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Effects of Limited Irrigation Periods on Water Consumption
Characteristics and Yield Formation in Winter Wheat
Zhao Qi, Zhang Yingxiang, Li Ruiqi, Wang Hongguang
(Hebei Provincial Laboratory of Crop Growth Regulation, State Key Laboratory of North China Crop Improvement and
Regulation, College of Agronomy, Hebei Agricultural University, Baoding, Hebei 071000, China)
Abstract: [ Objective ] This study aims to determine the optimal irrigation timing under the single-irrigation mode
during the growth period for winter wheat in Hebei Province. [ Methods] Using winter wheat cultivar Jimai 22 as
the test material, a field experiment was conducted over two growing seasons (2021—2022 and 2022—2023).
Three irrigation and nitrogen topdressing timing treatments were implemented: at the 4th (T4), 5th (T5), and
6th ('T6) leaf visible stages in spring. The effects of irrigation and nitrogen topdressing at different timings on
wheat water consumption characteristics, dry matter accumulation, grain yield, and its components were analyzed.
[Results] Under the condition of single-irrigation mode during the growth period, the proportion of water
consumption sources and the stage-specific distribution of water consumption in wheat were significantly
influenced by the climatic year type. Delaying irrigation had no significant effect on soil water storage consumption

or total water consumption throughout the entire growth period and during each stage before and after anthesis,
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and only promoted the utilization of deep soil water in the 2022— 2023 growing season with more precipitation.
Pre-sowing soil water storage and water use efficiency showed significant positive correlations with grain yield,
while total water consumption showed no significant correlation. Therefore, ensuring water supply at critical
stages was more important. Spike number was significantly positively correlated with yield, and grain weight per
spike was significantly negatively correlated with yield. Delaying irrigation decreased spike number but increased
grain weight per spike. The T6 treatment yielded the lowest during both growing seasons, and the fundamental
reason for the yield reduction was that the decrease in spike number exceeded the increase in grain weight per
spike. In the 2021—2022 growing season with a pre-sowing soil water storage of 655.74 mm, the TS5 treatment
showed a slight decrease in spike number and achieved the highest yield. In the 2022—2023 growing season with a
pre-sowing soil water storage of only 541.24 mm, the T5 treatment showed a larger decrease in spike number,
and the T4 treatment achieved the highest yield. [ Conclusion] Under the single-irrigation mode during the growth
period for wheat, prioritizing a higher spike number is key to achieving high yield. When pre-sowing soil water
storage is greater than 600 mm or spring rainfall is sufficient, the irrigation can be postponed to the Sth leaf visible
stage in spring to balance the grain weight. When pre-sowing soil water storage is less than 550 mm or in drought
years, the irrigation must be conducted at the 4th leaf visible stage in spring to ensure spike number. The research
findings can provide a theoretical basis and technical support for the water-limited and high-yield cultivation of
winter wheat in Hebei Province.

Keywords: winter wheat; single-irrigation mode; water consumption characteristics; dry matter accumulation;

grain yield
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Fig.1 Ten-day precipitation and daily average temperature during winter wheat growing seasons
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Fig.2 Soil volumetric water content of different soil layers at anthesis and maturity stages under different treatments
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Fig.3 Dry matter accumulation under different treatments
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[T |70 R 0 o8 VS VAR: R O NI T+ O 2l e
BT K G5k oRL R A OGS R
0.858", M FE/K i FI R K 2 5= m ) K 2 I 3% 1E A
5, M R B 5 A 0.280 F1—0.924™, it BH B 455 5K
R A AT K R /N I SRR AR
K G B B A48 197 %) 355 B B A R e S B e 7 R
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Table 4 Wheat yield, its components, and water use efficiency

