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Effects of different types of controlled release fertilizer on rice yield and
nitrogen loss of surface runoff

LIU Hong-jiang, GUO Zhi, ZHENG Jian-chu, SHENG Jing, ZHANG Yue-fang, CHEN Liu-gen
(Recycling Agriculture Research Center, Jiangsu Academy of Agriculture Sciences, Nangjing 210014, China)

Abstract: In order to reveal the effects of different types of controlled release fertilizers on rice yield and nitrogen loss of
surface runoff in a wheat-rice double cropping system, a field experiment was carried out with Wuyunjing 30 as tested material.
Eight treatments such as no nitrogen fertilizer (NO) , local farmer accustom nitrogen fertilizer application (N1), nitrogen reduc-
tion 18.2% (N2), nitrogen reduction 18.2% and urease inhibitor (N3) , sulfur coated urea (N4), resin coated urea (N5), urea
formaldehyde (N6), oxalic amide (N7) were conducted. The results showed that rice yield could be assured under the treatments
of N3, N6, and N7 compared with that under the treatment of N1. The biomass yield of rice under the treatments of N6 and N7

was relatively low, and the higher economic coefficient was

Wi HHEA.2017-11-29
BB . ERKE S AT RIS (2016 YFD020080S ) ; H ¢ I B4

an important reason for normal output. There were six times of

WA AR 5455 H [ TG (16) 0147 5 2 25 HEA7 I (4l ) surface runoff in this rice season, and the accumulative sur-
BHIF LI (20153122) face runoff was 3.68x10° m’/hm’. The average total nitrogen
TEE A XILIT(1979-) 3 T A H W 11 BFIFTIE R, BEM loss of surface runoff was 11.34 kg/hm’. In the condition of
el 2B 25 T K R o 4 2 B A S PSS, (E-mail ) Li- nitrogen reduction, total nitrogen concentration and total ni-
uhongjiang2004@ sohu.com trogen loss of surface runoff could be significantly decreased

BITUEE R, (E-mail ) chenliugen@ sina.com.cn through the use of some controlled release fertilizers. In the
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condition of nitrogen reduction, the total nitrogen loss rate was effectively decreased under the treatments of N4 and N5. Most of

the rice nitrogen drift loss rate significantly decreased by using controlled release fertilizers. In conclusion, in the condition of ni-

trogen reduction, replacing ordinary urea with urea formaldehyde (N6) and oxalic amide (N7) could ensure rice yield, reduce

the loss of nitrogen in surface runoff, and decrease the rate of nitrogen drift loss in rice.
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KHRiE ., B H AN IR, & TR R 25 A 92 8 B I kL
Xof K AR P T B LA B A T 4 2% A T A0 2 B2 i 1 H
BRI R . R, AR ST T 2016 4E7E IR M
AR X 2R S AR T i A A5 AR i 0 FH i B TR )
RNy FENEBL A 8 A Ab PR, A 5 X /K R = i
TE B B A T 48028 b 3R A2 3 I Ok B 2, LAY R 4R
e A B ISR AR SR A AR AR

LBk ik

1.1 RXIeh R

ARBFFET 2016 4F 6 H-2016 4F 11 H1EITHA
RN T AR IR X B e G A A8 A 3 (31°27'N, 120°
25'E) 4T, b B T AT 28 KRR PR S X AF
PIREIK 1 100 mm , AFEHREE 15,7 C, 4% H REET ]
KT 2000 h, 4 TCRE I IL 233 d, 3 fEHI R
IKABRIA/NEZ R AE U H 3828 i & KR
AR 2R 1.72 g/kg, S 0.43
o/kg , HALA 46. 2 mg/kg, HAHE 16.9 mg/kg, HAL

