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Abstract ; Field trials with seven treatments of N application rates(N 0, 60, 120, 180, 240, 300 and 360 kg/ha)
were set up to determine the optimum N application rate, and to identify the responses of N fertilization contribution
rate, soil N dependent rate and N use efficiency to different N application rates in paddy fields with different yield
levels(high, middle and low). The results show that the low-, middle-, and high-yield paddy fields have the
highest grain yields under the application rates of N 120, 180 and 240 kg/ha, respectively. The nitrogen
fertilization contribution rates( NCR) in the low- and middle- yield fields are larger than that in the high-yield field,
and the highest NCRs are acquired in the treatments of N 120, 180 and 240 kg/ha for the three fields separately.
Soil nitrogen dependent rates( SNPR) are in the order; high-yield field > middle-yield field > low-yield field,
and the SNPR is decreased with the increase of N application rates to some extent. The trend of nitrogen recovery
efficiency( NRE) is low-yield field > middle-yield field > high-yield field, whereas no distinct differences exist
for nitrogen agronomic efficiency ( NAE ), nitrogen physiological efficiency ( NPE) and nitrogen partial factor
productivity( PFP ) among high-, middle-, and low-yield paddy fields. All NAE, NRE and PFPy in high-,

middle-, and low-yield paddy fields are decreased with the increase of N application rates, while NPE remains

WA 2013 -02-28 B AR : 2013 -06-15
ELWE: WK IR RERE TR S (CARS - 01 -31) s R0l B 2 BT (R0l ) BHBFE T (201003016) s E 5 R AUBF 8 2%
141 (2013CB127405 ) 35 H % B .

R EHER(1975—), B, WARXA, B, BFRR, FEMNEEYRAGEL S HKPIR . E-mail: wangxb@ caas. ac. cn
* JB{S{EE Tel: 010-82108671, E-mail : wzhou@ caas. ac. cn



1280 HYE SR 2R 19%

relatively stable among different fertilization treatments. The optimum N application rates for double cropping rice in
low-, middle- and high- yield fields are N 120, 180 and 240 kg/ha, respectively.
Key words: High-, middle-, and low-yield paddy fields; double cropping rice; yield;

nitrogen fertilizer application rate; nitrogen use efficiency
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Table 1 Physical-chemical properties of the selected soils in experimental fields

< AR 2% AR HYHE  HETIHRE
R HAAF pH Total N Olsen P Available K CEC
Location Fertility level
(g/kg) (¢kg)  (mg/kg)  (mgrkg) (emol/kg)
YLPG K 4% Dayu County 7= H LYF 5.5 0.73 4.5 68.0 17.6
YLF#7 T+ Xingan County HRFEH MYF 5.8 0.82 5.8 86.5 21.8
YLV9E§ & Nanchang City B H HYF 6.2 1.38 8.5 125.6 29.5

{3 (Note) ; LYF—Low yield field; MYF—Middle yield field; HYF—High yield field.
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Table 2 Grain yields and increased rates of double cropping rice under different nitrogen fertilizer rates

E#% Early rice WA Late rice
Ik fism
Fertity lovel Teamen  FROg/mY)  HEEG)  FR(ghe’)  HEER%)
Grain yield Increased rate Grain yield Increased rate
fl&7=H LYF NO 3720 ¢ — 3960 d —
N60 5800 b 55.9 5995 b 51.4
N120 6400 a 72.0 6452 a 62.9
N180 6525 a 75.4 6515 a 64.5
N240 6540 a 75.8 6500 a 64.1
N300 6480 a 74.2 5845 b 47.6
N360 6285 ab 69.0 5795 b 46.3
i 7=H MYF NO 4365 e — 4260 d —
N60 6150 d 40.9 5695 ¢ 33.6
N120 6945 b 59.1 6480 b 52.1
N180 7575 a 73.5 7545 a 71.1
N240 7605 a 74.2 7575 a 71.8
N300 6900 b 58.1 6660 b 56.3
N360 6555 ¢ 50.1 6495 b 52.5
FF=H HYF NO 5025 £ — 5835 e —
N60 5655 e 12.5 7200 d 23.4
N120 6225 d 23.9 7725 ¢ 32.4
N180 7170 ¢ 42.7 8385 b 43.7
N240 8265 a 64.5 9150 a 56.8
N300 7985 ab 58.9 8850 a 51.7
N360 7750 b 54.2 8715 ab 49.4

