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Convergent Responses of Paddy Soil Microbial Community to Fertilization at Regional Scale
LIU Yanru"?, ZHANG Jianwei'?, BAO Yuanyuan'? LIN Xiangui'?, FENG Youzhi"?"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
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Abstract: Revealing soil microbial responses is helpful to guide field management practices, which is promising to promote the
sustainability of farmland ecosystems. But the indicator species at the regional scale are unclear. In this study, six paddy
experiment sites spanning across subtropical China were used to investigate the effects of long-term application of chemical
fertilizer and chemical fertilizer plus organic fertilizer on soil microbial community. The inconsistent of microbial species caused
by soil geographical distribution were firstly denoted. After that, paddy soil microbial community shifted in a consistent manner
with nutrient addition. Long-term fertilization increased soil total nitrogen, available phosphorus and organic matter contents,
which changed soil microbial community, mainly increasing relative abundance of Chloroflexi, Proteobacteria, Acidobacteria,
Nitrospira and Chlorobi. Compared with chemical fertilizer, chemical fertilizer plus organic fertilizer application further increased
the species that are associated with macromolecular organic matter conversion and that mostly belong to copiotrophic bacterial
taxa, such as B-Proteobacteria, Anaerobes, Ignavibacteria, Bacteroidetes and Firmicutes.

Key words: Paddy soil; Fertilization; Indicator species; Farmland ecosystem sustainability
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FHTCHLAE J5 2 35 18 it 26 7 (Actinobacteria) . 2% 25 B
(Chloroflexi), ZEJE i (Proteobacteria), 1A HLICHLAL
WA IR . TR . ST I (Bacteroides) . OV BHA
T (Rokubacteria) FI4¢ 25 B W Z 8 mB) 7 T3 Ay
e A7 & B, it HICHLIE &5 D E A Y F 5
BRI ZNE Bl , it FHAT AILRE X 22 B0 AR P ) s i B A7 iR
A, HARTRAT I . TP JEERE R S IE R A B
B 0 = 22w Syl R U AR CHLIE fS 2
RN,

0 it S o 2 B A 40 R 9 25 A B — B
FETFRETT, T S R Mo ) b B2 O3 A AL
SO AE A HE R PRI EEAE G, TR EEREAY  BE a
PR 8] A - S AR A= A T it S g 7 e | DA A T
Hby 5 i SRS WA T 25 R RN T R i nT B Ak HH A
PREET A A, IR B4R S S e s ot
TR, BB A MUEM RS 2ZRE R, (HFE
ST NS5 A BR B b A 2 R GE A W i — o
Horb s B RAGEY R 5 Iy f I e 2 4
b AR AE T BeAh, AR 2 AR X IURE T
A U REE B beta ZREMED SO sT R B, 174
TN RIS A5 AR i A 0 ol it S F e o — 350, A8 S A A
E BT LR BIRR T K2 U it
JIE 2551 Gl A WU % v RS 2 0 b (8 7R W ) ) R
PR N o AFE, i ZEIATH S X8R T b 37 X sk
AR BRI R TREAR, B2 [a) 45 5 A
YIREVE 22 o TN i A= iRl . R,
T ) B DX R T A FH AR 25 2R 0 A TR R 7 X it I 7
— S50 7 IR A L A AR RN T, T R A b 3
IS B E RIS 25

FET I H Y, AHISR LA A G XY 6 R
M A SR IR A KRS AR TR R ST R
AR it A e, i A AL B HE CKOAN i AL B
NPK (it H 7 Z B0 1987 FOIL D AT OMN (it F A7 HLAE
HRBEILRD . X 6 M A R TR A H X
B, A B TR LT RS RS A i
NESEBE T iAo A5 A Tlumina 38 50
FPHRTEAT B E R WA IR IR B I O 2 A 2
FRAER P, O B TRIARBER 6 AL 0 353k A7 1
AW, B 8 A 5 AN A R - A MRV A T
FRAE, AR 1 W e it A S i 1oz Gl 2 ) s b LA
65 IR PR T G R o A TR D AT X 2
AR S AR R - AR RS, A B TR X
REET 2 Fh A IEHE S A H8 =P Fh , LASE 4-Hb )
PRIV W0 e 55 A Sl A4 7

