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BT TR 53 LA A AE P i P s i 5 AL B 7R o — AP
Fo DNRETMZEMIBE FIE N — R NG IERL, 5
JERHHEL, XA RGREmECN, TERe) 2 A HAE
ATRRER A MR DL R A B ST . fEARZ T
e AEIR R, WOCIRFIE  (Pseudomonas fluorescens)
PRI B A S0 R B AR A BR AR e, B e T
DL K T 2 AR B AE 7 im0 BA R b o B 3t
FHRAT TR I, FEOCIRER N T AR R AEYR E . $2
e HEEER FH 28 AT AR A 4G DA K W B 53 3 5 o
AP gx BRTR, PR A E R LR SRR
A PR ORI T B T AR Gt R (AR A AL
MECE D TR IE RS, HEARAE RFMAT,
168 3 TR it ) R A 7D SR s e - A3 AR B AR A ) DR B TR
EYSEE Sy RN

R, AHIFFEIE L 1 1L 7H 48 T K X R v A 22 ad
2a 5B L IRAE AR TR G, Gl o B 2R AS R I
N, ERYILESSIRABE R BRI R R LA
FEKEBURE, HRASRESHR. DR
Bl DA K IR il 55 S5l 2 I ) A ok &, AR A%t —
o 53 R AR I TR R RO AR G, N R R+
BRGNS AL T SE R T AR BRI, CREEVEIAR ™ = .

1 MR5RE

1.1 RIEMER SHR
L L1 K5ttt

N g K A R R T 1R SR TR O SR )
(112°48'13.64"E, 37°50'11.38"N), J& %4 LA X I:H
Yo SR R EO T E e 2R R, R
72 3~4m. 2019 4 9 HIRHEFH)S, MMHT AR 478
L B Wi 2021 SFIFMRE BAME K, 2022
FRNTEERE 24 X AEE T BRI =R,
) FE TR 489 mm, JCAE M 160 d A, AR
9~10 °C, FF7E 7 AR mm CFiiiL 22 °CH . I
KR NA KM L, Bt gL, 0~20 cm & 4]
Uh #E AL P i N A WL Csoil organic matter, SOM)
3.28 g/kg, 4% (totalnitrogen, TN) 0.23 g/kg, 4= (total
phosphorus, TP) 0.23 g/kg, 4% (total potassium, TK)
1.98 g/kg, WHf#EA (available nitrogen, AN) 9.32 mg/kg,
H %% (available phosphorus, AP) 2.48 mg/kg, #Z4HH
(available potassium, AK) 67.08 mg/kg, pH N 8.43.
1.1.2 AXEH

PR R A 1L T RO K 2 BRI B 2 e X L
B5RAY) 2 BT I8 2 70 L 78 48 A 1 3 i ik
HA W U B BE ) I AR DO BRI W134-1. W137-
1, A7 b Rl A B A DR B G, AR TR I
EPUEH . EEWMNMEEEN 632.45 mg/L, BRI
i P Calkaline phosphatase, ALP) >4 231.08 pg/(mL-h),
e M #E BR B 35 M ( acid phosphatase, ACP) A
125.54 pg/(mL-h). KM LB K598 (EEMFE 10gL, B
FHEEWI 5 g/L, NaCl10 g/L) 5225804 K (ODg=1)

MR AE, A 205 =2x10° CFU/g.
1.1.3 gaxest 54649

BERALIE AR R (N 46%) . i BERRES (P05 16%) .
IRIRE (K0 52%), AMLIENE G CHYLR 30.12%-
N 1.67%-. P,05 1.23%. K,0 1.08%), A% X5 %
FAEN AR IR, (R B KA N HS 568, &4 F
W130d, BHN A ARARSRME, HAEZ N
58 000 ¥k/hm?.
1.2 R

WK BN L% 7 AN b, AR ES
3, FANNX 30 m*(5 mx6m), &/MX G 60 cm.
W, AN IR 6 AR B B B A AL B S R 4 RS ) LB A
B3R, AL FE it A 2 2 2 A AR 7 i ST ARt
IS 22 - 45 5 T U AR R0 4 1% 2 AR R A R 6 R B A
B, PR R AR IR, R OKSE Rl — 8 A — o O
BERIEHAEN £, KA H BRI E R 1. EXT
2022 4F 4 A FAE)FEM, 9 A 20 HUGR, EERKEBTHN
ANHEAT HEWE -

