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SR R AR R PERE ; KR R AR

Effects of 8 years of conservational tillage on rice yield and soil physical, chemical

and biological properties
HUANG Guoqin"*, YANG Binjuan', WANG Shubin', HUANG Xiaoyang', ZHANG Zhaofei', YAO Zhen',
HUANG Luxing', ZHAO Qiguo’

1 Research Center on Ecological Science, Jiangxi Agricultural University, Nanchang 330045, China
2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China

Abstract: Conservation tillage is a key technology in the trend towards sustainable agriculture. The main targets of
conservation tillage are to reduce soil erosion and protect the soil and the environment. Conservation tillage can be
complemented by the use of a range of other cultivation techniques, including no-till cultivation techniques, the use of straw
stubble technology and green covering technology. There are a number of current studies reporting on the effects of different
tillage methods on crop yield and soil nutrients. There have been fewer comparisons of the effects of long-term application of
conservation tillage on rice yield, soil physical, chemical and biological properties and interannual variability. Through
research on trends in rice yield, soil physical and chemical properties and variation of soil biological activity under different

tillage methods, this study explores the advantages of long-term application of conservation tillage on rice yield and soil
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fertility in paddy fields. It provides theoretical support and a sound scientific basis for the rationalization and vigorous
promotion of conservation tillage technology in paddy fields. We have comprehensively studied the effects of long-term
application of conservation tillage on rice yield, soil fertility and biological activity. The study site is located in the southern
hilly region in Jiangxi Province, China. The double-cropping experiment was conducted in a paddy field at Jiangxi
Agricultural University between 2005 and 2012. The test comprised a total of four treatments; (1) conventional tillage +
transplanting ( CT + P) , the traditional farming method; (2) conservation tillage treatment: conservation tillage + throwing
(CT +T), the traditional method of plowing and throwing seedlings after flattening; (3) conservation tillage treatment; no-
tillage + transplanting (NT + P), no tillage, with the herbicide applied to stubble before transplanting; (4) conservation
tillage treatment: no tillage + throwing (NT + T), no tillage, with the herbicide applied to stubble before throwing. The
results indicate that with conservational tillage, rice yield was significantly higher (4.5%—8.8% ) than with conventional
tillage. Yield components were also higher with conservation tillage than conventional tillage, but the differences in ear
length and grain weight among all treatments were not significant. Implementation of conservation tillage decreased soil bulk
density by 3.6%—5.6% , increased total porosity by 1.6%—17.4% and increased capillary porosity by 2.4%—16.7% when
compared with conventional tillage. Significant increases in soil organic matter (2.9%—10.0%), available phosphorus
(4.8%—31.6%) and available potassium (9.7%—25.7% ) were also obtained under long-term conservation tillage
treatments when compared with conventional tillage. The abundance of fungi in the no-tillage + planting treatments was
significantly higher (51.6% ) than in conventional tillage in 2005, while the abundance of fungi in the no-tillage + throwing
treatments was significantly higher (54.1%) than in conventional tillage in 2008. The differences in the abundance of
nitrifying bacteria among all treatments were not significant between 2005 and 2011. The abundance of nitrifying bacteria in
the no-tillage + throwing and the no-tillage + planting treatments were significantly higher ( 126.1% and 121.1%,
respectively ) than conventional tillage in 2012. No significant differences were obtained for catalase or urease activity among
all treatments. Invertase activity varied between 0. 292 and 0. 451 mg/g during the 8 years sampled. Invertase activity was
significantly higher in the no-tillage + throwing treatments (72.7%—137.7% ) than in conventional tillage for the years
2005—2007 and in 2012. The implementation of conservation tillage was an effective model for sustainable development of
agriculture and was suitable for the southern hilly region. The no-tillage + throwing and no-tillage + planting treatments

generated the most significant effects.