1 #RERE

1.1 #Fm*E

A EE AT HBIX A 6 Al iR g6 vl SR 4 4 4
R, 6 sl BRI R LR 1. WS
1000 km, FEAMRES SUARA — /NGRS, B
3 FhALER . CKORTGAEEL) . NPK(i ] & 2B 16"
JEAERL) AT OMN(it AT HLAE+ZURE A AR}, 45 Ab B
PREAIE BLFE 20 FERLT 2014 4R KRR G R4,
BEANE 8 3 FAL LS ISR AE 3 N EEREA, 6 M7 s
I 54 AFES . BRI IRISEIRE fE, TR EGE XU X
TUALBRIS 2K 57 B VR B S B R T
—20°C KA TP 3840 TR 3L R 4 DNA, A
v 58 4 R I 2o 0 FH 000 5 - S AR M I

R 6 NEIMRIALSBYE B R

Table 1 Description of six field experimental sites

e Ay S HE R FRRKE FERR

o245, (m) (mm) (C)
Y WIBS 112°80'E 28°37'N 100 1370 17.0
R TIIN 120°42°E 31°33N 3 1321 16.6
JER YTPE  116°55'E 28°15'N 20 1795 17.6
B VIPE 116°55'E 28°21'N 137 1549 17.7
BN TN 114°40'E 23°09'N 37 2200 22.0
FEFK TP 109°40'E 26°23'N 150 1950 19.3

1.2 TEERMRNE

+4 pH tht/KFHEH 1:25 24, pH it
(Thermo, USA)E!"; 4 HE4 % (TN)HIBLICE AUk
DAE s BB (TP 440 (TK) S H AU R &R
THA, SRJE 200 AR E e OB BRI 5 +
HEAT R (AN)R FH 2 mol/L KC1 L, i sh /A
s THCARE(AP) R 0.5 mol/L NaHCO- #2HY,
BRI E i s U (AK) T SR B HR I,
P KR B I A
1.3 TEFAAMAEVNRSEMASNE

FREC 10.00 g Hrfif 13 5 100 ml Z& 1K (oKL
WL 1 10)REHATIE AL R SRI, R
WIRG ARG 2 h 5 H# 3] 50 ml 208, FES
1 IEARE, BUB F3SW0E 0.45 um RS, U A G
By, — O IE VR EE , 5 — 0 EA 7 HE A8 dot 155 - [l e
YR I nT VAR HUR AL AR, 0]
WA PLURB R 8 A EEKE : I5F(0<0/C<0.3,
1.5<H/C<2.5), HHF(0.3<0/C=<0.55, 1.5<H/C
<2.3), FEHHE©0.55<0/C<0.7, 1.5<H/C<2.2), Tk
KAAE(0.7<0/C< 1.5, 1.5<H/C<2.5), AR
(0<0/C<0.125,0.8<H/C<1.5), KFEZ(0.125<0/C
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Table 2 Description of fertilization in six field experimental sites
E L Jite A AT B CK 4bF  NPK AbFRjitifIE & ( kg/(hm?a)) OMN A #jifi At it ( kg/(hm?-a) )
[ivAs (a) Jite A N P K N P K ZERVIN
HI 34 At e 30 77.4 200 30 77.4 200 Fi#F 4 200
B 27 N 60 77.4 300 360 150 300 F& T 4 500
JE 25 N 500 114 136 500 114 136 FE T 4 500
biid iy 29 At 360 78.6 250 360 78.6 250 FEFF 2 250 + J%3% 2 250
2N 3 At 240 78.6 250 240 78.6 250 F&#F 4 500
FEAK 2 ANt e 360 78.6 200 360 78.6 200 FEAF 5 250+ 787.5