F1 AENERERASE

Table 1 Experimental treatment and fertilizer dosage ~ kg-hm™

e R ﬁﬁ%gffzéﬂi E)ﬁﬁz‘z{# H HLHE ETHE.
Treatment Urea Calcium Potassium Orggmc MlCl;O'blal
superphosphate  sulfate fertilizer fertilizer
AHEAE (CK) 0 0 0 0 0
HEALAE (CF) 653 1384 374 0 0
e+ (CFB) 604 1280 346 0 1500
HEANAE (M) 0 0 0 18 000 0
HHUHE+E (MB) 0 0 0 16500 1500
TRIE+HHUE (MCF) 327 692 187 9000 0
WIEE ML+ (MCFB) 272 577 156 7500 1500

1.3 HmEESNE

FORWBGRE, R RCRFEERE &AL HE 0~20 cm
TR, BT 21 R, R R BRI R AR A A A
G5 AWy, — i (2.00mm) J5F 4 C WKAH R
A7 FH 00 52 -390 DL S R R Mg s 1%, 53— 040 1 OX T
T I g Rl R A DA R

FERRAS/NX BEALREL 20 BRAE AR T 5 TR AR
B E I R R AP ik i a4
i (TP, XM Olsen %= I 5 3% vp 45 %8 (Olsen-
P). RH WANG 2" i3t 1) Hedley 4K 3R BUH £
o 1M IR S K HLBE (Resin-P). B BR &0 4H A& B
(NaHCO;-Pi fil NaHCO,-Po) « S A& (NaOH-
Pi fll NaOH-Po) . #h B2 & W (HCI-P) DL A5k & 7 i
(Residual-P), J& 35 AR BA DT LE (kI i %% T8 3R BUR
R AR . BRIz Ah, 4 Resin-P. NaHCO;-Pi #INaHCO;-
Po & NAFE AW (L-P), ¥ NaOH- Pi fil NaOH- Po
SN EAFESEE (M-P), ¥ HCI-P 1 Residual-P
EMARRESHE (S-P) A ERE (SMBP) HA
IR BRI T Rk . wel M R R MRS ME CACP.
ALP) R FHRERRZE Al b g & e,
1.4 HXSHIHE

354k 2% (phosphorus activation coefficient, PAC)
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TR LB, JFEM 2R (TP MM 2 EREHH
R,
21 TRIERAIEN EKE RN

WG b R (%)=F AW & & (mg/kg) /4T & &
(mg/kg) x100
1.5 HUEALIE

X Microsoft Excel 2016 X 4G #4745 1) 35 3 &5
THEL, K SPSS 26.0 #E47 HLK 3R 5 % 43 FH 22 E L
DA B /N B 3B Mk 275 (Duncan) 7E 5% 7K°F _EXFAE
Ab 3 ) 25 AT 2 ¢ W E ML, R A IBM SPSS
AMOS 24.0 B A g3 3L 454 J7 B AL Cstructural equation
modeling, SEM) . K y/df (F/df<3, /df i
1R RO, P>0.05) . H#LAE % (GFI>
0.9 . KM% (RMSEA<0.05, RMSEA=0 £ /R

TEREAN GG I P, A [ it A A B K I REORE 2
HRLE DL e s e A s (B 1D . 5 CKARLE,
FALFR N TR BRI AL TR R DA RS R ) S B
112~ 143 f%. 0.24~0.37 % PL J& 2.02~2.40 5 (P<
0.05) o ANt 5 ' . R TR A BR AR L, A R TG il Ak B
BILL MB A HE X RO ORI B IR R, B M b
T3 591 & 2 A0 9.53% A1 10.58% (P<<0.05) . fE/~= 4
D5 TG, AR T 2 AR B B B ) it AE AL 3 DL CF Ab 3% CK
AEEINE R, PR E RS 2.22 % B OB R A
G LD MB A CK b BRI IE ok, M EEEIRE

TEMEG) R EE.

2.40 5.

