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Fig.1 Temperature and precipitation during the experiment
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Tab.1 Soil tillage arrangements for different tillage methods and

previous crop tests

BHETA AT BHE 7 R AR e HE
MW B RGHHER, &/NERBaedt 2 &,
RT BHE 10~15 cm.
SW BRGRMHEM, &/NERBahedt 2 &,
BHAE 10~15 cm.
NT MW HERGH B, N2 0BhiERm.
SW H KGR, /N2 fhiEfn.

&2 AP E HRMRF R

Tab.2 Sowing amount and fertilizer application

o N/ P,Os/ K0/ =yl
(e BE hgm?)  kghm®)  (kghm?) éﬁima
HEXK B 605 360 120 120 6
BRKE 3301 216 120 120 18.75
KN 22 300 750 600 300

KN E FORIEAE S RAL DR 2.

1.3 B#ESNETE
1.3.1 X3EFZALAGARAM 2

TANEFJRFFIABGRE, &% C R R EURE”
KA 0~10. 10~20. 20~30. 30~50 cm 2 FIEFEN .
i LR R 2 I HR P DL AE Bk R AU B, BT UKAR
RAFH TN EMSEMNESEE. T T4
R AHUREINE . & HA TR bl e 225 6+
H (R AP E R BRI A E
Woe ;s 2EERAIIKERENE; HERMES
R R E SR B 4 M Akl e s A R &R A AL
FHIE L Bl e s MU B R NHOAC 1218 K IE
HERETHEN E s R M T2 e 4585 K 3
132 2 ExFENE

TEA /N Y, SREUA R MERIRET 1w,
YERETT N IIVEYD A N ZE BB B, RN A4S,
G AE A ROES, BT ERIE, ¥
HATIORL . R, TEBEY & R, B4
FEJTIREUAE AREER MR 20 BEAEY) T RISLIG = 5F, 4
THEDRERL AR TR &, FMEEER 3 M
ME
1.3.3 KoA RzFmXit A

IR E (gem®) =tIEF &/ (K
B (-8R KED);

K (mm) =t SRR ik 2 R
T K E <105

FIE KRR (mm) =fERT 100 cm 2K
H-RAJE 100 om LR EIKE;

AEWREAKE (mm) =HEAKEFEEHE N
FAE B R K EEREKE;

KA FIFHZE (WUE, kg/ (mm-hm®) =& /N
KRR = /4 B A FEKE .
1.3.4 KoA RzFmXit i

kR TR EE (INA4, kg/hm®) =33
BT E (o) xBRAMHRKITEE (%) <%
(10*hm®) /1 000;

TLEMA R E (kgkg) =R & (kg/hm?®) /
TNAA (kg/hm®).
1.4 BBST

¥ F Microsoft Excel 2019 BHHIES5/FHE, &
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Fig.2 Effects of different tillage and previous crops on soil water content
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B 3 AN EBEE 7 sURTRT 2E A E Pt 3 B
HEW. HE 3 AlH, SR A YR E
L ZURFERIRG T PR, #&AT (B 3 (a)) 0~10 cm
+ 2, RTSW. NTMW. NTSW 4t P + 3G Kbk &
PIREET RTMW 43, 75505 RTMW AP
T 6.25%. 7.72%. 1521%. 10~20 cm 1+ /2, RTSW.
NTMW A3 AP E R E =T RTMW A2,
S RTMW A EE$E S T 61.38%- 24.32%. 20~30
em )2, RTSW. NTSW ¥ AHHmERE ST
RTMW A3, Zp50% RTMW AHIRE T 51.24%.
42.54%. 30~50 cm )2, RTSW ACBEAHIIRER .
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NTSW. NTMW XbEE 735145 RTMW AbEE S 13.54%.
7.10%. 1M RTSW A3 HIEA LK R RTMW 42

ik 13.23%. 10~20. 20~30 cm + 5, NTSW 4ib#+
BA VR EMKIARE & T HAEE . 1 30~50 cm &
/2, RTMW. NTSW 4b# +38H Lk & T 0% E 5,
Ho#BZEa T HAAE., BEmNS, SEKIHE
LG, KGRI #e % 52 = #E AT LI A MLk &
NTSW AbHAF| T & H AP E R R
2.3 HMEAXFRIEEYN LIEL R EMNF

