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Effect of reducing the application of slow-release urea on yield
and nitrogen use efficiency of winter wheat

BAI Dongping, LU Shiyu, GU Xiaobo, DU Yadan, SONG Hui, CAI Wenjing, Li Yuannong
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas ,
Ministry of Education, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To optimize the efficient nitrogen application management of dryland wheat and achieve the goal of
efficient production, A 2-year field experiment (2019-2020 and 2020-2021) was conducted to explore the effects
of slow-release urea application reduction on yield and nitrogen utilization of winter wheat. The treatments included
no fertilization (CK), no N (T1), 300 kg + hm™ urea N (T2, conventional nitrogen application) , 300 kg - hm™
slow-release urea N (T3), 195 kg - hm™ slow-release urea N (T4), and 90 kg - hm™ slow-release urea N (T5).
The results showed that the slow-release urea treatment (T4 and T5) significantly reduced the NO;~N accumulation
amount in 0~200 cm soil layer and increased the NO3 =N proportion in 0~40 cm soil layer. Application of slow-re-
lease urea significantly increased nitrogen transfer volume and post-blooming nitrogen uptake of winter wheat, and
T3 treatment increased 12.9% and 13.6%, respectively, compared with the local conventional nitrogen treatment.
The contribution rate of nitrogen transport to grain increased first and then decreased with the increase of the reduc-
tion rate of slow-release urea application, and reached the maximum under T4 treatment, which increased by 0.2%

~50.0% compared with other nitrogen treatments. The application of slow-release urea improved the yield compo-

Y75 B #5:2023-05-13 &[5 H #7:2023-06-30

E£WE B E S AT (2021YFD1900700) ; H F {# -4 fF R £ 3 4 (2020T130541,2019M650277) 5 H 5K F AR BH# I 4 (51909221)
PEE BT : FIARME(1996-) , %, W15 BH W -ERF5E A WF5E 05 1) Rl K + B2 I A A 54747, E-mail : bdp1316436@ 163.com
BISIEE AW (1989-) , 55 I RII& BH N 20832, RO KN BE U5 = 280F F 58453758 . E-mail : guxiaobo@ nwafu.edu.cn



66 T XA 5T

42

nents and increased the yield to varying degrees. The 2—year yield of T4 treatment was 8 434 and 9 060 kg + hm ™,
which increased by 19.7% and 13.9% in 2019-2020, and 17.3% and 10.4% in 2020-2021 compared with T2 and
T3 treatment, and the economic benefit increased by 33.3% and 34.0% in 2019-2020, and 26.8% and 23.2% in
2020-2021 compared with T2 and T3 treatment, respectively. The reduced application of slow-release urea mitiga-

ted nitrogen apparent loss, leading to enhanced nitrogen use efficiency and nitrogen partial productivity. Through

fitting analysis, it was found that when the dosage of slow-release urea was 208.7 kg + hm™, the high yield and

high efficiency of winter wheat was realized, and the 2—year yield was 8 054 kg + hm™* and 8 806 kg « hm™, the
net benefit was 6 890 CNY - hm™ and 8 475 CNY - hm™>, and the NHI was 78.2% and 78.9% , respectively.

Keywords; slow-release urea; soil nitrate nitrogen ; nitrogen transport ; nitrogen use efficiency ; winter wheat; yield
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Fig.2  Soil NO;-N contents in 0~20 cm soil layer under different nitrogen treatments during

winter wheat growing seasons in 2019-2020 and 2020-2021
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Table 1  Pre-blooming nitrogen remobilization in vegetative organs

and post-blooming nitrogen uptake of winter wheat under different

nitrogen treatments in 2019-2020 and 2020-2021
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EYRERTHEIERLE(T2),2 a FHAER
WA 2 43 BIFEAIR 27.6% 105.0% F1 553.7% , A E &
S PIEAR 15.8% 48.5% F1 107.9% . Bt 22 B IR
R AR, & /NE AR RMB R MA R BR
AW R, T3 AL B LE, T4 RN TS (it 2 o
HIBEAR 35.0% F1 70.0% ,2 a V-3 58 F F 042K 43531
FHAR 48.29% 11 82.1% ,2 a IR B A o0 B PR
23.3%F01 43.6% .,

2019—2020 4 4% 4b PR 20 K FI) F AH 5G4 A5
REAREL 2020—2021 AFFEAR, (HPAS A FR 45 AL AR
PRI AR — B0 (K 5) . SR IEAL BE (T4 Fi
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T5) B % HME A AL B (T2) #2517 A 2 F %
(NUE) BN A= 7= J1 ( NPFP) FA& 2 W3R 48 28
(NHI) , NHI F 2% 8 F, MMN4EKZFE NUE f

