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Effect of AMF inoculation on root distribution and water use efficiency of

Amorpha fruticosa L in western coal mining area
BI Yinli"*?, YANG Wei'?, KE Zengming'*, WU Chao'?, LI Mingchao'?
(1. Institute of Ecological Environment Restoration in Mine Areas of West China, Xi’an University of Science and Technology, Xi’an 710054, China;
2. College of Geology and Environment, Xi’an University of Science and Technology, Xi’an 710054, China; 3. State Key Laboratory for
Coal Resources and Safe Mining, China University of Mining and Technology-Beijing, Beijing 100083, China)
Abstract: Coal mining in arid and semi-arid areas has led to the emergence of large areas of coal mining subsiding areas. The ecological
reclamation of mining areas is hard, and the mycorrhizal microbial technology for ecological restoration has become a current research hot-

spot. To investigate the effects of arbuscular mycorrhizal fungi (AMF) inoculation on the root distribution characteristics and water use ef-

Y75 B #A: 2023-03-17 EEHE: F/IW DOI: 10.13199/j.cnki.cst.2023-0330
EE&WB: HR QAR E B I H (52394194); IR & 0 & 1130 98 B35 H (2022 YFF1303303); FEAT AR 25 OR300 0 0 % SR I 45 F 9 5 O
5 H (2022-YRUC-01-0304)
YEE TN 224 m (1971—), 2o, BRVDKIR A, KV F R0, 19142 20, E-mail: ylbi88@126.com
311


https://doi.org/10.13199/j.cnki.cst.2023-0330
https://doi.org/10.13199/j.cnki.cst.2023-0330
https://doi.org/10.13199/j.cnki.cst.2023-0330
mailto:ylbi88@126.com

2024 445 3 1] # 2 M FH K 5552 3%

ficiency (WUE) of Amorpha fruticosa L. Three experimental treatments were set up: control without planting 4 fiuticosa L seedlings
(CK1), planting A4 fruticosa L seedlings (CK), planting 4 fruticosa L seedlings and inoculated with AMF (+AM). The plant growth indicat-
ors and soil moisture were measured, and the results showed that: D AMF inoculation effectively promoted the growth of A4 fruticosa L.
Compared with CK treatment, the plant height, SPAD value, aboveground biomass and aboveground biomass increased by 38.5%, 27.5%,
11.1% and 69.4%, respectively; @ Inoculation changed the root distribution of A fiuticosa L and increased the total root length and the
number of root tips by 329.0% and 586.1%, respectively. Besides, reduced the average root diameter by 22.9%, and increased the propor-
tion of fine roots below 2 mm by 370.1%. At the same time, inoculation affected soil water distribution and water use pattern of 4 fru-
ticosa L. Compared with CK treatment, the soil water content of 0-20 cm increased by 8.9% and 7.8%, and the soil water content of 20—50 cm
decreased by 16.8%, 4.0% and 11.6%, respectively. The water use ratio of 4 fruticosa L to soil below 5 cm was increased by 15.4% and
9.9% at 5-30 cm and 30-50 cm, respectively; (3) Inoculation increased the WUE of A4 fiuticosa L by 27.5%. The results of principal com-
ponent analysis showed that fine root length (0.5—-1.00 mm) and root tip number in the roots of 4 fruticosa L were the key root character-
istics for the efficient use of soil water by AMF inoculation under drought stress. In conclusion, inoculation with mycorrhizal fungi can
significantly promote the growth of 4 fruticosa L seedlings, promote the absorption and redistribution ability of soil water through the sig-
nificant improvement of the fine root characteristic parameters of 4 fiuticosa L, and then make 4 fiuticosa L plants show a high WUE. The
results of this study can provide a scientific guidance and technical support for the biological combined remediation technology in the
western coal mining settlement area.

Key words: Arbuscular mycorrhizal fungi; Root system distribution; Soil moisture distribution; Carbon and hydro oxygen isotope; Wa-
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Table1 Growth indices and mycorrhizal effects of Amorpha fruticosa L under different treatments
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Fig.2 AMF colonization structure of roots of Amorpha fruticosa L
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Table 2 Comparison of root characteristic parameters under different root diameters

MK JF/em HREHH/em? AR em®
HRZEAY R AR EH AR /mm
CK +AM CK +AM CK +AM
-~ 0~0.5 86.1+25Bb 741.3+229Ab 10.9+2Bc¢ 90.0+26Ab 0.1+0Bb 0.9+0.2Ab
M
05~1.0 236.6+7Ba 1081.7+76Aa 44.5+13Bb 236.4+20Aa 0.8+0.3Ab 4.3+0.4Ab

AR 1.0~2.0 139.9+78Bb 351.9+136Ac 45.5+7Bb 146.6+58 Aab 1.7+0.2Ab 5.142.0Ab
AR >2 123.2+19Ab 173.7+47Ac 167.4£26Aa 222.1+73Aa 22.6+4.1Aa 29.3+13.4Aa

