45 29 B4 6 11 H = 2 Eire Vol. 29, No. 6
2009 4£ 6 A ACTA ECOLOGICA SINICA Jun. ,2009

KRR SN LSS
IKTEE PR R R

1,2 s 1,2 3
FEM ML A e
(1. ERL B W R AR ASHFFE BT, 19> 4101252, CERN BEIER H A SR G E F RIS T0G , BEIE 4157005
3. IR AT A R, BRI 413400)

HE: U ER B IR AR A4 R0 15a KB H [ E AU AR R X, 4081 T AR FEFR S IRAXTRE 0 L3855 40 FK = &2
RPN, Z5RRH, IES RGE NI HE DIDEIEZR A AL J7 3807 F = BRon B A —30, BV RHES R B A A F 1 1%
EWNEMAZNHE  AEARFSBAT, LEHEEIEMER Y E LTS EMRRSAHR 1.5% ~5.8% F12.5% ~
9.4% ; SIRIEIAHLL , AR F S BRASZEBZ TSI ETE - 18.3% 3 30% Z 8], B EH 0B 56, THRIBETES. 1% ~
22. 6% Z |8] ;38 33 FIRFSE AR B A0 15 1 , 38 N R 5500 PTRRSE MR L AR BOAR B A K, T PLK 37 43 ) AT RS2 1 I X 5 AL
JERRBEE . EASREEA RIFK B 45687, RENAIDIERE A T RSB 2R E A e,
KR FRA; LIRS PR RS

X E S :1000-0933(2009)06-3059-07 HESFES Q142,314 TEAFRIAFG A

Effect of different fertilizer applications on sustainable soil fertility and rice

production in red soil paddy ecosystem

YIN Chun-Mei'?, XIE Xiao-Li'* ,ZHONG Shi-Lun’

1 Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China
2 Taoyuan Experimental Station of Agriculture Ecosystem, CERN, Taoyuan 415700, China

3 Agricultural Bureau of Taojiang County, Taojiang 413400, China

Acta Ecologica Sinica 2009 ,29(6) :3059 ~ 3065.

Abstract: Based on a long-term field experiment started in 1990 in Taoyuan Experimental Station of Agriculture Ecosystem-
CERN, the effects of fertilization on the fertility and productivity of paddy soil were analyzed, so as to discuss the
sustainability of ecosystem of double-cropped paddy field in subtropical red earth region. Results showed that: chemical
fertilizer input and recycling of organic matter in the ecosystem had the similar effects on soil fertility and system
productivity. Organic matter recycling was better for the accumulation of soil organic matter ( SOM) and total nitrogen
(N). SOM and total N under different nutrient inputs presented an assurgent direction in cultivated soil layer (0 —20cm)
and annual amplitude varied from 1. 5% — 5. 8% and 2. 5% — 9. 4% , respectively. Contrast to previous experiment,
nutrient phosphorus (P) content in soil cultivated layer under fertilization regime varied from —18.3% to 30% , potassium
(K) was exhausting which decreased from 8.1% to 22.6% . The sustainability index indicated that, the sustainability of
soil N was much more dependent on chemical fertilizer input, while P and K were relied on organic fertilizer. Paddy
ecosystem has a strong ability of self-maintenance and the recycling of organic matter within the ecosystem could be benefit

to the stability and sustainability of the system.
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REZMA LAY E>X  KE-2EHAS— 2001 FRERS & 52K E™H 31.0 % ,KEk
PRI 28. 59 x 10° hm? , (52 BRKREIEFH M TR 18.9 % UK FEIRE(29.4% ) . FEHESRGEMENP
HEENRBESRSG, LA W REAREEEEZMRENREL 2, £ %20 Z4H, B TFRE™K
R P B3R PR AP B P 5 7 B, KRS P BRI AR T (B4 TG AR 5 A 75 72 P - 393 1k ]
B aREDY . REIFFRIEL AR EE B RS SRS 5 M S4B YUIE B A IS
K BRI S 1AL A E DI S A, BT AR B AT, T A A i & — KR g,
WRASFREAFMEARN T BEL BB (ERFTAARIREL BRI —HEBEH ARG . A
X FREER W AR RGEF A RAZ MBI, AR E THX S IEAE ) 51 5 B AR sl =3O, mag b
W2 5RA AT HRRSEA B R AR

