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mo, %D AL O AT, AR RRLT.S C
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Fig.1 Data of meteorological factors ( Nanchang station )

1.2 Rt

RIGUR T 19834E 4K, 19844ETF I Pt , KA
feE-FE- WA A Oy 2 i A ab . (1)
A (CK) ;3 (2) PK; (3) NP; (4)
NK; (5) NPK; (6) 70F+30M, ElAb# (5)
F30% M ALIE SR LA VLB SR AR (7)

50F+50M, HPARHE (5) th50% 1L IE 5% 3 LAY
MUIE % 20 105 (8) 30F+70M, BiALHE (5)
H70% AL TR LA ALIE SR 8. =k HE
2, BENLIX A HES, Fe24a/NIX, FF /N IX R
33.3 m*, /NX[E]LL0.45 mIEHI0.5 m e A /K I8 H
HREIT, MorHERE . RAMIZEA 150 kg hm ™,
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F1 REATTEEARMR (0~20 cm)
Table 1 Basic properties of the soil before the experiment in the 0 ~ 20 c¢m soil layer
G A A A
N T Y o~ _ e
A Slowly Alkalyzable Readily Readily
SOM Total N Total P CEC pH
Soil type (o ke ) (o ke) (o ke released K N available P available K ( e
g g Kg cmo
o ¢ (mgkg')  (mgkg')  (mgkg') (mgkg") ¢
K BE A -
Gleyi-stagnic 25.6 1.36 0.49 240 81.6 20.8 35.0 7.54 6.50
anthrosols
WA AL A 180 kg hm™, RAMGERIGAERE o9, 7E70P9H RAMHIEEEIE, IFIE IR &

(P,05) F2idy (K,0) —3, /5 HaithP,0;
60 kg hm™, 4i%fK,0 150 kg hm™, AIENIRE,
AR R i MR ES (& P,05 12% ) , HPAE N &1k
B, ANV R R S e, R R R
N 0.303% . P,05 0.08% . K,0 0.23%i}, HefE N
fiff e, HFESTEAN 0.45% ., P,050.19% .,
K, 00.60%711 . A T HRUEA HLIE 3% 43 5 4 b ] 4
=2, TR MRS 7RI AR 31T Fh i 5%

i, MR O i SR LAR IR 40 % o AR
BEAL A ML 2SI, FES0%/EILNE, 25%1E
STBERL, 25%VE4hFEAEAE, BAE&fEB AL, 50%
VESTBENE, 50%VE4hFE AL . A& Ak BT RLSE 9 it
A WLER2 . g i A Fl . 1984—19904F [H] F A5
FER AR T R FE LN EIE64; 1990—
19974F[H] HL 5 49003, MEAE 2625 1998—20084F
[R5 948, HART M923,

®2 TREERLEMEREGFSERSE

Table 2 Mean annual application rates of net nutrients in treatments in the experiment ( kg hm™)

LR Early rice

W FE Late rice

puR 7 ; ,
b3 o N JR%E ERigil VS pux R Afbs
28508 Milk vetch iR 5 .
Treatments Urea KCI Pig manure TR 5 Urea KCI
(N: P,05: K,0) SSP
(N) (K,0) (N: P,05: K,0) SSP (P,05) (N) (K,0)
(P,0y)
CK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PK 60.00 150.0 60.00 150.0
NP 60.00 150.0 60.00 180.0
NK 150.0 150.0 180.0 150.0
NPK 60.00 150.0 150.0 60.00 180.0 150.0
7OF+30M  44.34 : 11.71 : 33.66  48.00 105.8 116.4 54.00 : 22.80 : 72.00 37.18 126.3 78.12
50F+50M 74.92 : 19.78 : 56.87  40.20 74.84 93.60 90.11 : 38.05 : 120.2 21.96 89.84 30.06
30F+70M  103.9 : 27.44 : 78.89  33.00 46.00 71.40 126.0 : 53.20 : 168.0 6.84 5433 0.00
1.3 S#A® SR A FH0.5mol/L NaHCO, & 2 —4H %6
- g A AL AR GE 0. pHAIpHI R Ptk A 1.0 mol L7 #HNO,IZH—k

(FKBIR bR 2 2.5) 5 AL E KBRS 0
2 ARMEIE R 2 &R MBI IR &
THi—4ABBT L@ 58#ZUHI 1.0 mol L™ NaOH#R
i B s AT 1.0 mol L™ NH,OAcH #i— K J4

TR T PHES 384 O R B 38 ek o
1.4 HEELIE
BEME 2 (Shuklak2z) 2=
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FF-03(, -
c. = d