T BliRon AP AEESD(n=3), U EEHEEFIRTEP<0.05/KF A 251, REFRFORAF AR —R R AR R R Z B e /D

R b AR R A R R R 2 I B

315



2024 4E45 3 ] # £ # F H# K 5552 4%

IR S /em
o
m
=

R /em
o

25 25 ._‘
[ ICK [ ICK
[ +AM 0 +AM
35 1 1 1 35 1 1 1 1 1
0 0.000 1 0.000 2 0.000 3 0 0.2 0.4 0.6 0.8 1.0
RMD/(g-ecm™) RLD/(cm-cm™?)
(a) RMD (b) RLD
[
: ——
a

£ g

2 RS a

g2 S —
= B

* 25 H 25 I“

[ ICK [ JCK
[ +AM 0 +AM
35 : : : 35 : : : : :
0 0.01 0.02 0.03 0 0.05 0.10 0.15 0.20 0.25 0.30
RVD/(cm?-¢cm™3) RAD/(cm?-cm )
() RVD (d) RAD

T RRIFREFRIRAE P<0.05 K A BEXER
B4 TREEETARRN QAR
Fig.4 Distribution characteristics of roots at different depths

KPR B8 /em

KT R S fem JKF P B /em
0 7.5 15.0

0 7.5 15.0 0 7.5 15.0

VR /em
R /em
VR /em

HKFEY%
0
1.556
3.113
4.669
6.225
7.781
9.338
10.890
12.450
(a) CK 1 (b) CK (c) +AM
B5 FRAELEHEEAENEA
Fig.5 Variation of soil profile moisture content in different treatments

TR TR L SRR RS T BT R (14 6),
XA RIS KRR AL AR . L R ARl
SR AR ) ELERAE, LI 588 142.0 pS/em
B R S FEEL ], W LA ), AL CK1 BJ+AM AR #E,

BB A AR T 22 4 S A R T R XA R K
X BRI, B0 TR R LK R BRI s TRl sk
B TR N T SRR R BB KA, (2 i TR
HRZXT HHOK B

316



EERRIN A HeA AMF X PG SO DX S RERRAR 28 2041 FK 20 PR B3 i)

2024 457 3 1)

IR /em
0 7.5

15.0 0 7.5

R /em
VRFE /em

() CK 1 (b) CK

KPR 2 /em

JKP R /em
0 7.5

15.0

213

PR /em

284

355

426

497

568
(¢) +AM

o6 TRAELEHTEFRMEAN

Fig.6 Variation of soil profile conductivity in different treatments

3 F b R - HEER o (O BUR IR AR EHT LT, X5
MR AM T 22 WOK 7 DI . A, fE IR
19 £ 7 U8 = (530 om) A5 Ak B2 (8] f) L 3 R 22 57
e
2.4  HEEXETERR R BRKSKIRE R
24.1 CEARMAR R AR EAL

H T 37K 73 AL AR 2% 1) AR S A ik o e o
AAEAE IS R AL 53531, AR K 1Y 8 °0 ., 6D Sk
THEIS AR IR R . BRI OGRSk A A 1

3D/%o

HeK o A E AR E R R G 7E—&, MFE ML
BRI B R R 1) 2 B K 2 A

P& 7 R AN ] b B R A 3K R 2R REAR A T K Y
80 18D, A LA i, CK ALFEAI+AM Lb 35 1 458
AR R A & 28 5 HE 0~ 5 em HIEJR (7,
U PR Ah BT A A0 1) B R K 2 B AT AT R R i
E07 . BEAh, HERE AL R A S R A A F R
1Y AC B IR B A T R A%, SRR INGR T4
B AE K2

3'%0/%o

6110 —-100 =90 —80 =70 -60 -16 =14 -12 -10 -8 -6 -4 -2 0 2 4
| ——— __—_b—o—o—c
10 -
g20F
2
i
SEnYe
—@-CK1
—2— CK
40 - —2— +AM
—— CK plant water
- +AM plant water
50

7 FREAETEAMERMEARHE %0 5 6D
Fig.7 &'80 and 8D of soil water and xylem of Amorpha fruticosa L under different treatments

K HBIR 22, 25 51.6% i1 26.1%, 33 FF) FH B 3%
ARG BT I BT A 25 SR — 3k, b, SR A RR X HAth )2
P R HK AR, FR)Z S em DUTFHY 5~ 30,

