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WE . HEHERRTERNE EY , E MBI (Artemisia annua L. ) TR, SR 110 8 A4 55 70 2E H i B v £ i) ] R A 485 45 W)
HE R, AL E 0 AR A S R G A BN ——F A B AR LR A5 6 D SR PR M XA R A P RR S A
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Allelopathic effects of artemisinin on ectomycorrhizal fungi

LI Qian, YUAN Ling, WANG Mingxia, HUANG Yue, HUANG Jianguo "
Key Laboratory of Microbiology and Plant Nuitrition, College of Natural Resources and Environment ,Southwest University ,Chongqing 400716, China

Abstract: Artemisinin, being extracted from Artemisia annua L., is recommended by the World Health Organization
(WHO) as a drug for the initial treatment of malaria. During the growth and development of Artemisia annua 1. in field
cultivation, a large amount of this anti-malarial compound could be released into soil ecosystems by rain leaching, root
exudation and plant residues, inhibiting the growth of plants around Artemisia annua L. and microbial reproduction in soils.
Ectomycorrhizal fungi (ECMF) can increase the growth, nutrient uptake and stress resistance of woody plants following the
formation of symbiotic associations, which is important for the sustainability of forest ecosystems. The allelopathic effects of
this anti-malarial compound have been seldom reported on ECMFs and plants. In the present experiment, two ECMF
strains, Suillus luteus 8 (SI 8) and Lactarius delicious 3 (Ld 3), were isolated in the pine forest in Chongqing, China.
They were grown in Pachlewski liquid medium to study the effects of different concentrations of artemisinin (0, 20, 40, 80
mg/L) on fungal growth, efflux of H" and organic acids, and uptake of nitrogen, phosphorus and potassium in vitro. Our
results showed that the growth of the two ectomycorrhizal species was significantly inhibited by artemisinin. After being
cultured for 14 days in the dark, fungal biomass was decreased by 89. 13% ( SI 8 ) and 26. 89% (Ld 3), respectively
compared to the control (without artemisinin) , indicating the higher sensitivity of S/ 8 than Ld 3 in response to artemisinin.
Oxalic acid, succinic acid, malic acid, and citric acid were detected in the culture mediums with Ld 3 inoculated, while
only two organic acids, oxalic acid and citric acid, were found with SI 8. As artemisinin concentrations increased, the

efflux of both H" and organic acids from Ld 3 were increased in contrast to SI 8 which had a low accumulation of H* and
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oxalic acid but high citric acid in the culture medium. In addition, uptake and concentration of N, P and K in the fungal
hyphae were significantly reduced following the addition of artemisinin. The capability of nutrient absorption by Sl 8 was
almost lost under 80 mg artemisinin/L. Overall, our results showed that the two ECMFs varied significantly in H* efflux,
organic acid accumulation, growth suppression and nutrient uptake inhibition under artemisinin treatment. The results
further suggest that artemisinin could alter the growth and nutrient uptake of ECMFs in forest soils, which could potentially
risk changes in the distribution, performance and biodiversity of ECMFs in forest ecosystems. Artemisinin decomposes
slowly, potentially leading to large amounts of the compound remaining in soils following the cultivation of Artemisia annua
L. on a commercial scale. Artemisinin in those soils, particularly in Three Gorges areas in China where a large amount of
Artemisia annua L. are grown, could influence not only the biodiversity of ECMF species directly in forest ecosystems but
also the growth and health of forests indirectly. Improved understanding of the allelopathic effects of artemisinin on ECMFs
could maintain the fungal biodiversity and function in sustainable forests, which is important for the health of natural

forests.
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(Artemisia annua L. ) PEEBOIM T WA, 8EAEE A K R b, nl DU o 25 IR, 4R 28 20 3 AR 0 % A e
fift A5 2 FPR AR ) RS RE R R Y ——5 8 R D AU R A 1 R T R Sk
11.7 mg/kg +, FIRVE B B 300 5 A5 DL B sl R B ] A A A K R E O e
Yy, AOARIRE T | A R A R R A B A A T I R R 2R I R e AT % R VA S RN R A
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S LR 1) SRS I s | PTRB R B A RS A I Y A T A AR AR LR AE ORI AR T . el T4k
R E RN BRME S RG T rEE, SRR KA R R R TSRS B, B 5T E R E
A AR BB (4 A BRSSO VR B A T A R R XU (A FE A, ] PN AR S 5 i LR

