HREY¥IM 2025,45(2):253—263
Journal of Triticeae Crops doi: 10.7606/j.issn.1009-1041.2025.02.13

[ 2% H i B [ < 2024-12-11
0 2% R Ik < heeps: //link. enki. net/urlid/61. 1359. S. 20241211, 1157. 002

TRHE I BORIIR K SR 27N ZE 7= MK 53 R H R 55 Wi

MER R BLRE L EANE . ER e, KAFP

/
(L. ST AR R 24 AR 2 Bt N 52 3 PR RIS % 0100195 20 N SET IR XA Bl B 2% B, N 523l IR AT RE 01003 1)

H EARVAEERADEZE TN ST KBEERE, A £ 13 5 A/ XM, Awmi E L KK
B ERABELRE, SR A 3AEKE(300,450,600 m® « hm 2), Auk A X A B, 04 R B #E#EREKA
B BT T DNEEKRGER FEHBRAKSARAREN LT, GREAN LR ALTABH R YRR
W K BRI RAR Y ERY R AR N A AT AR BEAA SR BN
EFHPEERKR, MBRAMABEREGE W, AL FREKERH M, NEFZTEIARERAY, A
TR,V ESRAETEESRREIE AL ZFAREAKRE, 2FHMEHE 6 R . H X 300m® « hm * A Bmay K
FRABIRY 50% AKEEAKT 26.3%; FEf K5 A BAEMN 5 AR E 16.3% A 57.6%. £ FH B F,
FMERRBENLG S HAEFHET RN EY KT R TR ER A R S
AT BRI KE 300 m® + hm 2,

KW BRERBGBEREANDE; FEZ;RSARKE

FE 4% S :S512.1;S311 XERARIRAD : A XEHS:1009-1041(2025)02-0253-11

Effects of Drip Irrigation Frequency and Drip Irrigation Amount
on Yield and Water Use Efficiency of Spring Wheat
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Abstract: To investigate the water-saving and high-yielding drip irrigation system for spring wheat in
the Hetao Irrigation District, a nationally approved spring wheat variety, Bamai 13, was selected as
the experimental material. Six drip irrigation frequencies and three drip irrigation levels (300, 450,
and 600 m* » hm ?) were set up in the field, with the conventional furrow irrigation method used by
farmers as control. The study focused on the differences in wheat water consumption characteristics,
yield formation, and water use efficiency under different drip irrigation frequencies and amounts. The
results indicated that the soil evaporation significantly increased from sowing to tillering stage, gradu-
ally decreased from tillering to heading stage, and significantly increased from heading to maturity
stage. The water consumption during wheat growth stages follows an ascending — descending trend,
reaching its maximum from jointing to booting period. With the increase in drip irrigation frequency
and water amount, evaporation and water consumption exhibited a gradual upward trend, while wheat
yield showed an initial increase followed by a decline. Compared to the control group, low-frequency
high-volume drip irrigation significantly reduced soil evaporation and water consumption. Specifically,
irrigating six times during the growth period with 300 m® « hm % each time resulted in a 50% reduc-

tion in water consumption compared to the control, leading to a significant decrease rate of 26. 3% in
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water usage. Moreover, the yield and water use efficiency was significantly increased by 16. 3% and

57.6% ., respectively. Therefore, the recommended irrigation regimen for achieving high yield and ef-

ficiency in drip-irrigated wheat in the Hetao Irrigation District is six irrigation sessions during the till-

ering., jointing. booting, flowering, early grain-filling, and mid-grain-filling stages, with 300 m® -

hm™? of water for each session.

Keywords: Drip irrigation frequency; Drip water amount; Spring wheat; Yield; Water use efficiency
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Table 1 Drip irrigation stage and drip amount of different experimental treatments m® « hm™?
— — W HERF ) Drip irrigation stégc A Sk
Drip irrigation  Drip irrigation S BE LR ] Jil 7 1A PiRia| AR S Total irrigation
frequency amount Tillering Jointing Heading Flowering Early of grain- Middle of grain- amount
stage stage stage stage filling stage filling stage

