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H E: ARALEAPNERRFRAENREEBEAIE S RRAELLE, RAEIRLSH, X BIE ISR A S 25
O MR, R AN AT S, Bt 2a (2019—2020 £EF1 2020—2021 45D W ARG, WE 7 AL
W AGERE (U, UEZEBEEAE (S, KBEEEEIRE 13l (SUD . ZEEEERE 11Kl (SU2) .
ZREISRE 3:1 B (SU3) . AL (NO) FURHEAE (CKD, BF 5 25 P &R BC it L 456 4 /N 22 T4 B AR 8 AN g%
B, PEAENER BRI . 8RR, AN IR A KRR R R 248 o 4 R Tt B A8 114 38 ) v 35
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50% (SU2), AISEMA/NEGOET &R, HEEN 7458 kg/hm?, BICWCR R K 45.97%, RFEFHRCE. £
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IR L], R AN EIEAERE, DU & /N e 4
R P SR AR R

1 RS

1.1 R X R 3+t

2019—2020 fEF1 2020—2021 4F 2 a & /N3 H A5
FE BTG 48 7 % X P JE R AARRHEE R 2 ROk = TR HE
B SEIS E TK BRI v, (108°24'E, 34°17'N) #HAT,
Z X @ IR R 5 22 KR AU X, K 521 m, 24P
YR 13 °C, ZEFHMEKE 632 mm, FFHZEKE
1 500 mm.

WO -  F  y rh g, H AR KR 23%~25%
(RESEKE), FHTAE 1.42 gem’. HZT1E (0~
30 cm) pH %) 7.92, HE:AHAES) (FEL) Wh: Gl
J7i 18.2 g/kg, FHASE 68.71 mg/kg, A 21.45 mg/kg,
THRLA 156.96 mg/kg. 2019—2020 A1 2020—2021 HF4
INFZ T WIS B OK B A A 149.5 A1 185.2 mm, “F3Y
AR 9 AT 9.1 °C, E H P AR B R Bl A AR AL
Kl 1R

—— S Air temperature [l % 7V Precipitation

501 170
40 60 -
o E
2 30¢f 50 g
= 2
5 g
g 20 VN\H {40 =
; 10 130 %
=z 1
= 0 120 2
r S
=10 | L 110
N [T o d |,
s 3 3 5 5 3 =5 >
~ A4 S d s+ b 8
—_— — o [=) (=} (=} (=] (=]
H #iDate
a.2019—2020
50 70
40 60
g
¢ E
2 30r 50 =
2 S
z g
g 20 140 B
5 3
; 10 30 %
1
.@é 0 120 2
r ¥
-10 10
S 5 5 = 5 o5 o o
-~ A& = a4 @ < v O
— — (=) f=] (=) (=) (=} [=}
HlDate
b. 2020—2021

B 1 2019—2021 FA X AFHN B FHARA 0 ERE
Fig.1 Daily air temperature and precipitation during the growth
period of winter wheat in 2019—2021

/N RN COME 227 . I BT 2B EUIE N
BRALARJRER, HVLIR IR M DR R LR R A =] A=
(R &K 2 ), SREANNT 37%, BEBopte
N 90 do BRELAC IR ZAH bL T A AR B AR 2 B R B
HHREFL . SR+ EIR . DA R R, SRt
AR A, R IR,

100

80

60 -

40 F

Bl Release rate/%

20

15 30 45 60 75 90 105 120 135
KHiDays/d
B2 maRfkFE (SCU) #%H ¢ A
Fig.2 Slow-release curves for sulfur-coated urea (SCU)

1.2 R

R AFEAAL (CK) v AEZEAE (N0 {3 JR
2 (U, WHZREE (). ZREES5 KK 136
it (SUD . ZBERMEIRE L1E#E (SU2) . ZFEA
BEEJRE 3:1 Bt (SU3) 7 MiEAEALEE (% 1), &4
WHEELE 3 W, 21 MR ANX, ANXEEHLHEST, T
16 m® (4 mx4 m), /NXFEFBEAB 0.5 m Ry, 5%
rh L [X it 0B 180 kg/hm? 2 4 /N3 3d B O 77 e A 17,
BN R, BEAE (120 kg/hm?, LA PO i) A4 AR
(135 kg/hm?, LA K,0 i) BfE NI . 2 a K/ FE
FERIE 187.5 kg/hm®, 4780 20 em, 35T 2019 4E 10
18 H A1 2020 4= 10 A 20 H#&Fh, 20204 6 H 5 H #
2021 4F 6 H 7 HlER.