FR 2 2019—2020 £ EFN 2020—2021 EEARFER
RETENEFEREMBEZE

Table 2 Grain yield and yield components of winter

wheat under different nitrogen treatments

in 2019-2020 and 2020-2021

NPFP $462% 8 IR 2% Wit L 5] B4 338 K 3 4 v
TS AT NUE %5 T3 F1 T4 40 FHF- {8 P 4E 43 51 45 w55
39.9% Fll 33.5% , NPFP E- 3543 i 42 & 187.4% F
66.8% . NHI W22 e bR 3 it 2 19 0 /0 22 e 48 ) 9l

Hs
e g /(B emT) BHMC TRE/g  RPRR

\ ot Spike Kernels  1000-kernel Grain yield
A RS PIAE NHI SA7E T4 (0T ik B K, 8 number  per spike  weight /(kg + hm™?)
T3 il TS AbFRF-2454 D147 2.3%F1 4.0% / (Spike - ™)

25 BRNELEMRE CK 242¢ 31b 42.3¢ 3187¢
W2 /NFE PRt VR ES AN NHT K06 3 — 1k Ak 2 Tl 308b 31b 44.3d 41624
B B B
L AR (P 6) . B RE DR 3% 0 St 34, 7 oo o
WO AL EE R NHI ¥ 5 5 B 0 AR Y R - 3330 3ab 5634 61930
2019—2020 4F £ 1 2020—2021 4 B2 b | 10 4 K 202 41b 40.7a 4865¢
HUNHI 535 7E B 6 iy « (B F ik B, YRR T1 303c 48ab  38.1ab  5476e
KA N 208.7 kg - hm™>(«x,) B, B4E NHI Y935 5000 ™ 378b 55a 3754 7727c
B KAE, 4353 H78.2% K1 78.9% , y= 54351 1 8 054 2021 13 476a 55a 31.5¢ 8206b
kg - hm™> F18 806 kg - hm™, 225 2y W 6 890 T4 489a 54a 34.3be 9060a
TS 387h 52a 368 7310d

CNY - hm2f1 8 475 CNY - hm™2, 2019—2020 4FJi

3 2019—2020 BN 2020—2021 FERFERLE T Z/NXHZFBEH/ (CNY - hm ™)
Table 3 Economic benefits of winter wheat under different nitrogen treatments in 2019-2020 and 2020-2021

A Outcome

e A = MRk
Year Treatment Income JE Rk iR B Hfth Net benefit
Fertilizer Seed Mechanics Other
CK 4780.6e 0.0 749.6 1725.0 1500.0 806.0d
T1 6243.0d 525.0 749.6 1725.0 1500.0 1743.4d
2019— T2 10568.3b 975.0 749.6 1725.0 1500.0 5618.7b
2020 T3 11105.9b 1545.0 749.6 1725.0 1500.0 5586.3b
T4 12650.7a 1188.0 749.6 1725.0 1500.0 7488.1a
TS 9289.5¢ 831.0 749.6 1725.0 1500.0 4483.9¢
CK 7588.6¢ 0.0 730.9 1818.6 1500.0 3539.1¢
T1 8542.4d 513.0 730.9 1818.6 1500.0 3980.0c
2020— T2 12053.7¢ 963.0 730.9 1818.6 1500.0 7041.2b
2021 T3 12801.2b 1503.0 730.9 1818.6 1500.0 7248.8b
T4 14133.1a 1156.5 730.9 1818.6 1500.0 8927.1a
TS 11404.1¢ 810.0 730.9 1818.6 1500.0 6544.7b

TE :2019—2020 4F il 2020—2021 4E B /NE M43 514 1.50 CNY - kg™ F1 1.56 CNY - kg™' s IERMIFHEIRE (1.5 CNY - kg™') FLAKRE
(2019—2020 4EJ¥ 3.4 CNY - kg™! .2020—2021 4% 3.3 CNY - kg™') i BARES (2019—2020 4E% 1.0 CNY - kg™',2020—2021 4% 0.9 CNY -
keg™") FIBRERAN (3.0 CNY - kg™') ;2019—2020 4F Ji Al 2020—2021 4 & FlF 4 #% 251 8 4.0 CNY - kg™ 1 3.9 CNY - kg™'; HLIR A2 55 5L 4k
(2019—2020 4% 975.0 CNY - hm™,2020—2021 4% 1 027.9 CNY - hm™2) FlicE] (2019—2020 4EJ¥ 750.0 CNY - hm™2,2020—2021 4EJ¥790.7
CNY « hm™) ; HAU ARG R BT 05 B BIA

