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B Bl iR A, IR K e AR AR (arbuscular mycorrhizal , AM) B Ak BEXS
FEM AR R AR PR LRI ZG 41 b 5 Rl B 6 J& (Cd \Hg As  Cu Ph) WIS SRR 82 0. 45 SR 35 W, 5 X T 4
(CK 41) MIHE , NTAIEAAF T 1A 28 SR AM LG, T E AR AR B 398 S O 07 25 p4 o, 5 e 5T 5 B
255 0 A [ i A R R A RO [ IR0 e AR A ) 22 S O, B IR RS [l Bk Spe Asc Asp A2
LRI 138 Cd TTER 5 i bR Ah, H A% A B 20 AR R 4 398 K CHOXS 17 245 b AR T IR IR o A e ) A
28 Bl AM ECRE DU I AR R 5 R G ROC R A W AR BE I A AE 35 25 57  TUEERE XS Cd \ Hg  As Cu H AT BER )
PRI R L S0 A T T SR AR s 5 B0 (1000 mig - kg™ )X AN [i] AML T Ak HH A A R
b i B R T KU VAL S R B, I A T TS RS B A AR PR Cd AR IR
1Y SCIR A R ARW] , N TR AM ECR REORUE I AR AR R T R 5k B i AR e VU N, D ffE sl IR bk 4 (0
R BTFRE— A8 A IR A%, (E7E R PR I AR B S B 0, JE 5 05 ) AML R T B 15 T R R A7 3 A4
B | o7 AW TECEE R [ SRR X R SO R R B S
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Effects of symbiosis of ‘Paris polyphylla var. yunnanensis with
arbuscular mycorrhizal fungi on absorption of heavy
metals (Cd, Hg, As, Cu, Pb)

YANG Min' ZHANG Jie>  SHEN Yuxiang’ MU Maojun' WANG Qian'

ZHOU Xinzhu® ZHOU Nong'*™
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Abstract; Through potted inoculation test in sterile soil at room temperature, the effects on the
adsorption and accumulation of 5 heavy metals (Cd, Hg, As, Cu, Pb) in the rhizosphere soil and
Paris polyphylla var. yunnanensis were investigated after different arbuscular mycorrhizal ( AM) fungi

were injected. The results showed that there were significant differences in the residues of the
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5 heavy metals in the rhizosphere soil and its corresponding host after 28 AM fungi were injected
under artificial cultivation condition compared with the control group ( CK group). The heavy metals
contents varied significanty in different periods of Paris polyphylla var. yunnanensis growth, but the
effects were different. The metal contents in the rhizosphere soil and its corresponding host in the
other AM fungi groups were below the national standard limit. Except for the Cd contents in
rhizosphere soil of the AM fungi groups ( Spe, Asc, Asp) during the fructescence. Meanwhile,
28 AM fungi showed significant differences in collection capacity of 5 heavy metals on Paris
polyphylla var. yunnanensis rhizome, a higher bioaccumulation of Cd, Hg, As, Cu was found in
Paris polyphylla var. yunnanensis, however, these values were still significantly lower than the
threshold concentrations for hyperaccumulators ( 1000 mg-kg™'). According to the risk assessment
and classification of the residues of heavy metals, the soil of all AM fungi groups was still at
pollution-free level, but Cd contents of some AM fungi groups were close to micro—pollution level.
The experimental results showed that inoculation of AM fungi could help residues of heavy metals in
the Paris polyphylla var. yunnanensis rthizome in a safe range and provide a new way 1o green
agriculture, but it should choose the suitable AM fungi species for cultivating/Paris polyphylla var.
yunnanensis under field condition according to the actual situation, considering the effects of Paris
polyphylla var. yunnanensis on absorption and accumulation of heavy metals is also important.

Keywords : Paris polyphylla var. yunnanensis, arbuscular mycorrhizal fungi, soil, heavy metal,

pollution.