30 ~ 50 em JZ {7, 2% W J 25 REARL K LA 353 38
317

2.4.2 B EALB KA

FIFH MIXSIAR BB R Gtk T A [ AL 38 %€
TR 125 2 R K e (151 8), I hra] LR
i, CK AL FRAI+AM b FRXT 0 ~ 5 em 35 )2 47 19 FH



#HEHMFHAK

552 %

2024 4F5 3 14
2.5
p—
=
5
[_ICK
“pEm— B M
0 20 40 60
FHKECH1/%

B8 HAMA R A AL
Fig.8 Proportion of water used in each layer of Amorpha

fruticosa L

~12}
o
z 1
§ 0.8
= °
W=
- |

0

CK +AM
(a) 7K FIF 0%

15.4%. 9.9%, X SR 5 S AR RFIES400 i
TR R 22060 7K 53 RS A O o
2.5 HEFEXTEER WUE frt 5 6°C B9800

& 9 AN IR AbHE T 2L REAR A K 20 R FHARAE . AT
LB R AMF 340 7 25 B WUE(E] 9a), 3
T BE A 27.5%. 1€l 9b Sy ASa] b 3T SRR I A
i) 8"°C {8, CK FI+AM 4b Bt/ fy 8°C 18 43 9 e
—26.989%0 ~ —27.229%0A11-25.489%0 ~ —25.549%0 2 |H],
AT LA AL B 2 S SR 1 A 81C {E A
AR, IXHIHEAD AMF J5 5 FE8E WUE 35 K45 58—
o LA A Pk, H & WUE B,
8°C (AR /R T AR ALY WUE 225 .

255} ,—?|
-26.0 |
$
§ —26.5
o
-27.0 f
" ]
=275}
CK +AM

(b) TR R 8°C 1

B9 7T REALIE T HEMM Y A FH HAE

Fig.9 Water use characteristics of Amorpha fruticosa L under different treatments

2.6 WREDWHSEMKS T BREZ BRIFEXME
S
& 10 S 2 BERAR 3R 504 5 WUE ZIa] B9 AHSCPE
A3AT, FEr R SR EAR A L ARAR%R . AR K | AR
FUOMRARE, MR Z [ 2B & EH XX R
(P<0.05); “F- ¥R AR FLEAR K | HRASEL . IR .
MRRTRL, A §°C {H =22 [ 8 e &
M WUE 5 S8R K . IRAR%. FIRER. IRK.
FRF TR HUABUZ [ AHDC R 55 318 0.49. 0.54
—0.47. 0.48. 0.66, 0.89; .4, WUE 5 H- 8"°C i
ZIRIRIAHOC R ALK 0.38.
2.7 EEXTERELE WUE SR S8R RS ESHT
Wt E—2P R EE R R, SHEMAY WUE FIHR &
WA SHARbr Z B BA B S A M . 280 AMF
SN TR RERR A AR RIESRHE, A T B T S
PR ZRAFIE ELEEE I 1 SN WUE, MR RIEA
FHIESHCS S WUE SE17 T 2000 b (B 1) .
X RT (M0 . RLOEHRK) , FRL(0.50 ~1.00 mm
FIAIAREK) . RAGREZHA) . RVURIEF) | RMD(HR
Fiit %) . MRDOFIMREAR) . SM( 557K 38
318

AFEFRIEAT F 00T o 3 B AR AR % T ik
REELOTHL, /2 D F R R T 91% ) 5K FEAE
WUE, iA%| T 2t 5 sk F>80% Mk . Hirp, RL.

1.0
FRE |4k | 077 | 080 | 0.84 | 0.87 |-0.74] 0.83 | 0.90 | 0.85 | 0.76 | 0.80
SPAD 046 0.8
A E rE 047 0.89 1.00 0.6
BUAR K AR K 1.00 |1 -0.94) 100 | 0.98 | 0.75 | 0.98 0.4
HRAREL 0,95 0.99 | 0.98 | 0.78 | 0.96 0.2 ﬁ
“
S E A 0.94/-0.92|~0.74| ~0.88|~0.47 0o X
o
R 098 02 =
TR e oy
*E’th /El - 0.89
i —0.6
VO .
313C snC 08
WUE . . wuE
-1.0
B O &K By B S RO <005
AR ISR
SR i
&

B 10 AR R A G A A AR B3 2 18] B A8 Ok T 2 AT
Fig.10 Correlation analysis between root distribution
and plant WUE



ERERANAT ;4R AME X PU ST XS MR 28 20 A A1K 731 AR A 2]

2024 455 3 1A

-0.4 —0.2 0 0.2 0.4
T T T 0.8
RMD
1| MRrD . / 10.6
b RY
e 0.4
- H 102
BN '\ / RA
o 3 /
% 0 \ERL 0
RL
£ RT 402
® CK-1
k-2 1-0.4
- @ CK-3
° @ +AM-1| —0.6
@ +AM-2
@ +AM-3
1 1 1 70.8
-4 -2 0 2 4

PC1 (82.2%)

B RAEAR R XA AR RO o £ 2 24T
Fig.11 Principal component analysis of effect of roots of

Amorpha fruticosa L on water use efficiency

RT. FRL X5 — F AU AU R I 4G, X268 — = hli
S B K FE bR 50 RMD, MRD. DA E 455 3%
H, B2 4 0.50 ~ 1.00 mm AY4IH K IR AR %00T fig &
FEFl AMF 532 THEY) WUE ()G 2R ARIE .

