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68 mm) B NRKXE, HARXTAEAAL/EEZFATORE AR LEKESAAE, LoHrs R, FHERK
IER AR SFI R E, [LR] S135WI135 AE THENEFTIHA-FH LESKERS, A 17.10%, HibfbKEE
75.53%; S95W135 RE T eI LEASKET F AH R, A 22.40%. SI135. S95 KT ey LEBLE E 5 HA T
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Fe LR FHRERFRT LML, A9k S135WI135 &I A 10.55%F= 9.94%. S135W100 &b 32 4445 4 K o F1
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1.1 R X5

AT 2022 4 5—9 HAEE Zis/R T TR EK
e HE AT, 5 AL T Sl I R X
(108°027" E, 41°4'39" N), K EFE 1 029.1 m.
I X T iR Al KRG A%, T2 X, AR AL,
RBEFELFEL N REREING EE, ZFETYHRKE
9 170 mm, HEH7E 6—8 H, [ HZHEAE HNHL T K
RN 1.6 mo AR5 X By 21 2R 1355 0~40
em NEHMEE L, 40~60 cm ARPFEFE L, FRA
BN 1.64 g/em’, HIAIFFKEZEN 18.91%, HI4H11%
FEEN 574 g/kg, pHEN 8.54, HHUEE N 10.36
g/kg, EREN 0.69 ghkg, HAMERE AN 46.29 mg/kg,
HAVEEN 571.5 mg/kg. ARG, FICEBAL
TR, HZEPITEN 0.55 g/L; E Rk
PN K, BB N 1.95 g/L. 2022 4F 4—9 AR
IS X s KA 151.2 mm, 18] HZE2EE 81 (5—9 H)
Pk AR AL ITE 1 PR,
1.2 R

BT H /N ARES, ANX AN 128 m? (8 mx16

m), NP RS/ NX R K ER S, AN/ X DY R A
IKVEHERIIR 1.8 m (RGN, KU & & H H T 30 em.
TRV B BRI HEW S A(S135: 135 mm. S95: 95 mm)+
R EM (W135: 135 mm. W100: 100 mm.
W68: 68 mm) 2 MAZE, it 6 M, fEAaHE
WHE 3ANELE, i 18 NMIX, EFEHFILE S135:

135 mm. E¥ WI135: 135 mm {EAXTH, &abEE
T B B RE BRI 18] S REBE SE AU 16
35 r 1 60
— [/ mm
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Changes of rainfall and temperature during the growth

Fig.1

period of sunflower in 2022

£ 1 2022 519 B RAIL/ B FEBN A 5 B 5

Tab.1 Irrigation time, irrigation quota and irrigation quota for spring/summer watering of sunflower
L REBE I 1) 2 5E Bl/mm BRI 1) J M AU/ mm
pisi] SHH HIHi L FFAE S FEWE R

63290 7H15H 7H24H 8 35H 815 8331 H mm

S135W135 22.5 225 225 22.5 225 225 135
S135W100 135 20 20 20 20 20 0 100
S135W68 17 17 17 17 0 0 68
S95W135 22.5 225 225 22.5 22,5 225 135
S95W100 95 20 20 20 20 20 0 100
S95W68 17 17 17 17 0 0 68

Bk HZE AN GF 361, T 6 A 1 H¥EF,
1M 2 AT AR E, FEFh R XD S dnnb,
HATEE Y 40 cm, FREE 60 cm, JEER 90 cm. AT
it S ) FE DA 3 b i) 45— it NS A B R gk 300
kg/hm?, BRERHIE A LR 120 kg/hm?, 5 HHRE % HEE
Jiti R 2% 300 kg/hm?. oA HH [A) A7 38 it . 5 HL R 5E
B 1R 24 A E ) v R B
1.3 BERERITERZE
1.3.1 LB KERE FHE

ERICHET G WM GRS 7 d @ AU — Ik
(B KT JE D , BUREER R 0~10410~20
20~40. 40~60. 60~80 cm, FF/MEFEEE 3 ANEHL.
[ i 3 RE 0 B T A 105 CHLT 8 h, G
JREEKE . T LR ET 2 mm 56, F -S40
E TR SR (TR 15,