*1 SRR

Table 1 Design of different treatments
ZRAES Jiti A& Fertilizer application rate/(kg-hm ?)
R Z LA e g s
wrn RRUE Conem mmmmw mm e
Treatment release N Common Slow-release Phosphorus Potassium
fertilizer to urea N fertilizer N fertilizer fertilizer  fertilizer

CK - - - - -
NO - 0 0 120 135
U - 180 - 120 135
S - - 180 120 135
SU1 1:3 135 45 120 135
SuU2 1:1 90 90 120 135
SU3 3:1 45 135 120 135

A R A EEEANRE (N=46%), ZRAEANFOKIRE (N>
37%), BEIENEBERRES (P,0s=16%), FMIENBIRAT (K,0=51%).

Note: The common nitrogen fertilizer used in the experiment is urea(N=46%),
slow-release nitrogen fertilizer is sulfur coated urea (N=37%), phosphorus
fertilizer is superphosphate (P,05=16%), and potassium fertilizer is potassium
sulfate (K,0=51%).

1.3 MEMESHESE
1.3.1 FTHRERE
T SR R SR TR BB A
NX IR HA A8 5] H BAREEMER 10 ¥R/ 2 G AL
TR RN, EB1S ¥R, BEZEFF. M. ERTE,
MNFHRFE 105 °C 447 30 min 5, 75 C FHEElERE,
ZNFEH EIRT IR BB NS AR E TR E .
RIS 228 B T W AR I8 B N e 8 97 4%
H YR RS R AE 2R TR R B EE,
kg/hm?; FERTE 77 88 B T U ia B R R B 5Tk R
NACHTE IR 28 B T Y05 R0 K R 502 & 5 OFF R B B
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B, %; fE)E TR A BN R E SR E R
TR R s B ZEE, kg/hm®s 185 TH 5 A=
TR R 5 TR N AR S T T AR P R AR B
L, %.
1.3.2 = ¥

TA /N A IATE RN X R AL HUCERAT 4 m K I/NE
REAR, AT RLRR G B, EGES 2 bR M I I 5K R
TRl e R . TR BRI BRI AR
1.3.3 RAZERBKE

KN Hh ISR RGN EDR R LA, 3 0.5 mm 7,
F H,S0,~H,0, 4 & J& il i % 42 3 30 4 #1 4¢ C Auto
Analyzer-II174, f%[% Bran Luebbe 2~ &) Wl 52 1E k44
ENMHLABRE2EALTE. ARRBEEAENBERR
Wz M, BEREBE (T, HirEwT:

Tx = NeDy (D

X N AR SRR, %; Dy NEBRH TR R
A&, kg/hm?®,
1.3.4 @7%s

PAE N RS AN IR R, Jo/hm®s 1R N P
RN ZEMY, Jo/hm®s /N A 1 244 4 2 (10l
it 8. 2019—2020 4 F1 2020—2021 478 22 W 4 43
AR 1.50 F11.56 Jo/kg. SN EFEIER FhF. FAE.
WOR AN A AR . AR v R AR 7= BRI A AR B8 056
AR TR K TE . IERMEREIRE (1.5 Ju/ke)-
AR ZE (2019—2020 4EH1 2020—2021 SE43 51N 3.4+
3.3 jo/kg) . BERRES (2019—2020 4EF1 2020—2021 4E4)
A 1.0v 0.9 Jt/kg) BB (3.0 Ju/kg): FF (2019—
2020 4 A1 2020—2021 4F $ A4 43 5l 9 4.0. 3.9 Jt/kg) ;
b F A0 5 BEBE (2019—2020 4EF1 2020—2021 453 5 K
975 11 027.9 Jo/hm®) ; 3K $% 750 JG/hm* 15 HoAh
AFEIRAR . ZERIE R BTAE (1500 76/hm®) .
1.3.5  RJeH A z%E

FIEA AR R (S0 FIBAEFF AR (Sp) -
FAE SR FH 2R (S MR 1 (S it
AT

Yy - Y,
Sy = NE 0 (2)
N
A
Sp=-—n 0 (3
P IN-T,
Tn—T,
Sg = NE % %100 @)
N
x
==X 5
Sk B (5)

b vy AR RACERRL &, kg/hm?®s Y, AR AL
R &, kg/hm®s Ey AM%E, kghm?®; Ty A% ALL

HEKRE R BRE, kghm’ T, AR FERR R
ZE, kg/hm’.
1.4 BB

D PUERRPOVAAZ R, TR IR,

EH Logistic 77 P& & /N 2T R S AR 2 &2 0 it
%[18]:
Yinax
T Trae
Xy NANERTYIR B E, kg/hm?; Y, AT
JRERE, kg/hm’s ¢ NIEMEREL d; a Al c MEEEREL
X (6) BHATRSA:
_ Ina—In(2 + V3)

y (6)

1 p 7
Ina-1In(2- V3

T = M %
cY.