' (f-

GAEIT AR RRL (Shuklady 22728 57 R %0) Y

\/;XIOO%

k&S5, Bt AEA BN 1T, B E]
(4 ) HBNVTE R = R, P Y, o 7= i
AN EHE =, SRHFE R MR TAR 2, Yo
W FEATRE, YO M A, Y
R R R AR . SRR AR BREL, el IR
BeFH, ARBFSE o 32 B4 it I A BRI A BRI 85 AR
fRE, 538 Fi2s,

PR ARG PEFE SR (2 =SYT ( Sustainable yield
index) = (Y-6,.,) /Y,.., P YRHFEY=E, §,
NAREZE , Y, R

kM Excel 20033178048 B B AN 2518, SPSS
16. 05 T H AT e o0 i, Horboy 2250 Bk
2972 (One Way—-ANOVA ) 4347, 7[Rl &k 3 2 ]
2 WECRHLSD T

= SCV, =

2 4 R

2.1 WEREFE

MR 3T LLA K it I8 X B A 0 e A
TSR A AR, %25 a W ZFE ( RAEFEAS )
SR BEEAT T Z 0 R, BR30F+70M A
TOF+30M Ak B[] 22 5 A 8 & 40, Hofth 4b B 22 (] 1
“%IJE%‘@%E7J<¥ X 15 B AN [] A B G X 2

BEEYA BER . 30F+70M. 70F+30M .
50F+50M., NPK. NK. NPFIPKAbFHAY254E 5= H
SERMEB A AL AL (CK) 439145 1771.92% .
69.37% . 65.75% . 59.55% . 47.70% . 32.61%#l
15.16% . AT UL, SRS AL #RAR L, 34
i NPKALAE A B 25 48 5 1 A=A P i, RS A
AR R R — s A HLAC AT DL — P R
W AT 309% F170% 45 HLAE AL B & i B e kK, 5%
NPKAh 53 512 55 6.15% F17.75% o
22 WEFFEETHHEE

A AR AR H L ERAFE 2, CKFIPKAR

B 7 o B ) S 2 AR, A A B AR AN
B N K Ab 34 Bl B 1] 52 1 e i 94, JH Al A 30 349 3R
W ARt R H . A NK AR B EE 14 AR 4 (.
11 080 kg hm MK ZE TSN AFEHH10 429 ke
hm™, R T651 kg hm™>, [EIEH6%, FH4F
BFEAS0.1 kg hm™ a™', DEHAFE SRS il 2R IR D
A1 0T A I AS Tl Tl A 7™ S 29 T e AR
CKFNPK &b PR ) 7= i 4F 38 i 3 e K, A3 BB 1
ANTAEYIEG 337 kg hm 16 996 kg hm ™4 fi £ 555
ANTAEYIES 323 kg hm™HI19 719 kg hm™, #4017
1 986 kg hm>F12 723 kg hm™>, i }31%F1
38%, AEMHGNEA107.95 kg hm™ a”' Fl1142.3 kg hm™
a'y NPKAL ) 7= 5 4 38 I 2 A0 6 fe /0y, MER L
ANFAEBME T 520 kg hm 39 h0 255 54 AR S4{E
12 032 kg hm™, #h1T512 kg hm™, HE0E N
4.4%, AEBEIEIL ]23.74 kg hm™ a™', B IEHA,
WEEHZE (IR UTRE K B R < AR 1R 45 )
XFCKANPKAL B ™= 5t (1 52 M 5K, 78 A fh 2= AUIE
AW A, PR R R

FEAN Pt AR AL B rp, DA3OF+70M Ak 3 )
AR IR A, SOF+SOMALFEYK 22, NPKALBEAH Xt
B fiK, FRIH B A AL T it L 91 38 o 7= 4 454 o g
JE G IR A Ak (ILIEI3 ) o

HI ) b 77 e 5 7 s AR AR A i 2 ) YOG R AT L
(ULIE4) |, BIUR= flk s, ™ ik A9 4R AR AL i
N WFZ, WItR R, AR A R B
RON AR RR /N, [z, FLI BRSO AR R . HAR
FI) 1576 it A AL B Ap NPK ORI 70F +30M &k 3497 B 7 e f
Fr, HPE AR AL B AT 50F+50M AI30F +70MAL
PR
2.3 WEH-sREEMATFEY

