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B4, AMF (arbuscular mycorrhizal fungi) 7EKH Pk &2 i 72
AR A A A K, IR BRI 1 A ok LR AR B
BRI A D 2 AR 0 e U v ] 1 P SRR D X i R
BN TR TR, 3l CBE TR ES IR,
FHEOIE RIETIRA X [0 S ML P AMF 5, REE
IRk TEE; MRS T R IR AR AR
XN AT i i B E ], B4R
BEE AR D RERE e B EEE A TR AE M R BB
PR LR ] B IR me R R X R EHE N AEYE, A
RASCEEAR PR R, R RSN B AT
AN X AR AEE T B EEH © a0 HA R
UL e A R A AR LB e X AR S E
HIVE I RCR, BFEME KRN . LR S5 AL )
SR AR R R, BAREE . RBRAN B & AR
A R I AR LE SRAT TR X AR 18 A H A o,
T AN [ 4 T Ak BEAE AN [R) 52 B AR BR %A1 N i SR AL AR 18
F A MM > WARTE . R (4morpha
Sruticosa L) YEAGRHETEM B MR, WRKIE,
F5. K, BABORRARE KL, R BEIEM, H
YE PGB RIEDTIE X 2 BAEY) o A SCUARPZRTT X 5 BT
BB RN R, AR T R0 W . RRE A
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AR BIRAERK, HHEFR P REALE A A AN R A
P25 A A RN IR AR A AU, [RIIRRIE FE4 A B 5
B 4a JaERFM R E IR R PUENERIE, RTEANF R
A AR XA S E BrP sh A SR, R
YR DX AR B VR A 3 SRR B S8 S RPN R AR A

1 #R57A%

11 AREER

IR DX A T B T8 48 Aok AR B At 2R DR B SR O B i (X
(109°13'~110°67'E, 38°50'~39°47'N) , J& T #LA {1+
BT B RORREVE AU . 2 X 3 B S e
SRR, FHHME 28759 h: TRADW, FTRK
w441 mm (EELPE 7-9 B ; 2R, FHRNA
H# 14 d, FHZEKE 1337 mm, FHSIE 89 C.
FIXHEP R, FER—, RRWEARHEY L ®E
(Hedysarum scoparium Fisch.et Mey) , HAKEM £ FLL
—IEAEM B (Setaria viridis) ~ $1CE 18 (Medicago
sativa)  $E (Leymus secalinus)  ¥E#E (Artemisia
scoparia) EFNE.

ZHIX R R IR B AT pH {HOh 8.35, AL
% 7.36 glkg, BRARA 32.1 mgkg, 4% 0.60 g/kg, M
8.16 mg/kg, HRLHH 66.2 mg/kg FlHLFZ 164 uS/cm, J&
TR L.

1.2 MR 5t
1.2.1 AHXEFEH

A8 AMF T O H b i AR ARRL 2B T B A E 57
HEIEH R e E iR, R E LRy Es)
MAMERER FEE AT EGIWRARES
( Rhizophagus intraradices, 29 Ri) FIJEE P4 & i 9& 55
(Funneliformis mosseae, iGN Fm) o 7 Ri H1 Fm
NEAE BRI R TR 217 HIRE Y,
Ferb il 73 B3 0 158 ANg A 126 g, 1RG5
91%F1 90%.

PERAEBEAN B (Bacillus megaterium) (CA) NASE
5% T BB B ACRE b B 2 00 B T AR IR ) = U
AN . SKFH4IE 16 SINDNA Jl/5, j8id5 GenBank #
FR AL A 2 1EAT BLASTN bUxf, e Hiz B b o 7 2002 B
(Pantoea) . CA WHPRFEMIR R 7 200 HUA I 1) 1 K
(30 °C, 120 t/min), 3£ ODggo A 0.84.

1.2.2 AHKAEY

AR N L TERE (Amorpha fruticosa L) , NIKW
INAEFER, THFE. T F /8 1R
1.2.3 R¥Ekit5 %%

AREG T 6 MALEE, BPFREERD Fm. FLBEMT Riv XU
fft Fm 1 Ri (Fm+RD) . F4ZF CAL W Fm Al CA
(Fm+CA) + REFN(CK). FEAEHE/N XA 480 m®,
3547, BT 31 Bk, BIARPEIRR R 26.5 cm, SR 20.4 cm,
PRI UM 3224 2 mx2 m.

2012 4F 4 H )b AT SRR AR, PR KIk 4 ]
FikE, UERHAPK 1R, 1 MHERFEKBRER.
2012 4F 7 H ) R Fh SR R AT R R, g

AMF ACEREFRRAEDD B 71 50 g5 Hi4E CA BBV
10%CA FEM 100 mL; 4% AMF b3, &5/ I it in
Fm Ml Ri #7550 g; X4% AMF 5 CA Ab#E, AR
N Fm 77 50 g F1 10%CA #F7% 100 mL. & /CFEH
SERETE 1, BeKIA I R K &
1.3 HmXESLE

1) FRER A ERE i R4

TE 5 4 33 X [ AT 328 BURE AR K /N — 3 ) R R
JEBARAE s AT AL, 20 3T 20124 2013 4FF1 2015 4F 9
A A R R AR PR £ (0~10 cm) FESAIESRS S
KM B NTCW B B8 RIS =, WRRHEAR
KFJE, HIBR2EYiE 1 mm fiigH .

