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Fig.1 Rainfall and evapotranspiration of the reference crop during the reproductive period of sunflower
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Table 1 Basic physicochemical properties of the test soil at 0~100 cm

TEWE/m I AR B/ (g-cm?) B E(gkg!)  HERE/(mgkg')  HEREE/(mgkg!) 5% /(uS-em™)
0~20 L 1.441 12.1 6.2 35 337
20~40 Bt 1.446 124 6.8 3.6 399
40~60 e+ 1.428 132 74 3.1 466
60~80 B+ 1.42 1.8 6.6 28 469
80~100 Wit 1.396 11.0 53 3.0 527

1.2 I

IR e, WEK &2 PMHEE.
o, #EKEEWE 3 AKFE: &mK 300 m/hm?
(WD, 7K 240 m¥hm? (W2). 7K 180 m3/hm?
(W3); FriEIERAIRE (HFEE 46%), HiAik
it 2 K EmAE 187.5 kg/hm? (N1). KAE 150
kg/hm? (N2). PUMHBEEREEHT (1 800 m3/hm?) Fl
JBAEE (187.5 kg/hm?) XTI (CKD, AERHZK [F
it N ) o RISV T ORI T, ik E 7
74

AhEE, 3RER, 21 ANMBX, FAAXEK 10 m, %
6 mo ARG/ X R AT RN, TR/ X AR VG A
FW 1 m T, A& 0.4 m RS, EIR X
Ui B TE N 2.5 m AR X, S b HHHE St An s
E— B, EFNAT S A 525 kg/hm? AR
(N15%, P15%, K15%). [MH¥T 20224 5 H 29
H¥#ER, 10 5 1 Bk ikl “&44 637, K
F— W AT R 7 20, TVE T B EE 135 om,
HUIETE 70 cm, FE4TEE 90 cm. 4547 45 cm, P RE
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Fig.2 Planting schematic
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216 mm, V& 1.60 L/h, i k[AEE 30 cm. 154
RO/ R A AT B 2 A, it A 7 28R RUIE
AN/ AEGE R, P B VR /K i N\ I TR] o it JIE P
() DAy fia) I 4T IR E SR 300 o VR it JIE P 8 % o (1)
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Table 2 Irrigation and fertilization design

A (me hm'?) A (kg hm?)
ISt o " .
g B oK e ew 0
e i i
WIN1 1350 1500 0615/0710/0725/ 525 187.5
0810/0825
WIN2 1350 1500 0615/0710/0725/ 525 150.0
0810/0825
W2N1 1350 1200 0615/0710/0725/ 525 187.5
0810/0825
0710/
W2N2 1350 1200 0615/0710/0725/ 525 150.0 0810
0810/0825
W3N1 1350 900 0615/0710/0725/ 525 187.5
0810/0825
W3N2 1350 900 0615/0710/0725/ 525 150.0
0810/0825
CK 1350 1800 0710/0725/0810 525 187.5

1.3 NEEHSF*
1.3.1 %, ZH0E

ER HZEMAF W, B A, T,
VESR AR A BEA T I . RSN X BEALIE RS 3
PRAERKRM R kAT E. ReRHER
RS 0.1 em), ZEHERAFbs R CRBE 0.02 mm)
HEATIE .

132 =%

15 ) H 25 VORI, AN FEAA B RENLE SRR
REFEMER 5 N EHARS, MEHTHR . KT,
gutrHarstarhiiaE. BRERAR, SirRd
& A= &,

Xy RN

(D

a=gxum%,

Kb aNREER (%) phEFTHRE (g); ON
Wk E (2.
1.3.3 L33 Hm e

LB E E KR A TR AT E . A
7H 3 em LETEMED S EETIFRE 0~100 cm L=
IR, SRFEALE AR B L2 40 cm 4L, 20 cm
N—E. Bl LA EEREITHRRE,
JMABEFE R, 76 105 CFEET, HEAREET AR
Ja g I KR HURERS TR HERT 1 RAIESS 2
K BEIKEEAT I .
1.3.4 L3 5w

BRE 77 305 3K R 77 XA R, BORE Ja
JMNIBE T, fESRIe = AT B AR RT . BERE,
HH 2 mm BEEFRMIATIE . KR 5 1A
BIAW, #HE 8 h, XA DDS-307A HL S RACHAT
B, TEASEAEFREXARANL (2. L5
3 B A3 2R AT SR8

y=5.194 9x+0.068 5 R?=0.998, (2)

K y N EHIESERE (gkg); x N ECs (ds/m).
1.3.5 J iR IeA] 2%

FEBK DRI UWUE) O

1W1m=§, (3)

