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Optimal nitrogen fertilizer application rate for single—cropping paddy rice in Liaohe Delta

LI Bo, GONG Liang, QU Hang, JIN Dan—dan, SUN Wen—tao”

(Institute of Plant Nutrition and Environmental Resources, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)
Abstract: The Liaohe Delta region, one of the main commodity grain production bases in northeast China, has better temperature and light
conditions for paddy rice with higher yields and good taste. However, it is common for local farmers to use up to 270~300 kg N+hm™to in-
crease rice grain yield. In the present study, the optimal nitrogen fertilizer application rate (ONR) in this area was determined based on a
long—term field experiment with treatments comprising different nitrogen application rates (pure nitrogen 0~420 kg+hm™) in 2012, 2014,
2016, and 2018. Both yield-response curve and rice—soil nitrogen balance analysis methods were adopted to obtain the ONR. The results
showed that ONR for rice planting in Liaohe Delta was determined to be 217 kg« hm™ via the yield-response curve method and 221~235
kg+-hm™ based on the rice—soil nitrogen balance method. Moreover, the maximal nitrogen use efficiency varied from 36% to 43% with nitro-
gen application rates ranging from 210 kg+hm™to 260 kg+-hm™. Based on a combination of the factors affecting the nitrogen use efficiency
of rice, rice target yield and rice—soil nitrogen balance, the ONR for rice planting in Liache Delta was finally determined to be 217~235 kg-
hm™, which was 13%~28% lower than the amount conventionally used by local farmers. This study provides a practical theoretical basis for
reducing nitrogen surplus for rice planting in Liache Delta on the premise of guaranteeing grain yield of rice and is also helpful for reducing
the risk of nitrogen leaching to both local soil and underground water.

Keywords : nitrogen; paddy rice; yield; nitrogen balance; optimal nitrogen rate
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TLA] = A YN DX F 107748 S5 T opds o I i
GRS KA RV 1 o Bl A ATTx
I = AN R XA TF & SRR A S, i IX
IKFERIRE L 2 pAAL , FLP= s g i b A R
o VTR X B A AR L X KRS 32 7
XL e XA LR A 2 X IR Al A 1 AR 24 18
H hm?, 774 5 85 AT 3k 12 750 kg - hm™, g4 B3I £k
T E KT, SR, 2 X R RIS A AR,
244 270~300 kg - hm?, 5 3 5 F A S HAR RS X 9 R
JE 43 A 4 2R IR R8I, 298 30%~35%",
I AR R R (7= b Ll R b e =
FL A5 B4 SR IE AR A TG BE 3 N T 2 b DX () b 22K bR 7K
5 YL AR, R A B LA S e R S R
B R AEHE R

REEHIER I E 5 TR E AR E KR
HECEEMMER . Haj/K H A A 208 A
A Ak B 1 A TR 2R, (D3 T H ) 30 56 79 il 20
HE-EY) T (LU RER ) IR0 PRI (2t 48 B R
B 3 2 e A A B U O A
SR AT LG A B R 0 45 sk o8 AR S A B 4
T, M bR 45 5 AT B R 5 e SR SR N ] 4
K B2 PR KA S, HUF R E R IR AUt
IR, O YE L IE-1ER R AR AS
BT R e SR EEE & . AR
FERATE 1 A R EE KRR AT b B
VEYI- T8RN — M RE NG ES RS, YRG5+
R BH A AR B SR A R e . AR
WS R IR PRI 5E 77 DOKFERTRL B A5 77 i
KT 2N H BRI, 2 IRAREAN
A T = A B ZERS XOK R A R A B
NEHERE &, BE I TR X ) B AR IR X ZNE A
PR AR HET) SRR 1 S 25 K i

1 MREFE

1.1 56 X TR

A FEARFE T1L 748 L B B K R < 91
R (2011—2018 4 ) o 1aXIR 7L T] = Ff P vh 0o b
BT AL LIRS T R A 1 (1220147 177K, 41°
09’ 31" N) AT, b Ja i e~ 0 i 2 KU e 3, 4
IR 650 mm, 453 8~9 °C, A1 165~170
do BN EROK AT 1+, 1458 pH 7.90, A LT &
226 g- kg, R 1.42 g-ke!, B A 80.8 mg kg,
AR 21.6 mg- kg™, HALH 164.0 mg- kg™, 75 H 1.39
— 180 —

