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0~40 cm HIEAHUR A&, TRESI EHERE LW
B X RIE A0 R DLIR M- B« TR B - B - e B i T
10~40 cm + Z PR R A5 . 3% m & ER B 2
TR IERE 2 a [ IR BHROESE 3 a edt B RE e 22+
HEYFMEIR . FL N A 50O R b 2R WA 7T R B G B -
B - TeRF R HF A BOEF R B E e m TN
GRAEE, BRI 11.8%. 16.9%. JoshFEglY 753
e 70 T 0 % DR B - S 45 & B AR G 4E TR B AT &/
FP 8.7%~7.0%-

PR AR A AU 25 07 T 2 AP A =0,
8 5T Hb AT X 3 /NSRS R R (s, R R 2
PR T A2 s R AL R XEHE T R B
G TRIA RV T B R R 3047, DAL SEI 3K R E .
e P IR A& /N - BRI E R M /E T, 4
AT SEHHE LA AR EINEA R, K
RERIAR . HIEFDIEAR LA, 7E =R
FVEDAE PR R, DA g8k I 8 B s A0 7 S — 4
PRI FORAE 7 % X 7 B B2 FE I )

gi b, BTANZRAZMPHER A S, XS wi
EfE i ZE & R Fe i 2b, Rk, AT 7T DA A 2 7 1R 56
M7, WEEEEN. —ERPER e M
HAEGHE 3 FHER, MAKNE-H LKA EG R
YEREVE R it 0 338K AR AT /N 22 = R se ), Atk i
BRI LI E, DAV RN T R AN A e
PRZGE AR R B R AR AR AR AR S

1 MR5RE

1.1 ISR

RIGAE AR BT 2Rl ik i 3 (34°56°55” N,
112°59°1” E, ##k 109 m) #HT. %X J@IRIR KR
FRAE, WUFSI, LR e, FPSE 14~15C,
SERE 4500 CLLE, EHIE 2484 h, BRKZHEPTE
7—9 3, HEMKE 550~700 mm, LA 210d. #EiR
TIER ROy, HBHE (0~40 em) WI4G 1AL
YRR AHUR SR 12.39 ghkg, 2R 1.18 ghkg, AR
W 20.12 mg/kg, HAHH 94.66 mg/kg, TIERPRL. Kikis
FORLR BB B 18.60%. 42.20% Al 39.20%, 1%
ZRH 1.45 g/em®. 2020 4F 10 H—2022 E 6 H KIS E AP
ML 1.
1.2 Rt

KIAHHE 2 AR IR 46 T 2017 42, AP T 2020 4
10 —2021 £ 6 H, 2021 5 10 H—2022 £ 6 H % /)
FEIF W E SIRENE, RAL/NEZ-EFR—E P
PR, WHE 3 FHHMEB R, RPN iR
(deep tillage, DT) . #FAH (no-tillage, NT). 3a
TEIAR IR BIA S A, RIS — /N ETHHE, B
FEFNEF R X (rotation tillage, RT) .
AW E 3 REE, DMXEHH 600 m? (40 mx15m),
F/NXTEIBE 1 m.

HHEALIR IR . PRBE AL B35 7 B 4F 4 /N 22 3k i gk

1T, BHEGREN 30 cm; G b PR H3EAHHE; etk
FF 20202021 F/NFEFREETRBE, 2021—2022 5E /)N
FBARFER 3 NN U BEYREFE R IR H .

140

307w & Precipitation — iLFF Temperature

25
g
g 20
£ o} g
. 5
8 =
= g
R 0
§ 15 g
r‘:ﬂ; &
I L m
= 10 o
= 20

sk

0 I Wl l R |' ﬂ““ —40

2020-09-25 2020-11-25 2021-01-252021-03-25 2021-05-25
HJ¥iDate
a. 2020—20214F

301 140

25
E 20 O
£ of F
: £
25t 5
3 15 0 E.
ﬁ e
. o
= 10 =
* 20

S -

0 —40

2021-09-25 2021-11-25 2022-01-252022-03-25 2022-05-25
H #iDate

b. 2021—20224F
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Fig.1 Precipitation and average daily temperature of winter wheat
during the growth period in 2020-2022

