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SLIUHE R A I TR BB AS BB S 7K T2 X 7N 2= fn A 22 1

A, RIAE T, R, REF, KBRS
(1. 748 AV R Br At M 35 5 IR IR EEBFIE A, HOIH 4500025 2. 3% - HAoll Blepidib ol , W %7 463100)

W OE I A ERF (30 em=5 em) N AUEBUXT /N EE BT SEA , WFSE T 2017—2018 .2018—2019 4 F 4~/ N4z A= K 2 7 2 Ulé
HFF CK(300 kg N-hm™) 58 % 10% (RF10) .20% (RF20) .30% (RF30) AL FH/NAZ i A8 A, , 07 151 F F 35 A7 o J3R R0 T A8 97 A8
PE AP PERE S . 25 SRR 5 CKAH L, RE1O Zb BN ZE FF R 2R 1150 & 0 Y ZR w3 | 3 S0t 55 — 2= ) & 2% R B 12.2%; REF20.,
RF30 Wi 744 N [, H RF30 M2 i 3 F % 11.6%, RF20 55 2 i3 N [% 11.1%. RF10 RF20 1A 55 % 45 CK H, R0 T, 25
Z R RE30 I ZEX P, H4 T 5 CK 22 % 3, FRIE 4 10.8% . RIS 5 10 W oK ot S 38 ke 34, 1 1198 A ek ] 5 4 6
5 T AR E A 5 CK FL 4656, RF20 \RF30 5 CK 22 7 8 2% . RF10.RF20 1 1354k B 4% CK #7487 , RF30 24 2 & FH 56
Z= R, RF10 . RF20 ARy BER (M 24 2 Th i, 45— TG RF30 M TR 1 T e . U0 Xk 25 T L By 3 LA BE 7 B i 2
R R IR . ST R Wit 10% . 20% ROAE BE S BUIE A 47 , X 24 28 /NI Sl SRR AL AS K, 328 52 it D) 52 0 /N 22 W IR 5 Dk
Jiti 30% FALEF/INAZ 77 it BEAR ARG B, B BT T T I

SRR : N e s UL s Dt 5 /INAZ 0T 5 R 5 TET A

RESES:S512.1 ERARERD A M E /S :2095-6819(2021)03-0442-06 doi: 10.13254/j.jare.2020.0297

The effect of vertical rotary tillage and reduced N levels of nitrogen fertilizer application on wheat grain
quality characteristics

NIE Sheng—wei', ZHANG Qiao—ping', HE Ning', XU Ji-dong’, ZHANG Yu-ting', ZHANG Hao—guang’

( 1.Institute of Plant Nutrient and Environmental Resources, Henan Academy of Agricultural Science, Zhengzhou 450002, China;
2. Experiment Station of Agricultural Science in Suiping County, Suiping 463100, China)

Abstract: To explore the effects of reduced levels of nitrogen (N) in fertilizer under vertical rotary tillage (VR) (30 cm+5 c¢m) on wheat
quality, the changes of wheal grain qualities under CK (N fertilizer application rate, 300 kg N hm™), RF10(10% reduction in N), RF20
(20% reduction in N), and RF30 (30% reduction in N) treatments under VR were assessed at two seasons (2017—2018 and 2018—
2019). Compared with grain protein content of CK, that of RF10 slightly increased at the first season and significantly decreased by 12.2%
at the second season. The grain protein content of RF20 significantly decreased by 11.1% at the second season and that of RF30
significantly decreased by 11.6% at the first season. Wet gluten content of RF10 and RF20 treatments slightly increased at the first season
and decreased at the second season, compared with CK treatment, and that of RF30 significantly decreased by 10.8% at the first season.
For all treatments, there was an increase in water absorption of flour as well as a decrease in the development time of dough, which was
significant for RF30 at the first season, compared with CK. Stability time of dough also decreased for all treatments but significantly
decreased for RF20 and RF30, compared with CK. The degree of softening of dough increased for RF10 and RF20; it increased

significantly at the first season and decreased at the second season for RF30, compared with CK. The energy of flour increased at the first
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season and decreased at the second season for RF10 and RF20; it decreased at two seasons for RF30. Grain bulk density, ratio of flour

yield, constant deformation tensile resistance, and extensibility were not significantly influenced by reduction in N. A 10% and a 20%

reduction in N could produce similar grain yields while reducing nitrogen fertilizer input. Further reduction in N might not obviously affect

grain quality at the first season but might have an adverse effect in the following year. In fact, a 30% reduction in N had adverse effects on

both yield and grain qualities.