132 EEBLHF
I ER ARG X 0~80 em HIEER /M IR/ IME

HYIRAIEL R 40 b, ARYE -3 e S R & S B B9,
1.3.3 ¥4 A KI5

TERRAS/NXIREL 3 BRACERME R H 2%, Wil & m) H 2%
TESAE G BRI AR, H- S AR e £ (LaD e,
FERFASAL B AR R A ARR YRR 3 PRia) H 35 MR, 75
105 C {38 XA %7 30 min, T 70 CRHTZE
PR, W Bk T =

] H S s, RSB R BB A AR 3
] H SR, BT R BARXT S BEHLIEBOF R
SEH BT A, P NSbR .
1.3.4 1E4m#e K2 R AKSH) B 2 F

HAEMZE R (ED) 1ENERFKE, RHKE
SPATEOTRL BN X P, AN NX 22 8] B
AKVERBE, HigEKER /N, MRZBRE. g
i AR E T 2T, (X ERKE. #E
KEL ARG RIS R % 2 LI KE RS E
K FIRRCR (WUE) NIEYIRR = 5 H %4 F
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HAFE K= Z L. T HFEI IR E KR N 13.25%F1 12.23%, W68
1.4 BIEDHEE AEERAR AT, IS ACRENE TR 29.43%; #

K H Excel 70 Hr8dE, FIF SPSS 27 B AF#EAT T K W135 Ab3 9 RIS /K EH 12.72%, W100.
ZEo0T, A LSD iEHHT R E L (P<0.05). K W68 MCFEARMATHRE, LIRS /KEN 8.09. 7.93%.
F origin 2018 # A&z -3¢ £ 753 Thi 43 A1 & 0~20 cm L JZAEREK G BN, S135W68 AbFH i #E
) EEEsR IKEED 7J<§J\PE$§£%, ﬁﬂ@}?#%éﬁﬁ 37‘.733

S95W135 AL N AR 7 RECN 24.20, KL FH WG
2.1 HIL/BE SRS E T 18 27k ERF2 00 N I8 B E T SR K A IR B R . S135W 135 il

FILHER S 0~80 cm L2 3B A EIFHIR S135W100 4LBE R 20~40 cm T2 S /KEEEHET
1, TIEEETKEAE 18.69%~22.95% 2 10]; HACFETR)  HABAREE, 73 AT 11.62%~24.42%F1 6.18%~22.02%.
A B IS KRR 2R . B 2 W 2 A, W HZER R EE S 0~40 cm +
H 2B WIS UOHRERT S JE I T8 KR BE 2, SI35WI3S B N HIRE KR & e, BANMEF
B, ZIEEAFNIE WIS A B A R — 3, AR BN IR A KA N 17.10%, o5 H AIRFKZE 1T 90.43%.
KGR EZIEMIS; JFEY WI35. WI100 4B 40~80 cm 2 S /KERAILE/N, BiEET 4.
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Fig.2 Dynamic changes of 0-80 cm soil water content before and after drip irrigation
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% 64 R S IR BRI R X Eh i L 5K Ehas A R ) 1 28K 43 R R IR s
%2 2022 FAFH0~40cm L B2 LIELHKE
Tab.2  Soil moisture content of 0-40 cm soil layer during crop growth period in 2022 %
posE| S135W135 S135W100 S135W68 S95W135 S95W100 S95W68
S 9.41~23.63 8.05~20.80 6.84~21.16 7.70~18.96 7.11~20.54 6.16~17.32
FIME 17.06 15.67 13.80 14.89 13.72 12.74
SRS 17.62 16.47 13.53 16.00 15.26 13.09

22 HIL/EFRERSIEX TEER 5 A2
2.2.1 AL/R ZERS FA LR LR

Bl 3 NANFEFRIL E G R I o &
30« BRI T, VR 2R, LR R,
FILHT LIS AR BRI SR, FHEHEN
5.74 g/kg; 58 X FICHUE AR HRERG, Rk 21
K H ) ER 43 BE IR KA T R 2 3, R
TR ER A T Z R B e B S i, 7E 40
cm HEHBMAME. FILE, 0~40 cm RS =
AR FEAK, S135. S95 AbFE NI shE ik F] 2.65

g/kg A1 3.72 g/kg: 40~80 cm - /Z kP 2 IR 59, S135.
S95 ALBE R B ERE A N 4.12 g/kg AT 4.50 g/kg, &
AbFR T 52 2 S