T IR (Paris polyphylla var. yunnanensis ) N ERY SR AR R A4 BA 1 PR P LI T
SEBRZ DAL, R R TS AR TR 251 G AE R, 5P B o P i T AR % ARUAS IR 48 o AR
MR, R R HE TR & SR ARV E A B AR L & 3 4 Jm A 25 A B iR S & 3L el (45 i
REAE A LY IR FREE H 25 Ak, i pTE E RS AL I R R R ol AR R R ARk R
TELEE AR 7 R T BRI VR Y A AR B AR 2R 1 R 4.

K B AR LT (arbuscular mycorrhizal fungi) ( fijFR AMF o AM EL 5 | & — 28 R iAo ek, 1
ATHER)—25 3R 25 W, RE S5 46 JSH A M AR 08 B B AR RS T o 22 0, TR0 B A gt
AU R BEARAE ), AM ECTAT B 2ot TH MR AR DG G R vE 5 2B B AR Ak Ha br 42 v AR ZE i 1k 22 i o
AEUTO) AR LA T 24 FERE 00 3 R e 1 A 25 2R G A T RS M 0 TR, s i A 0 R B XL SR I
R AL8 , B ARAT P AR AR e Aok A 5 5 26 21 AM ECTR A A ) DT HE K o 1 A LB A IR 15
e s RIRHE e 98 B SRR (AR ) f A BRI R U i, RO A AR I S
MY FORARZ X Cd IR AE 740 2R 46 P A Rh AM B BRI T IEARIR N Fe Cu . Zn Al
Pd B, [FIBTHANI T FexCu . Zn Al Pd SBUE  ZEW 5245 4R AM 05 nlE i BUAE 76 AR AR 2R 1 IE
LR FE Cd, T R AE AL A AR 1353 Cd & & (2 H AT M 1k, 56 F AM E i XHE FH 2y
R 4 R AR BRI S DR GE T i HL R OR TR AM L R 24 AR Y W I R AR R 4R B S R AR RN
], ANTR] AM BC TR0 AN [R) 2 4 oG 22 2 A0 W B R S5k, R0 1T DI DR FH 245 1 £ M 7 B 25 08 A L B2 L
BN IR] AM AR G Fi A% 24 A4 N AR Bk - 98 o 4 s A P o 1) 52

Bl T 25 7ML B & R, R 2 b v A EE 4 iR R s 1) A B T 24 [ R A R ) RS 2R
SV v H 25 37 3 FE AR i DG T A B TS U H 5 ™ T A 2 R 4 Jm Ak R AR e,
T L4252 M) S8 I R FH 245 19 2 2 R 00, T v 250 B 3 4 J 1 e In) L, 5 AT — 8 A Bl vk, R iy
4 A 2 25 R WO At S A A AR, 1T B AR B R L, R R 2 O e
T4 JB TR (I AH DA 3 A R0 rb 25 b4 %8 8 43 B ST 2R 1 WU R ARRRAE B9, 6 T AR Sk il v 244 Hh
SRk BA T RSN SR FHEEEEE S AM H G A 0l R R 48 5k A e R
Fs AR A LR A SR E IR AR A T ESE T RN [R) AM E B E AR 2 5 AR By £
Berh i 4R M A se ) ST B AR M I R AR i M B ek, DT AMF 7EIH
A B KT AR .
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1 #BS 7 ( Materials and methods)

L1 e iR

Gigaspora albida ( Ga) | G. decipiens (Gd) | G. gigantea ( Gg) . G. margarita (Gm) | G. rosea ( Gr)
Scutellospora calospora( Sca) | S. dipurpurascens ( Sdi) . S. pellucida ( Spe ) . Dentiscutata heterogama ( Dh) |
Racocetra coralloidea(Rco) R. fulgida ( Rfu) | Septoglomus deserticola( Sde) . S. viscosum ( Svi) | Funneliformis
mosseae( Fm) | Claroideoglomus claroideum( Cc) Rhizophagus clarus(Rel) (R. intraradices (Rin) | Acaulospora
foreata ( Afo) \A. koskei( Ako) \A. scrobiculata ( Asc) \A. spinosa ( Asp) . Diversispora eburnea ( De) \D. spurca
(Ds) | Entrophospora colombiana (Ec) | Paraglomus brasilianum (Pb) | P. occultum (Po) .Ambispora leptoticha
(Ale) \Archaeospora trappei( Atr) ,A<30E0 T FHl AM 181 34 oy 56 [ [ B A A T R L 1 o 0 8 6408 o0
(INVAM) $24IEf) AM L P8 200 A 7).