controlled release fertilizer; rice yield; suface runoff; nitrogen loss

B 165.3 mg/kg, A ML 23.7 g¢/kg, %5 iR 1.25
g/cm’ ,pH 6.9,
1.2 it

L Z NGRS K FEFF AU 5 B s
TG R FHBEHLIX L BET, LAASTiE ZUIE (NO) /M 2s
XoF BRI DL 0 b K R ok 3 A B (A Al L
REAS A3 514 330. 0 kg/hm?, 67. 5 kg/hm?*, 90. 0
kg/hm? ) Jifi A 6 A7 it IEL X6 B (NL) 5 o it S o R 2 Al
e B E D 18. 2% it A i 1) BNE R AL FE (N2) 5
R+ IR 70 (N3) 5 A 8505 B 37% 0%
FIAPRER (N4) , DU G2 BB (VL5 ) A FR 2 W
PR A 8 A 42% W IR LR IR 2 (NS) , h 4
IE KRR A0 A 38% I IRIE IR E (N6) 5
ARE A 31.8% W FMENE (N7) ;4 8 S4b B, N2
A ONT 4b H BEL ORI B & 4 oA 270.0
kg/hm*, 67.5 kg/hm*, 90.0 kg/hm®, N1 Fl N2 4b
HENCIZZE AN « 4 BEIE « FEACL - AL 2=3:
23 2(aE ), BRI F KRG 4 nh i AE 2 nb
W53 2 YOI, WA A I 0 28 s B FIEL X 4 Ay 3 S
T WAL R N B/ (N) B 46% KRR, & W
(P,0,) It 15% ML BERRES , 581 (K, 0) 5 60% 1
fEBR, PEAMIE RS 5 ILER 1,

Ak A Ay s 8 30 5, 2016 4F 6 H
18 HAHLMAFR R, 3 AF AR ATIE R 30. 0 cm, #REE A
13.3 em, B3 ~4 1,11 H 5 HGER ;K8 HN
6 18 H-7J1 21 HRMHEIK(4~5 cm) {@iHHE
BE,7 H 22 H-8 J1 10 Hi#47 2 IRIBKEEH,8 H
11 HBWCRIET 14 H R TR K 8
Al ) 45 B it , 2 B8 Y b O 5RO R R B
R,
1.3 MENBSIHEFZ
1.3.1 RBAYFERZ2FEH WA, EL/D
XA 100 7K A A A LA L, AR AT AR A,
PEPERKFERERE 5 78, 400F 6T S R 258
MBS E R T s, fraoKk ey - &, K
SR =AY,
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Table 1 The fertilizer application in this research

FEAL ( kg/hm2 )

EEIRFE (kg/hm?®)

o IRE B ES A A S ENT FEIE 1 AL 2
NO - 450.0 150.0 - - -
N1 216.0 450.0 150.0 144.0 216.0 144.0
N2 175.5 450.0 150.0 117.0 175.5 117.0
N3 407.0 450.0 150.0 180.0 - -
N4 507.0 450.0 150.0 180.0 - -
N5 447.0 450.0 150.0 180.0 - -
N6 493.5 450.0 150.0 180.0 - -
N7 589.5 450.0 150.0 180.0 - -

NO AHEAENE, 25 FAXTHE ;N1 AT R S K Rk B i I 4t s N2 N1 82D 18.29% 0 & s N3 - N2+ IR H1 5 N4 B 305 At 37% BB A R
FNS AME AR 2% NEEIRIR R ;N6 - 4730 F A& 38% MRS IR 2 s N7 A 80 & AU 31.8% M RE e, SR A H ]/ XA 58, #3056 /N X
TR A 40 m? /0N IX 1SR - B B JF B0 R B 1B K A, Ak HH D K IR 4~ 5 om, 5 /NXIEAR—F, N TIEAET A M &4, &/ X HE
IKEBEE N 5 om BRI, 4R TR A0 YT IE1 A 42 3 e LR I, 4% /N FEAR SR AT . 00 05 300 3 B 7E /N X K 1 BBUK R 68 Uk, 4 1k fi]

B 10 min ZE47 , 24 R3NP (5] 50 I I SRARE ) i 05 24 1818 IR 2RI IRl SE g 28, 22 i BB AR B n I LR R A, IR AT 3 K,

1.3.2 ARBFEFAAMAAE A, RS A
() 7K T RN, A5 A LU SR AR AR 10 71, ik,
A 3o AR X A3 MR (LA KR &) Fzs Jefr, 1153
TR AERERLER 5 SR TR
133 BEHREAZRATALAALE ARKPT
A /N IX A3 AR TE [R]— KT R R K TR
JEARY , B, A A AR A& AR 15 N B T
FRUAR A b R AR A K B A — 3, S8 iR B AR
ZINDRJEHEZK I8 8 B S 3 e AR IR A K,
B AR/ N X R AR K, RIS SR AR /INX K
R Bifi RIVHT 1] 5255 % AT R