Keywords: vertical rotary tillage; nitrogen fertilizer ;reduced N levels; wheat quality; grain; flour

HHEBE S s 2 S RLE S T, DR K IE
ROVERREE R T $ i IR RE AL AR K IR AL 1 BE
T R e . S BERER F B LT sh 3R
WEUiE Al Sk BT eSS VLB Ry e -, STEE b e 1
2 PR ARy 2O, ol A R AP HEZE (30 emS
em) i = IE KR FH SR A HE VR ) A 4K T A2 31 ok
M. AR #8121
T, SR B S B, 7 e R Oy 22 ) mT AR
[ /INZZ S ORI KRR 7 e, KR T
AUGEERAY, AR, B E/NE R AR IE A
WTEUAS 2205 , B bt Pl R R A0, 5 A0 I Ay i P 23 DA O o
TERHE N, 2018 43K [ AL AT it FH &8 5 653.4 J7 t, S
2000 4F (4 146.4 7 O 1.36 15, o dw = {8 6 022.6 J7 t
(2015 48 ) — E WD (R B AR A A SR B
RS AR E S T EREZ — W
J2 1 A RUNE IhK 2 0 A 2 A 8 Ak Y O i 0K B
RN R /N A BB A KO BR R E L L
B 75 28 T8 b S ] it 2R v RAR = 1 e P A i) o
20.2% .43.5%, 231 B PR 63.7%" . INEE TR
R BB R A SRR R A P 22 81 25 40K 1k
424 kg N+-hm™.226 kg P,Os+-hm™ .88 kg K,0 - hm™, 3
Hh U A T IR A R Y DAEUIE A B, R
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hm™, ¥4 188 kg N-hm™1, [H g, JFJ& /N 32 AU
A 9 B R R REE I IA L 7E 225 ke
N-hm 256l F 0 10%~20% BB A 23 500 /N2 7
i, HABHR M & DR A es s TR i 1 SO 5 R BLAE 180
kg N+hm? 3L 78, Wi 5%~10% R , /N4 o] 36 7=
4%~T% , RAEF R 5 T~8 AN 40 5. U ekodk +
SEREAE 7 2 2L B el SUIE 380 AE T LS BN 2 2 U
JIESH 550, AR ST 9 3 ) 10 2R NS ol it e o 2 S o, B
V)5, LB AFF 28 0 2 77 o KRG, /N2 T 6
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(2017—2018.2018—2019 4F ) 7. X iEHF (30 cm=5 em)
A TR U Bl 7K S XoF /0N 22 AT i ot LR T R 3 A
et P RE R SEm O SN SR A RIS A R
AR S

| RS

1.1 KB R

T B0 b8 ] B 48 1 ELAROE B 2 3 il (330
15N, 113°98" E) N, J& W Ay A Bili o 2= XU 11 <
fo o WL TR, SERETE AL VU B S P () I T
UL RN PR et i RN o G S R T N S N Y RO
KA R4 4 15.1 °C .2 126 h 927 mm 226 d.
BRI EPE A F AR A, T I 55 R P (pH=
5.9), AR IR, IR M LAl HEA HUR IR A A
SO AR AR 6.52 ¢ - kg Fi118.6.,110.40
139.10 mg-kg™'s
1.2 R