R B Ay T P e e 7 A DX R el - SV TR A ) (R FR L 301,31 2 mm B 121 °C s K
FEHIKTAE 2 h) SRR, B AM 4 (Hefh 28 B AM ELE ) il CK ZH (xR 2k 20/~ ib 3. 40 21
6 L, FFAARAN 15 BRELH R 109 EIRENIA AN TE 15 min 5, T VRS BE T4t

2013 422 H 24 H PR/ NS E E AR R T8 L35 2l T 3R A P S AR S SR R
BE4% 15 mL (MR i A 601 R 22 B g e AR B R B B PR AR B T mL 295 60 L T).
FEFP 5 2 ( AZROEIR) HhE 3R A KR & IRl KU B 5 1 D4 Hoagland 5 771K

T T B AR 2508 ) = A R BRIN AP B2 T W 5% e A bt [7] — L R/ N IEA — By A, 22
KPR 27 JRI R 30452 5 72 Tl JE M RRL F R S A ) L M ( Paris polyphylla var. yunnanensis ) BT AR ZE.
1.2 JEEREM RARER TR R A 5 A0 3

Sr51F 2013 4 8 H 10 H CGREUY) F12013 4F 1104 120 H () " ot d S M bR IO R 25, 15
WEJ 45 C oM T RET 35 0 2R 2 DB i i 40, ), 28 5 X AR B e 5286 38 1 AR KU1, #520
PR (A0 et 0 (40 H ) L #8H.

1.3 XA 51

TAS-990AFG R J5 5 Wi 36t BE T IE 5t A AR AT BRSTAE A W) 5§ AFS-230E J5 75t i
(AR R A R A]) s C-MAG HP 10 BE e it (15[ KA £ 141) s DZF-60S0MBE 2 it i i
LS TR (BRI A PRA F]) ;50 (Cd) Vi (Cu) (BT (Pb) 250 BIRRKT (b5t BB G I 76 PR
A PR 5 R (Hg ) Wil (As) 250 IR AT (AL 5T G AXAR A 7)) 5 AE-240 Y03 B R AP (HRR -4 2
10 EHEEA R .

Cd .Hg As,Cu ,Pb #5 HEW 28 W (1 H 1 3R 58 OR 370 SR bR A it F 5 B, 65235310 D : 103110
102911 103012100609 100808 ) , HAb G A L4l 7Kk by 2588 K.

1.4 ik

4 i G R R AT T bR ifE (GB 15618—1995)5.1,5.2 FI¢ H EI 25 L) 2015 4 BR— 35 B 5 IX
B RLEAT ), Cd  Cu Pb R FHJEF I SOERS RN AE , He | As SR EF 2GR 2.

1.5 EEEAMRERIE

2R FREE AR IE S R 2015 48 R 2 30 A G 256 00 o 4 e B i BRE HE AR | b X AN B ) 4
AT bR 2 A SRR T @A Tl AR ) (WM2—2001 ) FREE AR IR E > : Cd<0.3 mg-kg™,
Hg<0.2 mg-kg™',As<2.0 mg-kg™',Cu<20.0 mg-kg™' ,Ph<5.0 mg-kg'.

1.6 EEHDESES SR

HEBEERR(A)= B4R G) FERMYEP R/ B4)8 () YA K g s
1.7 RS 4005 G SRV 7 1%

Z: B AR N RN PRIE ORAP ATl A e B M D H R REYE (HI/T166—2004) ), 5% FH 5L [R5
15 Y e RO 5 15 PR BRI TP 2.

1.8 RkHh 3SR LR IEMN bR
AR R 2 A 7 o A FILYE (GAP ) ) BLAE , w2404 7 M i 38 0 A 5 (3 3 855 o s oA
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(GB15618—1995) ) (1 —Zhbrif:' ), HAA# & H Cd<0.30 mg-kg™' \Hg<0.50 mg-kg' . As<30 mg-kg ',
Cu<100 mg-kg™' .Pb<300 mg-kg ' (pH {HH 6.5—7.5),Cd<0.60 mg-kg' Hg<1.00 mg-kg ' As<
25 mg-kg™' \Cu<100 mg-kg™' .Pb<350 mg-kg ' (pH>7.5).
1.9 Hdaba

BAREGET TR Excel 2003 K41 SPSS 22.0 Gt {432E47.

