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Abstract: [Objective] The loss control urea (LCU) that, when dissolved in water, couples in a network structure to mitigate
ammonia volatilization and N leaching in rice field fertilization was studied for its practical applications. [ Method] A plot
experiment in the field was conducted with varied applications of LCU to determine the resulting rice yield and N utilization
efficiency (NUE) as well as the N loss through leaching. In addition to control without N fertilization (CK), the treatments
included applications of the conventional urea (CU), recommended LCU usage, 10% reduced LCU usage, 20% reduced LCU
usage, LCU/CU at 7 : 3 ratio, LCU/CU at 5 : 5 ratio, LCU/CU at 3 : 7 ratio, and LCU by basal application. [Result] (1) All
LCU applications improved the rice yield over CK. The largest increase of 8.92% over CU was resulted from the mixture of
LCU/CU at 5 : 5 ratio. LCU/CU at 7 : 3 mixing ratio produced the second highest yield gain. The gains on rice yield was
mainly attributed by the increase of the grain count per panicle. (2) LCU significantly improved NUE of the rice plants. By
reducing 10% on the LCU usage, the highest NUE with an increase of 9.79 over CU was observed among all applications. That
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was followed by the second highest delivered by LCU/CU at 5 : 5 ratio. (3) LCU significantly reduced the total N concentration

in surface water and N loss from leaching. In comparison to CU, depending upon the application rate, LCU reduced

28.40%—66.32% of the N loss from leaching in an entire rice growth period. By reducing 20% on the LCU usage, the highest N loss

from leaching reduction was observed, followed by 10% reduced LCU usage, and then the CU treatment. [ Conclusion] LCU

significantly improved the yield and NUE of rice plants and reduced the N loss from leaching in soil. The application of LCU at

243-270kg hmNwitha5: 5 mixing ratio with CU was recommended for the rice farming in the Yellow River irrigation region.
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Experimental design

Ab P Treatments 15 B Description

Jsi 22 = 2
3 . i . e
4£666.7 m it il & Every 666.7m" amounts/kg NI « BEAE « AR

N P,0s K,0 N base : tillering : jointing

CK CK 0 0 0 —

Cu # MR Conventional urea 18 6 4 2:1:1

LCU 1% K% & Loss-controlled urea 18 6 4 2:1:1
LCU-10% %K 10% Loss-controlled urea loss 10% 16.2 6 4 2:1:1
LCU-20% P 508 E:20% Loss-controlled urea loss 20% 14.4 6 4 2:1:1
L/C-7:3 ¥4 L H =7 : 3 Loss-controlled/conventional 7 = 3 18 6 4 2:1:1
L/IC-5:5 %2k W =5 : 5 Loss-controlled/conventional 5 : 5 18 6 4 2:1:1
L/C-3:7 %2k 1 W =3 : 7 Loss-controlled/conventional 3 : 7 18 6 4 2:1:1

LA R IRZE (JE) Loss-controlled urea by basal application 18 6 4 AL

14 BUBLEBS5% o

IR HZE (NUE, %) = (ifi 2 A0 B & - A
it AL PR A ) /il = X 100

AR 230 (AEN, kgkg') = (A XKEY
FrR-ANAXAEY R ) AR

AMEARA: 7= 5 (PFPN, kgkg ') =Rl EBEY
TR VA R VAT AV =i

BRI B =R K P R TR B X R K A AR

REMK & AL R A = A b B R ik
g AL XT PR AR WK & ) /il AU X 100%

K H1 Excel 1 SPSS #5447 44 ab PR AN G2 11 4
1, IR Duncan Fr 2 293017 2/ HLEL

2 ZR554
21 TREBERELBWKEZEURMREZN

=AU

M2 ATRLAE Y, 45t AR b B 5 K Ah B ) 7
ZIAfFAE B EEZER (P<0.05). #k  HHMS:5
A B KRR S, RO FER WL T 31
AR, Gy ) LR R R AR T 8.92% . 7.78%.
¥R AL R, B A R IR R A L 4
K, IKFEP BB WA #5828 IR 4 Rk it A 3 1A
R e R AN 2 DT 5 I =

M2 AT LLAE I, A AL AL B CK b B A FE0kRT

w2 FEMRKRERELENKFETER T EMRE RN
Table2 Effects of LCU treatments on quantity of and factors affecting rice yield