TR A B R BEHLIX L, N e K B e
Jiti 2 (300 kg N+hm™) % 10% I & 20% I8 A 30%
4AHE B A0 BEREHE (82.5 kg P20s-hm™) BHAE (82.5
kg KO- hm™) i AR . B b3 39k, 511 12
AN NK TR 24.5 mx6 m. 454k BRI it 4
A @k i AR (CK) : ZUIE 300 kg N - hm ™5 @95 &
10%(RF10) : BIE 270 kg N-hm™; @& 20% (RF20) :
AUE 240 kg N+ hm™?; @ %A 30% (RF30) : &JE 210 kg
N-hm?, Jiti lEAL B 70% (1) RNE RN 4R w4 AE 1E 5L
JIE 7 B b B — Uit A, 4% 30% R TEIR 19 WIEIE
BEJEA o _EREVEY AT I T K WOk Ja R K3 e
FAST eI BERE— i , B b TR R (3025) em,
FHH FUBERF LT 1 (R 5~10 em) , #7E 51

INFZE SRR CR IZ TR 101 (8 H 22 2015004) , 43 51l 78
2017.2018 4F 10 H F A) HL#& BE 46 F | 46 i 150 kg -
hm™2, 47 20 cm, F K A4FE (20182019 4F) 6 A )ik
o Ho At P 0] A5 B it S AR — B
1.3 MZEmB K A%

TF/INAZ MBI B /NS 4 m? P 7 [ R
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BRI I B /N PR 2.5 kg FH T 20 BT REARE b o A% T
K A R B Ak RE S L 7K 43 (GB 5009.3—2016) |
5 (T3, GB 5009.5—2016) . %5 H (GB/T 5498—
2013) I 1 5 (GB/T 5506.2—2008) . W 7Kk H J& i
[a] Fa g mta] 5516 (GB/T 14614—2006) B+ fHE
ARTERARBE S AT e RPLAPRE 7 (GB/T 14615—
2006) . KB # (NY/T 1094.1-4—2006) 25 34 5% F [ %
FRIfET A T AE -
1.4 HEIE

Bd FH Excel 2003 . SPSS 20.0 25 85 {4 #E 47 % B
FHLSD b4 7 i 25 2, 25 57 1 25 7K K- 2=0.05 .

2 HRESH

2.1 BEEARBEAETNEFERNTL

& 1T LA H L, 2018 4E RF10(Jiti 10% ) \RF20
(P8 JitE 20% ) 4b B /N7 77 4 55 CK T i 3% 25 5, RF30
(BBt 30% ) A 3/ INAZ 77 et R MR AR, (L Ab P ) 25 5
ANE B 2 (2019 ) i 22 F B Wit , RF10.,
RF20.RF30 15 CK Zb 3 [F] 22 S AN B 3% o X i B AT
ABERE T T, M2kt K 55— ZRE LU 10% .20%
() R NE RE T 2 BAERE A, SURNBRAR/INZZ 7= i 5 5 it
30% MENE /N =i R Rkt
2.2 FIEARERIEKF AR @R

SRR it X /0N 22 K707 it JO %) 5 ) L 1, KA 5%
K 2 FE D 2 2 (2018) ¥4 BT B I, o RF20,
RF30 40 FH 53 3 %5 T CK .RF10 Zb B[4 RF10 &b Bk
AR T (T3 & B A S A RF20  RF30 40 2
IR R, Hoh RF30 45 CK 2 2 F % (P<0.05) . 1L4h,
RF10 4b FEAFH 28 B 47 CK WS A R B, RF20 \RF30 b B
G AR 22 AR . RIF20 FPhE H R 5 CK
AR PR R 3 (P<0.05) , HoA AL B 2 8] 22 5 R B 3

55 2 AU A R AR R K I TF CK,
RF30 . & FEAIK (P<0.05) ; FFRLEE 11 5T (566 ) & 4y

14 r
000 [J 2018 @ 2019

12000 | a a

a
a
0000 + h.E
a a

8000
6 000 [

77 Yields/( kg- hm™2)

4000
2000

0
CK RF10 RF20 RF30

Kb FH Treatments
[ —4E 0 AR R /NG S R A 3L ) 22 5 A8 18 35 (P>0.05)

