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HRE TR F R 3 SR ) AR 2R 400 0 A I A A
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ARAMEXS SEEAT I, N2 AE AR ZR A 458 v 43 A Al
MR AEAE F DA, S X AE AR R 4
TIRLIEFOHME R AR . H R B X B A i AR 2
BRI FIL R A TERHA, BV T IEE
— B E BB AR R TR AR, (R
ANBE AR AS b fiff PR 28 450407 38 B X FR 455 3R 4 )
A, RN IR BEROAS iy, AT DOE DA N . T
HYTFBOEE N AR BT iE -, Hh AR B
FRECHE (arbuscular mycorrhizal fungi, AMF) £}
— PP RAFIEY AL, (RSB B AR
KIS A E RIS ) o ASBIE G N AR,
Wi R AMF, 858 AMF 30 XA R 2 K 1)
M, g AMF ZET X 3 B v 2L N 3 2%
1 MR5AEE
1.1 RIas
11,1 A%kt

2011 4F 4 1R A BVG 48 pHAR B 245 Z0RE RIS XS A
WA, AP R X -, KT, i 1 mm .
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6.07 g/kg; MEN 0.34 g/kg: 4=fif 0.41 glkg; %%
N 7.2 glkg; HERCER 50 g/kg.
1.1.2 X ERAEHH

PEAR B KT el o RO R 27 B B 2 ) 3
fit, FREFA R CFO24. AR AL &
MBF BRI 35 5 IR 9 Bt ) s S A siz
15 = T B2 IR N AE B Glomus mosseae(TRHE G.m) o
1.2 REHZE

W5 T 2012 4F 6 HAePEAoRsE (dbn
WENIAT, W R4 (M), AR
4 (CK) o &M F KPR RIS A : 11 em ()
x13cm (ZLIHA) x9cem (ZEHEA) , &
WX 524 1400 g, AMF /514 1 kg Ko
FI XTI B AL 7D 0 50 g FR 1 #7820 VR4 o Rkl
TOKFT AT X IR 4L 3N NH4NO3z. KH,PO,4.
KoSO, it B8 FRAE N AL, A 3 d N P,
K &4 %24 100, 10. 150 mg/kg, #FANbRE S A
A, FKIERIH KERFIKE, K9V 1 K5,
PR B B KPR A0 10% Ho0, iR
10 min MR RE, (B 2B KSR 10 IR,
RENNEREFIEK SR, BRI 4d S, &
WAREE LMk, 30d JEBUH BRI AR, Gl I i AR AR
TR R BT LR 1/3, 55 21 FoKAR
REKJE AR ARBKER 13, Uil X R5
WRZE, 1N H RO K I BRI R R 4y
) NSO oK AR B L, JEAT A S FR AR (1 58
1.3 MEmMBFAE
1.3.1 AHhsaz

IR A K2 60 d J, 4 AcE] Bk 0
MRy, H ERAKIE VR R E T L, RN
M HL 3 R R 20 JF, 76 100°C HEAR A R T
30 min, ARJEINE] 7T0°CHAE N EHBBT . Rl FRE
REZE ORI 302 R &R 1) i
1.3.2 vté&fame

W oKk SPAD (M (i) K
SPAD-502 (HTYLFGEA) WE .,
1.3.3 ARPEE B LB EAMRT LA IR N E T ik

FRAK 60d 5, HHEAMFEKRIRER, HK
EVETE, B Lom KAREL, TRATEEUEAR I 2
AR AR e Y, g i SR Ik A8 il s
KA B KM br &, SR R A A DBk
(K,Cry07-HyS04 ) e A MR .
1.3. 4 REFZRBANE Tk

BRIE T 350 I BRI A B R W 1 — Bl 4
JEE TR, BRSOy BRI
FEM KL HEE T (glomalin-related soil protein,
GRSP) , % & Xk Bradford-fe i +3EHEH, M

IR A PR, 408 S PR kR F Ceasily
extractable glomalin, EEG) FlMEK#E% % (total
glomalin, TG) , % Wright /& Janos (1) /5154
T G

1) BRIERE Z0MH OC T3 A I L

Oy PRI R 3  FOMH OC R R IOV -
I3 AIFRELEAE 1.00 g Ty 2B B0, XA I
8 mL Fr R AR 4257 (20 mmol/L. pH 14 7.0) ,
N, $E4, fF 103 kPa. 121°C F42HL 30 min,
10 000xg R &L 6 min, WEE FiGH, ®ASAHEE
B4R, BERBEREF A IEE AP 2 HIFE
IWAFE 1.00g T ZI R0 g, PRI 8 mL
Frg R 57 (50 mmol/L. pH {4 8.0) , i,
F£%5), 76103 kPa. 121°C FHZHL 60 min, FHE
5k, RRORESEFERUN, PRUFPEHCRARER [H  H
PEAT LA, Al ERE SRS R A ks AR 1 IR
ZJEIEAE 10 000xg R0 6 min, 4 LIFYIMN T
Herh oy a2, WedE BT, ENMCEEE R 4 k.
G WG EAE 4°C T HRH 2 R,