¥ (Note) ;: LYF—Low yield field; MYF—Middle yield field; HYF—High yield field. [R5 3R 5 R R FRF=R A8 FAE F7 7K F 1 3R R AL 28 8]
7£ 0. 05 K EZEF FBFE Values followed by the different letter within a column are significantly different among the treatments in the same fertility level

field at the 0. 05 level.
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K& N 180 kg/hm’ i} =B AFNF K, ARG L
NO 43 FIHEF= T 73.5% F1 77. 1% 5 Wi /& 7= H W = 7
MR & N 240 kg/hm” i F= Bk Bl K, F A FBE
5 L NO £ BT T 64. 5% 71 56. 8% , B RIM=%

R ARG HAT = B KT &=, i REN K
far=grm s = BB & TR H.
2.2 AEBREMNS. P, K-HAERGEM
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Table 3 Effect of different nitrogen fertilizer rates on NCR and SNDR in paddy fields

B7% Early rice RS Late rice
K b
Fertility level Treatment BRI TR E REMRFE BRI TR E REMRFE
NCR SNDR NCR SNDR
fl&7=H LYF NO — — — —
N60 35.9b 44.2 a 33.9b 43.8 a
N120 41.9 a 39.0 b 38.6 a 38.5b
N180 43.0 a 39.6 b 39.2 a 37.9b
N240 43.1a 37.9b 39.1a 37.5b
N300 42.6 a 38.4 b 32.2 b 37.9b
N360 40.8 a 38.9 b 31.7b 38.2 b
H =l MYF NO — — — —
N60 29.0 ¢ 61.4a 25.2 ¢ 62.8 a
N120 37.1b 57.9b 34.3 b 59.7 b
N180 42.4a 53.3 ¢ 43.5a 54.2 ¢
N240 42.6 a 54.8 ¢ 43.8 a 56.0 ¢
N300 36.7 b 56.3 be 36.0 b 57.5 be
N360 33.4¢ 58.8 b 34.4 b 58.6 b
FF=H HYF NO — — — —
N60 11.14d 78.9 a 19.0d 76.6 a
N120 19.3 ¢ 74.7 b 24.5 ¢ 72.5 b
N180 29.9b 69.1 ¢ 30.4 b 68.6 ¢
N240 39.2a 60.8 d 36.2 a 62.0 d
N300 37.1a 62.9 d 34.1a 64.5 d
N360 35.2a 64.4 d 33.0 ab 66.6 cd

13 (Note) ; LYF—Low yield field; MYF—Middle yield field; HYF—High yield field; NCR—Nitrogen fertilization contribution rate; SNDR—Soil
nitrogen dependent rate. [FF| ¥R G AR FRFRE L S1KF HIEAR LB ZE 0.05 K EEFHZE Values followed by the different letter

within a column are significantly different among the treatments in the same fertility level field at the 0. 05 level.
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FEKNE, &, +. 1K= H NRE 8 ERE%, 2/
BREFEAE T NRE 43314 44.2% . 33.2% fl
23.5% RG5> B 43. 5% ., 30. 5% F123.8%
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Table 4 N use efficiencies of early rice under different nitrogen fertilizer rates

