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Effect of different organic rotten materials and Pseudomonas
fluorescens application on nitrogen morphology
and enzyme activities of reclaimed soil

JTAO Jincheng, AN Xiaohu, WANG Yanlong, MENG Huisheng* ,ZHANG Jie, HAO Xianjun, WANG Shuaibing

(College of Resources and Environment,Shanxi Agricultural University, Taigu 030801, China)

Abstract ; [ Objectives ] The paper aimed to explore the reasonable and effective application of different organic rotten materials
combined with Pseudomonas fluorescein in reclaimed soil of mining area. [ Methods] Maize was selected as the experimental crop to
be performed in pot experiment,which was to study the effects of different organic rotten materials ( sheep manure, cow manure, pig
manure , chicken manure ) combined with P. fluorescens on nitrogen form and enzyme activities of reclaimed soil. [ Results]Based on
the only application of organic rotten material ,the combined application of different organic rotten material with P. fluorescens could
effectively improve nitrogen content, microbial biomass carbon and nitrogen contents and enzyme activities of reclaimed soil. And the
application of chicken manure combined with P. fluorescens showed the most significant improvement effect on nitrogen content,
microbial biomass carbon and nitrogen contents and four soil enzyme activities, which significantly increased the content of
ammonium nitrogen , microbial biomass carbon and protease activity by 13.12% ,20.21% and 16.11% respectively compared with the
only application of chicken manure. [ Conclusions ] Combined application of rotten chicken manure with P. fluorescens showed the best
effect,which could be used as a reasonable application method in reclaimed soil.
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YriE T DR R R TS AL A i, ik, M S B B R ) B A LA R A+
G

BRI S R R A B U RS Ok, R 2 RUMA GGy £, i TRER 5 —
R A D T IR ARG RT3 58 A — it A A sl A AR AN 21 R 47 B RICR | R it FH A
Mo S B IEFR R IR PR IR AR 25 pH (KR FREAL et s S5 00U FH A HLIE Sk st +
e AIRBE O] e MR 3BT R o S AR AR, S RO RRRD , A MR 3, ARG
MUIBHED I 1L IE AR BE S e LI P 2 A S &, (HAURIE A B . B A B8 3 W 96 1880 i
( Pseudomonas fluorescens ) Vi N—20 5T Sy EHEMIA YL AL B, & o B8 p L3R 25 e S
L J20 EC T Pt i % A 2 B 1o - R A0 AR TSR A 4 it AR % SR A Tt 5 ' P B Ok i
3 WA S IREE A IR, A RE AR KR G 4 2 S 5 AN B AE W RS DU AE T, DT 31 —Fh s ikl 4 31
)l R it A A R v IR R R i B - S

H AT, St A Py s 752 B I A 5T 32 AR i A X IX - SRR W T P A KA 4 7 W SR
b AEXT T SOREA LS BB TR B AR TR WA A AG HILES 24 5 5 G B S TR B
TR Z LA L BFRARIE , L, A5 R A [RA HUE 2 5 5 RS PR O , PR 52 A Fh A HILJE 24
YLt 2 YR S A ) IR R TE A A W i R DA B A ST 1 1 5 ) SR S B, Ry 2 AR R R
B TR B ARt — S

1 #HEFE

1.1
1.1.1 1 AU E L E B P TR XA R B A 3 K5 T 2019 AERKBEE R
2020 AFEFAE EOK, TR A KM - B T AL 0~20 em 13 pH HCh 8.21, A AL E &S
535 g kg, BAFTEN0.172 g-keg ' BARA SN 14.50 mg-ke ™, AT EN 5.62 mg-kg ', BT
B 86.31 mg-kg™', 2021 4F 3 HEURERT, seorad il 51 & .
1.1.2 K EYERY  AUUEAY NS RGN EE Y38 A FEMFEFE, HFESTELE 1, B KA
X 08 SR AE L b A VR

®1 HENEIINFESSE

Table 1 Nutrient content of organic rotten material used in the experiment %
HHLEAY) Organic rotten material HHLIFT Organic matter N P,0s K,0
¥3% Pig manure 16.80 0.56 0.70 1.19
W% Chicken manure 29.43 1.45 0.54 1.56
3% Cow manure 15.58 0.39 0.50 1.56
2§ Sheep manure 25.93 0.65 0.51 1.01