Xof K 1 A UL ) AR ) R B S T AR
HHEIEN S, LR FEORIE TR . ML
Wi 1052 AR A, i A L ) it RS R <A AR Ak 5 ke

ﬂ’raﬁﬂiimﬁmﬁﬁ AR SR VR B O A8 AR

, SEHAERIR RN R YE P iR e i FE R R,
%mfﬁkﬁﬁﬁm%i& (SCV,) IR Tt 5 35
(FxE) HAERY AP0, sr e, A
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Table 3 Yields of double cropping rice under long—term fertilization ( kg hm™)
Qb Treatments 1984—1988 1989—1993 1994—1998 1999—2003 2004—2008 AEHIH Mean
R Early rice
CK 3056 + 54f" 2371 £ 32e 3083+ 107f 3167 £119d 4 009 + 74f 3137 £21f
PK 3258 £ 63e 2962 +71d 3821 +173e 3 644 +£232¢ 4 585 + 54e 3 654 +95e
NP 4820+ 128d 4118+ 131c 4775 +83d 4237+ 167h 5432 £ 204c¢ 4676 +23d
NK 5632+7lc 5099 £ 260b 5239 +357¢ 4036+ 172h 5020 +483d 5005 +237¢
NPK 5876 +139b 5348 +320b 5584 +293hb 5308 £ 46a 6 414 + 244b 5706 +202b
70F+30M 5974 + 34ab 5778 £7%a 6 055 + 158a 5482 + 168a 6 506 + 126b 5959 +83a
50F+50M 5888 +152h 5299 +220b 5 785 + 469ab 5324 +24a 6487 + 127b 5757 £ 178b
30F+70M 6088 +81la 5667 £62a 6 009 +79a 5404 £70a 6933 +£317a 6 020 = 87a
MR Late rice
CK 3281 +222f 3 842 + 350e 4224 +97d 4563 +82d 4314 + 140e 4045 + 1421
PK 3738 £279% 4264 +356d 4718 + 184c¢ 5230 £ 62¢ 5134+ 191d 4617 +£203e
NP 4632 +43d 4 830 £ 209¢ 4914 £ 172¢ 4727 £ 176d 5136 + 156d 4 848 +57d
NK 5448 + 62¢ 5786 +295b 5986 + 104h 5387+ 183be 5408 £ 300cd 5603 + 174c¢
NPK 5644 +121b 5834+ 151b 6 065 + 124b 5607 + 135b 5618 £207¢ 5754 +78¢
70F+30M 6 022 + 169a 6111 +£291ab 6481 + 142a 6191 + 166a 6221 + 128b 6 205 + 87ab
50F+50M 5706 = 192h 6 100 + 193ab 6392 + 147a 6161 £53a 6 377 £ 290ab 6147 £ 112b
30F+70M 5744 + 141b 6352 + 158a 6 603 + 100a 6320 £92a 6615 +241a 6327 + 143a
FLWFE Double cropping rice
CK 6337 +£262¢g 6213 +351f 7 307 £ 94¢ 7730 + 190e 8323+ 171f 7 182 + 138¢
PK 6 996 + 293f 7 226 £ 425e 8 539 + 353f 8 874 +260d 9719 £ 176e 8271 £297f
NP 9452+ 118e 8948 £311d 9689+ 112e 8 964 +320d 10 568 +333d 9524 +35e
NK 11080 + 114d 10 885 +529¢ 11 225 +460d 9 423 +355¢ 10 429 +767d 10 608 +412d
NPK 11 520 +248¢ 11 182 + 448hc 11 649 +316¢ 10915+ 161b 12 032 +398¢ 11459 +280c
70F+30M 11 996 + 160a 11 889 +370a 12 536 + 139ab 11 673 £243a 12 727 +253h 12 164 + 170a
50F+50M 11594 +338bc 11399 +409b 12 177 + 586b 11485 + 64a 12 864 +299b 11 904 +289b
30F+70M 11 832 +204ab 12019 + 144a 12 612 +92a 11724 + 140a 13 548 +230a 12 347 +130a

