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Effects of Arbuscular Mycorrhizal Fungi on the Vegetation Restoration of

Different Types of Coal Mine Spoil Banks

ZHAO Ren-xin', GUO Wei', FU Rui-ying', ZHAO Wen-jing', GUO Jiang-yuan', BI Na', ZHANG Jun®

(1. College of Environment and Resources of Inner Mongolia University, Hohhot 010021, China; 2. College of Chemistry and
Chemical Engineering of Inner Mongolia University, Hohhot 010021, China)

Abstract: A greenhouse pot experiment was conducted to investigate the influence of arbuscular mycorrhizal ( AM) fungi Glomus
etunicatum ( GE) and Glomus versiforme (GV) on the plant growth, nutrient uptake, C: N: P stoichiometric, uptake of heavy metals by
maize (Zea mays L. ) grown in three types of coal mine spoil banks. The aim was to provide a technical basis for the revegetation of
coal mine spoil banks in grassland ecosystem. The results indicated that the symbiotic associations were successfully established
between two isolates and maize grown in the three substrates, with an average mycorrhizal colonization rate ranging from 36% to 54% .
The colonization of two AM fungi significantly increased the dry weight of maize grown in recent discharged and weathered coal mine
spoils and GE increased those grown in weathered coal mine spoil. Inoculation with AM fungi promoted the uptake of N, P and K by
maize to varying degrees. In addition, inoculation with GE and GV also decreased C: N: P ratios, supporting the growth rate
hypothesis, and had significantly differences on concentrations of Cu, Fe, Mn and Zn in shoots and roots of maize. The results
indicated that GE and GV had different mycorrhizal effects on maize in the three types of substrates. GV was more suitable for the
revegetation of recent discharged coal mine spoil and weathered coal mine spoil, while GE was more suitable for the revegetation of
spontaneous combusted coal mine spoil. The experiment demonstrates that AM fungi have a potential role for maize to enhance the
ability to adapt the composite adversity of different types of coal mine spoil and play a positive role in the revegetation of different coal
mine spoil banks. Further field experiments should be conducted to evaluate the practical effects of AM fungi on the vegetation
restoration of different types of coal mine spoil under field conditions.

Key words : arbuscular mycorrhizal fungi; different types of coal mine spoil; maize; vegetation restoration; grassland ecosystem
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Aol 5/ 7 s, B 5T B R A A T AR (arbuscular
mycorrhizal , AM ) H B Glomus etunicatum F1 Glomus
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BB VE A XT 5. R)ZHE L SRR A LA AL
PEFILZE 1. 380K L A7 3500 5 pH (H (57K
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BLTT & i, YL RE e R, S A AL AR s -4
BRYTLE I E AW | SO G RE I E A8 ey
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Table 1  Physical and chemical properties of three types of coal mine spoil and topsoil

T KEHE+ HHEEAT A (S1) KA A (S2) AT A (S3)
pH 6.97 5.99 7.21 7.15
AL % 0.42 19.72 3.95 0.99

2 N/% 0.031 0. 40 0.14 0.042

& P/% 0.045 0.028 0.053 0.075

2 K% 0.36 1.47 0.89 1.22

A N/mg-kg ™! 53.3 25.7 13.5 47.8

AL P/mg-kg ™! 13.74 12.56 6.02 8.09

B K/mg-kg ™! 71.53 185.6 128. 4 146.2

1) FHEEE N 3 AR R AR

1.2 AR Al
P EAY N ARAR T K (Zea mays L., 5

P15, TR Bh 7R W T 9 5t AR OB 2 T 9 B
BT, HE AT e R 0 R, AR R B
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AR IR AR B TR h AT e 2R AN B R TR S
BRI #E R, 50 H AM BB b 2 B BREFE ( Glomus
etunicatum, 5 H GE, BGC HEBO7A,
1511C0001 BGCAMO048 ,572 ~F/10 g) Al FBR
P 5 ( Glomus GV, BGC NM04B,
1511C0001BGCAMO008 ,438 ™ F/10 g) , T FI' F
b AR 2 B 1 5 5 B R I (R W AR 4
FHER TR A L K AN = ¥ ( Trifolium repens L. )
16 FY KREFEPAF NS HE T | WL LSRG
T AP AR B A B IR AR PR HIR &
1.3 5kt