BN E AT 2 11, NERE2~3em, FE
195 kg/hm?, AT 20 cm. 5 Al A5 Fl P BT G AR AL B,
i 2 AN (N-P,0s-K,0=25-14-6) &) N 750 kg/hm?,
HWATHB L (N-P,05-K,0=30-5-5) 600 kg/hm’. )5
ROTERE, TWIEEK 30 mm, HRTTHA. Ze A AN E
A FREZK 60 mm, oAt FH (8] 5 B 5 2 M A F A ] o
1.3 MEMBESRH*®
1.3.1 L3gEAKE

FA/NFEZEW (2020 45 12 H 26 HA1 2021 4 12 A
210 H), AT H (20214 3 H 25 H #2022 4F 3 H
28 H D) v A (2021 4 4 A 11 H F1 2022 4F 4 H
13H) . XKW (2021 % 4 H 29 H 1 2022 4 4 A
30 H) Al 21 (20214 6 H 3 H Al 2022 4 6 A
6 H), RHEETEFFI 0~100 cm E4E, HFFE 20 cm
H—MRE, R e IR A K&

1.3.2 XEAoeme

KINFWEREME 0~20. >20~40 cm + 1) 1555
e, ZHANTE, BETRE, 025 F 1 mm ff
TR, RAYLE RN E SR SR, At
I E A SO R, KGRI e A A R, AR
FRAR AN INAGEN & A WL, 3 pH B R pH %€ .
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1L.3.3 AN EFEHRE

TN, &AL EEEE 10 BR/NEE T 5,
AL ECE AR R | m? DR, SIREHE, 1
RS = 1 Vs SR o Wl P % A= L VE R N = = L VA
AR HBEAE 85 C T RIE R EIFRE, HHM EHEY
. BCRIBHOVFERL = B S B A ERE . IR
RO KR &5 E AR i LA .

FAF 5+ 2% (coefficient of variance, CV) FTIiR7Z &
FooE e, 7R S A AN R AR ) ) AR R R, HAE BN,
KW EREEEE. CV hmEREEE (o) HFH™
& (Y,) MHE.

Fe g A B M FE 2 (sustainable yield index, SYI)
REREATRAVRSRAENSH, HAEBK, KW
FRER ey, U (1) ohE

SSYI: (Ym—O') /YmaXXIOO%

HH Vo AR R
1.4 HB\LBS S

K FH LR 25 22 e AT E RS SO0 & /N2 R K =
TSR R, ] Microsoft Excel 2016 347
Hym a3, F SPSS 26.0 #EAT 75 22 43 Mt AUAH 5 43 47
[ F Origin 2021 #4174,

2 HRESH

2.1 AEHMEARMTIEESKENSEIT
ANFEVHEE A HE R &N A B WA 0~100 cm T34
KEAB BB 2 Fron. &/ 35 K a2k 2 8

QD)
kg/hm?; Sgy; N SYI.

P B 5, WA FEBHE A2 I8 5 K &I 2
MAKE, SR EEPHEAEE LIRS KSR )RR
EE-K-mEA, FREAE LS 2 RS K
BERLESE. BHF (NT) ZEEPEeH (RT) . HHF

(DT) BERE T 0~20cm THIES/KE, RT /26, #
W DT NT R T 0~20 . >20~40 cm 3E 5
K&, DT EMEMK RT. NT B&1E 5 7>60~100 cm
TS KE . WERENRE, AR &8+
ErEESKET BB S EEY, NTAHE
0~20 cm + 3 & /K &% RT. DT & # £ & 4.26% 1
14.99% (2020—2021 4F). 15.57% H129.11% (2021—2022
) ERTH, NT 4F 0~20 em + 2 & /K& RT.
DT & 4 5 12.64% 1 15.54% (2021—2022 4£)) . RT
REFRAEZA R 0~20 em 35 K B % DT I NT A3 %5
R F R 25.47% A 11.14% (2020—2021 4E) . 29.65%
F119.75% (2021—2022 ), >20~40 cm T3S /KE
AR 27.90% A1 24.62% (2020—2021 ). 19.69%
1 26.04% (2021—2022 E) .

