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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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W OE. NS/ B (slow/controlled-release fertilizer, CRF) 7E/K A8 i o R . E S 2 4EFE S T W ER X E U4
LIS H BOK RS L HEAT U R R BRI L A T A it EUIE (CKO LV HEFE 23 3 UM B COF) | — Wk 35 it 28 /45 B¢ IE (100CRF)
A — KM FEGiE 80 048 /BN (BOCRE) 46/ 7, BRI T~ S A E WA A M 25 5. 45 R BH, 2 4F 4 FFm T Y
FHH 80CRF>100CRF>OF>CK., H:# 80CRF,100CRF Al OF 434l kb CK # 7= 25.32% .23.93 % #l 22.54 % (P <C0.05) . 1fij
& A4 TR 8] TG 2 55 2 AEFRRLE g A B b, BL AR 100CRF,.80CRF AbFH ¥ i % 85 T OF 4 H (P <<0.05) , g f% 100CRF
AL = T OF AR BL(P<C0.05) ,{H 8OCRF 4 # 5 OF JG & 3 25 5% . FE FF I A = S H R —%. 100CRF.80CRF 4k 3 F &K
WSR2 45 10 3 % T OF AL 3 (P <C0.05) 5 AUME 4k 24 R FH 26 L &UIE B 26 77 J LA 80CRF i » i 3 @5 T 100CRF Al OF Ak #4
(P<C0.05) ;2012 4F M 2 SOCRF (¥ ZUAC A F A I | L A R KA R im . B35 T 100CRF A3 (P<C0.05) 2013 4F 7. 1 %
¥ILL OF Ab 3 5 i o % 5 T 100CRF A3 (P <C0.05) 52 4F 5 i 3 45 v /Y 80CRFE 4 B 5 OF 4b 2 %03 Az 38R H 2 00 1o 3 2
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AP T E AR (N28°25 s E115°517) . %t £ 1
R B DU L 213 R B R A PEKRE 1 JE b I Bk
Hr AR 17,5 °C L =10 CRUR 5 400 °C LA %
M 1600 mm, 4% & 1 800 mm., JLFHYIZ 280
d, O TR FEE ERERZERIEYAEK, K
TR T A HLT N 32.52 g/kg. 4> N M 1.89 g/
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RSO EEDL 98, F 4 A Ay, HE R
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Table 1. Amounts and methods of fertilizer application in different treatments.
fh 5 Jifi I & Fertilizing amount /(kg « hm™*) A BIIEHE T EE ) Gn e 2 e * )
N and K fertilizer application proportion
Treatment N P,0, * K,O
c (Basic * For tillering: For panicle initiation)
HFE Early rice
CK 0 75 135 50 : 25 25
OF 157.5 75 135 502525
100CRF 157.5 75 135 100:0:0
80CRF 126 60 108 100:0:0
HiFE 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 Hl 80CRF 43 51| & 7~ A~ Jitd FNE 77 it AT L it FH 42 BE A F0 80 00 A i 2 R AC AL B8, R 1],

* B A AR LG

CK, OF, 100CRF and 80CRF 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.

A& P.O;) 75 kg/hm’” (HFIE (Pr & K. O ) 135 kg/
hm®, B AR i 28 (74526 ND180 kg/hm” (B HE (H7
4 P,0O;5)54 kg/hm* BB (Fr& K, 0)171 kg/hm?,
P2 3t A, R PR 22 (N, 46.30 %) Tl A ) 455 6
JIE (P, O5,12 %) 818 S 4L 81 (K. O, 60%) . KL
FEEAC 7 32, A LEPAE misem 2 mogpaem P mupp N 2 ¢ 1
21, BN A A R 5 a0 T 22 /9 B 2 1E RAE S
TR AR A BR A B AR 7 A M Bl & 4 B
IRRAY. RRBE/BEBREN:P,O: K. O &Rl
21:10:140) , MR R /HE B (NP, O, : K, O B U5 Ky
20:6: 19— W PR A . o, AR h AR R 2
it B B o 0l R — Bk R R AL R IR R SR
AR 80 d. 28 /s B AR i LA RUIE M b o L 3R 43
AN T2 53 T AR b 7T, 1 40 it I8 8 Rt AE 7 ik DL
# 1.