720 a ab 50 10 000 a a
bed 4 rE abe o a _I_a g
d . + 0 T S
" B3 £ 40 1
£ s kS . . o 7500
5 z be P A £
= ‘E 30 &
g 2 d <
& 360 g 3 5000
g i# 20 2
Jul
g = K b
Z 180 & %2500
b 10
0

F LTSS

4 ¥ Treatment Kb F Treatment Qb ¥ Treatment
a. BRI b. TR RLB c. B H
a. Ear grain kernels b. 100-grain weight c. Maize yield

W ARNSFRFRGHEREZEREE (P<0.05),
Note: Different lowercase letters indicate significant differences between the treatments (P < 0.05).

TRR#ELE T ELZF

Fig.1
2.2 AREENERTIRSH. AYHSEMBWELR LR FEYW (K2 . 5 CKAMLI, OlsenP & &5 PAC

A1

Maize yield under different fertilization treatments

e oA B #4100 MB 4b P 38 % £ K, Olsen-P & & & # & &
A [F) it B4 6 52 B2 133 TP, Olsen-P. PACfH/”  4.50 fi5. PAC {H R 4.67 % (P<0.05).
600 18 a 3.5 —f—
?o a b ab :z:o b _I_ ab
E{) sk I B = be o3 c ¥
E450} ¢ £ cd S
2 ] ERY d 1 S a 4 B
i £ pol B3 <21
41 8 300 §§ S ks
® 3 = 2 W&
W E ® g 2 14
= 'L p E
z : £ |,
£ 150 £ . o
= 5 ’
s ’
0 0 0
FELE TS FEE TS F LTSS
Kb P Treatment Kb Treatment A H Treatment
a. AT b. A2 c. WG R AL

a. Total phosphorus(TP) c. Phosphorus activation coefficient(PAC)

B2 FRRM&IEAE TR LIE A ST ARFE R M
Fig.2 TP ,Olsen-P concentrations and phosphorus activation coefficient values in reclamation soil under different fertilization treatments
5 RS 2 R B AL FRAREL, WeMEALFRXS  FEAHEL, fE Olsen-P & & LfReW B E R m, WMIEA
LI TP F R PAC HEI LR EMW, HEMBEMA  11.02%. L4k, FELIRCIESOGMR A ME %M T, MB A

b. Olsen phosphorus(Olsen-P)
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FE 4> 5% CEB AL FE LA M2 MCFB AL FEAH L, Olsen-P &5 &
A PAC H ¥ BE & # -5, Olsen-P & &7 7l i Z 1 &
43.95% H122.83%, PAC {H/ MR 49.77% F119.71%
(P <0.05).

2.3 AREAEMNERIIERBEASSENTMN

5 CK AHAH LG, A (Rt AR 1 il 2 2 e = i R 13
L-P. M-P U K S-P && (K 3), H L-P. M-P 53l
R 198, 2.16 ff. SAHR AN AL EEAR L, i 2% %
M B )5 B 2 e L-P & &, CFB % CF 4 #. MB
B MALFE . MCFB # MCF Ab ¥ 59 18 2 5 N 8.58%.
13.56% 12.73% (P<<0.05) . {2 jiti 9% S A5 5 f i ) »

RN R AL FEA L, M-P & & LA CFB % CF 4L A
MB % M AR TR B3, CFB % CF A H B E i
9.61%. MB # M 4bH i 2 #2 1= 9.76% (P<<0.05) . [
EH RGN, 5 AN AR B AL BR AR LG, S-P
TR EREW/N. Hr, DLCFB# CF #4# . MCFB
8 MCF Ab B[R 0% 2 3%, S-P & & 4 7] & 3 PR K 2.65%
F13.51% (P<0.05). B4k, L-PF1 M-P & &34 7E MB
ACHE R, MB BICFB 4bHE, L-P &4 25.36%-
M-P &3 #7 20.46%; MB % MCFB 4b#, L-P 232
1 8.79%; MB i CK 4bF¥E, L-P ZEHEE 98.46%. M-P
BT 115.63% (P <0.05).

