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Abstract; In order to study the effects of controlled-release fertilizer application on double cropping rice, a successive
2-year location-fixed field experiment was carried out in double cropping region in red soil paddy field derived from the
Quaternary red clay in Nanchang, Jiangxi Province of southern China. The field experiment covered 4 treatments
including no fertilizer (CK), recommended application split by three times (OF), controlled release fertilizer all used
as basal fertilizer (100CRF) and 80% controlled release fertilizer all used as basal fertilizer (80CRF), and each
treatment had three replicates. During the two years plantation, rice yield, rice nitrogen uptake and nitrogen use
efficiency of each treatment were measured and the conclusion could be drawn that the average yield for the two years
followed the order of 80CRF>100CRF>OF>CF>CK, and the treatment 80CRF, 100CRF, and OF increased rice
yield by 25.32%, 23. 93% and 23.86 % respectively, compared with CK (P<C 0.05). However there was no significant
difference between different nitrogen fertilizer treatments. As for the average nitrogen uptake in two years , 100CRF
and 80CRF treatment were significantly higher than OF treatment in early rice and 100CRF treatment was higher than
OF treatment in late rice (P <C 0.05), but 80CRF and OF were no significant difference in late rice. The nitrogen
uptake manifested same trend between straw and grain. The nitrogen recovery efficiency of 100CRF, 80CRF treatment
were significantly higher than the OF treatment (P<C 0.05). Nitrogen agronomic efficiency, partial factor productivity
of applied N at the highest of 80 CRF, is significantly higher than 100CRF and OF treatments (P < 0.05). Nitrogen
physiological efficiency and Soil N dependent rate at the highest of 80 CRF in late rice in 2012 and OF in double-rice in
2013 respectively, were significantly higher than 100CRF treatment (P <C 0.05), but there was no significant
difference between 80CRF and OF treatment. Therefore, one-time use of controlled release fertilizer regardless of the
quantity and reduce the dosage of 20%, it could reach the recommended fertilization production levels, and could
significantly increase the nitrogen content and uptake in rice. Full amount of controlled release fertilizer utilization rate
of nitrogen fertilizer could only improve nitrogen uptake both early rice and late rice, but caused N luxury absorption
and nitrogen physiological efficiency lower; Reduced by 20% controlled release fertilizer, the nitrogen recovery
efficiency, the agronomic efficiency, and the partial factor productivity for applied N were significantly improved in
early and late rice. There was no difference in nitrogen physiological efficiency between 80 CRF treatment and optimized
fertilization. On the basis of stable yield, 80CRF treatment has saved the cost and improved the effect of the nitrogen
utilization.
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Table 1. Amounts and methods of fertilizer application in different treatments.

Fertilizing amount /(kg « hm %) N (m tom tm )
g g

N and K fertilizer application proportion

Treatment N P,0O; * K,O
c ) (Basic @ For tillering : For panicle initiation)

Early rice

CK 0 75 135 50 2 253 25
OF 157.5 75 135 50:25: 25
100CRF 157.5 75 135 100:0:0
80CRF 126 60 108 100:0:0
Late rice
CK 0 54 171 502525
OF 180 54 171 50 25: 25
100CRF 180 54 171 100:0:0
80CRF 144 43.2 136.8 100:0:0
CK.,OF,100CRF  80CRF N N 80 % . . %

CK, OF, 100CRF and 80CREF indicate different fertilization treatments of zero nitrogen application, optimized fertilization, controlled re-

lease fertilization and 80 percent controlled release fertilization. The same as below. * Phosphate fertilizer is applied as the basal fertilizer.

P, O;) 75 kg/hm”, ( K, O ) 135 kg/ ; ;
hm?*, ( N)180 kg/hm? . ( Olsen ; NH, OAc -
P,0;)54 kg/hm?, ( K,0)171 kg/hm?*, ; o
, (N,46.30%), , 20 ,
(P,O;,12%), (K,0,60%). S
N m P om P om 21 N N o
2 1, ; / , . , )
; / (N:P,0;: K, O L5 ps.el
21.:10.14), / (N:P,O;:K,0O i) (Nitrogen harvest index,
20:6:19) . , NHD = / 32)
N N R (Nitrogen recovery efficiency, NRE, %) = (
sod., / . - )/
s X100;3) (Nitrogen agronomic ef-
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Table 2. Comparison of grain yield in different treatments.
Early rice Late rice Yield
Year Treatment
/(kg « hm™ %) /(kg « hm™ %) /(kg « hm™ %)
2012 CK 6 395.004+373.60 bB 8 384.46+111.87 bB 14 779.46+485.38 bB
OF 6 685.00£580.24 aA 9 805.584226.10 aA 16 491.58£804.15 aA
100CRF 7 105.004+106.42 aA 9 848.434326.20 aA 16 953.434+417.52 aA
80CRF 6 970.004+278.75 aA 9 872.07493.72 aA 16 842.074185.92 aA
2013 CK 4 937.63+429.79 bB 6 872.644124.15 bB 11 810.274387.37 bB
OF 7 635.30+174.24 aA 8 457.11+117.90 aA 16 092.404+161.64 aA
100CRF 7 818.894399.22 aA 8 182.734+350.75 aA 16 001.614381.24 aA
80CRF 7 829.614259.64 aA 8 651.014+720.06 aA 16 480.624+946.77 aA
Average CK 5 666.32+388.55 bB 7 628.55482.77 bB 13 294.874433.84 bB
OF 7 160.154270.20 aA 9 131.35495.21 aA 16 291.494330.39 aA
100CRF 7 461.954251.20 aA 9 015.584218.15 aA 16 477.53+372.44 aA
80CRF 7 399.80442.04 aA 9 261.544406.27 aA 16 661.344382.48 aA
i (7113); P<0.05 H
P<C0.01 o o