FERES ], RT 4bFE 0~20 cm T3S /KEH: DT AINT
REFR 3 ) 5 10.11% 1 13.54% (2020—2021 4E) |
10.61% F1 14.94% (2021—2022 4F), >20~40 cm + 1%
SAKED B ERE 8.87%. 7.85% (2020—2021 ) |
11.63% #1120.92% (2021—2022 ). R, DT Ab#
>60~80 cm TIES /K EE RT. NT AbHLE 35 23.43%
F122.81% (2021—2022 4F), >80~100 cm + 3 & /K&
R 24.51% 1 25.37% (20212022 ) .

TS KE TS KR TEE KR TR EKE IS KE
Soil water content/(g-g™") Soil water content/(g-g™") Soil water content/(g-g™") Soil water content/(g-g™") Soil water content/(g-g ™)
0.12 0.20 0.28 0.12 0.20 0.28 0.12 0.20 0.28 0.12 0.20 0.28 0.12 0.20 0.28
20 20 ‘
g g 40 g 40 g g
= 2 dor’ = = -
2% 5 601" 5 60 % X%
H 3 = 3 < H-3
= Z 80 Z 80 3 =
A 7] A %] A
100 100
11 }Seeding stage 45 WiJointing stage A Booting stage #EJ% W Grain filling stage A Mature stage
a.2020—2021
T BEE K g K s /N TS K E R YN
Soil water content/(g-g™") Soil water content/(g-g™") Soil water content/(g-g™") Soil water content/(g-g™") Soil water content/(g-g™")
0.12 0.20 0.28 0.12 0.20 0.28 0.12 0.20 0.28 0.12 0.20 0.28 0.20 0.28
20 20 5

g 4 g 40 g g g
(2 " " " 3
2% 60 S5 60 £ G 2%
H-s H3 H3 H-s H-3
= 80 3 80 = 3 7
A * A %] A

100

7 Jointing stage

11 fISeeding stage

Z | Booting stage
b. 2021—2022

£ 2% W Grain filling stage

B M Mature stage

VE: DT NP RT AEe#HE: NT A%l ARG FRERRARAIEZ R EE (P<0.05). T,

Note : DT is deep tillage; RT is rotational tillage; NT is no-tillage. Different lowercase letters indicate significant differences among different treatments (P<0.05). Same

as below.

B2 20202022 3R XLETLANEZAFTHEELKE

Fig.2 Soil water content during the growth period of winter wheat under different tillage mode treatments in 2020-2022

2.2 FREMEARNHELIRA TN
AT AL BT A /N FE Bk = L 377 20 B e G 3

Fimo 2020—2021 4FEF1 2021—2022 EA[FFHEE A3 0~
20cm LEEE (TN). AHUE (SOM). HRE (AP)


http://www.tcsae.org

518 11 PAVINEEE

i E AR R R BT R N P B IR BGE R HOK IR 85

FERH (AK) FEBET>20~40cm -2, H 2020—
2021 FEA1 2021—2022 FE /N FEZEH L F AN SOM. AP

20 0~20 cm >20~40 cm
“ | 20202021 E 2021—2022 2020—2021 E 2021—2022
;
16F :
—_ 1
(= 1
‘Dﬂ 1
& i
W12t i
Z '
= = a ; a
0.8 b b i b
: C
e My 60\ i
" DT RT NT DT RT N DT RT NT DT RT NT
HHE AL HiTillage treatment
a. &
a. Total N (TN)
250 0~20 cm >20~40 cm
2020—2021 i 2021—2022 2020—2021 E 2021—2022
1
200

é a

AP/(mg-kg™)
g

1
1
1
i
1
1
1
E
1
bib ab
1
1
1
1
i
1
i

—_
(=1
(=)

0
DT RT NT DT RT NT DT RT NT DT RT NT
AL 2 Tillage treatment

c. AR
c. Available P (AP)

0~20 cm >20~40 cm

2020—2021 1 2021—2022 | 2020—2021 E 2021—2022

AK/(mg-kg™)