B 4 NASEBHE T SR RTZE R0 R e R R
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TELEARELEEER. 1020 cm L=,
RTSW. NTMW b3 35 4 5 & 0 3% = T H A AL 2,
Sy REE T 1.228. 1.042 mg/kg. 20~30 cm 12,
RTSW. NTSW ¥ HIELFELE ST RTMW &
H, # RTMW KB5S T 34.06%. 20.94%.
i 30~50 cm +/2, R RTSW AH HIEL R E L E
BT RTMW Ab3, % RTMW AR T 13.58%.
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Fig.3 Effects of different tillage and previous crops on soil organic carbon content
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Fig.4 Effects of different tillage and previous crops on soil total nitrogen
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Fig.5 Effects of different tillage and previous crops on soil available phosphorus
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Fig.6 Effects of different tillage and previous crops on soil available potassium
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Fig.7 Effects of different tillage and previous crops on soil nitrate nitrogen
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=AM, HE 8 AN, BEE LRGN, %
A 3 - 458 S R R I R R R & PR AR . R I
(8 (a)), NTMW b# % 1 2 HIRE SR EYE

FE T HABATE . 10~40 cm )2, RTSW AbFRAZAS
REWEZETT RTMW. NTSW 4bH# ,

A, 0~10 cm 12, RTSW A IR
B 9% RTMW. NTMW. NTSW 4b3 & Z it =
18.10%- 31.93%. 10.07%. 10~20 cm 1+ /2, NTMW
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Fig.8 Effects of different tillage and previous cropping on soil ammonium nitrogen

2.5 HHERF R A EEINZENETEREKRER

A

2.5.1 #E7H K BATEAF S &K =2 870k
HHER 3 w1, BHET e 25 5 m L e ik

B, SE. BABE. #BRHE. MAEE. B

AEE, WHEEDREELE T IEARE. HER

B, OESREE, AUTEIEY S LR AR,

MR 7 205 A 2E AR 58 T A 5 35 R i G AL AR =
AR EME . SRR, REE LS
B Hoh, BHET SRR R & a2 HAR
P 2 R AN B WO D7 SR AT ZEAE )
HR T L ITR I M KN R N E AR

& 3 RRHHE T AR EAR I T 2SR BEARRA KN K> B0 T 20

Tab.3 F value of variance analysis of soil nutrient index and winter wheat yield under different tillage methods and planting systems

SES AWk SRE TH A MR HARR AR E PR
HHER 46.77%* 33.27** 24.03** 240.68** 9 086.09** 32.83** 25.93**
HIEAEY) 5.28 113.44%* 9.93* 3.98 3779.61%* 71.61%* 78.68**
HHE T BT FEAEY) 2 262.36** 3.50* 1 009.72%* 918.18** 10 366.52** 157 26.82%*

HEFRRIRTE 0.01 K EARRFEA G, *RRTE 0.05 KF LR FEML.
252 #MEFTXAMEES LN EFEMREFR
LSRN E DA

MFE 4 ATLVE W, fERdt (NT) 2T, KE
RUAE (SW) ACBERRA/NZREE. BN, TRE &
BARREER, BRI NKEHTHE (SW) bFH>E
KAT#HE (MW) kb H, X/NEF-BRARIA
NTSW AFESNTMW Ab#E, NTSW. NTMW 4bFE )
KINEFRAI L] 9 516, 8 152 kglhm?; 15 ie#t

(RT) AbHF, KERTHE (SW) AHMAR . T
R W m T R (MWD b3, AR R
FRTEKATHE (MWD A, KK /NEE &
LA RTSW ALFESRTMW AbHE, 2 MNMbHEEA /NP 5
43Rk F] 8 519, 8 160 kg/hm?e %t T F KAT#HE (MW)
LTSRN, EAR RTMW. NTMW Kb 4 /N 2 Al