ARMFFE L DT A% 2 L 00 LU AR A 49 v 1 A A TR B B —B PR 2L A I DA ( Swallus Luteus ) FIRS FL45
(lactarius delicious) A EE BFTE T 5 8 X B 224248  HRIA HLIR 7304 (3740 WSCE (9 52 e, o TE B PEAL A2 2
AT 5 A 55 X6 FR AR 25 R GE B RE L, 2 B R A (it B B4 2 Al
1 #R5RH*

1.1

PR RAE T PR KA UAE Y L0 =, AT e PR 3L 4 BB (Suillus Tuteus) SI 8 FIFAFL4E ( Lactarius
delicious) Ld 3,43 BIR B F 5 KT 400 1L A 4% 2 110 B R AMAR T A SR R M 1498 (pH { 4. 0—4. 2) , Hukb bW
A

FE(25+1) CHAMET , R Pachlewski B 1E 7 3L M 55 52 (B ME 14 d & FEFRIELIAUN 0.5 o/L
WA %% 1.0 g/L KH,PO, 0.5 g/L MnSO, - 7H,0 20 g/L #i%ik% 20 g/L 3§ 0.1 /L 44 % Bl 1.0 mL/
L T RIR G W (5T 8.45 mg H,BO, .5 mg MnSO, - 7H,0 .6 mg FeSO, - 7H,0.0. 625 mg CuSO, - 5H,0 .
2.77 mg ZnC1, #10.27 mg (NH,),Mo,Ol, - 2H,0) ,pH 5.5,

1.2 A%t

B 150 mL =, A 50 mL Pachlewski JA$; #7356, 121 CEIRKHEGEH, % &R 7EJLERFAE H AL
1 R T R R A 11,7 mg/kg b, HHEAR R IR B R G 5 AT A B R0 vER A
500 pL AR EE R TC A 7 5 R, B LT & R E 533128 0,20,40,80 mg/L ARIASE IR, ARG, B4
FFIERE AN 6 mm ALY 2 mg (L BB B, 30 55, (251) CRIFRERIES 14 400 &
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WA I H i E 6 IREE
1.3 WEmH S5k

EIRGE T T pH-3C RURS SRR FE N E B 35 pH (i, 1h B SE TR 22, L8 T KR, (80+2) CHET
FREE, FH H,S0,-H,0, THACHH 22 , U FH e B i Eb (0 BH 08 Bb i | O G BE T 00 5 T8 A b i 2 4
(28 L

WA IR, A = ORORH 54 ( B AR HITACHT 28 B A7) I AR R SR 36 h A LR & /. il 514
4 :Diode Array L-7455 S84l , Ton-300 A HLIR 534t % FI#E ( Phenomenex, Torrance, CA, USA) , Jii 3/l
2.5 mmol/L iR, ik 0. 5 mL/min, #EHEE 20 wL FER (FEIRSELRRRIR AL ) , S AM I 210 nm , #E:3 35
°C,H713.103 MPa, WMERAPLIREFE IR | T 1R SRR A BRI I AR YK 42 9. 57 (11, 55,
13.33.16. 16min( & 1) ,

1.4 FEat

5 Excel F1 DPS 6. 50 B4 X I8EE HEA T R AT E MG 14307, LSD #4772 & Heds, /K- B
H P <0.01,
2 HEREHH

2.1 TR AR B A K R

B2 ] DL R E GG IR 14 d 5 TR IR 5 AT 8 Z VR B ARG N, A1 A4 TR AR T TR AR 1 A ) o
T A (H R R R AR AN TR I 52, B BT SE8 AR KA MHIER KT Ld 3, 7 80 mg/1 &K (4537 3
H, 818 AR LR IR (RTS8 R B T 89. 13% , Ld 3 FA= W AN F X PR AR T 26.89%

