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Abstract: This paper is to explore the effects of inorganic and organic fertilizers combined with Pseudomonas fluorescens on
the chemical and biological properties of reclaimed soil in coal mining areas. In this article, the soil reclaimed for five years was
taken as the research object. Five treatments were set up: inorganic fertilizer(CF), P. fluorescens -+ inorganic fertilizer(CFB),
organic fertilizer(M), P. fluorescens + organic fertilizer(MB), and no fertilization(CK). The results show that the organic matter,
alkaline nitrogen, available phosphorus, and microbial biomass carbon and nitrogen content of MB treatment significantly
increased by 5.57%~21.30% compared to M treatment, while the activities of alkaline phosphatase, urease, and invertase
significantly increased by 15.44%~18.68% . CFB treatment only significantly increased the alkali-hydrolyzale nitrogen content
and urease activity by 4.77% and 12.62% compared to CF treatment, indicating that P. fluorescens could improve the chemical
and biological properties of the reclaimed soil to some extent. The dominant bacterial phyla in the reclaimed soil were
Actinobacteria, Proteobacteria, Chlorobacterium, Bacteroidetes, Bacteroidetes, the dominant bacterial genera were
Arthrobacter, Bacillus, KD4-96, Bacillus, Sphingomonas, Nocardia, Vicinamibacterales, Vicinamibacteraceae, and JG30—
KF-CM45. Addition of P. fluorescens had no significant effect on the bacterial diversity index and the composition of dominant
phyla and genus in the reclaimed soil, but it could change the relative abundance of bacteria genera to some extent. Redundancy
analysis showed that organic matter and alkali-hydrolyzale nitrogen had the higher impact on the bacterial community in the
reclaimed soil, while urease, alkaline phosphatase, and invertase had the lower impact. Principal component analysis showed
that compared with M treatment, the comprehensive score of MB treatment increased by 2.92, and compared with CF
treatment, the comprehensive score of CFB treatment increased by 1.82. In summary, the application of P. fluorescens was

beneficial for the maturation of soil in coal mining and reclamation areas and the combination of P. fluorescens and organic
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fertilizer had a better effect than the combination of P. fluorescens and inorganic fertilizer.

Key words: Pseudomonas fluorescens; coal-mining reclamation areal; soil chemical properties; soil biological properties
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Tab.1 Fertilization quantity for different treatments kg/hm*
Ak B IR E i B IR S At JiF R 2 2t (5P 1 5 LB 35 37 W
Treatment Urea Superphosphate  Potassium chloride Decomposed chicken manure  P. fluorescens LB culture medium

CK

CF 378 855 170 750
CFB 378 855 170 750

M 12 000 750

MB 12 000 750
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Tab.2 Chemical properties analysis of reclaimed soil under different fertilization treatments

Lb 7 AL & ar/(g/kg) ol i 2 % 2/ (mg/kg)

A RBE D R/ (mg/kg)

HACE R/ (mg/kg)

Treatment Organic matter content Available nitrogen content Available phosphorus content Available potassium content pH
CK 2.7240.06d 9.1040.05d 3.13£0.03d 42.68+0.59¢ 8.44+0.03b
CF 3.53+£0.12¢ 29.66£0.60c 4.24+0.06¢ 78.78£1.26b 8.46£0.04ab
CFB 3.66£0.03c 31.07£0.79b 4.40£0.15¢ 76.95£1.69b 8.46+£0.01ab
M 4.9940.09b 32.04+£0.42b 5.09£0.07b 94.13+£2.78a 8.47+0.03a
MB 5.38£0.05a 36.62+£0.90a 5.90£0.14a 91.03£0.44a 8.36£0.09a

T R SR ING 5 R AR Ak BE 72 0.05 K F B2 3 . Fa&R .

