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(N) application rates on the growth, yield, N uptake and N use efficiency of rice were studied to provide a reference base for the ap-
plication and dissemination of CRU in rice production. Field experiments of rice were carried out in Taishan City and Wengyuan
County in Guangdong Province during the 2015 rice growing season. Ten treatments were set in the experiment — conventional
fertilization with 4 split applications (CF), single basal application of 25% CRU plus 75% CU (25%CRU) and single basal applica-
tion of 50% CRU plus 50% CU (50%CRU), respectively, under 100%, 80% and 60% of conventional N rate [195 kg(N)-hm™, 156
kg(N)'hm™ and 117 kg(N)-hm™], and no nitrogen fertilization (CK). Tiller number and leaf SPAD values were measured at vegeta-
tive stages of rice. Straw and grain yield were collected at maturity for N analysis. Then yield and yield components were recorded
after harvest. The results showed that there was no difference in tiller number at vegetative growth stages under different N fertiliza-
tion treatments, and that leaf SPAD increased with increasing N application rate. With increasing N application rate, rice grain yield
increased initially and then decreased. Also the highest rice grain yield was obtained under 156 kg(N)-hm treatment. N uptake of
rice increased with increasing N application. At the same N rate, no differences was noted in grain yield, N uptake of rice grain and
rice straw among CF, 25%CRU and 50%CRU treatments. With increasing N application rate, N partial factor productivity and N
harvest index decreased gradually. For the same N rate, agronomic N use efficiency, N physiology efficiency under 25%CRU and
50%CRU treatments were higher than that under CF treatment (P < 0.05), with average increases of 14.99%, 17.23% and 98.22%,
57.44%, respectively. N harvest indices under 25%CRU and 50%CRU treatments were averagely higher by 6.99% and 6.69%, re-
spectively, than that under CF treatment at conventional application rate [195 kg(N)-hm™], especially in Taishan City. Soil available
N under 60% conventional N rate [117 kg(N)-hm ] treatment after rice harvest was significantly lower than that under 100% and
80% conventional N rate treatments. In conclusion, rice grain yield and N use efficiency under 25%CRU at 80% conventional N rate
in both experiment sites were superior over those under other treatments. Therefore, single basal application of 25%CRU plus
75%CU with N rate of 156 kg(N)hm ™ increased rice yield and N use efficiency, and maintained soil N fertility in Guangdong. This
was a potential beneficial and rational N application mode for the region.

Keywords: Rice; Controlled-release urea; Basal-blending application; Low nitrogen application; Nitrogen use efficiency; Nu-

trient uptake; Yield
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Table 1  Soil properties in the experimental sites
Experimental site Texture pH Organic matter Alkali N Available P Available K
(gke’) (mg-kg ) [mg(P,05) ke '] [mg(K:0)kg ']
Taishan Loamy clay 5.78 40.86 160.57 18.96 230.67
Wengyuan Clay loam 4.98 26.88 173.92 46.43 113.00
1.2 2
, 45  kg(P,0s)-hm™ 114
, (CF) 25% kg(K,0)-hm ™2, , ,
(25%CRU) 50% 1d
(50%CRU)3 , ,
[195 kg(N)-hm™] 20%[156 kg(N)-hm™] 3 cm, ,
40%[117 kg(N)-hm™]3
*2 TRRBLENERAZSERIESE
Table 2  Fertilization program and fertilizers application rates and time of different fertilization treatments
N application rates at different growth stages
Description of treatment [kg(N)-hm™]
N application
Treatment rate
L Lo . . [kg(N)-hm’z] Basic Tillering Jointing Booting
N application N application times N fertilizers fertilizer fertilizer fertilizer fertilizer
CK No nitrogen 0 0 0 0 0
CF1 . . CU 195 87.8 (CU) 39.0 (CU) 48.8 (CU) 19.5 (CU)
Conventional Multiple
25%CRU-1 . 25% CRU + 75% CU 195 48.8 (CRU) + 146.2 (CU)
Conventional Once
50%CRU-1 . 50% CRU + 50% CU 195 97.5 (CRU) + 97.5 (CU)
Conventional Once
20%
CU 156 70.2 (CU 31.2 (CU) 39.0 (CU) 15.6 (CU
Cr2 20% N reduction Multiple v v €0 €0
20%
9 - 25% CRU + 75% CU 156 39.0 (CRU) + 117 (CU
25%CRU-2 20% N reduction Once ° ’ ( ) €0
20%
9 - 50% CRU + 50% CU 156 78.0 (CRU) + 78.0 (CU
S0%CRU-2 20% N reduction Once ’ ’ ( ) (€O
40%
CU 117 52.7 (CU 23.4(CU)29.3 (CU) 11.7 (CU
CF3 40% N reduction Multiple v €V €Y €Y
40%
9 - 25% CRU + 75% CU 117 29.3 (CRU) + 87.7 (CU
25%CRU-3 40% N reduction Once ’ ’ ( ) (€0
40%
9 - 50% CRU + 50% CU 117 58.5 (CRU) + 58.5 (CU
S0%CRU-3 40% N reduction Once ’ ’ ( ) (CV)
U: ; CRU: CU: conventional urea; CRU: controlled-release urea.
4 , 20 m’, ( 40 d ) 1
, SPAD 5
b b b
< 978", 3 30 , 20 cmx20 cm, 2 ,
, 7 14 ,
¢ 3 6 s 18 cmx20 cm, ,
7 5 ,
, 105 C 30 min, 75 C
1.3
0~20 cm )
pH 85 C 30 min, 75 C ,
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Fig. 1 Dynamics of tiller numbers per hill of rice in Taishan (a, b, ¢) and Wengyuan (d, e, f) respectively under treatments of con-
ventional fertilization (urea, multiple application, CF) (a, d), once application of 25% controlled released urea (25%CRU) (b, e) and
50% controlled released urea (50%CRU) (¢, f) with different N application rates
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tional fertilization (urea, multiple application, CF) (a, d), once application of 25% controlled released urea (25%CRU) (b, e) and 50%
controlled released urea (50%CRU) (c, f) with different N application rates
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Table 3  Yield and its components of rice under different fertilization treatments in two experimental sites

