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Abstract: To improve the growth and survival race of plants in coal mine waste, potting experiment in greenhouse was

carried out to explore the effects of single and mixed inoculation with AM fungi( Funneliformis mosseae, F.m and Clar-
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oideoglomus etunicatum, C.e) on the mycorrhizal colonization rate, seedling growth, antioxidant enzyme activity and os-
motic adjustment substances of Medicago sativa in different compound substrates. The compound substrates were formed
by mixing coal gangue(CG), fly ash(FA) and sandy soil (SS) mixed in different proportions T1(CG : FA : SS=
75% : 25% : 0%) , T2(CG : FA : SS=60% : 25% : 15%), T3(CG : FA : SS=45% : 25% : 30%), T4(CG :

FA : SS=30% : 25% : 45%) and T5(CG : FA : SS=0% : 0% : 100% ) was taken as control. The results were as fol-
lows: (1) Inoculation of AM fungi significantly increased the mycorrhizal colonization rate and mycorrhizal dependency
of M. sativa’ s root in five different compound substrates. However, the maximum mycorrhizal colonization rate and my-
corrhizal dependency after inoculation of F.m+C.e [F.m : C.e=1: 1(W/W) ] (64.31% and 86.24%) occurred in T4
substrate. (2) Inoculation with AM fungi increased height, stem diameter, leaf area and biomass of M. sativa to some
degrees, and the effects of mixed inoculation were better than that of single inoculation. (3) Growth of plant roots were
inhibited by excessively adding coal mine solid waste. However, inoculation of AM fungi could significantly promote total
length, surface area and volume of root, and decreased root average diameter. (4) Comparative effects of different inocu-
lation treatments on POD activity, SOD activity, CAT activity, soluble sugar content and soluble protein content of
M. sativa leaves with were F.m + C.e > C.e > F.m>non-AMF, and the optimal effect was showed in inoculated with
F.m + C.e. Our results suggested that growth of M. sativa was realistically inhibited in coal mine waste. However, AM
fungi significantly enhanced resistance to stress by improved seedling growth, antioxidant enzyme activity, and osmotic
adjustment substances, especially the combination of F.m+C.e and compound substrate T4 was the best.

Key words: arbuscular mycorrhizal fungi( AMF) , coal mine waste, Medicago sativa, growth, antioxidant system, os-

motic adjustment substance
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PRFPHEA T B 5 IR A T | TR AR L AT TR 22 AR
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Table 1  Basic information of the strains in the experiment
T TR Rk BGC 5 10 g AL THL A EAK
Chinese name Strains academic name BGC code Number of snores of 10 g Host name
BE VY A PR Funneliformis mosseae BGC HEBO02 382 K
AT R e Claroideoglomus etunicatum BGC HEB04 572 FEK
B3 AMEFHS " Y T &R EM Y T
1.3 WEF*E SRR = d 5 T 100%

1.3.1 ARz = R A A ARAR ik SR il R 28 85

et e o GROR AT 2371, 2002) |, K5 45 48 5 76 R

ZVEEINA 10% ) KOH , 80 °C /KA 30 min J5 3+

KOH,, %5 7K 52 52 I DR AR FE 0K, 28 7KK &2 3 8 B

Al BAR R BY AL 1 em BY/NBE, A 1% 19 il A 2K

W AR AR T WIS R Y AR BLEL,

HEIEIT (E4H4% 2012) .

WAHRZ IR (%) =

T (OxARBEE+ 10X AR BA+ -+ 90X AR B A+ 100X AR BEED)

AR B '

e T &
1.3.2 A KA KBELEE LA MR R A
ZEFLIHTIF i ABEAS 105 C AT 30 min, FAE 75
CRMET 2 E, AR T HE, F R &
= FIRG B 0.02 mm Y3 bR - RO 2540 5 A LL-
3000C M- ARACIN 2 I 7 T AR5 ] Delta-TSCAN AR
RO ARG i AR R MR R AR,
RFEHHRE,