Note: The different lowercase letters in the same colutnn were significant differences between different treatments at the 0.05 level. The

same as below.
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Tab.3 Microbial biomass and enzyme activity analysis of reclaimed soil under different fertilization treatments

TR Wi e/ /kg) UEW R/ /k I A i 4 Ak U/ )
gy PURPIRLRE (me/ke) GUEBIIR/(me/ke) i prons/(mo/g) AR/ (mg/g) L PCAM g (mg/kg)
Microbial biomass car-  Microbial biomass ni . (ml./g)
Treatment Alkaline phosphatase Urease ) Invertase
bon trogen Catalase
CK 54.17+£1.74d 6.15+£0.13d 0.46+0.02d 0.9240.04e 1.964+0.09a 12.2541.74d
CF 80.05+£5.13¢ 8.36£0.70¢ 0.55+0.01c 1.0340.03d 1.754+0.14b 17.8540.78¢c
CFB 83.14+2.94c 9.00+£0.12¢ 0.61+0.01c 1.164+0.05¢ 1.814-0.08ab 18.6640.52¢
M 96.52+3.46b 10.1840.33b 0.7940.07b 1.3640.04b 1.904-0.07ab 26.13+2.14b
MB 117.08+4.46a 10.864-0.19a 0.9240.05a 1.5740.03a 1.874-0.06ab 31.01+0.95a
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CK¥4m T 2.47%~4.64% , H MB .M 4b B 5 CK #f
b 22 5k B K (P<<0.05) o ZREME R B0R K/
JIi 5 MB>M>>CFB>CF>CK, H$ ,MB .M &t
B CK Z M8 80 0 B 8 n T 4.14% .
2.48% . CFBAMH S5 CF AbFRAL 1L, Z AL VR4S KO
BEMEZESR . MBAHERFE & ERE Z MR
55 M b B L 35 A A B KT
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Tab.4 « diversity index analysis of reclaimed soil
bacteria under different fertilization treatments

fib BRI F 0 ZHEME
Treatment Coverage Abundance Shannon
CK 0.997 2£0.000 3a  567.33£4.51b  4.83%0.06¢

CF 0.997 20.000 5a  548.00£13.08c  4.8540.03c

CFB 0.997 0+£0.000 1a  581.33:£7.23ab  4.9140.00bc
M 0.997 3+0.000 1la  588.33+0.58a 4.9540.02ab
MB 0.997 1£0.000 3a  593.67£3.79a 5.0340.06a
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Fig.1 Species composition at the bacterial phyla level in
reclaimed soil under different fertilization treatments



T RSP A8 TRC G ¢ S M52 B TR 0 SR M X A B R A o B 2 W 2 R O e

WA 2 fr s A2 & K b 4 3 & (Arthro-
bacter) 3 H BRI JE (Blastococcus) \KD4-96 2
I W & (Gemmatimonadaceae) | 5 %, B 0 5 J8
(Sphingomonas) .22 % K K # J& (Nocardioides) .
Vicinamibacterales,Vicinamibacteraceae JG30-KF—
CMA45 e i Jm (R =20%) o IR Hr
KB, CF M AL Oy —ff , CFB \MB A B Oy —
i, CK Ak BB Oy — %

Community heatmap analysis on Genus level

o

l —4e+3
-- Gitt-GS—-136 ~2e+3
-le+3
- Blastococcus 9642
- KD4-96 I ~Se+2
X -3e+2

Gemmatimonadaceae

Sphingomonas

Nocardioides
‘{> Vicinamibacteraceae
[ Vicinamibacterales

JG30-KF-CM45

CK CFB MB M CF
2

Treatment

E2 AEEELETSEETEARREKTEYHMERERE
Fig.2 Heat map of species abundance at the bacterial
genus level in reclaimed soil under different
fertilization treatments

23 ERTESHETFEAERENXAR

w42 B+ SRR I 5 A0 B Y5 04T RDA 43
i, 45 F B 3 TR, RDA B i A8 9 34.68 %,
RDA2 B M8 BBy 15.63%, —H L mmE T
R RIS R0 50.31 % . TEJE K b A AL 6
it SR A0 T B TR B 5 e R T A i, pHL(EL IR T L B
P 1l T2 T B e Tl XS AT B T 1% R ) R R A

70

60

50

40 +

30

20 ¢
101

RDA on Genus level

RDA2 (15.63% )
[

—60 AN SOM

=50 —40 —3:0 —iO —Il 0 0 1I0 iO 3I0 40
RDA1 (34.68%)
E3 ERTEARBESTIERTFHRARSMN
Fig.3 Redundancy analysis of bacterial communities
and soil factors in reclaimed soil