2) FEY R R A

2015 4F 6—9 A5 H 73 7l R4 & AL FE X AR ic RAF U
BRI B RS . REREEH A B8 EHF T 4CUkE,
TR SR % T 4 COKFE A8, AT iridymm
(OB a7 LR ETTWULR o = e
1.4 $BWRNEMAE
1.4.1 HMARIEARNE

1) SEAEARAR = A0 e

FH AR A RO 8346 5 ARLAR FRIAR: ey R T T o

2) MR IR R

XF 2015 4 8 A A9 H RAMIM A f b AT 2 70 BE
Mg . w5 R T E A ETHE R R
FH LR 8 R DAV o5 b i 5 T A R T Y A SR 4
SR (LURESE (%) £ M, XA ICP-AES %
52 AR S i A

3) M Pri PR bR

X 2015 4 6—9 HREMM RS AT i
PEFRFR I E « SRR S PR B T A I e Ay
FEXS K28 IRIIEI e i (A F S, RN =
Pl S €2 3 0 R T R R 11 A B TR L R e
TR )
1.4.2 38 A KIBILIEHT

F IR AT A e bR S IR B, Hodh 0
A HUBICR FH E AR TR AR A A e s AR LR 2 ZUE
SE s R FH NaHCO, 12 $2-2HBR T LU IR e s s 208
KBS BR AR AR AN ICP-AES 230 5E 5 Bl ZCR F Bl B
s SR HRALENE 3% pH B Ktk 25: 1) #
HSE OkEEs: D .
1.4.3 ERAXIEAR

K H Phillips 1 Hayman 72 ) KOH Rt € - i 1) 25 0 e
EELE 52 AR AR e 3o U0 T 2 N s SR FH 2SR AR AL
A DE - X M A8 Sy e G ARINERFEE &K Ceasily
extractable glomalin, it EE-GRSP) S EK#ERE 2 (total
glomalin, it T-GRSP) >Rl Wright %" *fy g idk Jy i2: 4k
AT BRI €
1.5 HIELIEFHE

A R 56 E K F Microsoft Excel 2010 #4347y
R AR T 220 5 R SR B fF SAS8.1 (SAS
INSTITUTE INC, 2006) #4777 Z - #Hr (LSD &k,
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EEMEFKTFEEN 0.05.
2 HREQR

2.1 FREHEFECENKERE KW

R 1 RAFEE R SRS R 8 AT
PR AR AR . BE 1 oL, RRERERE
PR, 25 Ab B FE A AR R e M 257 Bt 3 52 BRI ) F
Kok, Hrhdid Fm. CA. Fm+Ri Al Fm+CA Ab3 4
MR MR R EAN R B BRI 2 7 B3, 145 A B R
MR TEAN R R RAERI 227 BE (P<0.05) ; (EREE
da, R CA Al Fm+CA AbH LM =AU IR 1a
5RO, XAk B 191%F0 213%, 11 e
W T 43 S5 38 0 562% 1 567%, 3% B it 5 &2 BE A 1] ) ZE K
BRI & Fm+CA TSR el i A K e bk
HAA R

x 1 TREZFEELEMNZBREKOM

Table 1 Effects of inoculation treatments on the growth of 4.
fruticose
s ¥k Plant height/cm e Crown diameter/cm
Treatment la 2a 4a la 2a 4a
CK 34Be 69Ae 71Ad 25Cf 69Be 132 Ac
Ri 46Bc  82Ac 92Ac 29Cd 82Bc 137 Ac
Fm 56Ca 91Ba 131Ab 43Ca 91Ba 187 Ab
CA 57Ca 87Bba 166Aa 39Cb 87Bba 258 Aa
Fm+Ri 42Cd 77Bd 128 Ab 28Ce 77Bd 196 Ab
Fm+CA 53Cb 85Bbc 166 Aa 35Cc 85Bbc 234 Aa
L P(T) * *
Si;:iﬁctiince PM) : *
P(TXM) * *

E: RPHHENER 1a. 2a. 4a ELENPS, WS AEEHME, I
/NSRRI — E B RE B BA B2 R (P<0.05) , [FiTKE
FREFORFA— AR FAE RER THZEREE (P<0.05) o P(DIRIRIER
) RBE R B bR 22 5 BB POV IR RIS T & I bn 9 22 5 B35 ks
P(T>*M) I [] RURE 55 3 7 AL B AZ FLA X &8 An () 22 3 B35 1 *#RRAE
0.05 K TEREH. TH.

