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Effects of Combined Application of Organic and Inorganic Fertilizers on Soil Microbiological Characteristics
in a Wheat-rice Rotation System

LIU Yi-ren'?, YU Jie', LI Xiang', XU Yang—chun', SHEN Qi-rong’

(1.College of Resources and Environmental Sciences, Nanjing Agricultural University/Jiangsu Key Laboratory for Solid Organic Waste Uti—
lization, Nanjing 210095, China;2.Institute of Soil Fertilizer and Resource Environment, Jiangxi Academy of Agricultural Sciences, Nan—
chang 330200, China)

Abstract: A pot experiment was conducted to investigate the effects of continuous application of organic and inorganic fertilizers on soil mi—
crobiological characteristics in a wheat—rice rotation system. The results showed that soil microbial biomass carbon(SMBC ), soil microbial
biomass nitrogen(SMBN), soil microbial quotient(SMQ ), enzyme activities of invertase, protease and urease, and the amount of actinomycete
increased in inorganic fertilizer treatments, however the catalase activity decreased. Compared with the treatments of inorganic fertilizer and
CK, combined application of organic and inorganic fertilizers significantly increased SMBC, SMBN, SMQ, soil enzyme activities, the amounts
of bacteria, fungi and actinomycete, which increased with increasing rates of organic manure, and the highest were appeared in treatment of
30% organic fertilizer. Treatment of 80% inorganic fertilizer with 20% organic manure gave the highest comprehensive index of soil enzyme
activities (GMea). Therefore, combined application of inorganic fertilizer wit organic manure, especially at middle or high rates of organic
manure, was propitious to improve soil microbiological characteristics than inorganic fertilizer alone.
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TEMAEYMRE S BEER,EHEPRE
EREVAIREIAR, LF 25 LR — U A YA Ytk
S, 1 Y AR IR A BE B 3 h R 45 B B AT
L s E A AU BRI 0 A A SR R B
BREETR I B AL , R ISR O 25 R A R B P 1
SERAEYr0or T 3EEE R BAR AR R RURR, R IEREYo
Rt AT AR o B R A A e 18 ARt T
VA S W TR SR o B R AR AL P O 1 3 Al
A AR A PR RS , e — MEAR IR AR S Y
PR

Tt FES 2 3 Wi - 48 AR P M P R S ) FH A B
B Z — o A TEEPTFREAL RS -3 22 54k
SRR MR Y R B, 228 hnse: 1 AT - S Yy
AR BT ST, K L G W R A R g
R LY RTE S DR SRR E B O B Y
DGl REDEERM, F 2 1R A Yrairn
PR AR Y A Y B VA W eV S5 S R AR
Ui i S BT M HE B - S TR A W 2 P R R M
UTARSR R Rt H A A M i E 2 T SRS
BT, WK A H SR A e W A R B S A
— BB IE, BT ESEA FEAL T % & - R
VER G L A Yy A MR M O TR R GBI ST DL
HH. ASCRAZERIRRA T, i TGS HEAR
7] L B MLICH LS HACHE 5 % 22 - R e 2R 8 LB
YRR BRI , B 7E FRE AR AR R
BRI , Ry S 4 AT - AR RS

1 #BREFZ

1.1 iRk

RISk Z-FEsefE =, INE A o 22 158,
KRGS FONERIZHE 19 5, 35 M TR AP i+
BAKRE L AR BT A AT . HIEEAHE
MR BB 24.2 g-kg' 2R 1.32 g-kg™ 2%
0.58 g-kg™ . &4 9.87 g kg . HHfF A 143 mg-kg™ 3
W 3.17 mg kg H R 95.2 mg kg .pH 6.83, i1
FHAEVUAER AR ZEHEAE , VT35 IR AL B A PR
AR, SR NAE YR 30% . 2% 1.73% . 28
2.22% & 1.49%,
1.2 A&