HRfE TS B HEHFILEHI T ARERE
FI3E 0. 0~40 cm TIESEREIG N T 0.68 g/kg, 40~80
em TIESEHERINT 035 gkg, LR T
W, BiEiE, SOSWI3S AHCPFH & e RE N TH
AL EE, Ay 2.59~3.78 g/kg; 0~80 cm + )2 -3
i NG

H 4t G/ HF% v Hr4t T
140 160 180 200 220 240 260 (g-kg!) 140 160 180 200 220 240 260 (g-kg') 140 160 180 200 220 240 260 (g-kg)
10 5.54 10 8.10 6.00
5.08 2 770 5.60
7.10
462 520
304 650

. wr e g 480
o 2 - = 4.40

= 371 @40 =
® ® 330 % 400
% 32 5 50 470 3.60

279 \
o0{ ! 410 320
234 | 3.50 2.80
1.88 70 2.90 240
30 1.42 20 230 2.00
(a) S135W1354b3 (b) S135W1004k (¢) SI135W68/khi

(S0 ¢ & thit/ HF % kY H 7% & Hhi/
140 160 180 200 220 240 260 (g-kg') 140 160 180 200 220 240 260 (gigl) 140 160 180 200 220 240 260 (g-kg!)
— 7 8.17

+JZE R fem

(d) S95W1354b3H

10 548 10 6.00 10
734
20 4.98 20 5.73 2
448 5.36
30 30 30
£ 3.99 4.99
g
40 349 x40 463 = 40
® kX 2 P
I 50 299 1t 50 426 g \
H 249 3.90
60 60 60
2.00 . 3.53
70 150 70 317 70
50 100 g i 2.80 0

(e) S9SW1004bF

7.71
7.24
6.78
6.32
5.85

FJZ R fem

5.39

(f) S9SW68ALF

B 3 ARICAR RHLT &3 @07

Fig.3 Spatial and temporal distribution of soil salinity profiles under spring and summer watering systems

222 TR BRA] B LB ARk

1 e S = DU w3 S v 87
AR R 3 NARFEIL/E GBI E Rm H
ELEFAMARLLEN %, FIE, 0~80cm +
2 R KR 2 IEADS, 135, 95 mm
JE BT 3 A 50.50%~32.64% -
38.87%~21.87%. B FIMERRZHFIL, B
FRSLE M, HOR 2 /MK IR A S135W100.S95W135,
S95W100. S135W135. SI35W68. S95W68 Ab
FIKs R ke 2R 2 L3RS FUBUOK T E, £ F
ISR S IR R R 3 . WHEKEN
100 mm BFFER R A /N, 88 b H0 ) RACR B 4F
SOSW68 AbHE T IR IKBEA T 7, TIERTIR = #h 4y

PIMRGEAE A E, HIRE SEEEA T, R
HRBILT 0. L ERES LM% 27U 5C, 0~20
em IR R AR, N 39.71%; 20~40 cm -3 f £h
HA 27.71%; 40~80 cm TIEEEFE N 21.35%.
S135W100. S95W135 Kb FIMk eI BERR, Bith
ROREB U, 0~80 cm )2 M HIEN EF 4 BN T
48.84%~34.68%- 49.51%~18.24%.
23 ARIFL/ERERSIEXEBZEEKRKDF
eS0T
2.3.1 m H Ertm AR5

R R BT e S E R EZ P, 2 UUElE
YT AR B O R R 2 —, MR
R /NE AL LAL 2R . B 4 A HZEE A F
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ANEEKHIE NH LAL A3 H 2% LAL IR IE K
JERaE TR, Rt 2. E IR Bon H 2%
R A KE R, BLEE I S135W100. S135W68 .
S95W135. S95W100. S95W68 AbH ) LAI HEK &K
AN 297.60% - 276.67%+ 157.99% 197.90% .