KH: IWUE REEBK S FIARCE (kg/m?)s Y A
H¥% M & (kg/hm?); [ AAEEPEKE (m¥hm?).
MAEA =% (PFP) HH R0

Y
PFP—I—:, 4

K PFP NRABA =% (kg/kg); F &AL AL
= (kg/hm?).
1.3.6 WAL E AT

S5 (V2% R A H L 46 B AT % WL 40 AT B 5%
WMoriEz —. RABEZES T 7 FALEER S Difahs,
BUF= &, BEBK AR mAEEF=Z, R,
0~40 cm LS HRILME . AT

D XfFIEmiEbR RN

X=" (5)
v Mm
2) XA febn L BN
' M--X[-

)(ij: A’[j‘mj ’ ( 6 )
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1.4 BESH

fii i SPSS 27.0 XF /K AR R KR 2 355
B, OFKE. KA m HZE A KA IR A &
ITREMESM. KA Execl 2016 11 EH A E,
1 [} Origin 2021 #4742

2 BRI

2.1 FEILIERTE) B EE KIBRRISNT

AN FEZKREALEE R ) F 280k . 2O AR AR AR
AL 3—E 5 (- 5 RANE/NG 7R R TE
P<0.05 K FZEFEE) . AFIIKIESAFX] R H ik
i AR RAAAEA A RS, R AR B
AKAEALEE MR TR 2R, EABLEN, SAE
) B 25 57 o WIAN A HE F ke v b G Atk A 8 ) R 5
BAHEMRS, tEsm, B CK ¥ 15.02%,
WINI. WIN2. W2N1. W2N2 ZbFEAI W3N2 4bF
MtkESE T CK, 2 aldgm 7 3.49%. 5.44%.
4.35%- 3.96%- 8.06%. HNWMEEANAEEFH, mHZ%
A BRI m AR R, AERKRGE, UHAE
I, MmO e bR, ) H 35\ B
WG, R SAOR RS, KRN, mH 25
NG, AR RS T R, fE A E R
S KA BEAR = A AN FRRE )RR KR AR B
PG CK SRk, HEATFIEH], S bB itk s T
CK, H CK Fy38K B H A A 2208 . 250 14

RARAIE BEAE AL WIRT IR, R TR

TEW-HR I, I E T, K 2 Fiik
HE5HAME B EEEZER. SMCEARET
B B2 Z50 W2NT 4B, XL CK #inT
8.6%. WINI &M/, B CK > T 0.9%.
WIN2, W2N2. W3N1 AZ-HFT W3N2 AbHE 20k 4 1)
Eb CK #9n7T 1.45%, 8.6%-. 8.1% 5.3%. #4b#
(1) H ZE7E R 1 TR AR AR R RE R B, IR
76

K4 e 198055 AT 5 BCEE R A B S B2 A [ R
FE IR /N o 3 X A AL BEAY AL 5 AR HEAT BB i
RIUASFE KL 2 (0] B B2 R (P<0.05).
W3N2 kb# RN, B CK /M T 10.1%. WIN2
MR RO, B CK ISR T 10.9%.
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Fig.3 Comparison of plant height in different schemes
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Fig.4 Comparison of stem thickness of different schemes
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Fig.5 Comparison of disk diameters of different schemes
2.2 AEAIERTE HE 2 /52 0

VR 7= 2 A 1l e /K BB TR 2 4 Tt I 95 1 B 2246 A o
ANFEKIEZZAE TR =8 WK 3. ARZKIEFAF
5 CK ML, WINT ZLBEAT WIN2 A # KT CK;
W2N1. W3N1 AL FEAT W3N2 AL BEE AN HA B %=
S, HB/NT CK, W2N2 ZbFR R 2 /N T HAb AL 3
WINIT A HE =& m, 8 CK KT 15.2%. W2N2
REFRFE R CK b T 3.5%. MERLRICRKE,
CK Rk, HUCH W3N2 43, /N NEKE 2
MEEE, N 49.2%.
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Table 3 Effect of different moisture and nitrogen on yield and composition of sunflower

Ak PR T U brRifE % FURLE TR g R % RIEI% PrifEZE 75/ (kg hm2) PrifE %
WIN1L 24.3% 1.60 11.92a 0.67 48.9¢ 0.05 5122a 82.47
WIN2 22.83b 1.04 11.18c 0.96 49.0e 0.02 4794b 13.10
W2N1 20.84d 1.00 11.84a 0.13 56.8a 0.02 4 376d 21.23
W2N2 19.59 041 10.27e 0.60 52.4¢ 0.02 4 290e 90.63
W3N1 22.27¢c 0.23 11.45b 0.02 51.4d 0.01 4343d 87.37
W3N2 22.93b 117 10.92d 0.08 47.4f 0.02 4334d 70.22