Key Words: long-term field experiment; conservational tillage; rice yield; soil properties; paddy field
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1 #MREFE

1.1 R AR

T 2005—2012 AFEFEVLVG AR K AP el S5 F AT R e 3, 3 0 256 b A ST 349 K PH i 53 6y
4.79x10" J/hm® AP35 H BB E0CH 1852 h, 4F H ¥ = 0°C I BLEE 6 450°C , TR 2 272 d, 4R34 1N
17. 6°C , ARk 1 624 mm, HXHIEL T T ML LEE L, WG SR 2T A5 X, 356 i i £ 1
FEAPERT(0—20 em) :pH5.40, FHHLE 26.32 g/kg, &R 1.42 o/kg, A5WE 4.73 mg/kg, HAAEN 34.05 mg/kg,
1.2 gt

RIGILE 4 AALBE, (1) FEGEHHE BB (T IE, CT+P) |, BIHRAL G Ik Bk I 5 (2) PR EBFME AL B . L S F
VE+R(CT+T) |, RIZAE G )5 Ak L BT IR A TR s (3) PR IEREVEALBE . S B +H B (NT+P) | RIS AT
B AR ET HERE R KA 5 (4) GRAPPERFEALEE . b+ IR (NT+T) | RIASHEAT BB, SR mr B B 2, 3k 4
AEFE, REASAEEE 3 WS ALK HHES] 4t 12 AN /MR EFL 33 m?* (11 mx3 m) /MR A 30 cm
(7K 8 PSR RR T, gt 7 HETE R4 4% b B KR 5 A TR] |, 2005—2006 45555 & Bl BR AR 02, B A8 S AR
253;2007—2009 4F B FF S AR 4L 213, RS R 440 284 ;2010 4F B fg AP R 448 1176, A8 ik 161;2011—
2012 AERLFE LRI 5 203, IR BT AL 96, RRETERAER 4 A Rk, 7 H bRk, e AETE 7 AR
AR, 10 A AR, & A FEARAR R o0 29.4x 10 #i/hm® (B AR ATHRIE Ry 2017 em, B3 2—3 #k) . .|
WA BT AL AE Ry JR 2 (N46% ) |, E5EEBE A (P,0,12% ) , S ALHT (K,060%) , JA4FE N P,0, . K,0 F& A 150,90,
120 kg/hm?*, B H FEE: 43 BENE: B = 6:3: 1 it JH , MR A BRI 43 BEAE: BRI = 5:3:2 it JH . WIS 224
FERE , — R MR B H 7 BEAC: FEAE = 7:3 Bt . SENEAERRRLET— Kt T, 2r BENEAE K FERS 4k 5 5—7 d Wibjite
FHBEAETE 32224084 1—2 em 7t . LB FH ) A8 BHLR it [v] — e O R AR 8 |
1.3 MEFRIR S ik
1.3.1 KA Fp S0

TR FE I | 7R 45 /N A 50 H1E A TS KT | S8 5 P34 80 2 45 /NX A RED L BUA R %
PERKREARR 5 88, 1E AR R KB E 2 b as BRI 5 H 17100 20 A A0 T4 d . I T et
1/10 FAEI 4 /NX SEBR =5 (T 5
1.3.2  HHEHEE MR I E

TR IG R 0—20 em 1A (AR #7500, T BRMR . RIS | HIE AL  BEAL
B SR FHBR I 5 | H I LIRS = 1 - H AT /2,65, BAEILBE (%) = [ (WK G4 LB -t T+
) /MR 1005 R KRBT 3. H AR . 3 pH SR pH IR , 30 BB R F R 4%
PR P R B R A M I RAE I | 42 R P 0 T [ U, A AR ] NaHCO 12 S-SR 6 bt L (a3 | S ABR
KA NH, OAc @3- KR
1.3.3 TR Y8 s I

FRAEMRE B 10 AR HAE /MK S S BREIHIR SN — R, B XTS5 1 mm 6, I
BT ACUF T ORAE . M BE R REITTECR PR RS B IR A . A0 TR 5 97 F 2R IRV B IR 9 8, LT
ST R 3 R R G | S R3k, BARIGE kS S0k it S0k SUBS MR e e R
T S DU R FOR ARG SR PR I — U SR A L G I 2, e AR OR A 3, S-SRk iR ek . HHEd 4
A SRS P LA, - FE Y 0. 05 mol/L S PR 22 se B3R R IR PE L 24 h J5 1 ¢ 13 NH,-N 122 54X
FOR FEALBHETELL 24 h )5 1 g HIER AR Z T BE R
1.4 HdRabH

iz Ffl Microsoft Excel 2010 4k BEHCHE , F SPSS13.0 R 4t 4Kk 144 i 47 B 96 Ak BE AN 48 31 43 M, F 1.SD (least
significant difference test) HEATFEASTE 400 22 53 8 25 M LU, FH 328090 43 BT (PCA) | Pearson i 5¢ R BN
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YE)  BEHNTEE K 4.5%—8.8% , F4h, 5T 2010 4F NT+
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Fig.1 Analysis of yield among conservative tillage treatments
CT+P; fEGBE+IGTL Conventional tillage + transplanting; CT+T:
FEGEBE -+ Conservation tillage + throwing; NT+P . fufk+{fft
No-tillage + transplanting; NT+T . Sa#F+#lF No tillage + throwing