RIS R AR Y B OA AR IR = N T IR E AN
FERIATIR (CK) | 350 GE FlER GV 3£ 3 Fhab 3,
RN HERE 6 ANE R 3 PG A L I 54 AL
VIR SHRAE A ( A 18 em x FH 12 em x &
JE 13 em) YERIEFRASER, WA A B8RS, R
JEFELI N T em B9 R BT A RLTR B HEEAT 41, X
PEMERT AT B [ BRBEEAT A (4 I3 £ 430 1 250, 1400
11000 g, H I 73w K+ 600 g, JREZ) N 3
em, K HZ 7K 50 o B4 2040 7 4 4k
T, PR 3 1 400 ¢, JREEZR 2 em. ANFEFR AL
HER AR S 2 A SR K E A ek
AEFRAS 0 LAY TR 43, L6 AR AT LAV TR X i) BT 1
A5 o AERE IR N S 60 mg-kg ™', P Ry
30 mg-kg™', K A 71.5 mg-kg™', Mg N 4.5
mg-kg™',Ca N 20.4 mg-kg™",Zn H 1.23 mg-kg ',
Mn A 3.42 mg-kg™', Cu 4 0.54 mg-kg™', Mo Ky
0.009 35 mg-kg .

TEPETORL LI (1) F KB, 3 2 Fh 6 hr, T
7 d JEET AR 3 KA Y. 8T
RESEPNE S n b s o | NE R/ SS9 |
FREE A KB A A AN K, GERREAT A K 1 ek
JE & K & H Al KK 80% . H L Z Hil
A 60 d JEWoR.
1.4 FES A B oA

@7 I e o 1 s S [ S 1 T 32 @
Hr,70°CHET  FREE. e A SR K Wk FORAR RED KL
A4 AR5 FHZE K ok 3 UK, 70°C HE -+, FR .
FEMCERATFEHLIERR 1. 0 g Bt iR BLARAE T 50% B 2
05 BRAR AR YR, I i, R AR R R i
0. 05% 5 Wi T 7L Hmis g &, IR A7 . il i, A
FHAR BRI AR R e

IR it B R S A Ak B, 31 i R B
2 ~3 mg | H] 78 & 73 H7 % ( Vario EL Ill, CHNOS

versiforme ,

Elemental Analyzer, Elementar Co Germany ) Jll ¢ C F01
NICER & . FRI0.5 g ZE A MRS IMA 5 mL
PEgsl HNO, T 120°C 2 14 F IT R i, il #6155
IR M P R 55 8 T IR R LA (T1CP-
OES, Optima 7000DV , PerkinElmer USA ) ] & 14 fift i
1P, K, Fe, Zn, Cu Fl Mn (V.
L5 HBdEortr

AR5 A R Excel 2003 #EATF-3{EFIbR
HEDRZE YT, SPSS 17. 0 FRAFHATSE 1T 40T, X i
FCHT &2 M 22 K 568 75 ( Duncan’s multiple range test,
DMRT) 54645 b PP $49 {1 22 ] Y 22 5 25 1, 22 5%
BEMIKFH P <0.05, 3R FHRUA 7 J7 22 70 Hr i
E 2SR AM B AR ] b — 3 Z IR 9 52 1
TEH.

2 HRE5H

2.1 R AM FLTR D RARAR LR A Py 5 )

RIS R RN (£ 2),3 FIOBERT £33 R R g%
FRAbFRAR 22 M A KB AR R 5. X FHefab
R GE FERD GV 5 ARG I 21458 o 0 TR AR AR Y
B OESENT S1 RN S3 1 2 A ol Ak B XS K 11 TR AR
RYL A | MAEFET S2 I GE X R KM
BEET GV(P <0.05). XA T4 Hr 4k 5 2 i 1
A 35 JBX PR AR A G S5 TG S 35 5 T T 22 A B X
FRR GG W B 5 (P <0.001).