1.3.3 »F R A ag4r B S LW E L EE (SOD)
TP NBT 25, i & e (POD) 1 M FH A )oK



5 BelEas . AM FLE A B DG XN R 2

LB AR AR A ORI AR PR 4 R TR 653

F2 HAERERBELMER

Table 2 Physical and chemical properties of the substrates

RN HAUA M A AL
" | n c oS - vl T XX R )
Su%s{—ite }:%T]TEG .*5%%_/}(55 i pH Available nirogen Available phosphorus Available potassium Organic matter
(mg - kg") (mg - ke™") (mg - k™) (g kg")
Tl 75% * 25% : 0% 5.66 20.86 9.12 74.81 26.33
T2 60% : 25% : 15% 6.71 22.85 12.05 80.98 23.48
T3 45% : 25% : 30% 7.00 27.717 14.91 95.75 18.72
T4 30% : 25% : 45% 7.49 34.25 17.28 108.11 14.95
T5 0% : 0% : 100% 7.84 31.46 12.33 122.80 10.62

My , ik ST U ( CAT) 1 1 FH SR MRS (R R R,
2006) , AT P O e B L (3, TR MR R S i
FH% el G-250 Jeta ik (kR R4F,2009) .
1.4 #iE4bIE

K SPSS 17 X8 s AT G v 50 B, D 45
Fes R BME bR HE LR, Duncan’s 1R 560 i 2 MK
- P<0.05 £ 4 BV 258 8] ) 22 5 @ 25 M OR R
XUPR -7 25 43 A 326 Jo 0 B 3910 R 4 DA B — 38 i A8
HAER, I Origin 8.5 2l KR 1A,

2 HERH A

21 BEMAM EENELERRZEREBLEEM
BRI M R 2

23 R, 7E H A I, non-AMF 4b B [ 52
A6 E 75 MR R BEARAR YL R RN B AR AR PE Ry 0, 158 I
PRZH AR B AM FLPE R %, A [R] 25 5 rh AN ) 422 7 Ak
P B8 A0 B 6 AR R TR AR AR e 2 o] B ATt 25k 22
5 (P<0.05), F&R T1 L3R AM B LIEH TE
B YR /N, LR T4 F3ERh AM AER AR
1RYROR I A, HAERD Fom+Ce BB R 2 e R
K,H64.31% , AR M 1) K/ 517 Gy R
PR —30, 2 T4 AN Fom+Ce RAEETER R
B MR e B K, M 86.24% , 545D C.e F F.m
A BFHEE R (P<0.05) o XA T-45 500 by
FEWT | JTORN T AR 0 28 46 1 A5 AR R 0 AR (= e R
FRITTRT MR AR P B A A 35 25 7 (P<0.001) L T2k
TR R AL B 35 () 28 BRI R AL B T8 R AR

PR YR AR H 35 (P<0.01) , X B AR 4K
P2 i 3 (P<0.05)
22 M AM HEMEEER EMERKHZ N
T4 R AR AM B SR E
TERE S non-AMF AL E A B EFMHE2Z R (P<
0.05) , %A F.m+C.e>C.e>F.m>non-AMF, $27}
F.m+C.e, &0 T4 5 TS AUtk & 22 58 3, 5%
T4 L3 F.m+C.e #5755 K5 non-AMF A tb
BEANT 83.37%, LR T1 425 Fom A BE & /N5
non-AMF #H LI T 34.02% , £ 4 KRR AM
HAEHRER /NS non-AMF fHEL 2 R 8 2 (P<
0.05) , (A& FER AL BB VAT o F k22 57, HLALE
R EAR RN T4>T5>T3>T2>T1, £ 5 T4
P Fom+C.e B3R K L non-AMF 5 58.61%,
FERT1 R Fom 19 L4280 0 d5c /N, AR 9 T
PR 3 5 bk v P A2 — B0, L TR T4 M F . m+
C.e H # 1 it LU K non-AMF 3 K T
89.96% ., H:J& T1 %0 F.m+C.e B 5 non-
AMF ELA B #M 27 (P<0.05) %/ C.e F.m 5
non-AMF A W M 22 5, TR G He W B i 58 4k
T b T R R R T R A, BT T4 42
W F.m+C.e B9HL 3+ F K, 5 non-AMF L
BN 215.38% . KEFT T1 el AM ELE#b B ET
IR B e/, U o A 45 SR R B L A
23 B DO A I R v/ N i e W = P S
HE M (P<0.001) , X FeA2 A i AU A HE 7
FERM(P<0.01) , &3 HAE XS8Rk =
HAW B FEF(P<0.001) , XFHEAE 1 AL
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Table 3 Change of mycorrhizal colonization rate and