TrifFEAFRENER, HoHELREEE
Fo WTRERIE (SW) ALFRUE, BARIEH A
M B BN R A, TRRELEEEER,
{HA/NZRRARHEON N, BTl NTSW AbHE A /N 7=
BEEST RTSW &F. Mk, A& et
ERGHHAEEE, KEMHE (SW) ABHE/NE &
#m T ROKRTZE LB, Ho NTSW AbEE )4 /N2 7=
W, AL T 3 BURE R N A N REE. RN
HOR RSN /NP . KT R0 b FE IR R
FER KRS, Hh NTSW A3 Bk 5
RS %S E, A 1.63 kg/ (mm-hm?®), # RTMW 4t
I 8.67%, HUGE NTMW b, i B St b 38 A0
K I 2 A B AR R 2 2 1R v A N K A R R

R4 Bk BRI

Tab.4 Winter wheat yield and water use efficiency

Ab3 FEE/10% 7 TR £/ i TR /g 77 8/(kg-hm™) FoKE/(m>hm?) KSR/ (kg-mm ™ -hm?)
RTMW 37.04+0.59b 31x1b 39.11+0.37¢ 8 160+89c¢ 5 440.65+40.85¢ 1.50+0.03b
RTSW 35.15+0.41¢ 34+la 42.68+1.68ab 8 519+263b 5 679.50+23.45b 1.47+0.02b
NTMW 32.11+£0.34d 31+1b 40.72+1.45b 8 152+27¢ 5436.95+28.53¢ 1.50+0.01b
NTSW 44.67+0.52a 35+la 43.29+0.60a 9 516+333a 5 878.25+45.08a 1.63+0.06a

E R BRI EbRE 2 RIS A 7 R OR S AL B 22 57 R (P<0.05).
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2.6 HEARMBIEEITZNERTFIAYEEN
AL

h#& 5 /%0, 5 RTMW 43 AMHEL, RTSW,
NTSW AP 8w 7 &N EREZRAHBE, 73
LT 73.78. 87.50 kg/kg, RTMW. NTMW A&
INEREFABETLREER, WHAARATEEY
SR /N R R BRI CRER 2. RTSW &b
PN ERERP AR A, v 183.10 kg/kg, W&
T IH A AL, FHABAR AT E %S, UEHHE
J5 AN [ 57 28 AR A 350 2 %0 & /N 22 1 25 R FH 0% 7=
AR 5 RTMW ABEAHEL, NTSW. RTSW 4b#E
REREE T ANEHER AR, 20k E T 60.78.
53.47 kg/kg, RTMW AbFE A /N 3241 25 1) F 250 % 0 2
T NTMW &b, [ERE S B 7 ORI [B] 727
Y, a2 /N R R FH AR = AR R

£ 5 KD ERSAAKE

Tab.5 Nutrient use efficiency of winter wheat

e RARMAE] TSR BV S
(kg «g™) (kg «g™) (kg g™)
RTMW 23.78+0.59¢ 224.05+8.48a 42.38+2.50c
RTSW 73.78+4.93b 183.10+3.52b 53.47£2.90b
NTMW 24.47£0.59¢ 228.62+13.81a 34.92+0.93d
NTSW 87.50+7.85a 212.72420.78a 60.78+1.11a

2.7 TEFIEREZNEEERX ST

Kl 9 NTIEFE S Tabr 5 &N = ' AT
B 9 th**LIRTE P<0.01 KV AR R EMSE, *FoR
1E P<0.05 /K°F ERZEMIC. HE 9 /%, K/NEr-
B HIEMSEEWNEE LML (P<0.01), KR
N 0.72; BHESEMBIE. MASRERDE
IEMR (P<0.01), AHK RS 79 0.908. 0.873,
HAREREEMKX (P<0.05), HFEZREH N 0.583;
EREESMEREMEFEIEMKX (P<0.01), HXAR
BN 0.848; JH AL BE & 5 AU H & B E IE A K
(P<0.05), HH*ZHEN 0.664, HEEEENEE
IEAZR (P<0.01), MHRKARECN 0.729.
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Fig.9 Correlation analysis between soil nutrient index and