a 30 - ——5I8 —o— Ld3
¢ A
0.030 |- : B
0.025 |
2 —~ 60 c D
< 0020 - =
-2 >
R g 0015 - I g
Ee w0k VY 40+ N
g 0010 1; 9 et é,
< 0.005 - : : g
P m 20 F AB
O 1 1 1 1 1 | | 1 1 | C
0 2 4 6 8 10 12 14 16 18 20 2 BC
&l 0 . . , J
Retention time/min 0 20 40 80

o HHRWRE )
1 SHEi G Artemisinincon concentration/(mg/L)
Fig.1 Standard chromatogram of orgainic acids B2 BEEMIIMNMEREEEKNOEIECEIEREZE n=6)

a: HAZ Oxalic acid;b: T & Succinic acid; c:3EFER Malic acid ;d; #7 Fig. 2 The growth of ectomycorrhizal fungi in response to

PR Citric acid artemisinin ( mean+SD,n=6)
U 2R FOR BRI 22 |, 6] — BTbE AN R) KB bk 3RR 25 Stk L 3
(P<0.01)

2.2 HHEHRXIME R EE 0 HEER 0 0

F AT R AR SR B T R ARG, SE 8 B HY IR (wmol - ¢! T - dT) BEF
K, Ld 3 B H' 43I ) 52 5, 76 80 mg/L ¥ 6 2= M35 IR 5 rh, ST 8 119 H J W 3 558 LU Xof FEAH LU AR T
0.95 1%, JLFA5 1k H 0 s Ld 3 1Y H 43 Wb B8 Loy BRER =5 1T 1. 75 1%,
2.3 HE R AN TR AR B U HILER 1) 5
2.3.1 HR

F2 WO AMETRAR LT SI 8 Fll Ld 3 ¥W] 43 AR R, FL Ay Wb et I TR RR RN 18 R IR FEE AR R AN 57, SL 8 1)
BRSNS T Ld 3, BT IR A W 4 R 1,20 mg/ (S 8) ,0.75 me/ i (Ld 3) . MLAR, FEMARES
SR WS T R B ARG N, SE 8 MR S WA it bl KA, Ld 3 P ERR 4306 R ) SR . 7E 80 mg/L H
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B FEEL ST 8 [ BLIR A Ih & LEXT BRIEAR T 64. 11% B Ld 3 MBS Wb &L LT B3R 55 T 58.62% .

®1 BFEEMNEEREES W H AEE (umol « ¢~ TH - ™) I (CFIY(ELARERZE  n=6)

Table 1 The influence of artemisinin on H efflux rate by ectomycorrhizl fungi ( mean+SE, n=6)

LS HEEWE Artemisinin concentration/ ( mg/L)
Strains 0 20 40 80

St 8 4.28+0.067A 4.11+0.018B 1.84+0.104C 0.20+0.009D
Ld3 1.72+0.027C 3.23+0.015B 3.50+0.023B 4.74+0.003A

TERFE AT, RRIKRE TR RR 27 L3 (P < 0.01)

®2 BERWINERREFAVNRSBENIE(mg/H) CFHELPRERYE n=6)

Table 2 Influence of artemisinin on organic acid efflux by ectomycorrhizl fungi ( mean+SE,n=6)

Btk AL/ (mg/ ) T R WAL Artemisinin concentration/ ( mg/L)
Strains Organic acids 0 20 40 80
Si 8 FR Oxalic acid 2.0320.010A 1.26+0.056B 0.79=0.001B 0.730.010C
T MR Succinic acid ND ND ND ND
R Malic acid ND ND ND 2.06+0. 020A
FHEERR Citric acid 0.37+0.005D 0.44+0.005C 0.47+0.006B 0.5120.001A
Ld 3 HR Oxalic acid 0.58+0.018A 0.67+0.042AB 0.80+0. 066B 0.920.009A
T & Succinic acid 8.0320.138C 12.83£0.234B 13.22+0.886B 15.89+0. 432A
ERBR Malic acid 2.81+0.341C 7.96B0. 608C 8.75+0.440B 10.8620.999A
FHEERR Citric acid 0.18+0.001C 0.32+0.012B 0.35+0.001B 0.47+0.008A