BRCREAI R RERLESORN 285 SR B v T X IR (CK) |, T 45 A B ) R TR 25 S AN B3 8a [RIAR P M B 1E b 34
(P08, FIa)) A R R 2 T4 R 3.0%—11.6% ( P<0. 05) ,2005—2008 4F L) NT+T Ab P f% Ak, it HE
Qb3 2.3%—14.9% ; NT+P AbFEAF 2009 ,2010,2012 48 F K, 2011 4E N2 CT+T AbPRE K, Ui BHAR H AR 40
BFHE SR L R KR WA ORI 0 P i, R RO B8 I, 55 % M LG, 8a [] R MBI AR A0 38138
R A 2.3%—8.2% , fEAXAE 2006—2008 2010 4F 5 %} i 22 5 | 2 (P<0. 05) ,2006—2008 4E £ N NT+T>
NT+P>CT+T>CT+P ;2010 4EZEF K NT+T>CT+T>NT+P>CT+P, 4552 51,2005 ,2008 4E L4 A FE NT+T 2
F R TR (P<0.05) 38 g BE 435 3.4% .3.6% ,2010 AN 2 AL BE NT+T & 3 5 T e,

®1 BHERPESELEFKFES 2B

Table 1 Analysis of yield components among conservative tillage treatments

py fhsn B/en AR A0y PR GR/% TR/ (/1000 KD
Tillage year Treatments Ear length Effective panicles per paniclel Seed-setting rate 1000-grain weight
2005 CT+P 21.54a 288.10d 94.21b 73.30b 22.57a
CT+T 21.67a 294.00¢ 95.89ab 74.37ab 22.93a
NT+P 21.83a 323.40b 96.21a 73.40b 23.03a
NT+T 21.69a 346.90a 97.71a 75.77a 23.97a
2006 CT+P 20. 68a 294.19d 96.30d 74.35a 23.03a
CT+T 21.07a 313.28¢ 98.60c 74.72a 23.17a
NT+P 21.49a 318.26b 101.50b 74.88a 23.14a
NT+T 21.28a 321.42a 105.70a 75.86a 23.67a
2007 CT+P 20. 34b 265.33¢ 93.25b 79.65a 22.72a
CT+T 21.40ab 269.18b 97.15a 80. 23a 23.22a
NT+P 21.28ab 275.71a 98.57a 81.46a 23.33a
NT+T 22.56a 276.14a 98.86a 81.07a 23.51a
2008 CT+P 20. 82a 284.98d 92.20c 77.07b 24.42a
CT+T 21.50a 292.55b 96.92b 78.54ab 24.49a
NT+P 21.18a 290. 24¢ 98.17b 79.18a 24.55a
NT+T 21.78a 297.53a 104.10a 79.86a 24.54a
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py ihs BR/om A (10 /Aty L SR/ TR/ (/1000 KD
Tillage year  Treatments Ear length Effective panicles et panile Seed-setting rate 1000-grain weight
2009 CT+P 20. 56a 385.14¢ 97.93b 79.04ab 26.97a
CT+T 21.46a 391.02b 98.94b 80. 72a 28.73a
NT+P 20.99a 415.88a 99.50b 79.54ab 27.57a
NT+T 21.26a 389.90b 102.09a 78.33b 28.27a
2010 CT+P 20. 54a 398.37¢ 124.29¢ 79.66¢ 25.72a
CT+T 21.67a 421.89b 129.66ab 79.84¢ 26.01a
NT+P 21.69a 445.41a 129.16bh 84.63a 26.66a
NT+T 20. 68a 420. 42b 131.31a 82.58h 2591a
2011 CT+P 20. 49b 396.90d 125.93h 81.34¢ 25.82a
CT+T 23.28a 449 .82a 126.44b 83.84ab 26.79a
NT+P 21.40ab 416.01c 127.62h 82.03bc 26.34a
NT+T 21.28b 426.30b 135.88a 84.02a 26.82a
2012 CT+P 20. 56b 349.55d 121.66¢ 83.61b 26.13a
CT+T 22.50a 365.99b 124.25b 87.37a 27.91a
NT+P 21.78ab 419.33a 122.67bc 86.92a 27.26a
NT+T 20. 82ab 352.49¢ 128.36a 84.09b 26.62a