winter wheat yield
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soils in the Hetao Irrigation District in Inner Mongolia. This paper investigates the impact of different combinations
of irrigation amounts in the dual irrigations on changes in soil water and salt, as well as the growth of sunflower.
[ Method] The field experiment compared two spring (S) irrigation amounts: 95 mm and 135 mm, and three
summer (W) irrigation amounts: 68, 100 mm and 135 mm. In each treatment, we measured the spatiotemporal
changes in soil water and salt, as well as crop growth characteristics. [Result] (O The soil water content in the
S135W135 treatment was the highest among all treatments during the experimental period, with the average soil
water content and saturation being 17.10% and 75.53%, respectively. The coefficient of variation of soil water
content in the S95W135 treatment was 22.40%, the lowest among all treatments. 2 Depending on the summer
irrigation amount, the desalination rate of the 0-80 cm soil layer under S135 and S95 varied from 32.64% to 50.50%
and 21.8% to 38.87%, respectively. Although the spring irrigation amounts did not significantly affect immediate
post-irrigation salt content, the S135W100 and S95W135 combinations showed deeper leaching depths and higher
desalination rates (40.77% and 33.37%, respectively) than other treatments. (3) Aboveground dry matter production
was significantly higher in the S95W135 and S135W100 combinations than in other combinations, surpassing the
S135W135 combination by 10.55% and 9.94%, respectively. The S135W100 combination achieved the highest
water use efficiency at 21.59%, an increase of 13.03% compared to S135W135. [ Conclusion] Reducing spring
irrigation by 30% to 95 mm combined with a summer drip irrigation of 135 mm is the most efficient irrigation
scheme for sunflower cultivation in the salt-affected soils in the Hetao Irrigation District.
Key words: Hetao Irrigation District; water-saving irrigation; water and salt transport; water use efficiency;

desalinization rate
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Effect of tillage and preceding crops on yield, water and fertilizer
use efficiency of winter wheat
SHAO Yun!, WANG Pengfei!?, AN Jiahui'2, MENG Ye?, CHEN Haiqing?,
LIU Xuchen?, LIU Zhandong?, GAO Yang?, MA Shoutian*
(1. College of Life Sciences, Henan Normal University, Xinxiang 453000, China;
2. Institute of Farmland Irrigation, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract: [Objective] Winter wheat in Northern China is often rotated with other crops which are expected to have
a legacy effect. This paper aims to study the effect of different tillage and preceding crops on soil nutrients, yield and
water use efficiency of the winter wheat. [ Method] The field experiment consisted of a rotary tillage (RT) and a
no-tillage (NT). The preceding crops for each tillage were corn (MW) or soybean (SW). During the experiment, we
measured the changes in soil nutrients, soil water content, water and fertilizer use efficiency, and yield of the wheat.
[Result] For the same preceding crop, non-tillage increased soil water content compared to rotary tillage; under the
same tillage, soil water content with maize as the preceding crop was higher than that with soybean as the preceding
crop. In all treatments, soil nutrients decreased with soil depth. In the 0-50 cm soil layer, NTSW increased soil
organic carbon, soil total nitrogen and nitrate nitrogen by 4.14%-13.54%, 35.51%-54.44% and 55.75%-112%,
respectively, compared to the RTMW. RTMW had the highest available phosphorus and potassium in the 10-50 cm
soil layer. The RTSW had the highest ammonium nitrogen in the 0-50 cm soil layer, 13.39%-20.64% more than that in
the RTMW. The winter wheat in NTSW had the highest spike numbers, spikelet numbers, thousand-grain weight;
and its grain yield was 16.62% higher than that of RTMW. The NTSW had the highest water use efficiency, 8.67%
more than that of RTMW. The NTSW had the highest nitrogen, phosphorus and potassium use efficiency.
[ Conclusion] The NTSW facilitated nutrient accumulation in the winter wheat field. It had the highest water and
fertilizer use efficiency and increased grain yields the most as a result.
Keywords: rotary tillage; no-tillage; preceding crop; soil nutrient; water and fertilizer use efficiency; crop yield
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