REREFAE  AEREAAE RIEEEAARE  RERETD

anf ;kl j:el Tm&fim NAE NRE NPE PFP,
(kg/'kg) (%) (ke/kg) (kg/kg)
fl&7=H LYF NO — — — —
N60 34.7 a 56.5 a 43.8a 96.7 a
N120 22.3 b 44.2 b 42.6a 53.3 b
N180 15.6 ¢ 35.9 ¢ 41.0 a 36.3 ¢
N240 11.8 d 31.7 d 39.5 ab 27.3 d
N300 9.2 de 28.0 d 38.0 ab 21.6 de
N360 7.1e 21.3 e 36.6 b 17.5 e
H=H MYF NO — — — —
N60 29.7 a 49.7 a 41.0 a 102.5 a
N120 21.5b 41.0 b 40.1a 57.9b
N180 17.8 ¢ 33.2 ¢ 39.0 a 2.1c¢
N240 13.54d 27.0 d 37.1 ab 31.7 d
N300 8.5 23.5e 35.9 ab 23.0 e
N360 6.1e 19.3 f 33.8b 18.2 f
FF=H HYF NO — — — —
N60 10.5 ab 41.5a 39.3 a 94.3 a
N120 10.0 ab 36.2 b 38.0a 51.9b
N180 11.9a 29.9 ¢ 37.0a 39.8 ¢
N240 13.5a 23.5d 35.1 ab 34.4 d
N300 9.9 ab 19.2 e 33.2b 26.6 e
N360 7.6 b 14.8 f 32.0b 21.5f

#(Note) ; LYF—Low yield field; MYF—Middle yield field; HYF—High yield field; NAE—Nitrogen agronomic efficiency; NRE—Nitrogen
recovery efficiency; NPE—Nitrogen physiological efficiency; PFPy—Nitrogen partial factor productivity. [RIFZ)$HE 5 AR RIFRF=R MRS KE L8
AREIALFEBEIZE 0. 05 /K EE R BE Values followed by the different letter within a column are significantly different among the treatments in the same

fertility level field at the 0. 05 level.
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Table S5 N use efficiencies of late rice under different nitrogen fertilizer rates

RIEREAAE FEREAAE  REEEAAE  BROEE™

H A Ak

Fertility level Treatment NAE NRE NPE FFPy
(kg/'kg) (%) (ke/kg) (kg/kg)
fl&7=H LYF NO — — — —
N60 33.9a 51.6 a 43.0a 99.9 a
N120 20.8 b 43.5b 41.6 a 53.8 b
N180 14.2 ¢ 34.5¢ 40.1a 36.2 ¢
N240 10.6 d 28.5 d 39.0 ab 27.1d
N300 6.3 e 25.7 e 37.5 ab 19.5 de
N360 5.1e 20.5 f 36.2 b 16.1e
H=H MYF NO — — — —
N60 23.9 a 44.9 a 41.5a 94.9 a
N120 18.5b 36.1b 40.6 a 54.0 b
N180 18.3 b 30.5 ¢ 39.4a 41.9 ¢
N240 13.8 ¢ 24.8 d 37.8 ab 31.6 d
N300 8.0d 21.5 de 36.0 ab 22.2 de
N360 6.24d 17.6 e 34.9b 18.0 e
FF=H HYF NO — — — —
N60 22.8a 41.8 a 39.8 a 120.0 a
N120 15.8 b 34.8 b 38.2a 64.4 b
N180 14.2 b 28.5 ¢ 37.1a 46.6 ¢
N240 13.8 b 23.8 d 35.5 ab 38.1d
N300 10.1 be 18.6 de 33.6 b 29.5¢
N360 8.0 ¢ 14.0 e 32.2b 24.2 e

#(Note) ; LYF—Low yield field; MYF—Middle yield field; HYF—High yield field; NAE—Nitrogen agronomic efficiency; NRE—Nitrogen
recovery efficiency; NPE—Nitrogen physiological efficiency; PFPy—Nitrogen partial factor productivity. [RIFZ)$HE 5 AR RIFRF=R MRS KE L8
AREIALFEBEIZE 0. 05 /K EE R BE Values followed by the different letter within a column are significantly different among the treatments in the same

fertility level field at the 0. 05 level.