RIGBT R (A HERHE , CK) . 100%4LHE (100CF)
10% %% 25 #E HE+90% 1L HE  (100M9OCF ) ,20% $% 3¢ 3
HE+80% 4L A (200M8OCF ) . 309 5% 3¢ kAl +70% 4k HE
(300M70CF)3: 5 AMb B, B4 4 K, RI6R Bk

i, a4 20 kg, i N 2.133 g.P,05 1.067 g.K;0
2.133 g, RAE IR & , B HE F 13 B BR 45 , 40 AR FH S Ak
B, AYLEFBEE SRR ERAE, IRE S0%/EFAE
30%AESFBENE . 209 E4NTEA LI
1.3 XERSH

AR T 2007 4 11 AFFAR, ELEFHE T 4 2
YEY) (INZE -IKRE-/NEE KRG ), F 2009 4E55 4 F#EK
FECIR G RS 0~20 em 4%, 43 B0 2 356 Mk
Y &:hk (SMBC) iAW AE Y B R (SMBN) 3B
MUBR . A YRR TE S5 . LI LB B (IR
iy 1 E AL S EHE T E TR

TIEA Y YRR YRR S BRYE
Brookes ¢l Vance "I 771k SR AR EZRE KE
RBGENE , AL BT FRE 25 g i 2 mm A9
it 1 6 13, 3 (IR AT E A TCEE AT /PR
MEZ TR, THFESERESFEEMGEE S
min, P15 28, BB R RS AL 25 CEEZERESE 24 h JF L
R A H/MER, REMES 3~5 K (BKS5
min) UHERE D ;55 3 I HIEMA B — TR AE
7, BT BB AL 25 CHEFR 24 h ME RN IR, 53545
HSHIA 100 mL 0.5 mol - L fBRERSEVAWE, $R% 30
min J5i3 8, IEWFFE 5 55 RAFEE Elementar /4
FAE P2 LiquiTOC I %€ 4 585 A W AE W ik L &
TR, RIE TSI EMEYEYER ASE:

SMBC=EC/0.38(EC kK B 5 Kb + R BUK
A A Y BRI B (62 22 50.38 R HIERUAE YA
BB LR R )

SMBN=EN/0.45(EN S KHE 5K KE T EHERIUR
A YRR E(E 2 25045 R HIERAEY A

3R DRI E Jr S L SCER1 7]

A Y T S50 SR A AT 50 I ), 4
BB SRR B B RS R B o A R B E A
PRERRRE R . BT REREMBR SR 1 S
3,28 CHHIEREFE

I REEEE R 3, 5- RN K R Lk
WED, DL 37 CTF 5% 24 h j5 4w+ 7= 0 A
Z RS (mg-g”-24 b7 ) EEEEHR AREA
PR A 7K i — 48 AR (Folin ) b8 50 =2 2, A4S 58 +
50 C/K¥ 2 h G B EIROE R R (pgeg?-2
h) s BREAE P P B B 15 b G sk 2P, DA 37 CF 8%
F% 24 h 5B 5+ A A E AR (NH-N) Z T 8ERR
(mg-g™24 h™), A SUBHE MR B 4R FR B T 8
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B ED, 25 CTFHFF 20 min J5 LI 58 L IH#E 0.1
mol - L' KMnO, ZF-%$(Z/~ (mL:g?+20 min™),

B LR 8 BOF F A PR 1 A LA
WEHEPRT

GMea= VInVXProXUreXCat
R Inv 7R REREBEHE 14 , Pro /N B HBHE 1 , Ure
Fe IRBHE 1, Cat FRonid EALERGEME
1.4 BIELE S ST 4T

K Excel 2003 B ST EIEAL B, R SPSS
13.0 A4 7 B R K J7 22 (One—Way ANOVA )43 #f7,
AEAHE Z 6K A LSD (Least—significant difference )
TIEIT ZE B

2 ERE5H51

2.1 RNELLFGIENTHRERE HIEMEMEME
B R EWRRNEm

M 1 ATLLE 1, et % 4E 4 FEMEE S, T
JiE U AE AL B ) SMBC.SMBN ) 55 2 B F A jte A B
(CK), &5 IR BE 4> 3K 25.5%~64.5% .21.6%~66.5% ;
Bo it HLAEAL BE ) SMBC .SMBN 22 & TR AR AL,
PR BH 15.8%~31.1%.16.2%~36.9% ; SMBC
SMBN B ALAEBC G b 5] 64 42 = i3 , B 30%4
PLABAL R B A W B s o