2 R 51718 (Results and discussion)

2.1 #dh g E A R AR AT

M 1 PR, SR L, HER AM ECIE 45 F T, 28 A AM B I X B A AR PR 14 Cd \Hg As Cu,
Pb %5 5 FPHE 4 J8 W A — s m AR bR R R 4 JE AR TE F A KSR B 0 AR 25 A
K H B SOR AR B Ak E NG B ICZ R E , Cd  Hg  As [ Az < I I 0 184 ML 52 32 okl 11 s 35,
Ph B A= A U A 398 Jon i 2 s 498 b 34 1T Cu AR ACR B 58 5 AR 5 3 W AR TR AR B AT PRl 22 4R X T 4
J ELA AR 0 A R BV O, TR R 22 AR 45 A T S IR T R O 25 S 2 N EETRAE AR AR AR AT Cd B,
Zn K2 Mn 55 X ] g S EOH EARARPR H IR 4R WG — SO0 E R R AL T Ph R A K
WG I3, R 5 e 4 0 28 R S I A B B T %) B4 7 S a1y e

S ELHITR T RE(Cd=0.097 mg-kg' Hg=0.065 mg+kg' \As=11.2 mg-kg™' Cu=
22.6 mg-kg™' \Ph=26 mg-kg™") BUBR As Cu AN 3 FhOT R IFAE R 1T S A AL FEAL , AM I B X T
FARE SRR RN E SR e R LR, S4EE D S R —k, kW
Cd Hg .Pb JTCEAFFEAN R TR L (1) BRI & 4E.

S A A AR UE) (GB15618—1995) HlIZbmife , B Spe \Rco , Asc , Asp AbFRZH MY Cd T
RO RN, AR A U R 1Y A YK T B mn BRAE 5 R S BRI 8 45 AR — 3, nT RE S P X
h3erh Cd EAERRREAGE AM HEH R X & B U R A RKEHIA S P2 Rl — B R A B R R A
WF5E.

2.2 M ESERE ST

MR 2 BZERKTE , S HAE LG, #7280l AM FURE 254,28 Fl AM FLE X LB RS 25 Cd \Hg \As . Cu,
Pb 4% 5 Fh e 48 i 5% B8 S YR AR IR, S S I P AR R Cu>Pb>As>Hg>Cd, 5 Fv il 4 J@ e R bl
A A A A3 T S A [ A ARk B BV iR R, R Rfu AR3HZH R 20 ) 5 e 4 Jm g% 18 B il i
CK 2 , AL BRAA YR T OK 20, X Al g2 i T AM ELR B 220 T 540 I8 (0 2 W e i, %o 4 ) 5 1k A
i BRI AT — e SEEASONE” AT LR A s g i B A A B DL R SO R T 3R LA
K, EAEREREARR AM HR A4S CK 42 a2 53 A &, 355> AM B R A B2 b i 4 R
JCEGR R CK 4L, X H B AM FLE AR A 22 54 51 AR B Al out 2 4 8 O BB E AR TR, 22 AM
FLPAR HE T R X S0 8 4 WAL, AR JE — SO A it — 2D TR A BR R A A 5

SR E 253 (2015 4ERR—FB) P AHSC 250 I00 T 5 4 ok B o 0 PR A A (25 AR K i 750 A
2R LA T BRIEY (WM/T2—2004 ) 0 (4 75 42 J 5% B8 2 1 BR S b B8 & AR A0 0 I S 3 e 0
Pk He JCRAE R AM B R AL s oRAS AN AR AL B M EEAR S E SR r Rk &1
T PR AR
23 MXESEEERK

