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Fig. 1 Location of the experimental site, daily precipitation during the growing season, temperature,

and planting schematic diagram of the experimental site
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Tab. 1 Soil physical properties in the experimental field
T2 APBY ASmE AR AR SR ] ) s H A/ REIESS
N J —
WhEfem  (g-kg)  (mgekg') (mgkg) (mgekg')  (mgkg)  (grkg’)  (gokg)  (gokg) ! (grem™)  JKik/%
0~20 15.04 6.54 339.86 13.32 4.50 0.56 1.12 18.54 7.60 1.59 27.32
20~40 12.23 5.61 203.43 10.65 4.86 0.42 1.01 16.52 7.81 1.61 26.00
40~60 9.12 4.12 160.12 12.43 4.65 0.33 0.89 15.16 8.03 1.67 25.14

v, FLE VR H RIS A 0 42 o iR 145 4
AT B2/ N FAEAR X R TIE 15 em, R T HT (B] PR
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FH 7K 7 58, 3R 75 I 46 3 gk 42 - 58K 43 1 BR 3
ATHEK  HEAK L BR ¥ HE R K & (FC) o S84 Rl
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FEE T N8 2 iR
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Tab. 2 Lower limit values of soil moisture (FC percentage)
and irrigation quota for winter wheat at different

soil moisture levels

e RE WY MR JRE R R WEEE

Wie W% W% Wie W% W% Hiimm
Wl 65 65 50 50 50 65  428.02
w2 65 65 65 65 65 65  463.12
W3 65 65 80 80 80 65  470.14
W4 80 80 65 65 65 65  484.18
W5 50 50 65 65 65 65  409.30
W6 50 50 50 65 65 65  381.22
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Fig. 2 Changes in leaf area index, plant height, SPAD value and stem thickness of winter wheat
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Fig. 3 Changes in three enzyme activities in winter wheat grains of each treatment
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Fig. 4 Changes in sucrose and starch content in winter wheat grains of each treatment

This version posted 2026-06-02.



https://chinaxiv.org/abs/202606.00044V1

ChinaXiv:202606.00044v1

51 ik RS BRI T R XA/ N AR BB ™ s A 1083
Wl —o-W2 —e-W3 —e—-W4 —e—W5 —e—W6
60 I (2 202220234 [ (b) 2023—20244F
50 - a i b
b
40 3
2 a .
‘JFEH 30 F a b 2 -
4 b b
Hiz_l N be
o
k‘_
&n
g
M
g
¥
o
WJE REud
BS 4/NE 25 bR RS G SR AL
Fig. 5 Changes in thousand grain weight and grain filling rate of winter wheat
R3I ZNEEZIBITFRLER Logistic TIE25
Tab. 3 Logistic equation parameters for grain filling of winter wheat in various treatments
2022—2023 4F 2023—2024 4%
Qb3
Kig a b R Klg a b R
W1 39.66 4.48 0.218 0.987 38.53 4.42 0.220 0.978
w2 44.25 4.51 0.225 0.996 43.81 4.55 0.227 0.997
w3 50.12 4.65 0.234 0.982 48.02 4.68 0.235 0.986
w4 47.24 4.58 0.230 0.995 45.84 4.61 0.232 0.984
W5 41.75 4.45 0.222 0.986 42.21 4.49 0.224 0.996
w6 38.02 4.35 0.216 0.978 38.12 4.39 0.218 0.985
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T I 80% FC 3K 43 T BRAE#E = 1 1B
B A L IR T ZE A 5090 FC 387K 43 T BRA ]
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ZW1. W5 H W6 AFE) WUE TG i35 22 5 (P<0.05)
HoAb AL 22 53 3 2 (325, P<0.05) . W4 AbFRAEFIA
ARFEWPET s, A8 630.03 mm, W3
ALPRR) ET YT WAL PR SFHIF8AIK 2.23% ,{H WUE
PR 11.56% ., EIHTE W3 AbHT & /N2 RE i AR

PR L SE LA R K 3 R AR . WO AbBRIW ET
B A%, B4R 144 527.07 mm, (A H: WUE 5 W5 kb33
FHI I T AL, DRI, AEARK A3 R 214
T, NZEFEK B B T E K o R RCR IR R
B R
2.5 FAXMEM%E PLS-PM BEHHT

L7 R SR A AR AR B AR S e
I WUE ¥ 5 1 35 1E A 3¢ (FH ¢ R %1 0.64~0.97, P<
0.05), HHUS B LMo . LA B AR R4/ NE
FE Y A WUE B SRS -, 77 it 5 WUE &2

This version posted 2026-06-02.