NT DT RT NT DT RT NT DT
HHE AL #ETillage treatment
e. SR
e. Available K (AK)

FRRAEL (CN) W EIH RT 4B B # & T NT A1 DT
Ib T

35 0~20 cm >20~40 cm
2020—2021 E 2021—2022 | 2020—2021 52021—2022
30 i 1
| |
~ 257 i 4 i
Ton a i i
AU ! ' a
2 biy b a i
g2 I5rb : ! £
2 ! b ' b
1 1
1 1
1 1
1 1
1 1
1 1
1 1
H H

L

DT RT NT DT RT NT DT RT NT DT RT NT
HHE AL FiTillage treatment

b. A HUR
b. Soil organic matter (SOM)

30 0~2I0 cm >20~I40 cm
2020—2021 20212022 | 2020—2021 120212022
25 +
a
20 a g b i:: 0

a

%
Z
/
%
%
DT RT NT DT RT NT DT RT NT DT RT NT

HHE AL Tillage treatment

d. AL
d. C-N ratio (CN)

CN
O
N
o

14 0~20 cm >20~40 cm
2020—20211  2021—2022 | 2020—2021 52021—2022

12 +

10 a a

17
5
é
.
i
DT RT NT DTﬂl;}gﬂ\I;I;Tmage]?rTea:n'l;ml\lT DT RT NT

f. pHAE
f. pH value (pH)

B3 RE#EF KT 20202021 4. 20212022 4F-4)s £ R A BHE LIE R 098k
Fig.3 Effects of different tillage methods on soil nutrients in tillage layer during winter wheat ripening in 2020-2021 and 2021-2022

7E 2020—2021 4F, % DT AbFH, RT A B ZEiRE
0~20 cm + E TN. SOM f CN 27.06%. 63.79% Al
28.95%, # DT 5 NT, RT{# >20~40 cm + 2 TN,
SOM Al CN %3 B 42 5 T 26.98% 11 25.00%. 57.16% Al
25.96%-. 23.56% F1 0.89%. 7 2021—2022 4, % DT Fl
NT &b #, RT 4 & 5 0~20 cm -2 TN. SOM
A CN 40.45% A1 31.58%. 56.66% Al 45.34%. 11.62%
H9.91%, ff >20~40 cm /= TN. SOM 1 CN 435l #2
BT 57.14% Fl 22.22%. 91.35% F1 43.02%. 20.92% Fil
16.96%. MMNMRIGERE 0~20 cm 12 AK S 2RI %
PR3 ey, 53 0l 2 3 TR AN IR B AL B 17.91% F1I
19.10% (2020—2021 4 ) . 24.32% A1 34.00% (2021—

2022 )
2.3 REMEARMENE RS & TREHEN
1

AN TR A AE Adb G 4 /)N 22 7 o R T WL Jof e 5 T I
(£ 1), % DT A NT ZF A, RT A~ E#RE
20.20% F1 13.39% (2020—2021 4£) . 20.35% 1 18.74%
(20212022 ) o M= BB R K, AR
fERE RT ACH NT A B ER & T TR s, 5 NT
AEFEAHEL, RT AL BETR P& B ZE - 9.97% (2020—
2021 4E) . 8.44% (2021—2022 4E) « PRI 4E Uk
SRIBEOIRIUNFH> >R . tnT s, fedh e
f R T TR RS, L B AR
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FERLECEC M, 7]t 3O TR £ P [F) 4 =
ANEHHEAF G 8 (CV) M (SYD (R 52mafE{E

Z5 (B4, CV R/ RES>RH>5H, Cv il

K, FEEBATRE. SYL K/ A% B>t >R,

SYTAHMER, VLBA/ B n] #F s teisr . dsknl [, Fept
AR AR S AR AR, PR R TR AR AR R, WA
PrEREE. RIHFALVERY, SRARHER N A SR
BEAT RO E AR