g'cm’3O
1.2 iR5&ig it

WE 6 A FNE AL B, 4l & = 4 o8 0,160,
210.260.315.420 kg - hm™, /N X [ #1 50 m?, 3 K &
2L HHES . B AR ZE (N 46%) , AL Y 2
JIE -4 B JE — Ty i ) EL 481 R 40%-30%-30% - 4%
Ak BB IE (P,0s) A8 AE (K,0) F &34 90 kg - hm™,
8 B R — &% (P,0s 46% . N 18% ) il 32 # 1% 45
(P.0s 18%) , B IE S & AL (K,0 60% ) , 4= 56 JE it o
& /N Z 8] FH PVC Al 43 B 9F SR, PVC i 3 2 30
em, PIEU/D/INK B IEK B % . & /NX 54T B
HEK B TR T, R o BEaKRS S A h R
47 AP RN 30 em X16.5 em.  HH )45 BRES it 4 24
Hh MR G — A T R
1.3 METH

T A B KA 7 R A e 4 2% AN F
FEVEBUE B, B 2012.,2014 2016, 2018 4F HBIF 5T 45
AT M KRS B AR BRBEALTE 3 m?
JRAF L, B9 ORI AE B OK R 7 i i R 4
b, Frb A A B TR Rt A R, R
FHELEE Rk K Fa bk AR AR o i
14 EERIEEEFENEER X
1.4.1 BB

FeF e 5 R FE AR OB, B2 M-
HRRAIRIE] — 50 TR Oy B 1R e A 4 TR AL A

1= (EONR),
1.42 AZRVHRR
T KRR R A E B A o

R AGHAREHEEA . KPP ARRAR 7O
T2 B, @KU, OREIEK ; fiy i [ FAuds . @
AR R E R AR R+ AR HER),
ORER , @Ak, QR

R A 2R S 2 A A i A 1 DR, 3R R A
SR,

TR R A S (kg-hm™?)=D-@

AR VA (kg hm ™) =(D+Q+B) - (D+B)+
©+®)

AR/ R R (kg - hm™) = [ F7 K 7= & (kg -
hm ™)X T TR A 5 (Niow) /100

AT & Z B2 & (kg - hm™) = F5 FF 7 & (kg -
hm ™) x5 T RS FFI A (Ni) /100
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2 HRESW

21 BEFFFESREENNAHTNERERE

KA G 7k AR R 1 R BRI R
RO 7 R (L) B R R 4 5 it /U= (EONR) o ]
1A B BL G g 2ot i1 & 3400 s B, Il LUR
I SRR AT BR AL, VR PEBL S 6
BrARA B AR A 1] B2 IEAH C (y=15.33x+6865 , 0<
x<217,R*=0.98) , P ABAT G 7 A E KL R (y=10 194,
217<x<315) o HF IR K 15 B 19 o KA B,
I BRI P R R I SR T e (HJ2 AT LA
HEFNTE 2 BB G LB AR LM A O R o AR T
P LA AR R T 45 H EONR N 217 kg - hm™, #8314 % i
JE f KRR = AN P, RUIE A A R i
B REARR T 7 ek Y T R S i P DR

HR 4 BB, KRR 5 it R 22 A e &R
AL G — o0 B R 2 (y=—0.042 24* +
23.685x+6829, R°=0.96) . i 1 4 A& Bk JLAFE SR 7K

FEAFRLANAE 5 IR R MARAE BRI 22 5 A K. 80 24 b
(R 7K FEAEARLAN 46 BODU AR M, S B T 98 2.90 0 ; IR K
i ks BODY A 248k A3 W 2000 JC , 3T & 5 B T se 4l A
43570, MRIEE S B — o0 kO R 5 KRS & AR
B THEEAS H B ) = il AU 281 kg - hm ™, EONR
4259 kg-hm™, WAL 7, LT & B AUAS Y
EONR 2 Ik T—J0 iRy R AL R A T 25 2L , DAER
PRI AHOCIE R MY (5 B o i R oK
Fe it S AR Z M B R EOC R o IBAh , DR TR A 3
() RNER A5 R (R DAL, i AU 5= -y 160~260 kg
hm 5], BUIE R 24805 |, 78 36.0%~43.0% Z 18] . it
RN 210 kg~ hm B, ZUIEF R i, o 43.0% , 8
o i R, RIS A 8 T i R ARR Yt ] Dy 420
kg hm i}, ZAEFI A HA 21.7%.