24 EERTBUZEREVFHENERS S

Ry k2 UL T 5 O AR B TR R A B - O
2 T A Wy 2 e P B S ) X e LR 4 I Tk
TR0 o ARG FRAE A >1, J2 U 24
g5 e %51 FE M (PCL) M FEIEAE Sy 8.74, J7 22 BTHR
R T79.49% 55 2 F L4y (PC2) I FFAEE  1.60,
HETTERERE R 1457%, —FiLmBT 2T
94.06% WA S i IR RGN (58 . i
JIE Ab B K CKAE 24> F U4 B A5 45 an & 4 J i,
A A0 I 2R 15 5 KM O MB>M>CFB>
CF>CK, H ,MB &b P25 A 15505 M AL B R =
T 1.78, CFB AN 25 515 40 B CF b 3 5 1 0.50,
& B SO I PR B 5 A AL AT e o A R - B AR
(18552 T 1 20 DI AR PR T 5 JE ML T v

4 -
3.14
3k
2 -
[
g 3.16
b b
&2
%4 307 097 047
41;[ < 0 1 1 1 1 1 1
E’E % CK CF CFB M MB
Stk hb3g
8 Treatment
2
Y
3F
4L

4 FAEBEELEBHEXDTGEERS
Fig.4 Comprehensive score of different fertilization
treatments on principal components

3 Hib5itie

9 M5 BRI A D — b AR AR R R A
B, SR A Ol A R e T T A
A B RBBNE T 5 RSB A ERIZERL, U
B BT BT T o ) AR ) TR R AR A A AR E TR 22 Y
B, U IR IR OB B0 B BRI A T
PEAEN TR, AR 5 SR IO MR B0 L 7 55 T LA |
A WU 25 45 3 FH A o X020, 1 LA A2 B R e
4 5 S B T], H DAGR FEIE R0 AR e o B SE 45 R 3R
BT, % it T A 2650 A it S Ak 0 3 4 vy T O R O
A AT DL BT BB L A Rl R A R ) B R
i SO R DK AL S A R e
L B A LI B R e A, XS R 2 R T A
R—F, ARBTOE KB, E R pH A G A A

*5.



W 7G4l Bl 2 2024 4R 55 52 4455 4 1

LU T TC B R AL X0 T OO AR R R
Jita B JCAILAL AT HILAE 84 52 e v, JC LA A PLAE
A B OH 23 55 6 AR P M T 55 -+ 8 0 A= 0 43 Wb 1Y)
A HUAR A B W W 7= A 1) CO, FE - 38 1 P I i T
BB H & AR R B e R B s A AR Ak T ) Bl ik
)2 38 2] T ML A UL B B B R X
R B EPI B A R B R AE 24 &
WAy R G AT A3 G5 A — 20 R W UGB M
5 HUIE E it %o 52 B 4 3 s Ak 9 ORI T 98O0 ik
A S EAUIE i . X g2 i T e HLIE A RE S 2¢
OB L T L TR B IR B D TR AILER L A AL
JIES AT LA S SR BILRE A, 8 - S RURL I &5
e A FLAR BUAR S 1 BIRE 25 K B v T R R R R
RE 31, HE SN T 2 Ol AR B T A K BT R B Bk
BRI LR ERKNFEERER HEZR T
Brh R BRA TR E R R e T MR
DXZ B SR T AR R A AR PR, RN T
A g A A A I TR R 2 T A T A K B
B AR TE T AT HLFE 53 B R, A R PR B, AT
I T A R A R Uk .