F B A ME ; RIFA R /NG S8 3R R R AL BETR] — 4R 03 22 35 5% 37K F- (P<0. 05)

2.2 FE AT RERT R IR A 5 M

F 2 AT LUE L2 8a SEATRE H AP PEBEAE 45 b B Y -+ HE 258 B 4K T X HR (CK) |, T i FL B B2 A B A
FLBRE 49 755 0 R 3 AT ok IR S BRI TE AE A A R TR REAR R B SR KR A K R E .
T AT 5, 8a (A T X IR 3.6%—5.6% , 1M1 AL B B2 B3 NI BE R 1.6%—17.4% , B FLBREE N 2.4%—
16.7% ., PG, R AR HEEE e 21 45 S W BEE B RO VE F . 940, B8R R T, BE A 100 o [ A9 2B 4G 4%
AL PRAE R 2 A 2 FA B = A B 2005 AEHENN 0. 16 ¢/em’ , BN EE K 14.6% , 1A H % )2 +
1) LI FE RN B A LB BE AT I RAAIG, %5 2005 A REARIR B2 235018 19.1% 1 18.7% ., UL AT WL, K R I 45
Sy B ARG | T B S R A i 3R SRR

2 FWEHERPESENDEEAEREZE

Table 2 The influence of conservational tillage on soil physical and chemical properties

PR pise ] T FREIR Soil physical properties A3 fb A PEIR Soil chemical properties
Tillage year  Treatments SB TP cp pH oM TN AP AK
2005 CT+P 1.15a 53.97d 51.26d 5.61a 28.61b 1.35b 19.43b 34.72b
CT+T 1.14a 58.24c¢ 56.74¢ 5.69a 28.73b 1.45b 21.14b 34.98Db
NT+P 1.09a 64.52b 60. 33b 5.58a 29.68ab 1.90a 27.13a 44.61a
NT+T 1.07a 67.32a 62.42a 5.71a 31.08a 1.93a 27.63a 45.19a
2006 CT+P 1.18a 53.40a 50. 62b 5.61a 29.22b 1.46a 26.11¢ 34.56¢
CT+T 1.16a 54.30b 50.93b 5.70a 30. 19ab 1.53a 27.50¢ 35.77¢
NT+P 1.13a 56.70b 52.14ab 5.67a 30. 87ab 1.60a 29.41b 40. 18b
NT+T 1.12a 56.94b 53.79 5.73a 32.01a 1.71a 35.89a 44.15a
2007 CT+P 1.20a 53.10b 49.98b 5.63a 28.30b 1.45a 22.04¢ 34.65b
CT+T 1.19a 53.34b 51.22b 5.69 28.73b 1.85a 25.09b 42.68a
NT+P 1.15a 55.82a 53.66a 5.68a 29.94ab 2.07a 28.39a 43.61a
NT+T 1.13a 55.64a 53.90a 5.71a 31.25a 2.19a 28.39a 44.34a
2008 CT+P 1.23a 52.76b 48.86¢ 5.34a 27.36b 1.52a 19.50¢ 35.10b
CT+T 1.21a 53.03b 50. 33hc 5.36a 27.88ab 1.55a 20. 64c 35.30b
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PR hbym Y BYER Soil physical properties + 3 fb 2R Soil chemical properties
Tillage year  Treatments SB TP cp pH oM TN AP AK

NT+P 1.18a 55.01a 52.11ab 5.69a 29.66a 1.97a 27.63a 45.01a
NT+T 1.16a 55.67a 53.03a 5.73a 29.71a 2.05a 25.47b 44.80a

2009 CT+P 1.25a 50. 69b 48.05b 5.19a 30. 50b 1.94a 17.94¢ 43.20¢
CT+T 1.21a 51.88ab 48.84ab 5.20a 31.75b 2.05a 18.36¢ 45.36b
NT+P 1.17a 52.63a 50. 04a 5.32a 32.30b 2.19a 22.93b 49.51a
NT+T 1.16a 52.93a 50. 72a 5.56a 34.70a 2.31a 25.31a 50. 25a