3 it it

3.1 M AMF X ERRERRR S HRIRM

HERh AMF AT LA iy 58RI A A2y 0 Bl ate 42
TR AR R SR, BRUE S5 B 9T 3R W S AR AE K 43
38 25T HeRh AME AT 3 B H A e ) B AR A e
FIZE P2, 3R (R 45 S — 30 RS v Bz T 4
MR FSE R T AMF 7R BMR R PR YR, S
AR RS AMF JE G ARG 2R (A5 e B ) A2 Ay e
AR, +AM AR BRAY AR R CKOAR PR vy, 30 58
FERL B X T PR A U S

AMF BERS e RERAR B AL R UIEAR AR 0 A1
LREN (SR LT E i i & gL €2 L & oI
FEAYE, M RIE SRR T DL AR R 0 A Ok
B, BT R +AM AR FE YRR R R S R0 B R
T CK AR, SOl THER AL B oE 1A AR N A I
RAER IBA 195 1L, KW i nl 5 EH YR R I
BRA WE AR, Wi RS B R R

AMF X H = M5 B R AL, AR BE | ARSI AR

ARARFR L ARIEL . MR SRS SO 25 ) (e
YRR, 3 SCRF TIPSR . ILAh, BESE il e %A
AMF 25080/ 1 SFERLA-F PR B AR, HL B fe vt
T 2 mm PUFARAYAE R, X5 HEEEE | XU BLPE AR Y
BFFESE R, AR AR 5 3R 5 A 3
TR I LAY, SR B ST BOR K a3 3R 43,
JEHAZ TR 0 ARAR AR AR R AE S B0 B35 0038, RES

FEIK A3 77 RS T (45 5 £+ HEK S g Bl R .
3o, G R HORFEIREE T AR R 256 HR (RMD,
RLD, RAD, RVD) 3 5] T i 3%, JLHAE 20 cm
LT 207 [ e S AR AR R B3k T BRI
FIERA, A ERZ G Ky B E S,
3.2 T AMF 3t 18K S04 SN
HHEK Y B A SRR R AM [ 24
X 7K 3 0 W WA FH 2 DDA 5%, F 9% rp - 48K o S R
A3 AR S R R IE A SE e R HA TR
2, AT CK AbBE, B2pf e T2 432 0 ~ 20 cm
(4 39 5 KR, TN TIRIZE 20 ~ 50 em A9 7KK
Sy BTIR PR LA A s He—, B2 08 0 A 22 X 45 By
BRI IR R B8 T R 3207, R B 22 ] L
i AR R TC R 23k 0 R 2 3, 3 B ) £
T HEAIRIR 2 - K A R, il X 7 2 7 B - b

YEF, FE AR 22 B e R 1) T 22 I 248 A 12 ) K TR0 1)
TR B IR E TR AR 2 R, Y
T2 R KCRE AN, AR A A T
fifi +IE P R R Z A BT BT, £ 0~ 30 em
)RR A . IR R, AR AT 1 458
oA B E BRI, BRI BRI T X
T HEOK SRR, 51 A LB s R B RS N,
s i - SR A3 R TN WF 5T i T A B ]2
{7 RLD ¥R F A2 e A0 21, PR i H e - 335 1w v
LT IR ER RIS, K AL BE TR R AN B,
oAb o bl 3 2 PelEK — Ok Ve R IR 2,

R HAE 0 ~ 30 cm 2 Er SRk,
Wi PL BT, R AMF B8 TSR R 0
ALKy R0 28 [0 50 AR, AR A 8R 23 52 ikl
YI K R BE I H B AR Ak . BFFSE Fp e B K R Y
)37 2% 4 B 7 - 6 R B X 38 i a2e kN . 2448
Filt AMF st S REMA ST /K [ 457 224 i) 8 £ (L7 1)
A%, X 32 B2 ol TR B RN T R A% B R 2 A 4
KAABF M . 7E 5~ 30 cm R R 19 3 B 5w X,
>30cm AYAR R 5552 0 X, 422 6 B35 0 T 58K 3 1
W B 81, 3 54 S 4K 43 B 25 18] 43 A 45 SR —
. X FEEEETTE 5~ 30 cm 207, HEH B E N
TAARARA | AR R I RTARAR AR M ZE>30 om (19 B K
JEL, T 22 W B AR P W T R R 2 A 8k 4P,
T R RZE LRSI, R IE Ko Z 258
LRGP, — O LAZE R IX R BRI A K
PRI T AR B R0 1 2 BRSO, AR R T TR 2 1)
T Ky BT E . SONG P Hroy 0, £ T 5

319



2024 4F5 3 14

# £ M FH K 5550 %

TSR IX, TR 1 ek 43 B 4 O A ) HAE T 5
Jof i RN A A KR . 5T D, HFh AMF 14
B0 T 58 R XS VRS A 3 K o A R L L A7), 0
WX A R A HEA T 30 NS P v B
YER .
3.3 &% AMF 3t££#5158 WUE B30