T 43666.7 m %
o SCU % P e . N
e e Increasing ratio o GSS TEE (ST g TR
Yield/ & rd o Panicle Every 666.7m’ Filled grains per  Seed setting 1 000-grain
Treatment = compared with  Plant height/cm . N .
(kg-hm *) length/cm effective panicle/”] rate/% weight/g
CU/% .
panicles/J7
CK 5121.55+35991b — 84.2+1.66 a 19.3+0.46 a 13.07+038b  1324+731c 89.79+4.10b 27.05+1.4la
CU 8725.731+265.59 a — 96.4+220a 20.1£1.65a  20.53+£0.96a 159.2+10.28b 81.55+4.72a 25.13+1.03a
LCU 9330.98+563.20 a 6.94 95.1+1.82a 209+0.76a 2040+1.22a 174.8+7.52ab 82.74+36la 25.64+1.09a
LCU-10% 9175.10+648.44 a 5.15 98.2+1.92a 19.8+0.87a 19.40+0.64a 168.2+7.30ab 88.90+3.25ab 2543+1.07a
LCU-20% 8475.331+468.74 a -2.87 97.8+125a 18.9+0.74 a 17.60+0.59a 159.7+£8.50b 88.45+3.02ab 25.06+0.56a
L/C-7:3 9404.27+457.96 a 7.78 99.6t1.36a 21.7+124a 19.80+0.71a 188.4+8.77a 85.17+345ab 26.38+0.20a
L/C5:5 9504.22+628.06 a 8.92 98.7t1.68a 209+0.78a  20.27+£0.89a 184.6+820a 86.12+1.20ab 27.12+0.57a
L/c3:7 8 869.76+190.56 a 1.65 96.8+237a 21.1+£0.62a 18.13+0.63a 185.1%£9.13a 87.38+3.76ab 2520+1.69a
LA 8593.461+520.20 a -1.52 99.1+1.68a 20.3+0.40a 1840+0.74a 161.2+9.44b 8571+4.53ab 25.55+0.44a

e AR R F NG T RN SRR R A 2 A 2 7 2 (P<<0.05) . K3, 4[],

Note: Data with different letters within same column mean significant difference (P<<0.05). Same for Tables 3 and 4.
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R CEHMR T 3AEER W37,
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MR, #R RIS SMEER FHRN
703 BYALE R A B RO s HEA A, KRR
WA D E K.
22 AEHELRFZLIEXKIEREF A ENZ

H 3 AT 0L, 5 JtiA0 b B 5 CK &b B AY I 2 2
[EfFAE g SR (P<0.05). ¥k @ HHLM S « 5 b

(1 2 G v, ok 183.31 kg'hm °, Lk R FRE IR
ZAb P 181.79 kg'hm * #E R 10%., 4526 %
MRS SRS HMIRE | FRIRE TN . 45
AL 20% Kb BRI EE A R Z A B B XS
(P<<0.05). #5208 10% Ab 23 1% &0 F) H 2 5%
i, I8E39.19%, LR RUR R AR N T 9.79 A
gy HUCHEER Wk 5 5 A 36.08%, LA
IR ZR AL FHIE N T 6.68 1~ H 43 Ao R 10% Ab
AR R S, HROAER R
505 b B 4R e R 20% Kb BEAY SR I 2R 7 ) B
B, YOI 10% 403, (HR2ER AN EE,

#3 FEHERRELENKERER A ENFIE
Table 3 Effects of LCU treatments on NUE of rice plants

R PRI

AT . FUEFRI I = RIER R HUE A7 7y

Treatment Straw N B Grain N o Total N - NUE/% AEN/ (kg'kg PFPN/ (kgkg )
uptake/ (kg-hm °)  uptake/ (kg-hm *)  uptake/ (kg-hm *)