2010 CT+P 1.26a 50.07b 47.43a 5.11a 30. 80b 1.07a 17.98¢ 32.57¢
CT+T 1.24a 51.22ab 48.20a 5.14a 34.80a 1.50a 19.25be 36.86b
NT+P 1.18a 51.76ab 48.65a 5.15a 31.80b 2.58a 20. 26b 38.40b
NT+T 1.17a 51.98a 48.88a 5.18a 35.00a 2.62a 25.60a 42.26a

2011 CT+P 1.28a 49.82a 46.65a 4.90a 32.00b 1.81a 19.37a 43.19¢
CT+T 1.25a 50. 20a 47.03a 4.95a 35.00a 2.03a 20. 13a 44.37¢
NT+P 1.21a 50. 88a 48.22a 4.95a 36.20a 2.41a 20.27a 47.20b
NT+T 1.19a 51.27a 48.45a 5.04a 31.50b 2.67a 20. 52a 55.36a

2012 CT+P 1.33a 48.78a 45.73b 4.76a 34.72a 2.31a 20. 12d 39.50b
CT+T 1.31a 49.12a 46.07b 4.94a 35.34a 2.55a 22.75¢ 40. 50b
NT+P 1.24a 49.23a 47.48ab 4.92a 36.45a 2.62a 25.12b 41.25b
NT+T 1.22a 50. 33a 48.24a 4.96a 35.39a 2.59a 31.55a 48.25a

8a F-H{H 1.19 53.52 50. 63 5.36 31.61 1.96 23.71 41.80

& PR R M 5 R B R [R) /NG R 3R AR ) A B ) — 45003 25 53K 5% B35 K7 (P<0.05) 5 SB: + 14T Soil bulk (g/em?) ;TP S L
B B Total porosity/% ; CP : B4 fLBRE Capillary porosity/% ; OM: 4 HLJE Organic matter( g/kg) ; TN : 42 Total nitrogen( g/kg) ; AP . A % Available
phosphorus (mg/kg) ; AK: SEELE Available potassium( mg/kg)

AN ER 2 AT S REAR LY, 142k 8a R ORI PERFE AL B = T RS LST A RO | B e,
B pH SR 2ERARE . AL Sa PRI PERHEAL B A MUY & T R 3 IYE E 2.9%—10. 0% , Horp
2005—2010 4EH)2 NT+T b3 K, & T HE A 5.0%—10. 1% ,NT+P ALFAE 2011—2012 4R A 3K, &
FHEA 10.3% .3.7% ., 8a BRI HBEVEAL P A 2500 & 535 & 0 IR 42 R iRl 4.8%—31.6% , X
VLI CRAP PR B A E A 8wl i v, A R T ek s - 58 b i OO 4, il RSB TR AR A R TR R AR K
s, SXTIRA L, L2 8a PRAFAE BV AL FR A S A EP & N T 9.70%—25.67% , H R T 2008 4F NT+P
A BRIR B R LIAE , ARGy & NT+T SR &I, T HE AP 10. 0%—23.2%,

2.3 FEHAR R XS e A W IR B 5

3 3 TLLE S, FEE B T RILE 2005 4EA0FE NT+P Ab BB 2, S50 AR L3 N T 51.6% , H2%E 5
3 (P<0.05) ,CT+T ALFFE 2008 4Fik Bk, 2% = T AT IEAL B 54.1% , 2005—2011 4F 35 2E Ta [H] 45 Ab 1
H RS A 20 B RO 22 S 38 ANTE 2012 4EARFE NT+T NT+P 53 5 TR 126.1% 121.1% , 34 i B4 K
{HA AL PR AN B R 22 R AR E, BohhE 3 BT LIE | &40 P A E AL S IRER P 22 5N
¥, 8a [A] T IEHEAVBEIG ML IE HIAE 0. 292—0. 451 mg/g Z [A], Hif 2005—2007 2012 4E & AbFH NT+T ik
A, HXF AL, A RGN T 105.2% .82.6% 137.7% 72. 1% , B 2% 5 .3 (P<0.05) .