mycorrhizal dependency in root of Medicago sativa

with AM fungi in different substrates

B f= e T AR
HE b Mycorrhizal Mycorrhizal
Substrate  Treatment colonization dependency
rate (%) (%)
T1 F.m 17.28+1.86Dc 25.82+11.40Bb
C.e 22.22+2.04Eb 51.93+9.13Ca
F.m+C.e 29.71+1.32Da 65.81+4.57Ca
non-AMF 0.00+0.00d 0
T2 F.m 19.09+0.56Dc 37.17+6.84Bb
C.e 27.35+0.93Db 59.87+10.92BCa
F.m+C.e 35.67+1.84Ca 71.21+5.91BCa
non-AMF 0.00+0.00d 0
T3 F.m 24.44+2.40Cc 56.06+£6.46Ab
C.e 33.54+3.94Ch 70.53+3.82ABa
F.m+C.e 43.83+2.92Ba 79.73+3.00ABa
non-AMF 0.00+0.00d 0
T4 F.m 42.03+2.49Ac 69.29+8.00Ab
C.e 50.89+2.79Ab 72.35+2.42ABb
F.m+C.e 64.31+3.48Aa 86.24+2.00Aa
non-AMF 0.00+0.00d 0
T5 F.m 33.06+4.62Bc 65.32+4.60Ab
C.e 45.25£1.79Bb 78.23+2.89Aa
F.m+C.e 60.70+2.81Aa 82.51+7.30Aa
non-AMF 0.00+0.00d 0
M FEJ5T ok ok
Significance ~ Substrate
AMF Hkk Rk
I T x AMF . By
Substratex AMF

. BPEIE L E AR R, RNFKE FZ LR F—H
AR ORI 2R 7E P<0.05 K P LR EBE, NE/NSFH
FR Al — R BT A [ WAL BRI FE P<0.05 K L2285 B3,
x . P<0.05; ** . P<0.01; % . P<0.001, F[d,

Note; Data in the table are mean +standard deviation. Different
capital letters mean significant differences ( P<0.05) between dif-
ferent substrates in same treatment. Different lowercase letters mean
significant differences ( P<0.05) between different treatments in
same substrate. * . P<0.05, #%. P<0.01, #%%. P<0.001. The

same below.

R E T R R
2.3 ## AM ERMEREERRZAERKHNF N
5 R R AM BB XA R R A S AR

EMR R B WERmA ARARARRTEYEA
WEMEE S (P<0.05) , MAKBEHEI N T4>T5>
T3>T2>T1,, AS[Al42 T A0 (A4 R B K FTAR 3 1 AR
HARFEHEER(P<0.05), T T4 FRERL
R, M F.m+C.e 8 non-AMF i & K AR &R
SR T 122.72% MREREAIE M T 131%, %
JBT1 b 3 TR X AR AR A K G AR A AN 4 Fi
F.m # non-AMF ¥ i & /v, iR R B K 8 m 1
30.08% , MR AL N T 25.65% , X TARMAKF,
JUETR o B B AN R 3L AL PR R A B 25 %
A RM B, LT T4 LHEM F.m+C.e
HRARFLLEL non-AMF 34911 132.33%, ST T1 | AM
B DA O AR R R 2 i fe /. X TFARSE I
T R AM HH A R I A TI>T2>T3>T4>
TS, 3SR TS E3ERD Fom+Cle MRS H AR f /D,
{HELJR T4 Rl Fom+C. e AR P34 B A8 PRI I B fi
K, 5 non-AMF #HLLFEAR T 57.78% . HEJit T4 4%
il F.m+C.e MR R T HEH A K, 5 non-AMF AH L1 3
T 204% , FEFRE T #5 AM LR MR AR T 54 i
/N, W F.m+C.e fl Ce WA REFEHER., W
PR 743 AT 245 S 2% W, 32 S ORI 32 1 A B G R AE A
PR R A AR 3R T AR AR A R AR T3 B DA K
FR A HA W 2 ( P<0.001) , —F 32 HAEH
XA E A i R B AR R B A 2 R (P<
0.001) , XM FK M ARFHHAE W T EAIEE
WEF W (P<0.01) ,