e L0 R 2B K U R) P T E K PR RETE 5~ 8
em, KAFUCER 10 d HEK . & Z2 R IR, S I8 R 1%
YEW) . /INDX [E) FH I 43 B F , Bk 58 7 HEVE K3 4%
/NI 35 SR B U 7K 43 R 48 e R AT 2 7 A L, B
JIEL Rk A2h 3 A g S Ath, P i) 757 B i 45 4 M AR R 9 K H
(EELIbEIEN
1.4 WMBMNERF X

A RE AR B AL 1Y F% 43 B Tl R i BRUE AR GB/
T23348-2009¢ L LB AL E . 25 °C #RKiz #
P g . 4 pH (E FHER BE 1T s I AL &
AR R A S R e A R R PG

R E 5 AR R i T RO W s A o T
Olsen 0 5 5 A & 4 NH, OAc &2 42K 8
O E VR DN 5 RE AR RS DU R B L IR i

KRR 45/ DR 20 SRIHEA RO IF LU
I BE A LA RERE 5 YL R S T R A AL
S B R A N B A | TR M Y S
J& o 3 /N DT BT, DL B I KRR S B
FHHEF LTS .
1.5 itEARK

1) A & W 3K +8 #0 (Nitrogen harvest index,
NHD = ¥R & & /A AR S WA &= 5 2) ZUIE A
JH % (Nitrogen recovery efficiency, NRE, %) = (Jifi
R DX AR W R — 25 1 XA R R IR R ) /il A
X 1003 3) A 2= F F§ % (Nitrogen agronomic ef-
ficiency , NAE,kg/kg) = (i Z X 7= & — 25 H X 7=
i) /it AU 5 4) A8 AR B R H % (Nitrogen physio-
logical efficiency, NPE,kg/kg) = (i & X f= & — =5
H X ) / Ot 80 XA PR S IR R i — 25 1 XA AR
WA ) 55) &R A 7 J1 (Partial factor productiv-
ity for applied N,PFP, kg/kg) = jiti & X 7 & /it &
;6) T A K K AHF E (Soil N dependent rate,
SNDR, %) =45 [ IX A A el WAL B/t 280 DX A Bk 5L
MR A X100,
1.6 HEHH

O b R AE B ASE A Excel 2003 58 i, B0HE
3 DPS 7.05 Ge it 81k kA7 B &K J7 22 43 i
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(ANOVA) , ZH b # R Duncan #r &M 21k,
2 R 500

2.1 AEHERAIEXTKE =R

HI 3% 2 AT, 322 2 AF il FH 22 /45 PR . 1 A ™
s AR LA R ARL T A e Ak B A R T
CK ARt ED (P <<0.01) o {H & Jifi 0 4 #1 |] TG W 3% 22
5. 2012 AF i T AL 3 77 0E BE 10,12~ 14.71 %5
2013 AFfH P i B 35,48 % ~39.54 % 5 2 4F 77 &
¥} 80CRF >>100CRF > OF > CK, H: ' 80CRF,
100CRF il OF 4351 1t CK 147 25.32% .23.93 % Fil
22.54 % (P<C0.05) , G2 /¥ B I 5 #E 45 43 Uit JE 4k
HE IO 25, LA H L S/ R S e
A3 VR A 77 R AF 2, 80 U6 P R R e 4

CK Ab 347 20 8 4 B FOR B8 389 I il 260 10 Ak
(P <C0.01) , A &5 FE BAE it 280 Ak 1 2 (0] G b 3 22
Sy i T2 B AR AL B (100CRF) 4 FUR B0 7E 2012 4
MifE 2 % W T OF AbHE(P<C0.05) , (HEZ5 SR A R
FALT OF(P<C0.05) (£ 3), Xl g5 %/ B
1 4 o it FH L 38 TR A I I S BOK R R
BGAS Ty A R 2 S AR A A T R R 4
SR AE it RNE AL L ] G S 3 22 S, TR T A AL B
KR EES,
22 AREERLERKERSENE