CK 20.86d 0.34 11.55b 0.04 55.4b 0.01 4 447¢ 59.60

R SUR NG R R B B RS
2.3 FERICEFHTLIRKS HHAE

] H 2525/ W1 38K 7 o Al Bda w1 00 I

6o 5N LRI LIRS IKRAEAF KL T H B

WA VEAR AL, % b B A] 4 2 5 K AR LA

R IR SNy &NV PN TR DN EE SR

XS Ry 3 5 K S K B A A AR R TEAH 968
Fo WIS ALK ZE R BUN, KRR YT ARA
w, AKEM: WEWNE, EEEIE, ARKE
K, BABEHOKD IS oA IR . HER
TE /N EBEIN A I 5, K R B R
BEWE AT RN 17 H 2% 32 ZEAR R IR LR BRI X,
M K AR . L 6 Ik, KA fE

2 20~50 cm &b, M HZERERAKAZES T 0~60 cm,
Bt LAREARAIE [7] H 2548 R 78 1 1 2 & A 1 51 H 2%
B AR B AR EE. 7E 0~60 cm R 148
I E KRB RN WIN2 A, N 20.24%; A
FIo8 W3NT ACEE, &7KEN 17.65%.

ST R FKAEEE 60~100 cm 2K
REGKGEFE LIRS KEARFEEEZER
(P>0.05) ,S5{K/KAFE 60~100 cm +ZEE/KFHA
BEWER (P=0.026<0.05). F17KALF 5% K A FE
60~100 cm T2 LIS KEREFREMNEER
(P=0.035<0.05) = 7K FH H 7K HE BE 5 200 e 5 A2 [
ZEAEH AT K I HLRE % 52 HE KRB A B R 2R 70 Tk

PRI X R FFERIR B L2, FokAl CK el ¥R HZEEF ER R X, MAKKEER 2/ m H 2%
THIXAE 60~80 cm ALTE R RAKALB K ZHh T4 AFHANHILRHINR.
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Fig.6 Comparison of soil water distribution in sunflower growth period under different schemes

24 AEMIBEZFRGTLIER S SRR

AN F 7K BE 26 A T A= B BA P R g8 8 2 o0 A 1 0 A
Bl 7. AFRACEEAN A F BN I o A AR A
AEAL, HIEERE (0~40 cm) WIN2 AbFE S 3 H Al
S %, (N 3419 pS/em. M T CK,
WIN2 Ab# e R H K T 19.2%. 1] W2N1 b3

TERANA G A TS S wm, FIMEIER] 449.7
uS/em, FHET CK, T 6.3%. KW, BT
FEFRHTHIMRGE RN, T8 K2 A AGTE 100 cm &
JFEULTR . M2 40 d J5, BEESES S, TEEKS
RREWR, Hauer 2R 30~60 cm 4b. BT
L EBUN, MRYETER TS, ARENE T NBURT
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T2, itk fEAEFTRES, L8R
ZHMITEE 20~80 cm HIEZ . ARHE 3 FORFEIEK
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Fig.7 Comparison of soil salt distribution in sunflower growth period under different schemes

2.5 BT IHEEN/KBAZEATEN

XF T ASKEER 5 TR AR R R EZEA TR, 1F
HENEHRIIZEE5, WS s KIE T % &%
WERVTGETRAME S A R WK 4—FK 7. AR
MEREA TR, EEBKRIH MR UWUE) FwAEA: =
R (PFP) RIHRMZES . 4555RH, W3NI b
JRE I S5t e TR K R 0K, 18 E] 4.826, 1 CK
T2 I AR K R 243, A 2.471. b4,
TERREA 22 5T, WIN2 AIEE T s, 153
31.96, T W3N1 AbFHE ) 27 HA S A1 A s A 77 26
N 23163, XFFHHK, W2NI1 AR /R H o,
KF] 56.8%, 1M W3N2 AbFH 30 H Ak i SR sz,
N 47.4%. STetrg il TR G TR AL AT 551
Kl b SEad, RIS (R A E

MIBEETH R EMERE (R 6), EIIN
R KA, HRRONRIEA R, BN SRR
HOYAL, VPSSR ATEE, AT LMEN TN & A AR S
IV 7. WNERER A IEIE R, WIN2 2467
ybeEn, NEARKIEAEE, CK 5088, KBS %
ANEAET S
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Table 4 Utilization rate of water and fertilizer, yield and

shallow soil conductivity of sunflower in different schemes

By semd  Gekg) O gsem)
WI1IN1 5122 3.415 27.317 48.9 404.600
WI1N2 4794 3.196 31.960 49.0 341.917
W2N1 4376 3.647 23.339 56.8 449.667
W2N2 4290 3.575 28.600 52.4 441,917
W3N1 4343 4,826 23.163 51.4 379.500
W3N2 4334 4816 28.893 47.4 370.067

