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Effects of Soil Properties on Medicinal Secondary
Metabolites of Wild Artemisia annua L.

ZHAO Cheng'?,LUO Shigiong'
(1. 8School of Life Sciences, Guizhou Normal University, Guiyang 550025 , China;
2. Mingde College, Guizhou University , Guiyang 550025, China)

Abstract; To clarify the soil properties factors affecting the concentrations of secondary metabolites of Ar-
temisia annua L. ,the contents of total polyphenols,scopoletin, chrysosplenol-D, chrysosplenetin, artemisi-
nin, artemisic acid of Artemisia annua L. and soil nutrients contents,pH,soil enzyme activities were ana-
lyzed in Sansui county and Jianhe county, Guizhou province,and the correlation analysis among them was
made to study the effects of soil properties on the secondary metabolites of A. annua. The results showed
that the contents of medicinal secondary metabolites of A. annua displayed significant difference at differ-
ent altitudes and sample points. Most of the basic physicochemical property of rhizosphere and no-rhizo-
sphere soils displayed significant difference. Soil sucrase activity was higher, and soil urease and phospha-
tase activities were relatively low in wild A. annua sample points. The activities of sucrase, urease, phos-
phatase and alkaline nitrogen content were significantly or extremely significantly positively related to the
contents of artemisinin and artemisic acid while the total potassium content and pH were opposite. The
contents of soil organic matter, total phosphorus, total nitrogen and available potassium were significantly

or extremely significantly positively related to artemisic acid contents,while the soil available phosphorus
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content was significantly or extremely significantly negatively related to the contents of polyphenols, chry-

sosplenol-D and artemisinin. In conclusion, the contents of artemisinin and artemisic acid could be in-

creased by increasing the activities of soil urease,phosphatase and sucrase. Increasing the contents of soil

organic matter, total nitrogen, total phosphorus, available nitrogen and available potassium could increase

the contents of artemisic acid. Reducing the contents of soil total potassium,available phosphorus and pH

was beneficial to the accumulation of medicinal secondary metabolites of A. annua.
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Tab.1 Geographic information of wild A. annua sample sites

FE b G 5 FE b 4 B i PR A E g3/ m >2mm BRA i/ %
Site code Site name Geographic position Elevation >2 mm gravels content

ssi =R Ak 26°57'23"N . 108°40'16"E 668. 8 65.61

SS2 =R 26°57'53"N . 108°40'50"E 632.8 78.54

SS3 =R 26°57'37"N ,108°40'12"E 617.5 35.14

JHI RCIR= R 26°43'53"N . 108°26'13"E 514.2 61.22

JH2 GBI YAT L SR 26°46'15"N . 108°29 24" 544.4 57.69

JH3 BT KA 26°44'45"N [108°2640"E 520.3 49.09

T SS Fom =8, JH R G, 1.2 .3 Festid 5. TR

Note: SS indicates Sansui,JH indicates Jianhe,1,2,3 are number of sample site. The same below.
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2.1 BHEBEGREHAREREFYER

H1 282 W) UL, & FE b B A B AE S 5 R A
0.99 ~5.12 g/kg, Hi, SS2 #f M e iy, & JH2 k¢
Mo (Fefi) 19 5. 17 £%, bk SS1 PRl 5 JH1 Ffith 25 7
NG bR MR Y 22 S S A% R b A A
HWE MR A 0. 13 ~0.48 o/kg, Hi SS1 KEH
HeEr, g2 JTHT ARl (e fil) 19 3. 69 £, 2% FF b B A=
BUALH S W A EAE 3.26 ~9. 63 g/kg, JH3 FEHIIR
15, S JH2 BEH (FRAIR) 19 2. 95 %, B4 E By 2K 5 h
AR LA IR AR B D IR R R A A LR
FePER s, w] B A 7 R S PUE R ). A L A
BAEE /R R N R B L AE 408,33 ~958. 64 mg/ kg, Jifiil
U D E R 60. 55 ~234. 10 mg/ kg, Jif HR 50 8 2% 7
7E 182.03 ~336.21 mg/kg,

R2 HEBRBARARERGTWEE

Tab.2 Secondary metabolites contents of wild A. annua

Fighis  BEMH/(gke) KEFENME/ (nmg/ke) MIREB D/ (mg/ke) MIMEER/ (mg/kg)  HHR/ (g/ke) H iR/ (g/ke)
Site code  Total polyphenols Scopoletin Chrysosplenol-D Chrysosplenetin Artemisinin Artemisic acid
SS1 6.92d 614.00c 133.93d 197.90d 3.49b 0.48a
SS2 8.56¢ 572.26d 176.68¢ 230.67c 5.12a 0.26¢
SS3 9.46b 958.64a 212.68b 310.92b 2.70d 0.37b

JHI1 5.72e 408.33f 83.69e 182.03f 3.35be 0.13f

JH2 3.26f 675.35b 60.55f 192.60e 0.99f 0.24cd
JH3 9.63a 514.99e 234.10a 336.21a 1.72e 0.21e
TE : RS AR /NG 70 38 8 [ R 3t ] 22 57 19 3% (P <0.05)
Note : Different lowercase letters in the same column indicate significant difference among the sample sites at 0. 05 level.