<0.65, 0.8<H/C<1.5), HT°(0.65<0/C<1.1, 0.8<
H/C< 1.5 E12(0<0/C<0.95, 02<H/C<0.8).
1.4 11 DNA $2EX

TR DNA AR 3 5L 41 DNA $2 5
£ (MP Biochemicals, Solon, OH, USA)fifi Fi A JE i
B $REUKIEF 4 DNA % #F 50 ul TE(tris-EDTA)
GEpUT, I A G T e FEE R H Uk AR T A
WA, ZJ5, RAEME L NanoDrop ND-2000
(Thermo Scientific, Wilmington, DE, USA)XF DNA
HEATRE ARG
1.5 16S rRNA EF PCR ¥ &K SEENF

ARBFFEHE S 519F(3'-CAGCMGCCGCGGT
AATWC-5")Fl 907R(3-CCGTCAATTCMTTTRAGTT
T-5") XJZHTH 16S rRNA FEH V4 ~ V5 0] 48 X iF4 14
o IEMBIY 3%AA S bp B AT 5 14325k
% (Barcode) LAXZrA[FEIFEM . 50 pul PCR R R AELHE
1.25 pmol/L ) ANTP, 2 ul (15 umol/L)1E [f] FlIJZ [7] 5]
Y1, 2 umol/L TagDNA % £ fiff(TaKaRa, Japan)fl 1 pl
(50 ng)l) DNA il PrAFESLY 1S 3 iR AR il
PIJHER PCR i A b i def M AR AL 2 22, B
HRLATC KA R DNA A PCR 18 254 T . 94°C
5min, 30 MEFR(94°C 30s, 55°C 30s, 727C 455),
i JF 72°CHEK 10 min, BT A PCR *Y)HiE T 1% 31
BEWEEERS A T4 R S A . (8 ] QIAquick PCR
Purification Kit(Qiagen)Zlifk i &4lift PCR ¥ 4™
Y1, IF NanoDrop ND-2000 il %& F= ¥k J& . ¥ A ]
e PCR P2 4% REAE R R I WA TR, ]
[lumina MiSeq W/¥F- & #1757 . 16S rRNA
I3 K 58 Quantitati-ve Insights Into Microbial
Ecology(QUIME) -5 #4740 #r. FBisfkT 25. KE
/NF 200 bp MYFFIREEBR, FFARYE Barcode J¥415
FEREFTUCHED . i Usearch B4R 97% HIAH{LL
PEXT AT RIS AT B AR LB B R A 4y
AR OTUGRAE M2 TT), Hh&A> OTU
e P AR R TS . WA EREESE SILVA

119 database(http://www.arbsilva.de/download/archive/
qiime/) B I o BT A AR S BRSNS —HlE 2 5 370
FUMET 250 HT
1.6 RS

5T Bray-Curtis P& AR B & 2 45 RO 3 B
(NMDS)FH LA /R R At 25 5, B2 o007 2200 hr
(permutational multivariate analysis of variance ,
PERMANOVA) [ L5 5 1¥ 7% 45 18 22 = W 35 M
PERMDISP(Z£ 2% i 54l Gi 1153 A7) LA R R Y
BHORR R, i R 4K 1F vegan A4 T LA 4087 . A
R A4 i) DEseq2 £ 12 19 A it I SR 5 AN Tt A )
WRAH L 22 SRk i it RIma L ad, HC B (R 30E
| log2(fold change)[>0 FIf IEJ5 ) P<0.05, log2(fold
change)>0 I P<0.05 £R-PFh i E 4, log2(fold
change)<0 Fl P<0.05 F/RPFh i3 TR, FIFHITUR
43 H7(redundancy analysis, RDA)SEA THEVE 4514 5 5%
PR AR DGR 23T , #a 7R SRSl e v 4 A8 28 Al i) T 23R
BeH T Jr 2253 BT (ANOVA) T ik 3 ] + 32 2 fb 14
FRAMAHLA 7 225750 Fr, (EH SPSS16.0 715%. AL
FRA Gt A . 2 A 25 /K720 3l - P<0.05 #il
P<0.01,