‘/max = = (9)
4

T=T,-T, (10)

T3:1na—2.197 an
C

T, = Ina+2.197 (1)
C
a

= — 13

Vmean T4—T3 ( )

Ko T T PGE RAGR LGRS (], ds T, TR
RGN E], d; Ty NTWi SEAA SO KGN A,
d; T, N TYIR B B8 KRB, d; Ve N T
i K BRI R, kg/(hm®d); View N TH5 T2 28
K, kg/hm>d); THTYFRPEERY, d.

2) F Excel 2021 A XHR I8 Z0H HEAT B BRI R 25 11
55 H SPSS20.0 B AR 35 AVNOVA #4777 257
#r, KA Duncan’s B & kit 4T B &7 200, &
F7KF 0=0.05; J Origin 2021 #4444 E .

2 HER5OMH
2.1 ZRARSREEREN S NETHRRRIEZH

M

BEAE A IIHERS , B AR T R A R S e g
PO RTRE R PO A, R ORIIA B i KM e i T4
SERES (B 3), RRTHRAREMEZRERILS K
L L g g n (£ 2>, A Logistic #2644
ok E REIALE 0.95 LLE, RUIIELTTTE R DLAER s fif ik
TP )& B R

—~ CK ~#-N0 —-U -=§ -+ SUI ~e SU2 —- SU3
1.6 1.6
14 14t
12 a2t
E10 E1of
=5 0.8 =5 0.8+
A<906 Q<06+
204 S04t
=02 =02t

0.0 L 0.0 ~— . .
0 40 80 120 160 200 240 0 40 80 120 160 200 240
KHDays/d KHiDays/d
a.2019—2020 b. 2020—2021

B3 2019—2021 FA DX AT HAF MR ERRIE
Fig.3 Dynamic accumulation process of dry matter (DM) in
winter wheat growth period from 2019 to 2021
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®2 TRILCETENEM EEBFMRENZS Logistic FREEIEESH

Table 2  Fitted parameters of Logistic equations for aboveground dry matter dynamics of winter wheat under different treatments

EA} Year MbFE Treatment Y/ (kg-hm™) R? T/d T,/d 7/d Vimean! (kg-hm >-d ") Vi (kg'hm -d ™) Ta/d

CK 8188 0.989 161 198 37 133 146 179

NO 9808 0.990 161 197 36 162 178 179

U 13813 0.992 162 195 33 216 237 179

2019—2020 S 14117 0.990 163 198 35 244 269 181
SU1 14779 0.991 162 196 34 261 287 179

SU2 15192 0.994 160 195 35 258 283 178

SuU3 15388 0.994 159 195 36 259 285 177

CK 4484 0.958 177 202 25 78 86 184

NO 7911 0.982 178 206 28 170 186 192

U 11842 0.984 178 205 27 263 289 192

2020—2021 S 12382 0.989 175 206 31 242 266 190
SU1 13 062 0.990 174 205 31 252 276 189

SU2 13856 0.989 174 206 32 258 284 190

SuU3 14945 0.986 175 208 33 268 295 191

E: Yogo RKTYRAPE; T) f1
Touer EBITHIR S5k AR O i)

A Ty, FHIFPOE RBURIGHT [ AR 6] T, FURREERY: Ve, TOBCFRRBIER; Vi TURBKRPESR;

Note: ¥, maximum accumulated dry matter; 7 and 7, initial and end time of rapid dry matter accumulation; 7, rapid growth period of dry matter; V;,,,, average dry matter
accumulation rate; V,,,, maximum accumulation rate of dry matter; Ty,,,, time to reach the maximum dry matter accumulation rate.