1.1.3 BHREF PR TR A iR R 0 B Ak AU RE ) E AR RS BOVE I Y N64-1 N137-1
DA PR ( Pseudomonas fluorescent) TR , [F 4371 A 4.54 4.44 weg-mL™" | B BEIGPESS R 41.74
30.55 nmol+h™"' -mL™", BRI LB AR (B A 10 g- L7 BERHEEY) 5 ¢ L7 )NaCl 10 g- L") 557 &
XA KA AR A A0S B A =2x10° CFU-mL™"
1.1.4 HHKEYW  BHSIEYIN K (Zea mays L) iy TiAF 568 , 24 H M 130 d, B H I LA FIE
A BRA AL
1.2 REigt

TR LU PE AR 2 RIS 22 B TR 2 NEA T, R 58 BT IR T 2R, BB £ 7.5 ke,
T HIPRE B A A ML 2 (T2 AR 28 26 8 3%) 5 DHEIR S — BB AL, B HLE 29 1 & L
BT B A E R 0.20 g T, A AU AW + 5 ' B B0 Jf TR Ak B v ofin A5 I BB TR B ) 20 miL
(N64-1 .N137-1 4 10 mL JRA A TR B R ) | 78 At v 70 (9 2 23 eboim A W] 45 HT 519 LB B 57
B, BRI (T, ASEA HUS B I AR S5 R A LB 559738 ) W BB+ 5O R A M B (T2) |
FFE(T3) FFEHTOMMAMITE (T4) AFRFE(TS) A2+ TOURBAMB (T6) JEHE(T7) -+
B (T8) X (T9) M ZE+TCIREAMIE (T10) , 3 10 AL, D 4bHE 4 AEE —340 45,
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1.3 HRHRESNE

FOKTF 2021 4F 3 A 8 HEERN, Fri B S R 2 ¥k, F 7 1 20 HIGR, FRIBGRATREE 0~20 em
b HERE S I A IR AR, R AR AR LRI R A R SR B R L 1 R - Y
BEGEY  RANK AR E S RS2 R Bremner 2 G PLAA & &Y R A
G BB ZE A - i R A L SR IR B A - R R A L e vk A IR T R
FHER =0 Eb (0 00 R 9 B P SR P R R L €2 2 0 5 - A R A DR i e | SR R B R R
AN L TR E S B R
1.4 HESITEHH

K Excel 2020 A FREAE ; T SPSS 22.0 Geit 34475 225387 ; R Duncan’s #1725 55 10 3%
PERGIN (P<0.05) ;5% ] Origin 2019 4k f-42 5

2 HBR5HH

21 ARANEHRYIMTLBRAAERENERTIESR BEE HEESENZM

MR 2 TR 5% B L, 25t AT A AT AN ) P B 5 e & B I R RS R ERAS R i S AR
O C it R R A B L, O TR0 ) DA A i B R B R S A S A S 1, OSSR A 4
RESE SRR, /9N 0.608 g-kg™ F1 24.75 mg- kg™, %8 Bt 4 FE A0 B> 1 H2 755 5.019% 1 13.12%
(P<0.05) ;54 ZE M0 it 1 77 A B 73-) 6 2 52 13 21.36% 11 45.87% (P<0.05) 3 BB FE I it 71 770 Ak 3453 531
F LR 18.98% 1 32.37% ; B FEM M B 7 AL FAH L BT — € 4R (H 22 e A 3, IR S A& L
FIHEA TR A B =, 26.46 mg-kg ™' BRI AL B FHE 5 24.17% {05 HA 3 FhAa HLE AW BC G
TR AL AR LE 22 S S AN 832 . U 2R 07 22 20 A AR WA AN [ LTS Rl R 5 it P 0] 2 8 25
Herh R SR SRS B (BN TS A1 B s R G 1 700 5 2 IR T 5 S AR iR
R TEA A HUE AP A0 B EERE T BCHEZOE M T LA b L h 2R SR B A S

x2 ARENEHRYERABRERNALENERLTESR(TN) FHER(NN) 5ZER(AN) RENZIT
Table 2 Effect of different organic rotten materials( M) with Pseudomonas fluorescens(B)on the contents of total

nitrogen( TN) ,ammonium nitrogen( AN ) and nitrate nitrogen( NN ) in the reclaimed soil

AL Treatment TN i/ ( g-kg’l )TN content AN Frig/( mg'kg’] ) AN content NN &H/( mg’kg’l )NN content
Tl 0.264+0.018° 4.97+0.558 5.34+0.41¢
T2 0.268+0.018° 5.06+0.48¢ 5.42+0.34¢
T3 0.530+0.021" 20.50+1.34% 21.31£3.28"
T4 0.602+0.022° 22.81+2.13% 26.46+2.43"
T5 0.477+0.026¢ 15.00+1.36" 19.38+3.93¢
T6 0.501+0.012" 16.78+1.18 24.68+3.41%
T7 0.488+0.017° 16.53+0.45¢ 20.10£2.51°
T8 0.511£0.025" 18.59+1.394 24.58+2.03%
T9 0.579+0.023° 21.88+2.01™ 22.15+3.65%°
T10 0.608+0.022° 24.75+1.90° 25.56+2.37%
HHIVEAY (M) % ok *
MxB ns ns ns