Note: Wheat is 1.50 CNY - kg™ and 1.56 CNY - kg™' in 2019-2020 and 2020-2021 seasons, respectively; fertilizer included urea (1.5 CNY -
kg™!), sulfur—coated urea (3.4 CNY - kg™! in 2019-2020, 3.3 CNY - kg™! in 2020-2021) , calcium superphosphate (1.0 CNY -« kg™! in 2019-2020,
0.9 CNY - kg™" in 2020-2021) , and potassium sulphate (3.0 CNY - kg™'); seed is 4.0 CNY - kg™ and 3.9 CNY - kg™' in 2019-2020 and 2020—
2021 seasons; mechanics included plough (975.0 CNY - hm™ in 2019-2020, 1 027.9 CNY - hm™? in 2020-2021) and harvest (750.0 CNY - hm™? in
2019-2020, 790.7 CNY -+ hm™2 in 2020-2021) ; other included sowing, weed and pest control.
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£ 4 2019—2020 £ EFN 2020—2021 EEFFHER
ST 0~100 cm TR HIERETUIERR/ (kg « hm™)
Table 4  Soil nitrogen transformation in 0~ 100 ¢cm

soil layer under different nitrogen treatments

in 2019-2020 and 2020-2021

RS 2019—2020 £ EF0 2020—2021 £ EREHER
BT ENERZFRAER

Table 5  Nitrogen utilization of the winter wheat under
different nitrogen treatments in

2019-2020 and 2020-2021

i b3 i3 b NUE NPFP
QEE LIE rate initial Nmin Nuplake Nresidual Nlnss surplus QEJ; LIE -1 -1 NHI/ %
Year  Treatment Year Treatment /(kg-kg™') /(kg - kg™)
CK 0 2973e¢ -504 51.8f 165.7e 29.5¢ 195.2¢ CK 61.7b 67.2¢
T1 0 2495 -504 60.8e 1384f 0.0f 138.4f T1 68.6a 68.1c
2019— T2 300  467.9a -504 115.4c 448.6a 153.5a 602.1a 2019— T2 61.1b 23.5¢ 74.0b
2020 T3 300 390.8b -504 127.0b 413.6b 99.8b 513.4h 2020 T3 58.3b 24.7¢ 76.2ab
T4 195  388.7¢c -504 136.1a 321.7¢ 75.4c¢ 397.2¢ T4 62.0b 43.3b 78.4a
TS 90  355.6d -504 85.3d 277.5d 32.4d 309.9d TS 72.6a 68.8a 74.7h
CK 0 364.0d -574 59.8d 163.5¢ 83.3ab 246.8d CK 81.5a 67.1d
T1 0 2743f -574 699d 147.1e 0.0d 147.1e T1 78.5a 70.9¢
2020— T2 300 4264a -574 147.2b 417.6a104.2a 521.8a 2020— T2 52.7b 25.8¢ 74.4h
2021 T3 300 374.3¢ 574 160.4ab 353.7b102.8a 456.5b 2021 T3 51.3b 27.4c 77.4ab
T4 195 392.0b -574 171.1a 308.0c 50.5bc 358.6¢ T4 53.2b 46.5h 78.8a
TS 90  2953e -574 93¢ 2232d 12.5¢d 235.6d TS 79.7a 81.2a 76.4ab
2251 (a)2019—2020 225 (b)2020—2021
00k Yield=—0.00197x"+0.86672x—3.97806 | ___ Yield=—0.00204x’+0.88676x—3.30399
x4 R'=0.874 R=0.913
¥ q75F ___ Benefit,=—0.00219x+0.90756x—4.43712 5t ___ Benefit,= —0.00231x"40.9354x—3.73329
K= R’=0.835 R'=0.882
‘;E 1500 NHI=—0.00228x"+0.95125x—0.83876 I NHI= —0.00232x"4+0.96754x+0.361
e L R*=0.994 i R*=0.999
E_«% 125 p— X
2 100p B T — "'i'_"_' -----------
2 15t =2 st A o ‘\‘\%
3 sof 0 3 S0 Q
IR >~ o ity o}
o 25- 2 N 25
0 A 1 L L L L L 0 1 Il 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Jiti % N-fertilization rate/(kg * hm °)

® 7 4 Yield

TE: B o S 2k y (RS S SR T X 07 A it et

O i§ % % Net benefit

Jiti % i N-fertilization rate/(kg * hm °)
A FRWOR IS NHI

Note: The x in the figure represents the nitrogen application rate corresponding to the maximum value of y in each fitting curve.

