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Abstract : The nitrogen (N) fertilizers overused or misused are the main contributors for water eutrophication of the Nansi Lake in
eastern China. A field experiment with different application levels of controlled-release N fertilizer (CRF) was carried out at a rice field
in the Nansi lake basin to provide information on the nitrogen uptake rate and use efficiency by rice with CRF application at different
growth stages of rice. The fertilization levels for the controlled fertilizer in this study were 0, 300, 337.5 and 375 kg/hm’,
respectively, and 375 kg/hm” for conventional urea( CU). We estimated the N uptake rate in different growing season and apparent
recovery of fertilizer in root, stover and grain of rice. The result showed that grain yield increased by higher N rate. However, the N
uptake rate did not increase linearly with the nitrogen application amount. The highest N uptake rate was 22. 48 mg/(plant-d) under
the fertilization amount of 337. 5 kg/hm’ during the young panicle differentiation stage. Apparent N recovery efficiency for CU with
traditional application amount of 375 kg/hm” was 21. 86% . Apparent N recovery efficiency for CRF with application amount of 337. 5
kg/hm’was highest with 37. 17% . Based on the statistical data, with CU of traditional urea application amount of 375 kg/hm” , nitrogen
loss and soil N residue at one growing season are 130.07 x 10” t for Jining city and 11.4 x 10’ t for Yutai county of the Nansi Lake
basin. If using CRF with the optimized application amount of 337. 5 kg/hm” | nitrogen loss and soil residual at one growing season is
10. 46 x 10" t for Jining city. It could reduce losses of 2.55 x 10* t N for Jining city and 2 235.26 t N for Yutai county per year.
Because of releasing patterns more closely matched to crop N uptake patterns, controlled release N fertilizer could be a good way to
prevent water eutrophication due to nitrogen fertilizer overused or misused in the Nansi Lake.
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Table 1~ Soil nutrients in study site at Yutai county of Nansi Lake basin
/em /g kg /g kg /g kg /mg-kg /mg-kg /mg-kg /kg-em ™3 /% /%
0~20 17.7 1.2 1.7 71 8.3 230 1.32 55% 48.2
, ) 1.2
697. 00 mm, , 410.30 mm, . , 5
58.90% , (375 kg/hm”) |
20.5% , 20. 6% . (375 kg/hm*) . N 10% (337.5
, ) 1967 kg/hm”) | N 20% (300 kg/hm”) .
4 , 23.5% 5~6 (CK), 3 , 56 m’,
, 18%. , 2m
, 10 819. 8 hm’, , 42%.2009 6
16.5% . , 4522.5 hm*, ,
41.8%. 260 ,578 km, 1087 2009 6 26
,1015.7 km, . 14681 ,4685.5 km, 0.25 m, 0.18 m. 2009 7 23
81 ,189 km, 4045.2 m'. , 7 31 .
7 3 L7022 .8
6 .8 26 .10 13
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kg/hm*>  337.5 kg/hm’
b
’
2. 375 300 kg/hm’
kg/hm” | 375 kg/hm®  337.5 kg/hm’ ,
,3 95% ,
, 337.5 kg/hm’ 3
, 375 ,
2 D
Table 2 Rice yields and biological characteristic under different application amount of CRF
/kg +hm 2 /7 /g / / - hm 2 /kg+ hm 2
CK 1.48 0. 15 d 100. 17 +4.39 a 25.33+1. 14 a 9.53+0.64 b 208.11 £13.94 b 5669.40 £193.24 ¢
CRF-N-300 1.66 +£0.02 d 98.24 +7.66 a 24.47 £0.23 ab  11.78 £0.69 a 257.28 £15.03 a  8027.18 +144.28 b
CRF-N-337.5 2.01 £0.02 a 96.45 +£3.98 a 23.60 +0.20 ¢ 12.59 +£0.73 a 274.93 +15.78 a  8745.20 +204.42 a
CRF-N-375 1.91 £0.04 b 96.06 +4.25 a 23.13+1.10 be  12.59 £0.20 a 275.12 +4.44 a 8528.40 +£37.41 a
CU-N-375 1.73£0.03 ¢ 93.6+3.40 a 22.80+1.04 ¢ 12.25+0.35 a 267.65+7.59 a  7868.40 +321.05 b
1)CRF (controlled-release N fertilizer) , CU (conventional urea) ; (a=
0.05),
, 40% |
44% | 41% . 48% . 44% . ,
. 337.5 kg/hm® 375 kg/hm’
3 : , 375 kg/hm’ :
b 3 b
337.5 kg/hm’ , 32% . 30% . 37% . 34% .
, 37%. , 337.5 kg/hm’
2
, 375 kg/hm ,
2
: 300 kg/hm
48% . 50% ., 44% ., 52% . 51% . ,
, , 337.5
337.5 kg/hm’ 375  kg/hm® 375 kg/hm’
keg/hm? , , 249%
375 kg/hm’ 25% | 29% . 31% . 28% .
3 /go !
Table 3 Changes of rice roots and cropshoots under different application amount of CRF at different growth stages of rice/g-plant ~!
CK 2.35+0.53a  2.21+0.65a 5.31+0.39¢ 3.56+0.86b 12.39+1.53¢ 593+0.27b 28.62+1.40b 9.23+1.10 ¢
CRF-N-300 2.52+0.14a  2.50+0.24a  6.28x1.12chb 502+0.60a 13.93+1.39bc 6.04+1.21 b 34.08 £2.98ab  11.11£3.11 ¢
CRF-N-337.5 2.82+0.29a  2.21+0.38a 7.73+1.50a 5.32+0.7la 1678 +2.53a 9.89+0.97a 41.65+5.65a 16.98=+1.12a
CRF-N-375 2.48+0.54a  2.74+0.96a 6.72+0.92ab 6.21+0.55a 16.71+0.75a 8.42=+1.52ab 37.74+4.50 a  16.58 +0.66 a
CU-N-375 2.25+0.34a  2.03+0.38a 5.47+0.47 cb 4.33+0.75ab 15.25+0.44b 8.92+1.20a 33.73 +32.87ab  13.40 0. 67bc