Experimental Treatment Yiclc{2 Effective pafllicles Filled g.rains per pﬁllnicle Filled grain rate 1000-grain weight
site (kg-hm™) (No.-hill™") (grains-panicle™) (%) (g)
CK 6 820.65+81.84d 15.99+0.80b 125.60+2.40b 89.03+2.82a 23.23+0.49a
Taishan CF1 7 518.42+74 .28abc 17.47+0.21ab 134.30+1.57a 90.42+2.41a 22.59+0.11a
25%CRU-1 7 615.80+42.83ab 17.41+0.58ab 135.70+1.89a 91.10+3.20a 22.7240.21a
50%CRU-1 7 618.20+60.21ab 17.69+0.31a 133.60+2.89a 90.37+2.40a 22.74+0.46a
CF2 7 731.75+£89.25ab 17.28+0.48ab 132.40+3.34ab 90.03+2.64a 22.56+0.87a
25%CRU-2 7 821.52+68.70a 17.11+0.35ab 136.05+1.31a 91.13+1.52a 22.54+0.39a
50%CRU-2 7 815.93+19.60a 17.44+0.82ab 136.05+3.58a 91.10+0.81a 22.96+0.50a
CF3 7 156.01+£80.07cd 17.22+0.12ab 131.85+4.19ab 91.39+1.75a 23.01+0.70a
25%CRU-3 7 447.73+£69.37abc 17.28+1.14ab 131.75+2.46ab 91.34+2.57a 23.13+0.55a
50%CRU-3 7 363.96+177.82bc 17.22+0.79ab 132.05+1.79ab 89.83+4.01a 23.05+0.54a
CK 9 822.39+44.77¢ 9.444+0.23a 179.90+13.01 b 93.04+4.58a 24.88+0.39a
Wengyuan CF1 10 522.39+60.32bc 10.11£0.35a 210.40+13.96a 91.06+2.66a 23.25+1.10a
25%CRU-1 11 115.32+269.98ab 10.35+0.26a 217.85+£10.45a 91.49+0.53a 23.12+0.62a
50%CRU-1 10 960.83+330.65ab 10.38+0.59a 205.75+10.43ab 91.46+2.00a 23.28+0.53a
CF2 11 223.88+153.66ab 10.06+0.44a 214.60£10.94a 91.21+1.20a 23.36+1.26a
25%CRU-2 11 800.85+293.06a 10.06+£0.29a 218.85+8.54a 91.76£3.51a 23.50+0.72a
50%CRU-2 11 295.47+17.02ab 10.34+0.38a 222.10+£10.10a 91.52+1.02a 23.45+1.04a
CF3 10 926.87+216.22abc 10.28+0.12a 209.90+8.78a 92.2242.71a 23.43+0.43a
25%CRU-3 10 907.58+261.97abc 10.41+0.61a 217.70£10.56a 92.44+1.19a 23.77£1.05a
50%CRU-3 11 088.40+285.65ab 10.36+0.16a 209.20+11.53a 92.05+3.31a 23.82+1.03a
5% (LSD-test, P<0.05) Different lowercase letters in the same column for the same ex-

perimental site mean significant differences at 0.05 level.
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g
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% 120 120
5
Zz 90 90
i
ie; 60 60 W R Straw
g 30 30 [] %4 Grain
. 0
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3 AR AN [E] i AR AL B 3 K FE AR U R AR R0

Fig. 3 N uptake of rice under different fertilization treatments in two experimental sites