SRS e FH A R B Ak 58 A1 43 ' B ik
e
1.34 REHEAZALZRARE WHHHERER
SRR Rk R AR T R R i S R R AUt
HEA L,
1.3.5 KBREFRALE KBERAZWKERE, N
MR AR TR R B KR R Y U EL
14 HESHAE

JH Excel 2003 #A-VEE, H SPSS 13.0 1347
Giit o B, & Ab B R B AR B/ B 2K
(LSD) ¥ , #3 LSD, (s F1 LSD, o, 7K - 1943 540 g 2%
S kA

2 ER 5550

2.1 AREEBEZEBIEM /KBS
2.1.1 REEA L BT KIS 2 A E s B

FogRrn RGBT AR 7 ik S AR 1
R BNk 2 s, =5t E N3 b Bk e ™
s, AEAIE R NO KA = E ik, 5 N1 Jhe
X BEAR EL B, RUIE DB ) N2 N4 R NS Ak B K R =
A R, 22 5338 W KT 5 N it AR X B
FbAse N6 F1 N7 Ak K A 7= 1 A7 i 388, {H &k 24 ]
M2 AN, U5 N1 AR AR Heds, N2 Ak
PHIKARE 7= i 0 SR, E2 38 i 22 45 R R 9 1 A
Refs U] 4 m KA 7~ 2, Horh N3 N6 Al N7 b F
R E T

MOKFE = wE M i 2 A, N1 N3 Il N6 4b 3
A SR £, ANt R ) NO 78 SR8k e 35 1%
THABAE, KFERERELL N7 b £ Hk
i N3 AbHE NO b B/, N4 AL BEEE N1 jifi A X BE
WE T, N7 AbHHE N1 Jit A B B & 1, K
FEZE SR DL NT Ab B S iy, N Jit JE X BE R ATR, (HOR
[F] Ab BR 2 (0] ) 22 S AN 0 3 . KRR TR0 BT &, NO AN
it ZEAE X B R N1 it AT XS BEAF X 48 7, O o 3 KT
HABALFE N2 ~ N7 6 A~k BH (% 7K 8 R 5 12 A
T, B N1 it AR X BE A EL 4, N3 Ak K F5
i S R, R PR O LA ORI g Rk
B FE I R s N4 NS Ab JHK R P i 0 2 1
1%, 2 PR O A RO Tk BT o ) I
I, 3 BB ASORN 235 52 AR A B R 1Y) 22 S AN K
212 FARERLEEBESKGEY FFEF
Fauyem R RRIE X KA A e 1
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S AN 1A Bis , AT Ab B KRS 2 9 7 e e s )
AR YK N1>N3>N7>N6>N4>N5>N2>NO, N1 jifi e
X BEKRE A 9 7 i e i, ANt RO 19 NO /K A 2B
FEE AR, N1 it AE X B4 N3 N7 N6, N4 N5 N2
F1NO Ak B K A A= W 7 1 4Ol R 0.2% 2. 6% |
3.1% 10.2% 12. 6% 17. 19% K1 37. 3% , b3 [a] (1Y) 22
SRR R B K, Ul R 2 B K R
A P 5

& 1B AT AS TR] Ak B K RS 0 4 5% 2R 80
FMRAMK N NOSN6>NT>N3>N2>N4>N5>NT, LI
it U A9 NO f i, N1 AR B AR AIR, Ab # fA] A 22 5%
KEB A B KT, 1 % P B AE R S N6
FELEERE N7 Ab B KR ™ e, 5 H A5 R

2 0001

A = — =
~ 1600F ]
£
gﬂ 12001
ﬂ”ﬁ 800
ﬁ 400F
0

NO NI N2 N3 N4 N5 N6 N7
P

NO N1 ,N2 N3 N4 N5 N6 N7 ZbHEULZE 1 3,

x2 AREBZEREKBEEREMAEZRNZME
Table 2 Effects of different types of controlled release fertilizer on

rice yield and yield components

LA g WK TR et
Ry BREEC o (8 (8

NO 307.5¢ 116.6¢ 0.777a 27.8a 772.9¢
N1 369.2a 129.2¢ 0.773a 27.6a 1 016.5b
N2 345.0b 123.4d 0.779a 26.9b 890.6d
N3 370.8a 134.7ab 0.780a 27.0b 1 051.5a
N4 343.3b 129.1¢ 0.785a 27.0b 938.3¢
N5 345.8b 122.3d 0.800a 27.0b 914.5¢d
N6 360.8a 131.8be 0.796a 27.2b 1 028.0ab
N7 345.8b 137.5a 0.802a 26.9b 1 026.5ab