2.4 JKFEFER HEERAL PR A s R B AR S

IKAE A N R S AR A R DGR S A (3R 4) W AR KR i 5 RIS
H pH A BT A A 2 P AR OC (P<0.01) , 5 EFLIE B FLBE R ek i W25 4 G
(P<0.05) 154 3w A00E B0 O S A IR LB AR DGR 3 (P>0.05) , 7E7/ i i LB = v
K5 EF SRR D E A A RS e T W G, 5 RFLBE B LB B A, 5
pH 220 AS AL 20 TR b ARG R AR g 5 1 A W AR OC, 5 pH A HILBT A B AR Ik TR P 2
FHOC, 5 RFLIREE B LB A0 RS IL A R B A O 25 S R 5 5 L R H B AR R A OG5 pH AL
BT AR AL TR A DG, 5 R ALBREE B LR U L R ARG TR S LA
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®3 WHERPEMEN DEREYHEMEE TR

Table 3  Effects of paddy field conservation tillage on abundance of soil microorganisms and enzyme activities

WA WU Micro-organisms fili 1% ¥ Enzyme activities/ ( mg/g)
" " " N TN
Till?;ijear Treﬁi%nts Bilft[f]ria F;ii/ Acgfiis/ Nitrifying KL R LR
(107 CFU/&) (10° CFU/&) (106 CFU/g) b;]()tf&rla/ Catalase Urease Invertase
(10° CFU/g)

2005 CT+P 0.4la 0. 62b 0. 82a 0. 85a 0. 638a 0.192a 0. 194b
CT+T 1.02a 0. 75ab 0. 85a 1.11a 0. 829a 0.225a 0. 305ab
NT+P 1.40a 0.94a 0.91a 1.08a 0. 948a 0. 240a 0. 352ab

NT+T 1.63a 0. 66ab 0.97a 1.20a 1.003a 0.251a 0. 398a

2006 CT+P 0.55a 0. 56a 0.71a 0. 76a 0.631a 0. 174a 0. 298h
CT+T 0. 8% 0.97a 0.93a 1.17a 0. 648a 0. 259 0. 359ab

NT+P 1.12a 1.18a 0. 76a 2.21a 1.038a 0.277a 0.517a

NT+T 1.76a 1.63a 1.03a 1.35a 1.427a 0.231a 0. 544a

2007 CT+P 0.75a 0. 68a 0.72a 0.8la 0. 567a 0. 151b 0.255b
CT+T 0. 94a 1.06a 0. 96a 1.32a 0. 699a 0. 179h 0. 421ab

NT+P 1.22a 1.64a 1.13a 1.59a 0. 786a 0.217ab 0.521a

NT+T 1.61a 1.33a 1.25a 1.21a 1.210a 0.381a 0. 606a

2008 CT+P 0.77a 0.61b 0. 66a 0. 69a 0. 766a 0. 133a 0.221a

CT+T 0.82a 0. 94a 0. 84a 1.82a 0. 745a 0.133a 0.283a

NT+P 1.13a 0.93a 1.05a 2.15a 0. 748a 0. 138a 0.292a

NT+T 1.23a 0. 68b 1.36a 2.04a 0. 780a 0. 144a 0.372a

2009 CT+P 0.93a 0. 65a 0. 88a 1.43a 0. 808a 0.119a 0.278a
CT+T 1.17a 0.93a 1.28a 2.28a 0. 820a 0. 133a 0. 286a

NT+P 1.54a 0. 82a 1.32a 2.47a 0. 850a 0. 140a 0.303a

NT+T 1.56a 1.07a 1.02a 1.47a 0. 904a 0. 142a 0.383a

2010 CT+P 1.50a 0. 79 1.24a 1.22a 0. 799a 0. 140a 0.192a
CT+T 1.88a 0.93a 1.45a 1.48a 0. 805a 0.204a 0.271a

NT+P 1.97a 0. 94a 1.89a 2.19a 0.873a 0.235a 0.314a

NT+T 2.75a 1.16a 1.98a 3.02a 0. 940a 0.251a 0.373a

2011 CT+P 1.63b 0.97a 1.61a 1.57a 1.001a 0.212a 0.237a
CT+T 1.95b 1.0la 1.69a 1.75a 1.055a 0.219 0.278a

NT+P 2.83ab 1.29a 1.82a 2.69a 1.070a 0.237a 0. 354a

NT+T 3.85a 1.45a 1.88a 2.74a 1.114a 0.263a 0.373a

2012 CT+P 1.75b 0. 96a 2.34a 1.61b 0.967a 0.202a 0.275b
CT+T 2.30ab 1.05a 2.75a 1.99ab 1.149a 0. 226a 0. 376ab
NT+P 3.80a 1.53a 2.94a 3.56a 1.057a 0. 236a 0. 392ab