Notes: Figures for continuous monitoring at la, 2a, 4a in the table are the mean
values of five repeats. The different small letters within the same column mean
the significant difference (P<0.05) at the same reclamation of the inoculation.
The different capital letters in the same row indicate the significant difference
(P<0.05) of the same processing under different reclamation years. P(T)
indicates significant difference in time scale. P(M) indicates the significant
difference in the inoculation conditions. P(TxM) means the interactions between
inoculation and time scale. The signal “*”’shows the significant difference at 0.05
level. Same as below.

A — & RAERT, 250 B LM S AR (B
SR 4a I Ri Ab3AM) 558 2F 5 T HAHR AR (P<0.05),
Hor iRl CA A1 Fm+CA AbFE SRR I ik = A el i 48] 2 25
e TR AC R s Bl S R A I, 2P CA 5 Fm+CA
TR = AR R I s L3 B3 (P<0.05) , H Ak
2 BB R, RICHTER R 2a BEHIL CK
Agb T T A LR R PRI 1 2 B T 21% 0 23%, e )
N 26%F1 23%, MEE B da P BREE AR RN Y CK
A 3 AT A S8 R AR = 23 Rk 133.8%., ek I 43 i 3G
95%1 77%. FHILW UL, fARREANEE X 5 HE AR B TE Fm X
Fehpal B EF R M A K, U H RS R E
e A K RO S B, FLBE 2 5 BRI A A 2 K%

Tt A B SRR AR R e A PR 25, R I 5 2

IS [ R o

2.2 FREHEHEAEMERFRENRLE ERIFIE
W 2 AT, AN AR AL BRI [R) 2 BRI 301 2 R AR

0 TR AR AR e R A R 22 85 FE IR B 22 e BB, RIS A1)

AAFAE R A AR, ISR R I TR AR AR e

AR 225 7= HE 6 25 Vo

R2 TEFEELEMNEFERERRAEMALEENID

Table 2  Effects of inoculation treatments on mycorrhizal
infection rate and mycelium density of 4. fruticose

Trfijfent Infection rate/% Hyphal density/(m-g’")
la 2a 4a la 2a 4a
CK 122 Bc 322 Ac 31.1 BAd 1.7Cc  2.6Bc 3.7 Ac
Ri 333Bb 544 Ab 578 Ab 4.6Bb 84Aa 104 Ab
Fm 344Cb 533Bb 633Ab 62Ba 4.0Cb 10.7 Ab
CA 156Cc 31.1Bc 433 Ac 42Ab 51Ab 4.0Ac
Fm+Ri 40.0Ba 533 Ab 644Ab 2.6Cc 5.1Bb 154 Aa
Fm+CA 44.4Ba 63.3 BAa 80.0Aa 47Bb 5.1Bb 9.2 Ab
L P(T) * *
Sigi;iﬁcra%lce PM) * :
P(TxM) * *

EEREME T (CK AHE) oidefh CA B, ELRFAR
REHERBRA—E M HLZRE, RPFER LS
WAATET LI RIS CK AREERIEFT CA AbHEE
FEARAR 2 0 B AR 12 a3 B o 52 BRI ) A A K T 30K, 76
SR da i), EHEEIAHINEREEN (P<0.05) , &
I fAR 0 A T R AR L TR AR B TR R S R AR R (AR e AR AE
RIS, (HP 3 75 B 2 % S R 3 % 5 .

HEE 2 A0, &b PSR 5 1 B AR AR G A TR
225 (B Fm 4b) ¥R B REK TG . SRFR
R AT, B B R H AR R YR B2 = T
HoOTREAb TR (B CA BEEAE R 1aM2adh) 3 W
Fhak B O] S SRR ARAR RAREZ BRI G, RIWAEE
B la I HE R Yo B 1T ik 40% LA b, HLBE R B al
FERKH R AR G B AN G K, JEH 2 Fm+CA AR B n] ff 45
FEMEAR RIEE B 4a MHER R Y2 BTAF] 80%, I CK.
CA F1 Fm ALFES> BN 156.6% 84.3%F1 26.4%, FH
CA I Fm 042 5 S8 PR P AR e B 2 35 (1) IR A2 BLAR
M, SRR RN ERERMLARE, #EmaRT
TR 2 N L3 SR UE 2, RS AR AR I 5,
T ASE 12 A B 55 AR 114 e v AR T A A B At A B B I
F. HE 4a i, Fm+Ri AbFE )5 RN AR R g R B2 1K
T Fm+CA kb3, HEHELZE R, B3 154m/g, &
T FmtCA bFE . W SHERAEKEN GR 1D , 4
T3 W TR MR AR Y 3 0 T 2 5 P o SR B AR K R B2 i T Ry
B,