TEFERT S1 [, 56 R A PRAR L | 2 42 o Ak B
P T FOK L F AR BT E (R 2,P <
0.05),4%Fh GE W EIIN T EARMIW+E(FK2,pP
<0.05) 1 2 Fhdzeh A #H ] oK b 134 AR AR
FHERZESAWE. XTI S2,2 FriEfp b #y b
FRNT EOKM EISMAER S TERE(EK2,P <
0.05) , {HXFHR T F 3 70 & w2 M, 2 FhEz b 2
B KM B3R MR ALE T EE R AR E. XT3
Jii S3, SX AL AN GV AL FEAH HL , 20 GE i
EHOINT FOKHL BB RIS T E (K2, P
<0.05) , 5XF REALFEAH LE , B2l GV XF FOK M L3 |
RS TEZ WA R, WM T, 55
S3 EEAREYELEAR(ER2). 763 R A
R A PRI AL B 2 i R OK A AR L (H
BRI T A, SUH F o Mralh BRI (%
2) MR A L5 R 3 b A TGS K Ml 3T R R
TEH LG D EHW (P <0.001) , SR H A JE
WA ER (P <0.01) , Wi FHLHAERH T AL
FiE E K
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Table 2 Effects of inoculation with AM fungi on mycorrhizal colonization and biomass of maize
9 FERP A3 RIMRREA/ % Mo LT E /g pot ™! ARFTH /g pot ™! M HE/g pot ™!
CK 0.00 +0.00 b 4.51+0.29 b 1.29+0.23 b 5.80+0.14 b
FHEERF A (S1) GE 37.06 £9.67 a 7.61 +1.46 a 2.210.39 a 9.82+1.84 a
GV 53.85+5.57 a 7.3420.30 a 1.83+0.18 ab 9.17+0.45 a
CK 0.00 0. 00 ¢ 5.1920.33 b 1.15+0.19 a 6.34+0.52 b
KA A (S2) GE 49.23+£1.97 a 7.48 £0.25 a 1.32+0.13 a 8.80+0.33 a
GV 38.17+2.61 b 7.89+0.37 a 1.590.11 a 9.48+0.33 a
CK 0.00 £0.00 b 3.0520.33 b 0.86+0.22 b 3.91+0.54 b
HBRERTA (S3) GE 44.71 £6.03 a 6.02£0.49 a 1.64+£0.18 a 7.66 £0.59 a
GV 36.65 +6.60 a 4.13+0.24 b 1.13 0. 06 ab 5.26+0.28 b
F (S) NS * ok ok P %ok ok
SxI NS NS NS NS

1) ZF P Bl 6 WHE B YT « brifEiR2s, Wl —F P Tl — 3L R R 7R R1E P <0.05 BEKF2REBE,; « N P<0.05, £#RES
W o« o« N P<0.01,FREFIEFEE, » » «J P<0.001, F/RZRWEH; NS FRLRENZER, TH

2.2 R AM EEXTEE N P ALK RIS B

T b B4 S 20 T o 3 N O P A IR SR (P

FEAD AM ELTR X 3 AR A BT L R ORAE bR
N, PRI K BRI S AN 3 . X TR i
S1, 5 xR AL BRAH L, 4200 GE 1 GV B F 3 1
FOkH EFR P K AR P AR AL (P <0.05) ;
BeAh GV N T oK B N AR (P
<0.05) ,[HEAP GE A7 1 Wi b 2 52 5 2 g
AbFRVAT b 255 ) EOKARER N AT K Wi, okt
FIEFR S2, 6 F0 2 Fh AM BRI B E N T E ok
i EFR N, P ALK AR R SRR PRI K Bk
H(P<0.05), 1M X ARFE N Ay IRl %A B
M. Xt FA K AR S3 A K 2 Fl AM ELTA 322

<0.05) ; $%Fh GE ffif5 T oK M 358 X AR P A K
PR WG WA e 24 4 3 8 T X R A B R 42 A GV AR FE (P
<0.05) ; XF T EKAEEA N W& 1 52,2 A
PEAh AL B R) 22 S R B . TRl — 3 Ah AR BT R R
S3 LR KM L EBANARER P AR IR N AT K A% I Uk
HIBHET ST R S2 IR (3R 3). M T3 Hrah
F (R 3), FE TR R A4 FhAb BB B & R T
FOKHL EFR N, PRI K K ARFE P A & (P <
0.001) , #ZAhAb BEAR 35 52 M 7 ARER N B A i
(P<0.05), ~H#HAZHAEMT R AH & N P
A iR B T 2 K (P <0.05).

