 0.91 0.65 0.280 0.33 6.44 0.38
LC1 146 0.79 18.14 81.71 5.13 67.22 23.72 848 2.43 4.69 0.59 0.28 0.110 0.28 9.62 0.35
LC2 132 0.68  16.52 69.22 5.42 139.04 2094 842 3.21 3.55 0.84 1.01 0.220 0.21 10.03 0.32
LC3 121 0.77 2021 70.64 121 91.33 1872 768 12.62 12.83 1.13 0.48 0.360 0.15 7.22 0.54
LC4 139 0.80 2031 78.32 1.16 94.41 2492 7.09 1021 9.68 7.66 0.37 0.090 0.18 6.02 0.59
LL1 1.16 0.81 16.92 65.23 6.55 253.13 3512 8.06 2.92 8.33 0.87 1.01 0.220 0.24 7.23 0.17
LL2 0.74 092 1831 43.04 4.55 201.09 2345 832 3.25 7.49 0.78 0.54 0.130 0.21 7.23 0.15
LL3 141 0.92 18.76 98.62 13.22 129.08 50.34 8.08 2.82 6.48 0.82 0.82 0.080 0.34 8.05 0.29
LL4 1.28 0.78  18.63 64.85 4.65 294.01 54.43 8.03 4.06 9.04 0.95 0.82 0.170 0.33 8.04 0.31
LX1 151 0.63  20.03 97.63 10.02 128.07 9.99 848 1991 12.31 0.71 0.70 0.098 0.13 8.73 0.85
LX2 1.16 1.06 19.06 141.08 31.35 139.13 1711 859 12,92 2.62 0.57 0.74 0.140 0.22 9.57 0.48
LX3 257 0.83 19.82 128.00 15.09 137.06 1262 838 11.26 12.06 0.42 1.35 0.160 0.12 8.32 0.27
LX4 263 0.85 1943 117.04 20.52 215.06 10.71  8.50 9.27 8.26 0.53 0.45 0.120 0.16 8.34 0.26
PS1  3.10 0.86 20.81 164.06 17.12 219.08 63.62 6.96 1512 7.96 1.44 7.80 0.150 0.36 6.43 0.99
PS2  3.02 1.05 21.72 143.02 17.23 117.04 66.34 8.18 28.83 7.39 1.19 12.30 0.130 0.17 9.64 1.23
PS3 357 142 21.01 336.00 18.38 223.08 110.06 8.09 17.06 1411 113 9.94 0.130 0.25 7.65 0.49
PS4 3.62 118 2282 215.08 12.41 123.14 7272 8.02 1981 14.15 0.94 7.84 0.110 0.26 10.06 0.63

#5 RBIMUZEHHSEEELERFH Pearson HEXRE
Table 5 Pearson correlation coefficient of content from 4 components in C. pilosula and soil factors

SR AEE AW A AXeE s
lg-kg® fg-kg? fg-kg? /mg-kg? /mg-kg /mg-kgt /g-kgt

A B

Y]

AR AR AR AR AR AR ok sk
pH A% B OSW O B W AW 5 %
Img-kg* /mg-kg? /mg-kg? /mg-kg® /mg-kg /mg-kg® /g-kg® /g-kg®

WHHAT 06377 05832 07117
HARNEEIL 0269 0.145 0.384

Fikedi¥ 0353 0312 05577
WHLHE 0382 0210 05722

05697  0.299 0.618”
0285 0324 0.165
0363  -0.003 0.154
0333  -0.320 0.133

0.442Y
-0.226

0.392
0.507"

0.496” 0357 0506 -0.356 0.452Y -0.012 -0.088 0.268 0.294
0.475Y 0278 0331  -0.240 -0.088 -0.011 -0.378 0212 0.026

0153 0359 0167 -0.136 0.487" 0336 0100 0279 0.466"

-0.007 0323 0356  -0.025 0.483" 0389 0204 0198 0344

1 :YP<0.05,2P<0.01

4 it
TS HE %

Wi 245 R ) Ok A AR e
HERNREZ, LT pH L P L oo

2R A AR 2 5 AR ) U AR A Y

98]