2 GRS

2.1 YIFEIE

WF5E KB, XN B b A S 2 5 il A W
T 25 50 SR B R A it MO X 2 P A A B R 45 7 1)
AR B E S (HXT 6 AN B AT, R BRI
H 4 ALV L FE L B RO ME AR X R 4
BEE A W (R 3), UL 5 800 REY)
HETE 22 5 S S X S VR B2 e . TR, 7
Bl o Aran, ABFE AL E OTU )7 /bt Hb
P53 S5 RS A a5t ) 200 TRRE 9 1 LKA, DRk iy
ARILEEETR 6 A i 3 [FAFTE ) R 38 5 HEBR AN 7]
JEAEALFE T 6 M7 =50% FEAS(9/18)H OTU F 3
<3 WFE/CIRD, I e A F X TR 45 Ak B 3k A
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%3 PERMANOVA R/RXIBF1/FiE R E T 3 #habzE 87k
BT A E B R 5 (Bray-Curtis IER)MER
Table 3 Differences in paddy bacterial community structures
(Bray-Curtis distance) among three fertilization regimes at region
scale and at local scale using PERMANOVA

WFFE AL PERMANOVA 1556
F1{& R P

Jeg R 2.87 0.49 0.024"

g 1.82 0.38 0.039"

=3 1.17 0.28 0.277

bl 1.31 0.30 0.092

M 221 0.42 0.005™

AR 3.89 0.56 0.007"
A 1.08 0.04 0.344
AN EGTUEE) 4.41 0.15 0.001*

TE e *FIRHIFRIRAE P<0.05 1 P<0.01 /K F 3 Flt kb 2 i) 40
WS MES B

(A) Mantel = 0.97 P<0.01

0.8

0.6

0.4

IR (BEVE AU

0.(I)0 0.I25 0.I50 0.I75
LR BB

FERIBUEY), IHEEATE SO LA RUEY” . Kb
JEF3E] CK AR#R 159 L4 OTU,NPK 4R H K 203
A4 OTU, OMN 4R 211 43647 OTU.
22 AREERETKEBIEEHETK

WK 1A FR, 08 S AEAS A i A: Py i v ik
IS HT A AL AS (1 Ik A Py R Vs B B i B AH DG 1 (=097,
P<0.01), iUt uE s PR a] IR A AR 32
Ff5H . PERMANOVA 255 BR (& 1B fi1EE 3), i
U8 J5 AN TR] it A S W6 T 7K RS 200 R R 7 235 4 A e
F2RF(P<0.01), KL, U8 fERZED AT LR RIX
Bl RUBE TR AN (] it A 54 gt v 387 3k A7 HL OGS b
PERMDISP Z5 3 7R, 2165 OMN LbFHZH NP b 125
BRI e/, HKE NPK b, 1 CK AbBifR kK
(OMN(0.317 3)<NPK(0.340 4)<CK(0.374 0)), iitHjiti
HEJE 6 A a5 T A P I R AN I I B R SR 4

(B) PERMANOVA P<0.001
it
4
025} - "R .
Y o /A
Z 000f 7 / ®a)al
% 001\ 1 .:A oe ° CK
S ° - A NPK
'\ £ _*° / EOMN
025} °
/
\ ©e '
/
AN ® _
-0.50 ~ _ — stress=0.16
03 0.0 03
NMDS1