YN il SR E AR TR, v LU E ROk 2 S T E AR TR
R IR UR N RE T 13RS 0 N 3 LSRR SN IR L, R AM B AIE T, 28 Fl AM ECR
XPEFE MR ZE Cd Hg As Cu Pb 55 5 PP 4 & S0 R 1Y & 4 KRB AHHF , (H B AR5 i 85— AR BR P
JCERHN, HAY Cd Hg As Cu %5 4 FlOCR A RNFEALBRA A &£ RBORT 1, MBI 2—3 Foc R K
EERBORT 1, UAAR AM B FESE Cd Hg As,Cu HLAT S REE M + 38T 58 3] JH &
BEARZE T T LA, ZEXHE AR GAP b #1532 ™A 42 il HoAR 35 S8R ORI A 38 11 AM. BB B A
2.4 HEPESEE R

Z (A SEFRES R ARIE) (GB15618—1995) bRft kAT + I T 4 R IEM , 45 50 3% 4.
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868 57N 5% 1k 2 37 %

M 4 WS RHFE i —FH 4 BT YT BN 5, AM EUHE AL B4 R RN Cd #5> PN (NS
LEGTS IR0 =0.7, A RN BR B R0T5 0%, AT PN (HE/NT 0.7, 38 TiE 15 KF , 38 i
IR EH IS FELSIEILFEEH T, BE T Spe Reo Asc  Asp AL FRZ I PN=0.7 LIAN, HoAth b B
Y PN BRI /NT 0.7 Fr LA BRI 35 70N TAERD AM B TRARES 25 1 T I S AR T3 A BN 2E
2.5 MR 4 Jm e (R AE DG

FIFH SPSS 22.0 Geit- 3 X 2544 Hh 5 FheE 4 Jm TR S AT A G AT, 25 R SR IR U cd i &
5 As Cu(r=0.814 .r=0.699,P<0.01) i BFLEA W IFEAHE, As I RS Cu(r=0.606,P<0.01) [
AL BEMIEAX, Cu 19 25 Ph(r=0.784,P<0.01) 1 2R EA BEIFAHX, HAE LR A 27
AHCELIE A SE  By Rk ) i b D36 5.3 5 Cd B9 25 He(r=0.551,P<0.01) ) BFEE B &K
IEARSE , HoAy T4 (A 52 S M DG s AR AH 56, YRk B 35 1, I3k 6.l BLAFE , & @ 7R I AR AR 25 4 K
b AR B R R AR AT REAEAE TR e AP ] 2 B0 ] s AN [ AR I 3 B D A ] Y AR Al AR A

RS AP ESE SRR AHCHE CRA)

Table 5 Correlation of heavy metal content in herb during fructescence

# 42 J& Heavy metal Cd Hg As Cu Pb
Cd —
Hg -0.070 —
As 0.814 " 0.059 —
Cu 0.699 ** -0.130 0.606 "* —
Pb 0.306 -0.106 0.100 0.784 " —

T PRORERAGI A E L (P<0.05) ,* " FORERA LI HAL(P<0.01)55 % 6—3 8 [A].
Note: “ * ” represented statistically significant difference at P<0.05, “ s " represented statistically significant difference at P<0.01; The

same were applied in Table 6—Table 8.

R 6 PR ESE TR ARG ()

Table 6 Correlation of heavy metal content in herb during senescence

# 42 J& Heavy metal Cd Hg As Cu Pb
Cd —
Hg 0.551 """ —
As 0.050 -0.168 —
Cu -0:359 -0.276 -0.163 —
Pb -0.086 0.235 -0.184 0.273 —

2.6 LM ES R R R A

FIH SPSS. 22:0: 45 T4 % 24 4 5 %5 B AR B+ 398 v 5 P 42 Jg oC R 5 s b A T A DGR AT, 45 SR
R L4 Cd MRS 258 Hg(r=-0.451,P<0.05) i RFEA BE A, 15 As 19 RS 2544
Cu.Pb(r=-0.499 .r=-0.547,P<0.01) 1) BFUEA I 2 O ¢, HRE 4 8 ] 2 TUM DCEUEAH G, ¥R
IRF) I A, R 7. Cd B SZ5H He(r=0.467,P<0.05) () 2R HA B EIEA &, -5
Pb (1 25258 Cu . Pb(r=0.575,P<0.01;r=0.407,P<0.05) 1Y 2 EA B E EA X, HAE 4R 2
FAHSCEIE ARG, SRR 8 B M, D3R 8 UL I E AR 22 A K b R3S 25 M p & TR A R
TR AT REAEAE TS P AN PR IR] 2 ARy, HAS ) A A s 31 2 B MR AS ] (9728 A R

