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2002—2005
1.2
IPNI( )
22 ) 32 4
4 NPK PK
NK NP 4 I~ 3
£ 1 KIEHEEE 4 £211E)(kg/hm?)
Table 1  Average fertilizer rates of rice in 4 years
N P,Os K0
276.0 + 53.7 114.0+ 134 174.0+13.4
175.0 69.0 90.0
150.0 60.0 75.0
225.0 225.0 150.0
300.0 90.0 225.0
193.4+14.8 97.0+15.7 126.0 +13.4
140.0 £ 77.0 125.0 £ 52.7 150.0 £ 57.0
191.3+£22.5 112.5+15.0 157.5+15.0
180.0 90.0 150.0
157.5+15.0 67.5+19.4 187.5+14.0
135.0 90.0 90.0
150.0 90.0 225.0
157.5+£15.0 45.0 82.5+28.7
300.0 120.0 180.0
165.0 60.0 90.0
161.5+23.8 51.7+25.5 1194 +£41.4
242.5+29.0 158.0 £39.6 206 £ 50.9
*®2 NEHEIEE@ FFH{E)(Kkeg/hm’)
Table 2 Average fertilizer rates of wheat in 4 years
N P,0s K0
202.5+26.0 112.5+15.0 127.5+15.0
180.0 120.0 120.0
187.5+43.3 150.0 150.0
180.0 150.0 150.0
237.5£66.1 127.5+15.0 93.8+37.5
225.0 150.0 160.0
175.0 90.0 150.0
175.0 £ 8.7 90.0 90.0
150.0 90.0 90.0
142.5+15.0 146.3+7.5 187.5+75.0
150.0 75.0 75.0
135.0 60.0 75.0
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£3 EXELEEG FETLHE)Kg/hm?)

Table 3  Average fertilizer rates of maize in 4 years

N P,Os KO
258.0 £26.8 1140+ 13.4 186.0 +£32.9

200.0 63.8 86.3
205.4 +20.1 60.0 87.1+12.3
150.0 225.0 81.3+12.5

225.0 90.0 150.0

225.0 67.5+19.4 150.0

195+ 41.4 90.0 150.0

180.0 90.0 135.0
227.5+19.3 45.0 183.1 £37.2

225.0 120.0 200.0
198.8 £27.7 60.0 145.0 £ 33.2
330.0£81.2 90.0 168.8 £ 94.4

187.5+26 51.7+25.5 90.0

- 97.0 £ 15.7 150.0

150.0 125.0 £52.7 150.0

270+34.6 112.5+15.0 75.0

1.3 (kg/kg)
(] (produc-
H,S0,-H,0, tivity index PI)!'
H,S04-H,0, AE=(Y- Y,)/N; Y
H,S0,~H,0, (kg) Y.
1.4 (kg) Ny (kg)!*1¥

(physiological efficiency PE)

1 kg (kg)
PE=(Y~ Y.)/(Ny~ N) Y
(kg) Y. (kg) Ny
(kg) N.

N P05 K,0 (kg1
(fertilizer reco-
very efficiency, FRE)
N-P,0-K,0
FRE=
(Nup=Ne)/Ny Nup

(kg) N.

(kg) Ny
[6-10] (kg)[ls-ls]

(agronomic efficiency AE)
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5 2.1
2.1.1
19 193.5
294.8 kg/hm’ 186.8 165.3 kg/hm’
263.6  269.6 kg/hm’ 150 ~ 350 kg/hm®
224.5 ~ 465.4 kg/hm® 67% 75 ~ 325 kg/hm®
161.3 ~ 392.2 kg/hm’ 84% 100 ~ 350 kg/hm’
174.4 ~ 335.9 kg/hm® T1%(C 1)
100 100
80 3 80 2
60 \E K ! 60 @E
0 = X II 40 %
20 gy 4 20 B
0 % I [ \
FERAEAGREREE
i 4 F(kg/hm?)
S
K i
s -
B
S O O O O O O OI_E ‘O
PR2R R38R 8 R
it % & (kg/hm3)
E1 ki E. EXBARNRES S
Fig. 1 Frequency distributions of N fertilizer rates of rice, wheat and maize
2.1.2 25~125 25~225 25~ 175 kg/hm’
94% 96% 95%( 2)
76.9 kg/hm?
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. N
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RERREEEEE
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B2 K. hE. EXBHEHMESH

