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Effects of Nutrient Recycling on Soil Fertility and Sustainable Rice Production
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Abstract: Based on a twelve — year field experiment, the effects of organic nutrient recycling use on soil fertility and sustainable rice
production under various formulas of chemical fertilizer NPK application were studied in the double — rice cropping region of Sub-
tropical China. The main results were as follows: (1) It was essential to apply chemical fertilizer for high yield of rice production, and
the rice yield kept around 5. 6 t * hm ~* under no fertilizer application, while with applying fertilizer N (229 kg *+ hm~?), N - P (39
kg hm=?), and N -P-K (162 kg - hm~?), the yield raised by 6. 6, 7.9 and 9. 0 t * hm~?, respectively. Organic nutrient re-
cycling use could increase rice yield further, but the yielding benefit reduced with the increase of NPK combinative application; (2)
Under no fertilizer application or applying N alone, the coefficients of annual variation of grain yield significantly reduced with the
recycling of organic nutrient, which showed no further reduces under the application of NP or NPK, i. e, the stability of rice yield did
not significantly improve with the application of NP or NPK. These implied that it was essential to use fertilizers with optimum ap-
plication rate and balanced nutrients of NPK for a high and stable rice yield, no matter whether the nutrients came from organic manure
or inorganic fertilizer resources. The fertilization systems affected the yield stability of early rice stronger than that of later rice in the
experiment and application of fertilizer P was most important for the early rice to gain a high — and — stable grain yield; (3) Little
declining of soil organic matter (SOM) content was found with no fertilizer application for continuly 12 years, while SOM content
increased unstably with chemical N, NP, and NPK application. The recycling use of organic nutrients significantly increased SOM
content and further improved the bio — availability of soil NPK nutrients. Moreover, through recycling use of the organic nutrients in
the field system, the high input rate of chemical fertilizers could be effectively reduced without reducing grain yield, and, therefore,
the environmental pollution stresses alleviated and the high efficient and sustainable rice production were realized.
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Table 1 Annual nutrient input rates on average from different sources (1990—2001, kg * hm~?)

Jbs e AN (L e Hit

N P K N P K N P K N p K N P K

CK — — — — — — — — — — — — — — —
CK-M 66.6 5.7 43.7 9.3 5.9 3.3 47.4 9.6 134.5 — — — 123.3  21.2  181.5

N — — — — — — — — — 229.1 — — 229.1 — —
N-M 75.4 6.2 51.1 11.6 7.8 4.7 72.4 11.4  168.4  229.1 — — 388.5 25.4 224.2

NP — — — — — — — — 229.1  39.3 — 229.1  39.3 —
NP-M 95.6 8.6 60.7 11.8 7.8 4.7 79.2 14.4 178.6  229.1 39.3 — 415.7 70.1 244.0
NPK — — — — — — — — — 229.1  39.3 162.1 229.1 39.3 162.1
NPK-M 93.6 9.4 74.0 13.2 9.1 5.3 84.8 17.2 226.7 229.1 39.3 162.1 420.7 75.0  468.1
NPK -M2 84.6 7.4 51.6 — — — 34.1 6.1 83.8 153.2  26.2 54.0 271.9  39.7 189.4
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Table 2 Rice yields under different fertilization models

(1990—2001)
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Figure 1  Changes of rice yield with or without organic nutrients recycling use under different treatments of fertilizer application(1999 —2001)
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Table 3 Effects of fertilization model on the stability (CV % value)
of rice yield (1990—2001)

Ab P LA WA AAE
CK 21.7 b 25.3 be 14.6 b
CK-M 16.2 cd 21.3 d 10.7 c
N 34.2 a 25.6 ab 21.7 a
N-M 16. 6 bed 22.5 cd 11.5 c
NP 13. 1 d 26.5 ab 14.5 b
NP -M 17.1 bed 22.2 cd 13.1 be
NPK 14.5 cd 26.3 ab 14.7 b
NPK -M 18.6 be 28.6 a 13.4 be
NPK -M2 12.9 d 23.5 bed 12.4 be

VE SRR = BRI + T x 100
B 12 AEA AT AT ISR A R A8 0 (CK b3, 4
AT LI 3 i 5 00 2 R AH Ht R RO T R
(0.3 g+ kg™ ") A TR 0. 09 % . [ 7K FEE
FE 1 (IRRD) A 1R 56 45 FALIE B, 7E 7 /KA RS R BT
T, R U 5 TR, HEBR DR SA A B
JE A i R BRI — ELA P i e s R4, KRG
B 53 7 18 v (10 AR G B o i A A LT K
VLT EEAE . PEA IR R0, 7N R
OUF, KFERAEERE A (TYE) Jy1340kg -
hm=2 Dk b BEEALAERRER , A& MG AR,
IKFE P KB AR, AR B R, ¢
FENEBCHE S5 A WG RIS LT, AREE IR [ 4] ik
2060 kg - hm > DA_F iR R A5t A I 1) &5 b SR e
PR A BT & 5 RS AR By, A HLAE 2R
FI IR A DL A8 T RN, WA 4.
2. 2.2 W AT O
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Table 4 Contents of SOM and NPK in soils (0 ~20 ¢m) adopted different fertilization models for 12 years (Covariance analysis) (April, 2002)

