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Abstract Arbuscular mycorrhizal technology is one of the important means for ecological restoration in mining areas. In this paper,
effects of the arbuscular mycorrhizal (AM) inoculation on the growth and development of Amorpha Fruticosa L. and soil quality were
studied between 2 and 14 months post—inoculation. The results showed that compared with that of the non—inoculated Amorpha
Fruticosa L., the survival rate of inoculated one increased by 7.2%-9.7%, the plant height markably increased by 34%-62%, the
crown diameter significantly increased by 39%-65%, the mycorrhizal infection rate significantly increased by 16%—-21%, and the
hyphal density increased by 50%-70%. The mycorrhizal infection rate and hyphal density had significantly or highly significantly
positive correlations with contents of organic carbon, total nitrogen, available phosphorus and potassium, alkali—hydrolyzable nitrogen
in the soil. The soil pH significantly decreased, and the contents of soil organic carbon, total nitrogen, available phosphorus and
potassium, alkali—hydrolyzable nitrogen significantly increased by the inoculation of mycorrhiza. Glomalin related soil protein is an
important composition of organic matter in soil, which can reflect small changes of soil quality. These results show that AM can
promote growth and development of Amorpha Fruticosa L. and soil improvement in coal mining subsidence areas.
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e B — PR RE JRTH B i, B 2 18 709%" . BERTT
Feid B rf, 2996% R I T IR, I TIF RS T Re=s X,
B o T R o T, v ] SRS DXt i 53 8 3 - M
PRI L 400 77 h?, I HARFEHTH AN 3.3 77 ~ 4.7J7 hm™,
AW o BT DR 2 A o R R T AR S R
Gi 2z —O A A SO R AT X T AE B . SR
¥ (Amorpha fruticosa L.) J GRS TERE B A HEAR AR AR K
K AR PR T 5 R, DA R A PR K 1 2
R ARz B TR I A S E R . TR
PR EO0 R TG , R e R L, LR IR TR T™
i, PECERMAE K G R H BRI . YRR R
B ERITM K AESBEFUNEENEZ —,
WFFE X HAR AR TR X, AU T 5, TIEFR 0 200, 2
EHYERK, FEREERAESRGE ) FRAEE
PERIW, B T 5 2T TR 50 b DR VR O 5 e v i Y
FRURIPE D 2R

H AT, A HISA BRI A KB 3 RS B A
S E D A e i R T B R R AR R TR T
B DX R ARG 3 PR A e A B R AR A SR R
SRR o PVBCRAR LT HORTE SRR TR DAY N 2 A T
RAFRRORY . RAUE B SR RIE RS A K, TR
B PRAT 88 R, AR S IR RS ™ ARG AR
(arbuscualr mycorrhiza, AM) BCFE & [ 28 A fie o LAY T {2
Uiy 27 IR ) 1 —Fh SRR Y, Bl 90% LA YA AE
TP RENS 5 BT U AR AR 1A, e AR S R G g
di A A U HRTEE A RAESREY, 5 DR
iliEs:ie

AM H BB W — R 1, BRIE T RAHOC LR A
(glomalin related soil protein, GRSP), fAif/RERFEFE K", Ek¥%
B3 FN AR 1A DL R0 A R AR R E M A
YERL B I Ba XU E M 5 BT IR R & Y
Wi A58 o ANV AE o IR AR A BN TT T BRI, AR AVBTAT
MRETEHARTERIETOIA X A0 C S 1 RAFIIRICR , H %
PEURE XA SR B i TP R A KRB 5 R G R
TR/ VLA o A SCLL SRR Ry 18 T AR, 8 5 el AM
FLAEVGIR RS (Glomus mosseae, G.m) S HEHEZ AN
A KA W AM AR E KR T AR YA T 22 %
R R LIRS, 0T AMAERIEDIRG X AR S B
TR FIPLER, BT DA B S AT X A A8 S B i
BEROR SRS ARE

1 #MR5FE
1.1 HREXHR

7T X HAh B S R VPR 2%, 1 FREPE A MR B AR
X35 F b, o SR T 5 of T R s SRR A, TR0
LRI, AR KR 441 mm, TEETET—9 A AEEZE
Kt K 1337 mm, JEFEAKCR Y 345 5 AR AR 8.9°C, I H
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1628759 h; HHERAI F B/ + , L FEAS, SR TR, &
IKPRRE Beih 11 2% . ZIXAHBR Ak, B 2E PR — | B2 LL 14
TR IR VA P EE S AN 3
1.2 REMBSHE
121 HiLEH

