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Abstract: To clarify the effects of combined application of slow-release fertilizer and urea on wheat yield, nitrogen

use efficiency, and flour quality, as well as their nitrogen reduction potential, this study established seven treatments, in-

cluding a nitrogen-free control ( CKO), a conventional
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EETA : 28U RO B 2% B 75 4F 98 A4 30 3 3 ( QNYC-201908
ONYC-202217) ; % B AR A2 3L 4900 H (32301447 ) 5 ]
FE ST R H (2023YFD1900204 ) ; 804 4% L R
2EBEARM BHE AT A R R #EI0 H (XXBS-202302) ;%
BTSN G 1 P UMIE B L0« [ 54k R with slow-release fertilizer applied as a single basal dress-
H4T0 H (23BIY150) ing or in combination with urea. And the differences in

TEE RS TARI(1993-) 5 2R 0 11 By mFE 5, 1% wheat yield and its components, nitrogen fertilizer use effi-
AT/ PR R I e K H R BFSE . (E-mail ) ciency, grain quality, and dough rheological properties a-
dygwheat@ 163.com mong different treatments were analyzed. The results

EIRAEE M, (E-mail) dsz315@ sina.com showed that compared with CK, the grain yield of M2 and

nitrogen application control ( CK) with a nitrogen
application rate of 240 kg/hm*(60% as compound fertiliz-
er basal dressing + 40% as urea topdressing at jointing
stage) , and five treatments (M1, M2, M3, M4 and M5)
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M4 increased by 687 kg/hm* and 681 kg/hm*, respectively, and the nitrogen accumulation before anthesis increased by
16.30% and 25.93%, respectively, under the premise of nitrogen reduction of 12.5%. The nitrogen fertilizer apparent utili-
zation rate and nitrogen fertilizer absorption efficiency of the M4 treatment were significantly higher than those of the other
treatments. Compared with CK, the contents of prolamin, glutenin, total starch, amylose, and amylopectin in the grains
were significantly increased. The dough formation time, extension area, extension resistance, and maximum extension re-
sistance of M4 treatment were also significantly higher than those of the other treatments. Although the nitrogen application
rate of M5 treatment was higher than that of M4 treatment, the increase of wheat yield and grain total protein content was
not significant compared with that of M4 treatment, and the apparent utilization rate of nitrogen fertilizer, nitrogen absorp-
tion efficiency and dough tensile properties were significantly lower than those of M4 treatment. In summary, a nitrogen ap-
plication rate of 210 kg/hm*, with 60% applied as slow-release fertilizer ( basal dressing) and 40% as urea top-dressing at

the jointing stage, can achieve synergistic improvement of wheat yield, nitrogen use efficiency, grain quality and dough

rheological properties.
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39. 47 mg/kg GEEBN F N 92. 65 mg/kg,

PR/ NAZ SRR e K 1216, BB B4 E R
ZRIE(N & & P,0; i K,0 FHE=26:10¢
9, ZROEREAE ™ &) BRI 2 120 d, H&
JE(N &#& : P,0, & : K,0 F&E=15:15:15),
JRE(N & #E=46.3%) BEE(P,0, E&=12%) .
AL (K, 0 i =60% ) R 41T 88 = i
1.2 RIEigt

AR IR FH 2R R Z BELIX 43T, BB ANt /U
HR ( CKO) it & 240 kg/hm* (HrhREAR 25 S,
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Table 1 The nitrogen application rate and nitrogen application

method designed in this experiment

e Jiti R SRR b R AR U
(kg/hm?) (%) At (%)

CKO 0 0 0

CK 240 60( ZAENL) 40(JRFE)

Ml 180 100 ZERENE ) -

M2 210 100( ZEREIL ) -

M3 240 100( ZERENE ) -

M4 210 60 (ZREAL) 40(JRE)

M5 240 60( ZRAL) 40(JRFER)
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Table 2 Yield and its components under different treatments

e *f*fﬁfﬂ? ﬁ‘%ﬂ%ﬁz %ﬁﬁ@’z T
(kg/hm?)  (x10*,1 hm?) (hL) (g)

CK  8468+270b  562+22.04b  34.8120.99a 45.81%1.31a
M1 8876£282ab  578+13.99ab  35.23%2.03a 46.60+0.66a
M2 9155+290a  595+22.96ab  36.12+2.62a 45.91x1.31a
M3 9238+292a  612:19.22a  36.22+1.56a 46.11%x1.32a
M4  9149+18la  598+18.82ab  35.41x1.0la 46.81x1.34a
M5  9272+#294a  606+21.15ab  36.61x1.05a 45.31+1.29a