The same lowercase letters mean no significant differences within the

same year among different treatments at 0.05 level
B 1 ARRAEBEAKETNEFH 2R
Figure 1 Wheat grain yields under various nitrogen fertilizer

reduced levels

IR, RF10,RF20 % CK T [ {2 % (P<0.05) ; RF10 ¥
RS CK LR % 2 5, RF20 . RF30 A1 k7 75 55 U 184
i, Hor RF20 4 34 CK 2548 1 (P<0.05) o Ffkr
¥y R J5 1, RF10 8y K 4 CK 2 2 34 i (P<0.05)
RF20 .RF305 CK LR #HERF(F 1),
2.3 RBARREATE TESRTHFENTL

M2 nf UE H, ZB G 24 2=, 5 CK A e,
RF10 . RF20 % [ & A A T, 22 %A 2.3 s RF30
W 5225 T B (P<0.05) o RS 10%~30% Ji Thi K3 W
KA BN, Hoep RF20, RF30 % CK {2 3% 38 Jin (P<
0.05). T A B ] )5 T, RF10 . RF20 5 CK UG i 2%
Z5% , RF30 48 CK 2 & 4494 (P<0.05) o S Wit i 1
P & 5 s 1A D) 945 43 4, RF20 \RF30 Zb R4 CK i 2%
4 (P<0.05) . SULAR S, A 5940 B33, 5 CK
FHEE , RF30 b B i 2 2 (P<0.05) .

2019 4, ¥ 22Ut A P (RF10 \RF20 . RF30) A
AT A7 7 it R0 A AR SR ] 5 CK 22 S 38 A8 B 3
RF10.RF20 RF30 &b 2 iy [ A1 2 2 Bif 6] 5 CK AH HL 3

F 1 WIBAEIRHEK T T ARG BT A LR

Table 1 Wheat grain quality under various nitrogen fertilizer reduced levels

2018 2019
Tre%lt\i%nts K Water/  # 5 Protein/ %5 Bulk R FrK i Water/ 2 15 Protein/ 75T Bulk HHR
(g-100g")  (g-100¢g"' DW) density/(g-L™") Ratio of flour/%  (g-100g™")  (g-100g" DW) density/(g-L™") Ratio of flour/%
CK 9.38+0.32¢ 14.25+£0.25a  775.50+2.50ab  72.45+0.05a 9.67+0.05a 13.55+0.15a 815.50+£1.50b  69.80+0.40b
RF10 9.44+0.12¢ 14.35£0.15a  772.50+0.50b  71.75+0.85ab 9.58+0.13a 11.90+1.80b 815.00+5.00b 72.10+0.80a
RF20 9.85+0.01b 13.95+0.45a 780.00+1.00a  71.40+0.00b 9.60+0.15a 12.05+0.35b 820.50+£6.50a  69.95+0.75b
RF30 10.07+0.13a 12.60+£0.90b  777.00+1.00ab  72.45+0.05a 9.30+0.15b 12.95+£0.05ab  818.50+4.50ab  69.70+0.70b

TE « [ B J5 AN ] /NG B3R A BRI A 22 57 .25 (P<0.05) o R 1],

Note: The different lowercase letters after data in a column mean significant differences among treatments at 0.05 level. The same below.
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25 A4 (P<0.05) 5 T kY MK B A5 46 B 5 CK 22 5%
BIARE(R2).
2.4 RIBARRLRMEKF T EBH HIERNTN

230/ LA 1, 2018 4F RF10, RF20 4k 3 1fi #3
A (EL 5 CK 34, RF30 WUk /> H g 2 IKF RF10 A1l
RF20(P<0.05) . {8 AR HPFH 1771, RF10 5 CK
A EE 2 2 /)N (P<0.05) , RF20 \RF30 4 i 5 CK 22 5+
AN . RF10 A0FHE ) 17 A E AP 55 CK 23 K (P<
0.05) , RF20 . RF30 &b #H B ) /)y . RF10. RF20. RF30
Ab BRI f KB APBRE 1 5 CK AR B2 R B3