/N =

A e

AP 5T 9 728 Ak B4 R 25 TR I AR KOR T 7 R
ek A= AR 22 0 AR L TG HR TG A A -
B, AT REIE 2 B 2 45 B ISR AR S I R B0 B

FLR B, 3 B S R R 1 B M BT e L
- 169 -



28 BAE 11 1
202246 A

PEXEAFFERE
Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 11
Jun. ,2022

x6 EMASBEXRHMFBMEMEMATEZRTEHE

R8 BEFESHERINABIRERRES

Table 6 Eigenvalue and variance contribution rate of correlation Table 8 Principal component scores and composite score of
coefficient C. pilosula
%y R AEAE T ZETRE% RIS % N N N N o LR
i ~ Z B BRI ERS2 ERS3 TR TR j;
1 5.938 37.110 37.110 i
9 2523 15.772 52 881 DF1 -2.86 -1.28 -0.60 -0.62 0.38 -1.37
3 1.922 12.011 64.892 DF2 -279 -1.69 -1.62 0.16 -0.29 -1.50
4 1.629 10.183 75.076 DF3 -2.15 3.08 -3.32 -0.25 0.24 -0.71
5 1136 7102 82.178 DF4 -2.20 1.62 -1.72 -0.84 -0.38 -0.88
HG1 -0.45 0.20 0.71 0.03 0.12 -0.04
Al [= 1 o ==
RT RERSVBETHEEENE HG2 -066 -007 135 -0.26 098 -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 -151 -1.90 -0.93 0.67 1.71 -0.78
+HHET O EFSrL BN B3 EMS 4 ERSS
LC1 -1.28 1.43 0.37 -0.42 -0.34 -0.27

2R 0.906  -0.088  -0.029 0.056 0.059
K 0.806 0.296 0.098 0.135  -0.326
gl 0.741  -0.285 0439  -0.039  -0.051
AR R 0.885 0.067  -0.113 0.144  -0.085
A Bk 0.319 0.679  -0.401  -0.157 0.040
A 0.323 0.088 0.313 0.677  -0.051
AL 0.775  -0.077  -0.257 0.456 0.093
pH 0.212 0.688 0.637 -0.154  -0.083
RS Bk 0.723  -0.220  -0.132  -0.505 0.279
A RS R 0.629  -0.336 0.402 0.121  -0.126
ARgAM  -0051 -0577  -0.252  -0.153  -0.642
RSB 0.903  -0.067 -0.242  -0.009 0.147
HREAM -0.183  -0.458 0.435 0.130 0.628
HEAEM -0.110 0.242  -0.630 0.513 0.213

B 0.263 0.740 0.150
22 P R 0.656

-0.300 0.095

-0.285 -0.257 -0.456 0.146

TCREFR R E IR

- B R B S ) I B 4 A R AR
Xt A 2 BT W, 6 R B SR R ek
HZ §i A E 2R A LT BE S T AC i e ]
J2 e 4= HERE 3 KPR AR RE ) FNZE whRE Y. £
KHICE T BRSO ES S T2 E
Y& BGEAR . A RUS BEX 5 S AT B 2 0 A
G A BRI R T O EE o Bk B B R X T
WA K& B A AR S 0 2
PR, 56 25 20 P 28 o 1 32 A A A
AR, X F o SRR E LA R R A B
R, A S0 R A Pearson A 56 M 43 M vk X 48 21k
S8 T AT 0T, B TS S S ke
B4y ) A 6 RACAE-05~09, L5 FEW LA . 4
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LC2 -1.66 1.095 1.05 -0.22 0.35 -0.32

LC3 -0.53 -2.26 1.86 -0.82 0.97 -0.34
LC4 -0.62 -3.66 -0.99 -1.01 -3.55 -1.29
LL1 -1.17 0.09 1.22 1.98 -0.15 -0.08
LL2 -1.43 0.52 1.47 1.04 -1.00 -0.24
LL3 -0.39 1.19 -0.57 1.14 -0.70 0.04
LL4 -0.40 0.21 0.76 2.63 -0.12 0.23
LX1 0.74  -0.17 1.34 -2.41 -0.04 0.16
LX2 0.44 2.70 0.03 -1.21 -0.16 0.46
LX3 0.74 0.45 1.84 -0.72 -0.37 0.46
LX4 0.48 1.38 1.45 -0.01 -0.66 0.52
PS1 3.01 -1.48 -2.35 1.15 0.79 0.77
PS2 492 -0.22 -0.89 -2.52 1.01 1.50
PS3 6.26 0.21 -0.41 2.18 -0.66 2.48
PS4 4.85 0.14 -0.04 -0.14 -0.07 1.80

W AP B R AT pH A RSB A RS
AREH SRS EARNE I BRI 5
2 Z PG

T EL A A S PR RE A 2 25 4 A9 AR L R T Ik
BT B A RS R T AL BB 254 o R A
SRR TE e BRI > A ey M b A A OB A Rk R
B LAY i, AT DM E A S RITFR R R . EEE
SFERT TR, RN T pH RIS SR 1Y
MAE SR & R RN R, LR AL 2R
Finrsdh . Hh s S A5 0 pH S B 2 3% 1E
MK, ACMEMEEREZ 2. HSEA—E
FR T R B8R JH L pH 7~9 X AT AR K, AR S 25 2R R
PH X 58 2 e A0 4 AR P i T2 Fha o3 f) 82  H AT
W AN TR i — A B AL
KA w3 S W Rl X - R JIE g i 9 R AR
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