CK M1 M2 M3 M4 M5 0L 1, [FFIAR /NG F 8378 A 36 2%
S EE(P<0.05),

Table 3 Characteristics of nitrogen accumulation and nitrogen use efficiency of wheat under different treatments

i AFEBAE (kg/bn?) SRR AT ECR e
TER wE (%) (ke/kg) (%)
CK 135.00+6.96e 43.15+3.01be 29.40+1.86d 46.70+1.12a 74.58+1.65d
M1 149.00+4.02d 34.24+0.64¢ 39.92+1.59%¢ 49.56+4.58a 101.96+2.58b
M2 157.00+3.14cd 39.33+1.22be 40.38+1.04¢ 45.19+1.28a 93.56+2.08¢c
M3 172.00+6.37b 44.47+5.49b 44.04+1.03bc 37.00+1.00b 90.61+2.14¢
M4 170.00+5.25be 58.79+6.16a 54.97+0.97a 32.48+0.56bc 108.15+2.22a
M5 188.00+5.45a 54.34+1.81a 48.51+1.43b 30.25+£2.29¢ 89.87+2.69¢

CK M1 M2 M3 M4 M5 W3 1, [RIFIAIR/NG FaEFR A B E] 22 53 3 (P<0. 05)
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Fig.1 The contents of total protein and its components in wheat under different treatments
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Table 4 The contents of total strach and its components in wheat

grains under different treatments

SER A Ry SCHEVER

Jb3 (%) (%) (%) HXI
CK  55.93+1.18¢ 10.49+0.61b 45.44£1.39d  0.23+0.02b
M1  59.50+1.55b 12.56+0.20a 46.94£0.56cd  0.27+0.01a
M2  61.53+3.27b 12.23+0.99a 49.30+2.15bed 0.25+0.02ab

M3  60.50+1.85b 11.80+£0.30ab  49.71x1.54bc  0.22+0.01b

M4  65.44+3.07a 12.81£0.31a 52.63+2.13ab  0.24+0.01ab
M5 65.55+1.38a 11.53£0.94ab  54.02+2.00a  0.21+0.01b

CK M1 M2 M3 M4 M5 03 1, [FFIASF/NG -0 R84k B H] 22
S BE(P<0.05),

25 ZBRERESRERBI/NEZEHH RN
Al

2 5 Af 1, M2 M3 M4 M5 Ab 38 5 A il st
(i) R TFT AT PR 35 0 2 v T CK, M4 &b BT AT B
ARSI 3 e T AR BE . CK RS 5940 B i 3
TMI~M5 403, 5 CK AL, ZBENE AR BT /N22 T
HA L o e A B T, M4 AR 3EURT MS A BB T
TR EHOA BE E TML~ M3 ZhBE 25 | M4 4b3
A b A TR AR, MS A L R AR T
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PH ) oA 8 3 R e B A B A 2% RN 5 PR 2R i (M4
M5 Kb ) [h7 A S iR B SRR AR, 25 1, 5 CK AL,
GERENE — U M Lt R AR T 1 AR A AR M4 b B AT
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Table 5 Characteristics of flour quality under different treatments

;AT ] T AR RE I TR] S51LE o B

IR (min) (min) (FU) EiR

CK  4.80+0.21c 3.50£0.15¢  60.03£2.58a  84.04x3.62¢
Ml 5.30+0.15¢ 4.00£0.17¢c  51.02+2.20b 110.05+4.74b
M2 6.00+0.31b 7.80+0.36ab  47.01x1.34b¢ 111.0223.17b
M3 6.20%0.18b 7.80£0.22ab  48.01+1.37bc 108.05+4.65b
M4  6.80+0.29a 8.00£0.37a  49.01x1.4bc 121.02+3.46a
M5  6.00+0.22b 7.30+0.31b  46.02+1.98¢ 128.03%3.66a

CK. M1 M2 M3 M4 M5 W3 1, [FEFIAFE/NGF5 7R 40 PR 2%
B (P<0.05),

R6 AEALEREE N MRS

Table 6 The dough extensibility parameters under different treat-

ments
fhg ?ﬁﬁ*@iﬁ Al TEMEE BB
(em”) (EU) (mm) (EU)
CK  53.0+1.5¢ 218.0£9.4¢ 144.0£6.2a  238.1+10.2¢cd
M1 34.0+1.0e 170.0+4.8d 137.0£3.9a  180.0+5.1e
M2 30.0x1.3e 211.1£9.1¢ 132.0+2.6a  220.1x12.0d
M3 45.0+1.9d 227.1£6.5¢ 147.0£4.2a  249.0+7.1c
M4 70.0+2.0a 560.1+7.9a 121.0£3.4b  575.1+8.1a
M5  61.0+2.6b 430.2+12.3b 99.0+3.4¢c  478.2x13.6b

CK M1 M2 M3 M4 M5 W% 1, [FFUA RN 75 FRom b B 0] 22
W (P<0.05),

3 1T i
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