®1 FRHAEARAXNNEZ=EREARE RN

Table 1 Effect of different tillage methods on wheat yield and its components
S sl T TR TR & PR LEIR R
Year Treatment Spike number Grain number per spike 1 000-grain mass/g Yield/(kg-hm ) Harvest index
DT 647.25+£56.73a 36.11+£2.58a 51.23+1.05ab 8 160.42+357.95b 0.42
2020—2021 RT 662.25+66.22a 37.67+1.08a 54.16x1.78a 9 808.56+259.00a 0.43
NT 714.75+25.54a 36.67+2.17a 49.25+1.02b 8 650.32+164.96b 0.42
DT 628.00+41.92b 35.90+0.40a 46.99+0.90b 8 444.48+273.37b 0.42
2021—2022 RT 654.50+35.01ab 39.87+1.31a 53.09+2.74a 10 163.03+171.46a 0.45
NT 694.00+21.7a 39.00+2.72a 48.96+1.89b 8 559.00+162.58b 0.43
120 v —eecv 1° F2RW, FAERE0~20. >20~40 cm EEMER
' 13 (TN) . AHLBT (SOM) . BRALL (CN) A8 K 73
100 L. 12 (WT) W3G T hn, Hy 20 8% EAHKLR
. 1. (P<0.05), 45 0~20 cm -3 pH. H B (AP). &
= sof 1o 2 B (AK) F1>40~100 cm WT LR EMHIFK R, H,
. NEFE (YD) 5 0~20 cm TN. 0~40 cm SOM Al WT
“l ERBEHILR (P<0.0D).
4-2
40 L L 1 -3 3 'LTJ' iﬁ
DT RT NT
B b 2R

Tillage treatment
B4 RESMES KA A £ B THE S
R R AN A
Fig.4 Effects of different tillage methods on the yield

sustainability index (SYI) and coefficient of variation
(CV) of winter wheat

2.4 INEEES5TIEKS. FOWEXMEST
Hof & /NS PR RN 3K 4 IR 4y HEAT M e A A 5 SR L
% 2.

#2 FESIEFSMIIESKEMEXMESHT
Table 2 Correlation analysis of yield with soil nutrients
and soil water content
$E 5 Index A% Z L Correlation coefficient

12 Soil layer/cm

TN 0.96%*
SOM 0.99%*
CN 0.82*
0~20 pH 0.047
AP 0.46
AK -0.22
WT 0.95%*
TN 0.90*
SOM 0.94**
CN 0.83*
>20~40 pH 0.058
AP 0.91*
AK 0.62*
WT 0.92%*
>40~60 WT 0.22
>60~80 WT -0.80
>80~100 WT -0.65

#: TN, SOM. CN. AP. AK Ml WT 45l 0y L4 % AT,
AR, A S EM A KR, *, P<0.05; **, P<0.01.

Note: TN, SOM, CN, AP, AK and WT are soil total nitrogen, organic matter,
carbon-nitrogen ratio, available phosphorus, available potassium content and soil
water content, respectively. *, P<0.05; **, P<0.01.

BRACEL

3.1 HIEEKEXAEHES XA

F KAy I ARG S, R AEIR K )
TR PR, K o B AT DU i 3N K 43 B
Bk, MEVAEK K E M= EA B REM, RIGERR
WY, FEEH NT A2 R 2425 0~20 cm LHEOK 3 & &,
D G B IR FF 78 26 PR K Bk, AR o 3 K AR
g, RN IR S R R A,
HERXRFENEKS, RT AFE 5 74N
FHH 0~20 cm + 2 LK RSCRI A, R4St
ISR B EA RS  0~40 cm 12+
o KE, HPmB K2 RT Al NT A0BE, XA[EE
TGl 5 AT EE R T )RR B 552, K RH
AR, > LK L. LR s AR A
WP, RT ACHE P E B G BATIR B E,, BRI S T
AR ZE, B IR g K R E AR PR 0 RE 7y, it
T BEA JUEHEF KNS, BINE KA, RT AFRKRR
Bt R AMRAT A S, PRERRREN, DL KRR
ARSI Sy, HRE K R E BN RE S, X TR
Yt PR AR R, X 5 M Y AR AR AT IR
BH- e Rk e WA A FEm 30~45 cm LIS KEWT 4L B
— 8. fEZARE] . VER W RT ALF 0~20. >20~40 cm
TS IKE RS, X2l T HHE 7 T DL 1Y)
HPER, Sem KRR, R TN ERAR R )
T 3K A SR o RIS R B = B4R b R A >40~
100 cm + 2 P B+ 2 IR 38 N L3 E K & 2T m i,
>40~100 cm DA R TR EOKEEI ) Ky ZEHSEN, H
FFAKRSERE LIEAE, H RT LA KR E
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K, KRR fE P,
3.2 TEFRSWARMESNAINDRL