55 2R AU IR0 A B A T A1 RE (4L CK g A
R A A ] 22 AN B 2 S AR S T AT AR
FERLARBE 134958 CK 3K, H RF10 RF30 4b B i 2% 34
K (P<0.05) ; 1 A1 4E fif P #4558 CK T %, RF10 T [ 12
#(P<0.05) ; RF10 . RF20 . RF30 4k H i) 1 [4] £ A i fif
P 5 CKAHL 2ZE A 2 (3R 3),

R

INFZ SR T SRR AR A2 SN AR M A
Ko BIEE TR, A FHERIAILE S X /N it ST
TG 252 5 £ S WIESE R B CO MR 5 EE K-
FAEXT/INZE KL B 2 2 52, (R 7E CO MR BE T
A OLT  dERE R R i A A R TR L, R e

Py AC R | 2 o 0T R 5 25H SO T R B 5 i
YECNZ )AL, FeAE (VN 20 LB ) iy /N PR A
Jo S5 E SR R R ASE APk R R A R AT AR IR
i 2RISR BRI R . AR R L,
167 2R 300 kg - hm > AU W0 B vE T, 14 2
ZE el 10% . 20% ZIE RE % R A5 B = 77 1, Dt 30%
DU Ol a5 T) B, > 220800t 10% 5% 20% AT , #
B EE 0 (T8 & i AR K, Yt 30% ZUE T,
FPRLER 5 B T R B 5 B 2R St &% Kb R F
AR T (T 28) & 18 3 F 9%, 9t 10% .20% [ i
o XULBHARISE &4 /N A v, 2 2R AU et
AN T 20% BE S PR UE /N7 72 5 AL TR R [ 5 50
A S Pt R BR ORI AR UE L (HJR BRI T /N
JoT SR b 2 1 ) 6

16 it RN P B R /N R B A
T 57 48 2 VE M O i, 2R TR b B, it R A
120 kg - hm B4 5] 240 kg - hm i, 5| 5 58 /N 4 #
A B AR BRAE 1 LB R AVR , 3 ol T A1 2 o [1) 4
FE™, 7E 0~240 kg hm™ it U8 [ P, 384 it U AT LA
P mRRL R B SR E A B R A, 2o it IR R A
FIREM LR, e 4l % 0~300 kg hm 2L P, /N
TR U 7 36 I T P i e B T 35 i 5 it 20 i 344 o
BTN, 2 it R A 300 kg - hm 2B, ZNAZ KR

®2 BWIEARRIRHEK T T EH R E R R LB

Table 2 Rheological properties of dough under various nitrogen fertilizer reduced levels

2018 2019
- WK &t AN . S S WK Ardnli . EEN S
wm gy KR PRI gy B gy TR DRIy BROE
Tre: . Water absorption  Development """ Softening Water absorption  Development """ Softening
reatments Wet X . . Stability time of Wet X K . Stability time of
of flour/ time of dough/ . degree of dough/ of flour/ time of dough/ . degree of dough/
gluten/% dough/min sluten/% . dough/min

(mL-100g™) min (FU) (mL-100¢™) min (FU)

CK 25.90£1.10a  53.50+0.10¢ 1.60+0.10a 2.10£0.10a  79.50+7.50b 26.10£0.30a  61.50+0.50a 1.85+0.15a 7.90£0.30a  37.00+2.00a
RF10  26.25+1.25a  53.55+0.15¢ 1.70+0.00a 2.00£0.10a  80.50+0.50b 23.00£3.60a  61.70+0.10a 1.70£0.30a  3.05£1.20b  59.50+30.50a
RF20  26.85+0.15a  54.50+0.30b 1.55+0.15ab  1.70+0.20b  95.00£2.00b 23.10+2.90a  62.30+0.70a 1.75+0.05a 1.30£0.10b  56.50+18.50a
RF30  23.10£2.90b  55.20+0.60a 1.40+0.10b 1.15£0.25¢  126.00+30.00a 24.60+0.20a  61.75+0.85a 1.75+0.25a 1.60£0.20b  32.00+23.00a