CA IR DX 28 0 e B 5 SR A 7
Yeah o, 20 D BE VR 22 R P 2 R 1K 1 e 340 {HL B
EAMERCE Y IE B R A T SR
A=W AR T g AR B UE G AR T, DA R B A R
TS B - B W A A PR W kil
MR 2N FEEERRRESNEE . RIFRS
RE R, R SRR T ]
TR RS R TR R, X2
TR BT ) A5 A A 2 Ry AR 3 OB S AR £
FEVE  RERETE G IR 5510 R A A7 R B U
hi R R 2R EE AT
POEREEIEAROOR, SEYL LAY
5003 TEAH O OC R Y, Ol MR PR T AT LA Ao 5
TEW AR HSGE R TEEMAERK . FRME
TP B A R iR i A= BZ5 G, ml LGS I A B
9 T8, S B R AR H T 11 (R A
Berb S ORI R AT BT, R L AR AT
FE R M 4 39 R 55 vh T AR R 00 4 9 2 R
HRRFFEER TIEE B HEP AR A
AT T TR DGR B0 0T 40 o o B A1 )
S 5T 5E M R BLTE B KT b ARBFRE RIS B
KB, CF M AbBLR Oy — % , CFB \MB Ak Bl Oy —
W, 98 Ot B B B A i S Vicinamibacterales
Vicinamibacteraceae ,JG30-KF-CM45 %) #8 X} =F &

-6.

Hom., &eAdEHRGREN MAEYEIES S
HLAE AT it 25 ff X+ 38 2 ik A A By 3 R IR E %5
2 GRS BRLI HE W Vicinamibacterales
Vicinamibacteraceae ,JG30-KF-CM45 1 2 & 5 K
SEAG ] T A A 0 AN T (B E B 1 AR T 2D
WS S0 UE o b A TR AR Oy b T B B A A
W, T 225 1 LAl mif A R
RE AR, 5 AR T s M VK S5 R
DReRAE, Ao g KXW, LR AR
Xof 240 T AR i 5 0 R B v T R A W R AR A
X T A BLBT 08 A S A PR R a1 O =X
B T AN T R TR S DR B
WML G 45 3 EIR T A Y B G 5K
PRAFVIRGE R, IR 0 & R BB I A ALY
AEYHMERETR ZGe W ENIE T Lk 2 R R
Wi 24 B P 7 ) EE LR

AN [R) it S Ak 307 A RS A 08 Ak o S AR W A R
FY 52 e E 5 B 55 4 U Sy e O BB B TR G i A AL
JIE = B it A AILIE = %€ S Al 5 B T EC it TS ML IES s >
BT ARIE o e, 5 S fR B T TG e A AL AE A HE At
Jit JIES Acb 3 - A ML BT A A AT AR S
T 7.82%0~52.41 % , (A Wi e A R R SN
T 6.68%0~46.26 Y0 , BV W R B VR O Ak T O
E T 15.44%~73.73% o BLHE DGR P T
Xf A B A R A TR 22 A PR R RO 0 R TE T T K
b, £ A B ST 1T 38 SR i 4T 1T (Actinobacte-
riota) A8 JE & ] ( Proteobacteria) %% 25 & [ ] (Chlo-
roflexi) \ ZF HL 8 B 1] (Gemmatimonadota ) Al L FT B4
I'T (Bacteroidota) (#H X} 3= B =3%) . 7€ I J& /K °F
bSOt R M T AT DLk AR AN TR Y SRS A R
AR T8 1T T KT, 25 ' A1 B0 B T XoF 248 1 o 8 43 A 1Y)
S T 28 M R IR TR & KT b A HLBT R A
85 - S Al 2 R T A TR R Vi B s e R R I B v T
JOK Tt P 5 T T O AT A - AR SR R

2 E 3k

[1] WANG G F,LI S J,ZHANG J H, et al. Ensuring the safety of
coal industry to lay the cornerstone of energy security[J]. China
Coal,2022,48(7):1-9.

(2] dgede, TAEST, W8 4% . 202345 h AR VE AT Il 181 8 K 2024
A BT A0 A 4k, 2024, 32(1) 1 1-7.
DAIB H,WANG D L,CAO Y, et al. China's energy industry:
2023 review and 2024 prospect[J] Petroleum &. Petrochemical
Today,2024,32(1):1-7.