Fe A4 FWT, 2 A7 LN R it A B AT R R AT

x2 FAEERELETHEGRBHFN™E

Table 2. Comparison of grain yield in different treatments,

R E KR RL (Chin J Rice Sci) 45 30 %45 4 W (2016 4E 7 F)

A R D TS AL HE (P <<0.01) s
H 100CRF 4b P W R pFRL (RS FF & Al A =
WEET OF A ¥ (P <C0.05) ; SOCRF Ab F KL A5
A BFEET OF(P<C0.05), i F W ff & & & . 1%
W AEYS OF A3 &2 5. Hik, T LIk K
EFRN LN T SR/ B AL HE 100CRF K & &
A Y & T A i E b B OF ; 28 /45 B
JIES sk £2: it FH &b B 8OCRE /K AE AL & it VAl Wl i
L Ab¥E OF &b F R —/KF. BAFARTESHFRA
FORE AR AR AR (R D,
2.3 AEMERLEXKFBRIEFHAERNZI
5 AT LA H DD KRS AR Wk 48 5D AN it
JEL Kb P A v o E 2012 4 R R AR 0 3 v T L At it A Ak
FICP <C0.01); H K /& SOCRF 4b #, I & & T
100CRF,OF b3 (P <C0.05) ; 75 H 4y 2235 4% 4b 74 i)
TR FEER., Wik, AL # b 80CRF A # T &
2 A BE 10 25 KRS 1 54k . 2) FUIE W WOR] T 5 LA
il 2% /4 TR B A L A 5 L W W 3 v T OF Ab B (P <0,
01), 5 —4FHLRF, 8OCRF M it % & T 100CRF Ab 3
(P<C0.01) , FoAx 2540 Wit FH 22 /4% 8 IR Ak 38 22 1)
o 25 A & SOCRE A AR it 28 2 A% . {H ki
FEFFR & R A E M. DAL =R R
% /P BB AL BE SOCRFE fix /. 2012 4FBEAH . 2013 4F
T I 25 R T A i 80 A B (P <<0.05) 5 7E 55 A
AR T AR LR B R 7 4, U] SOCRF

FLF 15 e A
ARy Ak 3
Early rice Late rice Yield
Year Treatment
/(kg + hm %) /(kg + hm %) /(kg + hm %)
2012 CK 6 395.004373.60 bB 8 384.464+111.87 bB 14 779.46+485.38 bB
OF 6 685.004-580.24 aA 9 805.584226.10 aA 16 491.58£804.15 aA
100CRF 7 105.004106.42 aA 9 848.434326.20 aA 16 953.43+417.52 aA
80CRF 6 970.004+278.75 aA 9 872.07493.72 aA 16 842.074185.92 aA
2013 CK 4937.634429.79 bB 6 872.644124.15 bB 11 810.27+387.37 bB
OF 7 635.304174.24 aA 8 457.114+117.90 aA 16 092.40+161.64 aA
100CRF 7 818.894399.22 aA 8 182.734350.75 aA 16 001.61+£381.24 aA
80CRF 7 829.614259.64 aA 8 651.014720.06 aA 16 480.624+946.77 aA
V- Average CK 5 666.324388.55 bB 7 628.55482.77 bB 13 294.87+433.84 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 16 661.34+382.48 aA

F PRI - £ AR E2E (n =3) s [RS8 5 AR TR /NG 2 B e 7R AL B W) 22 535 P<C0.05 3K 5 RS /5 A TR RS 528k 7R 4k 21

7E P<<0.01 KFZREE., TH.

Data in the table are mean value & standard deviation(n=3) ; Different lowercase and capital letters mean significant differences at P<Z0.