HETAFN A AM FCREE VI EREHE (Gam) |, FRAL AT TR
AT BEAE W) B IR 5 IR T i A = Rt e e
KA () A 2 B S = i i 519 51
1.2.2 RIEEIT

IR (Gom) 5 ANEEFP X I (CKO) A~ b B, B4
AFRS AT, BEAT 31RE A TEE AR N 2 mx2 mo 20124F4 H H
AT AR B SRR R , DK Ik A KA AR K i
J&  BRGEK LR A AR RERGEK , #:17 A RSB, EHE3
NHJEF20124E 7 H a2 AL B IEAT Gom #2580, ATy
P /N A S5 A L 0~20 em 23] L322
+, DI BRER AR ZR 0 E, AR U 1R R 50 g, SRR 2
TSR] 8 114) 3% - T 6 A TG TR R, KR - R KAt RN
Rk,

2012 4% 7 H (B FP AT ) W AR ORI, SRR - 24k =5
26.5 cm IR 20.4 em I BT 3 87.27% , T IERA S
Al o R A 3P A 8.16 mg kg, HALAN 66.20 mg kg, B
R 32.12 mg kg™, AHLIK 7.36 g-kg, 2K 0.601 g-kg™',pH
{#8.35, H1 9% 164.36 uS+cm™',
1.3 Hmi&E

3T 2012 4F 7 J1 (REFIHET, S i0) (2012459 J (35
JG 2 A EFRARW) 2013456 H (R 114 55 24F
BEEIFFHEEFAER) 2013459 H GRS 14401 55
AR SGEA AR AT 4 U CREE . SREET I 3R /S
PR RAERR , 2E00 0 R MR 0~20 em BEZEI [, H
T/ MR B AR 2R A 1 A AR BR -4, [R] i
SEAEW LT AR AT RAE S o IR A TIRE , A FE A S
Wo THEARNTIG , BBRAEE 45445, i 1 mm 3 ,
FEBRERE A DGR (R L MR ZEFR bR s 2T MR
FHAC 22 PR AR YL
1.4 EHRNERFE
1.41 HEEEBEAERMNE

BRI S SR RO R D R BILBCR
FH B R AR AT 5 0 o 4 U FH L E e SR 5 T i R 0
NaHCO, = - FH BT bb a1k s D SR8 FH NHLOAc 12 8-k
KOG BE T 5 DN i i 2 P B A 4 15T 5 T o - 498 pHL(EL L 5
FHBAEOK: £=2.5:1, 80+ 7K 25.0 mL, +:10.0 g).
142 W£ZEMNE

PR 2275 P35 1A 0 2 R FH TR 38 SR TR AR AR e 3 i il
K H Phillips 1 Hayman e
1.4.3 KBEEXRRENMNE

HRAE Wright S50 RS2 0N E T BREH R h 5y HR Ik
RGE (easily extractable glomalin, EEG)F B ERAE R E (total
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glomalin, TG) , DA% 5 43 v & 47 2 11 51 (14 22 52 1 e/ Bk o
RO,
1.4.4 HEERERKEN

Xof Ak P A 58 TR R P A A RO ok o L
T SRR T 32 2R« U 8 (% ) = LT MR EUAR T ik
H)x100%
1.5 #IELE

TR0 0 K F Microsoft Excel 2007 A4 b4 T4 B, 45
PAPE AR ER 25 7 , R AT SPSS 13.0 FAkb4 T R R 7 2%
ST, BN 3 2 50k (LSD vk ) iHEA 7 34018 i 2k L AH
BV p

2 ZBRE5SH
21 AREBEXTEFEEE KR

ERFEFIA LG, AM BB RERS I (0 5 40 o SR TG
Pk M A K T (P<0.01) (1), B2 42 Fh it ] 1Y 4E
1, H Rk BAF AR B 28 SRR R RS T, 2970 92.7%~95.1%,
X 2R 93.7% ; ANHERIAE K BT 2R 24y 83.6%~87.8% , -
P10 % 85.6% , 45 B W 25 S AN i 2 (P<0.05) . S AP E
BRAHEL 3280 2 11 134 H 5 A FRAL Y B TS R 43 1) ol 35 4 e
T 7.3%.7.2%.9.7%(P<0.01)