ELR% NPE 975 iF 4 5 N 36.6 ~ 43.8, 33.8 —~
41.0, 32.0 ~ 39.3 kg/kg, BiR5 4> Bl K 36.2 ~
43.0,34.9 ~41.5, 32.2 ~39.8 kg/kg,

R A 7= ) (PFPy ) B RS FI MRS X BE RE
B ERE I, P SEEERAK, B
PFP, A8 HE4r B0 17.5 ~96.7 ., 18.2 ~102.5, 21.5
~94.3 keg/kg, BG40 BN 16.1 ~99.9, 18.0 ~
94.9. 24.2 ~120. 0 kg/kg,

3 itie
3.1 BIEAESKErFE
KEBEHGR BT E T REZENR, RS
R EBFGT R, FEVESARA IR S K EE 27
RK, Bk IR REmIR RN, R
EHEHETHRFEHEETEHNREHAE N N 346.5
kg/hm’ , TiZE P4 E &4 T RIEFA&E N N 268.5
kg/hm® ; AL FEVT R B BR ST udl i, A TR
B Hk BARE & 9750 ~ 10500 kg/hm* 7 i 454
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330 —~ 360 kg/hm2 S HBHAREE 9000 — 9750
kg/hm’ FEfiZE%, 300 ~ 330 kg/hm” , {57 HI 3k B 7
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kg/hm’ s R PR R W, BIRIT 4 TR
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IR N 267 kg/hm’ ; FEA AR PRI BT W,
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TEBEMARR T P E g 7= B s, W Ak 5%
FA SR P B /KRB b T 1 06, 3 I B — 2B B AT
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3.2 AR AR SRR AR
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XK 30% ~ 35% , % % E K AK 10 ~ 15 N E 4
AP BRTRE K HAREAER SR E KT
10 kg/kg, TLAE T [ R 1 7K 5 Ak 2 F i % 20 — 25
ke kg , FENE SRR 18 B A 578 X, S IE I W R
AR PR T 5 5008 A FA) 2R 0 B
e, TR RIS /N . RANRSHRBLEKR
W3 X HEAT B9 26 A FIE IR IRAS ) , 2475 F MR B
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B REN RAE A EA RS 7K 36.2, 41.5 1
33.1 kg/kg™ . BHIAZP HIEEN, SREIHK
i FIE AL L B 3% , 1t S Ak B8 g 40 S R SR 2R
R AR B KIBE RS, B RN
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K MR K. AR BR, RIE TR
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BOARE T > e E > 67 B, R ORI R
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WE MR BRI, P BN A B 5 M iy
FRETCHETE ., FE > & H, bR RS
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1138 ke/kgs B 7= B MR B T R IR oA I =
K. . BEHERBASR N 4.2%, 33.2% Ml
23.5% B84 H R 43. 5% -, 30. 5% F123.8% ,

8 % X W:

[1] FAO. Food and agriculture organization of the United Nations
[DB/OL]. Statistical databases, 2004. http ;//faostat. fao. org.

[2] #4K, BWLR, Roland Buresh, . RFHEFHERLFM
REFFFEERE[T]. PERIRIE, 2002, 35(9) : 1095-1103.
Peng S B, Huang J L, Buresh R ez al. Research strategy in
improving fertilizer-nitrogen use efficiency of irrigated rice in China
[J]. Sci. Agric. Sin., 2002, 35(9) . 1095-1103.