_ 60 _ 50 500

2 a @ a a_ b

) b — b % 40 b ab ~ = ——

< s . AmEE el |2 PR 4 d

g d ] 41 g d M o éﬁ ]

g ER g2 30 ] a<s

: X8 # %

PR i G

£ CE 20 ¢ Hs

7 5 w3

% 15 &g 2 125

It £ 10 7]

& E

& = 0

0
FEL TESESE FEL TS FEL TS E

Qb H Treatment Qb FE Treatment Qb H Treatment
a. ARE A b. F > AFaE A c. FaE A

a. Labile-P (L-P)

B3 TR E T B IIETIEEHE,

b. Moderately labile-P (M-P)

c. Stable-P (S-P)

LE SV IV YN

Fig.3 Concentrations of labile P, moderately labile P, and stable P in reclamation soil under different fertilization treatments

A A e B 4k 3 RE 0% T 25 52 M 2 R 133 Resin-P.

HCI-P % &, 1% Residual-P | & A5 — & T2 B 1 52 1)

NaHCO;-Pi. NaHCO;-Po. NaOH-Pi. NaOH-Po Ul X (E 4,
. 25 . _ 25
L= 20 o ab ., w10 ab a a D a
‘ b
=5 ey, w2 “ bc+cd+ﬂ§j[fo b ] e o E g b ab—l_aba
- b c c &0 &0 e g b < b
7 £ 15 w E g8 ¥ g
=3 < 2% 05 =3 23 s
SE |y 27y 5561 b
250 % 8 “s wE £
D~ g 10 =L 4 F210
e X & e 30
=z 5 & Wz
=2 =z ° RE 2 w3
< s Z
Z Z
0 0 0
FELPPEL FEL IS FELISES FELISES
Kb HE Treatment 4b 3 Treatment Ab 3 Treatment Ab 3 Treatment
G A e &S TEH L o Y . e iy ST
@ MG AL b. RN T L% . TR HLE A BT
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25 . 150 @ b 320
S ab ab ab _ —o P % ab ab = 4 a
125;%220 e T P . e Z . be be ¢ b e
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A 4
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Fig.4 Concentrations of each P fraction in reclamation soil under different fertilization treatments
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BikmE, S Y CK 4LFRAHLE Resin-P & & 0.3
PR 40.56%~ 104.06%. NaHCO;-Pi & & & # & &
49.48%~95.95%. NaHCO,-Po & & i 2 #2 & 31.25%~
71.87%- NaOH-Pi & BEHEH 53.63%~88.33%- NaOH-
Po & B HFERE 104.55%~190.91%. HCI-P &8 5E
B 18.61%~31.75% (P<<0.05) . ItAb, it ¢ %5 5
L R 5 Ak A5 A I AR TR it Ak B s 8 — S R R AR R
LR Resin-P DL, NaHCO,-Pi . EAAIM S, Resin-P
1 NaHCO,-Pi & &3 LA MB % M 4 # F1 MCFB % MCF
Ab PR A HOR B, MB R M 4b 3 Resin-P #l NaHCO;-
Pi &80 55 Z R 16.02% Al 12.00%; MCFB # MCF
AbFE Resin-P F1 NaHCO,-Pi & & 70 il & & 2 5= 12.96%
F112.65% (P<<0.05) .

2.4 AERENTIBEMEYSHE SERENE AR
AN TA] it AR 5 it % 2 B +3% SMBP /K °F- PL & ALP.

ACP JEPEF= B Em (B 5. 5 CKAHE, AR
AEALEE R (1) SMBP 7K~F-LL & ALP. ACP i 1453l &l 2 &
B 1.71~3.04 {5 0.78~1.57 1%, 0.64~1.34 {% (P<0.05). It
A, TR 5% 6 AR B B B 25 Ak A R N AR it Ak B B 6 —
SEFEFERL I SMBP /K F-LAK. ALP 351, {HX) ACP iGHELE
Em . BARM S, Boitio R M S, 5 AH N AR
JEAL AL, SMBP /K-PH4RE R E e, CFB % CF 4b#E,
MB #: M 4b#, MCFB # MCF AbEEHE1E 53 51 4 14.89%-
27.08%. 22.71% (P<<0.05) . ALP & L MB # M 4t
FER RO e b, BE IR 9.56% (P<<0.05). Frf &b
LA MB ALEE) SMBP 7KF-LA K ALP. ACP &5 =

