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Strategies of high efficiency water usage promoted by microbial remediation in coal
mining areas of western China
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Abstract: The fragile ecological environment in the western coal mining areas of China, compounded by intensive min-
ing activities, has led to water and soil erosion, soil degradation, and damaged root systems. With a low plant water use ef-
ficiency, the ecological restoration becomes challenging, making the improvement of water use efficiency a key aspect in
the ecological restoration or reconstruction of western mining areas. Soil water is a critical factor limiting the ecological
restoration of arid and semi-arid coal mining areas, as it connects atmospheric water, surface water, groundwater, and ve-

getation growth, serving as an important carrier for water circulation and nutrient transport. Efficient and rational utiliza-
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tion of soil water is crucial to the success of ecological restoration. Therefore, investigating plant root water utilization
strategies plays a significant role in the ecological restoration of western coal mining areas. This paper analyzes the main
research methods of plant water use at home and abroad, compares the advantages and disadvantages of different methods,
and reviews the corresponding research progress. In the damaged ecological environments of arid and semi-arid coal min-
ing areas, the application of plant-microbe combined microbial remediation technology can improve plant water use effi-
ciency and enhance plant water use strategies. At the same time, the microbial inoculation reduces the proportion of water
absorption by plants from shallow soil layers, effectively increasing the absorption and utilization of water from deep soil
layers by plants, thereby enhancing plant water use efficiency. This enables the inoculated plants to exhibit a higher ecolo-
gical adaptability in the arid and semi-arid coal mining areas. This paper analyzes the current research progress and exist-
ing problems of plant water use in the western coal mining areas, discusses the improvement of water use strategies
through microbial remediation in mining areas, and proposes the impact of different plant combinations on water use
strategies and their research focuses in the ecological restoration of western arid coal mining areas. This lays a solid found-
ation for achieving green, sustainable, and high-quality development in the arid and semi-arid coal mining areas, and has
important ecological application value.

Key words: coal mining area of western China; arbuscular mycorrhizal fungi; plant water use strategies; water isotope

technology; vegetation combinations
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disposal sites
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Fig.2 Coal mining subsidence cracks caused plant roots de-

maged and soil moisture decreased

ACAEPIAR 32 T AR 2 FR 2 - S8 ] R L K
— SR B, ELAT RUR AR A AR 4 v 8 i R IK 43
TR FH 5 g% I X6 AN [ A0 A, DA A i 3 1 AN R A
B SRR S BE IR T A R AR R 45,
JERTERZ MR R AP0, (A 244k s fin T 30K
TP P, BRI RMBETTRE X AR K 53R 5K
W, XHUTRE X AR BB 5 ] R & e B B SR
o CHEN ZE R H 4 K A ZhridK (D),
WIFGE T HEA TF R HERAGE DX | SRIFETCTRE X AR
Ba DX A= 8 K 43 A8 TS 15 v 7K 3 ) FH 5 ek 1) 52 T
SRR, AERME DX TSR WIS K S 59.7% K
HT 10~20 cm 32, TCUIFE X, FediE 2N
0~ 10 cm (39.4%) F1 40~ 60 cm (46.6%) ft 1 & g
WK 53 o TR R TR DX, FE 05 R SR FH 8 7K 4
85.9% FEFHK H 40~60 cm, AS[R] X I8 B 7K 4
FIFHREA . X RABT I TIR, R RNERT,
MU - — i, BT LA (K 3), (TR HIK
TEANBEE Ty, FEREWMOK 53 TR BE AN W3 i, W i L 157
AP T R AT R TR 2 A SR A — T T
T RIKPZERMI T R)2 KR, 55—
Bom T £ PIRE R EAS . F R X
TR T A R 7K 3 R FH R, A3 I ) SR L R
HIREE 55

7o I EAX I 2gex Il CRX
ab

1.65} &  be ab

/(g + em™)

REINH REA RE6CH R 144
M T

B3 SRE R A S

Fig.3 Impact of mining process on soil bulk density
23 AREEHERSAHESENAIK S F AR

A T2 TR X AES R h e e K
FEY 2R A E S o BRI R MBI XK
TR, A R SCAE RS KA R, 14
E KR BARTY A FA AT PR Y 396K 43 R IR X T
s FEYK RIS 2 OCE 2, MR, AN [FIAE
PR 5 A ARG R R K A R R AR
1M, HEEX 52 F T XX FRE IR M BT A 5 T A
(] A 52 2 P AR ) 2K o3 R SR g IS A b, I
DX [r) A 55 A8 AR 40 7K 53 R SR A B T IX
ERBE T ERERENYFA GRS TR T 2T
B X E S RGP, W A P
P SR B T AR ) 5 BRI S 3 2 R AR 0~
300 cm T IEAFEYIRE A, 8 S AR K R ZR ST,
B T | R SRR E A A SRR A 3 AT AN ]
K RIS . R IR—FhRE 15 . A7 2R
R R B2 387K o3 B W L L A9 A7 A S 35 22 5 . TETR A
A, 2 P Y Z (BIAEAE B B K o s 4, I HL
TERTEIR)Z (0~40 cm) HIEH MR . XA {2
7 AT S5 IR (66.5%) 1 84 rp R 1R 2 1 5
(0~40 cm) 1. AN, EFXTREGERRET HE L
HORTRREBE R R S A FEH (O JE— . Fv—5, Ir—
TE—TT) AWK 53 R HTHEA TR A B, AR 32 R
JEIKGE , BEASH v ] )2 7K 43 R B e 182 R
2, FEARFEATE K HEAMYE R . Fr—E— R
TR AR FEA K DRI E 0= B A, TR T 8™
FK TS (B 4). W EEE PR B 10 55 R
W HE 3 /N R SRR A AR K 43 R SR R
AR R R BRI, 0 17/ AT ik
(7K 3R 5 e =5 AR AVARFAE, e /NI A RN D %)
AR K VR R 2K IR, Horf 60~150 em +
JEXF /N B BRIk 49.9%, XFYP TN 36.8%. K
T RERAE IR SE S, NAZ X R Z (0~ 10 cm) 4



2 FERRT AT VOHREEET XA W I8 58 AR AR ) 7K St ORI FH S gk 1007
75 — S— 75 —— \
N Tr—ti TRAR - [ R
N ) 'y C
g \'\ g \\'
?:—i\ 50 F .\- i 50 F \.\
E N, B N
el N, o= 7 .
S [ N me--=-=---""" R S
¥ N % >
25| N, 251 B
R B
R e .
R —-". 55555 -
L . . , ®
0 50 100 0 50 100
TR fem BRI /em
W il - OwE Wz = - ORE
75 ‘ 75 —
n Tt 7ok 5 Lol
N =
S B n
B E N,
w e S
5 5 \'\.
~
= ~ 251 -"\.\
........ —
—5 ! L
0 50 100
T HER S fem T HERE /om
®E o 32 oBwE R =

Bl 4 AR S A SRR K 0 Ak i 5

Fig.4 Impact of different vegetation types and combination

patterns on water use strategies
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Fig.5 Arbuscular mycorrhizal fungi expand the range of root

absorption and promote plant water absorption
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Fig.8 Effects of different plant combinations and inoculation
on plant water use strategies in open-pit coal mine waste

disposal sites
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