2 a Tt PRid S AT 46 I 1] B 7 1 Ak B Dl SU3
SU2, #HAhSAFFERT T 1~4d (£ 2). BEEBRELE
LR Le g g m, T s K () 2
ke, 2R, 5 UM, ZBEES IR R
T RPE AR (7)) KT 3~6d, “FIRBUEES
7 1.90%~19.91%. SU3 4bFHE%E SU2. SUL. S, UM
NO 4b 311 BRECR 4 3 = 2.13% 2.79%- 8.45%-
10.90% #1 58.76%. S AMEEAHL, HiAIHREHRKR
BUER (V). KFESRER M-S ERELE, V.
N T 8.43%~11.16%. 2019—2020 f12020—2021 4V, .,
Sy HILE SUL AT SU3 4b B £ K N 287 Ml 295 kg/(hm*-d),
S AU 23 B 5 6.69% F110.90%. 21.10% F1 2.08%.

22 R 5 PR 20 e A T IA B i Kk BB R IR 1] T
B UM SH2RT T 1~3 Ffl 1~4d. BT, ZZREE
HREWC A F T2k &N 2T B2, IR K
A=K

AN [A) 46 A0 B e L o) 5 35 R e T T 4 e e i AR
(£ 3. BB ERMTTIRE . L5475~
M AE G 12 8O R R B DTk R A K B R
(P<0.01); 44y 51610 4512 &8 J H6HFF R 77 &8 5Tk R
AL G 4 7= B DTk R A W R 52 m (P<0.01) . 541
Jit AEAH B, SRR R PR 25 it /)N 22 A6 A s AN fa
TR RS R AT 88.12%~ 101.62% Fi
192.65%~233.09% (P<0.05) .

®3 20192021 FRARILE TSN EEFRENENCBE TYREZESHETYORE~E
Table 3 Storage dry matter transportation before flowering and photochemical production after flowering in winter wheat under different
treatments from 2019 to 2021

1€71 Before flowering

1€J5 After flowering

EA pisE == = = =
Year Treatment Feiat ) DLIAZE S 2 LR
Translocation/(kg-hm ) Contribution/% Translocation/(kg-hm ) Contribution/%
CK 1959+19d 44.93a 2 401£70e 55.07d
NO 1 765+40e 30.23cd 4074+81¢ 69.77ab
U 2 615+70b 39.96b 3929+120c¢ 60.04c
2019—2020 S 2 930+85a 43.28a 3840+99 d 56.72d
SU1 2257+7¢ 31.95¢ 4 809+41b 68.05b
Su2 2277*1c 31.70c 4 904+27b 68.30b
SuU3 2 040+60 d 28.17d 5203+56a 71.83a
CK 1 115+30¢ 46.82ab 1227+£30d 53.18ab
NO 1 952+70bc 55.16a 1576+66 d 44.84b
U 2 871+22ab 46.38ab 3 314+75¢ 53.62ab
2020—2021 S 2 830+47ab 42.85b 3 750+67bc 57.15a
SU1 3200+42a 40.72b 4 724+48abc 59.28a
Su2 3 034+76a 38.08b 4 936+89ab 61.92a
Su3 3 089+89a 35.99b 5515+82a 64.01a
B EMEA K FH Significance test F value
JiCii Ee 451 Proportion of application (PA) 0.51 31.94” 753" 31.94"
45 Year (YR) 15.77" 52.42" 0.13 52.42"
PAXYR 2.22 592" 0.66 5.92"

i ARG FRRRAFAEGRFELAERZREE (P<0.05). *, P<0.05; **, P<0.01. F[,

Note: Different lowercase letter indicates significant differences among treatments in the same year (P<0.05). *, P<0.05; **, P<0.01. Same as below.

/NZE PR B AR S T AR 7 R 3 AN T B
#O(E 4, R*=0.79) . 2019—2020 £E Al 2020—2021 4
INFAE G T WAL P2 B AE SU3 A BIA B KAE, 439
N5 203 A 5515 kg/hm?®, 2019—2020 4E, SU3 [ 165
TR A r &5 SU2. SUL. S. U Al CKALFE 3 Wil &
T 6.10%-. 8.19%. 35.49%. 32.43% F1116.70% (P<0.05),

2020—2021 4, SU3 Kfefa T4~ &84 S U Ml CK
REFR A RS T 47.07% 66.42% A1 349.47% (P<0.05),
{H5 SU2 Al SUI MR ZEFARE . 2 a Z/NERGETH
A PR R DT (53.18%~71.83%) & T LR
s B AR TTER R (28.17%~46.82%), H 2 aft)s
F-Wp 5 A PR R TR AAE SU3 A FA B, 1
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2019—2020 4F SU3 . U, S. SU1 1 SU2 4 F &5 2 32 1w
19.64%- 26.64%- 5.56% F15.17% (P<0.05), M{E2020—
2021 F£5 U, S, SU1 M1 SU2 [AIZRAEE (P>0.05).