I, 25 G i - IERRION 6 3R 5 AU A 27
GBS , AWFFT I EONR 217 kg hm™ 3L 0] = P
Mo DX P EAE A . AR, 7 RSOV VA AE i E
e, SR T2 5 T A B 0 A 3 AR S J LA

R FREEEREMNKETEREKSREENIT

Table 1 Effect of nitrogen application rate on rice grain yield and plant nitrogen contents

Jiti U Nitrogen HPRL R ik [ER R iR L€ R ERR TR/ E s AN =
application rates/kg+hm™ Grain yield/kg-hm™ Straw yield/kg-hm™  Nigof grain/kg-100 kg Nigof straw/kg-100 kg™ N use efficiency/%

0 6909+393¢ 6117+307¢ 1.10+£0.01¢ 0.51+0.01c —
160 9131+219h 8159+203h 1.28+0.04b 0.63+0.01b 38.2
210 10 227+419a 8913+49.8a 1.33+0.01ab 0.69+0.03a 43.0
260 10 071+£316a 8979+177a 1.36+0.04ab 0.71+£0.01a 36.0
315 10 313+587a 9014+146a 1.39+0.01a 0.71+£0.01a 31.8
420 9226+379h 8106+144h 1.42+0.02a 0.74+0.01a 21.7

RS 2012.2014.2016 2018 AR IG &5 RIW A . RN R]/ING SEbE 3R Ab 3 i) 22 5 &8 35 (P<0.05) .

Notes: The results were the averages of those from experiments in the year of 2012,2014,2016 and 2018. The different lowercase letters in a column

indicate significant differences among treatments at <0.05 level.
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Figure 1 Response curve derived from nitrogen application rates and rice grain yields
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OREENIEIRE N S S T B i TR R o1 I s O R T Bl K
SRR, BB % 82 AN T i S R IR
FRIE b B AEY) 7 5 1 35 CTA  AH DG [R)
22 BEF I ERETFEHERTNELERE

MR ECP A BRE , A R U AE B
RV, BRI ITA R AR S N T 22 EoA R
BF, H PR EA FRA R AT EARE, £2
SR AL ] = A Y b X e RO B K R - 2R 5 R R R P
7 1) o A R OG R o R R X AU A 1 A
[52) 44 7K RIS 1 30 TL AT P 3 R A - 25 FH 4 DA R ) o
R K P IR S mifs, DRI U R K i A i
E SR R S M €7 S ot I N Wl B o S
KA RAGbR, 2 & S AF A ZA T A
P2k Eb A 1 225 LA A SR T 25 AR B ok . AR
P B I A8 ST 1] P DR FH 24 R PR W I 4
AT, 12 Ml DX 28 5 K 101 R 2 o it R TR 1Y 4.66%~
11.66% , At , A 524 BR 11.66% 15 R 24 445 % i
THE RS o 5T R 1 ma A X RUER Il AT ik
PSIIENERE Y % N R i P A RS IS8 3 (e
XK, FEA F Ry BbtE AR Y 18%~269%1"" T AL =
AR DX AR B RO AR T IR R X, S Ak
BB AR BT B, PR A9 rh e B S i Ak
PR 2 10% R iHE R G b AL R oAb,
THAZH A 5T BRI T = A N AR FH %) I 40 A
AR, A R R I O A X A o g R —
e SRR AR 1Y LR T 1%, R A5 R
BEE IR IR RN 1% KT 5 RGP R R s
ot AR DL FEUE, TR T = AR A X 2
KA R T L A R R 1.6~49.0
kg-hm™-a™, =F Gk &N 36.3~95.2 kg-hm™-a™

(£2), MKMB-LEAG AKX B FHE, L0 =
P XIS it Y N 210~260 kg - hm™ 2Z 7], JE—
AT AR A RIS O 221~235 kg hm ™,