CK 36.28+5.69b 49.61£495b — — —

CU 62.68+7.52a 102.59+6.27 a 165.27 a 29.40b 1335a 32.32a

LCU 72.48%+4.77 a 109.31+£5.05a 181.79 a 35.52 ab 15.59 a 34.56 a
LCU-10% 75.86+8.73 a 105.26+331a 181.12 a 39.19 a 16.68 a 37.76 a
LCU-20% 53.07+3.09 a 93.39+3.37a 146.46 a 28.04 b 1553 a 39.24 a
L/IC-7:3 76.881+8.06 a 102.56+3.83 a 179.44 a 34.65 ab 15.86 a 3483 a
L/IC-5:5 70.98+3.74 a 112.33+6.22a 183.31a 36.08 a 1623 a 3520 a
L/C-3:7 71.42+6.58 a 96.55+537a 167.97 a 30.40 ab 13.88 a 32.85a

LA 68.45+6.70 a 96.71+6.23 a 165.16 a 29.36 b 12.86 a 31.83a

P R PR Z W] AT KR AR BT R E TR R,
TEREFEAFEAR 10% p L6l 1, SHR R I f
HH 8 B A L8R 5 B S A T PR AL B, R
T A E MR o 767 B 51 #HE XAR R SC bR
LR « W= 0 5, BRI 10%., ¥4 ¢ %
W=7 = 3 RhFIX 3 P LA I EUIEIE B, HhE
B St m AR AR, Hrphsk - wH=s
5 A BRELHT
23 FRBPEARZLEMEHHEKEEREKRE
BT R

e FHFH 1T 7K R k7K B e K i HE K 78 A
BORKAR 5 1 Kk, W 5 1 oK w8 R4k, i
A8 IS 0 5 i T K AR T VR T g KU . P R 1T
WL, PR 3548 e IR F S E K A 3B i BE T
FEAC S, A I T 7K 4 2805 ek i 34 e - v 3] 0
{8, Bt T VR W T 2 R AR, AR 10 d 25
R B A X R AR

T RIREMMREE M, 5 TIREAL .

KRS, SRR THI, R R R AL
FHR FHFH DK 4 00 R R B A A . o,
2 bR 2 0 b B p IR s P R LR K
Fb 45 b B T4 R R ZBE EL oK, A HHE TR K 4
Jo ke B AH B B . b T 3 AT L A
5 H 28 H % HLIR R H I 1 K 4 00 B vk 1k 3 i
i 34.34 mg- L', T4 2% o 20% 4k 2 U6k 2 i 5 o
K, SHIIRFEA LT 32.32%, #HRIBE 10%.
PO AL IR, i T 26.76% . 23.12%.
8 06 PR 2R A T F it b B AN AR Lt K S, A AT
KA R Rk B A B I 2 1 32.82 mgL ', WS IB
FEAK, 766 H 4 HZ )5 — SRR TE R ALK
24 AEHELRRZNENFBHER R KK

Hi e 4nl DUE W, KRR 75 R, 8 LR
F.OBRIRE (H) b3 H Al 45 40 B B AR
2 AEE EMEE R (P<0.05); ZrdEfim, %
PR 2 A B 5 H A 4% Ak B A R R 2 TR A T
FHE2ZES (P<0.05). LR R AL BB TRk
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Fig. 1 Effect of LCU treatments on total N in surface water at paddy field
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Table 4 Total loss on N leaching in stages of rice growth
FAE WS EM R B
. . . -2
e Total N accumulative leakage in different growth stages/ (kg-hm ) R 1 A9
—_— T s an = i °
Treatment S 45 ZHRH] FFAEH] W AR it Proportion/%
Greening stage  Tillering stage  Jointing stage  Flowering stage ~ Heading stage Harvesting stage Sum
CK 1.83+0.50 b 477+141b 1.994+0.27a 1.50+0.45a 0.74+0.19a 0.241+0.14a 11.07d
CU 8.83+1.38a 18.65+0.38 a 6.94+1.46a 2.72+0.28 a 1.72+£043 a 1.04+£0.33 a 39.89a 10.30 a
LCU 1.294+0.08 b 4.92+0.63b 449+0.13 a 423+037a 2.30%+0.19a 1.10£0.04 a 18.33 c¢d 232b
LCU-10% 1.284+0.11b 5394+1.06b 4.08+0.39a 3.14+0.67a 1.58+0.34a 0.76+0.26 a 16.23 cd 1.71b
LCU-20% 1.13£0.11b 5.13+1.01b 3.60+0.73 a 1.77£0.28 a 1.23£0.18a 0.57+0.05a 13.44d 0.63b
L/C-7:3 1.98+0.18b 7.05+1.22b 7.11+1.50a 3471024 a 2.04+027a 1.03£0.06 a 22.67 be 393b
L/C-5:5 2.89+0.19b 8.92+0.39b 6.891+0.75a 3.00+0.17a 1.54+£0.24 a 091£0.10a 24.14 be 4470
LCc-3:7 3.04+0.85b 8.61+0.83b 724+1.15a 291+£0.25a 1.46+031 a 0.60+0.14 a 23.87 bc 4370
LA 10.67+0.57 a 7.77+0.28 b 445+0.12a 3.094+0.58 a 1.56+0.15a 1.02£0.07 a 28.56 b 6.11b