1=2.935x-0.004x>+15.122x—15 264.553 y=2.630x°—5.718x*+4.036x—1 385.847

a R>=0.79 a R>=0.97

g 8 g8

= =

&7 &7

~ 4

26 s 6

5 53

e 4

e e
WAL L
02025303540 45505 "~ 1 2 3 4 5 6

MR
Translocation after flowering
/(10* kg-hm™)

a.2019—2020
B4 20192021 FA KA 7 Eh FFX N ML X F
Fig.4 The fitting relationship between translocation after

e A B
Translocation after flowering
/(10° kg-hm™)

b. 2020—2021

flowering and yield of winter wheat from 2019 to 2021

2.2 ZERRESERZEEMNZNETEREERBZIE
MR E R T ANETE AR (R4,
M 4 AT50, 2R EUIRAC i L6 5 SR 00 B 0 & /N ZEREH
KA B R (P<0.01); 3% 38 B AN XF
TR ORI R A B 25 52 (P<0.05) , X T Jifi &1k F
WA EKF (P<0.01), X=EEmARE (P>0.05). 2a
/NS 7 24 It 2 B B Bt D B A1) F G v 38 m, - SU3 Ak
HPEE R R, 0N 7243 F18 021 kg/hm?, 1% SUT.
SHI UM HIE T 5.71%. 7.25% 1 16.07% (P<
0.05), {HAISU2 kbEE~ & 7458 kg/hm®, ZFAEE (P>
0.05) . 5 2019—2020 “EAHEL, 2020—2021 4 it A b 2
(SU3. SU2. SUI. SAI U) 7= &% 545 10.74%.
7.74% 4.23%. 10.21% F1 0.95%, CK 1 NO 4&b B 7= &
AR 32.22% 1 42.15%. ZBAMLE R BRI S U
AEEAHLE, RS R 7.99%~21.44%.

T4 20192021 ERELBLNEFERHEBREZ

Table 4 Grain yield and yield components of winter wheat under different treatments from 2019 to 2021

G pisE T FOR 2 R TR P
Year Treatment Ear number Grain number per spike Ear length/cm 1 000-grain weight/g Yield/(kg-hm?)
CK 338+10d 34+1c 5.140.2 ¢ 26.6+0.7 ¢ 4360+115 f
NO 405+11 ¢ 33+lc 52403 ¢ 28.9+0.5d 5839+85 e
U 524+13 b 39£2b 5.8+0.3b 34.8+0.8 ¢ 6543+£54d
2019—2020 S 546+15Db 42+1 ab 6.3£0.2 a 36.4+0.7 b 677079 ¢
SU1 563£10b 44+2 a 6.2+0.1 a 40.9+0.3 a 706648 b
Su2 631+16 a 4341 ab 6.5+0.1a 417403 a 7 180+26 ab
SuU3 641+17 a 4442 a 6.6£03 a 41.8+02a 7243+49 a
CK 217+8 ¢ 29+l ¢ 9.6£0.3 ¢ 442+1.1a 2955+88d
NO 214£6 ¢ 371 b 9.6+0.3 ¢ 39.9£1.2b 3378+£100d
8] 3018 b 572 a 10.5£0.3 b 36.4+1.1¢ 6 605+80 ¢
2020—2021 S 32710 b 57+1 a 12.0+£0.2 a 38.0+0.9 be 7461+£75 ab
SU1L 314+10 b 5742 a 11.0£03 b 39.1+1.1 be 736553 b
Su2 335+11b 5542 a 11.1+£0.3 b 39.4£1.1 be 7 736+79 ab
SuU3 384+12 a 5142 a 11.0£0.2 b 38.7+0.8 be 8 021+64 a
BEPER F{H Significance test F value

PA 16.45" 0.92 6.93" 25.16™ 4.92"

YR 800.14" 150.24" 1687.53" 4.19 859"

PAXYR 2.75 3.04" 346" 6.58" 0.65

XEPNERATET R (&5 "THL, BZRR  (H5 SUZ TREZER.