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.
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EEZER TR 45908 TR E
Grain number Seed setting 1000-grain
per panicle rate/ % weight/g

73.2844.53 bB
85.7543.38 aA
83.2016.32 aA
88.3542.70 aA

139.99£6.00 bA

142.27£16.99 bA
158.11412.27 aA

156.144=8.32 aA

57.2142.14 bB
83.944+4.10 aA
86.0043.28 aA
82.3143.96 aA

132.79£5.80 aA
148.4316.98 aA

80.63£2.85 aA
74.36+11.16 aA
74.55+2.45 aA
74.324+4.17 aA

86.991+2.58 aA
84.48+3.56 aA
77.57£6.12 bA
79.6512.11 abA

79.831£3.10 aA
89.34+4.12 aA
86.08£5.31 aA
88.40+2.65 aA

87.71£1.61 aA
83.131+23.15 aA

21.9940.88 aA
22.6940.60 aA
22.4840.07 aA
22.78£0.15 aA

25.45+0.48 aA
25.29+0.24 aA
25.20+0.63 aA
24.93+0.37 aA

20.3040.15 aA
21.5240.41 aA
21.8540.30 aA
21.5940.18 aA

24.2644.46 aA
25.27+£6.56 aA

AR
A f o o
No. of effective panicles
Year Treatment
/(X10" hm™*)
2012 HFg Early rice
CK 460.04+31.30 aA
OF 558.414115.26 aA
100CRF 538.16483.71 aA
80CRF 500.55482.50 aA
W AE Late rice
CK 234.33+11.89 bB
OF 296.00+12.82 aA
100CRF 304.63+18.62 aA
80CRF 293.53+17.49 aA
2013 HFg Early rice
CK 358.77+23.90 bB
OF 541.05452.50 aA
100CRF 533.82445.93 aA
80CRF 568.54456.92 aA
Wi A% Late rice
CK 217.07+11.89 bB
OF 259.00+19.23 aA
100CRF 288.60+29.60 aA
80CRF 281.20+26.68 aA

143.67420.74 aA
140.664+10.70 aA

80.36£8.46 aA
83.26418.13 aA

24.49+£5.69 aA
24.95+1.31 aA

X FF AL A B AR R . O RIS A BRI T %
1E 2012 4F Wi A8 2 SOCRF fix i, 2 # i T 100CRF
A EE(P<C0.05),2013 4E LB FEHI DL OF Ab B i &
2" T 100CRF 4 # (P <C0.05),80CRF 5 OF
AR @ 35 25 5 L X — B4 A IR AT BE R A R
gy ol N < W B T 0 U o A N S O & i v
T OF , DT R AR T B 007 260 25 K 0 388 7= . 17 ik
BEAUHET . AZM0ES OF KR LB EE R . AZ
FIRTE G, AR T,OF i BA
B e K 5 R AR A R R G
5) J AR A= 72 3 LAAL B 8OCRF i iy, 8.3 i3 T HoAth
JitE B AL B (P <<0.05),2012 4EHEHG . 2013 4F 5. i
100CRF 5 OF 4b ¥R LR #2225, ) N LA XK
WAF 20T LU il B E L OF Zb B AE 2013 4F
AR T 3 AR AR (P <C0.05) , 6 BT it 1]
P RENE A T KRR 7= 6 R RO B R T A
JIES ) 1) FH 205

3 g

3.0 B/EBIERREERRIZR KR

T R L 0 5 A0 T B8 9 A 2
OB T AL 25 P R T i 0 3
B PR 30 TR A 2 B S B S R
TR S PR R R 9 B 8 40 2 A

PR W G I e TR LR R R R ZE BT A R R 2
BA R TR L = P87, I35 70 Un 2R 58 0 % 7% 2
FFRL AL AE RIE ™ S8 (19 42 = » T 4 B IR mT i s B A
BREEM B A2 75 PR A D8 AP 4 it AE ) S
IS 28 HOi A B Y 10 26 ~20 26 ATE AR BE AR IE
ST W R AL R AR Y R I i — PR R R
A AR 23 A, 33X A7 F T8 B R B e
A ST it AL B9 Sty b 98l 20 00, PSR HE Ak PR
7 A R MSOM) P 5 e T A G T s LA
o A O DR O A R ) SRR AR M O
1 2o R L Dl it P A (SR AT i 7 TR R LR
L B A R B SR A B TR S M AR
PRI 2 R i e LA B Y R R AR [l
A I PR NI sk 2% 1R R 5 3 5l IR R Ak PR
LU SRR AT OB A RORR  RUIE AR A
A PR RN 3 X R 2 2R 22 S Y LA AT AR 5 i
A B R HERE T 25 A A BN R A S
32 MEREZ/EREEEREMRESESFAER
R