1 £ Bray-Curtis 53 893 EMTH(263 7 OTU)S[RIGHMT(S 370 # OTU)RY § ZHMEER B XRA), R
SHE R ¥ E T Bray-Curtis JE 5 89 NMDS 447 (B)
Fig. 1 Relationship between filtered taxa (263 OTUs) and original taxa (5370 OTUs) based on Bray-Curtis distances(A), and correlation tested
by NMDS analysis of filtered taxa based on Bray-Curtis distances

mE 2 s, i ugls 2 Mo iR, R el
NERCHAHLLSS , 2400384 OTU K MIA AL AL
FHZ(OMN(211)>NPK(203)>CK(159)), 3 FibH#ER7F
ERALA OTU A 1224, CK AFEFRA 17 4> OTU,
NPK 4 FEEFA 21 4~ OTU, A& OMN kbissfy 37
A~ OTU, BaWIRGhE, el A PLICHLRDIE & X 3
FE T e S A Wy A g
2.3 AEMEEREE T 2ETHAKE T RED T

SR TR WA 0 it S o) ke A 0 s 2L RN 45 ) 7Y
RS, X5 0B BT AR B AT 25 4y
Br, 55K 3A~3C Fin. 5 CK 4b#AHEL, NPK
LhPR G E E4E 67 FF OTU, &/ 24 F# OTU; OMN
Ab PR EEAE 88 Fh OTU, W&/ 37 F OTU. itk
A, 5 NPK AbFRAHEL, OMN AbFREEE4E 45 Ffh

OTU, &/ 36 Fi OTU.
i i E R OTU #4731 1K Figeit
(F 4A), ZIACYY 2% & 4 4% %5 T (Chloroflexi) |

OMN
211

CK ii NPK
159 ‘ y 203

2 HEREAIE OTU NN B E

Fig. 2 Venn plot of filtered taxa among three treatments
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(A) NPK vs CK (B) OMN vs CK (C) OMN vs NPK
o ¥ L L
= B
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(E A ERFE—A OTU, & T o=0)/8 E FHEM OTU, (KT hiigk ik B2 08 OTU, gkt i) h 22 55 A W)
OTU. Kl A: 5 CKAHM, NPKACHF @5 M/ b4 ; K B: 5 CKAHNL, OMN AT %3 & W/ MAEY; K C.
5 NPK AL, OMN AbFF 88 2 & 42 s i 3= 1)

B3 FEEERLETEZZEME D OUT
Fig. 3 Significant enriched and depleted OTUs among three treatments

3 JE T (Proteobacteria) . FRAT & (Acidobacteria) . £k &
(Chlorobi) . fi§ 1k #8 Ji€ & (Nitrospirae) . &
(Cyanobacteria) . Zf il [ (Gemmatimonadetes) . 7%
P (Planctomycetes) . fLIFT F#(Bacteroidetes), H:t1, 4
. TRW . AT . S0 . H IR e 2 2
BAEEHE, 2355 NPK bR OMN AbHE T & Sk
YIi 79.41% F1 80.66%. NPK ZbHFiX 5 FR4UER | 14
X = B HE R b 4 B >R T TR > TR AT B > S 1> i A A2
JRER , (H OMN Kb HR R A AR B >4 25 >R AT 1>
TEAL IR BE R > 2R A . i — TR S o FE R T IR
Rl A A S e 3 ), EAE G HSE: OMN b3 &
BN ER I TR LUK 44 48 TR (Anaerolineae) i £ (]
4B) . B W F E LW ZIE E L 8- AL R
(Gammaproteobacteria)fll B-2£J¥ [ (Betaproteobacteria)
R, NPKAME RN s BIE R %, {H OMN 4b3#
TEER B-BIEHRZ (K 4C) JEJEHIE OMN 4k
PR 52 B A A RR AT T T AR FT TR 49 (Acidobacteria)
E (Bl 4D). e W RSk 1] DL SR AN
(Chlorobia) Fl1#5 & 1% 24X (Ignavibacteria) &y £, H. OMN
b PR BE AN T RE S i (18] 4E) o 75 R it T SR
T ® YA L 1R bE W AR R TS Ak B8 e T AN
(Nitrospira), H OMN Zb¥ET & A4t A kb i 1 2 (]
4F) o BLAh , OMN Ab B AYDUFF TR o S A2 B2 ] (2 5 T NPK
AP 4G), JRERERR KA 15 4T 126( 4H).
24 HEESIEMITECEERTH ST