1) FHME « bpiE2, TR PR ERERALE (p<0.05) o T 1) : Average = standard difference, The same letters in

the same column mean no significant difference ( p<0.05) . The same below
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Table 4 Yield trends of double cropping rice in the long—term fertilization experiment
4k 2 W Early rice W FF Late rice HLI% AT Double cropping rice
Treatments e gt i P R P PR i AR
Annual yield R p-value Annual yield ~ R*  p-value Annual yield  R*  p-value Initial yield
change change change (kghm™)
(kghm™a™") (kghm™a™") (kghm™a™)
CK 52.89 0.22 0.02 55.05 0.24 0.01 107.95 0.41 0.001 6 485
PK 67.42 0.26  0.01 74.88 0.39  0.00 142.30 0.58  0.000 6 750
NP 27.91 0.07 0.22 19.11 0.02  0.46 47.02 0.08 0.186 9 700
NK -42.6 0.09  0.13 -7.54 0.00  0.75 -50.10 0.07  0.193 12 450
NPK 24.18 0.05 0.29 -0.44 0.00  0.99 23.74 0.03  0.539 13 100
70F+30M 19.95 0.05 0.31 13.35 0.01 0.60 33.30 0.04  0.326 13 540
50F+50M 28.84 0.07 0.2 31.62 0.07 0.20 60.46 0.12  0.084 12 510
30F+70M 33.62 0.08 0.18 39.94 0.10  0.13 73.55 0.14  0.067 12 260

F . WA iR I EE R = 4R P2 (E Notes: Initial grain yield is the mean of the yields of the first three years of the

experiment

BORKEHR o AR SCR AR RE M T 2578 5 RO 4%
b B 7R R AT PR . SRR RS, B
R SCVAEIML T AT, F A" i SCVAE K
/NHERE K : PKSNK>CK>NP>NPK>70F+30M>30F+
TOM>50F+50M . SCVAE#E /N, F7mAb 38 iy P fa
FEPEME . AT UL, RS AR L TR
o S8 46 it Ak I Ak B 0 B v T U A R R E
PE, ESEE G A T ROETCHLICA By ik — D4
FEa R E R, HoH DLAE L T b Ak B R R R A
K, BWIHNPKALBEHE 5 1759.78%; Hifi70% f130%
A PUIE AL BEAEXT B/, BINPKAL #7382 5 T
25.91%%129.31%.

PR RS AR BUR DI E R G B REREAL Y
—NATRESRL, SYHME R FRIR R G0 A] 15 22 % 1
Gf, HRSWTW, R R SYHEAR TR, (A3
PL7OF+30MAH I SYHE Fe K, 276 FA I A B &t
AfOL R A AR KNI i 70F +30M>NPK >
50F+50M=NK>30F+70M=NP>PK>CK. Hiltnl L,
M AR 7 o Y P RR S MR O T BRI A A LA
70% L BB jiti 30% 4 HLAE Ab BEAE =5 42 7= 1 200 F &
BE ] RE SRR X B AT

3 U %

O K T NS XA B e s e, AR AT
T REWE, Rothamsteditie 51 Broadbalk/N32
FEAE LS 1 H 2R K onosu 7K A7 128 56 45 15 2 BH (23], 1E
FERDBAMEMT, A UL R TCHLIE R} 3 =
HOR T, DaweE N FllLadhas U7 g 45
25 FE K e g g5 R, ok B AR R A1k
JIEL il FE %ot 7K A /N 22 77 i 14 5% i) 5 48 AL JE AILAE i
itz () ok 2 AR R YR, EERR
AT, 3 HLICHLAE B it b # 55 T HLAE Ab B 1Y
HREEE, HPEET0%M30% 4 HLIE A B
WK, H Z MW 25 s S L it b
JEFA PLUIE AL Bl A — 5 BB AL, AEES T
B AL A AL B [ PR A I R G 5 R R
B Lt te 243 L TR LA T 7 K RS b A 38
FORBE TR, Kb EeE% Y g
B, 40%F HLAE FL it 60 % TLIE 78 /KRG L 14 3 7= 2 2R
TF70% 89 A DU ED it 30% R AL IR AL BE, I H =%
80 % T A HUIE AT s 22 45 12 E g
A H309% A4 HLIE B it 70 % 11 I8 b BR 14 7K R 72 2 v T
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JKAG =B Rice yield (x10° kg hm?)
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Fig.2 Yield trends of double cropping rice under long—term fertilization
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Table 5 Yield stability and sustainability of the double rice cropping system in the long—term fertilization experiment

Qb . FiEarly rice i # Late rice F W FE Double cropping rice
Treatments SCV, (%) SYI SCV (%) SYI SCV (%) SYI
CK 18.91 0.50 11.15 0.61 11.84 0.61
PK 18.88 0.43 11.56 0.64 13.47 0.64
NP 11.25 0.61 10.30 0.61 8.42 0.65
NK 14.50 0.59 6.34 0.66 9.61 0.69
NPK 7.03 0.66 6.23 0.67 5.24 0.70
70F+30M 5.30 0.72 4.28 0.71 3.99 0.76
50F+50M 3.77 0.63 2.67 0.70 1.64 0.69
30F+70M 5.31 0.61 5.13 0.67 4.40 0.66