2.2



32

1912

m]

=
il

g
B - @_/#ﬂﬂ_/#ﬂ#_/y_________ 2

zZ D08 @

H _______%%% m

c NN ;}’

i Aﬂmwv m
__________________________________________________________________________________ W
g

[5)

2.5
20 r
1.5
1.0
0.5

%/EY S NE

(a=0.05),

1

centration dynamics of abovegroun

of rice

at different growth stages

der different application amounts of CRF

d part of rice un

Fig.1  Nitrogen con

10%

5%

375 kg/hm’, 337.5 kg/hm’,

kg/hm’

375

337.5 kg/hm’

.d) b

22.48 mg/(

20%

60%

2.4

21.86%.

2.3

10%

37.17% ,



1913

25
% OCK
& g0 | SHEBBEN20%
5 2 ERIEEN10%
g B R AL R
T st BEERKMARRE
Z
%

10
1%
=
&
B oSt
.1_]
=

WAL

2

A

15

—_
==
T

MR I (BN fmg- (k)

i 0

=

SR

3 2 b
37. 65 kg/ke,
, , 35. 86 ke/kg, 31.97 ke/kg,
7.62 kg/kg, 1.76 32.94 kg/kg. 3
kg/kg. ,
4 , :
31.67 kg/kg, 25.04
kg/kg, 26. 12 kg/kg. , ,
: 1 kg
4
Table 4  Nitrogen use efficiency by rice under different application amounts of CRF at harvest
ANRE ANUE PNUE NGUE PFP
/kg +hm 2 /kg +hm 2 /kg +hm 2 /kg +hm 2 /% /kgs kg™' /kge kg7' /kg- kg™'  /kg- kg™!
CK 56.06 +3.60 c 69.94 +3.25 ¢ 150.58 +£5.69 ¢ 37.65
CRF-N-300 88.03+18.55b  111.30+£2.76 b 225.02 +18.85 b 24.81 7.86 31.67 35.86  26.76 £0.48
CRF-N-337.5 116.06 +15.11 a 120.14 +4.12 a 276.04 £12.50 a 37.17 9.31 25.04 31.97  26.11 £0.38
CRF-N-375 114.65 £15.84 a 115.70 £1.76 ab 263.77 £15.98 a 29.19 7.62 26.12 32.94  22.74£0.10
CU-N-375 87.61+11.79 b  108.50 £2.16 b 232.54+9.80 b 21.86 5.86 26.83 33.86  20.98 +0.86
3 90 , 2003
40 893 hm’ ,
1 863.0 kg/hm’, 3
. 2008 [20) N.P,0,.K,0 636.0. 241.5
419.58 kg/hm’, 180 52.5 kg/hm®,N: P,0,: K,0 = 1: 0. 4: 0. 08,
kg/hm* | 25% ~35% , , ,
60% 23%.
350 kg/hm’ 200375 kg/hm? , -
2 20 ,
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, , 52.71%.
, (150 375 kg/hm’ 21. 86% ,
kg/hm*) , , 13.01 x 10* t,
, , 1. 14 x 10* 1.
[18,22]
’ ] ’ 2s]
) , 337.5 kg/hm’,
38.79% , 300, 10. 46 x 10* t, 2.55 x10* t,
337.5 375 kg/hm’ 41.59% . 2235.26 t.
54.25%  50.43%. ,
4
“o.L , 337.5 kg/hm’ (1)
, 22. 48 , ,
mg/( -d),
10%
, 37.17% , , ,
(2)
, , 337.5 kg/hm’ ,
N , 1 kg
30% ,
, . 10 ~ (3)
15 , , 16. 65 x 10* t ,
, 21.86% , 375 kg/hm’
3 21.86% ,
, , 13.01 x10*t,
37.17%. , 1.14 x 10* 1.
10 kg/kg. 337.5 kg/hm’, 10. 46 x 10*
, 30% ~70% %, t, 2.55 x10% t,
131.93 x 10" t( 2235.26 t.

46.63 x 10* t)*

47.52 x 10* t(

16.65 x10* 1), 36.02%.
9.23 x 10* t( 3.11 x 10*
t), 4.87 x 10" t( 1.46 x10* t) ,
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