2.3 AREZEFRLENEBREKEHRFS MM

T RRS B A B R AR I R T AR R
M, XPRE 4a B bFAEKE (8—9 A) KM HHIA
B i AT IS Ay T, 5 SR WLER 3. PR 3 AT,
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8 H SRR B A SRS B I 9 A S4B
R (P<0.05) o XFERHT 8 HEKEMA T4 HIE)
HERSH], WEEZHICEHTA&REARMZRSE, D
YeREE B E A E RN i > A ZE S 3, 1 9 H AR
TR, AN RS ERES, R R OROE B
BN, b CRReskm 1,

TR da J5 SR B 0SS BAEAN [F) 12 A 2 R R
BIASE (L2 3) o BR Fm AbERAL, oA e v Ab ¥ 2 Rl
HAMERSEE S AWEEST CK 4F (P<0.05) ,
e WX A 2 9 1 A 35 T I 2 i kSR R AR R A
B, (EEN 9 H, B Ri AFRAN,  Hopth 2 R b B 2 1
LB F A SR EEMKT CK 4 (P<0.05) , &
AH 42 b A B A 5 FEAR A RK R 55 2 Rl e vy, AT o e
BRI E TN,

3 TREZERLEXNEEREM A FoRENSN

Table 3 Effects of different inoculation treatments on A. fruticose
leaves nutrition

Eced e 4
. Total nitrogen/  Total phosphorus/ Total potassium/
AbHE kel el ol
Treatment (gkg) (mg-g’) (mg-g’)
8H 9H 8H 9H 8 H 9H
Aug. Sep. Aug. Sep. Aug. Sep.
CK 37.1 Ac 33.3Ba 2.31 Aba 1.81 Adc 8.66 Ad 7.55Ba
Ri 39.6 Aa 329 Aa 2.39 Aa 1.91 Bba 11.26 Aa 6.68 Bc
Fm 37.6 Abc 30.8 Bb 2.43 Aa 1.94Ba 8.80 Ad 7.09 Bb
CA 39.7Aa 31.0Bb 2.46 Aa 1.79 Bdc 9.11 Ac 7.22 Bba
Fm+Ri 38.7 Aba 30.5Bb 2.08 Ab 1.78 Bd 7.33 Ae 6.68 Bc
Fm+CA 38.7 Aba 30.5Bb 2.36 Aa 1.86 Bbc 9.48 Ab 6.97 Bbc
P(T) * * *
BE * * *
Significance PM)
P(TxM) * NS *

e RPEEEAH 2015 4F (R 4a) 8. 9 T IRIHEE, WS AEEHIMH. W
PR NG FRER R S AL BE [0 B R 7257 (P<0.05) , [T RS FEERR
[ — A FEANF A M ER RE (P<0.05) « P(T)ERRNEANFH G T &I6hn
MIZERREE: PODIRRIR M R SRR ZE R 22 (DM A S
PR A HE A AR SRR E R R, NS RRZFARE, TH.
Notes: The data are the mean values of five replicates, monitored at August,
September in 2015. Figures in the table are the mean values of five repeats. The
different small letters within the same column mean the significant difference
(P<0.05) at the same reclamation of the inoculation. The different capital letters
in the same row indicate the significant difference (P<0.05) of the same
processing under different months. P(T) indicates significant difference in
different months. P(M) indicates the significant difference in the inoculation
conditions. P(TxM) means the interactions between different inoculation and
months. NS indicates no significant difference. Same as below.

TR 4a 5 SREML 0B AN S B AEAS R A A 3
5] (AR R AR L. ER AT 8 HILRAE 9 A,
Bl Fm+Ri AbEE R (R A4 2 R th) B K T A
BB, 2R B AU ol Ak 38 5 1 SR AR I o B R )
AL R NS Bk E, 75 8 A 4R Ri.CA.Fm fil Fm+CA
ACFREFEAR I F S S CK [RIE R 3 22 7% (P<0.05),
EHEAKZE 9 H, M HER IR Ri 80 Fm {37 £ FE
e B o 8 B v TN R R A A B, BT 54
T AL B G I S R R A HARH (LR 3D, KW
P A B 0T R AR AR 5 2 PR U R S R B 2, X
FRES SRt Fu st SR A — 80, BRI SR
MR GELRIE . FYBENER AR, TBEER

ST E ALY EPS G NTE

M8 kA, 8 ¥R Riv Fm+CA F1 CA &b
PR BB A R I B2 S T CK B (P<0.05),
2 WX e T Ak B T 5 KRR N B e 3R R IR
WORURIF, sk 9 A, B CA AbHLAN, oAt 3 A B4
TR F ()4 2 38 B I T BRAR 3 (P<0.05) o HER
3 Af O, FET AR R A A R AR T A R A
BEAERZENZEAER, 5 HE T 5 e L
M TERKR IR 4 BRI, 51 & & R FE, 1 K 7R
RN EZEUE TS, Rshthar, SET A BRI
FEIR R P,
2.4 FEEZEFLEMEBBERSHAREENZN