B - RS bR Ah AR 2% KA R HEA
T AR Ol 25 2 [X 38 1) 65 Bt 260 B A, B2 i HoAth
WA RRBEAULRAZBR, FITE AR E %
AR EARBRENER. HTEARARNSH
FEAR I M S AR AR AT e - 3 75 o
ERER, I H AT IEE RS E 5 — S e, W
faf 22 AE 2 B S B RARI LA 25 8 T BUR R4 5
FIRGFLROL R SE AR AR R R B AR SE R
A3 ¥R 60 kg - hm™F1 100 kg« hm™", 3% Z2 i 56 o
/N2 R B A - R AR 18~41 kg - hm B,
R S kB, 3R E S E B R AR 1
o [ TR AE B P AR A XA A BRI A B
192~211 kg-hm™, jifi A& % 192 kg~ hm ™ B & &R
38 kg-hm™, KR A RMEAAE LT ERER, X
AL A, 2% EIESER, B TARKIX
()G ST I BB R T BR M 30 kg - hm ™ B 3R
RAGUA TP, kK2 LI, A 5 210,260
kg« hm™ B U224 5 43 08 12.3 kg - hm™ F1 59.4 kg -
hm 2, % F 30 kg hm2 () F X (8], B0 84S H A
A YN M DX PR T R 228~232 kg - hm 7,
oAk B, AR A T ROV i 2 801 B0 HE A B (E
(221~235 kg-hm™) 5 & & 16 b 15 2 A9 45 2R (228~
232 kg-hm™) A —F, ILAb, Mt A =4 210~260
kg« hm i}, A AR W 5 (36.0%~43.0% ) o L6
Fo i - R B AY VR DL R ROIE R = A8 45,
Tie A5 H AL 0T = A Y DX B35 IR $ A R Y N
221~235 kg-hm™,

R2 TN=ANEFERHRERNAERFE(kg-hm™-a")

Table 2 Nitrogen balance in rice planting system in Liaohe Delta of Northeast Plain (kg+hm™-a™)

AEHA Input AE i Output
WA s PRNBUREL FRINBUORSENBU @R oo . RTH RER RR
N application i " Total N accumu— i NH; TR " Nbalance N surplus Grain yield
Irrigation  Deposition .. . .. .. Denitrification Leaching
rate lation in plant Grain N Straw N volatilizaiton

0 10.65+1.93 14.25+2.35 107+2.01 75.7£3.82 31.5+2.89 0 0 0 -82.1 -107  6909+393
160 10.65£1.93 14.25+2.35 169+3.31 117+4.34 51.7+2.43 18.7 16.0 1.6 -20.4 -8.7 9131219
210 10.65+1.93 14.25+2.35 198+3.89 136+£1.62 61.7+1.88 24.5 21.0 2.1 -10.7 12.3  10227+419
260 10.65+1.93 14.25+2.35 201+3.05 137£3.81 63.6+1.44 30.3 26.0 2.6 25.0 594 10071+316
315 10.65+1.93 14.25+2.35 207+2.50 143+1.31 64.1+1.21 36.7 31.5 3.2 61.5 108.0 10313+587
420 10.65+1.93 14.25+2.35 198+2.80 131+4.75 67.4+2.55 49.0 42.0 4.2 151.7 222.0  9226+379

TE SR AL R SE AR S5 LR FE A5 R 15U U3 5 11.66% 1096 1967,

Notes: The nitrogen loss by the NH; volatilizaiton, denitrification and leaching was calculated based on the proportions of 11.66%", 10%"""? and

19"~ of total nitrogen application rates ,respectively.
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3 itig
3.1 AEIEFRAEN T ELR