F3 EWAM EEN 3 MEFAER EEXKM EEMRE N, P K RIKEHI 00/ mg-pot '

Table 3  Effects of inoculation with AM fungi on shoot and root N, P and K contents of maize/mg-pot ="

iy 1 HR
5 FEFp A b < N b <
CK 79.34+8.49bh  4.23+0.21c  161.1£13.0b 13.86+1.19a 0.8120.16b 20.77+1.34 a
HrHERT A (S1) GE 94.39+11.88 ab 7.72+1.28b 244.1%34.1a 18.74+1.87a 1.4020.23a  30.46 +5.16 a
GV 116.1+1.4a 10.3820.50 a 244.7+17.6a 18.57+2.0la 1.54=0.14a  30.67 22.69 a
CK 110.1+3.7b  6.63+1.29b 202.0+12.8b 16.62+2.49a 0.77+0.11b  15.29%3.50 b
WALBERF A7 (S2) GE 140.8+1.9a 13.03+0.27a 300.4%20.3a 15.44+1.70a 1.3220.13a  29.13+3.99 a
GV 120.9£6.9a 13.3820.42a  287.3+8.6a 17.87+0.50a 1.65%0.12a  37.53%3.00 a
CK 67.91£4.12b  1.9620.17 ¢ 116.5+12.9b 12.47+3.08 b  0.45£0.13 b 9.49 +3.68 b
HAIERT A (S3) GE 122.6 £8.4a  6.4420.71a 272.5+24.1a 22.46+2.99a 1.12£0.10a 26.26+3.20 a
GV 101.9+6.3a  4.70+0.31b 165.3+11.7b 18.31+1.68 ab 0.76+0.10 b  15.40+2.87 b
%E‘i‘(s) % %k ok ® % ok * ok ok NS * %k ok * %k
WEM HF (D £ ok ok ok % ok ok * P -
SxI1 * * NS NS NS NS

2.3 AR AM ERE X C: N: PAESE AT R

HOE AL

XFF 3BT A7 HE 5T, 5 %) HRAL BRAH LL , Bk 2

GE XA RKFEFT S1 b R KH B3 C: P kA i
AN R GE A GV 2 I BRI T M b3 AAR
BB C:P MNP L (F24,P<0.05). H4,2 F AM
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FLIRAZ AR AR HR Y R 10 2552 BT ST AT S3 | R oK Hb
L ERARER C: N Lk, RGN TR T S2 b oK Hb
ERFMRER C:N (52 4,P <0.05). 455500 It
5 S3 b F KA C: N FLEEARAG FHL 5 ST S2, 4
B C: P LGN N: PO g T Al P A L 5. XA
PTEE IR (3R 4) | 555t 2 AU I b A B A S

EW

Wi 7 F AR AIAR A C: P LI N: P L (P <

0.001) ,H FFRAMRH C: N HCAEAS [) 35 5 =22 [a] 43 51
AR K (P <0.01) FR K F (P <
0.001) , FE RS AVRIEZ A A B — 8 22 HAE o & 5
Wi 7 4 3B C: P (P <0.01) FIMRFE N: P (P <
0.05) , {HXF Ho At 45 45 JC ik 25 52 ).
F4 B AM BEEX 3 MRS A ER L E KM FARFIRER C:N:P LAy

Table 4  Effects of inoculation with AM fungi on shoot and root C: N: P ratios of maize

Hh - HRFH
25 B C:N C:P N: P C:N C:p N: P
CK 25.14+5.25a 441.8+30.2a 19.10+2.73a 39.40%3.71a 672.6=11.8a 17.97+1.58 a
HrHERER A (ST) GE 36.26+8.32a 417.2+48.2a 12.79+1.93b 50.91+8.72a 542.9+36.0b 13.74+0.87 b
GV 26.50+0.95a 296.8+5.9b  11.25+0.54b 41.74%1.55a 506.0+39.7b 12.09+0.68 b
CK 18.81+1.11 ¢ 388.9+32.0a 19.17+4.61a 28.81+1.28b 624.9244.8a 21.85%2.00 a
AR £ (S2) GE 22.39+1.05b 241.5+6.2b 10.83+0.36 b 35.82+2.48a 415.2%3.2b 11.75 +0.76 b
GV 25.73+0.96a 248.9+7.5b  9.73+0.58 b 36.16+1.72a 393.1+3.4b  10.94+0.46 b
CK 17.82+0.98a 620.9+34.8a 34.95+1.63a 28.39+0.50a 821.1237.9a 28.90%1.06a
BRI £ (S3) GE 20.61 +2.47a 389.5+18.1b 19.76+2.45b 29.88+2.71a 586.0+12.1b 20.08+1.74 b
GV 16.22+0.21 a 352.4+10.8b 21.72£0.41b 25.67+1.49a 633.7+61.3b 24.56+1.18 b
WEMN M (D NS % % ® ok % NS ok % % % %
Sx1 NS * ok NS NS NS *