F1 FRALEXNEHEKHNZN

Table 1 Effect of different treatments on plant growth
LhEe R A T /% BEi/em  SEdiE/em
2 95.1+0.8" 55.4+0.9° 38.7+1.9"
G.m 11 92.7+2.5% 57.7+1.0°  44.8+0.6°
14 93.3x1.1" 91.8+0.8" 85.1+1.4°
2 87.8+1.7* 34.2+0.8° 23.4+0.8"
CK 11 85.5+1.5" 37.9+0.9" 25.8+0.5°
14 83.6+0.7" 68.3x1.2"  61.0£0.6"

E: BB 0 LARR 5] F R B AT £ 51 % % (P<0.05)

AP AM B R G.m AR B35 02 F SS R AR = el R 11 3
n(P<0.01) o FeAh b3 R HEFp b B = 3h A AR A6 53 51
55.4~91.8 cm .34.2~68.3 cm, A # S5 1) 1.3~1.6 £, 225K
35 (P<0.01) o Jel I Sh A AR L EEFP AL B AR AL 2R 5351
38.7~85.1 cm ,23.4~61.0 cm, BIE &G H 1Y 1.4~1.7 1%, 2257
BF(P<0.01),

22 AEVEMNEREBLAE FLEENZM

PRI YL R L T AR B S5 1E BRI R SRR
DAL AT EN $ERh A BRI ARAZ YLK Ky 78.7%~82.7% , = T ANz
FRARFR 22 545 B 3% (P<0.01) s 3ERh Gom B AR YL BT A IR
[ AR fh 2% 5 AN 1 3 (P>0.05) , ARG A S B 11 H IR
PeRIAL, B 57.3%, SERE2MH ERIG 14 H 2%
SR E (P<0.05) o AL PR AR IR YL R T 50% , i B 7F
HAREAE T, B3P TE R 38 AM B, DO 1 R AR

Bl 28

100 m2AH mIAA WA

G.m CK
A3 R

B AEAAEXNERERERZM
Fig.1 Effect of different treatments on infection rate

PRl 24 55 B S W TR AR FE SRR ERE 26 K B RO R P
ST I RE 10, [l —SRAERSF ], 422 B A B A0 B 24 2 FE K
TAERCTE B3 2531 1.5~3.714%, 22 50 135 (P<0.01)
(E12) T 22 %% P Bl 2 1 A8 AT A B0, 12 A A P I 22 5
RIS G AR RS 14 H WL E RN, N
416 m-g' LW NG, WA%ERK,157.06 m-g' -
e 225 W E (P<0.05) , UL A= KB IT , B 22 R K47
FROTW I RE , SR R P RME SR Y AR K . N R 22
B B A KRN, 2 RN B E (P>0.05) . X 1TRE
SRR 35 AM FLA FEREA AR R A TR 22 KB A AN B
B0, A REWE AR A KX IR TR R . R Gom B R T AR
FPAM BB B (AR bR AR E TR 228 B RN, X 5
Tl JE A AR s R

100 - W2 mUAH m144H

8.0
6.0

4.0

W% E/(mg™)

2.0

0

G.m CK
A3 R

B2 AESEINELZEZN
Fig. 2 Effect of different treatments on hyphal density

2.3 AEAEN T ERERIFMN

HARTEEA 1440 A W), B R E R AR A b
B NP AL BRAR B S A SO R A R
SRR A ] — M D B, B R S TR
GRS 114 A 8RR A RSP (P<0.05) , Ui HRN G.m A &R
R TARPR A B BRSO R (R 2) . BERR
1R 2B s, R A PSR R b o LR A T AN o b
AR, SRR A R IR T oROK, IR IR 200, 1%
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FIARPE o )R A v - ) P9 A A PT i / ATITE  | B 5 B B R 2 R BB

F2 AELLERT BRI
Table 2 Effect of different treatmentson physical and chemical properties of soil