S135W100. S95W135 44514 10.19. 9.78, i
S135W135 AbELE AN 7.94. 3.54%. JFAEARI,

W) H 25l E IR A K o B A K B, AR
B NIE, LA TR R TR N . #EXR
WIEE PRI S135W100. SO5SW 135 AbFE R LAT &2

213.52% . 225.55%; JFAC 5 # LAI ik 3 & K, T HARAL TR
%3 AL/EZEEBRF LT 0~80 cm £ A4y LIE B2 &
Tab.3 Soil desalting rate in 0-80 cm soil layer under spring sink/summer irrigation system
A WIS IR el 2 2%
Qb +JZ/lem FICM R I% — — — - AAE R R 1%
B oL B FEAE R A
0~20 51.29 -48.33 18.44 -36.16 17.75 -12.07 39.50
20~40 24.72 -23.12 8.41 -12.24 -2.56 -7.38 12.28
S135W135 40~60 38.49 12.44 -4.07 -5.50 5.25 2.03 20.82
60~80 42.90 26.50 -10.26 157 -6.90 2.73 24.24
FHME 39.35 -8.13 3.13 -13.08 3.38 -3.67 24.21ab
0~20 54.10 731 1.42 -15.75 14.95 -1.67 48.84
20~40 69.70 3232 7.00 12.24 -8.94 -5.50 4312
S135W100 40~60 31.76 16.20 3.11 3.89 -14.24 2.24 36.42
60~80 46.42 18.95 3.73 -2.39 -33.12 321 34.68
FHME 50.50 -1.12 3.82 -0.50 -10.33 -2.04 40.77a
0~20 51.35 -25.72 6.49 -5.99 -4.80 -750 35.81
20 ~ 40 53.95 -31.66 21.24 -9.68 -14.11 -8.55 13.56
S135W68 40 ~ 60 2.42 2.58 -9.99 1.02 -25.32 -7.93 14.71
60 ~ 80 22.85 414 -19.40 463 -29.80 -10.11 13.01
FHME 32.64 -12.66 -0.41 -2.50 -18.51 -8.52 19.27b
0~20 52.81 2227 40.25 11.09 -66.18 -9.27 4951
20~40 41.64 -73.15 171 20.28 -12.44 -15.90 40.13
S95W135 40~60 28.20 -25.15 19.67 14.33 -48.90 -10.01 25.60
60~80 22.69 8.82 13.37 -19.22 -30.78 -6.95 18.24
FH{E 36.34 -27.93 18.75 6.62 -39.57 -1053 33.37ab
0~20 4958 1152 -26.37 18.90 -3.00 0.26 41.69
20~40 49.06 32.54 -47.99 20.06 1.23 1.46 35.80
S95W100 40~60 49.63 4153 -65.27 18.76 -6.16 278 28.80
60~80 7.23 25.15 24.92 11.73 -13.98 050 8.37
T {E 38.87 27.68 -41.14 17.36 -5.48 -0.39 28.66ab
0~20 25.88 -10.90 -11.42 12.02 -5.09 -3.85 22.93
20~40 21.70 10.88 -9.24 27.31 -29.08 -0.03 21.38
S95W68 40~60 14.49 14.64 -11.35 9.00 252 2.44 26.47
60~80 25.39 32,57 -18.72 11.19 -24.93 0.03 4.88
FHME 21.87 11.80 -12.68 14.88 -15.41 -0.35 18.91b
15 0 KA FIHBE . S95W135. S135W100 AL 1]
m S135W135 HEH BT &, e R KT HAe R,
S135W100 a N N .
0 | =siaswes bop o . YR EAE T S135W135 4B KT 10.55%F1
B S95W135 b e .
= S95W100 TocE2l 9.94%: SOSW135 AbFji H 357 & 73 4 S135W 135,
3 S95W68 e
; bom ¢ 2 bic = e S135W100. S135W68. S95W100. S95W68 Abi 1
T B
b acg I 16.12%- 2.25%- 33.47%- 25.18%- 56.53%; S95W68
e
N Tl | il RO F A B AUA 4 251.30 kg/hm?.
L B M s S135W100 4bFE T 7K 73 F FH 8% e, 9 21.59
EEM