REBRAETESFEE, KRR &AL AE B T
WRRA THESR | A2 R R A R %) EE A1 B e 3 K

KRR A B, A% A 3 b B R R R/
PRIy WHIRERE>ERIRR (M) >HR W
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L CKL R 20% ., R 10% ., K% &
WIS RIRE (B ). F LR 2 A0 380 5 AU 2k
WZEAEREEZER (P<005). #5W&
20%. FERWE 10% . 55 F ALY A UK 543
W% 13.44, 1623, 18.33 kg'hm °, L #L IR Ak 3
gL 66.32% . 59.31%., 54.04%.

ORI 3R A 5 A A5 R DR R AL B AR R
o e B Y L) 2 R AR A 2 22 R (P<<0.05),
o, RERINE 20%. PER A 10%., 15k R gt b B

MY U2 RSk B 5 IR & 9 EL 4904350 R 0.63% . 1.71%.
2.32%, o LR AL FEA 50 D 93.86% . 83.37%.
77.47%. Al UL, PO IR R AT LA 3 BRI AR B e ik
N1

3 L4k

31 FREEBERREZLEMNKEFESTRMNAERY
20

AR AR T, ARERIRELH, BRiER
W 20% ., EARRE () 4, Heeiks g, &
] 8 869.76~ 9 504.22 kg-hm °, Hrh 4k LK
55 IR P ROR B O TR, R LR R
8.92%, HUCHIEL + HM=7:3, >WRE =, &L
VR 10% FE 2 H =3« 7AbEE, S b E LR
EHEP™ 7.78%. 6.94%. 5.15% Al 1.65%; & 5 Ik &
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20%. #RIRE (3L ) Ab B E SR 435 Lo # LR R0
77 2.87%. 1.52%, HEERARE., AREERIKER
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PRZR 43 Uit AL 3 B K AP R R ZE mE R 3 . R4y
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Ao, REBRE LR R W E R
SCRENAPTD IR e 4 R, PR R R R S
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PR ZE L1 = 3 Fudt WA it AR B, T By
ROREE, Rl 3.86%. TEMEREE KRS L, 30%
HHLIR F+70% 5% IR R BEAS IKAS 48 = i R A48 7=
REA AR B piaiass LR S A e 4h
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PR T IR 2, Ok PR R N 3 R 2R L
HUi s R IR FE R, R W=7 3 b R R
Fo SRR RA—E, XTI Kk A
SR IR
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ARHFGEH, R IKE S FREA KRG AL T4
HM R KB T 13.44~28.56 kg'hm ©,  HLH LR 2
AEFRYE D T 28.40%~ 66.32%; 4545 2k R 2 AL R A4
RIS o e AE R 4 R 91 0.63%~6.11%,  Lb 8 #ILIR
ZAMEH/D T 40.70%~93.86%, Firh, #EJHE 20% b
B UM R e e A, LR AR e A 10%
FERH AN, TiERRE (JL) WUbmE RN, 5K
R A e WURA R, AT Rk 2% JR 2 A e Y
b o R, R R 0> B 2 0 A AR B OBOR
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KRB BT AR A R, PR R R AN Ui
AE B R R B B IEAR, MR IR E 1 Wit FH Ak 2
IR BB R, SA S 45 R R — 3.

gi Lk, 0% IR R RS 12 2 /K A A BB £
I BRAS BT 22 7 6, AR AR RSO B s AR
FHAR, AR RS I T K R e B T s Rk i %

KRR . A AHEMAR K ARFERNR, &
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