28 30 a 16
= a = b b 14 g a
2 R 2N 1 b £ i ‘I‘ ab —I—
& 21 b . 3 —I—‘I_:_Hg 12 be —+ _I_
~ (5] <
= Nl i 2210 .
- ° soowr Sz
£ 14 i%gée i%@.é,o 8
= : H 8 i
= = B2
% 71 d ‘H% -H;f 4
= = 3
H 4 2
0 R R DR SR 0 8RR DR R 0 R R DR SR
FEE PGS FEE PP ES FEL PSS
S > ¢ S
Kb Treatment Kb FE Treatment Kb HE Treatment

a. TG B
a. Soil microbial biomass phosphorus (SMBP)

b. IR BERR
b. Soil alkaline phosphatase (ALP)

c. HIRFRIERERR A
c. Soil acid phosphatase activity (ACP)

A5 FREMIAET LR RMA NSRS, BILFBREE T
Fig.5 SMBP, ALP and ACP activities in reclaimed soil under different fertilization treatments

2.5 HIRRMESHMESHYHNE LS
NTHmS TSRS LIRIEIHXR, BERL
BRI AB RS Olsen-P HHATHIEME ST (B 6).

LIPS
Correlation
Resin-P | resinp N coefficient
===== 1%
NaHCO,-Pi| ot hatcor . ‘ . - . 0.8
0.6
NaHCO;-Po | oss 079 NaHCO,-Po . ‘ N .
0.4
NaOH-Pi| osc | oo o | (@) | @ ‘ 02
NaOH-Po | os6 0.86 0.88 .69 NaOH-Po . . 0
-0.2
HCI-P 06 g
HCI-P . 70'4
Residual-P Residual-P -0.6
Olsen-P | 09 0.94 0.84 088 0.89 Olsen-P —0.8
2 - - 2 2 2 -1.0
: R0 > R° ? p )
BN £ 2 v / & > o
e ARSI & $

e

e R8N P<0.01; *R R P<0.05.
Note: **means significant differences at P < 0.01; *means significant differences
at P <0.05.

Bo6 LRBEWEHELABBRYGXZ
Fig.6 The relationship between each phosphorus fraction and
Olsen-P

45 KW Olsen-P & &= {8 5 Resin-P. NaHCO;-Pi.
NaHCO;-Po. NaOH-Pi. NaOH-Po. HCI-P & &£ B 1E
KK ZR (P<0.01), 5 Residual-P & & E MM LR R,
H.ip, Olsen-P 5 Resin-P LA} NaHCO,-Pi 1EAH < R4
Ko 300N 0.92 F10.94, X3 BHAS [ BE K5 518 i
Jic Jiti % Resin-P LA}z NaHCO,-Pi 540 B N 25 ), iX
AN Z RIS R RFE—8. B8, SEESHRS
Olsen-P %Y,

2.6 TEERESMRSTHIENEDEN. BERBURSE
Wik B RIS IEEE

R 45 K 7 PR AL (SEMD)  FEAH S 1 20 B 1)
fith it — DR T KSR (L-P. M-P. S-P). f4E
YIEW (SMBP). FRUSBEELEE S % (ALP. ACP) DL K
AR (Olsen-P) Z [AIFHRKR (B 7, HT#H—
SRR EAL B AR % SMBP. ALP. ACP. Olsen-P
HIsZm . PPAN L3RR ). B SHER A BB, LA
fit# SMBP. ALP. ACP. Olsen-P )5 % b 1] 43 5l J&
95%. 90%- 85%. 95%. SMBP. ALP % L-P. M-P. S-P
B E 520, ACP 52 L-P. M-P [ BL# 520, Olsen-P
% L-P. M-P. S-P. SMBP. ALP. ACP [ H 50 .
Horr, PLL-P % Olsen-P Al SMBP [ 45 i {4 %12 2 Hke
B N 0.63 Fi10.61, HIJREZFEIEMHIIELR.
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S-P

AP ACP
. R*=0.90 R=0.85
2 a
S = <
A S o =
T S
R*=0.95 VI

T SRR MR R IE SRR R #i Sk LI R8T IR bR R B A
FH: IRIRIIE I R AE RN AR TT MR LB *FoR P <0.05.

Note: Positive and negative effects are respectively showed in solid line and
dotted line. The standardized coefficients are marked above each path. R values
represent the proportion of the variance explained for each endogenous variable;
*means P < 0.05.