[3] JINGZR,WANG JM,ZHU Y C,et al. Effects of land subsid-

ence resulted from coal mining on soil nutrient distributions in a



T RSP A8 TRC G ¢ S M52 B TR 0 SR M X A B R A o B 2 W 2 R O e

—
(2]
[t}

—
()}
[}

[7]

—
Nej
[}

[10]

[13]

loess area of China[J]. Journal of Cleaner Production, 2018,177:
350-361.

i L )R, X BERE L A5 BERT 7 FE AT B A o R S K
B [T, ) g Al B2, 2023, 52(12) :69-76.

SHANG J,LIU H H,LIU S S, et al. Risk assessment of heavy
metal pollution in reclaimed farmland with coal gangue filling[J].
Journal of Henan Agricultural Sciences, 2023,52(12) :69-76.
BT R B R B E S T A MU AR R 2
BRI EERRAIKS) N T [J/0OL] Rl T4k, 1-11
[2024-05-16]. http://kns.cnki.net/kems/detail/11.2047.S.20240
126.1904.036.html.

XIEJY,ZHANG H F,LUO Y Q, et al. Driving factors of im-
proving maize yields in the reclaimed soils by seven years of ap-
plied organic manure and chemical fertilizer[J/OL]. Transac-
tions of the Chinese Society of Agricultural Engineering, 1-11
[2024-05-16]. http://kns.cnki.net/kems/detail/11.2047.S.20240
126.1904.036.html.

EART AR, B SR A A DL T X AT B I R AT
AT BL B 5 52 m [T]. L0 P Al B2, 2023, 51(11) £ 1299-
1306.

WANG Y N,HAO X J,GAO W J, et al. Effect of organic fertil-
izer on the active organic carbon of soil agglomerates in re-
claimed mine sites[J]. Journal of Shanxi Agricultural Sciences,
2023,51(11):1299-1306.

PRIRET . 2 L e L ) A W R R R AR S K Bl I
TOFFID] KR : PR, 2023.

LIANG X X. Study on characteristics and driving factors of soil
microbial community in subalpine meadows of Luya mountain
[D]. Taiyuan:Shanxi University, 2023.

ZIRH, EEE IS . o E SR L & R A BLAE R
(7). s Al BE2#, 2004, (12) : 1874-1878.

XIZB,WANG Y Q,YANG P Z. The issue on organic manure
in developing modern agriculture in China[J]. Scientia Agricul-
tura Sinica, 2004, (12) : 1874-1878.
A AL R MR B X R 4
PEWFFEID]. A - P Rk 22, 2020.

LI J H. Study on soil organic carbon and microbial characteris-

AT LR S A W

tics of reclaimed coal mining subsidence area under long-term
fertilization[D]. Taiyuan:Shanxi University, 2020.
o B O KA W RAT L A e I A S BT 5 B T a2
(7). v e e %5 41 , 2008, (6) : 276-283.
MENG Y,XU F H,MENG Q Y, et al. Current application sta-
tus and prospect of microbiological fertilizer in China[J]. Chi-
nese Agricultural Science Bulletin, 2008, (6) : 276-283.
SARNEYUVHT, B SO R ME R S R EI] B
IS A2 4 (A AR BE 22, 2019,48(5) £ 526-535.
JINJR,LU K H,XIAO M. Application and prospect of Pseu-
domonas fluorescens[J]. Journal of Shanghai Normal University
(Natural Sciences),2019,48(5) : 526-535.
Fora e, BRI, A5 R T e AT B Y E A A A
HORBEFE[T]. AR R 27241, 2021, 52(7) : 40-47.
WANG X Y, WU X, ZHANG J, et al. Colonization of
phosphate-solubilizing bacteria in reclaimed soil and the growth
promoting effects on maize[J]. Journal of Northeast Agricul-
tural University, 2021,52(7) :40-47.
FEIbET WA, B, AF LR )T 2 BUIE TG it T R B A AT R

[14]

[15]

[16]

[17

[}

—
—
o)

[l

[19]

[20]

[21]

[22]

[23]

[24]