9% /15 B MR IR HG FLAT 412 vy LA T 3R D it
JIEL Xk B85 149 95 e B — U it A 25 18 s 2 2 1N 4 s
NERE & e B #4870 /0 e AE W K /9 [)
REAS 1Yy 02020 it 4 B A 4 4 ) BB 408 Wi Wi o
ZH SR 5T AR IR R 5 Gt AR RIS R
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Table 4. Comparison of nitrogen content and nitrogen uptake of rice in different treatments.
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%30 #5 4 W(2016 £ 7 AD

RS A FLRE A i A R e i O L o
53 F 14 3 _
Ay N content of N uptake of N content in N uptake of
Ttem and
Year early rice early rice late rice late rice
treatment
/(mg * kg ") /(kg *« hm %) /(mg * kg ") /(kg + hm %)
2012 FFHL Grain
CK 12.22+0.98 bB 77.954+2.96 bB 10.6940.34 cB 118.29+4.55 cC
OF 15.364+1.61 aA 102.324£9.40 aA 12.8040.57 abA 180.39£5.76 abAB
100CRF 15.0840.76 aA 107.18£5.57 aA 13.654+0.44 aA 192.78£8.83 aA
80CRF 14.9540.33 aA 104.22£5.64 aA 12.3040.42 bA 170.07£8.17 bB
& FF Straw
CK 10.194+1.33 bB 45.154+2.93 bB 6.0240.43 bB 28.7042.43 cC
OF 11.664+2.07 aA 59.8444.12 aA 9.93+0.57 aA 54.9540.54 aA
100CRF 12.5840.49 aA 65.194+12.66 aA 10.4040.94 aA 58.45£6.56 aAB
80CRF 12.144+2.21 aA 70.12+23.15 aA 9.3140.57 aA 48.68+3.64 bB
2013 FFHL Grain
CK 10.6140.25 cC 52.37+£3.12 cC 11.2140.46 dC 77.04+2.94 cC
OF 13.9440.38 bB 106.44+4.71 bB 13.354+0.51 cB 112.88+3.32 bB
100CRF 15.4640.51 aA 120.86£6.53 aA 15.7840.78 aA 129.02+6.07 aA
80CRF 14.88+0.66 abAB 116.51£8.17 aA 14.7140.33 bA 127.17£8.68 aA
5 FF Straw
CK 6.454+0.71 cC 28.0042.15 cC 6.7340.36 cC 34.5241.93 bB
OF 8.9010.82 bA 49.52£5.63 bB 9.46+0.52 bB 58.09£4.07 aA
100CRF 11.2741.02 aA 85.91£10.26 aA 12.0440.20 aA 68.30£6.19 aA
80CRF 10.5240.42 bA 68.20+£7.32 aA 9.3040.82 bB 57.70£3.62 aA
Sy ¥ Grain
CK 11.414+1.03 bB 65.16£8.76 cB 10.954+0.23 cC 97.6741.88 cC
OF 14.654+1.52 aA 104.38+£8.79 bA 13.0740.54 bB 146.64+4.23 bB
100CRF 15.2740.40 aA 114.02+2.28 aA 14.7140.50 aA 160.90£5.55 aA
80CRF 14.9140.33 aA 110.36£3.44 aA 13.504+0.31 bB 148.62+8.15 bB
F4 FF Straw
CK 8.324+1.92 cB 36.5846.45 cC 6.374+0.43 cC 31.61£1.15 cB
OF 10.2842.20 bA 54.6840.44 bB 9.704+0.59 bB 56.52+£1.78 bA
100CRF 11.934+1.10 aA 75.55+14.66 aA 11.224+1.17 aA 63.38£5.93 aA
80CRF 11.3340.52 abA 69.16+16.69 aA 9.31+0.40 bB 53.19+2.69 bA