XE

A 22 S 4 A A 30 0 i A e 7 2B 1 5 AR
P DL A PR 53647 RDA 437, DARIH =511
FHOCHE, 255N SA Fs. ANRIAEEET i i ik
W AREA i, JFEEALPR 1 (RDAL) EUIRS
IF, b NPK 23R OMN Ab B ) S i v s A

JERE /N, ANTRIANER i R i A E R A S - e R
AR EIA—HER KR, 2A . AW, Al
i il S pH S0 R S PR TE AR R
ARG E SR . RIS 3R . AR ML
o5 Rt S Ak 3L e 1 A A AR O A G S S T A
XK, @Ak e R pH S KB NEAC A H -+ 3Eh idiE
YIBEE AT B B IR ARG . X 5 AR PR A A AR (&
SBYFIFRANML (R 4 Fik S)tfr5it, RMeR. B
RO . A BT A e R R U A AL TCH LB 5 1
i, mgEG RS R pH TEMAE G A BRI . R
EEOPH 3 3 1 - HEA 5 o AR E FS R AR RN 0t T TR
il 3 4 - 98 pH A IE e B SO e L AR S M Ak 3

3 ihie

3.1 TR RKBIEEEENTETR

FlEEABSEIA N , — B X AT 74 2 A 52 3] [X el Fof
JER BRI, DR R b Dy s AR R i
R HOFIH TS5 e , PRIV 20 i — PR R 1Y
HhHRA AR U A TR R b EEA A B TR
PRI P 2 ST A AEXE DL Z AR A TR] o AT 5 1) 3 08 7
R AR W N FPAS [ o SR FT e 1 URE AR A W e v
AT A, U 7 s AR X 1 v EL it A £
TR AT 658 DR 531 ) A7 a5 AN AE B0 /0 T HE B
FEAN , ERENEA B A /K RS -+ 40 PR 5 R R RS L
A W EERFU AR 1A), BLRIARBF
YIREVE 15 EARIBUR T HERY . FEMR AN B S 7315 2 3
FRAL BT 6 AN 5 - A7 1E (0 40 TRV, FLIX SR
fAERE2ZEF (& 1B M3k 3), ULMAE &5 R RrE
TR 0 B I I 8 7 3K L A= % it RS £ v 1 A B
LR SR AR RER LR

NMDS & #1 PERMDISP 45 8% 0, 5 A6
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Fig. 4 Enriched bacterial community composition at phylum and class levels among three treatments
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[]cK
®CK It b [l NPK
ANPK  E ol b H ovN
EOMN R a
hy
a
a
a
el ﬁ
b
G R— 0 1 2
Z-Score
(FEFE 5 AN [R/ING e R AN [R] Ak L 7] 22 57 4 2% (P<0.05))
E5 FARLGETHMEMAEEES TIBCFERNENESEXER RDA HFE(A), RARIET 505 75 148 X 8

5 MINEE T 2R R RIS EB)

Fig. 5 Redundancy analysis (RDA) of relationships between communities of bacterial responding species and soil chemical properties and organic
matter constituents of different treatments(A), and Z-score of five environmental factors related to responding species of different treatments(B)
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Table 4 Soil physicochemical properties of six field experimental sites