2.2 BHEETE T EERENMERIFE

HI 3R 3 AT DL, N () 35 46 o5 A Hl 1 £ 8 A 3 A
PET 22 5 0, AR PR 5 AR AR B M R 2% 5 B R
AN T B A8 5 FE b - 8 pH B AE 6. 62 ~8.27 MR PR
+ 50 pH {E T AR PR 58, pH {10 BE L
JH3 B (IR A o SST ., 38 8, AR 2R 43 W A7 AL R A
W0 15 F ™ AE 1 CO, TE B H, CO, , B IA Sk AR B pH
EREARR SR B, HHEA PR & =& L, 2 +
HERE 1 — A A bR o AN ) B AE E AE H Y  EA

PLE & A T 10.31 ~83.89 g/kg, Hor JH3 A3 fi
L SS2 FEML AN, S EA B RS SRR
T HEAE 1 Y EBAE A , AS [R) B AR R ) AR
FHETE0.39 ~4.20 g/kg, Ho JH3 Ff % 5, JH2
FEMb AR AR PR 4 1 4 10 5 i e K 2B i A2 0. 51 ~
1.22 g/kg, Horft JHI FE AR PR+ 38 b e 5, TH2 B
AEARER T3 R I 28 S BT 21,51 ~38.48 g/kg, H
H SS2 A Ml AR AR BR A2 3% o f e, SST AR M AR AR B+
R, AR A B SR SEYERKED
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FHIC, AN R FE M 22 (8] 496 B 20 % i AE 3. 30 ~
40.11 mg/kg, Hrh JH3 #F Hb AR Fr + 458 b 5 55, SS2
FEH AR AR PR 3 b e IR A B R AE 7T~
50.90 mg/kg, JH3 Ff HyJE MR PR 4 58 rpdfc 5, SS1 4 b

AEAR 1 58 v B IG5 3 R B0 5 1| AE 28. 72 ~ 80. 17
mg/kg,SS1 BE b AR B - 48 I 5, JH2 BF 3 AF AR B
+ 3 AR
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Tab.3 Soils basic physicochemical property of wild A. annua sample sites

A BB/ 2R/ 7 X AR/ AR/ A/
FEHBS S RHEEN (wke) (g/ke) (g/ke) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Site code Soil type Organic Total Total Total Available Available Available pH

matter nitrogen phosphorus potassium nitrogen phosphorus potassium

SS1 R 19.49eA 2.24cA 1.16bA 22.45kA 22.59bA 16.34hA 80.17aA 6.62fB

N 15.53¢B 0.52kB 0.93¢B 21.511B 19.17¢B 7.71jB 47.73hB 6.86fA

SS2 R 10. 62kA 1.69dA 0.75gA 36.63¢B 8. 13fgA 18.74gA 58.76dA 7.11eB

N 10.311A 1.65eB 0.65hB 38.48aA 3.30;jB 18.90gA 32.65kB 7.32dA

SS3 R 12.21jB 0.72jB 0.78fA 35.66bcA 5.21iA 21.03fA 49.21gA 7.54dA

N 13.83iA 1.33fA 0.76fB 34.81(B 3.63jB 10. 85iB 42.72iB 7.64cA

JH1 R 14.45hB 0.86iB 1.22aA 33.57gB 9.88¢eA 38.37cA 54.86eA 7.46dB

N 16.76fA 1.29fgA 1.03dB 35.89dA 5.95hB 39.01cA 50.36fB 7.60dA

JH2 R 33.67cA 1.01hA 1.03dA 26.45fiB 15.92dA 32.04eB 34.54jA 7.66¢cA

N 32.35dB 0.391B 0.51iB 27.70hA 8.46fB 39.69bA 28.721B 7.87cA

JH3 R 41.31bB 4.20aA 1.02dA 38.13bA 40.11aA 36.61dB 67.13¢B 8.00bB

N 83.89aA 2.75bB 1.09cA 25.77jB 39.58aA 50.90aA 73.50bA 8.27aA

TE R FRIRARER 238, N AR AEMRBR 3 5 7 50 AR R/ G 7 1 78 25 1A [R] 1 2R R[] 22 53 35 (P < 0. 05) , [/ 5 AN A K5 7 B 3R R [7) —