. SCV NShuklaly 22725 E 280, RFa@ETE ) 22728 280 SYDh = 8 424840 Notes: SCV, stands for Shukla coefficient of

variation; and SYI for sustainable yield index
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26 2008FLIMAEMFNAE (0~20cm)
Table 6 Soil nutrient content and bulk density of the tested soil in the 0 ~ 20em soil layer in 2008
Aib 3 HHE AL E R A A
Treatments Bulk density oM Total N Alkalyzable N Readily available P Readily available K
(gem™) (gkg™) (gke™) (mgkg™) (mgkg™) (mgkg™)
CK 1.25d 20.93e 1.32d 96.20d 6.85d 34.58f
PK 1.19¢ 21.79e 1.33d 106.4d 57.13¢ 148.4a
NP 1.21c 24.32d 1.60be 145.5b 57.20¢ 33.27(
NK 1.19¢ 23.20d 1.42cd 125.2¢ 8.55d 113.7b
NPK 1.18¢ 24.22d 1.43cd 156.3b 52.43¢ 68.54d
70F+30M 1.08b 32.07¢ 1.68ab 174.3a 83.19b 54.11ed
50F+50M 0.99a 34.50b 1.58be 181.7a 94.52h 40.99ef
30F+70M 0.97a 37.68a 1.84a 187.4a 101.1a 86.24¢
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EFFECTS OF LONG-TERM FERTILIZATION ON YIELD VARIATION TREND, YIELD
STABILITY AND SUSTAINABILITY IN THE DOUBLE CROPPING RICE SYSTEM

Ji Jianhua > °  Hou Hongqian" > Liu Yiren" > * Liu Xiumei"” > *"  Feng Zhaobin" > °

Liu Guangrong" > °  Yang Tao' Li Wenjuan’

(1 Institute of Soil Fertilizer and Resource Environment, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China )
(2 National Engineering and Technology Research Center for Red Soil Improvement, Nanchang 330200, China )
(3 Key Laboratory of Crop Ecophysiology and Farming System for the Middle and Lower Reaches of the Yangtze River, Ministry of
Agriculture, Nanchang 330200, China )
(4 Dawen River Ecological Forest Management Committee, Anqiu, Shandong 262100, China )

(5 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract Effects of long-term fertilization on yield variation trend, yield stability and sustainability
of a double cropping rice system were studied through a 25-year long-term fertilization field experiment
in Nanchang, China, of which yield data were analyzed using the linear regression, stability variance
and sustainable yield index methods. The field experiment, established in 1984, was designed to have 8
treatments, that is, Treatment CK (a early rice—late rice rotation without fertilizer ) , Treatment PK (N
deficiency ) , Treatment NP (K deficiency) , Treatment NK (P deficiency) , Treatment NPK ( balanced
chemical fertilizer application ) , Treatment 70F+30M ( 70% chemical fertilizers plus 30% organic
manure ) , Treatment SOF+50M ( 50% chemical fertilizers plus 50% organic manure ) , and Treatment
30F+70M (30% chemical fertilizers plus 70% organic manure ) , and all the treatments, except CK,

were the same in N nutrient supply. Results show that Treatment NPK improved yield, yield stability and
sustainability of the double rice cropping system, as compared with Treatments NP, NK and PK. However,

Treatments 70F+30M, 50F+50M and 30F+70M further raised the yield by 6.15%, 3.88% and 7.75% and
the yield stability by 25.91%, 59.78% and 29.31%, respectively, and Treatment 70F+30M improved the
sustainable yield index by 8.57%. Besides in all the treatments as a whole, the higher the initial yield,

the lower, the annual variation of the yield, and all showed an increasing trend, except for Treatment NK

declining in yield with each passing year. Treatments CK and NK fluctuated the most sharply in yield,
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reaching 107.95 and 142.30 kg hm™ a™', respectively, Treatment NPK did the least, reaching 23.74 kg
hm™ a™' only. However, In OM-involved treatments, the fluctuation in annual yield grew obviously bigger
with the rising ratio of F/M. To sum up, Combined application of chemical fertilizers with manure is helpful
to obtaining high and stable yields and keeping the double rice cropping system sustainable, with the
combination of 30% organic manure and 70% chemical fertilizers being the most optimal.

Key words Double cropping rice; Organic fertilizer; Long-term fertilization; Stability of yield; Yield

variation trend
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