24 M AM EEMEREET R EEERN
A

2.4.1 #AF AM A H ¥ L H %t A POD.SOD,
CAT #FHeg%oe K 1 B8, 5 non-AMF M Lt , 4%
Pl AM BB XS 46 B 18 i B B S Ak P e O P B
m EA R TR — 35 AN [m] 42 7 Ak B Y
L6 E f5 ™ POD  SOD | CAT 1 1 K/ #a 34k
F.m<C.e<F.m+C.e, X} F POD 1%, bfi & 3k i
SRR S EOIN B A D HE Rl AM EL I e POD
T T /I 5t 3 1 s #0309 M5 AT A Y 2k i
(T4)POD s, HAL T 2ivb - H B (T5) . %
it T4 $£Fh F.m+C.e ' POD {i§ £ non-AMF 3
T 64.57%,T1, T2 3 i F AM E B X it F
POD & PEIG IR /N 546 H & i SOD T % 5 POD
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Table 4  Effects of inoculation with AM fungi on aboveground growth of Medicago sativa in different growth substrates
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=2 42 i 38| |- 3
Sj‘ii e Trﬁi}{m Plaj:}lk}[:ight Stem%;z:fneter IZE ;a/r; Shlnmoﬂ—dartyﬁtiht
(cm) (mm) (em®) (g)
T1 F.m 13.00+0.50Dc¢ 1.90+0.15Bab 0.84+0.30Bb 0.02+0.02Db
C.e 14.67+0.35Eb 1.97+0.31Bab 0.90+0.25Cab 0.03+0.01Eb
F.m+C.e 17.17+£0.85Ca 2.21+0.11Da 1.19+£0.27Da 0.13+£0.01Da
non-AMF 9.70+1.37Dd 1.55+£0.28Cb 0.53+0.21Cb 0.02+0.00Db
T2 F.m 15.60+0.46Ch 2.21+0.16Ba 0.77+0.17Bb 0.06+0.03Dc
C.e 16.87+1.03Db 2.25£0.14Ba 1.12+£0.38Cb 0.12+£0.02Db
F.m+C.e 19.50+1.20Ca 2.50£0.30CDa 1.63+£0.38DCa 0.20+0.00Da
non-AMF 10.83+0.29Dc 1.67+0.20BCb 0.68+0.23Cb 0.06+0.04DCc
T3 F.m 21.53+1.85Bb 2.63+0.09Aa 1.05+0.18Bc 0.17+0.04Cb
C.e 22.70+0.30Cab 2.71£0.12Aa 1.58+0.28Bb 0.23+0.03Cb
F.m+C.e 24.66+1.52Ba 2.77+0.15BCa 2.21+£0.48BCa 0.31£0.05Ca
non-AMF 13.17+0.85Cc 1.89+0.14ABCb 0.88+0.04BCc 0.07+0.01Cc
T4 F.m 28.47+0.90Ac 2.92+0.25Aa 2.18+0.35Ac¢ 0.26+0.06Ac
C.e 31.36+1.40Ab 3.08+0.18Aa 2.62+0.58Ab 0.44+0.06Ab
F.m+C.e 33.04+1.72Aa 3.19+0.30Aa 3.18+0.32Aa 0.64+0.06Aa
non-AMF 18.03+1.05Bd 2.01+0.19ABb 1.68+0.33Ac 0.20+0.02Ad
T5 F.m 27.50+0.70Ab 2.90+0.18Aa 1.80+0.27Abc 0.22+0.03Bc
C.e 29.33+1.04Bb 3.05+0.20Aa 2.20+0.34ABb 0.36+0.05Bb
F.m+C.e 32.00+1.32Aa 3.11+0.18ABa 2.83+0.61Ba 0.49+0.04Ba
non-AMF 20.37+1.23Ac 2.22+0.23Ab 1.12+£0.23Bc 0.14+0.02Bd
b EE FeR TS ok ok TS
Significance Substrate
AMF Rk sk sk sk

: NS, ERFMELESR,
Note: NS. No significant difference.

WG PE B AR UL, g B0t A AM ECIR I
SOD J5 M K /NEEHHN T1<T2<T3<T5<T4, H:J5i T4
EFR Fom+C.e P 9 SOD 3G PE B H & T
94.73% , F£JF T4 %A AM ELEH M CAT 3% HERY
WOE K, RN Ce 1 F.m+C.e M A CAT W& K
INEFAREZE 5 non-AMF M 4351380 T 88% |
85.63% , AM ELEXF T1 T2 HFBCRE 2,

2.4.2 BAF AM AW AR IEH B et i T IR AE A 5T
mrEEaesENFn K2 Bon, M AM B E
T ST, i B AT R R AT M AR S R
TREI N T1<T2<T3<T5<T4 f#a# [F]— A