A2 7K R 2 T 40398 o X AR 43 4 B oA, 2030 SR A LB — B A 2 6 o Al K
FEARIEAL T T AFEFFHRA TLOIERE AT RE M T EIE S MR G AT AR, T HRW T 4
BEREHAESRAELIER S S EREMEX TR AR R, AT 07 H A S RG RS ORI R 4ER 2=
WA o
1 Rt 55
1.1 Awikit

RISTE F ERF2E B IR AR A B A SRR LA INAE T (FRE 111°337, 645 28°55") #17, 1K=
B 89m, 4EHS IR 16. 5 C ,[E/KE 1447, 9mm, H B8 1 531. 4h, KBA%EST 322. 6kJ-cm *, K+ 355042
AR RBRKRE L, TR F RV, L bR 20N 1990 4F 28 A 4R R 2 B A - e Ag R RS - -
SRAR AR o 1A FBEREAR S MR A A HLR 23.2 gokg ™', & N 1. 39 g-kg™', & P 0. 60 g-kg ™', & K
14.9 g-kg ™' ;BB N 53. 4mg-kg™ ', AR P 14. Tmg-kg™', AR K 67.Tmg-kg ' ,pH 5. 74, +3EATE 1.25
grem’ o IRIRAHE S HIN -

OTCHE , B3k 7= i 2B R RS (CK) ;QTTHE , Wtk 7= & SR A B3R A A, TR FR“ B3R (CK + C) ; Q)
A B BIE (NPK) ; @L2= A B FRIE + 1835 (NPK +C) . O5Q.@5@7 3B VL BHE R BT
A3

HERALAE R PREE (N 450.0 g-kg™') A BERREG (P 52.4 g-kg™') MAILHH( K498.1 g-kg™') . MiHEN
N 219.7 kg-hm *,P 39.3 kg-hm *>,K 169. 1 kg-hm >, BHWIER 2K IIEFZ S B 80% (1994 4E J5 Wi K
50% ) RAaEANIE B RGE B R RIS FE M SIEWOR E BEHGE B . STE R IERHER & 7371
7, 4b3E C:N 137.0 kg-hm > P 28.6 kg-hm > K 181.5 kg-hm > (K) ;4b3 NPK + C:N 208.6 kg-hm > P
45.3 kg-hm *F1 K 309.3 kg+hm 2,

B ESR 3 K, /NXER 4. 1m x8. 1m, FEHLIXHHES] . /X [E] K P FR T, b 3R 0. Sm, 5 H
F£0.2m, REFHEFK I EEE YT LM KRR /D X BT A, A 7= 'K 14% Ko &
B, B4 AKRERIERTHEZ (0 ~20em) A& 508 J7, & AL 338 Hn il 77 k2 0 - 8 3
T SRR .

1.2 BdEabHTr %
KRG SPSS11. 5 FEATEIR A/ HTALFE, Duncan’ s B BN ZEHEAEEF BEEIT.
2 BRE5SW
2.1 RRIFHSBEALHET LIS EL
2.1.1 AR
A VURIE N & AR W — A EE R, AR —E T ER. ME, AREZBEMRERKE, -
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DABSHIE] S RUBE 24T, 5 Ab 38 H A LR (SOM) E E B K (B 1) . XA RE5 /% H pH AL 1E A
BR. WARIGIE , FEE KRS LA EAERR A K, FE H pH (E 2 B 4FE T &%, & 403 pH 3T R
H4:CK 5.57% CK + C 4.50% NPK 5.93% F1 NPK + C 5.10% , b3 > ] pH (ETC B ZE 25, S. Nardi' ™' 2
W3R , 158 pH [HREB I LA VU M A% 18 B pH (ERER, T ERRIE MR , RS Ik 3%
AR R, 728 LA VLIRS EE, R, R ik LA VR W b, B SR FEERNT . iR
IKFERFFE BT KRR 45 RN FR  7E K ARSI T, HEEAHURAN B TR BN . Ga AR5,
ROATLE N, pH EREXT R EAVUR MR BER XTI k.