B 6 2019—2020 F£EF 2020—2021 FEEZRREERESL/NEFTE AN ENREWIRIEE

MBS XA

Fig.6  The fitting relationship between slow-release nitrogen application rate and winter wheat yield,

net benefit and nitrogen harvest index during 2019-2020 and 2020-2021

F12020—2021 4F i, x, T SRR TR 2, 43 51 38 0
0.3%F1 0.2% AH 7= = AXFEAL 0.1%, 5 x MH L, %, T
(1) 7= S s A B, LS AN 0.1% . 255
AL /N P AR NHI L 24/ N2 7o e
B P R G2 R AUt FH 42 208.7 kg + hm ™,

3 W 1w

3.1 ZERRFRIENZ/NEFEFEN M
RUIE 1) -G 38R 7 2 DIp 5] BRL A5 T R AR | Rk 2
FORLEE 2 (8] ¢ &, S B/ 22 44 77 B IR B O
B SRR FE N A R T NE A E RTHIE R
B DG AR A A 39T T, 02 AR 2 A BE AR
M SRR N E A BRI 4E R E AR
HKFRER I NOEA TR R (et R sk 5
T PR ZE A L, G2 B R 3= A R T A R R, i

R BT ARG VE Y 1 7 0 W WAL R S S DR L 7@
FITF/INZ REAR BRI = B B2 A 9T 4%

KW, éliﬂz%ﬂﬁﬁﬂ&@ﬂ’]i%&ﬁ#},ua%ﬂ%ﬁ?‘ﬁf/‘
TR TR R, F R d TIREM
KA o0 49 ST A S T 0 R R R T I RE
T, ERAR 3 rh B o HIL A R A A R R R K
R T BE ~ AR AT R i (H 2 R EIR
TE V)G T B R IR A, TR S ) DRI 346 o )

TEHE s AT 5 /N A R R ERIR
ENE! EE@R?%@&%%ZX B 2 /N A I X

REMT R, W ~ A Z B IR R (T3 A
T4) WRLAR R S W AL EKE (B 2 & 3) , i 4f
i e T /INEE TR SR AR oK I TR (BT ~ I
FEIT) A R B SR T G R PR R R R BRI
54 /INFE AR JE SRR DT T, R 08 525 1 i A R 0 4R
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RIRIRE 7, A R TG ARG KB, 300
kg - hm i T, B BIR R P E N E T /7 =
PRI 2, 5 0 B0 AL BLA L, 7 AR
51%~6.2%, 52 % HFoE A & L% B R R A
BT R RSN E AR LT, [ 4 e
B FERCBOR TR, 5 ARF IR 25 R —3, 7F 0~300
kg - hm >R PR 2 it iV Bl Y, & /N2 7 s Bl 2
TR PR 2 it 6L 1 1 222 S G I 5 AR Y AR Ak R
FHFE 300 kg « hm > A9 3EAE I i 2 R AUIE B A
REEY = EE R, 2019—2020 45 i,
i T AR ACR S AT 2 ah /N2 7 B i & RN
16 7132 BRI, TR BE 52 w1 5% 4 R R 0 i, 7
wA K 2020—2021 4B 1M 2020—2021 4F i 78 2
IR RN T HEK 2 AR 0 A ke, PR i i
A BRI BT T 2019—2020 4E B, T3 4b B
A7 i 20 B A B (T2) A BT R R
TEFTEAS = T 5 &, 2% W B 78 A0 X 5 00 4k 1
T RRRIRE AR AT AT AR A K TR
BUARE g5 5 T 45 R 3R W, 92 B DR 2% st Ak B4 (T4 Al
TS) B ES OE T 24 1 s Rt AL B (T2) , KB AE
it AR I SR T, SRR IR 3R (4 U AL A5 AT AN
SR PR ARt P T 38 0 AR Y YRR R R
LR N 300 kg - hm 2 F1 90 kg - hm i | ¥4
RS AR R (6 3 ), 32 5 PR A it FH a1
FEEOT AR, S (R0 5 1 it AR A
T A/NZE Pt IR0 T HEAL AR, DT S B4 0
BREEIRAR > B PR Z A ite FH i/ 3593 54 b
DRIR IS TR R TR S e > S R
PRE Wt &, A il T ACIE A, e & S8 T
SRR AR . T UL U R R PR R it
IR E B A GRS A AR
3.2 EBRRFRBENZ/NERZRIEF AN
DR PR R e ts 1 27 R 2 R 2 SRSl
W —E R Lk BRI IR RS F8 R SOR, A R
TG AR R T A6 300 R0 R 2 0 R0 WA i RN AR S A
R fE R A E AR AR s, P2
FIE RIS R FRCR Y AR S5 R R, 5
bR B AL B (T2) A L it 28 B R Kt e it
TIMNERBERKBAAE)G AR B, A E BRI
i PR AR W AR SRS £ 4R 5 9.0%
~10.0% .13.3% ~ 13.5% Fll 3.1% ~4.0% , 5 & &%
SN INEE R R M N 32 BB ST e MR it
RGO VEY) B R WU 2 5 e o 25 3 it AU
R E RN E AR iz & A E s R N HAEHT
B ) 4 TC LA 52 e AR 0 U P DG R B B A A i