T Y A YRk o H A AR S B AE 4
L (SMBC/SOC) Fr A A= #4i (SMQ)PY, F 3R 1 AT LA
Fif, ARG A5E SMQ Ju AT 1.48%~2.26%2
. KHIZ MR SMQ B2 5 FAM AL
(CK), B IE KR 19.4%~53.3% , X AT g2 R A 2
YK B FEFR 0 R EF 22— ; AL TAHLIE B A
AbFE ) SMQ B 2 5 F NPK fLAE (100CF ) Zb 38, 32 55
W BE R 15.3%~28.5% ; SMQ Fii A HLAE Bt bL 451 i) 42
TR T, Bt 30%8 ALAE AL B A A Y B e o

Al LB R A AL A Fitm DR Y &
Tk R YA , ZEA IR Rl N, Bt 30%A HLAE

® 1 FELETEFEMEYER BRMEDE
Table 1 SMBC,SMBN and SMQ in different treatments

vt MAEYEYER  MEYEYRR BEYRE

Treatment SMBC/mg-kg™ SMBN/mg kg™ SMQ/%
CK 185.0d 24.98d 1.48d
100CF 232.1¢ 30.38¢ 1.76¢
100M90CF 268.9b 35.30b 2.03b
200M80CF 285.1ab 39.57a 2.16ab
300M70CF 304.3a 41.59a 2.26a

I FFIA R TR AL BE 2 555 8] 5% BEKF. TR,
Note: Different letters in same column mean significant difference at

5% level. The same below.

Ab 3R AT WA ) Bk R R B R
2.2 AR HIEN LY BEE KX B E R

TIERR B . YRS YA TE R R A
S R A ROV R R . TR
PR 3 A YE A SR ) R BB R AR,

I E T RS R D DREE AT A Ak
AR EHE N, TR T ERE LR ST E(GMea), I
2. GERFW AN B R I R
KRB, X R e, i AR AL 3 FPER A 1R = IR
SR 15.3%~59.2% . 14.3%~49.0%F1 16.7%~46.7%
Bt AV B AL BEREAR T 3 E AL SRS M s A AL TCHLEC A
AEFE A FHEE M B E = T A LIE TR, 1R SR
12.2%~40.0%; WA HLAEECHE LL 38 , 4 RhBRE 4
Y PL i Hghna s, Bt 20%~30%G HLAB AL P A RS
PRI S TR 1096 VUERIALTE . TEMERS R R
PR LABCHE 20% 4 HLAEALPE A BEHE M m , id BAL R
E LARCHE 30%A LB B A RS R S

FERMGR T T EEHE LR A5 4 GMea (£ 2),
EXT ML, £ A CMea BE T, (LALL
FHH CK #2755 9.0% , A HLICHUAEECHALBE L CK 25
27.0%~42.6% . SALAEALFRAE L, AR L5 HLIEHL
Tl B E 25 T 14 GMea, HEIEE R 16.5%~
30.8% . \ARIA ML L BIE , Bt s 2 A VLI 2

R2 AELETIREEEREEESAEN

Table 2 Enzyme activity and comprehensive index in different treatments

AbFR REWHER Invertase/ E I Protease/ JIREE Urease/ AE ARG Catalase/ BHEHESEA R
Treatment mg-g?+24 h™ pgeg?e2 h? mg-g”-24 h™ mL-g™+20 min™ GMea
CK 14.87d 57.95d 0.60d 4.34c 1.22d
100CF 17.14¢ 66.24c 0.70c 3.94d 1.33¢
100M90CF 20.07b 78.42b 0.84b 4.42bc 1.55b
200M80CF 24.00a 90.12a 091a 4.72ab 1.74a
300M70CF 23.67a 86.35ab 0.88ab 4.81a 1.72a
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) GMea B2 & TECHKE A HIALALFE