IS Fct e L f51) 4D 488 0 46 /N 22 HE RN AS BT G K, (L [R] B 4
P TN EAIGGE . 5 CK FINO AL, SUT. SU2
A SU3 Kb 3 1 4 U 25 43 0 4 51 T 409.75%~ 562.47%.
444.04%~ 605.58%. 468.40%~ 635.93% (P<0.05). 2 a
YIE SU3 S Zi ik, L S U AR, 5% RE
T 15.18% F 25.67%. SU2 & SU3 71 el /b . 37 H 11 [5] B
WA B RRE VTR, "SI N M= 545
AR “ U
2.3 ZERTRSRERESZNEZERRRVRES TP
A
N AN EI AR R R A B E RN, SR

BEERFE D ZRES 7T EANERRBHRABIE

(P<0.05) (K 5). 2atyRI N SU3 MHR R R
K, 4918 196.23 1 189.69 kg/hm?, {H SU3 5 SU2 kb
) 2R AR EZE (P>0.05). SU3 7 2019—2020 473 %
Eb U A CK Ab PR 4% & 24.08% A1 291.53% ( P<0.05) ,
2020—2021 4E 43 51 $ & 36.63% A1 428.31% (P<0.05),

2019—2020 =75 4b 2 (1) 0 2= F1) FH 2003 A G T b B
B 2020—2021 4G, (HRACFIAS A IEREA —3 (& 6) .
ZRENE S R FZ T 8 R F A B e TN AR
PEEFI R FARA R R BAEIROR] 3R A
FAEARAE P F7. 20202021 4F SU3 #; SU2 A3 S, &3
P 14.96% ( P<0.05) , 2019—2020 £ SU3 4k ¥ &5
SU2 AbFE S, ZRAEE (P>0.05). 2aikiH, SU2 4k
H Sy N 45.97%, Sy~ Sp Al Sy 43 B~ 16.07. 30.49 Al
42.09 kg/kg, SU3 Al SU2 AbH[E] 1) Sy~ S, (2019—2020
ERRAN RS TR FEZER (P>0.05) . SU3 ALHT Sy
BES AU &b PE 5y i) $2 7 82.88% Al 70.96% (P<0.05) ,
A5 SUl Ml SU2 4b ¥ 2 A R ZE (P>0.05) . 2019—
2020 A1 2020—2021 4F S, 7£ SU3 A1 SUT AbFLA R iz K
B, 23910 32.47 F139.72 kg/kg, U 73R 100.56%
F117.86% (P<0.05) . 2 a iR, S ¥7E SU3 4k
Bl KAl, 4394 40.24 1 47.80 kg/kg, 5 SUL #1 SU2
WPERA REZESR (P>0.05) .
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Table 5 Economic benefits of winter wheat under different treatments from 2019 to 2021 J6-hm
E4hy Ab3 FEE N\ Outcome ISR TN e VG
Year Treatment Income FhT Seed K} Fertilizer  ### Cultivation U3k Harvest  JL4th Other ~ Total outcome  Economic benefit
CK 6540 f 750 0 975 750 1500 3975 2565d
NO 8759 e 750 525 975 750 1500 4500 4259¢
U 9816d 750 795 975 750 1500 4770 5046 b
2019—2020 S 10 156 ¢ 750 1137 975 750 1500 5112 5044 b
SU1 10599 b 750 881 975 750 1500 4856 5744 a
SuU2 10 771 ab 750 966 975 750 1500 4941 5830a
SuU3 10 865 a 750 1052 975 750 1500 5027 5838a
CK 4610c 731 0 1028 750 1500 4009 601 ¢
NO 5270 ¢ 731 513 1028 750 1500 4522 748 ¢
U 10305 b 731 783 1028 750 1500 4792 5513b
2020—2021 S 11 640 ab 731 1107 1028 750 1500 5116 6524 ab
SU1 11 491 ab 731 864 1028 750 1500 4873 6617 ab
SuU2 12069 a 731 945 1028 750 1500 4954 7115a
SU3 12513 a 731 1026 1028 750 1500 5035 7478 a
[OCK ZN0 U ZS mESUl easSU2 mmSU3 v Yo . T St .
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(o} [}
go Fiay DL AN BB TR B, I AR 20
g 5 ot e . .
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= = — 1 e i S 2% 0
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= & 100 E 100 , , ,
@é @g KAE IR 8], ZE K9 o st A= K B R R SR B[R] o AT
. E 50 .5 50 s N i .
£g " I TR ANSEHEATAPHT R, GRS 5 R R R A T
® 4 Treatment K 1 Treatment b BAEIGH FISRAT T 1~4 d, FEERK TR Bk
a.2019—2020 b. 2020—2021