[3] X%, HardE, ik, % KBZHAREERELHR



1286

EYWERSERZR

19 %

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

B HAEEFERI]. fEY2EM, 2009, 35(9) : 1672-1680.
LiuL J, Yang L N, Sun X L et al. Use efficiency and its
physiological mechanism under site—specific nitrogen management
in rice[ J]. Acta Agron. Sin., 2009, 35(9) . 1672-1680
ZRE. PER SRR PR M]. 5. iR
LEEOR W RAE, 1997.
Li Q K. Fertilizer issues in the sustainable development of China
agriculture[ M]. Jiangxi:; Jiangxi Science and Technology
Press, 1997.
SR, PEHEREARBRII]. £HEFEIR, 2009, 45(5):
778-783.
Zhu Z L. Research on soil nitrogen in China[J]. Acta Pedol.
Sin. , 2009, 45(5) . 778-783.
Ju X T, Xing G X, Chen X P ez al. Reducing environmental risk
by improving N management in intensive Chinese agricultural
systems[ J]. Proc. Nat. Acad. Sci. USA, 2009, 106(9) : 3041
-3046.
De Datta S K, Buresh R J. Integrated nitrogen management in
irrigated rice[ J]. Adv. Soil Sci. , 1989, 10 143-169.
Novoa R, Loomis R S. Nitrogen and plant production[ J]. Plant
Soil, 1981, 58. 177-204
B, BT, #5%, F. ORNEERM ) LR R
KFE=RAMAEILR R [T]. RERL R, 2012, 45
(14) . 2886-2894.
Zeng XM, Han B J, Xu F S ez al. Effect of optimized fertilization
on grain yield of rice and nitrogen use efficiency in paddy fields
with different basic soil fertilities[ J]. Sci. Agric. Sin. , 2012, 45
(14) . 2886-2894.
BB, BRFF, BRIE, % PETEEYHAKE[M].
Jba: A EgRI R R, 2009.
Zhang F S, Chen X P, Chen Q et al. Guide book for fertilizer
recommendation of main crops in China [ M]. Beijing; China
Agricultural University Press, 2006.
Chuan L M, He P, Jin J Y ef al. Estimating nutrient uptake
requirements for wheat in China[J]. Field Crops Res. , 2013,
146 . 96-104.
Chuan L M, He P, Pampolino M F et al. Establishing a scientific
basis for fertilizer recommendations for wheat in China: Yield
response and agronomic efficiency[J]. Field Crops Res. , 2013,
140. 1-8.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Xu X P, He P, Pampolino M F et al. Nutrient requirements for
maize in China based on QUEFTS analysis [ J]. Field Crops
Res. , 2013, 150 115-125.

BARR, KB, X, F. ARBHFRT ALHEXN K
FREEWT]. AR, 2012, (22): 19-20.

Qian Y W, Yu Y, Liu Y et al. Effect of different nitrogen
applications on grain yield of rice [ J]. Mod. Agric. Seci.
Technol. , 2012, (22) . 19-20.

BEmE, HWE, BiIE, % BILHAEERERS AR
WHFFE[I]. bBiggolbpls, 2011, (5). 108-110.

Shen L P, Xiao L X, Hou L Z et al. Research on precise
applications of nitrogen fertilizer for rice in Jingjiang [ J].
Shanghai Agric. Sci. Tech. , 2011, (5):. 108-110.

R, X8, XN, % ARFEXNEaXLKE~]
Rk AEF ARG EmT]. L3ER, 2012, 43(1).
136-140.

JJJH,LiYY, Liu S Q ez al. Effect of different applied nitrogen
methods on rice yield and nitrogen utilized efficiency in Albic soil
[J]. Chin. J. Soil Sci. , 2012, 43(1) . 136-140.

ERY, fBH, BEY. KHRERSKEESPILAE
BIERELT]. aRARIEE, 2011, 39(2) : 122-124.

Wang ] M, He X Y, Mao H F. Recommendation of N, P and K
application for high yielding of rice in in Tai lake region[J].
Jiangsu Agric. Sci. , 2011, 39(2). 122-124.

EFAR, BREX. ARIBERARN PREE 17 KRB BREWN
[J]. BUURLAHEE, 2011, (5): 61-63.

Wang S G, Chen R X. Effect of different nitrogen application on
yield of rice cultivar Zhongjiazao 17 [J]. Mod. Agric. Sci.
Technol. , 2011, (5): 61-63.

XIS, RAIGK, XRE, F. L ELHELEENKRE>
BRMARFRERRWI]. FERLFE, 2003, 36(12):
1456-1461.

Liu L J, Sang D Z, Liu C L ez al. Effects of real-time and site—
specific nitrogen managements on rice yield and nitrogen use
efficiency[ J]. Sci. Agric. Sin., 2003, 36(12) . 1456—-1461.
WA, RIKR, B8, ¥ RTRBBXBEE EALK
BEMAERII]. 13, 1988, (1): 5-9.

Zhang S L, Zhu Z L, Xu Y H et al. On the optimal rate of
application of nitrogen fertilizer for rice and wheat in Tai lake

region[ J]. Soils, 1988, (1) 5-9.