Data in the table are mean value 4= standard deviation(n=23) ; Different lowercase and capital letters mean significant differences at P<C0.

05 and P<C0.01, respectively. The same as below.
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Table 3. Effect of different treatments on yield components of rice.

No. of effective panicles

Grain number

Seed setting

1000-grain

Year Treatment
/(X10" hm %) per panicle rate/ % weight/g
2012 Early rice
CK 460.04+31.30 aA 73.28+4.53 bB 80.6342.85 aA 21.9940.88 aA
OF 558.41+115.26 aA 85.754+3.38 aA 74.36+11.16 aA 22.6940.60 aA
100CRF 538.16+83.71 aA 83.204+6.32 aA 74.5542.45 aA 22.4840.07 aA
80CRF 500.55482.50 aA 88.3542.70 aA 74.324+4.17 aA 22.7840.15 aA
Late rice
CK 234.33+11.89 bB 139.9946.00 bA 86.9942.58 aA 25.4540.48 aA
OF 296.00+12.82 aA 142.27416.99 bA 84,484 3.56 aA 25.2940.24 aA
100CRF 304.63+18.62 aA 158.11412.27 aA 77.5746.12 bA 25.2040.63 aA
80CRF 293.53+17.49 aA 156.1448.32 aA 79.65+2.11 abA 24.9340.37 aA
2013 Early rice
CK 358.77+23.90 bB 57.21+2.14 bB 79.8343.10 aA 20.3040.15 aA
OF 541.05+52.50 aA 83.9444.10 aA 89.3444.12 aA 21.52£0.41 aA
100CRF 533.82+45.93 aA 86.00+3.28 aA 86.08+5.31 aA 21.8540.30 aA
80CRF 568.54+56.92 aA 82.31%+3.96 aA 88.40+2.65 aA 21.5940.18 aA
Late rice
CK 217.07+11.89 bB 132.7945.80 aA 87.714+1.61 aA 24.26+4.46 aA
OF 259.00+19.23 aA 148.43+6.98 aA 83.13+23.15 aA 25.27+6.56 aA
100CRF 288.60+29.60 aA 143.67420.74 aA 80.36+8.46 aA 24.4945.69 aA
80CRF 281.20+26.68 aA 140.66410.70 aA 83.26+18.13 aA 24.954+1.31 aA
Y )
2012 80CRF , 100CRF “©or,
(P<00.05).2013 OF , ,
100CRF (P <C0.05),80CRF OF “ ” ; ,
’ 10%~20%,
N b
OF, o ,
, OF . 20%,
. , OF ,
b o b
5) 80CRF s
(P<C0.05),2012 L2013 ,
100CRF  OF . 6) , o
) OF 2013
(P<C0.05), ) N . \
[19]
’ o
3.2 /
3
3.1 / / N
b
[17] [18] [20-22]
b o b