NT+T 2.67ab 1.91a 3.20a 3.64a 1.177a 0. 250a 0. 475a

F B N I RIS 6] /N5 R R OR AN R Ak B ) — 4R 003 22 57t 1 5% B35 7K (P<0. 05)

BF ARG, 5 LB B FLBRE AR A A R ARG . £ 1l SR — 5 A A B 4 5
TR CEY AR, RERS Se KRR A K T I KA o T PR PRV R T o v R o
SN - e A D7 T A A R AR
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Table 4 Correlation matrix between rice yield, its components and soil properties

TiH Stems  SB TP cp pH OM 1N AP AK  BA FU AC  NB CA  UA 1A
RY -1.00** 0.98* 0.98* 100" 0.9* 100" 079 0.98° 0.9 057 097° 100 057 0.12 0.54
EL -0.48 036 035 058 065 0.6 0.08 0.69 079 1.00** 0.73 048  1.00** 0.77 0.41
EP -0.99* 1.00** 1.00** 0.96* 093 0.95* 09 091 0.8 035 08 09* 035 036 0.73
NP -0.98" 0.95* 0.95° 100" 1L00™ 1.00™ 0.73 100" 0.97° 0.65 0.9 0.98* 0.65 0.02 0.45
SR -0.9"* 0.97* 0.97° 100" 0.9* 100" 077 0.9* 0.95° 0.6 098" 0.9 06  0.09 0.51
GW -0.96* 0.98* 0.99* 091 0.8 0.9 0.96* 0.84 075 022 0.8 095° 022 048 0.82

* R ASE(P<0.05) , * # R FEMIE(P<0.01); RY /KAE ™1 Rice yield; EL #i{< . Ear length; EP 7 241 Effective panicles;
NP AEHUR AL Grain number per panicle; SR 45523 ; Seed-setting rate; GW T-#i ; 1000-grain weight; SB 3% ; Soil bulk; TP EfLEREE ; Total
porosity; CP B FLEREE ; Capillary porosity; OM A HLJJ ; organic matter; TN 42%(; Total nitrogen; AP  %(#: Available phosphorus; AK B4 .
Available potassium; BA 4} : Bacteria; FU ELB : Fungi; AC JAZEE : Actinomycetes; NB i§{L 4 : Nitrifying bacteria; CA 48 fL A Catalase

activities; UA WK . Urease activities; TA AL . Invertase activities

3 iTFig

3.1 ZAERHATERHEAR R TR R AR

F A B BT R ERAE AL ) (fRER ) M AR AR SR E Y AR KT R A ol Ak Y
AR RO RE LA R 28 shvk R 45 T & BRI IRPHE' S 4E 14 a K R 1E AR
FEH KA G B A A X A SRR R B, 0—5 em LR ALK AR HEAUE S BB, W 5—10
em A1 10—20 em + 2N BALFEGHME, XO=F MRS H ek £33 A L O H4Hhn sh, ekt 7e +
BRZ T IFBAVEZAELZ, Fna AT HERSERLEEE" ) AR RaRN, 545
BHEM L, 22 8a ff I ORAPPERHEAL B = T T AP (2.9%—10. 0% ) A X5 (4.8%—31.6% ) A
(9.7%—25.7%) , H. LA S #f + IR A G b+ IR RO R B B 3. k™ St a R, St pFEAT L, RS AT
S5 AT I R LB EE AN 0. 3%—2.0% , 25 FFEAK 0. 02—0. 06 g/em®, ABFFE 5 bk gk B —2, S247 /8 TR
PERHE R AR TAE G HHE 3.6%—5.6% , 1 A FL B A B AT FL IR 43 90 i AL S BETE 1.6%—17.4% |
2.4%—16.7%, Tz " SRV, FH (1 a) A0 T B R, g Gptam (2 a) e
KRR 2 BT IR, JE BB LB R B PR % 18.7%—23.3% ; Ta bl 3 a, A H L 325 A
FEREIN T O & A 8.10%, VLIRS B Gk 2 a J5 TP AR ARES , ACHIE 5T 455 St 3% B Bt 25 X 96 eF ] A9 S 4
R HH 222 3825 T4 2005 ARG T 14.6% , B LB E R BAEFLBREEFRAL T 19.1% M1 18.7% . WA L, 244
H AR PR EA AT o0 38 p A 8%, A8 0 - 4 vh 32 43 1 B BN i, fiff 1 S s A ok R AR K
RN