iy wm o BR wmw peme ks <k§i/ , 7”*”;?“@/
T4 810.04a 29.96a 39.73a 1.19b 8 204.05ab 1.91a
2021—2022 T5 800.04a 32.14a 39.41a 1.27ab 8 586.36a 2.00a
T6 685.03b 33.63a 39.70a 1.34a 7 894.17b 1.77a
T4 741.15a 34.01a 42.88a 1.46a 7 031.90a 1.73a
2022—2023 T5 714.48b 34.18a 44.00a 1.50a 6 829.93ab 1.62ab
T6 696.70c 35.27a 43.82a 1.55a 6 684.83b 1.59b
EAy 14.239™ 11.786™ 157.771" 50.640 185.850™" 14.5917
Ak B 30.021" 3.599 6.344" 3.999" 6.323" 1.361
Ay ik R 2.727 0.906 6.344" 0.209 3.485 0.918
T TR p<C0. 001 ;%% K 7R p<<0. 015 +F R p<<0.05. K,
it it T AR R A T R R R EET R R

31 AREERERE B /NERKISENT MG

i v R B2 K R A I KA ) R T K I 1
FEEH AR, R RGBT 4R K U B
WImT B /N A W B AR K R (ET) . ARBF5E KRB,
TE/NZZ B — K ST R IR A 2R & I Bk 3
AETUR, MR WE X AR T - IR T AR R SRR K
A SZ AR /N, AT e S R A BRVE — K S5 40 T 22 R K
JEH AN B KA/ i 45 Ak B A I K FE R T T
AR LR, T 26 S0 55 48 L N2 A TFAE 2 A
A BERE K B B K o EARHESE Hh 2021—2022 4 K F
/N ZZ JF A HTFE K B LA S S 164.4 mm, 1) 2022—
2023 A= K R FFAETT AL S K 98.2 mm, 1 B R 7K 34 %
AN T /INZZ By BORE K 43 0 52 A5 A AL 2 i AR K 5 o 4k
AR IE & B0, HE R AU A BT I AR FE T A,
AL HEREOK LU [, A6 S5 FEK LU & o ABIF ST
FW] FEBRVE — K A 0F T, 48 W X /N 22 A6 HT A AE
Jei B B B FE 7K R Wi A B HL 7 B 7K A 22 4 0T 4 3R i
WEA A A8 E /N 22 X5 R 2 = 3K i W i, ml RS2 R Ry
HOFT I R AR R R AL X S AR L iE Y
HEIR FEAGE FA R T /N R TR IZ K 53
32 AEEBRERABNNETYRRENTME

T TR SRR R N 7 R G R, B
TR gT A2 A E K 3R U I PR AR T IR BT
P = LA T AR B R AR AR B R
T 7K G 2R U DARES B b S04 8 3 5 ) B sl A R A
165 T TR B8 0 52 8 n e 3 5 (R0 3 S5 g K
I, T KB R S R AT 0 R F PR A T
NSRS W SR N N o N T W e i
T AR T T B AR 2R A T B AR R KA
IR A R W AFAE — R E R, 2021—2022 4B K & A

TR T 2022—2023 AF K Z ) 5 52 R R AR B 3,
57 i 1) AR A A8 4 — B0, MR AR R R OR [ AR AR
PR HEWE S BRI T R AR R 2 5
3.3 AEERERRENEFER AR ERN#M

R R /N A K EE 5 R R &
BRI R HO AR A ROk B TR Y A R
S, AR S 2 B R S A A R 3 R
T, VEE R B 0T D AR T 0 A AR AR T T AT G i A
R (A A DR T — D kIR 2 R R SR T
PR R R R Y AR g & B, 7 2R
BB N A BF 82 R HE IR 5 6 MR 5 8B AE
B o SR R A 4 0 EE ARt /N B PRt AT I, 3=
ZERUIR A 43 BE 1 A= K B A Dl 4 T 25 4 ) XK
HE 119 5 4 320 8 s, ok B B Bt K R 30 7 43 BE K AT
AN HG A o T R 1o A A R M A R ek D | SR 2
S EH K F A BER AL