TETG A ST R0 X, 7K 2 S 5 M Fi g Pk
O RN 2502 B AR G A O R 1O, e A e fin a2
B DA R - HEK A3 B A AR, R M AT
BT PR, IFSE P 42l AMF 42 7 T S5 RERR
FERRE) WUE, B TR 76+ S8R IREE T i 4k =
). BXIEH T AMF RYEFMR ARG, K T
Py - HEAK 43 135 43 B W i e AR CY, TS 2 T R
LRI R AR AR MBI T A B ARG i,
BSE a4 -9 o 0 AR R 5% b A= i F i S A=
Wy b 1 A T 2 T, A A R e I R A K i 4
G THAR WUE, A58, BARR I N +AM
AbFREAA BRI SPAD . AW R,
A, 5T HR B, FRARECRN 0.5 ~ 1.0 mm ZiAR K 1)
IR R R LA WUE $2TH G R 2, X
BEAR AR A5 FERFST 2 BRI AT R N
A= EL T (DSE ) X 3 K 7K 43 ) 152 0] B (4 45 SR 2540
o, F A R R0 ZAE (87C) A R AE AR
(K 097K o0 Ak, EAR 20T 12 W 5T A0 s B
W5 h % # WUE Rt F 4 8°C (A — 2 ik
PR, BT S PIE AR AT i K, X S0 At oe 4
HKIET, IR SE . PENUELAS ZB5%) ffpg5 %01, 0 &
(1 81°C fE e T ¥ AR A L S BE B A R A
XF RN, B LART DA, AFF 5 A2 b 3 e 4 DAL
FME N TR WUER, x5 SR RS T
IR BT B2 Y WUE 255 —20. 540, AHER
BT MK WUE T 2 B A bk
() A= ) RNAE K i, X AE AT XA K &2 2ok 78 b LT
MELLSCI, (H =i, Tt ik R R BOR AN ik
FAEE BIG AR K o3 R RO T —Fh gt .

4 & &

D AMF A RUEE T 5B AL K, IR T
CK b3, Hipkmr . SPAD fH. Hb A=Yyt fi T £ )
BT 38.5%. 27.5%. 11.1%. 69.4%

2)$EFh AMF 20728 T SR RERR A AR 2R 0 A1 S 1- 458
IR RIS, P2 T SR RO T 50 1) g
AP AMF Jo fff SR 2R K B AR 22 25043 il 38
329.0% Fi1 586.1%, i~V ¥ B 42 1 2 ek 22.9%

320

AR, BEREHEIN T AT )2 5 cm DLF 8K 5
A9 FH Fe A, 76 5 ~ 30, 30 ~ 50 cm 43 B2 T} 15.4%.
9.9%, AMF T4 7l 75 4 55 S BB S 58 ) rh R B AR
PSSR

3)FEFEIG N TR RIVE B WUE, XX} “RAK
AT X R R E R, SRR T R4
+.(0.5 ~ 1.00 mm) FHRREOE T F W8 T 458 AMF
Xof 3K v ORI FH ) S B AR R AR AIE, 0K A PR
AR AT 22 T R X RN I AR 2
SHWHE

o RAE R TN LK E &M N ATy, H
PR AAMWEAA (TR 2 kR A fEA +
SETEREAR AR AP DO A S8 4 ih L A
5T

2% 3k (References):

(1] W, RER, T8, % P50 XK R R 5 1% 5

BHUSLIRBTSE (1], BRI, 2021, 46(2): 638-651.
CAO Zhiguo, ZHANG Jianmin, WANG Hao, et al. Physical mod-
elling and scenario simulation of coal & water co-mining in coal
mining areas in western China[J]. Journal of China Coal Society,
2021, 46(2): 638—651.

[2] XU, RRAEMR, AR 4. PORAEERAR SR B DX LS S A e

WM 7], BEBAA, 2017, 42(1): 17-26.
WANG Shuangming, DU Huadong, WANG Shengquan. Analysis
of damage process and mechanism for plant community and soil
properties atnorthern Shenmu subsidence mining area[J]. Journal
of China Coal Society, 2017, 42(1): 17-26.

[3] VFMLHR, Bapr, ka5, 45 50 IR X DT S4aE X +3eRetE
YER A= Ky (1], thE AR 441, 2015, 23(5): 597-604.
XU Chuanyang, MA Shouchen, ZHANG Hebing, et al. Effect of
cracks on soil characteristics and crop growth in subsidedcoal min-
ing areas [J]. Chinese Journal of Eco-Agriculture, 2015, 23(5):
597-604.

(4] SREENE, BE4Rm, £ B M AR RAAEITRE XA A AR K R
ek REZIARTSE (V] REBPLAHR, 2020, 48(4): 142-147.
ZHANG Yanxu, BI Yinli, WANG Jin. Research on effect of arbus-
cular mycorrhizal fungi on alfalfa growth and soil improvement in
mining subsidence area[J]. Coal Science and Technology, 2020,
48(4): 142-147.