TR T RN 2R AW 2B, 5 100% 2% B IR
RUCFA L, R IR Z W 35% )5 , AR iz & b
J SR 2R W AL T A 2R 2R B 3 o KR T R SR BT AT BT
P, TLAA PR RIRIE B R T PR/ 2 A
FIR, /N R R B

REFFRCE BN A ™ T FE R IOk 4E %L
2 AR 4 %of - 48 v G W A5 R A 1)
Fe b, N FH 4 2 3z 2 o IR A0 ) SR A I 355
Wi, 5 2 G AL T (T2 ) HH HL , 28 R SR 2K A B
(T3.T4 F1T5) 3 TR E AR  ZE WA=
MAZWFeE, 2R IR AR TEY
R SRR LR g [R5 23 Sk b T 3 i 1 TS AL
RIS R RNE TR PR AR B> ]
IR AN B IESN 2 AR TR, HAE MY
ARITRIEE R E R ICR, AR T 5 55, 2
HEWAEK, MANSGGRFRS T ARMNH
L RS HT, T2 R T3 4b B ] 4 R K A
AR IR A 7= 5 MR R WA FOR R
EXES TR NE T AKRASKESEERIRE
PERTREL, — R L T R R AR, AW
FEIR BRI, A5 A0 B R WO B TIOR3
WA B, HAE W 228 W W i o i A o Y 3
TSRS AR AR fh R e B e Y A R
FUR AR R FMBL B0, 0 A B ARZE L
ey KB b i 3 4R e, AUNE R ROR B R
R B g a5 R W Bl 2 it
TEHG I, 23R W SO T AN O A= 7 ) R 22 %
K, X SRR R —3, HEBIRE M=
W 70% B, FEFIHRCR BAR A Tt (Al
REMRIAE , &/NE AR BRI A ™ 5 5 2%
FEAG . ASHIFSGE R, 2020—2021 4F B 4 b B A 2k
A BE T 2019—2020 4FJF, X Al RE & A
2020—2021 4EREHR AT ~ R AT KA E T £
KAy G T T 5 B 5K 4y 7 A
TR RGO A HE TR A3 i AR A i, A AURY
S S E e, S8 NHT TR, 2020—2021 4E
MR R iz s e G A R W AR 4R
AT HE G /NG K AR B2 i F PR ™ e R
ZAHR, S ZBAIEER B S &/ N E = 5
B0 a5 R R MOGRFR B LA 45 5, SR Re IR 20t FH =
9 208.7 kg + hm [ SEILA /N SR R, AR CE
BLLEAH A/ NE I RS E o i R BB
W5tz AR R, i T b g
BRI, X FAFRZRIKZiEA S TEE L
AR it 2 AR ) [R5 DR 75 i — 2P AR
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1) SRR R Wit ] i AL 0~200 em 1)+
HENO;-N ZfUE I E 0~40 em +)2 NO;-N ¥
At 5 UG R BIAR L, 2R PR K sl Ak
(195 kg - hm™H190 kg - hm > ZEFEJ/KE N)0~40 cm
12 13 NO;-N S5 N 46.4%F1 14.6% .,

2) 5t FH 5730 PR 2R AH EE , i in 28 B¢ IR K A
HEEA/NEHMBRA R iz B e A ZE WL,
ARz ARFIZR R ARWIE AR
B KRR DT R A A 92 T PR 2R Dt 35% A3 ik )
IR, 4 A T8 bR o o) A At it 0 Ak B4R = 8.7% ~
151.2% 2.8% ~26.6% .6.2% ~73.0%F 0.2% ~50.0% ,

3)2019—2020 4EFEFI 2020—2021 4EFEEGRIR K
it 4 208.7 kg - hm i, 7= 5505100 8 054 kg -
hm™ 1 8 806 kg « hm™ #4545 5391 9 6 890 CNY -
hm™>#1 8 475 CNY - hm™2, NHI 4% % K 78.2% Fi
78.9% , J2 VG AU F- X A /N7 1o 7 i A 4 e RN it
i,
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