WK b AK AP AN PH SOM TK TN TP
B (mg/kg) (mg/kg) (mg/kg) 1:2.5 (g/kg) (g/kg) (g/kg) (g/kg)
YA CK 60.00£4.00 2.00+0.79 135.00+£6.93 557+0.16 31.67+025 16.73+0.06 1.8950.06 444.33 +26.39
NPK 66.00£529 27.57+546 17333+14.74 5.12+029 3993+239 1653045 2.3050.17 893.33+151.85
OMN  113.67+28.22 34.10+25.71 161.33+11.15 539+0.24 39.83+1.79 16.23+0.06 2.2450.11 916.00 + 167.99
Ee CK 121.00£9.54  1.69+041 99.03+10.10 8.09+£0.08 30.67+1.81 21.87+0.23 1.7650.10 688.67 17.62
NPK 14133+£577 2477+2.11 133.67+8.14 7.71+024 3637+225 2230+0.56 2.1150.13 870.33 +19.30
OMN  197.33+4.62 3437+348 174.67+17.24 697044 4593+3.00 22.43+0.15 2.5650.20 971.00 + 60.80
JE R CK 126.67+17.47 028+0.12  62.83+724 525+0.09 13.73+1.38 16.77+0.49 0.8350.06 304.33 + 13.05
NPK 70.00£7.21  2.60+0.44  83.87+£9.09 536+0.06 1843215 15.67=0.68 1.1350.13 534.33+56.98
OMN  106.00+2.00 584+0.66 101.53+8.73 533+0.21 19.87+1.78 1573+1.11 1.2450.08 714.33+21.50
HEWE CK 83.00+£9.00 8.89+0.77 193.00+£21.93 6.15+0.17 32.10+£0.62 13.27+0.38 2.0850.04 656.50 = 11.50
NPK 93.67+6.66 5.75+0.74 207.33+20.79 5.69+0.11 3847047 12.73+0.59 2.4850.01 559.33+17.01
OMN  132.00+19.08 54.30+9.13 206.33+11.68 5.97+0.04 41.10+1.39 13.70+0.20 2.6350.06 1321.33 +65.55
ol CK 64.00£6.00 595+1.44 141.00+8.00 6.16+0.47 26.70=0.85 19.70+0.17 1.5550.08  742.00 + 7.00
NPK 58.00+3.46 3.71+1.47 185.67+1922 527+0.13 27.63+1.27 21.00+0.40 1.6650.08 659.33 +22.50
OMN 82.50+£5.50  5.08+0.63 155.00+8.54 591023 29.50+0.82 20.63+0.65 1.7750.11 687.00 % 4.00
FEAK CK 46.00+4.00 556+3.17 96.57+15.04 5.73+031 1590+252 16.10+1.11 1.0750.14 366.33 + 28.36
NPK  121.00+9.00 11.00+0.70 111.67+15.18 543+022 22.20+1.30 16.00+0.72 1.4050.09 476.00 + 14.42
OMN  116.00+20.00 30.65+4.75 117.90+24.87 6.32+1.05 2637+6.27 18.50+1.57 1.6750.36 536.33 +32.32
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AYIFNE 2), BERE AL JCHR A HLICHLBCHE AT )
VAR ™, FEREIN T 2R 78 3 FiAb s b
FAERIAEY (122 4> OTU) & s s ad g iy
46.39%, XHERIMAEMINE IO YITEA R AL BT

T AFETE, AT RE SRR AR SRR SEATNREA K.
32 REBRETKELMEMBENS LELFE

BB RAS KK TR

5 T IZR A YITEIEAL 5 B35 W A (K] 4A), FIR
A DN T AL 2 5 A A WA — SR W 1 3
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Table 5 Soil organic matter components of six field experimental sites

HERE

AR

i 5t

1428.00 £ 29.61
1304.67 +220.39
1139.67 +217.78
1165.67 + 153.07
1105.67 + 264.50
778.00 £ 104.23
1230.67 = 118.11
1039.67 + 79.32
977.67 £ 104.31
1389.67 + 193.00
1358.33 + 66.04
1006.00 + 220.16
1400.33 + 83.77
902.67 £ 24.54

1251.33 £ 324.13
1115.33 £ 81.37
1116.33 £ 167.11
871.33 £ 53.63

1462.33 + 56.89
1461.00 + 146.93
1292.33 +208.84
1068.67 + 245.03
1057.00 = 162.12
771.00 + 109.89
1281.00 + 74.30
1366.00 + 129.64
1318.00 + 118.29
1322.00 + 49.49
1431.00 + 24.58
1206.00 + 161.33
1181.33 £ 106.61
868.33 £ 63.41