TR R X R T 3BT 2 Ry iy Kb 1
Sk, ERNELD, EMEEKRSEZT R, Ky
ROV IZA X EF R BN R . —. WNEE 4a 5%
R R EAEK S (6—9 A KPR AR AT 2 Hr il
SE, DLT fREER AL FE A B X R PSP I e, 4
RILE 4,

R4 FREHIEMLENE KFEERM R a2
Table 4 Effects of different inoculation treatments on A. fruticose
leaves stress resistance in grown season

i H Pl 6 H 7H 8 H 9 H
Item Treatment Jun. Jul. Aug. Sep.
CK 81 Aba  86Aa 83Aa  84Aa
Ri 76Bc  83Aba  78Bb 78 Bba
AR KR Fm 83Aa 8IABb  75Cb  77BCba
Relative water
content/% CA 70Bd  83Aba  74Bb  72Bb
Fm+Ri 75 Ac 81 Ab 76 Ab 76 Aba
Fm+CA  78Abc 82Aba  74Bb 82 Aba
CK 2327Ca 3421Bd  39.75Aa 12.70Da
Ri 16.52Bcb 39.51 Ac  12.75Cd 11.35 Cba
AT LG
Relative Fm 19.12Bb 27.22Ae 19.82Bc 12.57Ca
electrical CA 114Cd  332Ad 2871Bb  8.55Dc
conductivity/%

Fm+Ri 15.64 Cc 4778 Aa  25.80Bb 12.46 Da

Fm+CA  2231Ba 44.16Ab 27.13Bb 9.58 Cbc
CK 462 Ac 176 Bd  169CBe 124 Cc
Ri 344Ad  275Abc 270 Ad 293 Ab
itz R Fm 299Dd  529Ca  838Aa  721Ba
Proline/
(mgke!) CA 733 Aa 346Cb  538Bc 658 BAa
Fm+Ri 520Ab  234Ccd 566 Ac  395Bb
Fm+CA 182Be  277Bbc  732Ab 768 Aa
CK 0.567 Ac 0.357Ca 0315Db 0.391 Bc
Ri 0.782Aa 0310Bb  0.326 Bb 0.401 Bbc
T Fm 0446 Ad  0.307Bb  0.343Bb 0.449 Aba
Soluble sugar/
(ke CA 0.641 Abc 0.308Cb 0.317Cb 0.472Ba

Fm+Ri  0.693 Aba 0.355BCa 0.316 BCb 0.421 Bbac
Fm+CA  0.531 Adc 0.300Cb 0.387Ba 0.455Ba
W BHREIE N 2015 4E 6. 7. 8. 9 AMIIEE, BS ANEEIHE.

Notes: The data are the mean values of five replicates, monitored at June, July,
August, September in 2015.

HIER 4 "R, EREK A, SxHRABEML,
P2 T A B B AT I G PR IS RE B R O A R K R




57

RIS : T2 TR XIS S RO T3 B ah & SN 89

(P<0.05) , T #4212 b R S8 R I R0 A X 2 7K 2 1) 6
B R AR . A Ab BRI A AR S K R A K
R EFRAR, BARRIUNBER A6 5 BRI, 7
H 8 HAI 9 F #4218 Ab E1 R F (1 AH 555 7K R 43
59 81%~83%- 74%~T8%H 72%~82%, XAl fE&H T
7. 8 HIE& U miR =N, TRAOW, MYZ T2,
T LR v L B B AR KR DL P R IR A
S S AN AR R IR AR A K R
MM A HAERH (& S .

4 0L, [FEAC SRR A SR AR A
K2R 200 B[R] 56 3G )5 AR, BI7E 7 H B E S
FHAWR I (P<0.05) , 759 AHA&, AT WAE 7 H &R T
BN 2R et ERK. ER—EKAH
By, S AL EREFERI F B L S R AR AR — B
6 F1 8 H #5152 1A Ab B SEARAR I Fr B AE XS 5 28 35 B 3 PRI
FLAHML ) CK Ab3E, 3 42 B A 35 AT BRI S REAR I 19
5T, (EILPU G, 757 A, B8 Fm M CA &
AR I B AR H SR T CK, 1 Ri AKX
PR A HE SRR I R (A X RS R 88 3 v T R A B
(P<0.05) , FIA[FIFEHE AL S T R0 R A
R T s AN [R], AR 40 18 A0 Fm XU R B AR 1R
KRB, T 2GR T AR RIRIOK 5y, (ERT
AEH T HAEMR R R K FRER, ZBREWAHREK,
IR IRBHGS AN, SlRParE, A ISR
WK,