[5] BIY,ZHANG J, SONG Z, et al. Arbuscular mycorrhizal fungi al-
leviate root damage stress induced by simulated coal mining sub-
sidence ground fissures[J]. Science of the Total Environment,
2019, 652: 398—405.

[6] LUGINBUEHL L H, MENARD G N, KURUP S , et al. Fatty
acids in arbuscular mycorrhizal fungi are synthesized by the host
plant [J]. Sciene, 2017, 356(6343): 1175-1178.

[7] BIY, WU C, WANG S, et al. Combined arbuscular mycorrhizal
inoculation and loess amendment improve rooting and revegeta-

tion post-mining [J]. Rhizosphere, 2022, 23: 100560.


https://doi.org/10.1016/j.scitotenv.2018.10.249
https://doi.org/10.1016/j.rhisph.2022.100560

ERRRANAR ;AR AMF X PU AT XS REAAR 2 204 AUK 70 A ISR Y

Al

2024 455 3 1A

[8]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

ERERTN, HEER. PURSRAE TR H B S R A AR TR
FUHELD]. BERRAER, 2019, 44(1): 307-315.
BI Yinli, SHEN Huihui. Effect of micro-reclamation on different
planted forest on the vegetation self-succession in the western min-
ing subsidence area[J]. Journal of China Coal Society, 2019,
44(1):307-315.
SKIENE, HEHRAN, 38, A5, HERh AR IR] AR PR AR B X BAE A
AR (1], R4, 2019, 44(12): 3815-3822.
ZHANG Yanxu, BI Yinli, GUO Nan, et al. Effects of arbuscular
mycorrhizal fungi on the growth of Medicago falcatalJ]. Journal
of China Coal Society, 2019, 44(12): 3815-3822.
ZHAO R, GUO W, Bi N, et al. Arbuscular mycorrhizal fungi af-
fect the growth, nutrient uptake and water status of maize ( Zea
mays L. ) grown in two types of coal mine spoils under drought
stress [J]. Applied Soil Ecology, 2015, 88: 41—49.
HAO Z P, XIE W, JIANG X L, et al. Arbuscular mycorrhizal
fungus improves Rhizobium-Glycyrrhiza seedling symbiosis un-
der drought stress [J]. Agronomy-Basey, 2019, 9(10): 572.
HEEE. WRRYD RIEDIRA X, AM B 50 H3EEEY i 20
PERILSH A [D]. R R NS R, 2017
REN Jianting. Biodiversity and distribution of Arbuscular Mycor-
rhizal Fungi( AMF) and other soil microorganism of aeolian
sandy coal mining subsidence area [D]. Hohhot: Inner Mongolia
University , 2017.
BRI, S T, XAV AR RN L1 b AT B v )7
FITIN. A2, 2007, 27(9): 37383743,
BI Yinli, WU Wangyan, LIU Yinping. Application of arbuscular
mycorrhizas in land reclam ation of coal spoil heaps[J]. Acta
Ecologica Sinica, 2007, 27(9): 3738-3743.
BERRIN, VT Mg, TROTEY, GF. TR T R KIS H X 1
e R SR ], Rl TR, 2021, 37(7): 85-93.
BI Yinli, JIANG Bin, QIN Fangling, et al. Effects of combined
inoculation microbes on soil dynamic improvement in coal min-
ingsubsidence areas[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2021, 37(7): 85-93.
by f ), SRR, A AN TR B R L X SRR AR K AL
BRI S LR R (D). R RO RS 2 i (B AR
Ji2), 2022: 1021-1026.
YANG Hao, LIU Chao, ZHANG Shutong, et al. Effects of differ-
ent carrier bacterial fertilizers on growth, photosynthetic charac-
teristics and soil nutrients of Amorpha fiuticosa [J]. Journal of
Nanjing Forestry University ( Natural Sciences Edition) , 2022:
1021-1026.
BORERT. BE RSB KR T EORDIS D). % 74
JEAHRRIE R, 2017.
ZHAO Yagian. Study on long root-seeding cultivation technique
of Amoerpha fruticosa in Muus desert [D]. Yangling: Northwest
A & F University, 2017.
KR, A, PNEE T, 55 HREAN [a] v B 22 250 X 22 R A
FAFHERRR DG A BE bR [T]. A A B2E 4R, 2015, 51(9):
1495-1501.
SONG Haifeng, LI Shaocai, SUN Hailong, et al. Effects of soil-

applied paclobutrazol on growth and physiological character-ist-

[18]

[19]

[21]

[22]

[23]

[25]

[26]

ics of Amorpha fiuticosalJ]. Plant Physiology Journal, 2015,
51(9): 1495-1501.

EUKPR, 2K 0L, X2%se, S5, ER0 0 Sepime A KR F KA
Rt AR [V]. ZRAEAOI R 242441, 2008, 39(12): 31-35.