2.4 HEFh AM EHEA R R 4R SRR
XRS5 XT REAL BRAH LE, B2 R0 GE R X
FEKAEAR Cu, Fe, Mn #1 Zn & 58201 5l B 3
i (£ 5) ; R GV WEIEIN T E KM M 1
E R REAR T AR Zn B & (R 5,P <0.05). X
TR S2, X RALBEAH L, 2P GE B ERRAK T
o B Cu, HRHB Mn Fl Zn A9 & &, W& 100 T
EH Zn AR Cu MR (£ 5,P <0.05) ; HEAp
GV B FH MR 7 H B3 Cu Il Mn Y& (£ 5,P <
0.05) , 1 %F HAth o 43 @ U A & 5. X T 3L R

RGN TARER Cu (P <0.05); FEH
GV BRI T B3 Zn A& (P <0.05) , %
HoAth HE 4 Jm Ve AT W sg . WAL 0 B 45 2R R
(£5) , EANREEFZ 0, ERKH EH Ca, Mo 7%
AR Mn | Zn FE2ZEFEE (P <0.001) 1
7 Fe AR Cu S RE2Z R B (P <0.05) 1 -
B Zn RS Fe S RER AR E,; EHEMGHEZ
], 4 B3 Cu TR 2ZRAERRE(P<0.01), 1
#B Cu Fl Mn 22 73 (P <0.001) ; —H 2L
AR E 3 Mn FURIAR SR Zn S A W

S3, 5%} AL BEAH L, $2Ff GE ST FORIAN Cu ) (P < 0.05), X AR & Mn 4 # W 2 5 m (P <
FERAREZWR(ERS), BERM T LI Cu i 0.001) , XF HAh 5 4 )8 I W& 5.
RS EWAMEEN3 MEFARERLEEX EHMRTESLE Cu, Fe, Mn F1 Zn EEMEID/ mg-ke ™!
Table 5 Effects of inoculation with AM fungi on concentrations of Cu, Fe, Mn, Zn in shoots and roots of maize/mg-kg ="
' Hefi Wb sl
£ b G F M 7 C F M V/
u e n n u e n n
CK  12.34£0.99a 82.50 £6.77a 180.3 £21.1a 41.56 £10.35a 25.78 +0.51a  963.1+91.7a 191.7 £3.2b 29.80 +2.39a
FrHERRT A (S1) GE  10.09 £1.52a 98.63 £7.15a 175.5+10.6a 41.37 £12.07a 35.33 £4.92a  913.8 £141.7a 130.2 £20.1b  22.98 +6.37ab
GV 9.85+0.21a 101.8 +3.7a 206.9 +15.0a 48.42+5.25a 33.25+2.19a 861.8 +114.5a 312.4+33.1a  13.06 £0.99b
CK  10.59 £0.46a 115.8 £2.3a 120.4+7.2a 39.70 £1.07b 30.13 £2.93b 1211.5+433.3a 77.34+9.63a 14.76 £3.24a
RALHERT A7 (S2) GE 9.20 +0.41b 137.7+23.7a 116.9+5.7a  48.74 +3.82a 43.77 +1.58a  594.8 +138.6a 34.99 +7.23b 3.54 +1.29b
GV 8.80+0.43h 104.7 +10.2a 88.79 +5.33b 33.86 +2.83b 31.26 £1.54b  796.5 +129.3a 67.06 +4.60a 9.05 +1.84ab
CK 18.83+0.58a 118.9+9.0a 122.6+5.1a 30.33+2.37b 23.94+1.59b 809.8 £139.2a 57.10+5.72a  10.04 £2.36a
FRBERFA(S3)  GE 17.25£0.22b 116.4+7.5a  116.1+3.8a  34.62 +0.48ah 36.58 £3.49a 1173.7+239.0a 61.32+11.46a 17.46 +1.53a
GV 18.26 +0.31ab 120.2+12.0a 118.2+1.6a 36.79+1.19a 25.85+1.63b 685.8 +128.1a 74.98 +6.63a  14.20 +2.90a
%ﬁ(s) % % % * % ok % NS * NS % ok ok % ok %
BEME R (D * % NS NS NS ] NS EIE NS
SxI NS NS * NS NS NS * ok * ok
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FRRYCRIZ LN AM B S5 d s 3k 56
R EBIEAR, ST TS BAR TR P03 P 5
AR — BN AR R Yol M AR L
PR R X HEAR AR 4G | B SR BT 3 AR T Y
A REPE B P AR | AT A7 DR HE R AR BR
AR AR R B A7 A 3 0 25 5%, BT HEJERT A pH
B, FRR AT AT LT A 75 k25 A, 3k Pk
JRZEFER(FE ). Hitk,3 FhERUSEAT 77 3L 5 7
S R TR] (HAER GE FI GV J5 E K BAH
(R B AR e 6, AN [ 28 U Ay 35 ot =2 (] B AR A2 e
R EFUARE(EL2) , RPEKE GEM GV
WA T R AR R 2 P 3 RT3
BRI RS IE N E. Pischel 251 (U HF 58 th 2
AR A R 5 R o B A BT A R 22 A f 2R
PRI Y R 22 AN 2. (HA A B 7% 2 B AR 55 3
FRIAA — @ e REE , LA TR, AM EL B 1R YL R
25 X2 5 0] AR T B A AN [ 3 5T Y A
A AN [ T P A A

