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Abstract: The application of slow- and controlled-release fertilizer in rice production plays an important role in promoting the
zero growth of fertilizer use and the sustainable development of agriculture in China. In this study, six consecutive years from
2013 to 2018 of controlled-release urea application in double-cropping rice in Hunan province were used to analyze the relation-
ship between N uptake rate and N utilization in the above part of early- and late- rice in the main growth period by con-
trolled-release urea application around the Dongting Lake district, and to explore the reasons for the sustained and stable yield
increase of controlled-release urea on rice. The results showed that there was an obvious peak of N uptake rate in each stage of
ecarly rice by different N treatments, while N uptake in controlled-release urea (CRU) treatment was relatively delayed. And N
accumulation was mainly from panicle initiation stage to heading stage, accounting for 35.31%—42.33%, followed by tillering
stage to young panicle differentiation stage and heading stage to milk stage. Two obvious peaks of N uptake rates occurred in late
rice from tillering stage to panicle initiation stage and from heading stage to milk stage, and the peak value was the highest at 1.0
CRU treatment. Large amount of N uptake from tillering stage to young panicle differentiation stage and heading stage to milk
stage accounted for 35.92%-40.52% and 23.05%-24.58% of total amount of the whole growing period, respectively. Con-
trolled-release urea could also significantly increase the yield of double-cropping rice, especially in early- and late- rice were
treated with 0.9 CRU and 0.8 CRU respectively, and the yield increase of late rice was better than that of early rice with reduced
application of controlled-release urea, and the N absorption efficiency, N agronomic efficiency and N partial productivity of early-
and late- rice were significantly improved. The yield of early- and late-rice treated by CRU was significantly positively correlated
with N accumulation and effective panicle number at panicle initiation stage, heading stage, milk stage and waxen stage, and the
yield of late rice was significantly positively correlated with panicle length. The N accumulation of early and late rice at the pani-
cle initiation stage was significantly negatively correlated with the agronomic and physiological rates of N fertilizer. The N partial
productivity was significantly or significantly negatively correlated with the N accumulation of early rice at the panicle initiation
stage, heading stage, milk stage and waxen stage, and significantly negatively correlated with the N accumulation at the heading
stage of late rice. Therefore, application of controlled-release urea delayed the N uptake rate and N accumulation in the above-
ground part of rice, which was beneficial to the later reproductive growth and seed setting, and could significantly improve the
yield and nitrogen utilization efficiency of double-cropping rice. Combined with N absorption characteristics and grain yield of
double-cropping rice, it was suggested that controlled release urea with a short release period should be used for early rice around
the Dongting Lake area or applied with quick-availability N fertilizer to achieve further increase in yield level.
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Fz1 VWEEmERHEMHKEE2016-2018 F£FH1E)

Table 1 Average grain yield and its components in double-cropping rice from 2016 to 2018

Season Treatments Grain yiild Plant height  Spike length Effective spike Grair.ls per 100.0-grain Seed-setting
(kg hm™) (cm) (cm) spike weight (g) rate (%)
CK 4295.3+253.3 ¢ 70.3 a 17.7 a 2933 b 8l.6a 239 a 79.7 a
Early rice U 5076.8+245.9 b 719 a 18.2a 322.8a 742a 23.1a 78.5a
1.0 CRU 5488.3£40.0 a 70.3 a 183 a 335.1a 752 a 234a 80.3 a
0.9 CRU 5804.8+152.3 a 69.5a 179 a 339.0a 745 a 237 a 80.3 a
0.8 CRU 5607.9£100.3 a 70.6 a 182 a 334.0a 82.5a 23.6a 83.6a
CK 4967.0£238.5 ¢ 712 a 19.7a 265.7b 83.1a 27.1a 79.9 a
Late rice U 5999.5£192.0 b 76.0 a 21.0a 335.7a 89.1a 269 a 832a
1.0 CRU 6370.8£125.2 ab 80.4 a 223 a 350.0 a 96.7 a 274 a 85.1a
0.9 CRU 6729.3£301.8 a 80.0 a 224 a 362.3 a 873 a 27.5a 84.0 a
0.8 CRU 6762.0£372.2 a 76.6 a 224 a 381.7 a 924 a 26.9 a 834a
1 0.05 s

Treatments and abbreviations are the same as those given in Fig. 1. Values followed by different letters are significantly different at the 0.05

probability level within a same season rice.

CRU , 1.0 CRU, CRU : CRU
; 0.8 CRU U , 0.8 CRU 1.0
U 20.73% CRU 0.9 CRU, 0.9 CRU 1.0 CRU
21.57%, CRU  (37.52%~42.28%) 2.5
u o CRU  (34.02%~37.75%)
U , 08CRU 1.0 CRU
CRU U ,
, 09CRU 0.8 CRU 0.8 CRU
U

Fz2 WEEREHAHE2016-2018 FF1E)

Table 2 Nitrogen use efficiencies in double-cropping rice average from 2016 to 2018

Season Treatments NHI (%) NUE (%) ANUE (kg kg™) PNUE (kg kg™) PFPN (kg kg™")
CK 64.31a
Early rice U 60.96 a 20.73 b 521b 24.35a 28.64 d
1.0 CRU 55.78 b 37.52a 7.95 ab 21.27a 33.85¢
0.9 CRU 59.94 ab 42284 11.18 a 26.42a 40.65b
0.8 CRU 60.08 ab 41.10a 10.94 a 26.66 a 4837 a
CK 63.41a
Late rice U 59.45b 21.57 ¢ 5.74b 26.91a 27.59d
1.0 CRU 56.42b 34.02 b 7.80 ab 22.92a 3333 ¢
0.9 CRU 57.78 b 36.90 ab 10.88 ab 29.45a 39.33 b
0.8 CRU 65.00 a 37.75a 12.46 a 3290 a 46.73 a
1 0.05 ,

Treatments are the same as those given in Fig. 1. NHI: nitrogen harvest index; NUE: nitrogen absorption and utilization efficiency; ANUE:
agronomic nitrogen use efficiency; PNUE: nitrogen physiological utilization efficiency; PEPN: nitrogen partial factor productivity. Values
followed by different letters are significantly different at the 0.05 probability level within same season rice.
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