G P S O A A R e [T]. W R R K 24 4L 2022, 41
(11):45-49,77.
WANG S B,MENG H S, WU X, et al. Efficacy of nitrogen-
fixing bacteria combined with different nitrogen fertilizers in im-
proving enzymatic activity and nitrogen in reclaimed soil[J].
Journal of Irrigation and Drainage ,2022,41(11) :45-49,77.
BB, LIRIR, TYIE, % RFEAHUE AW 55O
T T T %o A B e B8 G R0 A RV Tk S A T, R Rl ok
224, 2024,47(2) : 298-305.
JIAO J C,AN X H, WANG Y L, et al. Effect of different or-
ganic rotten materials and Pseudomonas fluorescens application
on nitrogen morphology and enzyme activities of reclaimed soil
[J]. Journal of Nanjing Agricultural University, 2024, 47 (2) -
298-305.
- B R HERAL ST IM. b RO R R, 2000.
BAO S D. Soil agrochemical analysis|[M]. Beijing: China Agri-
cultural Press, 2000.
VEOGHE  FBUETE . LS Wy o0 B 05 i T M. ALt Aol i
fiAt:,1986.
XU G H,ZHENG H Y. Analyzing methods manual of soil mi-
croorganism[M . Beijing: Agricultural Publishing Press, 1986.
SCHRTA . MRl S AT Y EE (M. JEat . op [ foll R4t .1986.
GUAN S Y. Soil enzyme and its research methods[M]. Bei-
jing: China Agricultural Press, 1986.
B 52, VRS, B NEL L T IS S A L TE LI B i X B 7 A7 K
P ok W BEPE 5T AR S2 (D). 9 BE HE K 2% i, 2014, 33(6) -
105-108.
LIANG L B,XU J M,ZHANG X H. Effect of microbial fertil-
izer and organic chemical fertilizer on physical properties of cal-
careous cinnamon soil in north of ChinalJ]. Journal of Irrigation
and Drainage, 2014,33(6): 105-108.
ZHOU L X, LIU W, DUAN H J, et al. Improved effects of
combined application of nitrogen-fixing bacteria Azotobacter
beijerinckii and microalgae Chlorella pyrenoidosa on wheat
growth and saline-alkali soil quality[J]. Chemosphere, 2023,
313,1374009.
WANG K N,HOU J J,ZHANG S D, et al. Preparation of a
new biochar-based microbial fertilizer: nutrient release patterns
and synergistic mechanisms to improve soil fertility[J]. Science
of The Total Environment, 2023,860,160478.
MG B I R, A HLIC AL IR X R R T ) A
SRR i BRI PG AR 24,2019,47(8) : 1366-1370.
DONG Z P,XUE S T, DONG Q, et al. Effects of organic-
inorganic fertilization on reclaimed soil fertility and rice yield
[J]. Journal of Shanxi Agricultural Sciences,2019,47(8) : 1366-
1370.
PHILIPPOT L, CHENU C, KAPPLER A, et al. The inter-
play between microbial communities and soil properties[J]. Na-
ture Reviews Microbiology,2023,22:226-239.
ZRMG TR R IF S AR DX B e R 1 R
R AR ALT] K B PR, 2014, 28(6) : 206-210.
QIN J M, WANG G L. Influence of different fertilizers upon
carbon and nitrogen of microbial biomass and soil enzyme activ-
ity of reclaimed soil in the coal mine area[J]. Journal of Soil and
Water Conservation, 2014, 28(6) : 206-210.
B AR R AF AN X L Sl N 5
o7



W 7G4l Bl 2 2024 4R 55 52 4455 4 1

[26]

[27]

[28]

[29]

[30]

Gy YRR LT]. R IR AR 24T, 1997, (4) : 300-306.
YUAN L,YANG B J,ZHENG L J, et al. Effects of long-term
fertilization on enzymatic activities and transformation of nitro-
gen and phosphorus in soil[J]. Plant Nutrition and Fertilizer Sci-
ence, 1997, (4):300-306.

VB RSO, R B A AF I A I X L O A Y
S ) B HC A A R M O i R T 0], R AR IR IR A R
2003,9(4) :406-410.

SUN R L,ZHAO B Q,ZHU L S, et al. Effects of long-term
fertilization on soil enzyme activities and its role in adjusting-
cont rolling soil fertility[J]. Plant Nutrition and Fertilizer Sci-
ence, 2003,9(4) :406-410.