HERT AT LT b AM B SR G R ST
SR T R R T (R 2) , BB A
PR AR S R0, X 5l 2= R B 9 4 R M
L7250 A HERRAL R A TR AR AR e R A
AM H B xR P AR K A R A (K 2).
Enkhtuya STV G A R R I R AM EL S T
AR YR W (e i A K E AR B YR
AR SRR AN B ., 33 3% B B AR X 1 A 4 4 7
AR R R LI, WA SRR LA LR
O RAS R R AT AT Y AR, 7 H BRI A
GE XT E AR M RARRZ YL 48 GV &y, XA 4 i A KAl
PEERE I (3£ 2) , 3 mT BEJ H R B BRIEEAT £ v
BIUEWE TR, T AT 2 AM E B A
15 AR G A e T A 0 WA SR B, LA S AR A
P A IR B SA B 25 A5, 5340, #FP GE I
GV XF 3 FhIL T I ok i A KA 2 A R [ (142 1 1
LR A G FIb M 22 2 8L
VLB K AETE AT A LA A RN 2 A 3
J5T SR TN JoT 2% A A5 L [ ke 1Y)

16 3 Ml A L BERh GE Al GV AS[R) F2 B Hb fie
HET E AKX E IR ICER BRI, JCHIEXT P ik
(FR3),UE THYIE FUE TR, 58 T FRXS
AT S TSR 85 2% 4 35 1 8 0, A R AT
AR R AL . A T A4 R 3 T, 36 FP AM &

PEXS 3 AT A LB b R OKIRICE FRoT R I R R
JEW AR X B AR B ORISR R 1Y
PR R B S5, X HEIE T A A R AR IR (3R
3). TEAEE D AT A E R R A R, A
PRIERE A v B AR, X B AM L A XA A T WSO 5%
Yy 5t i) 505 A AL P SR o s (R BE
—E BAHOCE. BFFE R h B SRR L HE P
W 5 AT AR A A6 AM ECTRT A AR 1
7 0 TR 22 TR R R T N /D A - A B, WA T RE
WU LY R VR AR, R X R JT R 1Y IR
it Prasad S50V 5T 2 B AEAS [ B K OF 4 4
(20, 40 FI1 80 kg+hm *) ,#EFh G. mosseae XFHF 4
A6 ( Chrysanthemum indicum L. ) " P & & [ 52 Wi f
JEARTR] DM@ KPR 52 iR B 3 A R HAE
PR AR RS A A R BE K T AN, SR, N, P K
YA KT EFRIUR, L RTEE R Z K
FAEN, AM FL B AT ) AR A1 B 22 1 AR AR 0 R i
TR, 375 A B PO 8 SR P o, o P DL 3 T 22
PRBEIICHS 1) — B RF R AT I R AR R BR800, B
LA EF MR B T 02 i 19 4 A B I W
FIOURME M AR R 2 AT E
KEFWPAEHFROR BRI T —E 2R (£
3) , —LERFFE U R I AL FEAT AT A B S5 MK A2 I AN
] AM BB 7R AR ) 1078 TR AR DT TR I T ]
AR AR AR L sk BT g 4 S 2 WA 4 0o
BIRICR R B ST A JE 28R | S g
FEW) o SRR A 22 TP R R A OC, BRI, 7893
JEE 5T S R 22 1) 1Y) 22 5, G B B 3 5 A [m] A
A1 SIS