CK 4 447 2471 23.717 55.4 416.917

W GRARSEE, TH0~40cm HETHHEFER,
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Table 5 Results of each index after dimensionless processing

pisc Y IWUE PFP G T
WIN1 1.000 0.401 0.472 0.136 0.418
WIN2 0.606 0.308 1.000 0.147 1.000
W2N1 0.103 0.499 0.020 1.000 0.000
W2N2 0.000 0.469 0.618 0.522 0.072
W3N1 0.064 1.000 0.000 0.413 0.651
W3N2 0.053 0.996 0.651 0.000 0.739

CK 0.189 0.000 0.063 0.843 0.304
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Table 6 Calculation results of each index

LD LI PEAE
Yi(kg hm2) 0.662 0.311
IWUE/(kg M) 0.869 0.120
PFP/(kg kg?) 0.749 0.231
al% 0.810 0.175
B(uS em) 0.824 0.162

RT ERELELEZ

Table 7 Comprehensive scores of each scheme

Qb3 ZEfD
WIN1 0.560
WIN2 0.645
W2N1 0.272
W2N2 0.302
W3N1 0.318
W3N2 0.407

CK 0.270
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Effects of Water and Nitrogen Regulation on Growth, Water-fertilizer Use

Efficiency and Soil Water-salt Distribution in Sunflower
HE Rui'?, TONG Changfu-?*, WANG Jun!, QIN Ziyuan', ZHEN Zhixin?, GUO Shuhao?, WANG Hu?, LI Xiaoli?
(1. Institute of Water Resources for Pastoral Area, MWR, Hohhot 010020, China;
2. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
3. Water Utilities Development Center of Wushen Banner, Ordos 017300, China)

Abstract: [Objective] The aim of this paper is to propose a reasonable water and fertilizer application system for
the Yellow River water drip irrigation project in the salinized irrigation area on the South bank of the Yellow River in
Ordos Dalat Banner. [Method] The field drip irrigation experiment was carried out, and three irrigation quotas
were set : high water W1 (1 500 m*/hm?), medium water W2 (1 200 m*/hm?) and low water W3 (900 m?*/hm?). Two
fertilization levels: high fertilizer N1 (187.5 kg/hm?), low fertilizer N2 (150 kg/hm?). The local irrigation and
fertilization were used as the control group CK. The effects of different water and fertilizer treatments on sunflower
growth index, yield, soil salinity and soil moisture content were studied. The entropy method was used to calculate
the weight of five indexes, including yield, water productivity, partial fertilizer productivity, average conductivity of
0 ~ 40 cm soil layer and fruit rate. The optimal water and fertilizer scheme was obtained by comprehensive
evaluation of each treatment. [Result] There was little variability in sunflower growth trait indexes among
treatments, but all were more favorable than the CK treatment. The yields of the two treatments with high water were
significantly higher than the other treatments. Throughout the reproductive period of sunflower, W1N2 treatment had
the lowest value of electrical conductivity in the 0-40 cm soil layer, 341.9 uS/cm, and W2N1 had the highest value of
soil electrical conductivity under water and fertilizer conditions, 449.7 pS/cm. The increase in electrical conductivity
at the beginning and end of the reproductive period in WINI, WIN2, W2N1, W2N2, W3N1, W3N2, and CK was
62.2%, respectively, 29.4%, 58.9%, 52.9%, 83.9%, 56.3%, and 54.0%, respectively. For the water content of the 60-
100 cm soil layer, there was no significant difference between the high water treatment and the medium water
treatment, and there was a significant difference between both the high water and medium water treatments
compared to the low water treatment. Water infiltration in the high water treatment was close to uniform infiltration.
The depth of the wetted area formed by different irrigation quotas is also different, the larger the irrigation quota, the
deeper the location of the wetted area and the larger the wetted range. The entropy value method was used to
comprehensively evaluate each treatment, and the optimal result was the WIN2 treatment, and the worst result was
the CK treatment. [Conclusion] The degree of soil salinity return decreased with the increase of irrigation quota,
but too high irrigation quota would reduce crop activity and thus inhibit crop growth. The results of the
comprehensive assessment of treatments showed that the irrigation quota for sunflower in the irrigation area on the
South bank of the Yellow River in Darat Banner, Ordos, was about 1 500 m*/hm?, and the application of urea (46%
nitrogen) was about 150 kg/hm?. During the reproductive period, water was irrigated 5-6 times and fertilizer was
applied 2-3 times, and fertilizer was applied to the field with water.
Key words: soil water and salinity; soil water and nitrogen; irrigation schedule; mulch drip irrigation; entropy method
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