NO.N1 N2 N3 N4 N5 N6 N7 AbPRULEE 1 vE, [F—28d8 )5 AR/
HRFRRLE 0.05 KT AR RE,

0.651

B_‘L —— [—— —
0.52f ] ]
ﬁ; 0.39F
%
G 0.26f
0.13F
0

NO NI N2 N3 N4 N5 N6 N7
posa

1 FEEBEZERIEMNKEENTE(A)FEFRE(B) WM

Fig.1 Effects of different types of controlled release fertilizer on biomass yield( A) and economic index(B) of rice

22 MIREFRAE

i A FHHEK VA R 2 de it i T ik H 3k
Rk E . MK 2 T, 2016 A8 2RI FH AL A
FARW 6 WK, MR AWK BN 3.68x10° m’/hm?,
YRR R AR K S i R IRAE 7 A LAy, ik
#] 1.02x10° m*/hm? ,BEAFE TR, A& H LR AR
FERAETEK R AE TR h I BK R AR S I
FEXTIR D M RAR K it 14 2270 55300 1l s i) R T
548 E 25 UTAHOC
23 AREVEZEEEREMEABMREREARRE
REMESEREAENZN

AN [R5 4 A X A4 FH b 3R A% Ui o 26U vk
FERSE AN E 3 A Bis , WO R AR | 5 H 3R
PRI S U0 o Wk B2 1) Ry /KR 2B i W A e, B
FKREA B AR B S T N R A A
FEZoR T, AR AL BRAS HH b 428 000 7 2 A 0 34

1100

~ 880
g

= 660
g

1 440

& 220

1 1 1 1 |
0022 0713 0803 0824 0914 10-05
H (A-H)
2 2016 FREREMRZRKEFTTELES

Fig.2 Variation of surface runoff in rice season in 2016

e i B O N1(3.42 mg/L) >N3(3. 19
mg/L) >N2(2. 87 mg/L)>N7(2.70 mg/L) >N6(2. 66
mg/L) >N4(2. 55 mg/L)>N5(2. 53 mg/L) >N0O(2. 12
mg/L) , BRI Z AL B NO AbBRAR | 22 ¥ B 0 1 £ F
FAAR T ik H R A8 i S R B R
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FH &L 3B ], AN [a] A 2R T b 3 A% 0 o &I
Jetm , 7S AL A W i T A2NEAE R K Fg 560 A0 43 BE
JIES 8 R it , DA B2 ) B A b DX B8 R 0, TR I
e L SR 2R 2 K, AN it &0 IE Y NO - A X A,
L HIE/NH®I, N1 Al N2 4b B iy T8 ZIRAE Rk
et R A O s 1) Bt FH AT okt S S 20 2 B R
THABACRE AN [F]Ab PEAT SRR K AR B A 2k
i, HE PR N1(13. 68 kg/hm®) >N3(13. 30
kg/hm?*) >N7(11. 34 kg/hm”) >N2(11. 30 kg/hm*) >
N6(11. 18 kg/hm’) >N4( 10. 76 kg/hm*) >N5( 10. 66

kg/hm?) >NO(8. 52 kg/hm?) ,N3 N7 N2 N6 N4 N5
HINO AbFREE N1 Ab 35S 03 2% 1 40 2 2. 9%
20.7% 21. 1% 22.3% 27. 1% 28. 4% F1 60. 7% , [%:
AN AN NO A1, 28 35 B0 ) i FH AR T R 2k
FE b A28 0 B ZRUIAE A T, Ah B ) 1 22 57 KR 40k 31
B, AN [ A 38 8007 2 R A 2 A A ok
B ONSHIREAWER AR 2 WARR BRIk &
AR M F R B AR =N 60%, HIt,
TS 1] B 300 5 K O 3 e AR B it 1 3T, A Rk
U /D T R AR B R AR