T 1 ATHE T2 I+ T8 T3 3 T P 3 BT - 7136, To A Je 8, 17 W0 T8 A e 8 19 006 T10- B Fer f . RFINE 15
FoRAb BN 22 5 . (P<0.05) , " P<0.05; ** P<0.01;ns: R EXF, T,

Note: T1: Control ; T2 ; Control + bacteria; T3 : Sheep manure ; T4 : Sheep manure +bacteria; TS : Cow manure; T6: Cow manure + bacteria; T7; Pig

manure ; T8 : Pig manure + bacteria; T9 ; Chicken manure; T10: Chicken manure + bacteria. Different lowercase letters indicate significant

differences between treatments( P<0.05). * P<0.05; ** P<0.01;ns:No significant difference. The same as follows.

22 AEENERMERABREMFERENEETEFNRASHNFM

WAL T ] i A Tt A Ak 3 - 3825 A DL AL o3 & 38 0 3 = TR MU 2V (CK L CK+1 ) b3, I
R it 2 S A MR itk B TR AS AL TR AR NS A 53 ) i I A 19.40% ~25.54% ,24.10% ~ 33.54% Fl
6.75% ~16.07% , B ft B FWEA A 7 LA HLAN 5.05% ~7.96% .,

A FE+ TR AL FR R R e A R E S A R AR S A R A S A SR e A i, o
ok 435.11.,140.67 .198.96 Fll 44.41 mg-ke ™" BCFANENSZEA B A — @R E RS HER AR, 5
e+ AT LL, TR 2 S A S B AR 9.97% (P<0.05) , PR A AW A5 2 B34 & 14.00%
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(P<0.05) , FRfif 12 fx ﬁaﬁ’%a%ﬁa TEA - E R R TR B A I TR A H Y R A A TR A
DA R AFERS Mﬁ’i%%ﬁw SR EIE 11.26% .12.87% .22.22% .35.31% ( P<0.05) ,
B +EI£L£¥E’JM%’% A MRAASH MREAERESA R EEMS AT EYEERS 9.00%,
10.019% ,17.9036. 59%(P<0 05) ., Meff = FEIRARA . F‘iﬁﬁ’i@a%ﬁ SR B E AR F I+ AL it E 2 b
Hp 2 S 0 A 5 Tt R ) Ak L R GE 7 ) B LS A B R A 2 RN R

TR A8 A P18 R0 O TR € M1 PP 7 Ak 8 P 656 1 P9 Bt AL AR B T A Ak B R A

BAGEN 29.14~85.17 mg-kg ™", LA FE A0 B0 FR A A TS R & A 5 (85.17 mg-kg™') 5 Bt it 2 G 2

H@@Jﬁ,u#?&@&ﬁﬂﬁﬁw@iﬁﬂ R B (61.83 mg-kg '), 5 FLAYECE 9 B T ) A B
Lo, BRIG 2+ AL BN 22 53 0 2

XUR R T5 2253 2 01 it FH AN [R)4G AILJEE A0 it FH B 700 2 S 2 s ) 3 rp £ LR AL 45 1 (HE
FHAS R LI 2 s it B 70 9 3 =2 1) TG (& s AR