P R AN AT IE VR E B B TR, TEM ) E %
LY aE By, R A AE A P AR 2 I R R R A M LA g
AR, R 4 W, FE 79 H R kbR
B R R S B T R AL, SRR A AT 2
EZH X RN R iR T R ET i, H& A
HEAEAN[F) A 43 O R AR v I R S = T B B AR R
B fE6 A, CAMHEHEMMY FERS®EEEmT
HAot b, RH CK AFEH 158.7%, 1 Fm+CA Kb
&, 1A CK 4bFRM) 58.7%;: Fm+CA AbFREFEMLMH H 1)
i BRI R 2 K T AN BT B35 38 0 s Fme b3
SRARBR I 10 R 7 R B T [A) R T S S 2 3 i, B
Jo MR BRI Fm+Ri A EE SRR (10l & R & BB
B R 20 B A SO R BRI R . MR & &k
F, 8F9 HI Fm. CA 55 XU Fh Ab B LI H 1)
TR & 3 m, R4 R A T i R R
—EEH.

AN A B SR RERR I (] s R S B A KA I R
A ) 15 S 980 J 38 K s, HbfE 6 A, 7 H
Bk FER—A4K A 0 & b B FERE T B 1 AT s PR
TG AR R, 75 6 H %321 A #EBR Fm AbEE AL,
LR Al S R B Em TH CK 4bF; 7E 7
H CK 1 Fm+Ri AbHEEFEMI Fr 1 AT A PR 2 38 B 35
T A AR, A Ak R TR PR T AT PR R I R
Z5E; 8.9 H Fm+CA ACEEFEFEM B (1 i A bE & &
P83 T A A HE

2 5 Al 0L, AS[EE R A FE TA]RIAS 5] AR K ) 25 A
PR R A B K E . ST SR R S AR
PERIK LB 22 R B E M (P<0.05) , LM AL
K (A S FEAR P g B B . H4h, AF
AN A BRI R AR KB AR BAR L, Y] B35
Wi S5 A I (R FE S R IR R & AN AT VA PRI
JE, s R PR AP S A B EER .

RS TRFMOEXE RKFEFIRM Rt mma
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Table 5 Significant analysis of the effects of different inoculation
treatments on A. fruticose leaves stress resistance
AR 5K 2 A L e

I V=i Y
NH Relative water Relative electrical %%g& RRG
Item o Proline Soluble sugar
content conductivity
P(T) * * * *
P(TxM) NS * * *

2.5 AFEHEFERIEX HIEEARIBL LR

R 6 A FHEH AT AN [F) 5 BAF A rpox 1 4845 5
ARFRACFERR ORI o X T 3% pH {E, Bt & RIS R] 4
£, A[FEAEEE 1358 pH (H ALV FEA R . 2a<da<la,
HIR I hstE (8.1~8.3) il & bk (6.73~7.75) .
HR da J5, HHEHEAHETIE pH 35528 T X AL 1
B pH, H¥Ed v, RO GE A {E R IR RS
DA RO IE EAE A K i 3

HE 6 il WL, S IEh S RAERNEE RAER L
FEEREEN (P<0.05) , HRINLEETF, £5
B la N5 A0 - 3811 H 5 R AE 130~160 pS/em, TER B
2a /&N 26~45 uS/cm, 1EH B 4a J5 NIt 59~96 uS/cm,
RN E BAIZ X T30 & B B E R, K
IR R . AR T AL ST 3 S R R AN
. THEMBMME (WK . EE R 4a)5, Fm.
Fm+CA Fl Fm+Ri b HEE CK AbFE ] i - 35 1) B, 5 3 43 5]
52 FAAE 9.9%. 25%K11 35%, Fm Al CA i Ri [7] x H 5
SEMRAAAENRELEER (WK 7, fefli -5
SR HRC, REE R R A, SRR O Fh Ak
HO 3 SRR 1) 25 R AE B R