BTFERE Y 4 A G, B EREMSEE 28 S o
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BIBIRIATIE K T 5.0 g-kg 'F1 7.0 g-kg ™ K
BHMNK 1. 5% .2.2% ; AW TEHR K CK + C i
NPK + C AbFH4> B3 T 18.4 g-kg ' F119.0 g-kg ™',
BRI 5. 7% 5. 8% . WAbFEEZRKE,
SOM & & A 43 WA KA . AR AE RS (Ui Ak
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THEAHLR A R
Soil organic matter content (g-kg™")

3 NPK I HOAREE g — 4 , 2630010 PR BLA BB 55 1t 2
5 NPK JERCE7 HLARHIBFR 42— 44, B AL b P e ver
HIE] SOM Hy% SR AWK S (1) 553 4 4a 5
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Fig. 1  Changes of soil organic matter under different treatment of

TEFRAT LB 4R EE HUR & &, TR 7506 Al AL IE Ul
H5HEAEIRSENTREMER,
2.1.2 HEF FHRS &R (NPK)

23t 152 BIRBALEE , +3E 4B NPK 520754 T — 207 (£ 1) . HESEA A B IRAE i
5 AR WAEARRERES. e N SEMINRLSHKE CK+C, iR 1.82 g-kg ', 41y
WRKEI.4%  HEBBETTHANTEVDIERKILLIE(CK A1 NPK) . BIE ARG IE RS BB E K
CK b3 34 N & B 5 IR R Al —E MK 3 KB 0.48g kg ™' AEHIE K& 2.5%

F1 AEAE 15a [F11 NPK 3R451R5 (2004 4E4 1)
Table 1 Contents of N/P/K nutrient in soils(0 —20cm) under different treatment of fertilizer application after 15 years(test in Apr. 2004)

fertilizer application

N P K

ISt e A, &n A 2 AT
Treatments Total N Effective N Total P Effective P Total K Effective K

(g-kg™") (mg-kg™!) (g-kg™") (mg-kg™!) (gkg™") (mg-kg™")
CK 1.87¢ 44.95a 0.42¢ 4.6d 12.42b 41.17¢
CK+C 3.21a 45.02a 0.50¢ 6.48¢ 12.38b 73.49b
NPK 1.97be 46.87a 0.61b 13.98b 11.53b 62.28bc
NPK +C 2.69ab 53.54a 0.71a 24.56a 13.70a 125.61a

FHARE /NG PR —FEAEAE 0.05 KF L E#E#S  Different lowercases in table represent significant differences by 0. 05 levels

HiAKHTAH L, CK A1 CK + C LB -394 P 235 PR T 30.0% A1 16.7% ;i NPK 4-35 NPK + C 4h3
W3R T 1. 7% F1 18.3% o H1TF 1993 ~ 1996 47 [ i ity b 5 P , ZK ARG ™ S93 ] , pby WSOk T A AR G H
FER PR, PR P R KAEY ME SRS AP, = BRI LG, S0 3E + 4 P X 23 RiE
o AL, BERBAKCFHXEGR ) NPK 5 NPK + C 2B BOLK0 T L34 P E — 2. HAP
H5& P WAREEAML, HEREWE ., 23 15a WidlAeB# )G, AR B IR A ZE BREA P 2758
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e K SAHATHIE 4 B A RRER TR, TR HE NPK L3, BRiEAS] 22.6% ,HE 3
KPR 1 B K FEIE 500 CK 16.6% (CK +C 16.91% FINPK +C8.1% , X 5REEFAKPTLLR
ML, — R i FIRER AR+ ERH WM RS LI RA R A S R R E S B K
REBRETHEE 7 — R h TALHEEY =B ZESR, 43 NPK + C > NPK CK + C > CK, Fr A #E A9
PREARE, A T REIRE EZER IMEERIEE S TR, HRTP AR K KRNSO 5HRBARN
IELE, FRBAIK PR B NPK + C 427350 NPK (CK + CCK ALBA A& B H 1.71, 2.02.3.05 i,