&3 @IBAR R HEK T T E ML ISR E LL 3L

Table 3 Powerd tensile properties of dough under various nitrogen fertilizer reduced levels

2018 2019
RS2 AT Ry SR, FE S GR o
sl 4o bt Lﬁtxﬂ/ﬁﬁiﬁﬂﬁ i FRB B el meﬂ/ﬁﬁiﬁlﬁﬁ i Ty AL
Treatments Constant deformation g Largest Constant deformation . Largest
real Energy/ . . Extensibility/ T Energy/ . . Extensibility/ T
(A135" Jem tensile resistance/ (F.135" )mm extensibility/ (A135 Jem™ tensile resistance/ (E.135" )mm ™ extensibility/
' (Rm.50.135")(EU) ' (Rm.135")(EU) o (Rm.50.135")(EU) ' (Rm.135")(EU)
CK 147.50£16.50ab  502.50+70.50a 154.00+5.00b 777.50+131.50a  114.50+1.50a 433.00+3.00b 148.50+4.50a  616.00+1.00a
RF10 153.50+13.50a 435.00+9.00b 172.00+14.00a 719.00£11.00a  105.00+25.00a 498.50+37.50a 127.00£9.00b  652.00+118.00a
RF20 155.00+2.00a 535.50+31.50a 152.50+3.50b 811.50429.50a  104.00+19.00a 441.50+2.50b 138.00+£10.00ab ~ 613.00+50.00a
RF30 127.50+25.50b 523.00+39.00a 139.00+10.00b 713.00+93.00a  106.50+14.50a 497.00+43.00a 134.50+6.50ab  646.00+64.00a
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F A SHONE T FER . AW R BT, R it 4 2
(2018 4F ) , It 10% 20% A 15 16 75 & s R A TH
VBN 30% M) 22 T B 5 45— 78 (2019 4F ) 1 22t , 12
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10% {8 Ab P 1) 18T A1 T8 5 s 1) s A5 3800, Y it 20%
30% FF ) 446 6, Yl it 30% {835 45 0 5 58— 2 3% Sl it
Je T A B B) 24 4 e o RN Dt ) T 1] e I i)
W7 4656 , 42 20% . 30% & 4656, 5 — ik
L it DU 12 2 4

25 b AR SRR, 2 2R 10% .20% A
JEHE A S X /N A it I (RO RL R 7 5 S TR N T
A R A ) B AN K 32 5 Ul it D) 5 i v A1 S e i)
FES A B (] 45, G U it FH 7K -2 240 kg - hm ™, 3%
SUAEMMR G IEAY & fEEIRA 7 H, A
NEF 12 300 kg - hm™ B}, 242206 109%~20% , /NAZ 7T LA
P T, FLEE k2 el it 4 R R /N 3 A R
I, SR PRUE/INAZ e R, A DU /N 2 it S St ) 42 1
SR B AR R, S T R e B ), ELAR R SR
T — R

4 it

(1) 757 2 HERFFI 300 kg - hm it ZEAKFF U8
Jiti 10% . 20% ZNE R 52 B IE AN FE 7, X 2 2=/ N2
HEAE ot SR TR 37 28 A P TG B L H
55 R LS W TR R 1 T B R R

(2) WUt 30% FNE I /INZZ P B A BRI 3, ELFT
7 [ 0 R A T A7 o AR

(3) U it X)o7 2 | HE Ry S AT Ay r e B
J7 AR S AR AT B R

M2 ST ZE i 10% . 20% BE % 52 30 e HE
AR = N M 2 NG RS R B R B AR A A
R8Tt D 52 W) 0N 22 8 JBT 5 980Tt 30% Xof /N2 R e A K
FERL™ R A BRI R 5 H A T R .

SE 3k
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