B7 ZREEMEHEL LEMAEN T, BE I A
4 25 A 7 AZAR A
Fig.7 Structural equation model analysis of each P fraction, soil

microbial biomass phosphorus, enzyme activity and Olsen P
3 1
3.1 EXRFEURZBESHIULE. BHBEHEZRIERE
B A A Ml R

KRB FREERFY, BN AL AR L
JERCHES CK AHEL S REM W 5e B B LI 1Ok &,
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Effects of organic fertilizer combined with Pseudomonas fluorescein on
maize yield and phosphorus activity in reclaimed soil

JIAO Jincheng , AN Xiaohu , XU Chenxi , LI Tingliang , MENG Huisheng™ , ZHANG Jie , HAO Xianjun
(College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China)

Abstract: Reclaimed soil is characterized by the infertility and extremely low phosphorus content, thus severely impeding the
growth and development of crops. This study aims to investigate the effects of chemical fertilizer and organic fertilizer
combined with Pseudomonas fluorescein on phosphorus fractions and enzyme activity in reclaimed soil, in order to accelerate
the soil reclamation in mining areas. A two-year targeted fertilization experiment was conducted in a coal mining subsidence
area in Jinzhong City, Shanxi Province, China. Seven treatments were established: no fertilization control (CK), single
application of chemical fertilizer (CF), chemical fertilizer combined with P. fluorescein (CFB), single application of organic
fertilizer (M), organic fertilizer combined with P. fluorescein (MB), chemical fertilizer combined with organic fertilizer (MCF),
and chemical fertilizer and organic fertilizer combined with P. fluorescein (MCFB). The soil samples were collected from the
treatment plots. The phosphorus fractions, microbial biomass phosphorus, and soil phosphatase activity were measured after
that. In addition, the correlation between soil phosphorus fractions and Olsen P was explored to construct the structural
equation model between soil phosphorus fractions and microbial biomass phosphorus, acid phosphatase, alkaline phosphatase,
and Olsen P. Results showed that: 1) Different fertilization treatments significantly increased the maize yield and various
phosphorus fractions during the entire experimental period (2021-2022), compared with CK. Among them, the MB treatment
was achieved in the highest maize yield, Olsen-P content, phosphorus activation coefficient (PAC) value, labile phosphorus (L-
P), and moderately labile phosphorus (M-P) content. The maize yield, Olsen-P content, PAC value, L-P content, and M-P
content increased significantly by 2.40, 4.50, 4.67, 0.98, and 1.16 times, respectively, compared with the CK treatment. 2) The
application of chemical and organic fertilizer combined with P. fluorescein also increased the soil microbial biomass
phosphorus and the activities of acid and alkaline phosphatase enzymes, in terms of microbial activity. After combined
application with P. fluorescein, the levels of microbial biomass phosphorus and alkaline phosphatase enzyme activity were
most effectively enhanced under the MB treatment, compared with the M treatment, indicating the significant increase of
27.08% and 9.56%, respectively. 3) The correlation analysis showed that there was the closest relationship between labile
phosphorus forms (Resin-P, NaHCO3-Pi, and NaHCO;-Po) and Olsen P. Furthermore, there was the much larger direct and
positive effects of labile phosphorus on microbial biomass phosphorus, acid phosphatase, alkaline phosphatase activities, and
Olsen P, according to the structural equation model. The large standardized path coefficient was found that the application of
chemical fertilizer, organic fertilizer, and P. fluorescein on L-P was promoted the circulation and transformation of phosphorus
in the farmland ecosystem, indicating a positive impact. In summary, the combined application of different fertilizers with P.
fluorescein were promoted the yield and yield traits of maize in the reclaimed soil, together with the forms and availability of
phosphorus, and microbial activity, indicating a positive impact on the fragile agroecosystem of reclaimed soil. Among them,
the combined organic fertilizer with P. fluorescein significantly increased the Olsen-P content, L-P content, and M-P content,
SMBP content, and ALP activity in the reclaimed soil, compared with the sole application of organic fertilizer. The finding can
provide the more effective fertilization.

Keywords: reclaimation; soils; phosphorus; maize yield; organic fertilizer; soil phosphatase activity
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