F T UL FE N TR B 2 A B %) R ity et 2 ' B P o] LA AN [ At 3 4t v = 98 rp R i B R TR
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Fig. 1 Effect of different organic rotten materials and P. fluorescens application
on the organic nitrogen fraction
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CK ; Control ; WB ; Without bacteria; AB ; Adding bacteria. The same as follows.
23 AEBHNERMERLBERBMERENSETIEREYER/ ASEMN N
MNP 2 AT A [l i S A B4 BB A [ A 8 it v 5 B T ISR Wy e/ R 5, HL 5 0 IR K % B+ TR
AbFIRR LU 35 22 S W 3, 3+ TR A B LG B S A BRI A W i B 7 e AR 23.74% (P<0.05) 5 A3+
PR b P B A S AL A LE , SR e RS R W B R 26.07% (P<0.05) 5 5% 3%+ i b HL 5 BRL it i S Ak
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ARG, A Y R R S A0 ) R 1 28.13% F1 24.37% (P<0.05) 5 M8 %% + T Ab L 55 240 i X6 346 A FRAR 1
TR e/ A& 1 530 B B 1 20.21% 1 16.72% (P<0.05) o BRIZ AN, LIRSS+ TR Ab B+ e i A4 )
W/ A S e, B2+ TR 3 S 21.319% 1 24.33% ( P<0.05) , #0426+ A Mb PR IR 2545 55 54.76% il
46.13% K% 36 + T b BB 4R B 61.61% F 52.22% (P <0.05) 58 B it 3% 26 4b B 3 45 25 20.21% il
16.72% (P<0.05) . AR ZK Iy 25 50 A 2 WA it F A (A1 1L S ek A2 75 it FH 181 700 340 S 3 52 i) = 38 v i A=
Y/ A5 (H A MU 2 R R P 2 (8] T 3 A58 BAE . R e mT UL B 24 28 + T 571 A 39
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Fig. 2 Effect of different organic rotten materials and P. fluorescens application

on the microbial biomass carbon and nitrogen contents
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Fig. 3 Effect of different organic rotten materials and P. fluorescens application on soil enzyme activity
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(P<0.05) . “F3&+PHALFRAR L1 PRl = 28 b P 1 59 25 11 1l | B2 1R 6l | U 63 R A R0 30 it 0 2 4 ) ol 3 2 v
11.84% .16.68% .9.05% 1 15.55% ( P<0.05) ;24 2%+ 1 Ab PR 5 Bt 4= 2 A0 BRAH e+ e 8 A RGP B 5 4R S
27.86% ( P<0.05) , - SFEJIREE M 5B 53 5 22.03% (P<0.05) - SJEAH R 0 Ji il T7% 1 8 35 45 5 13.68% ( P<
0.05) , 3536+ T8 5 Uit i 2 A0 FEAH HE A IR BTG 1 0 4 5 12.76% (P<0.05) o XUH 28 7 22 43 #r 22 W it
FHAS R AL 2R 2 75 it FH B 7510 229 S 38 5 i % 1 3 Tl % e (Lt FH S [ 48 LS 22 40 R 2 5 348 i 1 51
Wi 2 A TG i s AR,

3 i
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REMEE— B P AR R & (IR SR S EERAN) . X HikA 7% B 5T 4 B[R 5 L4
FH X B AR A5 ) L B ) 5 45 TR AN T) 3 Ak B8R SR A 388 B [X A B M R BT A 1 R ) e
BB R, ARG, R A5 A R AR A R A IS E 0 b A 19.40% ~
25.54% 24.10% ~ 33.54% 1 6.75% ~ 16.07% , B fft @ HPES A S L HEA VAN 5.05% ~7.96% , X 5
Stevenson "™ A1 S DU A" (R GT 45 S —20, BAtAA HLIE 2 0 SRl 150 i R AE A 0t — A 4R e IR
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ST PR FEE S5 R A P S A, 7eit A B 2 ) FE AL it 2 6 IR
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FeZeh ik B TR U R OB SRR SRR M e 2 Y IR, WS R B B A T 4 AR A R
TR B b (A ABRIL)
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FLA 3 B AR 1 OB TR REXT AR RME IR, 01 2 5 A R A I h a4k, Fom L2 B
AR B A W /D BRI S B A L SRR, A Bl A 0 T Sl T N A A 2 R )
i i A SE RS R A KRS IS R AL . BRILZ AN, h TR A S A TEN— &/ KEH 0 b E
HUEU I 0% 7 Wi T 700 U S AR P S A 0 S E A — e R i T IR RS A e, X —
PG A — R 1 R T Tt 2 M B B TR R 3R 1 T DA B Ak A R A R 1 T it € ' 1 B
PN AR IE S AL BARHL LA TR #E— 25T
3.2 AEANEMRY S LMRAMERENS B THIEMEMER REEEAIMm,

B E YR A AR A B R R SR I L R T i AR A B b e SRR A W T R 4
BP0 T A 0 A T PR S R A A R Y DR ok MR M e AR A — A AR AR,
AR A DY BRI A R AR I it B N S R A R R, L - SRR | 2R I B R
TEHEIA —E B H &, AEARHIESE b, Bt A W] A LI 2V ] DL 2548 i i B - SR W e/ RUK
- BRI G ROR B, XATRER AU T A FE AR AR RS
ST Y Z XA Y 0 A TS B A 2 AR, AT RO S AR R A T EREE Y iR M W e gt
A 585 TR B |, T RE SR S i AR NI v R s R UOKSE . BRILZ AN B
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