B5 20192021 FRRAE FA ) Ei LHAEERE
Fig.5 Nitrogen uptake accumulation of winter wheat under
different treatments from 2019 to 2021
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Fig.6 Effects of different treatments on nitrogen use efficiency of
winter wheat from 2019 to 2021
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77 B A B 2R 2 T 1) B s T DA 2 B e VR e P
PRI B S R B, it 144 kg/hm? 28R EUIE EL it
i 180 kg/hm® # AU A, &5 2 $2 7 12K 72 & 18.30%
ZHENG %53 285, R 30% MR EEFAREG, /D



62 flk TR (http:/www.tcsae.org)

2023 4F

FrERIERE 7.9%~103%. AHFRRN, ERAEIESR
T e Ak B AR 5 TS 0 SR R AL BR R R 7.99% ~
21.44%, SFEAR S LL B e A W R, (H
THEWHARE (£4). 20202021 4F CK #1 NO 7 &
Lt 2019—2020 FFFFAK, 1T B8 A2 K 2019—2020 4 37 Fi
AT LI TR R 2, HESE 2 a AN iR AR 7
FEA%. 2020—2021 FLEREAENES JR B~ & L 2019—
2020 fEHEE T 4.23%~10.74%, T AEIESEEAE AR /1
b, 2020—2021 G4 F AN K EWIE N 7 35.7 mm,
A BT IPRBR AR PR 2 B R Y,

S AR AL, 2RSS R R iiE T
B RN A, BN N ER . ZRERS
JRE 3:1 fijis (SU3) AFEA/NEEixm (P<0.05),
MERRILSRE 1:1 it (SU2) 4#H &5 SU3 2
AAEE (P>0.05), ZBEARSKRE 1:1 B (SU2)
BRI IR IR e . X 55K R B 200 f 70 % B it ) 2%
PRI AN R 28 B0 e 70 AN [F) b Fol R B /N 22 38 3 T 3 e
ROR—5. SR EIES PR Z i AT LA B 7% 2 BE SR (8]
SRS, PR I8 B TR 2 B O P -5 Bk R 0 2R 1 X
B, (RIS R T 2% R RN 77 43 R T TSR B2 A AN s 2 VR4
A B AU SR 1) RURD A= B i I 2 I R R SR P T A
I‘Eﬂ @[34-35] .
3.3 ZERRIEECHNTE NERFEWBF A AE N

BE PR 3 R LR 5 AR R A — 3.
R RN AE A7 1 T B OB R B4k, HHE = EUIE
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IR EEM R IR AR R, LB~ E . &
JERI R R SRR IRZ AR VIR, A5
RIL, SRR EAFRA L, ZREIES R & i b B
BERE/NERRBRBRRICE . FIER SR R A
FEARZE 7= 71 (B 6) 5 3 5k o = 25 O3 [ gt e 48 L —
o VLI T SR I AE 1S AERL R R v, EY
T I 78 43 WS [R] B 9k /b T BUR TR IR R IRl .
LYU &PV i 70 45 SRR W, R RUIE BT i L9 30% B
NP AR R R ISR i m, (AR R IR A
B it Lu A5 50% B = B 5 W R R H AR IR B Bk . SR AT
RERAMATMIBE FCR A T REFF S, M EYIRS FF 0 i A
BN K ARG, BT AEE R AT & & e &,
PR LA R — 2. fE BT R RO SRR RS
TEF, & BRRC i Z X R R R R U 3eis SR 3R
A B, g2 R U0 D i ) R A A T R
JECO, WERREL, SZREIESIRE 3 L1 i (SU3) i
B EREDERRTRNCE. BREF ARG T
AR, R E, HEREESRE 1 1R
i (SU2) kb3E SU3 AT E.EZE 7. SHEFAG,
SU2 % SU3 T kb 5032 H I R B 38 55 35 PR AR D AL
A, EREIESKRE 1A (SU2) FISEH&/NEain
A

AR FEEE AT T A A R RE 5 PR 25 T it L 451 st

KNETYR BN G s, P EMERM AR,
7R T SRR PRERBC It XT &N 2t B A i R A
FERT e e AL G 27 B 2 oA, 3k — 2D W 1 2%
FERUE 5 PR AR B 7 B AR R L], Jf 2T
ABNEA AR, #E TR DE R AN EREERLS
PRECHCHE LB E 5 ST UL 5 75 18 3R 558 A0S A1k 28 H
JREE, U5 TR RUIE 5 PR 3R BC Tt 3R A B A
SR UL AR R R e 7 i — P g, DA
5E &N AR H P R BOF R 2 R R RUIE S5 IR R
it FH B % L L 451

4 7 ®

RARACTE AR Z5 Ky, TF R IESE 2 a 2B &I T ftE LE 451
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INE TR PGE A K 3~6d. P BB E
1.90%~19.91%. 38 hnH K RER 8.43%~11.16%,
77 7.99%~21.44%.