ND R A E Hh

2.3.2 T

Fonlhl SIS AW T R, EH & RWRIE N 0—80 mg/L WK FEIEP  Ld 3 /T —FRAYE M 8. 03
mg/ LR 2] 15.89 mg/ I, WA T 97.88%
2.3 SRR

F2 A UL Ld 3 RS R Ay Dt A 7 s 2 VR B AR TG N, E T VR 80 mg/L MG SR AL Ld 3
B SRR 3 b ST BRIE N T 2. 86 £, [HUZ TR i RIKIE N 0—40 mg/L WG FRIES S8 AN/ 2R IR 5
[E 1 R VR EE N 80 mg/L YRR EEH, SL 8 W43k 2. 06 mg/ SRR .
2.3.4 MR

&2 WI UL AN TRAR L TR AT AGE IR 0 ek B v 2 AR I I 2 v, L0 R DR PR AR AS )T 5, FEAS N
ERMEE I e TR R I 508 0. 37 me/H(SL8) F10. 18 mg/Hfi(Ld 3) ; 475 Rk L] 80
mg/L I BT EEIR 7 W 2 IR B T 0.39 135 (S 8) A 1.61 {5 (Ld 3) o MAM, WikksME B AR ELH A5
R b s AN —FE,SI 8 WEE T Ld 3, W i 25 A 1 1. 36 i,
2.4 HEHZMIMERERERE NP K &2 A5

3 BARHHEH RO T AMEFEREREEZE NP K B2 M (H 23550 & x4
2.4.1 A

FERAAR KR SR FE T A TRTAR TR 1) 13 Sk I 77 8 3V B P Bt AT R AT o 2 5 R B v ) RS B R B A B
80 mg/L B, B 22 & i 43 ) U XS BRFRAIC T 36.61% (S 8) F131.59% (Ld 3)

1A DR L 114 VR AT T s 2 v B A A R el R I PR TR RN TR T 5, SRR SR T G T R
IKF] 80 mg/L I, AMAE AR EL B A9 A 43510 0. 06 me/ i (SE8) F10.45 me/Hi(Ld 3) , 43 B HL X BEFEAL T
93.10% 1 50.55% .,
2.4.2 W

T e 2 AT A R LR % B Fo N S ()5 M 55 2R, ST 8 MWL it (R IR i 25 KT Ld 3., 43557

fem

)
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FEP T R R 80 mg/L B, SI 8 Fl Ld 3 YA 22 T Wl it 43 ) LU X BEFEAIE 1 17. 85% 11 26. 33 % - W Wl i 43
SRR T 91.94% (SL 8) 46.30% (Ld 3) , i JLT-15 11 T R A AL
2.4.3 4

PEMRAR G SR I 75 8 2V B R AR TRTAR LR A 7 S e A I S AAIG, T LA SE 8 I B i BRI e Ay

W MBI R W E N 80 me/L I, S1 8 Tl Ld 3 FTH 22 & 4 L X BERRAR T 41.55% H120.85% 4
W B REAIR T 93.26% (SI8) 42.28% (Ld 3) .,

*3 BERIMIMEEREE N.P.K SEMBRIENNCPEELRERYE n=6)
Table 3 The effect of artemisinin on the contents and absorption of N, P and K by ECM fungi ( mean+SE,n=6)

AR FIKIE (me/ ) TR (me/ )
Wtk Artemisinin Nutrient concentration Nutrient absorption
Strains concentration
/(mg/L) N P K N p K
S18 0 21.11+0.667A 13.50+0.285B 19.35+0.942B  0.87=+0. 107AB 0.62+0.013C 0.89+0.043B
20 20.97+0.236A 11.12+0. 587C 17.58+0.424B  0.64+0.077BCD  0.37+0.020D 0.60+0.014C
40 19.66+0.208B 11.05+0.311C 14.09+0.122C  0.41+0.050D 0.25+0.007D 0.29+0.036D
80 13.38+0.243B 11.09+0.482C 11.31+£0.504C  0.06+0.007E 0.05+0. 002E 0.06+0.003E
Ld3 0 13.99+1.194B 16.76+0.622A  23.02+0.856A  0.91+0.077A 1.08+0.040A 1.49+0.055A
20 11.71+0.905B 16.21+0.364A  22.82+0.444A  0.70+0.054ABC  0.86+0.103AB 1.35+0.026A
40 11.59+0.328B 13.92+0.480B  22.54+0.724A  0.60+0.017CD 0.72+0.025BC 1.04+0.128B
80 9.57+0.360C 12.28+0.380BC  18.22+0.277B  0.45+0.014CD 0.58+0.002C 0.86+0.013B
TERAPE—H P, RRIRE FHERR 27 B (P < 0.01)