2.2 AFRFEMBASHELS=E 14 ~ —o0— CK
15a (IR IOLE AW, 4 40T AE JIRE 5 7= Rk - H I

FJ NPK + C > NPK > CK + C > CK, Btif4abH /K #5 =
B RAEESRE  REAR AL B ARIKE R
AP EESE T mRER. HE 2 fFH, B 1993 ~ 3 ¢

Y 1\[\7

1996 4FIF] 97 FTIR A ERR 4 LSRRI %
PR AA RS 1K P, AT 0 LR W
—FF%%%’E-4 ﬁﬁ%ﬁ}E%Fiﬁmﬁﬁ—ﬁ’ﬁ— 4 | | | | 1 | 1 1 | | | 1 1 1
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Q
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,‘{—f(—'z;]‘ @5b%ﬁgqiﬁgﬁ%%mﬁﬁz:lﬁj[l6~w] . 1990 1992 1994 lzsz} ;2;8 2000 2002 2004
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t'hm_z ,ﬁ%ﬂiﬁc%ﬁl‘ 3 /l\ﬂ‘}ﬂ,iﬁ%? 15a I‘ETJ E‘Jféfﬁ\'ﬁ: fertilizer application after 15 years
BERER RS NPK B3R, 24 13.8% ,NPK + C b3 EAK, 7 10. 1%

FETCHE IR |, 38 I R GG WL REA AT R R A= & (3.1 £0.5) t-hm 2 fLAEBA K= 8 R (3.5
+0.8) t-hm ? {LIBSHE PR A RGO , A VRHER G B TiRERA RN EM., &
Tt LA B 2 m b, 380 R S8 HLYDRHIE SR B35 PR 4 (0. 89 £0.26) t-hm 2,
2.3 FROBHHT

CK b EA MERHEA , FHBE B RSB YR L RS, AR KR —E =8k, X2H
T3 B B S8 54 BRI 3 AR B R A BOR R TR TR 3743 BT B 4k 15 135 T AR BR A 7= &, [ b
— BB K AR R B4 R R RS E A EAREAE B R AT 4 1 ~ 3t km P AR, NPK 403
FIRERHE A BB S T CK + C A IE &, (A - F BB EZER, M CK + C L3577 NP K B¥# 7™ sy
F NPK 4b3# [ 1.57.1.33 £5F1 0. 88 £, /R4 NPK + C b= BEw THE 3 A3, HMNFR5 M= L
HHEXFE,NPK + C (b F T 75 N EHMAES =B CK + C AbFE[ 36.2% ,P Bk 38.5% ,K Aty 43.3% .
W R UL, 7E AL SR b, A PR 4™ ELER TR BE &
2.4 AFEFSBEAT LEFRG RBE =R 80 ir

HEBUAN, RIER RGN BRI R B IR B 5P R L, B AR R GE 4R in A
YT AR PR BRIARIF LR R — N EEAFE . IR AT 752 & J& i) Z ARl k2 4 e Fn
AR B HIRFE A PRI, B LI AR . HIRRA T S SEYE RN e E X