[23,24]
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Table 4. Comparison of nitrogen content and nitrogen uptake of rice in different treatments.
N content of N uptake of N content in N uptake of
Item and
Year early rice early rice late rice late rice
treatment , ,
/(mg « kg™ ") /(kg « hm %) /(mg « kg™ ") /(kg « hm %)
2012 Grain
CK 12.22+0.98 bB 77.954-2.96 bB 10.69+0.34 cB 118.2944.55 ¢C
OF 15.36+1.61 aA 102.3249.40 aA 12.804+0.57 abA 180.39+5.76 abAB
100CRF 15.08+0.76 aA 107.184£5.57 aA 13.654+0.44 aA 192.78£8.83 aA
80CRF 14.95+0.33 aA 104.22+5.64 aA 12.30+£0.42 bA 170.0748.17 bB
Straw
CK 10.19+1.33 bB 45.15+2.93 bB 6.0240.43 bB 28.7042.43 cC
OF 11.66£2.07 aA 59.844-4.12 aA 9.9340.57 aA 54.9540.54 aA
100CRF 12.58+0.49 aA 65.194-12.66 aA 10.40£0.94 aA 58.4546.56 aAB
80CRF 12.14+2.21 aA 70.12423.15 aA 9.3140.57 aA 48.68+3.64 bB
2013 Grain
CK 10.6140.25 cC 52.37+3.12 cC 11.21+£0.46 dC 77.0442.94 cC
OF 13.94+0.38 bB 106.44+4.71 bB 13.35+£0.51 cB 112.88+3.32 bB
100CRF 15.46£0.51 aA 120.86£6.53 aA 15.78£0.78 aA 129.02£6.07 aA
80CRF 14.88+0.66 abAB 116.51+8.17 aA 14.71+£0.33 bA 127.17£8.68 aA
Straw
CK 6.45+0.71 cC 28.0042.15 cC 6.7340.36 cC 34.5241.93 bB
OF 8.90+0.82 bA 49.5245.63 bB 9.46+0.52 bB 58.0944.07 aA
100CRF 11.27+1.02 aA 85.91410.26 aA 12.04+0.20 aA 68.3046.19 aA
80CRF 10.52+0.42 bA 68.2047.32 aA 9.3040.82 bB 57.70+3.62 aA
Grain
CK 11.41+£1.03 bB 65.1648.76 cB 10.95+0.23 cC 97.6741.88 cC
OF 14.65+1.52 aA 104.38+8.79 bA 13.07+£0.54 bB 146.6444.23 bB
100CRF 15.274+0.40 aA 114.0242.28 aA 14.714+0.50 aA 160.9045.55 aA
80CRF 14.91+0.33 aA 110.3643.44 aA 13.50+0.31 bB 148.6248.15 bB
Straw
CK 8.32+1.92 cB 36.5846.45 cC 6.3740.43 cC 31.614+1.15 cB
OF 10.28+2.20 bA 54.684-0.44 bB 9.70£0.59 bB 56.5241.78 bA
100CRF 11.93+1.10 aA 75.55+14.66 aA 11.22+1.17 aA 63.38+5.93 aA
80CRF 11.33£0.52 abA 69.164-16.69 aA 9.3140.40 bB 53.1942.69 bA
b
’ 20% / b
o b b
[25] [1]
b o
13.32%
18.05%, ;
~ ~ 5 ’
(197
b b ’
5% ~27.70% . .
18.60% ~31.30%, ; 4 . )
[12] [26]
b
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Table 5. Nitrogen use efficiency in different treatments in early and late rice.
PFP
Year Treatment NAE NPE
NHI NRE/ % /(kg * kg ") SNDR/ %
/(kg « kg™ ") /(kg * kg™ ")
2012 Early rice
CK 0.6340.01 aA
OF 0.6340.04 aA  26.03%5.58 cC  3.9741.45 aA 18.75+4.30 aA 47.57+1.45 bA 76.054+3.95 aA
100CRF 0.6240.05 aA  37.2846.07 bB  4.7340.71 aA 14.87+2.19 aA 47.3740.71 bA 71.76 +6.00 aA
80CRF 0.6140.07 aA  55.58+8.25 aA 4.7942.32 aA 11.73+1.28 aA 58.0842.32 aA 71.96412.45 aA
Late rice
CK 0.7640.01 aA
OF 0.7040.01 ¢cB  34.5043.20 bB  7.9041.26 bA 22.9643.69 abA  54.48£1.26 bB 65.62£2.08 abA
100CRF 0.7040.02 cB 41.3844.91 aA 8.1441.81 bA 19.83+4.84 bA 54.7141.81 bB  61.4542.84 bA
80CRF 0.7140.01 bB 39.1141.52 aA 10.34740.65 aA 29.14+3.85 aA 68.5640.65 aA 69.66+3.41 aA
2013 Early rice
CK 0.6540.02 aA
OF 0.6840.01 aA  23.9843.44 bB 14.6240.71 bB 35.4843.38 aA 51.2840.71 bB  64.4142.02 aA
100CRF 0.59+0.04 aA 57.856.21 aA 14.95+2.44 bB 22.6742.64 bB 51.6942.44 bB  48.59+3.51 bB
80CRF 0.6340.03 aA  53.9345.38 aA 18.5340.72 aA 27.574+4.21 abAB 64.41+£0.72 aA 54.39+4.12 bB
Late rice
CK 0.6940.00 aA
OF 0.6640.02 aA  33.01+2.68 bB  8.8040.65 bB 26.734+2.22 aA 46.98+0.65 bB  65.2941.85 aA
100CRF 0.6540.01 aA  47.64+6.44 aA 7.2741.95 bB 15.20+3.38 bB 45.46+1.95 bB  56.67+3.26 bA
80CRF 0.6940.02 aA  50.91%7.49 aA 12.3445.00 aA 23.62+6.48 aAB  60.08£5.00 aA 60.48£3.53 abA

NHI, NRE, NAE, NPE. PFP and SNDR indicate nitrogen harvest index, nitrogen recovery efficiency, nitrogen agronomic efficiency, ni-

trogen physiological efficiency, partial factor productivity for applied N and soil N dependent rate, respectively.
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