https://chinaxiv.org/abs/202606.00044V1

1084 T R K OB o5 436
x4 ZBPNEZLBIFRERSH
Tab. 4 Grain filling parameters of winter wheat in various treatments
A WP T T/d  Vi(g-d") To/d Vo/(g-d™) To/d Vi/(g-d™) Tudd — Vaul(g-d™) Vi(g-d™)
2022—20234F W1 35 14.30 0.65 11.61 1.63 9.11 1.05 20.11 2.13 1.10
w2 35 14.40 0.72 11.22 1.89 9.42 1.18 20.23 2.50 1.26
W3 35 14.50 0.81 10.82 2.15 9.71 1.12 19.91 2.89 1.40
w4 35 14.40 0.77 11.20 1.98 9.63 1.10 19.94 2.70 1.33
W5 35 14.30 0.69 11.41 1.77 9.31 1.00 20.00 2.31 1.17
W6 35 14.20 0.63 11.81 1.60 9.11 1.04 20.10 2.05 1.07
2023—20244 W1 35 14.28 0.63 11.58 1.60 9.12 1.03 20.12 2.10 1.07
w2 35 14.44 0.70 11.21 1.86 9.39 1.16 20.32 2.44 1.23
W3 35 14.51 0.79 10.83 2.12 9.72 1.10 19.80 2.80 1.36
W4 35 14.40 0.75 11.14 1.95 9.61 1.08 19.90 2.63 1.30
W5 35 14.32 0.67 11.37 1.74 9.23 0.98 20.00 2.30 1.15
W6 35 14.21 0.61 11.79 1.57 9.17 1.02 20.10 2.04 1.05
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Fig. 6 Changes in yield of winter wheat in each treatment

£S5 ZNEFAIEBFEKEFKS R FHE
Tab.5 Total water consumption and water use efficiency

of winter wheat treatments

2022—2023 4 2023—2024 4

sl
ET/mm  WUE/(kg-m™) ET/mm  WUE/(kg-m™)

Wi 573.62¢ 1.44¢ 574.12¢ 1.40¢
w2 608.72h 1.54bh 609.22h 1.48b
w3 615.74b 1.73a 616.24ab 1.68a
w4 629.78a 1.56h 630.28a 1.50b
w5 554.90c 1.46¢ 555.40d 1.40¢
w6 526.82d 1.46¢ 527.32¢ 14lc

ET RFE K At WUE R KR HRCE

S IE ARG (FI 2 R 4000.87) , i W B g 7= 12 114 [ Fisf
Wn] IA R = WUE . 1818 o 11 3K T

ISR
57

R4 /N B K - A2 K = 7= - WUE 520 ) PLS-PM
R, KPR (AGPase \SSS . SS) X i) 42 2
$0H 0.866 , Ut FHFFRL I 15 14 2 AR SR 0 DGR IR 1
FERDBERT ™ B 1) B A R ECH 0.725 , RIUTFFRIB
HOE LAY B A . 7 m WUE ) B84 R 50k
0.912, Ui B F= i S 4% WUE B 280, itk
A, kL T o R R G R ) s e e | R
WA HEEmIEEEN . 2 REEE (GOF)h
0.771, FAILA BRI (R=0.835~0.941) . 4% b, 764
B RK D T A AR R T, S s kPRI 1,
SRACEERE I S TE M AR, SCBL ™= i R WUE #2871

2.6 EEITFNMER

R AL~ )0 45 ik B 8 2k o A /N2 A A (G
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Fig. 7 Correlation network diagram between winter wheat indicators and yield
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Fig. 8 Direct, indirect, and total effects between growth factors, grain enzyme activity, sugar, and yield based on the PLS-PM model
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TOPSIS WM T3 45 SR an 3k 7, Wi 2= W3 b HE Y 25
AP AT AL BRAE i , WA IR Z, W6 1573 i
e AR FRHER B RN/ IMKIR N W3>W4>W2>W5>
WI1>W6, W3 b AR HAh A PRAS TS T b A /)N
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Tab. 6 Calculation results of index weights using

entropy weight method
N 2022—2023 4F 2023—2024 4F
AT /% AT /%
LAI 5.413 6.191
P 9.326 8.948
SPAD i 7.829 7.792
il 8.256 7.653
AGPase {ifi 1 7.475 6.665
SSS i 7.024 6.419
SSTFME 6.844 6.461
KR 6.327 7.693
FERLBE R 8.709 8.599
TSR % 5.472 7.684
THE 9.408 9.123
FohE 10.303 9.165
WUE 7.613 7.605

&7 TOPSISIEMEITELER
Tab. 7 TOPSIS evaluation method calculation results

- 2022—2023 4F 2023—2024 4F
Lieiadec iy Lipiaadec HUE
Wi 0.267 5 0.266 5
w2 0.599 3 0.442 3
w3 0.804 1 0.941 1
w4 0.753 2 0.767 2
W5 0.440 4 0.423 4
w6 0.118 6 0.167 6