IR AT RRSEERE R (SIN) |, R i I IR o GO S AT S M — DN B E A i, BRI X
AR A7 B AAL AT S WA B IR MRIRA SO 45 5 (35 3) , AL HR ] 3740 T FR S35 BHE T
NZ.:NPK+C>CK+C>NPK;PZ.: NPK+C>NPK>CK +C;KZE:NPK+C >CK+C >NPK, WJUFBH,H
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A HUIE 5 AEE =4 LI Bt , 35 AT IR T H e R R

F2 FAENPK FORANFHEL
Table 2 Nutrient input vs. Grain yield

F$EA Nutrient input B (RBE R BA) (%)

42 (kg+hm~2) Ratio( Grain yield: nutrient input) (% )
Treatments

N P K N P K
CK - - - - - -
CK+C 137 28.6 181.5 64.1 307 48.4
NPK 222.4 39.3 167.1 40.9 231.4 54.4
NPK +C 431 84.6 476.4 23.2 118.1 21

®3 A EAIE 15a [5 118 NPK 545 R =B AR
Table 3 Sustainability index of nutrients under different treatment of fertilizer application after 15 years

4L Treatments RS PTHELEEAE SN Sustainability index of nutrient ‘ ’tgm%ﬁﬁ%ﬁ ‘
N P K Sustainability index of grain yield
CK - - - 0.73
CK+C 0.59 0.21 0.57 0.81
NPK 0.12 0.71 0.52 0.72
NPK +C 0.61 1.41 0.89 0.74

FEE A RREEPEFE B (SYT) R E R R B REFFELAE = I — AT S B, SYT K R G W vl Fp s v ity , =

HHARNK
SYI= (Y-0,,)/Y

KLY =8, 0, IR, Y, ERE TR, FEZE =R ZEMAE R R RN E B Z
FEEAR SRR R E RO, FERHE A GEREAEY AR IB L T  RER AR FER B AR R L
HEHE F1 A4, ARB A A B PR B AT RS (3R 3) HEFF M : NPK < CK < NPK + C < CK + C; P RAEFRAE 5
REHEFF R :CK < NPK + C < CK + C =NPK, Z5RFMH, FEFHLELEABR-EZFRE, SHE
REBEAR HL AR PR S R B/, ATt 2= 5 T NPK b3 AU FHE VLRI A CK + C F= BRI etk
FEAEZ T, AVYEANES =B Rt BA B WFIRIER . T NPK 038R 5 RER K, =& 1]
FESRPERR B/, Bt R UL A L IEA R FREIA = BB E SRS, MERE™ RE R IKFE
H BAn &, BYLAEHEIRS 5AE M BC A5 F o B 2 AR M B B
3 %ig

15a HRHAE A IRER 2 I, Toit WX 3B SR 4338 2 R G A7 1 7 E W R E , B YL EHER 512
NPK JE 38 1 #REA—3, —H AR SBHAESREN T BKF, Rk BRI R, HAFES
BATRKRE , AV HAL2E IR A T XA B TR B L &, B AV RHER e it m e ™
B E MR AT Rt , RS IR AR R A B e T

RPEAIRIG L5 R, EFF RS 13 pH (A2 TGS I e 3 VLR MR 2R 5 Ty 21 458 X S A H 133
FHUR S 2R S EEM KT ISR IR DL K EAE £ F A R RIS K 3B AN R, BIEEAS it ARt AR ok
X — i LI R M S EXT MBI R A BB K, B BT LIRS E 2 B R ERERPEHE
MR J7 AT e 5 TR U, ALAR R IR AFT LASE & R R R AT RS20k, A LA A 45 A ) 58 1| F £ 1%
B SR ARSI o

BHASREER BRI B4R . ZEHRTMZERAE I &ET , Wk =a Bl 253 H XN
A, FEHAEBRGA RS ZELERF RGN E 7 M 7E— 7K QS ad i RGE N ER 57 i BB PR A A e
BIFRE BT HBERNE, PS5 = S0 A ) B RSSO FI7E 45857 70 PR HL 8 J T B RIUNE ¥ %
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