FEHAR PR 4 S5 AR PR L] 22 57 3 (P <0.05) o £ 4 [,

Note: R = rhizosphere and N = no-rhizosphere ; Different capital letters in the same column indicate significant difference between R and N at the same

site( P <0.05) , while different lowercase letters in the same column indicate significant difference among different soil types (P <0.05). The

same as Tab. 4.
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R 2 A T e R R R L
BHL IO 43 fife 1) T B 2, b 2 AR ) 2 T T ) R
TR N 4 AT LU S R 86 R Y
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Tab.4 Soil enzymatic activities of wild

A. annua sample sites mg/(g-d)
MRS ) JHE M Al iR 1t R R
Site code Soil type Sucrase Urease Phosphatase
SS1 R 91.65aA 2.26bA 0.67bA
N 63.10bB 1.82dB 0.44eB
SS2 R 11.84jA 0.41fA 0.16hA
N 8.63kIB 0.19;B 0.05jkB
SS3 R 18. 44fA 0.24iB 0.06jA
N 16.23¢B 0.33hA 0.031B
JH1 R 14.53hA 0.25iA 0.18gA
N 9.14kB 0.17jkB 0.13iB
JH2 R 21.68eA 0.92eA 0.45dA
N 12.82iB 0.38fgB 0.22fB
JH3 R 48.50cA 2.91aA 0.86aA
N 25.23dB 2.12¢B 0.65¢B

- S8 JUR Bt B A LS R — b R A
M 4RI LUFE A [ 3 46 T8 A M Y - S5 R il 3 1
F£0.17 ~2.91 mg/ (g - d) ,Horr JH3 #EHIAR Pr + 5
e, JHT B AR AR B 3 f 1, 2% AE AR B £ 8
R g % 1 e T AR AR B - M (SS3 REHUBR AN ) o W R
T - S Z A B rh RS A B AR, O e I
SR G A HUBE Y 20 i % A O E A S
A B SOIR B0 R DL L S IR TS R E AT 0T
M ORI A AR H Ry B R O P 1
0.03 ~0.86 mg/ (g d), i JH3 F i AR B 4 3 d
75, SS3 FE M AR MR PR - AR, 2% A M AR PR 1 S AR
eI A 24 0 3 e T ARAR PR 3%
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EHNEXESH
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Tab.5 Correlation coefficients between soil properties and secondary metabolites content of wild A. annua

o L R
WAL Soil enzymatic activities Soil nutrients content
7]
. , A BT £ EX0 el WA AR pH
Secondary ; < i i THE B T
. M i WL NG Organic Total Total Total Available Available Available
metabolites Urease  Phosphatase  Sucrase . : . i
matter nitrogen phosphorus potassium nitrogen phosphorus potassium
J<EA 0.182 0.142 0.068 0.111 0.195 0.071 -0.198 0.171 -0.643" 0.084 -0.193
Total polyphenols
R M lE -0.051 0.052 -0.091 -0.149 0.139 0.055 0.097  0.089 0.316 0.458 -0.169
Scopoletin
MR E B D 0.097 0.052 0.004 0.098 0.110 0.049 -0.140 0.088 -0.617" 0.098 -0.049
Chrysosplenol-D
TR B R -0.272  -0.301  -0.335 -0.193  0.046 -0.236 0.218 -0.269 -0.370 -0.071 0.312
Chrysosplenetin
HFER 0.681 " 0.632™ 0.572" 0.403 0.001 0.395 -0.678™ 0.670" -0.572*  0.115 -0.752""
Artemisinin
R 0.673™ 0.773** 0.687°*  0.656™ 0.519" 0.808"" -0.551" 0.738" 0.088  0.982"" -0.740""

Artemisic acid

T« RRAE 0. 05 A U b 53 ASC 5 w0 48 0,01 K- (XU b 88 25 TG o

Note: # , ##* show that correlations are significant (two-way) at 0.05,0.01 level respectively.

2.5 tEBEERRERERPSWESENER
Do

xR B AL O R B R R R R N
IREEH D AR A8 R B2 W 6 Ayl S
il b o AN o N S N SR WO T I S €
HREACE S B RE W UK B R A M L & pH
UL W45 47 5 20 A7, i i KMO ( Kaiser-Meyer-