AN TR] B 7K St FH RSt 39 A 5 e AEOR B, i U AR
FEH Bt T K R RO i, R B B i R e A WA
FSE G RO 5B 7K U FH R T 48 o (H 22 A8 B
F BRI VEC IR IT R B, B BV IR A 2 R o A
A R B TH G B L H 22 5 oK 3k KO o AR IS F
FEAL A, Bt 7K RIS I 9 3R | Rk 45 5t 444 ks A, {HL Ak
HEZERARE, S A %, A
G B B U K YR BB 88 0 B K U FH s
PR, TR E S0 k. A6 v Bl % 7K Uit
A 390 A $ 3R, T B A S B AR A, (R RORY R A A
PN =0

ML=/ RF,2021—2022 4 4 K & T5 5 &
i, 2022—20234F A K E T4 s i, 5 2 M AEK
TR 2 T K. 2021—20224E 4 K F 9 A
A E 10 A EA BiFFEK 210.10 mm, 1 358K 5 ik
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655.74 mm , H [ kB N 5 B0 WIHER 20 10 d, 3% Fp 2
JE B8 150X 10*/hm®, BF DL T5 3 T4 8 % B ik
1.2% , JFA 45 o A RO FE AR A B = H o T 2022—
2023 4F K R ML 541.24 mm, 11 A LA & T A
T — LR B, 4N R BB SR AT T A M P E R R L 1L A
26 H—30 H 1 By 22 X B IR, B KRR o 10.60 °C,
R R Ze 4 d, 4 it HR K . SRR F K
T Bt — B H B R K, R R T 2R BE R, B
TS BRI T — AR kR KT T4
PRI, 24 4% i RS 35 = 600 mm 85, 75 2= [ 1 78 1 16, 7T 4
R E AR5 I E R DL S UKL EE T AR IS B S A2 550
mm 5 T FAE Y, AR AR 4 - HAVE R DL O AR

ZEA 2 AU A BE 1Y 25 LS A T LB A PR E
— KGR, IR K G G B AR N 2 K JE Y
(14 B B3 FE 7K H B2 i AR /N, AELAP AT 3 2 52 ) oG i e 3
(18 7K 3k S oF A 50 7= e S B S R R RO . K
i A R B SRSt /N 2 7R AR Y 3 A M R R T R A
R (E A AR R R S P 300 6 R ROk B
A R M R 2 B B R Y 58 BN, Ul A B AR TE R
[vi] A 41 8T I A VEE SR B T A 1 7 0 T AR RN
R+ o3 AT B, TC IR T BR SR AR R = i 2
HE— 25 3 3 25 48 bR 5 A G M R B A e b
A PRVE — KSR /N B I O B T A Ak
VRE R 30T 1 R SORD T A R AR R I AR
Tk BB O AR A IR TR
14 15 BT HE I K S /N 22 I S AR LR L K 4y B
B 46 187 119 305 ‘B AR Ry e e S B O N
4 4 8

A /N 4 BRI — KB R it
JO7 B A AN RS R T A RN B X /N 22 K TR Y B Bt
FE K 2 52 M AR /I, (ELATS AT 368 4o 52 i) 6 R 300 194 7K 431k
O Yo AR AR 7= e S R G ) R AR SN, ) T T B
38 1o V1R RS PR 1 7 K 0 v 20k 10 St o 9 38V Wk
B EAERE KR Z AR T A7 R TR 3E /N 22 %R 2 - 48K
RIS, (EL T R K e A0 s A5 R S J8 5 R R 1 1 R 4
FFERL (A A MR AR IR A A5 S B0 ™ R XU o B 4
I 5 A 5 I 2 e VR R 2B 0L A TR I AR R B
A R SR e 1) T )RR R ROR R | TR 2 S
B — K F =R A sk . & 4R ARVE IR A AU BR /K
AT RS R S (ORER B |, 75 5 0 8 2 E IR 38 A2
e JEC 30 R A v A 5 1 O A B B Rk
) o ARBFFANAE 2 -0 AF B e i i AR v T 2 R
B 27 +HEAE ) R EOK A BCR A R R E 2
K ZE AR 5 LA N A B 22 1 - 2 R R A R AR
YN IR, DAARAS 50 20 S0 A 1 45
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