D, A / 300 / / / / 300
W2 / 450 / / / / 450

W / 600 / / / / 600

D, A4 / 300 / 300 / / 600
W, / 450 / 450 / / 900

W, / 600 / 600 / / 1 200

Ds W, / 300 / 300 / 300 900
W, / 450 / 450 / 450 1 350

W / 600 / 600 / 600 1 800

Dy W, 300 300 / 300 / 300 1 200
W, 450 450 / 450 / 450 1 800

W, 600 600 / 600 / 600 2 400

Ds W, 300 300 300 300 / 300 1 500
W, 450 450 450 450 / 450 2 250

W 600 600 600 600 / 600 3 000

Dy W, 300 300 300 300 300 300 1 800
W, 450 450 450 450 450 450 2700

W, 600 600 600 600 600 600 3 600

CK 900 900 900 900 3 600
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Table 2 Soil evaporation at different growth stages of wheat under different irrigation treatments m® « hm™?
EFH BB (H. H) Developmental stage(month. day)
L L A o e e T TET T Y

LR Lo Sowing — Tillering— Jointing— Heading— Flowering— Grain filling— Total

g;t{gﬁ;ﬁ; ‘;l;lng;;an tillering jointing heading flowering grain filling maturity evaporation
Ea Eda Ea Eda Ea Eda Ea Eda Ea Eda Ea Eda

D, W, 530.64b 10.01b 149.91c 9.99c¢ 117.22d 7.81d 99.25{ 7.09f 119.01i 7.00i 66.05h 7.34h 1 082.08g

W, 530.66b 10.01b 150.23c 10.02c¢ 117.74d 7.85d 99.71f 7.12f 119.54i 7.03i 66.37h 7.37h 1 084. 23¢g

W, 530.75b 10.01b 150.3c 10.02c 117.89d 7.86d 99.80f 7.13f 119.68i 7.04i 66.41h 7.38h 1 084. 86g

D, W, 530.65b 10.01b 149.39¢ 9.96¢ 116.45d 7.76d 116.56de 8.33de 125.09h 7.36h 70.85g 7.87g 1 108. 98f

w, 530.66b 10.01b 150.02¢ 10.00c 117.48d 7.83d 117.47d 8.39d 125.86h 7.40h 71.29¢ 7.92g 1 112.78ef

W, 530.68b 10.01b 150.27c¢ 10.02c¢ 117.92d 7.86d 117.74d 8.41d 126.00h 7.41h 71.40g 7.93g 1 114.01ef

D, W, 530.64b 10.01b 149.71c 9.98c 116.97d 7.80d 114.87e 8.2le 135.58g 7.98g 79.92f 8.88f 1 127. 68ef

W, 530.74b 10.01b 149.93c 10.00c 117.41d 7.83d 115.77de 8.27de 136.65{g 8.04fg 80.28[f 8.92( 1 130. 77ef

W, 530.67b 10.01b 150.10c 10.01lc 117.66d 7.84d 116.30de 8.31de 137.59fg 8.09fg 80.86f 8.98f 1 133.18e

D, W, 549.85a 10.37a 156.00b 10.40b 129.60c 8.64c 127.94bc 9. 14bc 138.08ef 8.12ef 85.35e  9.48e 1 186. 82d

w, 550.31a 10.38a 156.66b 10.44b 130.73c 8.72c¢ 128.61bc 9.19bc 138.8%ef 8.17ef 86.30e  9.59e 1 191. 50d

W, 550.43a 10.39a 157.10b 10.47b 131.35¢ 8.76c 130.00bc 9.29bc 140.42e¢ 8.26e 86.69¢ 9.63e 1 195.98cd

D; W, 549.41a 10.37a 155.21b 10.35b 145.72b 9.71b 127.80b 9.13c 146.19cd 8.60cd 91.52d 10.17d 1 215.83bc

W, 549.74a 10.37a 155.87b 10.39b 147.57ab 9. 84ab 129. 21bc 9. 23bc 147.30cd 8.66cd 92.77cd 10.31cd 1 222.47b

W, 549.85a 10.37a 156.17b 10.41b 148.26a 9.88a 129.87bc 9.28bc 148. 01bc 8.71bc 93.34bc 10.37bc 1 225.50b

Ds W, 547.27a 10.33a 154.28b 10.29b 147. 48ab 9. 83ab 128. 55bc 9. 18bc 145.45d 8.56d 93.48bc 10.39bc 1 216.51bc

w, >47. 46a 10.33a 154.68b 10.31b 148.31a 9.89a 129.54bc 9. 25bc 148.58be 8. 74bc 93.91bc 10.43be 1 222.47b