SRR Dt sl IR AL AR R R B, B T IR SR - e h A A R B, 2 A Y
—ANFEAERRT Y AR R T DA e R A W B A b2 2 7 a AGIKIR AR
R EPHE A Tk P U P BRI R TR G AR SRR T 4G R W S bt - b i R
IV BRI/ T 40 A AR 1, AR e, SR R AR AR O & B A B AR PR AL - B
AW ARTAT I TR | L TR AR A 2R 3 i R B o 0 LU AR SRR 5 41.9% (470 1% 67.9%F1 65.7% , A4
WFFRAE AR, 2012 4E AL H A HE+ AR | S b+ AR i A A 20 P B0 Bl 28 v X R 126.1% ,121.1% , 38 Jin i
R HA AL TR A0 R E 2 SR E . B AP 2005—2007 2012 4F A S5 AL Bl T 1 44 2 A T Bk + il
IRFNR K, B & T X R 72.79%—137.7% (B4 A0 BEAE i AL S0 DREG TG PR 22 AN B3 PR, Sk e K
FERR 4 3 0 A ML 75 k) LA ol 400 R L P R o 0, BB A AR it 3 g R T R W FE Ak, A R TR
MR SR A R 20
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32 RS IEMFOCR

FRRE 7 e FIVRE A A J5 32 it s % DR 35, 5 B3R Ty ORI AR R R B D), ERk 3" i 5
o PR A KRR A K i B TR AR IE BRI LEE , 25 5 3 W KRR 7 o TR 3T ) A AN [ T 22 5 B
KA AL A S AR S S A IR AR OOC R T A S S A SO R AN
XU A S TR RIS Rt LS AR S R 7 3 28 M R AR LG R, R WA 1 3%
EEOOK(E7/ P ~NiU 2 CL EROR 5/ NI(Te o o R W =N D= WK (B 7/ M i1 UF- 2 IR DS RS N N DA U B N 2
PR AT pH AL R A AR EASC, S EAL S B AL EE i R A
HK(P<0.05) , IMi-547 850 A R o A U IR e LR RR DG A 3

Wt e AR O KR 48 T 48 0 R T BRI AT A BB AR BOR Sz BIYCm A A < Hp e — 5 SO
LR Z AP R R 2 T RS A LAE )0 3T RAP R A 7 1 K R A T IR
DURICAE Py B s, IR FH DR AP M R AV g e e DX XU A DX Rl T 58 % TR A U 2 —
o G B+ BN G+ RPN 7 SR R o B o (ELR 53 20 i DX St A/ LB K- AE, LA
o R, DRAP PR RS AT AL R A BE B, L S D S AR AP A A R T 55 R

4 #ig

(1) ZEATRIS F5 0 A O MR B 3 & T KR, 8a (AR 4P MRV AL 35 1) - 247 it i AL et
1E 4.5%—8.8% , 25 AL 3 A A ERER AR AR E5ORN 25 SR B g X IR i A TR E R AR,

(2) 32k 8a AT H RSP VERHE AL BRI T35 AR THE R 3.6%—5.6% , 1111 S FL B EE FI B 45 LB RS
3G A GEHIE 1.6%—17.4% 2.4%—16.7% ., SEGEBHEMLL, ELE 8a fRIP MR FREE = T 1A HL
i (2.9%—10.0%) A %%W(4.8%—31.6% ) EZLEF(9.7%—25.7%) .

(3)7E 2005 4Rt +i R HIE L RAUE iR 2, 035 05 T X IRAR B 51.6% , S bf + LB AE 2008 4F 35 31| e
K, B TR 54.1% . 2012 4E b+ Bt Sk + 3B 035 2 T4 IR 126.1% 121.1% , 8a [H] 13551k
it 356 PR AL T BRI 0. 292—0. 451 mg/g Z[H], Hort 2005—2007 2012 4EH 2 R+ ik B ok, W T
RBALFR 72.7%—137.7%
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