[Fi) 42 T Acb B ) 5 A A I R P R ] M R
MY EEE T non-AMF, HZEM K F.m+C.e>
C.e>F.m>non-AMF, J&J5t T4 3250 AM EH M R A9
AV S = 22 i 3, H% F.m+Cle AUCR I
£, 5 non-AMF AH LI N T 110.58% , #:Fh AM I
FATEET T1 Ml i e & ERUR e 22, X T
R AR S i TR O AL BRI A B T 2
S HB R KGR, R F.m+Ce it
TR S R T e A, Horh T4 BT
R F.m+C.e & &N 8.08 mg + ¢', 5 non-
AMF #H Lt 42 58.06% .,
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Fig. 1 Effects of AM fungi on POD,SOD and CAT
activity in leaves of Medicago sativa grown
in different growth substrates
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Fig. 2 Effects of AM fungi on soluble sugar content and soluble protein content
in leaves of Medicago sativa grown in different growth substrates
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Table 5 Effects of inoculation with AM fungi on root system of Medicago sativa in different growth substrates
SR qb MRS IR M AR WV EHAR WERETH
- Total root length Root surface area Root volume Root average Root dry weight
Substrate Treatment N 3 . © ? ©
(em) (em™) (em”) diameter (mm) (g)
T1 F.m 292.93+10.23Ec¢ 18.98+0.65Dc¢ 0.82+0.04Ec 0.71+£0.02Ab 0.07+0.03Dbc
C.e 354.09+14.58Eb 24.07+1.01Eb 1.23+0.18Eb 0.63+0.00Ac 0.09+0.03Eab
F.m+C.e 420.60+33.38Ea 30.70+0.76Ea 2.00+0.15Ea 0.44+0.01Ad 0.13+0.03Ea
non-AMF 225.20+24.29Dd 15.10+0.62Dd 0.47+0.05Dd 0.82+0.04Aa 0.03+0.01Dc
T2 F.m 481.61+10.87Dc 27.13+1.60Cc 1.52+0.14Db 0.60+0.04Bb 0.10+£0.03Dc
C.e 554.19+£13.65Db 32.83+2.20Db 2.37+0.05Da 0.58+0.03Bb 0.19+£0.01Db
F.m+C.e 603.38+17.00Da 42.70+£0.70Da 2.94+0.19Da 0.39+0.02Ac 0.29+0.02Da
non-AMF 251.51+£15.02Dd 15.82+1.30Dd 0.66+0.23Dc 0.75+0.05Ba 0.07+0.02DCc
T3 F.m 519.31£11.02Cc 28.87+0.93Cb 3.70+0.35Ch 0.51£0.03Ca 0.24+0.03Cc
C.e 689.43+£21.55Ch 45.27+0.86Ca 4.11£0.37Cb 0.40+0.02Cb 0.29£0.01Cb
F.m+C.e 774.94+7.14Ca 46.76+0.56Ca 5.06+0.15Ca 0.30+0.01B¢ 0.37£0.03Ca
non-AMF 321.31£29.26Cd 20.10+0.47Cc 1.96+0.35Cc 0.56+0.04Ca 0.08+£0.01BCd
T4 F.m 823.67+22.37Ac 44.43+1.42Ac¢ 5.42+0.12Ac¢ 0.39+0.03Dab 0.43+0.03Ac
C.e 916.86+27.44Ab 58.26+1.11Ab 6.23+£0.11Ab 0.33+£0.06Db 0.53+£0.02Ab
F.m+C.e 1005.22+22.71Aa 65.27+0.56Aa 8.51+0.45Aa 0.19+0.07Cc 0.73+0.02Aa
non-AMF 446.84+23.94Ad 28.18+1.39Bd 3.66+0.17Ad 0.45+0.02Da 0.24+0.04Ad
TS F.m 701.21+12.57Be¢ 40.35+0.77Bc¢ 4.54+0.28Bb 0.3£0.04Eb 0.30+0.01Bc¢
C.e 827.62+10.47Bb 50.05+1.13Bb 5.16x0.30Bb 0.24+0.01Ec 0.50+£0.01Bb
F.m+C.e 934.41+9.95Ba 60.40+1.08Ba 7.64+0.14Ba 0.16+£0.02Cd 0.64+0.04Aa
non-AMF 378.87+12.58Bd 31.33+x1.91Ad 2.74+0.69Bc 0.33+0.01Ea 0.12+0.03Bd
Significance Substrate
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