R 6 T, &3 LA EE. WREASE
RIS R Tl o i R B I T S K R A 5 A DT 328 9 1 A AL
AR, T IR S N 2B . 5 CK &
A EL L, 72 R 2a I 4a N EEAP Ri. Fm. Fm+CA #l
Fm+Ri #7232 m A B H 3R E ML & & (P<0.05) ,
Tt B A T R AR G 5 TR AR R e dE 1 AR B L 3 ALK
PR fER—E BE M, 0 a3 15 0 Bl
TH ATl AR B A B 34 SR R T A B R R AR B, R
P 2 A T R L TR T 4 T G SO A A M) T 3 S
BRFRA IR R . R 7 AT WL, B TEROEE . AR AL EE K e
158 BAE R 38 50 B R 55 8 (S W A7 22 7 R
P (P<0.05) , W3 0 Ab 3 A& BRI [R) 6 1 38 77 2 L
EERTE S-S
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Table 6 Effects of different inoculation treatments on soil physical and chemical properties
TiH Item A3 Treatment la 2a 4a T H Term Kb Treatment la 2a 4a
CK 8.28 Aa 7.03 Cb 7.75 Ba CK 136 Abc 29 Cdc 91 Bb
Ri 8.16 Ab 7.26 Ba 7.27 Be N Ri 137 Abc 43 Cba 96 Ba
pH ff Fm 8.24 Aa 6.73 Cd 734 Bb Eﬁifal Fm 155 Aba 34 Cc 82 Be
pH value CA 8.22 Aba 6.97 Cb 7.27 Be CO&%%Y};Y/ CA 130 Ac 26 Cd 95 Ba
Fm+Ri 8.28 Aa 7.26 Ba 7.34 Bb Fm+Ri 160 Aa 45 Ca 59 Be
Fm+CA 8.16 Ab 6.9 Cc 7.33 Bb Fm+CA 155 Aba 36 Cbc 68 Bd
CK 6.24 Ab 2.81 Bd 1.44 Cc CK 14.7 Ad 7.7Bd 7.0 Bd
Ri 6.51 Ab 6.29 Aa 4.12 Ba Ri 28.6 Ab 21.3 Ba 14.0 Cc
AL Fm 565Ac  321Bc  354Ba L Fm 286Ab  213Ba  21.0Bba
Organic carbon/ Available N/
(g~kg’1) CA 5.64 Ac 2.2 Be 1.33 Cc (mg~kg'l) CA 233 Ac 10.7 Be 12.8 Bdc
Fm+Ri 6.39 Ab 2.97 Bd 2.43 Bb Fm+Ri 35.1 Aa 219 Ba 24.5 Ba
Fm+CA 8.61 Aa 4.12 Bb 2.36 Cb Fm+CA 32 Aba 14.2 Cb 17.5 Bbe
CK 5.68 Ab 2.45 Be 2.73 Be CK 38.3 Ac 23.2 Bc 24.8 Be
Ri 7.68 Aa 3.61 Bd 5.1 Bb Ri 48.5 Ab 40.2 Ba 38.2 Be
A Fm 840Aa  415Bc  3.94Bcb SE R Fm 472 Acb  284Bbc 411 Ac
Available P/ Available K/
(mg-kg ™) CA 7.58 Aa 4.73 Bb 6.59 Aa (mg-kg') CA 435Acb  29Bbc 484 Aa
Fm+Ri 7.42 Aa 3.67 Bd 3.86 Bcb Fm+Ri 38.6 Ac 348 BAba  30.9 Bd
Fm+CA 8.55 Aa 6.51 Ba 4.07 Cb Fm+CA 59.1 Aa 38.2Ba 45.3 Bb
CK 14.7 Ad 7.7Bd 7.0 Bd CK 329 Ae 105 Bd 91 Be
Ri 28.6 Ab 213 Ba 14.0 Cc Ri 543 Ab 300 Ba 285 Bb
D VR R 3 Fm 286Ab  213Ba  210Bba | pimmmmEmE Fm 517 Ac 186Cc 331 Bba
%{ggs-l};/ CA 23.3 Ac 10.7 Be 128 Bde | T-GRSP/(mg'kg™) CA 600 Aa 109Cd 303 Bba
Fm+Ri 35.1 Aa 219 Ba 24.5 Ba Fm+Ri 507 Ac 227 Bb 140 Cc
Fm+CA 32 Aba 142 Cb 17.5 Bbe Fm+CA 477 Ad 229 Cb 350 Ba
F 7 TEHEMLEX TIEB N ERF WA R E TS
Table 7 Significant analysis of the effects of different inoculation treatments on soil physical and chemical properties
i H pH i HL S EEDIR TR A R ugvedl SIRPREER LIRIUREZR
Item pH value Electrical conductivity  Organic carbon Available N Available P Available K EE-GRSP T-GRSP
P(T) * * * * * * * *
P(M) * NS * * * * * %
P(TxM) * * * * * * * *
AT TR W B R AR S AT WA R FE B R A SR AR 3 i B

H, AN IR RS R & B S H I IEH R,
% 6 nJ &1, XAbFE+3% () EE-GRSP #Il T-GRSP & & M
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4a FERTEBFEZER; Fm. CA M Fm+CA Kb 3%
T-GRSP F&/EH B 4a i .3 = T3 2a, {H Fm+Ri 403
TR TG S BNEE R 4a W EFL T H 2a A5 E. [
— BRI %A N, B ALK EE-GRSP F1 T-GRSP &
R T CK A, 2 Wb M T AR 2 1 A 1
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S LA LR S R AR b IEAH

M 7 ATW, BEREALEE. B RER ALK
HAEF X} -3 EE-GRSP 1 T-GRSP & & HAEEY
Wi, (P<0.05) . XFELA B 4a KPR Ri. Fm Al Fm+Ri
AbPE 3% EE-GRSP & &, 1 LLE H BRI E S B
K B EER, R CA 1 Fm XTACHE 438K
TG 7 5 R [FIFE T ]2 o