5% Significant differences among treatments are indicated by different lowercase letters based on the
LSD-test (P < 0.05).
(P<0.05),
(CF3) ; 4 ,
, , 20%][
(CRU) 156 kg(N)-hm™] ,
25%CRU  50%CRU CF
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16.72%( ) 21.20%( ) 195 kg(N)'hm™? , 25%CRU  50%CRU
13.26%( ) 1327%( ), CF ,
14.99%  17.23% 90.48%(P<0.05)  69.87%(P<0.05);
(P<0.05) , 98.22%  57.44%
(P<0.05),
, CF1 195 kg(N)-hm™
, 25%CRU  50%CRU
CF 9.37%( ) 4.61%( )
25%CRU 9.40%( ) 3.98%( ),
50%CRU CF 6.99%  6.69%,
, 195 kg(N)-hm™ (P<0.05)

105.98%(P<0.05)

45.01%;

x4 ARESTREEELEMKEREANRAYEE

Table 4 N use efficiency of rice under different fertilization treatments in two experimental sites

Agronomic efficiency

Experimental Treatment of N fertilizer Partial fagtgr productinity N recovery Physiologi‘cal efficier}cly of N harvest index
site (kg-kg’l) of N fertilizer (kg-kg ) efficiency (%) N fertilizer (kg-kg ) (%)
CK — — — — 75.27£2.66a
Taishan CF 1 6.58+0.76ab 38.56+0.76¢ 23.09+0.70a 15.55+1.64d 62.87+1.26¢
25%CRU-1 7.08+0.44ab 39.06+0.44c 16.50+6.94a 32.03+4.65abc 68.76x1.71b
50%CRU-1 7.09+0.62ab 39.07+0.62¢ 18.30+2.79a 22.554+3.49 bed 68.78+1.55b
CF 2 8.73+1.12ab 48.63+1.12b 19.52+3.26a 29.48+4.12abc 68.12+2.32b
25%CRU-2 9.29+0.86a 49.19+0.86b 17.21+4.98a 35.81+£5.32a 69.69+0.87b
50%CRU-2 9.26+0.24a 49.16+0.25b 17.73+4.22a 33.52+5.51ab 70.72+1.08ab
CF3 5.84+1.35b 60.64+1.35a 14.29+6.07a 20.49+1.86 cd 71.59+2.22ab
25%CRU-3 8.31%1.17ab 63.12+1.17a 17.17£2.73a 32.09+4.47abc 71.15+1.26ab
50%CRU-3 7.60+£3.01ab 62.41+3.01a 20.37+2.55a 28.54+9.16abc 71.78+2.40ab
CK — — — — 71.83+£3.79a
Wengyuan CF 1 6.59+0.62b 53.86+0.62¢ 29.69+2.45a 17.33+2.24¢ 61.23£1.75b
25%CRU-1 9.63+2.77ab 57.00+2.77¢ 28.60+4.01a 33.01+3.17cd 64.05+1.26ab
50%CRU-1 8.8443.39ab 56.21+3.39¢ 26.84+4.24a 29.44+5.47d 63.67+1.31b
CF 2 11.81+1.93ab 70.59+1.93b 27.98+5.17a 38.61+4.66abc 64.86+3.73ab
25%CRU-2 15.44+3.69a 74.22+3.69b 32.30+8.63a 45.28+2.63a 63.66+4.73b
50%CRU-2 12.26+0.21ab 71.04+0.21b 32.43+6.93a 35.52+3.82bcd 65.24+3.10ab
CF3 12.36+3.66ab 92.60+3.66a 27.52+3.55a 44.28+2.43ab 64.37+3.51ab
25%CRU-3 12.20+4.44ab 92.44+4.44a 32.32+3.12a 37.33+3.48abcd 64.77+2.41ab
50%CRU-3 13.73+4.84ab 93.97+4.84a 35.61+5.48a 36.57+3.29abcd 66.52+2.89ab
5% (LSD-test, P<0.05) Different lowercase letters in the same column for the same
experimental sites mean significant differences at 0.05 level among treatments.
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x5 MK LAKERRETREEELER , ,50%CRU  25%CRU
TIREBEASE
Table 5 Soil available N contents after rice harvest under different
fertilization treatments in two experimental sites ~ mg-kg ™' , CRU
, 50%CRU
Treatment Taishan Wengyuan 25%CRU
CK 75.44+8.34c¢ 88.83+88.83b
CF1 125.48+6.71a 146.23+5.68a ’ ’
25%CRU-1 106.87+20.61abc 139.86+6.52a ’ ’
50%CRU-1 111.13+5.44ab 126.28+34.97ab
CF2 108.73+13.03ab 133.31+8.22a
25%CRU-2 100.30+7.97abc 140.31+£26.97a
50%CRU-2 102.63+7.83abc 145.28+10.83a
CF3 92.31+7.16bc 126.31+£5.53ab [7.31]
25%CRU-3 88.95+4.15bc 137.49+21.69a
b
50%CRU-3 88.97+9.35bc 128.35+9.45ab _
, 30%~35% 10 kgkg 571
5% (LSD-test, P<0.05)
Different lowercase letters in the same column mean significant differ- 5 (Trificum aeSlivum) (Ze‘a
ences at 0.05 level among treatments.
mays)
[1,11,16-17,23]
, , , CRU
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b
b b
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b b
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k) b
B 9 ’
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b b
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b b b
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, , 40%|
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