Jit JFH 45 8 A Ak B4 1) 7 ik 5 4 A AT T 3 25 L
A R RIEA AR S R MAZWIEY & T
e it N Ab B2, 98 /D 20 060 9% /45 BB AL 3 A) 5 4 77
MiAE A R & i M A R W AR Y, HiE
SRR g SR I, S I B A IR DR R L BN A A £
PR 2 3 ) L % 38 4y Ok it DR 3R R R 13,3206 AN
18.05 Y0 » 2 ¢ PR 2 Ak 3 15 5 38 IR R AL 3 Ay NS A 2
R IR AR BRACR L RUIE R R 2 K 3 1 A
SEU R I AE R A v A R RUIE A 3 A
FRZE AL TR B 8 5% ~27.70 % , EIE ) FH % 45 55
18.60 %6 ~31.30 %6 , 4“7 | JH 28 A, b =5 14 im 5 B 10 /¢
SRR B S WA AR LSS R A F 5 it
G /3 T8 JIE RV 742 it A 19 7K g 7 G o 25 5 L (HLIL
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PIAERF T — 8002 RIS A 4T 2
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i 3 AR o R A 5 A2 WA T SRR 2 R R
Tl R R o AR AR AR KT 0 e RURE L e K A
A AT S0 2ed it P I 51 14 RN A B 4 e i
B AT 5 A a6 TR g ¢ v 4 b it T 42 B A
AT RE S| KR Ja 30 2N A R ek e R R IR o
IR A T T R AR A AR I R BRI
TR, ABETET 4 il 42 e AL Ak PH 7 i AL A0 B rp 2
A 4 FESORWBURB UM 73X — . NIk, it
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Table 5. Nitrogen use efficiency in different treatments in early and late rice.
s N =
) RIE A 2 U A B o
AR AN AU A THEAR
0 Ab ) A FI % Fi A % -
LUEIE 151 LUDEE S PFP g
Year Treatment NAE NPE
NHI NRE/ % /(kg « kg™ ") SNDR/ %
/(kg« kg ") /(kg* kg ")
2012 R Early rice
CK 0.63+0.01 aA
OF 0.631+0.04 aA  26.034+5.58 cC  3.97+1.45 aA 18.754+4.30 aA 47.57+1.45 bA 76.0543.95 aA
100CRF 0.6240.05 aA  37.28+6.07 bB  4.7340.71 aA 14.87+£2.19 aA 47.37+0.71 bA 71.764+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
5 Late rice
CK 0.76+0.01 aA
OF 0.7040.01 ¢B  34.5043.20 bB  7.90+1.26 bA 22.9643.69 abA  54.48+1.26 bB 65.62+2.08 abA
100CRF 0.7040.02 cB 41.384+4.91 aA 8.1441.81 bA 19.83+4.84 bA 54.714+1.81 bB 61.4542.84 bA
80CRF 0.7140.01 bB  39.11+1.52 aA 10.3440.65 aA 29.1443.85 aA 68.5640.65 aA 69.66+3.41 aA
2013 R Early rice

CK

OF
100CRF
80CRF

e fG Late rice

CK

OF
100CRF
80CRF

0.6540.02 aA
0.6810.01 aA
0.5920.04 aA
0.6310.03 aA

0.6940.00 aA
0.6610.02 aA
0.6540.01 aA
0.6940.02 aA

23.98+3.44 bB
57.85£6.21 aA
53.931£5.38 aA

33.01£2.68 bB
47.641£6.44 aA
50.91£7.49 aA

14.62+0.71 bB
14.9542.44 bB
18.5340.72 aA

8.80£0.65 bB
7.2741.95 bB
12.3445.00 aA

35.48+3.38 aA
22.67+£2.64 bB

27.57£4.21 abAB

26.731£2.22 aA
15.20£3.38 bB
23.62£6.48 aAB

51.280.71 bB
51.6912.44 bB
64.4110.72 aA

46.98£0.65 bB
45.46£1.95 bB
60.085.00 aA

64.4142.02 aA
48.59=3.51 bB
54.3944.12 bB

65.2911.85 aA
56.6713.26 bA
60.4843.53 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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