PR X HuAL T T2 F R, K MFRA R H
TPEEY) E R AR S, SRR IR L3k,
AKX REFT R, HER AR E
TR FAEYE TR A FARH BB (R
. G EEE) A& RE Ry 2 RIX
P AR, R R X R i R R R A
FAUOV A T 0 308 100 T P 3 YA T I A — 65 A
B2, ik L3 A TE R BERR e A0 mT VMDY, AR
TS B AR SCRI T, T PR B2 T 5 BT R L T [ e A
ST BA BRI P A T A AR Py
¥R (R EVEWNER (Fm) . RBENE S EA 1M
N TR R TR A B 22 T e 2 5K AR PR v AR e ) i 25
., A TR A K, HEEE S RN, &
PR E D A B0 SR A RO (R PR, R
HRECTA s AR T BT A T AR ELAE RIS A 2R DR
DR DX SRR R R 2 o B 35 1 BN
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Effects of combined inoculation microbes on soil dynamic improvement in
coal mining subsidence areas

Bi Yinli'?, Jiang Bin?, Qin Fangling®, Wang Zhuoyou®
(1. Institute of Mine Ecological Environment Restoration of West China, Xi’an University of Science and Technology, Xi’an 710054, China;
2. Institute of Mine Ecological Environment Restoration, China University of Mining and Technology (Beijing), Beijing 100083, China;
3. College of Chemistry and Chemical Engineering, Xi’an Shiyou University, Key Laboratory of Shaanxi Province for Environmental
Pollution Control and Reservoir Protection Technologies in Oil and Gas Field, Xi’an 710065, China)

Abstract: Deterioration of soil structure has posed a great threat to the farmland and vegetation in ecological and
environmental development in large subsided lands, due mainly to excessive coal mining for rapid economic growth in China
in recent years. This study aims to accurately and comprehensively evaluate the effects of microorganisms-plants-soil
interactions on the soil restoration of damaged ecology caused by coal mining in arid and semi-arid areas. In-situ monitoring
was performed on an Amorpha fruticosa L. inoculated by different microorganisms in the coal-mining subsidence area of
Daliuta in Shandong Province of eastern China. A systematic evaluation was made on the dynamic ecological effects of
inoculated microorganisms (such as mycorrhizal fungi, phosphate solubilizing bacteria or simultaneous inoculation of
microorganisms) treatments on the plant growth (plant height and crown width), mycorrhizal effect (mycorrhizal infection rate
and hypha density), soil nutrients and properties, the leaf nutrients, and plant resistance under different growth seasons after
four years of reclamation in the mining area. A dynamic ecological mechanism of microorganisms was also elucidated in the
process of vegetation reclamation in arid and semi-arid coal mine areas. Compared with no inoculation, the inoculation of
Funneliformis mosseae, Rhizophagus intraradices, and Bacillus megaterium significantly increased the plant height and crown
width of A. fruticosa, as well as the concentration of nitrogen, phosphorus and potassium of A. fruticosa leaves. The
reabsorption of leaves and stress resistance of 4. fruticosa were also improved remarkably, due possibly to the reduction of
relative electrical conductivity and the increase in the accumulation of proline and soluble sugar in the leaves. The soil pH and
electrical conductivity were significantly reduced, with an obvious increase in the content of easy-to-extract Glomus
(EE-GRSP), total-extract Glomus (T-GRSP), organic carbon, alkali hydrolyzable nitrogen, available phosphorus and available
potassium of the rhizosphere soil. There was a significant synergistic effect of inoculation treatments on the growth of 4.
fruticosa, mycorrhizal infection rate, soil nitrogen, phosphorus and potassium nutrients, EEG and TG content, with the
extension of reclamation time. Furthermore, simultaneous inoculation of Funneliformis mosseae and phosphate-dissolving
bacteria played a positive role in the plant growth and mycorrhizal effect of A. fruticosa, plant nutrients, and soil stress
resistance in arid and semi-arid coal mining areas after 4 years of ecological reclamation. Mycorrhizal fungi were inoculated in
the subsided land to maintain sustainable ecological effects. Nevertheless, there was a significant increase in the plant
survival/growth rate with a sharp decrease in the nutrient of plant rhizosphere after reclamation about two years. Until four
years reclamation, the mycorrhizal fungi with informed hyphal nets contributed to increasing population diversity and
absorbing more nutrition from far away space. In natural or managed soil ecosystems, the shifts in the diversity and community
structure of arbuscular mycorrhizal fungal (AMF) assemblages over space and time were associated with the plant community
succession, anthropogenic activities, and changes in environmental conditions. Such interactions included the mutualistic
associations between most vascular plants and their below-ground mycorrhizal symbionts. In any way, the interaction between
plant, soil, and mycorrhizal fungi can provide a potential theoretical and practical reference to the restoration of ecological
functions and processes in disturbed soil ecosystems, such as post-mining subsided areas.

Keywords: soils; nutrients; mining subsidence; inoculants; Amorpha fruticosa L.; arbuscular mycorrhizal fungi