W, 548.04a 10.34a 155.56b 10.37b 149.19a 9.95a 130.18b 9.30b 149.91b 8.82b  94.49b 10.50b 1 227.37b

CK 559.44a 10.56a 173.41a 11.56a 147.18ab 9.81ab 143.23a 10.23a 174.75a 10.28a 103.86a 11.54a 1 301.86a
Ea: 78kt ; Eda: H K&, FHEIEE A F/NG AR B E] 22 5 835 (P<<0. 05) . #FFh — 4088 408 — 300 0 — i,
R — JF AL IFAE — WS A — e 4 3 H IS H—5 A6 HS H7TH-5H21H S5 H22H—6A5H.6H6H—6J

19H.6H20H—7H6HM7HATH—7TH15H, T,

Ea: Evaporation capacity; Eda:
nificant difference between treatments(P<0. 05).
flowering, flowering— filling, and filling— maturation are March

20—July 6, and July—July 15, respectively. The same in tables

Daily average evaporation. Different lowercase letters following data in the same column indicate sig-
The time at the stages of seeding to tillering, tillering—jointing. jointing— heading, heading—
15—

May 6, May 7—May 21,May 22— June 5, June 6 —June 19, June

3—9.
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Table 3  Analysis of soil evaporation at different growth stages of wheat under different drip irrigation treatments m® + hm™?
4 g 7 — 43 B SrBE— RN AT — A i —IF 1L AL — K W — R RERE
T : Sowing — Tillering— Jointing — Heading— Flowering—  Grain filling— Total
reatment . A L . A M . .
tillering jointing heading flowering grain filling maturity evaporation
T HE YK B Drip irrigation frequency
Dy 530. 68b 150. 15¢ 117.61c 99. 59d 119. 41e 66. 281 1 083.72e
D, 530. 66b 149. 90¢ 117. 28c 117. 25b 125. 65d 71.18e 1 111.92d
D3 530. 69b 149.91¢ 117. 34c¢ 115. 65¢ 136. 60c 80. 35d 1 130. 54c¢
Dy 550. 20a 156. 58a 130. 56b 128. 85a 139.13b 86. 11c 1 191.43b
Ds 549.67a 155. 75ab 147.18a 128.96a 147.17a 92. 54ab 1221.27a
Ds 547.59a 154. 84ab 148. 32a 129. 43a 147.98a 93. 96a 1222.12a
WK R Drip irrigation amount
WA 539. 74a 152.42a 128.90b 119. 16b 134.90b 81.19b 1 156. 32a
W, 539. 93a 152. 90a 129. 87a 120. 05a 136. 14a 81. 82a 1 160. 70a
W 540.07a 153. 25a 130. 38a 120. 65a 136. 94a 82.20a 1 163.48a
Drip irrigation 20, 991" * 39. 208 1170.408" " 857.051" " 639.105" " 1691. 353 195.210" "
frequency (D)
p KR
F value . DriP 0.011 1.354 5.944" " 6.959" " 10. 205~ 6. 806" " 1. 449
irrigation
amount(W)
S St Ve i S 2L
M RBOCHAERE (), 0.053 0.248 0.219 0. 826 0. 360 0.049

DXW

* %, P<C0.01, FId, The same in tables 4—9.
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Table 4 Differences in water consumption of wheat at different growth stages under different drip irrigation treatments