B4 AIC/RRBEBELT @ B R LA AR £ 5
Fig.4 Response difference of sunflower leaf area index under
spring/summer irrigation system
2.32 ) B F AR A A BFE
R 4 AAFBIL B GREKHI BT I H 2558

14

kg/ (mm-hm?), 7K 45 F H 2% % B K 2 /MK IR
S135W100 . S95W135. S95W100 . SI35WI35 .
S135W68. S95W68 4bH, H.A S135W100. S95W135
AbE AR R, AR EL S135W135 AR EREE N T
11.96%H1 7.86%.
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AU S5 IR BRI RO SR K SIS R ) H €K T R

% 6
k4 mBRFE, RRKEFHRSARAZE
Tab.4 Yield, water consumption and water use
efficiency of sunflower
. MBS - . N
[Ep o U PRy REKRY KRR
hiE/g (kg-hm?) mm (kg' mm-hm?)
(kg-hm?)
S135W135 18.86a 133580b 5731.14b  300.08b 19.10b
S135W100 19.47a 1468.64a 6508.35a  301.49b 21.59a
S135W68  17.37b  1103.46d 4986.02d 295.81b 16.86¢
S95W135 19.89a 1476.72a 6654.77a  327.27a 20.33a
SO5W100  19.09a 1241.44c 5316.25¢c  253.26¢ 20.99a
S95W68 17.13b  642.36e  4251.30e  212.65d 10.52d

391

ER T IRIE R AT DAV HE MR FE IR 5090 AR
FEBLEBATOK, 510 IR R GT, H2 )2 (0~40
cm) TEEPERE RN TIRE (40~80 cm); L) TIE
R Bk oy 28 /MR EE I, EAR TR AT T
SIS . B KERDN, MERERAR, 23
LI ER BRI INRO, 45 EFIIN S A EA, L
BT AR o BRI E AR Bk
FERAR (0.4 /L) B AS I3 A SRt e Y [H
I RE R /K AR B3 i, 3R B P s R
[l R B L, A FHAS By 2 ORIk 3, b i)
& #% IR FEL A A i B e 2 e 2 R 220, KRR s R i,
135 100 mm 7% ¥ 5 B0 ] 5 T 458 6 7 dE R 1R UK F

T KRS S K RO K IR B A G
JEC R E R VE IR FE AT IR, 0~40 em 12 2540 251k R P
K, RE TR TNGNE; RZTIRAEL TG~
ARy B, BEKERCR. BEAKIEZ B R )+
B K BRI S T K BRI EARIRBER D AL,
K3 S 7 IR R I L FIEH R ig %,
FEKEIOK S E AR IR B 2 W A3 A 48 3h i AR R e
KF. fEMHZEAFAH, FERXEAER, K
B, RIS TR AT, SRR
AR 23], MEMEAE R G, S9OSWI135 AbFEE T IEE K
REgE, PO EER ORI .

S135W100 A3 ny DL 2 48 15 m) H 250t AR 4B 4L,
] H 25 v B2 ARER e, fEY B SRR R K E
B 24231, A K AR K R R e T BT 7 AR et
PEFHRO MEEmE e BiEIA — e AP fE, B KE
Xof i TH AR FE RS N KB A A ) R e R
S135W100. SOSW135 AbH N [ Fr i 255 R T H
fAb 3R, R TAEYTYR R IR = &, 4
B HEEE . KET RS KAV GRS, T
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The effect of dual spring-summer irrigations on water and salt transport in

saline- alkali soil and water use of sunflower in Hetao Irrigation District
ZHAO Yibo!, YANG Weit, QU Zhongyi'?*, WANG Liping?, GAO Xiaoyu!, ZHANG Ruxin?, REN Enliang?
(1. Inner Mongolia Agricultural University, Hohhot 010000, China;

2. Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: [Objective] A pre-planting border irrigation in spring coupled with a drip irrigation in summer during
crops growth season is an irrigation technique to reduce soil salinity and safeguard crops growth in the salt-affected
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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
FAERE: AFF
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