Olkin, KMO ) | Bartlett £ %, 25 2% 15 %] KMO i K
0.551,P {3 0.000,/NF 0.05 B E KT, FHES
7. 2 6 nlH, Fr 3 A2 3 B R AE
EHRT 1, BRI 2 51k %35 $186. 936 % , % W 1y
3 AN F FE A AT DL W ) # AR 6 APk AR AR
W E RN AR

x6 ITHSANMBLEEMRRARHKE

Tab.6 Eigenvalues and accumulative contribution rate of PCA

WA FHAE i 25 )5 FHAE T % - J7 FE A
Initial eigenvalues Extracted eigenvalues Rotation sums of squared loadings
J5 25t FM 5T Tr %5t AWt
T ) Z - ) Z SRR % o EmmE%
SVRHIEAE Wik %2/ % Wik %2/ % SRHEE Wk A2/ % SRR Wk A/ %
Component Cumulative Variance
Total Variance Cumulative Total Variance Total Cumulative
contribution contribution
eigenvalues  contribution  contribution eigenvalues  contribution eigenvalues contribution
rate rate
rate rate rate rate
1 5.617 51.060 51.060 5.617 51.060 51.060 4.970 45.183 45.183
2 2.711 24.642 75.703 2.711 24.642 75.703 2.870 26.088 71.271
3 1.236 11.233 86.936 1.236 11.233 86.936 1.723 15.665 86.936
4 0.850 7.728 94.664
5 0.283 2.569 97.233
6 0.160 1.450 98.684
7 0.084 0.760 99.443
8 0.042 0.383 99.826
9 0.013 0.121 99.947
10 0.005 0.041 99.988
11 0.001 0.012 100

R T RN THT 3 AL T e 5 i P T 8 A

FME . AT Ol TR e, LR — R A
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FEAEH, 22 5Tk N 51.060% . pH {H A %500
AN SR 2 AR EEAEM,
PETTHR R 24.642% , E0 & B X4 3 AL Tl
FEAEH, T Z 0Tk R N 11.233% o 36 52 B4
A P Y T A N TN IR
PE B WG M RE R RS A AR e A
i A 2 o A OO i O A P A AR
B B i A pH (EL, 33X 1B A6 8 3R AE 5 ok AR AR
77 R DG A AT A R AR — 3L
£7 AHEFHEBEEHNEFHRTER

Tab.7 Factor load matrix after common factors rotation

A ¥
I
Ul Factor
Ttem
1 2 3
iR il 7 A 0.910 0.107 0.291
Urease activities
M R 0.877 -0.043 -0.021
Available potassium content
T R A G 1 0.874 0.248 0.334
Phosphatase activities
Bl A 2 5 i 0.854 0.433 0.217
Available nitrogen content
AREEE 0.844 0.253 -0.396
Total nitrogen content
B 9 0.725 -0.442 0.479
Sucrase activities
XV 0.635 0.044 0.148
Total phosphorus content
pH -0.051 0.937 -0.220
A o 0.110 0.891 -0.032
Available phosphorus content
B G R 0.433 0. 820 0.275
Organic matter content
X -0.189 0.038 -0.973

Total potassium content

3 45

A B 2 AN E 6 AR R B AR R LA
SEARAF B A8 5 UL A ) B R O 1
FEOYHT , I HE AT 35 AR 0 B, 45 R B, R R+
SR ) BEAL P R 25 S L X AT AE S iy Tk
A T3 18] AR AR, B2 52 HL Al o Ak o 3 B i
m ' EAE AR PR A pH (B T AR AR BR
T g AR 2 4 W6 BILR FE R AE FH 7 A CO, B
BRI AR B pH (B MG A . 35 46 35 AN AL RE WS 76 85 41
(>2 mm)EFEESFRWA(35.14% ~78.54% ) 1y &
PR A T L e A e R 25 e 3, X 5 A

B IR T S AR B R AL LA T IR S
A A
THERES S R A Al R iR AL
A PR R B GRS . A IR R, 6 T AR B
A 1 M S W T DK T L R R N R S R
P 8 75 W MR 2 A — R AR b R W M Wl R
PSS RIS P S M R AR O,
Bl 9% P 52 B G e B S 22 A R TR T
W DA, A S R R W R T B A
ZER W
BRI U ) 2R S B T
RE 2 AN [ RF 3 ) e 25 1 L R SR | b SEfUAR Z5 3R
B3 K UV - B AGI 4 05 R TR Y S 80y o e ik
AL I IO 2% R AR AR ™ AR RN Ao A
T IR A B AR OE 22 9 2 T AR R
A58 o %o B AL TR AE S 2 TR
WS BT A S AT S T e M R B,
55 B AR 8 7 8 3R R R & A OC, W W
SR B AR 8 24 T A AU W i SRR TR T
e AT SO R R T AR R 2 8 R
D FIF & i XS R AR G R A B
B 2R SR S AN S BRI T
R 5 3G , R S R T R R N
HERE R VE 2 SRS pH HAE R WME E R H
R R
g L, b AR 5 AR 24 O AR A W Y
FPURE A D fie 1k B A8 ORI i R
R, N TR B T 45 5 2 M b S PR B, 42
S R M K B TR U, i
AT RS 4 i U
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