2) 5t JR 2= AN it e B E A L, SRR IS IR
R A /NZAE G T A 5= & B 3E 0 32.43%~
66.42% F1 35.49%~47.07%, A5 9 25 7= & XHFF AL
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WALHT T i ic &, WK T 828, M
MR &/ N A7,
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Combined the application of slow-release N fertilizer and urea to improve
the yield and N use efficiency of winter wheat

GU Xiaobo, SONG Hui, BAI Dongping, DU Yadan, CHANG Tian, LU Shiyu, CAI Wenjing

(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest A&F
University, Yangling 712100, China; 2. College of Water Resources and Architectural Engineering, Northwest A&F University,
Yangling 712100, China)

Abstract: Here, the best ratio of slow-release nitrogen fertilizer to urea was determined to match the nitrogen demand of
winter wheat. The fertilizer application structure was also optimized for the efficient use of nitrogen fertilizer and economic
benefits. Seven fertilizer treatments were applied into the winter wheat in a two-year field trial: urea only (U), slow-release N
fertilizer only (S), slow-release N fertilizer with the urea 1:3 (SU1), 1:1 (SU2), and 3:1 (SU3), no N fertilizer (NO) and no
fertilizer (CK). A systematic investigation was made to explore the effects of slow-release N fertilizer application rates on the
dry matter accumulation and transport, yield, and N fertilizer use efficiency of winter wheat. The results showed that there was
an increase in the rapid growth period and the maximum accumulation rate of dry matter in the winter wheat with the
proportion of slow-release N fertilizer. The average dry matter accumulation rate of slow-release nitrogen fertilizer combined
with the urea increased by 1.90% to 19.91%, compared with the ordinary urea. The proportion of slow-release nitrogen
fertilizer application posed a significant impact on the post post-flowering dry matter production. There was an increase in the
pre and post post-flowering dry matter transport. Meanwhile, the post post-flowering dry matter production was contributed
53.18% to 71.83% of the grain yield. The yield increased significantly with the increasing proportion of slow-release N
fertilizer, with the two-year yields of 7 243 and 8 021 kg/hm” in the SU3, which were 7.25% and 16.07% higher than the S and
U treatments, respectively, and their economic benefits were 15.18% and 25.67%, respectively. The cumulative nitrogen uptake
of winter wheat increased by the application of slow-release nitrogen fertilizer with the urea. Specifically, the cumulative
nitrogen uptake values were 24.08% to 36.63% higher than those in the SU3, compared with the U treatment. The slow-release
N fertilizer with the urea was improved the N fertilizer use efficiency. The agronomic use efficiency, physiological use
efficiency, and biased productivity were improved in the SU3, compared with the U treatment. But there was no significant
difference between SU2 and SU3 treatments (P>0.05). The slow-release N combined with the urea was significantly improved
the N use efficiency, but there was no significant difference between SU2 and SU3 treatments (P>0.05). Therefore, the slow-
release N fertilizer mixed with the urea can be expected to improve the winter wheat yield and N use efficiency. The dry matter
growth period was significantly extended to promote the maximum accumulation rate for the post-flowering dry matter
production and its transport rate to the seed. By comprehensive consideration, under the condition of nitrogen application rate
of 180 kg/hm?, the combination of slow-release nitrogen fertilizer and urea application ratio of 50% (SU2) can achieve green,
high yield, and high efficiency of winter wheat. Among them, the yield is 7 458 kg/hm?, the nitrogen fertilizer absorption and
utilization rate is 45.97%, and the agronomic utilization rate, physiological utilization rate, and partial productivity are 16.07,
30.49, and 42.09 kg/kg, respectively. The finding can provide the theoretical basis for the rational fertilization of winter wheat.
Follow-up studies need to consider the environmental effects and carbon and nitrogen emissions, together with the impact of
slow-release nitrogen fertilizer combined with the urea on the soil nitrate nitrate-nitrogen distribution, ammonia volatilization,
and greenhouse gas emissions. Further research can be conducted to determine the amount and proportion of slow-release
nitrogen fertilizer and urea application for the high yield, high efficiency, and simultaneous emission reduction in winter wheat
farmland.

Keywords: nitrogen; urea; fertilizers; wheat; Logistic equation; post-flower dry matter production; nitrogen fertilizer use
efficiency; yield
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