H T D0, BE it AA AILAE A A T 42 i SR G g
PR E LR SR8 AR SEREE N, il P s 2
AHUERIBER 4T
23 AELGIENEHEEEN LIERENR RN
-]

WAV RS IR TR —FE L A Tl A W 4
SR T R IEMAEY B RN E AT, X
ol 1 F LA TR R B 3% A0 B B A SR B %
R R] BE SR TR M AT o B SR AR R AR T A W e
HEE B RHIEASTHN A Y R BE X AL, R3 B
SRR TR S SR R R [R] i HE A B 1 3 A W B E
AIRKHIZM B HLICHUAE BLAEAL A 40 B8 LS i
LW EREST CK AR, WMitd. H& (20%-~
30% ) A HLACALFR F) i A YR 3 1835 v T B AL AT
AbFE; B AL AEAL PR B E B m T CK;3 K
b B B A A LA B E ) A3 i 4 =, LA
BLTiti 30%A HLACAL P A EE f K A FARBRGAE 6
B SRR B WL, B A MUE L HE
iR R A HUEA R T4 e 4 3 KRR A EE ;
FEACERT A0 AR R A B, (HRESR &
HERTR B = o

£3 TALELIEREMR R

Table 3 Number of soil microorganism in different treatments

AP Z0EH Bacteria/ LA Fungi/  JRZREE Actino— %Kit Total/

Treatment x10° cfurg™® x10° cfu-g? mycete/x10°%cfu-g? x10° cfu-g™

CK 8.45¢ 8.00c 6.03¢ 9.06¢
100CF 9.93¢ 10.33bc 14.15b 11.36¢
100M90CF 17.75b 14.33b 17.15b 19.48b
200M80CF 23.93a 20.33a 22.50a 26.20a
300M70CF 25.08a 23.33a 23.30a 27.44a
3 e

TIEBUE RS T EYIIE I R R+ B, AT
Ve B e S A WA R AR B R AR o B 1
T, HERMAEYES BEAIURESBETIME, £
AR S ER, TIEMEYE WA, T H A
PRI, A RIFEAE R A B B
o, A HEBCHE A HUIE BE B3 4R & R A B,
Li SR 5T 0, AL HE 55 % B AE SRS AT 3 BT & it
A, BB YRR T R AL R, R R AL
HEAL RGBT A HUACAL B . fREs
SFPRFTLIE b A HUIEAREAT DL 35 3 ik

WA RS &, FEE A YLUIE 2 A3 i 36
EVAEYER AIRS . AR, - e EAE
Zead#ESE 4 FEAFRALE , B HIICH LB A P A 1 1
WAV YRRk AR & S TR Son B b3, T B
FEA HLAEBCAE He 4 = H e YA R, 5
RIS R, AT D% B 2 AR E b LIRS
AR EA VLA R FREEZ-ERER G L5
A ER R XFEERENA YIRS
WA FEFERBIEERFE, SHEREHEA,
RE R A W ER ML A8 MR 5 R, B il
Y EFE , TSI T H 3R A &

FRBA: YR 7R A [R] i AT 8 B o 3 i
PRl 3 B R, B N PR A A Rk
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A HUAEECHE LB PR, R W A2 B 1 )
2, UL B B HLAE L L2 Bl it o5 =8 AL
FHE N Y ESMR K B E AR ES Rt
BN AE Y A RE B 41 = A e,
1 S B R Rt HE X A AR O 4 R e ET BB R T
BT A A B AU - IR 4
4, AT Y R & AR ARk . (H - 388 ALk
R D, 8 H R E L HEE ZE L ESRE R 68
IR BH T, NI T3 A YR 2 57

TR EEOR B MAY, ESMAEYN FERE
NG VIAESC , AT AR FRAE A Rt AE i 3 S 8t
B R RS, KRERRERA, AL
TCAHLIEECHES F) T4 RS 1 . TR
TR AR R E S A R, R A L
TCHUABECHE SR T 3 (B IR B A A L S S
P PINEESFEPIRIRY TR E ALt AR XS 1+ SRR S R AY
SO, 45 S I it A VLA A6 B 1R i S S T AR
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AWFEH, ELE 4 FEA VTR B35 -5
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