RT ARG AMPE SR SRR R

Table 7 Correlation of heavy metal content between soil and herb during fructescence

4R 5 Soil
Heavy metal Cd Hg As Cu Pb
Cd -0.003 0.177 -0.316 -0.083 0.362
Hg -0.451" -0.039 0.132 0.199 -0.299
2§14 Herb As 0.017 0.242 -0.154 -0.064 0.351
Cu -0.150 0.143 -0.499 ** -0.091 0.349

Pb -0.229 -0.098 -0.547"" -0.125 0.177
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Table 8 Correlation of heavy metal content between soil and herb during senescence

F4RE -3 Soil
Heavy metal cd Hg As Cu Pb
Cd 0.296 0.123 0.009 0.202 -0.289
Hg 0.467" 0.092 0.156 0.047 -0.074
2%t Herb As 0.017 0.204 -0.265 -0.028 -0.152
Cu -0.053 -0.181 0.229 0.193 0.575**
Ph 0.267 0.137 0.057 -0.116 0.407"*

3 758 ( Conclusion)

(1) SXFIRL (CK 41) A EE , N T AR5 4 F T 42 28 FhASTE] AM I B8 X 0 5 RS s g 1 HL X 17
2y Cd Hg As Cu Pb 45 5 P & @ A% A 1 22 53 0 3 R I) 5 4 J e I AL K AN Tl 300 3% i Ak
25 SRR E ARS8 R AN ] 4 Spe  Asc \ Asp AbFEZL AR PR 13 Cd ot & & Bl hndh, b
Ao P2 MR 57 A 398 K HXGE Ry 245 68 35938 B AH A Tall A PR 2 s o, EL R A 35 Ml 89 R A 7= 11 L R 2 R 4
G GAP B3R, BRAS LR UF R s S b F A4 1) FH 25 2 M | Sy by 2 s DA s 001 YA i R A (e o A
TR R BAEE T —Fh T BE A H AR B4R A T K IS R H SR,

(2) 5XF BB (CK 41) M EL, #2A0 AM ELB 4514 T, 28 Fh AM BB 1 S MR ZE Cd \Hg As Cu,Pb
FESMESRTCRENEERNAMEDEET  EESEX Cd HgoAs Cu A KRN EMEEN,HY
KT SRR I A B bR v (1000 mg - kg™ )/, T A ECER A% 7 H A K el R AT BE 32 Bl SR AR
JLZE,Cd Hg As Cu 24 G 5350 AM B PR A 3R 5500 Sef il 3 4.

(3) VA 3R 5 T R bR vfE) (GB15618—1995) T4 bR i, Bk Ga,Gd, Gg.Spe.Rco . Sde ., Svi, Cc .,
Rin Afo Ako Asc Asp De ZbFHZH M A De 40 PRYT R 21 Cd 19 PN=0.7, H R TRMUES
RS H , AR AR B2 Y PN AES4/NT 0.7, Bk e L 8 i 4 V5 Yo R B B R B T K7 78 N TR AM K
PR A PF T TR E R bR 9 FLA B (IR ML A5 XURS: , (R AR B 3 rp Cd 24 Ja A s 335 W i A ol
PR T A, DAGRAIE LA 2 o i 20 41k

(4) HERPIMEE AM BB AT BB Ak R T A AR ORI ZE A 5, [ B BB PR P B T AR A T 4 Ak i i
TEL4AJE P, A S T A 4 R Y35 e XU 5 % R ( CK 4H) ML, 3ERR AR R AR JRE AM ECS
J&  ELE AR 4 R AR B R AT W ARk 4R OR AM EUBE 5 S R AR X RAETE— S B RS
NP R A A5 A4 I AR HF S B 55 100 B R G 3 1) AML LAY PRI PR A 7 2 AR SR
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