Ab 7 HHFE /g« kg™! 2 N/g - kg™! B P/mg - kg! R K/mg + kg™!
CK 26.3 d 1.77 c 6.6 e 55.6 d
CK-M 31.8 be 2.34 a 8.6 e 91.1 be
N 27.1 d 1. 80 c 6.1 e 51.2 d
N-M 34.4 ab 2.36 a 9.9 de 78.9 cd
NP 29.1 cd 1.99 be 21.9 b 63.9 cd
NP -M 36.4 a 2.46 a 33.2 a 75.8 cd
NPK 29.6 cd 1.87 c 18.0 be 136.0 a
NPK - M 37.3 a 2.41 a 33.5 a 138.1 ab
NPK - M2 33.4 abe 2.28 ab 13.8 cd 71.1 cd
2t 12 a AFEACAL B Z S, 3 NPK F200 & FR0r & i T RRAY RS W] 8 T LA AL Y PRI

WEET BT HEE 12 a AHICAHE, 134
NFEAET 0. 11 g - kg™', 4FFREHES 0. 49 %; #HEL P
FEAIK 9. 6 mg - kg™, 4E FREHAIA 4.9 %, HAL K &
HFEAR 18, 7 mg + kg™ AE N R 2.1 % . 1HE NPK

R HARE AR, JCIE B N RN 5 PLK AEEC
Jith, xF 34 N S A AR W R, AL
N 7 L3 A A PR A7 A BAR A DL ER A FH 25 A0 B
T N SRR RS, Wons T R EEES



55 23 B4 6 Kk BB

i

F

o 1045

AR

IR o - HETRAL PRI K R AR R A LA 1
PR 52 5, T NPK — M2 403, i TLHE P
A K ATt A L T e Bl T 33,3 9% F1 66.7 %,
M H R 50 % FEE iR H , 38 PK ¥4 A R FE
FIREAG o A AL G AR R - 38 % 40 AR R 0 5T
Bk, BRI R AN IR W R A, AT RE S
FEAT SH ISR A5G ML RHA B 2 5 REAR T 35t
W RFE4r, FE R KR P AR, 38 m = Ag iR, ik
ML T3 P A K B9A R e,

3 &y

T BT A it AE A 20 O 155 - S TE T oK R R 2
7 3 B A o e A I 2 S B e ™ g e 22
ZEAF, NPKE 35t B E PR B R 9 ™ FA ™, o
ABAE E A HLT & & A S HEAC RE I 4 o AR
17, R AP SRIE , FRIE- S5 AP IR 030 A AN S,
B AMURE it — 4R R KRS ™ BK-F, M HLAE 3%
o NS TPk o A AL 3R 23 SR B IR ER A
I, A SR S AR IE R 20 1 R B AR, B8R 34
BTG 3Ry, S BUR IR S R GUHE 7™ 1 B ROn] 5
KM,

S % 3k

(g

i

(1] iz, SCOR 22 . v E RS AR AR R R SR LA UL KRS - 2p A
W 2sie e[ Cl. dbat: Bl AL, 1980. 207 - 209.
[2] ¥k B, 2R . RECAE AL L HAR S R e (1], it

%,1989,26(3): 273 -279.

(31 VRat i, XIWA, EBLE, 55 . R AES ARG EHHAHEY
PRI A AP S 0], R AR S, 1998, 9 (4): 379 - 385.

(41 kAt b B B PR 5 P BB AL XS S LA L. DL < i A 5 B35
FARTHEZIESCRIC]. dbat: i E AR BHE T A, 1994. 1 - 10.

[51 USRI, 5 HE A%, 2R SOHE (2 ). REFFIE H A LA S5 HE AR (M.
At pER H R . 2001

[6] [ LB e Rl A 2 Tl A 22 (). LHERALE BT M.
Jent: Bhog i, 1984,

[7] Witt C, Dobermann A, Abdulrachman S, et al. Internal nutrient effi-
ciencies of irrigated lowland rice in tropical and subtropical Asia[J].
Field Crops Research, 1999, 63: 113 —138.

[81 XU 22, w  o%, XUAFEAF, AlSLAE . A HL - JCHLIE FCHE g 7 2800
Jeof AR ST 2R 0 LT T ], 7R, 1996, 33(2): 138 -
147.

[9] Sharma A R and Mittra B N. Effect of combination of organic materials
and nitrogen fertilizer on growth, yield and nitrogen uptake of rice[J].
Journal Agricultural Science, Cambridge, 1988, 111: 495 —501.

[10] BEA, ARBESr, FAEH . SRR AT DL o3 S 0 P

JRELS]. EHER, 1998, 35: 482 - 492.

[11] Cassman KG, De Datta SK, Olk DC, et al. Yield decline and the ni-
trogen economy of long — term experiments on continuous, irrigation
rice systems in the tropics[ A ]. In: Lal R and Stewart BA (eds). Soil
Management: Experimental Basis for Sustainability and Environmental
Quality[ C], Lewis/CRC Publishers, Boca Raton, FL. 1995. 181 —
222.

[12] 274, F 5 A, AR . A G PGS S B i 0 O — fige i
B ICARAERE I [, Aol K220, 2000, 19: 227 -
232.

(131 7% W, LR . 208 Fr e DX AN (i) it I ASE X 7K B3 53 1
WEMEAN [T]. AL IRFERL 22274, 2004, 23: 67 - 71.