KT GHARME R A0l B RS
TR 4N, Ju S5 H B2 2 1 (Theoreti-
cal nitrogen rate) A] LUARH H #5725 AUIE By 4 2k 5
(20%~35%) 155, RIS AL A R New =(FEAR A
SR N R AP R BB Now) /(1B H R R ) =
FFRLR BB N/ (1-FEF 2K ) = H AR 5 XN oo/
100/(1-ZF B ) o MR A, I = P HL X
H AR i e B M -1 5 SR Hh (9 8208 77 5 10 194
kg-hm™, N PEIRZ AF M 1.35, th T iz b X R RH
FUit =, AU 40 2% 2R 1k FH 35% , i T H 5345 1
Niw = (10 194 kg - hm™x1.35)/100/0.65=212 kg - hm™,
WAL, BRI R 2 B TAEY - L IR R R R R T
MR KRR AG b MM B OGRS IR R E H Aif
AR AR SN AR U P A2 56 TR L T
PR A A, IR R A R4 2 R B
HESE T 3K — 7 % B A BPE Rl A . R PR RS
Nier=Nupate = H FRFEHE XN 100/100, H 128 203540 19 P 6
it A AL A RBIR A, HEIEH IR 85 N
Al AL EDKRE IS H XS, 5 Niw=2.4", R4
PE 28 2T B S0 = A 3 X Ni.=10 194 kg« hm X
2.4/100=245 kg-hm™, 1t DA b Fp 7 ik 1155 i 2
Wit A AP 2ER, L, B RFEIH LI Ni=
2.4, AR A0 1l XA B il R S e TS Bt T
R g 7 b H DX AR S0 | - M A AR ) R
o WA LI, Nioo i HFR(E 3 2 XA L E 5
AR R TOE PEAE T, FoE Ol X S8 5 Bk, 7K
= XA AT 2200 51, e — R BUYE 22 BU(E
FHEARBEAC R TR A ARG X ZE AR o AR DL
IR 58 SR A0 ) = AN X Nooo o 1.35 2647, i MR
XTE 146 22471, HR G AB R ot &N T R
DX, PRI X N oo 17 ZERUAIG T 2.4 HL i T 2.1 14K
R LB it U, A7 B it AR i
4 214~245 kg-hm™, AR IR ] Ak A4 it SRUHE 7 1k
S RNEH AL TR LR, SR T T R kG 1
E RS T B ) BT, 9 FLR R O %t 4 458
VEVRNEREE (4 SEBR 52 M LA RR i — 2P AR5

WAk, 22 T s ISR R IH A 15 B (RNRD ¥
A AT TN L 0] = A P XA R R A, HAp S
Tt oA Niw= H AR P XN igoX RNRI/100=10 194 kg - hm™x
1.35%1.52/100=209 kg hm™, H: /1 RNRI=1.52 R 4 IT.
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8 A T8l DXORE AR AR 7 BT T B R R FE AR a2 . il
I A5 ) B e 4 77 F (209 kg - hm™) i K F A
ST H A HERE I (217~235 kg-hm™) , AT REJE K il
] = A N R XA 52 B RNRUE & T 1,52, H ik &
AT IS T

FRUC, R 35 0388 L X R 48 (Nutrient Expert,
NE F48 )t A] 345 10707 = A P 1 DX 172 /U8 i
2 AR DL A [R5 56 g ST ke ke 1 4
SRR | A SEEREA TR A3 B DL B R SO AR AL
BRI , 705375 IRAER S FEFFIE H |
FLAR A28 A5 8 TS G I Ty 2%, A
B YR = AR 2 8D R R R A R e AR E
ko MEIZR G, i AL I = A X e
S ALHE M T KA B AR AR R B A S
57k IR bR A5 H % b X K R HE 37 it A s R 168
kg hm™, AR IIHERE & 50T oAl LA 5
TR R, ST 2R ISR, 5
L il JES 5k 5% ) 9T = A U b DX K R A 2
9100 kg-hm™ /247 , 55 i% L X f i P i W 1 10 194 kg-
hm > FEPE—E 228, A5 RULH] NE RS0 75 L4t
L] = A YN DK R AR E— 25 58 3 5 PR L o
3.2 S ESI S AR AR AL

R EKFEFAE XAz KA A A g b 22
SRR, AR LA S AR R 1 it B AR TR 5 R A R R
FH AR 22 WK . N Zhang 250856 4 [ 27 44 1 7Y
218 KRB iEAT TR A , RBLA Kt & R
(209+140) kg-hm™, % J7 #5558 28 B bRy~ o6 i
JE it A AT R B, FRIEL R O 13 A s i K AR H
Fr ™ &t 10 500 kg - hm™ B, il 070 [ L A 255~334
kg-hm™, AIE RPN VLT H B IX 12> KA 150
AT IR R B, i X P2 Ui R 218 kg -hm ™, 7K
FE -2 77 8 8099 kg-hm™, M ELZ R, A0 7] = £ P
e DX P T S, 83 10 000 kg - hm™, T il 60 4 200
LR b IXRAR 2, Hos i F 8 5 S A2 S 8 A
RIRA O, P, A &8 kAR AR AR B
WA T LR 5L 2 ARG .

SR, X B AR A6 A5 DX 3k B, IR A8 T3] - L g X
PRI RO B VTP SRR X T R
FRTREWE . UHE SRR, 5 A
0] S JEL R XA 309%0~40% 2247, T 7= 1 R e 20 /8T
10% , 3 3 22 5 IXHRAY 38 S 4500 DL ROK A S Rl
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