YAN Yongqing, ZHU Hong, LIU Xingliang, et al. Effect of salt
stress on Amorpha fraticosa L. growth and physiological
index[J]. Journal of Northeast Agricultural University, 2008,
39(12):31-35.

BRI, 2RI, ARG, 45 )2 HR R R DSE X K
WRF 25 Bk o3 52 e (7], 8 2% 27 4, 2023, 48(8)
3191-3203.

3-03-16]. BI Yinli, LI Mingchao, KE Zengming, et al. Effects of
DSE inoculation on maize growth and water use under soil recon-
figu-ration mode [J] . Journal of China Coal Society, 2023, 48(8):
3191-3203.

CUI QF, FENG Z P, YANG X T. Distributions of fine and coarse
tree roots in a semi-arid mountain region and their relationships
with soil properties[J]. Trees-Structuer and Funtion, 2017, 31(2):
607-616.

. AVECERAR B £ R v RSP R T IS
[D]. #i&: FEALARMFHERE, 2012.

XIE Jing. Effects of arbuscular mycorrhizal fungi on drought res-
istance of Amorpha fruticosa on the loess plateau under water
stress [D]. Yangling: Northwest A & F University, 2012.

Mk BE 60 5 R WL KO E TR AV AR LR X SRR A
KA HTF P i 5 me (7], Jb 50ROl 22 2 4z, 2014, 36(6)
142-148.

CHEN lie, XIE Jing, TANG Ming. Effects of arbuscular mycor-
rhizal fungi on the growth anddrought resistance of Amorpha fiu-
ticosa under water stress[J]. Journal of Beijing Forestry Uni-
versity, 2014, 36(6): 142—148.

ZHU J M, INGRAM P A, BENFEY P N, et al. From lab to field,
new approaches to phenotyping root system architecture[J]. Cur-
rent Opinion in Plant Biology, 2011, 14(3): 310-317.
KALDOER M, LUDWIG-MULLER J. AM fungi might affect the
root morphology of maize by increasing indole-3-butyric acid bio-
synthesis [J]. Physiologia Plantarum, 2000, 109(1): 58—67.
SR, RIFE, ek R, &5 ABUAE IR LB 1 = AR R A T
FglE o A2 (D). Blb2#4f, 2014, 23(1): 199-204.

WU Qiangsheng, YUAN Fangying, FEI Yongjun, et al. Effects of
arbuscular mycorrhizal fungi on root system architecture and sug-
ar contents of white clover[J]. Acta Prataculturae Sinica, 2014,
23(1): 199-204.

ERAR, R 2, TG, A TR AR AR S RS 5
Wi LABRAEAED DX A5 [0]. BB, 2021, 46(6): 1936-1944,
BI Yinli, ZHOU Huili, MA Shaopeng, et al. Effects of bacterial
inoculation on drought tolerance and phenotypic structure of pea-
nut: Take coal mining area of Northern Shaanxi as example[J].
Journal of China Coal Society, 2021, 46(6): 1936—1944.

XL, B ZE, skI5 I, 45, MBSO AR LR X i b ae AR AEAR
FIE SR AEBFRE B2 (1], P AL Ad 4 2= 40, 2021, 41(7):
1188-1198.

LIU Kaiyang, QIU Zhijun, ZHANG Qiaoming, et al. Effect of ar-

321


https://doi.org/10.1016/j.apsoil.2014.11.016
https://doi.org/10.3390/agronomy9100572
https://doi.org/10.3390/agronomy9100572
https://doi.org/10.3390/agronomy9100572
https://doi.org/10.1007/s00468-016-1493-3
https://doi.org/10.1007/s00468-016-1493-3
https://doi.org/10.1007/s00468-016-1493-3
https://doi.org/10.1016/j.pbi.2011.03.020
https://doi.org/10.1016/j.pbi.2011.03.020
https://doi.org/10.1034/j.1399-3054.2000.100109.x

202

4 4F5 3 40

#HEHMFHAK

52 %

[28]

[29]

[30]

[31]

[32]

[33]

[34]

322

buscular mycorrhizal fungi on root morphological and physiolo-
gical characteristics of cotton under arsenic stress[J]. Acta Botan-
ica Boreali-Occidentalia Sinica, 2021, 41(7): 1188—1198.

LI T, REN J, HE W, et al. Anatomical structure interpretation of
the effect of soil environment on fine root function[J]. Frontiers
in Plant Science, 2022, 13: 993127.

SMITH S E, SMITH F A. Fresh perspectives on the roles of ar-
buscular mycorrhizal fungi in plant nutrition and growth[J]. My-
cologin, 2012, 104(1): 1-13.

BEERN, AL, TGRS, 45 5RO HE 13 2 T BB
X HE ) AR AR B KA AR AT 5 (00 8 b 5 5 30 4R, 2022,
50(12): 12-20.