2) BREEFFAMOCHE A MM E :

SR 0.5 mL ff B3, 0 5 mL 5 E e
W G-250 Betasl Rz mrdy®) , fnag, s,
A8 10 min, 595 nm KR HE . F ARG g
4 (bovine serum albumin, BSA) {Ebrfi, %1
Wreeliik i, ZedilbruEthsk, Bl 1.00g HiEHE
TR e AR BR B R A O TR R A & .
1.3.5 E:K TN. TP. K #= Ca &9 ;2

K R &R A RN A = I E 2
A+ BP0k . R e T EE,
FEAED) ()b b3 53 FUARES (1) 40 T B BT
WG, KPR 05000 g, I HNOs il 4, &%
F 50 mL, H ICP-AES Cinductively coupled plasma
atomic emission spectroscopy, Hi, T JERE A 45 5 144
RPIEESO E K'Y Ca™ &t
1.4 HEEDH

AHFFCRH SAS e v AR I Ps 2T 4
M, WEKPEEN 5%,

2 HREDMH

2.1 ANF 3R AZIH ERE KB

TR ARZIRAT, Pl AMF BESEAFA R
X FORAERIE AR . W 1 Prw, A
T K Ml A3 AR ZR S S 16 A ) A B A s TR
WA, Hmaa =Rl 28 82K, M AMF $#2
& 7 BRI (SPAD fH)D, #:h 4l £ oK i SPAD
{ERIIAE] 29.4, LEXTIEA] i 19.8%. SPAD {H /&
ORI 2 255 B L AR, AT TR S ik
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KAGEMBER . TRMRAB AT, T+
Ky IR W MCETE YT, 1 AMF 774 (118
LLARRRESE o T AR AR 38 5% 23 MK 23 1R

o, Zefift TR ARSI TR K b, #%m
AMF SBEAEHE T K A3 A e a1 A 10K
K

F1 ERWIRRSMERTREHZNE
Table 1  Effect of arbuscular mycorrhizal fungi on dry weight of Maize with injured root

BB T R HRAR MBI T - B 2 S fe

Trﬁ\tﬁént Dry weight of shoot Dry weight of root Dry weight Infeiﬁc?r: ?Zte/% Hyphal density HSIFE@
J[CR) IgHE™) (R (mg?)

XA CK 9.37b 2.06b 11.43b 0 0 24.49b

W 41+M 17.88a 3.29a 21.17a 88 4.19 29.4a

Ee RPEAER 3 AN EERFME, R %K Bz B . R
Notes: Values were the means of three replicates. Mean followed by different letters indicated significant difference at 5% level. The same as below.

2.2 AW SHIRAZMERBREENELZENTZMN
AMF BETR I SR FORAR R IR G, et AMF
TR R YR mik 88%, R T KR B4
M, AMF FTOKRIR R BA IR R R
L7R) o P2 R T Rt i A E
RSO S5 7 T I RE I KN KA R 1403
AT, B AL R KR B 458 b g 22 % B nT A 2|
419 mlg, AMF B2 KT ZHM KRR E TR
fb TEIAR, AT R MR 38 5% 00 R /K 2 (R,
GefR T AR TR ARAR 2R3 BB AN R 521
2.3 ANF IR AZINERF DSBS

M TR TR S =Y B a TAEMA Gk 2
i) o RS TOKAERKITHENKEICR, 1
WEMEE, TR B3 ERE A & R AR TR
Rhy, HRDUABA LU T AL B2t
op R FE A SRSy, SRR 2 R AL,
R KRR E SR LR cEy 00, )
RZWMEAMNT, Bk cESENERT
CK 41, HRIH L7 5. BM AMF 57T £
KA TG IO, AR RS2 40 R oK L3R
LR #4514 Nay Fe. Cu. Mn. Zn S &#m T4
WAL, T G R A R LA s iy, MR

P At AMP 520 K6 388 TP ™ ot o6 21 I ESHITAN T 6 wlve i T L w5
R2 BEMERMRRZRERT RITERRKHZM

Table 2  Effect of AMF on mineral elements of Maize with injured root

Wt Hb_1-#5 Shoot/(g-kg™) H5F 5 Root/(g-kg™)

Mineral elements PR AL+M *HRAL CK PR AL+M KAl CK
A (N 55.21a 42.878b 19.171c 10.921d
(P 1.16a 0.75b 0.682b 0.505¢
CINC9) 34.41a 26.665a 11.908¢ 6.793d
5 (Ca) 9.0580 5.443¢ 10.493a 9.081b
B (Mg) 2.996a 2.507b 2.978a 2.595h
B (Na) 0.085¢ 0.066¢ 1.15a 1.055b
B (Fe) 0.441c 0.351c 7.955a 5.641b
il (cw 0.009b 0.004c 0.023a 0.01b
& (Mn) 0.118b 0.048¢ 0.191a 0.126b
B (zm 0.017¢ 0.014d 0.028a 0.024b