DR R ﬂﬁﬁlﬁﬁ/ ﬁ?ﬁl’f‘f/ Wﬁ?%/ ﬁmﬁff}’%/ %ﬁf pH ] EETE'F%/
(mg-kg™) (mg-keg™) (mg-keg™) (g-kg™) (g-kg™) (pS-ecm™)
2 7.56+0.56" 47.13+2.22° 28.80+0.47" 5.45+0.16" 0.517+0.002" 8.23+0.02" 148.14+5.74"
G.m 11 5.74+0.34" 45.10+0.59° 19.83+0.76" 4.95+0.05° 0.421+0.010° 7.43+0.02° 79.96+7.63°
14 3.98+0.20" 32.66+3.64" 16.68+0.07° 3.13+0.08" 0.184+0.005° 6.77+0.04° 38.18+2.97"
2 5.86+0.12" 37.46+2.98" 15.26+0.47° 6.11+0.14 0.482+0.005" 8.29+0.02" 135.78+5.41"
CK 11 3.94+0.27° 36.57+0.35" 20.30+0.63" 5.34+0.05" 0.337+0.006" 7.55+0.08" 79.30+2.20°
14 2.39+0.10" 23.34+1.65° 7.79+0.19" 2.80+0.01° 0.107+0.004 7.02+0.00" 28.60+0.97"

E: HAEE 0 LARR 5] F R B AT £ 57 2% (P<0.05)

Wi A BL ISF (i) 4 SE K, AR B - 384 HLA 5 f A5 A B 2 R
e 5 R R A5 TR — SRR B[], ASH2 0 Ak BB 1) AT LR 7%
KT BE (R 144 HAH R ), A B ) 22 5 18 3 (P<
0.05). XAIRESE R KA E B 114 A Wi, iR PR 3 g
ML o 22 B e R SR AR I, 50 2 DO AR B - 3B
(Can AM B G.m) 20 B H (2R 22 00 i oe R A, e AT
iz g 45 A A i Stk A 5 75 B IR PR b e i . #1441 H
Jei o H TR AL B ) A DA AR R I 2 A L)
SO R RFET- W5 A UL 5 A i R R R A P
TAREEFp AL,

4 pH 2 I E A A, th 2R 2 T I, Rl 48
FEAE RE A R AR PR 1496 pH EL, #5 A BRAE AN [F] 52 BE 1) () 24 3%
P 25 5 (P<0.01) . SRR AL EEAR L, 2 FP b AR B
38 pHAELAS B BT BRI A, Ak Iy 8.33 (35 ) T %
B 6.77 (FZFh 5 14 H ) BEAR T 1.56 A ERA, 177H2 Ak 34 45
TRFEAR T 1014 B 5 RS 24 H , A3 pH (B R 2 BH
25 5 B (P>0.05) M S 114 H MRS 1440 H
AAb P pH A W R B 35 25 53 (P<0.01) . ATLAE ) BEEE
SLISHIE] 3G, AR B = 398 pHAAEZ SRR AR , 20 Gom B RE 135
MGEER" X TR

TS AR E O ER R AR KA PR R
T A EEEMN, EHE R R RS IR EIEY
ARMEE, BEE R REFRILER , MRPR 3 i SR 1
TR (P<0.01) ; 25 AL FHAE [R]— SRAF R[], 42 Ak 35 Pl 32
AR AL E, 25 SR B . X UL R B A R K
LR SRANBE I, DT 8 H S 0 0 1 B, 36 Gom BEASAH
NP R — B R AR R R Y AR K W
BT
2.4 AEREXTRESEHZM

BRI ZE L HEA MU AT oy, i Ry
I Y- 17 A - 398 AT 3R AR e 1 LA ) S A Y, b B B
BRYET R (EEG) B3 102 I o fif 19 Bk 8 R | SRR
WHR(TC) WL T -3 RFHERBERE K 17K,

MFE 3 A, [/l — W B 8], EEG . TG \EEG/A HLEK . TG/
H LK i, R Ab B B2 8 T AR (P<0.05) . EEG &
TR 140 H & il 3M)s 2 0 A H & i,
ST b B 2 S 53 (P<0.01) o 3% ] B2 R R 1A/ )N
oA K E R A, BEG 5 AR R | Wi 4 4 £ st 1,
EEG B HELA R 253 WO, AT 805 2 TR TG Frimds
Bl VLA & it s, A FAL 2 A 5 35 (P<0.01)