A A A R AR AR A AR AR M EAE ]
thZ R kA TR FIRE A R, B AR 3
FRICE C. N AP ZIICR DY A KRR
BT R A% O AR B AR K R
IR, A= WA B A P BRI TRNA 5
T2 P IR LU HE R A BT & 0, X AR 1A
N I P VR BEZHE I 0 P A SR C: P 5 N: P
FLo Rl Z BRI AT 45 S el AM 1t
HUUE TR C:N: P A A b, BB HEAR
f 7 BN GE X FOK ML EFE C: P HEBEA B350
b HARTEFOMEFP AL PR B T C: P 5 N:P Y
BEBFER(R4) SR G A KRR, 7EAH
(] (8 AR S PN, T AR ) b AR AR AR ) B R
A4, Chen % ST T AN N, P /K T 25
G. mosseae Xf =ML C: N: P He g2, A5 141
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N AR T F RN A b [ — A b T
Y C: P 5 N: P Lo THANPIFP R A (R 4) , 10
AU P b A B A S e 0 T LRI A S R ep
T KX PRI, (ELAE A R R B AR L Al R e A
A 5 5, (A5 4 ) A 2 30 P R A 7 3 BR
A A B AR RS, 540, % GE f1 GV
XIAEY) C: N: P EC TR B AR TR (8 55 VR L 5
BRI IRKOC R, AP A B (1) A= B A R A
AR R T —E VR . AN oT 25 R WA 42 Fh AM
FLDA RIS R T AT A BT R AE AR C: N: P b X
FORAAR EA W AR BEAE 5 BERXT 3BT A
B FRICE W R MBS, T o I8 A WL ak
AHULAE , FHE5A AM B BAE R, ol 8
R, BB C: N: P, ik B AT A 1L
MRS R 0 H Y.

H 4 )& Cu, Fe, Mn Fl Zn JEAEY) A4 K75 AU
HOLE, WY A VE FH R BH — % AR RN, e
TE PR BT, S A A KA 2500 FR
Bl AM ECBE AT LA SR INA ) e LR R Wk A
i BT R B FAE ] R AM FUR AT DR
EAE A M L 3 0k J3E LA 2% Mo 33 B A T AR g 4
R R AM ELTE XT3 FRIERR b kAR N T4
JE e B AR s i B B R IR AR A > B8R
PEAEA > BrHEER A AR RN A P 2 6] 0 2R R
LRI AR B B 3 Hefh GE X KA BERT A
b ARAR N A B T R R FE AR RS e o R (]
— e A A B X ] — R Ay 32 B P R A Y R [R]
& & TG R W FE B sZ N [A], NP GE Ab i i 3%
FEAK T ARJERT A7 B oK M 130 Cu AR, [R] I 2
EHM T MR ER Ca By BE TR T A T 4 S ik
BEYVRAE B (K 5) . XUEH] AM BB X E K
RPN TR 4 J8 Wk B (9 52 1] BB S5 AT A 3 i 2 A
AM E R JCR R RIERT A e R R E S5
ZA 5. Jankong Z5 X As 75 Yt + I AYBF AT L 3
WIFEY RN 4 B T R AL 5 ZFh = A
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FHENT A 1L AR
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R PE WA RPN HRUKLZIHERZ
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(1) 753 FEEAF A 25T 1,2 b AM iR 5
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KAEARA™ 5 SR W i e #EAE & C: N:= P LRSI
TR I, Rl GE X BRI 8 FE R AE Y
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