10625.54 kg-hm‘zﬂl 10344.43 kg'hm_zo
RIS i I

3.1 kS TR &/NEERKBIRM
BHOK MR R R R B R . RS

FZEHUE /N W EZR SR — | S22 R0 B A
PUEIBE T AH G, J& /N R ™ e i Sl . LALFN
SPAD (A MU I E A E IR EEAK S
B, RN AR R Z Y AR
R, 28 oK RS MR RS BE)S
10 d A4S HE R B H A2 R B % )5
35 A A0 LAL ZEH]  SPAD {8 52 B 35 A3, Bk
o SRR R UL [R] A8 7K 2 7 S 2 R T/
WA Ji— 7, BT AR W3 A B
FRR AR K S HUE AL, b W6 b P LAT 2 7 14.53%~
20.11% , 22 KL 2 55 14.02%~16.76% , SPAD {8 42 5
92.98%~94.35% , tk /= 2 51 20.16%~23.58% . Fifi &
G WY 2 LN s TR SR i N /N TR
TEW3AEHARAET /N AR & 3 10, 254
) 2E 8 A RO T AR ) ) R RS M 2 T
TRABVR IR s R, B 3 b IX S e R 55 H.
R TR A /b, o A A0 2% it — 28 BRARAENAR & A
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TEIR T Z A 3 NI 509 FC AR MK FRR(FC
YERHE K L BR, LAt B B 3444 IR 659% FC HE 7K ) A F|
TN RIRR AR K TR AL BT AT BE 20t /N A2 1 K
Syiae HAR G A K 22 B . A, TR R
IR DR RE 809 FC AR R THEAK R FRA R T4 R /N &2
AR S, LI DR AT AR R A A S Y
WK BRAT Bh /N AR R R AR AR K, TR /1N
2 WK, $ A AR A5 A AR AR Tl /N AR KK
AN N
32 TiEKS TR Z/NEEFEMEREETHR
ES=spAy

TR T 5 A S T 1) 905 A 5 R AR A 1) B 2R
OB R UM O . MR BB, AR
PEICAT= 0 TR, KRR i B R
RS ARGIFFE eI, 45 Ab BR/INAZ A8 5 R PR T 2 i
BIT R, 5 A ERTE A AR 185 10 d
WE(E . FPRLTEND B 3435, AE)5 35 d IE(E ., 7
BT BT 509 FCAE R HEK R BRI, =Fig
WM T BRI AR R I A R, 1
i1 25 P 0 ) e BB 809% FC A R E 7K T KR X s
AGPase ,SSS FlI SS = Fft JC 5 i 1% 14 52 M A58/, A bL
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Regulation of soil moisture level on sugar accumulation
and yield of winter wheat in arid areas

ZHANG Ying'?, Al Pengrui’, MA Yingjie"’, FU Qiuping"’, WEN lJiaxu"’
(1. College of Hydraulic and Civil Engineering, Xinjiang Agricultural University,
Urumqi 830052, Xinjiang, China; 2. Xinjiang Key Laboratory of Hydraulic Engineering Security
and Water Disasters Prevention, Urumqi 830052, Xinjiang, China)

Abstract: Winter wheat is a major cereal crop in northwestern China. However, increases in its productivity are
still constrained by water scarcity and inappropriate irrigation practices. A two-year field experiment was conduct-
ed from 2022 to 2024 using three soil moisture lower limits, namely 50%, 65%, and 80% of field capacity (FC),
at different growth stages of winter wheat. Six treatments (W1-W6) were designed to investigate the regulatory
effects of soil moisture lower limits on water consumption, plant growth, grain enzyme activity, sugar accumula-
tion, yield, and water use efficiency (WUE), followed by a comprehensive benefit evaluation. The results showed
that, at maturity, the W3 treatment was conducive to wheat growth and yield formation in both experimental
years. Compared with the W6 treatment, W3 increased growth parameters by 14.05%—17.42%, accelerated the
grain filling rate by 1.22-1.35 times, increased yield by 20.22%, and improved WUE by 19.15%. Under the W3
treatment, the activities of three key enzymes involved in grain sugar synthesis were less impaired, and grains re-
tained a certain carbon assimilation capacity during the middle and late grain-filling stages. Sugar accumulation
under W3 increased by 13.38%—19.86% compared with W6, indicating that W3 was favorable for sucrose and
starch synthesis in grains. Correlation analysis and partial least squares path modeling (PLS-PM) further demon-
strated that appropriate regulation of soil moisture could improve plant growth, enhance grain enzyme activity,
and promote sucrose metabolism and starch accumulation, thereby increasing yield and WUE. In the comprehen-
sive benefit evaluation, W3 ranked first in both years, with yields of 10625.54 and 10344.43 kg-hm™, respective-
ly. In conclusion, using 80% FC as the soil moisture lower limit from heading to grain filling, and 65% FC during
the other growth stages, with FC as the upper irrigation limit, represents an optimal irrigation strategy for winter
wheat cultivation in arid regions. This study clarifies a relatively irrigation regime and provides a basis for evalu-
ating and selecting improved management practices for winter wheat production.

Keywords: winter wheat; soil moisture lower limit; enzyme activity; sucrose and starch; comprehensive bene-

fit evaluation
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