2.4 M ANF X LAY S SR

HEE 3 AL, HER AMF B354 s T AR 11
AR, BRI AR AR b IR A R
AN e o AL, b A e S 5 o W
B, MERRZ, HEmb. TEPREEYRIRRSE
Bz, fTME. HE. BERRSS. LSy
=GN I we o S S DI vk 1D WS g A w1 G

ARRIEL TR S5 RE D AR ELE PRI s R e
JUCE B FRIUR S o AR 2 S kSO
B A RS, Bl AMF B35 32451 ToKAR
PR, ST A AR AR 2 KA

R3 EMERIRARZRE KRR DIRMEDRZ I

Table 3  Effect of AMF on microorganism of maize with
injured root

R ER T AN S Nt P S gl O

ARTHERIOEAN, ERpRARE R e ON9) jaodugh) 0y

SO RE KRBVRTT RO, sty RS 0 e il
FZHH+M 1.43a 2.03a 1.52a

TR AR HICE R AR L R
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2.5 $EH AMF XFARPR IR R AR 3R

HI 4 0L, TOKRMRABAAT T, #F AMF
AMEREWS P o TOKMRBr L IR R R &=, A
R 3 rh B SRR S R S I B, H

BRI M FFh AMF 41 i1 X6 AL 3280 AMF I8 i)
P TR Br H b LIS e X TR XK
PR HE L 3R UL, BePh AMF 380 T L3
AU A E, BHRTH OB o AR,

R4 EMERZINERRIR IR R
Table 4 Effects of AMF cooperating with exogenous calcium on degraded soil in mining area

e MIRBERHF SRR R F HHUR EEpit T T T
Treatment Total glomalin Easily extractable Organic matte Auvailable phosphorus Acid phosphatase
I(mg-g™) glomalin/(mg-g?) /(mg-g) /(mg-kg™) activity/(mmol-(h-g) ™)
4 CK 2.32b 0.79b 6.46b 3.45b 3.14b
BHA+M 3.44a 1.19a 8.04a 4.92a 5.18a

IR HIEAC T R AR,
PR AR Ml T LARE 30t A LI 1) TE MU (R AL, S04
ECUEZORINVY AU TR s s IR NV Sillp ot nt= 4
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BT AR BRI R AN AE D) . SR AMF
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3 it it
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RIPIRR ZR 30 HL A k) iR i 7 DI fg . AR AR
RN PRARS, BEARIMOR 22 250 . B
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HIVIR R A5 05 Je 0 XA B BN AR R A
TSN SCHEPTE . HATRABITURY], ST AR
BATEHBRT, AEEAA YK, &Rt
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AU 1) IS AR A 2 5 AR AR JL AT B 9R 4y
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Abstract: Reliefing affection of damage roots on growth of maize by application of arbuscular mycorrhizal fungi
Abstract: With the first coal output and larger subsidence area in China, the Shendong mining area is the largest
coal field in China and one of the seven major coalfields in the world now. Underground mining would cause
ground subsidence damage and large amounts of cracks, which would result a loss of surface moisture and
nutrient and intensifying drought. There are a few reports about damage to plant roots caused by coal mining at
home and abroad. The main reasons are that plant roots in soil would form a “black box” which is difficult to
observe. In addition, the irregular distribution of plant roots in soil and the different forces generated in process of
surface subsidence are difficult to study comprehensively. The technologies to repair damaged plant roots have not
been completely perfected yet. Although the physical methods and chemical methods would alleviate the adverse
effects of coal mining to some extent, they can not fundamentally solve the environmental degradation caused by
root damage in coal mining. Moreover they are difficult to spread and apply in mining area as their treatment cost
is high. The bioremediation method is one of the most popular and advocated methods at home and abroad. As a
good function of biological "fertilizer" arbuscular mycorrhizal fungi (AMF) has greater value and potential in an
ecological environment treatment. In the process of coal mining, surface subsidence leads to plant root injury. For
this problem, in this study, the mitigation effects of an arbuscular mycorrhizal fungus inoculation on the growth of
root injured maize were investigated by soil pot experiments, which artificially simulated root damage caused by
coal mining, with corn as the host plant and mining area degraded soils as the test matrix. The results indicated
that AMF inoculation alleviated the adverse effects caused by root harm, and contributed to the growth of maize.
The average dry weight per plant of the inoculation group was higher than that of the control group by 9.74 g. In
addition, AMF inoculation significantly promoted the maize to take up mineral elements from the soil, and
increased the content of glomalin and organic matter which existed in the rhizosphere soil of the injured maize.
The contents of total glomalin and organic matter in the maize rhizosphere soil of the inoculation group were
higher than that of the control group by 48.1% and 24.5% respectively. AMF inoculation improved the
micro-environment of rhizosphere and made a contribution to the amelioration and fertilization of degraded soil in
the mining area. It will provide technical support for land reclamation and ecological reconstruction by studying
the effects of AMF on the growth of damaged plants.

Key words: coal mining area, soils, arbuscular mycorrhizae, maize, root harm, glomalin
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