101 A 7.0~ B
E]D 8F E 5.6
g 6r m% 42+
f 4r 15 2.81
ES 0 1 1 ] ] | i 0 L L L ) ]
0622 07-13  08-03  08-24  09-14  10-05 0622  07-13  08-03  08-24  09-14  10-05
M (H-H) g (A-H)
—— NO; —m— NI; —a— N2; —¢— N3; —x«— N4, —e— N5; —— N6; —— N7

NO,N1,N2 N3 N4 N5 N6 N7 4bFEULE 13,

B3 FAEXBEZEREMEHMREREARERE (A)MSRRKLE(B) BN

Fig.3 Effect of different types of controlled release fertilizer on total nitrogen concentration (A) and total nitrogen loss (B) of surface

runoff in rice season

24 AREVEEBREMERABREREERE
g A |

e FH M A% B 3R T 2 R O R AR U A A
TR Y 2 R RO Y L, fh R 4 T
T, AS TR A FRS FH M 98 A2 I K AR BRI R R,
FIEAK K R N3 (4.93%) >N7 (4.20%) > N2 ( 4.
18%)>N1(4.15%) >N6(4.14%) >N4 (3.99%) >
N5(3.95%) , N3 Ab# & 25 KT HoAh AL #1156 Wit
JH DR it 90 1) 550) B SR U022 1 IR 3R A K Mg R E Dk
THEPE SR MESRANISHK, HE
G T REWRT KR, A, 5 N1 AL FRAH
Ldss, N6 A1 N7 4b 3K 58 BH i s /0 A b 42 I
MERARE; N4 R NS A BRAE A M R A2 0 B A
Uit 3 i 2 A
25 AEXRBEERIEMABRERAELEN
=AU

BREGA AR EA YN AR R
SUCHRRmBLR R, RS 0] %, AN TR Ab 2K R A
F AR R B BRI N1 (1. 35 g/kg) >N2

551
3 44y
b 33r
£
g o22r
1%
& 11
0

NI N2 N3 N4 N5 N6 N7
s

NO,NI,N2 N3 N4 N5 N6 N7 AbBIULFE 1 4,
B4 AERBEEFEFBABRETEAREE
Fig.4 Effects of different types of controlled release fertilizer on

total nitrogen loss rate of surface runoff in rice season

(1.27 g¢/kg) >N3(1.26 g/kg) >N5(1.17 g/kg) >
N4(1.15 g/kg) >N7(1. 10 g/kg) >NO( 1. 09 g/kg)
>N6(1.08 g/kg) , 5 N1 ZbFRAH Ho A, 00 I = Ak
PHON2) Ao #p il ) ab BE (N3, DA S 3 i A
PREFALPE (N4 ) A JBER R AL B (NS ) | bR Ak 2
(N6 ) F1E Pt frie A0 3 (N7 ) 25 BB AU, 4 76 2%
WD K R R R i I R
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REMMKEK (gkg)
()
3
T

NO NI N2 N3 N4 N5 N6 N7
b3

NO.N1,N2 N3 N4 N5 N6 N7 KbFH WL 1 7,
B 5 FAERBEEEEIKTENZRREENZI
Fig.5 Effects of different types of controlled release fertilizer

on nitrogen drift loss rate of rice
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IR w7, ] R R L 3 AR AR A B AR,
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HTKFENAETRE . RTIAAKIREMOERIRE
RS R TRCRRAE | A B 2 o 3 kSRl 45 5 e 1o o011 42
TR AL A R R R R PR Rt FH R Rk R i, A
Tt 5,

KTREHARREEMENRCAREZMR
W, AT ARSI 0, v R AR R
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RARTP . AW T 45 R A ] b RS 24k 1
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Zefe bR B AR LA A AR, X
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JE LA R Akl 700 (%) (Y, W% T PR 3R 1 K i T, 4
TKREE BTN R R IR o B A 9 i
TR AR F 5 R R Bk Y [ 982 T KA AR
AT AR AR IS AR ) AR ST M T 4k 6 4
REEN  BEARBRNE FEEPHEKFLER
AT, R AR B ER 60% UL Y L,
AHFFE A RIS A G 45 BN R B A RO D A AR
R . AW SR ALA PR ZE RIS PR 28 042 i A
FH U 2R AR AE X B 4, v BB S R E SR 1
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