1205.33 +130.35
1035.00 + 298.36
1238.67 +139.43
1225.67 +265.70

120.00 = 11.36
132.00 + 34.87
81.33 +50.54
68.00 + 35.51
40.67 £37.07
15.67+3.21
143.33 £ 14.01
164.33 £0.58
179.67 £ 11.37
172.67 £21.50
185.00 = 15.59
116.33 £50.14
97.00 £ 17.78
46.33 +£18.58
101.00 = 34.66
84.33 £34.70
83.00 + 17.06
57.00 + 44.03

ALFE

Fopls

WA b3 AN KA
B CK 147.67 + 11.68 100.00 + 13.23
NPK 165.33 + 58.56 115.67 + 58.53
OMN 107.67 + 49.89 58.33 +29.69
A CK 132.67 + 81.71 99.00 + 93.62
NPK 113.67 + 63.34 86.00 + 73.43
OMN 47.67 + 16.77 16.00 + 14.73
JE P CK 133.00 + 37.51 119.67 + 41.50
NPK 127.67 + 17.04 98.33 + 18.56
OMN 123.00 + 9.85 92.33 + 8.50
HEWE CK 139.67 + 9.87 73.00 + 27.50
NPK 124.33 £ 8.96 52.33 + 4.04
OMN 120.00 + 70.06 68.00 + 71.25
HH CK 102.67 + 11.68 54.67 +4.93
NPK 59.67 + 6.03 20.33 +5.51
OMN 136.67 £ 31.26 108.00 + 38.22
HEAR CK 133.33 £ 90.92 121.33 + 74.14
NPK 154.67 + 54.72 146.00 + 89.94
OMN 161.33 +93.82 14433 +113.58
Wehim b HEAT COS
IR CK 512.67 £ 75.16 549.67 £ 32.62
NPK 591.67 + 82.40 631.67 + 304.24
OMN 428.67 + 157.42 389.00 + 69.31
i CK 365.33 +280.50 580.00 + 315.49
NPK 289.67 + 161.29 576.00 + 314.53
OMN 162.67 + 24.03 291.33 + 83.80
Ji& T CK 524.33 + 83.26 434.00 + 63.46
NPK 523.67 + 41.04 370.00 + 55.43
OMN 559.67 + 36.77 323.67 + 72.60
i CK 592.33 +52.05 481.33 + 56.50
NPK 640.67 + 15.50 450.33 + 44.06
OMN 529.00 + 136.11 530.33 +252.18
HMN CK 419.00 + 49.57 392.67 +52.18
NPK 289.33 + 87.09 240.67 + 15.63
OMN 443.67 £ 46.01 648.33 +221.51
Hepk CK 423.33 £292.12 517.67 +307.61
NPK 431.33 +124.36 630.67 + 349.38
OMN 456.00 + 254.28 742.00 + 365.48

9.33+3.21
10.00 £ 3.61
9.67 +£3.21
6.33+1.15
6.67 +2.52
3.67+1.53
10.00 + 3.61
10.67 +2.31
9.00 +1.73
6.00 + 1.00
10.00 £ 1.00
4.00 £2.65
6.67 +£6.35
3.67£0.58
8.67+£3.21
5.00+1.73
8.33 £3.21
8.00 £5.00

649.00 + 54.34
705.00 +251.39
461.33 £ 93.04
594.67 £ 357.37
522.00 £279.23
247.67 £43.88
583.67 £110.55
503.00 £ 56.32
463.33 +41.86
678.00 = 54.03
636.33 £33.25
603.00 + 196.55
517.33 £ 69.04
333.00 £ 21.38¢
691.00 = 62.75
618.67 £370.80
624.33 £291.04
722.67 £ 380.19
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