BI Yinli, GAO Xuejiang, KE Zengming, et al. Experimental study
on effect of soil layer reconstruction and inoculation on plant root
hydraulic lift in open-pit coal mine dump[J]. Coal Geology &
Exploration, 2022, 50(12): 12-20.

HILLEL D. Salinity management for sustainable irrigation : integ-
rating science, environment, and economics [J]. Environment-
ally & Socially Sustainable Development, 2000, 8: 20842.

SONG X, GAO X, WU P, et al. Drought responses of profile
plant-available water and fine-root distributions in apple ( Malus
pumila Mill. ) orchards in a loessial, semi-arid, hilly area of
China[J]. Science of the Total Environment, 2020, 723: 137739.
B M, AW, XUEIR, TR T R X SR AT
FEHEIE V], FEBHEK 241, 2016, 35(4): 81-86.

GU Yu, WANG lJinman, LIU Huijuan, et al. Advance of soil
moisture in arid and semi-arid mining areas[J]. Journal of Irriga-
tion and Drainage, 2016, 35(4): 81-86.

BERRUTI A, LUMINI E, BALESTRINI R, ef al. Arbuscular my-
corrhizal fungi as natural biofertilizers: Let's benefit from past

successes [J]. Frontiers in Microbiology, 2016, 6: 426.

[35]

[36]

[37]

[38]

[39]

[40]

GONG M, TANG M, CHEN H, et al. Effects of two Glomus spe-
cies on the growth and physiological performance of Sophora
davidii seedlings under water stress[J]. New Forests, 2013, 44(3):
399-408.

U, WGk, £, 5 RO RNEeR D] A
7%k, 2009, 28(8): 1655-1663.

LI Jimi, HUANG Ruzhu, WANG lJian, ef al. Water use efficiency
of terrestrial plants [J]. Chinese Joumal of Ecology, 2009, 28(8):
1655—-1663.

M R, B, 4. R AR AR B X TR R T
SR AR BOK MR B2 (7], 4l Bh2f:, 2019, 45(4):
475-483.

XING Dan, HAN Shiyu, LUO Chaobin, et al. Effects of arbuscu-
lar mycorrhizal fungi on mulberry growth and water use effi-
ciency under drought condition[J]. Science of Sericulture, 2019,
45(4): 475-483.

T Ph A XN AR L I R SRR 2K S IR A L
FRRFIE [D]. SEFH: SN2, 2018,

XING Dan. Mechanisms underlying the promotion of arbuscular
mycorrhiza fungi to water absorption of mulberry roots from-
rocky desertification habitats [D]. Guiyang: Guizhou University,
2018

PENUELAS, JOSEP, CANADELL, JOSEP G, et al. Increased
water-use efficiency during the 20th century did not translate into
enhanced tree growth[J]. Global Ecology and Biogeography,
2011, 20(4): 597-608.

ZHANG T, HU Y, ZHANG K, et al. Arbuscular mycorrhizal
fungi improve plant growth of Ricinus communis by altering pho-
tosynthetic properties and increasing pigments under drought and

salt stress [J]. Industrial Crops and Products, 2018, 117: 13—19.


https://doi.org/10.3389/fpls.2022.993127
https://doi.org/10.3389/fpls.2022.993127
https://doi.org/10.3852/11-229
https://doi.org/10.3852/11-229
https://doi.org/10.1016/j.scitotenv.2020.137739
https://doi.org/10.1007/s11056-012-9349-1
https://doi.org/10.1111/j.1466-8238.2010.00608.x
https://doi.org/10.1016/j.indcrop.2018.02.087

	0 引　　言
	1 材料与方法
	1.1 试验装置
	1.2 试验设计
	1.3 试验管理
	1.4 试验过程
	1.5 测定指标及方法
	1.5.1 菌根侵染率
	1.5.2 紫穗槐生长指标
	1.5.3 土壤含水率和电导率
	1.5.4 紫穗槐的水分利用效率
	1.5.5 氢氧同位素和叶片的碳同位素

	1.6 数据处理

	2 结果与分析
	2.1 接菌对植物生长的影响
	2.2 接菌对植物根系分布的影响
	2.2.1 接菌对总根系指标的影响
	2.2.2 不同根径下的根系形态特征
	2.2.3 不同深度下的根系分布特征

	2.3 土壤水分和电导率的分布特征
	2.4 接菌对紫穗槐根系吸水来源的影响
	2.4.1 紫穗槐根系用水层位
	2.4.2 不同层位吸水比例

	2.5 接菌对紫穗槐WUE和叶片δ13C的影响
	2.6 根系分布与植物水分利用效率之间的相关性分析
	2.7 接菌对紫穗槐WUE影响的关键根系特征分析

	3 讨　　论
	3.1 接种AMF对紫穗槐生长和根系分布的影响
	3.2 接种AMF对土壤水分盐分分布的影响
	3.3 接种AMF对紫穗槐WUE的影响

	4 结　　论
	参考文献