*3 FELENTIEHREERNZIN
Table 3 Effect of different treatmentson soil glomalin

Qb3 Bl H EEG/(mg-g™) TG/(mg-g™) EEG 5B Lk L il % TG 5 A LK LA/ %
2 0.62+0.02° 0.89+0.01" 11.3720.54° 16.27+0.61°
G.m 11 0.62+0.01° 1.50+0.02 12.5620.31° 30.30+0.58"
14 0.25+0.01° 0.91+0.07" 7.85+0.36" 29.11+2.28
2 0.58+0.00" 0.64+0.02° 9.39+0.18" 10.52+0.49°
CK 11 0.60+0.01* 0.77+0.02° 11.1620.31 14.39+0.37"
14 0.14+0.01° 0.55+0.02" 5.1120.37° 19.52+0.83"
E: MG 69 LARR 5 FE R B AT £ 54 2% (P<0.05),
29 I
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ARV EET TG & mAELM 5 111 H (2013 4F 6
A kB Es 2RO X AL v L, 6 A HYIRGR T, 2%
MER, AR THEZE, X5 He F AN EEG TG HF Y
T EEIE—E, EEG/A HLIK \TG/A HLEK &t K &2 B
] A S MR R R A H 2 550 R 7.85%~
12.56% .16.27%~30.30% , AN R AL BRI 5 it 530 R 5.11%
~11.16% . 10.52%~19.52% , iyt FF BR 20 85 2 A0 BILAK 1) E R
U5, R AM A ] DU SRR H R R R
2.5 HEXMEL

HRPR A S E AR — R 42 fe . AR BRFR o 54
Py KRARSE M 2R (3R 4) , pHAE 5 Wk e TR A7 R 25
AR IE (P<0.01) , i Wk /35 A9 pH (I X 4 490 B4 A 4 A 3l 4

L S IR — 2 s e IR S A B
TAARSE (P<0.01) , 76 5 5 R A5l o Ak 0 S 2 07 O 5 B R
5 AR A | B S S A IR ARG, B A
FIEARSC . U AT A R EA TR it 11
Fo R AR R EREIFF . EEG Skke iR % i
HHIE, TG 5 B A0 k35 TE ARG, Tl W Bk e 7 28l LA D 2
PP R A 14615

AR LR 5 bk i e A 5 O I 3 R OC, T 22 %
55 R A R F IR A O . B 22 % R A B ARAR AR Y
FEAE, UL PR R e 5 B 22 8 B HAT B R D (EL 7
e BEAB ) A KT TR BT AN T

x4 RFFHSEHDERBRESH

Table 4 Correlation analysis of root nutrient and plant growth

S| P SR RIES pH{E LA A AL
pH1E -0.77" -0.82" 0.11 1
R -0.64" -0.71" 0.33 0.95" 1
A -0.32 -0.43° 0.61" 0.74" 0.85" 1
A -0.31 -0.40" 0.61" 0.53" 0.65" 0.77" 1
TR 2R -0.21 -0.33 0.63” 0.53" 0.66™ 0.78" 0.77"
E A -0.65" -0.73" 0.39° 0.89" 0.93" 0.87" 0.77"
A Bk 0.51" 0.42" 0.72" -0.06 0.12 0.47" 0.39°
R 0.29 0.19 0.61" -0.01 0.12 0.48" 0.56"
W22 % -0.85" -0.87" 0.15 0.88" 0.86" 0.68" 0.63"
EEG -0.71" -0.78" 0.30 0.75" 0.77" 0.72" 0.76"
TG 0.15 0.07 0.53" -0.10 0.03 0.39° 0.62"
TiH BB A £ ALK (&S L 3 EEG TG
2 0.73" 1
A Bk 0.44" 0.17 1
(F2/ES 0.56" 0.31 0.74" 1
W2 0.58" 0.92" -0.13 0.02 1
EEG 0.74% 0.927% 0.07 0.28 0.923% 1
TG 0.40° 0.32 0.57" 0.76~ 0.14 0.42° 1