A, BRI EBRAF L RE TRl I Y A B L AN
ZREPEBE L[], IR 2 SR, 2018,41(12) 1 148-157.
LIJR,HOU H P, WANG C, et al. Soil bacteria diversity of
reclaimed soil based on high throughput sequencing[J].Environ-
mental Science & Technology,2018,41(12) :148-157.
RAMPELOTTO P H,FERREIRA A S,BARBOZA ADM,
et al. Changes in diversity, abundance, and structure of soil bac-
terial communities in brazilian savanna under different land use
systems[J]. Microbial Ecology,2013,66(3):593-607.
PODOSOKORSKAYA O A,KADNIKOV V V,GAVRILOV
S N, et al. Characterization of Melioribacter roseus gen. nov.,
sp. Nov., a novel facultatively anaerobic thermophilic cellulo-
lytic bacterium from the class Ignavibacteria, and a proposal of
a novel bacterial phylum Ignavibacteriae[J]. Environmental
Microbiology,2013,15(6) :1759-1771.

TRESC, SR sRaet A5 S DX AN TR K 2 A e
XA [ S B A i i B (7], e B 2 B R 2024, 52(2) -
338-349.

ZHANG S W, CAT H Z,ZHANG Y H, et al. Soil bacterial
community structure and its response to different reclamation
modes in coal mining area[J]. Coal Science and Technology,
2024,52(2):338-349.

WANG Y,LIU Z Y,HAO X Y, et al. Biodiversity of the ben-

[31]

[32]

[33]

eficial soil-borne fungi steered by Trichoderma-amended biofer-
tilizers stimulates plant production[J]. Biofilms and Microbi-
omes,2023,9,46.

da gl PRSP A R, AR L TC NG B AN BRIE A A2 B S AN B 2
TRE A B A 25 A5 R L. 17 P A A5 241 L 2016, 27(9) - 3016-
3022.

MENG H S,HONG J P, YANG Y, et al. Effect of applying
phosphorus bacteria fertilizer on bacterial diversity and phos-
phorus availability in reclaimed soil[J]. Chinese Journal of Ap-
plied Ecology,2016,27(9) :3016-3022.

SR E L /NN, Bk RE L AR L TG B B T 2P 24 A 45 L A 58
7S AR S BE R 0 AR B AR 43 B 0. b AR A B IR L 2008, 24
(1):40-46.

ZHANG Q X, WU X G,ZHANG L Q, et al. Analysis of colo-
nization and biocontrol ability of Pseudomonas fluorescens
2P24 regulatory system mutants[J]. Chinese Journal of Biologi-
cal Control,2008,24(1) :40-46.

BRI, W XU R BUE R AR RR R )
1 2 [ S S Pk (], 5274, 2020, 45(8) : 2908-2917.

BI'Y L,HU JJ,LIU J. Spatial heterogeneity of soil nutrients
under shrubbery in micro-reclamation demonstration base in
coal mine areas of Chinal[J]. Journal of China Coal Society,
2020,45(8):2908-2917.

SR AT AL 2% PR R BRI AR e AR W) 2 R TE 2T BT (D],
P A7 M K2, 2016.

ZHANG Y. Analysis of soil microbial diversity in cucumber
continuous cropping under different fertilization conditions[D].
Yangzhou: Yangzhou University, 2016.

P, RRE, BB, A 2 L R A L HE A F R
JEE b VAN R 9K 0 A1 R JR) B R TR R [T]. R A A
2024,35(2):381-389.

LIANG X L,LIANG X X,MAO X Y, et al. Distribution pat-
tern and influencing factors of bacterial communities in different
soil depths of Caragana jubata shurb in Luya mountain, China
[J]. Chinese Journal of Applied Ecology,2024,35(2) :381-389.

EEERSH

AT E AT A R LR A T A D R AT AR R RS AL R AR A S0 AR RIS AR E
I A0 A AU B, i A 44 A e AR R S SR R SR 2 AT I R LA A T A S B T A
PR F AT, A PRS2 A 2 UL T Ak 2L

CLl PG A Ll Bk27 ) 4 4 74