6 2 B & BHE AL FE>20~40 cm A T 0~20 cm
+TEFRSHGERE BB, Rl TAREBHE S 0+
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Appropriate tillage regime for the improvement of winter wheat yield, soil
water, and nutrients condition in Huanghuaihai Plain of China

LIU Shuimiao!, GUAN Xiaokang'*, LIU Changshuo!, WANG Yanli?, WU Pengnian?, GAO Chenkai',
LI Yuming!, QIAO Yibo', ZHAO Zhiheng®, SHAO Jing®, YU Haolin', WANG Tongchao!

(1. College of Agronomy, Henan Agriculturral University, Zhengzhou 450046, China; 2. College of Resources and
Environment, Henan Agricultural University, Zhengzhou 450046, China)

Abstract: Appropriate tillage practice can be beneficial to the water and nutrient supplying in wheat production in
Huanghuaihai Plain of China. The long-term deep plough can induce the hardpan, leading to the significant influence on
the nutrient cycling and crop yield. No-tillage has been proven an effective tillage practice in the nutrient supply with the low
yield. A rotational tillage system incorporated no-tillage and deep tillage can greatly contribute to the wheat production in the
yield advancement and nutrient cycling. The long-term field experiment was conducted from 2017 to investigate the deep
tillage in consecutive years (DT), rotational tillage with three years cycle for one-year deep tillage and two years no tillage
(RT), and no-tillage in consecutive years (NT) on winter wheat yield, soil water and nutrient content in wheat growing season
of 2020-2021 and 2021-2022. The results showed that the RT treatment significantly improved the soil water consumption in
the 0-20 cm soil layer at seeding stage. And the soil water content in 0-20 and below 40 cm soil depth was significantly higher
in the RT than in the DT and NT treatment at booting and filling stage. Soil water content of 20-40 cm soil layer in the RT
treatment was significantly higher than in the DT and NT for 8.87%, 7.85%, 11.63% and 20.92% in 2020-2021 and 2021-2022
respectively. Soil total nitrogen content, organic matter and C/N ratio was significantly higher in the RT than in DT and NT. In
the end of wheat growing season of 2021-2022, soil total nitrogen content of 0-20 cm soil depth was significantly higher in the
RT than in the DT and NT for 40.45% and 31.58% respectively, soil organic matter was significantly higher than in the RT
than in the DT and NT for 56.66% and 45.34% respectively, and C/N ratio was significantly higher than in RT than in DT and
NT for 11.62% and 9.91% respectively, while the soil available potassium content of 0-20 cm soil layer was significantly
higher in the NT than in the DT and RT for 17.91%, 19.10%, 24.32% and 34.00% in the end of wheat growing season of 2020-
2021 and 2021-2022 respectively. Winter wheat yield of the RT treatment was significantly higher than the DT and NT
treatment by 20.20%, 13.39%, 20.35% and 18.74% in 2020-2021 and 2021-2022 respectively. The 1 000-grain weigh was
significantly higher in the RT treatment than in the DT and NT treatment. The RT treatment had the lowest yield interannual
variability (CV) and the highest yield sustainability index (SYI) among the three tillage treatments. The positive effect yield
advancement and soil nutrients content in the RT treatment revealed that rotational tillage with one year no-tillage and two
years deep tillage was an appropriate tillage practice for winter wheat production in Huanghuaihai Plain of China, particularly
in the yield sustainability and soil nutrient improvement.

Keywords: nutrients; nitrogen; fertilizers; tillage practice; winter wheat; yield; soil moisture
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