E AT KT EARERE A FE005 KT EAARERFE,

SR A B R S AT LA A
BN IR AT OC B SR T EAFAE D RV E T . AR PR 3SR
IMHERRS AR YL G R R, AR A R A A
BB 5 015 AR 1R e A 2 28 IEAH 26 (P<0.01) , 15 T AM [
HRBEAE 15 A K P s 25 1) BB, S0 1 B ) A 20, e
LR A P TR A, 8 v MR o ] L0 B A 20, e T A
BRI 5 AR DL o RS O Rl 1 T 22 A

Bl 30

FHIEANR . BIARR R B 22 3 A 03 R AT OGO R AL
IRFN0.74, LY MR , B2 LE KO

EEG 5 pH fEL B0 5B R S L AT BILBR A
BFEIEMR, 5 TG W IEMEE; TC SRR YR (R % L |
RS 2 TEAR G, S A B AR IE A . B
IR | TR | AR AR RE R R R Bk R
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AR & E M N KA S B AR
FRENFZ—, TRET R K FRA L FEHY
BTG RN K2 ONER G . A5 X AL B
RUPHh a2k, RS R B 35 2 B SV B BB, P
SO B, 7E T 2T R X, Bl KU VDRSO 43R S5
YIRS G R DG o AN 3 e R AM ELE Gom 2
FARED T BT R 7.290~9.7% , W B2 BN LMK
34%~62% 34 T TR 39%~65% , Vi 7E K SEDTIE X 45 7P AM
HH Gom, BEIE IS E K AT, o T SR RS R
ARG B4 () R, S8 R A L G SR 38 T & B IX R 3 oD
KA B 2R Bia Kb fa 3 s AR SR
NHEK,

PARR YR B B T IR AR LA 51 FAYIR SRS R
225 W T AR TEAR SR A B SR RSCRN L 3 A5
YRR I, AM ELRR R A SR AP i WL 2 43 AR i —F
A, Bl 90% L) I A AEFE I ERRE IS 5 TP BB AR
A, 7 X ASE R ARG AR BT H 5K
B ARSI R, AR Gam, SRR R KT 50% , 1
A R AR R YA , 1 L S P A K AR e E IR
H) B RMR B . ARSI 2276 3 rh i R e
T AR Z 144 fk TR AL, A% 2 A 45 it S RN A K R T
JB AR AR R A K FAR PRSAE 25 1 AR , AT SR A I X NP
K 25702 MUK S B WSCRIFE (i 2 A A 11 A o2 i 5
JpE =, FH G AT BT HR B, RO A AR A i S AR
1RYFR DA 22 P I B R I A G, SR A AR R R
TE I 4 2 i TSR B (2 2) , [A)— Wa I Bsk ], 322 b Ab BRAR
R - SR AR A L O R AN AR B (3 3)
YA LT, T E SR E TR G.m BEIS IR SRR
TR B AR . A AR YR B SRR R
AR AT ARSI & IR, A AT B AL
S5RHZYLR T EH S, 5 Marschner #1 Dell 4518 —3 .

R AR R | IR — DA, 5k R &
AR IR RN, KE AT R AR R AR BRGE )
B4 A B X IR A A SR W A K R R BRI
DR ELA W AR, A PR R B B pH (R R
M - 49 T A S e IR ARG 1 R AR . A Gom g
BRPEAR A BIX -3 pHAH , BB B PE I X A A K
PEE T XA PR A R AL AL TR B,
AHUR AR MK, EEHE T AU B AE A
XS M AR BRI RS R R R AR K B 6
WAMURMA R S EA WERREmY, BT XA YR
A ABASE T BEAIG, B AT 1194 R A 1 BRI /L, i sf ] 52
BRI IE A I B ke AR B ] AR
B AR S S 0, AR R4 7 B 5 B SE 0 36 b, 1F
o T KRB AR B AR AR X A AR B AP R

i ‘ <. .
4 g

SRR BRI L, & B 2~ 144> F 18], 3R AM B
AEAS 1 I RIE U DS MR A A 1, ol 25 B AR s 1 4
ARG o RO, AR RIT

1) AM B 35 P2 = SRR B0 R 7.29%~9.7% , % i 3
PR ST N 349%~62% TR 1 399%0~65% .,

2) AM RENS 2 AR 35 pH (B, s A 2L KB MR %
i, P e AU USRI AL L A PR
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