3 FitHitig

R AR AEVPRHETRIE T AT 352 PTBRAIE BAR SRR B2/ K LA N P K U B 932 51
AT RNH . FLBEE#5 BRI MR Ld 3 4908 W' RSERRAYRE S AR AR T S8 10000 KR T

B, FEARRTMFGE T B AR SR TRAR TR | P 22 25 ) o Bl 5 3R R b i v 2 VR B I T e 1 BH R IG5
EUTEILF] 80 mg/L I, SI 8 AR KA IE, Jessing ZE4f0E , Y H & R ABYURE S EFEE MK LS,
W5y 5 T | A R A A R RIS A IR AR B T 3R A v U A AR
SEME , U AR - e SR AT 0 T SR T AR v, S B AR A AR RELE" | Delabays 45 & L5 8 K AE L1
IR SRR ARG AR T e P XA N A B X AE RN R, RS 2R
R AR IR A I 1A L ZBRAR KR SR A S R G, 3 T BE AR DX I 6 ISR A ok T BB AA KR Ab
A TR LR -SRI I IR R 22—

A AR FLAAE S AR 5 5 AR A I AE B S50 R 3R A HY REFA PR, AN REiR AP SRR |
TR P R e A K T BRI R B, RN ER AN RS T v (XA MR B R A R
T H AT DAV R S i, s iR (R AR R R A B B RO TR SR B T RRR, A
MR E IR AN, R BE A R R A AR PR pH AT B b E SR E T i1
EAEYI A B BIE . AR R T R Ld 3 (HAME] ST 8 43I HY RIELIR , R 5 X A AR T AR B

PR H R 5 i DR BRI RS G 5 ZEARMAE R R Ge v, KOS v oA B 11 0 1) PR R R 2t 119
PRI Ii—T5 6 3R, B S1 8 HY R R 43 it B, 1T BE s i 2] -+ 3l i 1 37 43 0T Ak, DA ROV i 4 J 1 g
WX &R BTG, EHEENERT,SE8 M 224 B REAR, X v fB 22 SI 8 H FlIH iR 431k
P FERAN 22—, BRI T R AR, R 0 EE R R R, PR
P L RS T o 9 D A A 20 RS | 00 S5 a8 P R N T B AE T, A, I 451 i g A i T Rl v
AT A0 6 1 9 5 30 T 5Pl A M )3 AR R, FEAR IR Y v RV R RS I AT B R, Z i
Pk Ld 3 09 HRTEEER /0 B A7 B B I, 4 7558 2 0% i bk g R 8 LA HIL] , B35 8 E MO T R A i
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JEE )38 M (EVE FHMLERA A 5 T AN A= 25K AR — RS 5 R

HME IR EL AN RMAE R RGE T EHE, TS AR RIE SN AR Z 5, T 2238 751 R 3R 1P i)
WHE  HMERE 22 A 58 TR 485700 s 27 A E IR R AR K RSPt (PL R U IiE 4
JRAE) AT KRS NP K BEMATRERZMN =8R8 E AR R
IR E R R 22 N P K M, Mg ikrh 38 RiA5] 80 me/L i, Ld 3 N P K By I A n+
R ALY IR T 50.55% 46.30% F142.28% ,S1 8 JLFAREA K 324 N P K WRBE )y, I & &R
SR A A AR BB NP K SR M, AR R DR B R R R 57, 25 S A A B AR L B Y A
AR EA 2 £ L —1k, B R RS FR R R b aT REIMRP S R I A —FE , FERRMAES R G, M E
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