Fig.2 Frequency distributions of P fertilizer rates of rice, wheat and maize
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2.1.3 19 1352.7~2324.1 725.1~10903 381.2~
31 kg/hm* 10 kg/hm® 981.0 kg/hm*( 4~  6)
( « 4
3) 20% ~ 60%
0 ~ 75 kg/hm? 73% 0~ 40
kg/hm’ 76% 0 ~ 75 kg/hm? 92% 10% ~ 15%
10% ~ 20%
2.3
2.2 3.4% 86.1%
0.1% 71.2% 0.8%
89.0%( 7~ 9)
> > 133.5 ~ 38.2% 30%
219.1 103.7~185.7 28.8~544 kg/hm2
13.0% 16.9% 15.3% 30%
2 070.7 865.5 765.1 kg/hm2 28.1% 25.6% 30.5%
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Fig. 3 Frequency distributions of K fertilizer rates of rice, wheat and maize
x4 K. DE ZRRERE. FERESHNE
Table 4 N fertilizer rates, yields and yield-increasing effects of rice, wheat and maize
(kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (%)
16 209 191.2 8943 2 848.0 30.9
63 192 148.9 7750 1799.0 23.3
180.3 9150 2303.0 28.4
26 258 200.2 6 057 23241 33.9
19 158 133.5 4 687 1352.7 26.9
172.0 5479 1914.0 30.9
65 227 219.1 9110 2096.2 234
19 228 150.3 6 190 2 003.9 36.6
203.5 8450 2075.3 26.4
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R5 KFE. NE. EXRBEAE. FERESYE

Table 5 P fertilizer rates, yields and yield-increasing effects of rice, wheat and maize

(kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (%)

14 128 49.9 8 943 836.5 10.1
35 86 34.5 7750 728.2 8.8

38.9 8091 759.1 9.2
18 139 39.7 6 057 870.8 13.2
17 89 28.8 4687 725.1 15.5

34.4 5392 800.0 14.3
42 119 54.4 9110 942.1 10.8
12 105 34.9 6190 1090.3 16.9

50.1 8 461 975.0 12.2

&6 Kig. NE. EREEAE. FERESNN

Table 6 K fertilizer rates, yields and yield-increasing effects of rice, wheat and maize

(kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (%)
14 130 185.7 8 943 829.0 9.2
35 140 173.9 7750 937.4 11.8
177.3 8091 906.4 11.1
18 136 153.9 6 057 483.3 7.5
17 106 103.7 4 687 381.2 6.6
129.5 5392 433.7 7.1
42 158 172.0 9110 978.8 10.8
12 105 123.9 6 190 981.0 11.8
161.3 8461 979.3 11.0
120 |= KFE-A6 7
wk 100 |= 13 IKFE- T
80 - 2
—~ 80}
5 60 = .
Loor . . s 17 % 17Q°
T I ° i é %8
of é % il
U L 1 20 1 1 1
N P K N P K
ik Ak
140 b= INFE-b 120 INEE-TE T
120 100
100 f= 19
- 80 7
S 80 * o]
Y oeof oF 10
= 7 *,
sz 40k
R *13 o
20 % 20k Q
U 1 % op I I ?
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AR ARk
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Fig. 4 Distributions of yield-increasing rates of rice, wheat and maize
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Fz7 KW, ME. EXRBRFAYE
Table 7 Nitrogen fertilizer use efficiencies of rice, wheat and maize
(kg/hm’) %) (%) (kg/ke) (ke/ke) (ke/ke) (ke/ke)
16 209 34.6 8.5~62.7 38.3 15.5~86.2 13.6 42~226
63 192 25.5 3.5~76.2 46.0 20.7 ~ 161.1 10.7 2.9~208
27.3 44.4 11.3
26 258 33.6 34~82.4 25.8 9.6 ~ 36.0 10.3 1.2 ~26.5
19 158 44.5 6.5 ~86.1 34.0 16.0 ~54.4 12.3 3.5~232
38.2 29.3 11.1
65 227 30.2 42~57.0 32.6 0.8 ~80.6 9.6 1.8~22.6
19 228 33.6 53~63.5 34.2 19.1 ~63.9 11.6 34~20.2
31.0 33.0 10.1 42~ 22.6
#z8 KIE. hE. ERBEFANME
Table 8 Phosphate fertilizer use efficiencies of rice, wheat and maize
(kg/hnr) %) %) (kekg)  (kelke) (kekg)  (ke/ke)
14 128 17.4 0.8 ~46.2 74.6 10.8 ~104.7 10.0 0.8 ~25.8
35 86 11.3 02~71.2 81.2 3.9 ~241.5 8.7 1.0~333
13.0 79.3 9.1
18 139 14.2 0.1~42.38 67.6 9.4 ~234.8 7.0 0.2~2438
17 89 19.8 3.0~55.7 53.2 14.7~99.6 8.9 2.8~244
16.9 60.6 7.9
42 119 16.8 1.5~222 64.6 11.7 ~ 194.6 10.6 1.0~37.4
12 105 10.2 0.5~40.8 73.3 19.3 ~189.8 7.2 0.4~222
15.3 66.5 9.8
x99 kFE. hE. ERERAAER
Table 9 Potash fertilizer use efficiencies of rice, wheat and maize
(kg/hm) %) %) (kelke)  (kelke) (kehke)  (glke)
14 130 31.6 7.8~72.7 31.4 8.9~59.9 8.0 04~17.1
35 140 26.7 0.8 ~89.0 30.6 2.8~96.0 6.9 0.5~33.1
28.1 30.8 7.2
18 136 19.4 1.5~78.4 24.3 1.3~453 4.4 1.1~12.0
17 106 322 5.6~82.8 24.1 03~61.7 6.9 0.5~24.6
25.6 24.2 5.6
42 158 27.1 2.5~88.2 29.7 8.7~50.6 8.0 0.3~32.0
12 105 42.2 3.7~80.4 32.7 8.6~933 8.6 1.8 ~40.7
30.5 30.4 8.1
3.9 kg/kg 241.5 kg/kg
7~ 9 3 20 ~ 30 kg/kg
> > 1 kg 70 kg
35.1 kg/kg 0.8 ~ 86.2 kg/kg 1 kg
70 kg/kg 20 ~30 kg
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Fig. 5 Distributions of N, P and K use efficiencies of rice, wheat and maize
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F10 FTRIERCGEX)FEFARE LR
Table 10 Comparison of nitrogen fertilizer use efficiencies in different countries and regions
(kg/kg) (%)
79 11.3 27.3
“ 1333 10.4 28.3
Ladha [ 307 22 46
Dobermann  Cassman!®) 179 12 31
Haefele 4 151 17 36
49 11.1 38.2
[“] 1333 8.0 28.2
Ladha P 507 18 57
Dobermann ~ Cassman>”! 46 11 -
Terry 17 21 - 49
49 10.1 31.0
[‘” 1333 9.8 26.1
Ladha P 76 24 65
Dobermann  Cassman ! 20 17 -
Cassman %% 55 - 37
Terry?” 56 - 37
[28]
(10 [1]
[22]
20% ~ 30%
[23] [24] [25] [26-27]
10%
10%
3 150 ~250 kg/hm?
<150 kg/hm? >250 kg/hm? 1
2015
60% 35%  47% 2020
23% 25% 43% 17%
40% 10%
25% ~40%
10% ~ 25% 28]
113 117 102 kg/hm? 193.5
165.3 186.8 kg/hm’ (1] . .
[1]. , 2011,
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(2] , , .
[J1. , 1999, 30(5): 217-220
(3] , ; ,
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[J1. , 2008, 45(5):
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Fertilizer Use Efficiencies and Yield-increasing Rates of
Grain Crops in China

YAN Xiang, JIN Jiyun, LIANG Mingzao
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: In this paper, the fertilization data of 13 667 farmlands in 19 provinces and the data of field experiments in 32
nutrient monitoring points in 22 provinces were collected and analyzed to study the fertilizer rates, yield-increasing rates,
fertilizer use efficiencies (FUE) and agronomical efficiencies (AE) of grains in China. The results showed that fertilizer rates of
rice, wheat and maize were 294.8, 263.6 and 269.6 kg/hm? respectively. Yield-increasing rates of N were 28.4%, 30.9% and
26.4%, P were 9.2%, 14.3% and 12.2%, K were 11.1%, 7.1% and 11.0%, respectively. FUEy were 27.3%, 38.2% and 31.0%,
FUEp were 13.0%, 16.9% and 15.3%, FUE, 28.1%, 25.6% and 30.5%, respectively. AEy were 11.3, 11.1 and 10.1 kg/kg, AEp
were 9.1, 7.9 and 9.8 kg/kg, AEx were 7.2, 5.6 and 8.1 kg/kg, respectively. The excessive application of nitrogen fertilizer
accounted for about 25%—-40% while the insufficient application for about 10%—-25% under the production conditions at that time.
FUEy and AEy were 20%-30% and 10% lower than world average levels, respectively. High fertilizer input of China’s grain
production did not achieve high fertilizer use efficiency, thus, it is the primary goal to reduce fertilizer rate and to improve
fertilizer use efficiency for fertilization policy in China.

Key words: Fertilizer use efficiency; Yield-increasing rate; Fertilizer rate; Grain
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