m® + hm™?
WEERCOR Ak HEFEHMEL(H. H) Developmental stage(month. day)
rralon irievon  EMIAME DEE—RT BB MEE MR FE—WR MR
frequency amount SQWlng* T{ll.erlpg* ]01nt1r}g* Headmlg* Floyver{nlg* Grain flll}ng*
tillering jointing heading flowering grain filling maturity
D, W, 682. 16be 890. 20ghi 402. 47ik 300. 52i 335, 78 154. 25h
W, 692. 53bc 909. 13fghi 472. 81hi 382. 92ghi 357. 36 168. 74h
W, 748. 99abe 960. 22¢ 546. 81efg 477. 01defg 396. 5ij 184. 00h
D, W, 653. 46¢ 870. 131 369. 36k 370. 94ghi 406. 48ij 308. 88g
W, 746. 04abc 882. 55hi 425. 49ijk 419. 03fgh 442. 99hij 369. 541fg
W; 764. 84abc 931. 23eflg 584. 17de 479. 04defg 501. 66ghi 436. 71ef
D; W, 666. 02bc 869. 741 377.87ik 419. 48fgh 495. 68ghi 449, 6ef
W, 699. 75bc 896. 90ghi 433. 75ij 454, 15defgh 545. 62fgh 476. 65de
W 743. 80abc 944, 49ef 495. 29gh 538. 18cde 654. 68ef 599.57¢
D, W, 746. 76abc 871. 221 396. 54k 389. 94¢ghi 557.05{gh 455, 29ef
W, 800. 75abc 1 072. 30c 421. 1045k 555. 44cd 628. 28ef 565. 53cd
W 831.01ab 1 206.01b 504. 65f{gh 699. 19b 689. 74de 649. 26bc
Ds W, 741. 95abc 872. 781 556. 99ef 367. 8hi 595. 56efg 491, 27de
W, 768. 93abc 1 012.49d 615.22d 511. 39cdef 709. 49de 598.97¢
W, 819. 68ab 1187.78b 887.00a 751.31b 778.82cd 637. 3bc
Ds VA 755. 57abc 921. 44efgh 536. 82efg 447, 67efgh 820. 96¢ 582.21c
W, 759. 53abc 1 068.61c 751. 26¢ 519. 31cdef 974.05b 644. 6bc
W, 822.57ab 1 204. 63b 891.47a 605.42¢ 1156.41a 714.91b
CK 877.87a 1 354.00a 821.58b 953. 45a 866. 08¢ 840. 24a
x5 FAEHERBINEREEMREKENTESN
Table S Analysis of water consumption at various growt stages of
wheat in different drip irrigation treatments m® « hm™?
s MR MRE WE- BV BFME B IFE R IR WA
Treatment S(')Wln_g* I!ll'erlpg* Jomm_lg* Headm_g* blower!ng* Grain flll'mg*
tillering jointing heading flowering grain filling maturity
1% W YKL Drip irrigation frequency
Dy 707. 89%a 919. 85¢ 474. 03¢ 386. 82d 363. 21e 169. 00e
D, 721.45a 894. 64d 459. 67cd 423.00cd 450. 38d 371.71d
Ds 703. 19a 903. 71cd 435. 64d 470. 60bc 565. 33¢ 508. 61c
Dy 792. 84a 1 049. 84a 440. 76d 548.19a 625.02¢ 556. 69bc
Ds 776. 85a 1024. 35b 686. 40b 543.50a 694. 62b 575. 84b
Ds 779. 22a 1 064. 89a 726.52a 524. 13ab 983. 81a 647. 24a
i 7K £ Drip irrigation amount
W, 707. 65b 882.58¢ 440. 01c 382.72¢ 535. 25¢ 406. 92¢
W, 744.59ab 973.66b 519. 94b 473.71b 609. 63b 470.67b
W, 788. 48a 1 072. 39a 651.57a 591. 69a 696. 30a 536. 96a
""""""""""" wWRHE
Drip irrigation 2.003 134.135*~ 149.014 "~ 12.183° " 101. 393"~ 96.107 "~
frequency (D)
F {4 WK i
F value Drip irrigation 4.032" " 393.869 " * 193. 863" " 59.161" " 27.982*" " 26.756" "
amount(W)
(ﬁ(%ﬁéf%(ﬁﬁ]%&ﬁ 0.110 33.634" " 10. 614~ 2.932" " 1.731 1.041
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Table 6 Effect of different drip irrigation treatments on wheat yield and its components

T T B T 7K HE TR £ TR KL=
Drip irrigation Drip irrigation Spike number/ Number of 1 000-grain Grain yield/
frequency amount (10* » hm™ %) grains per spike weight/g (kg « hm?)
Dy W, 511. 691 23.73k 38.57j 4962, 711
W, 512. 691 24. 80jk 38.99;) 5 235. 04k
W, 544. 69h 25. 27jk 39. 581 5 836. 53]
D, W, 546.03h 24. 87jk 40. 49hi 5 758.31j
W, 569. 36gh 26. 93hij 41, 47gh 5 925, 34ij
W, 567.03gh 28.53gh 42.701fg 6 182.36h
Dy W, 553.69h 26. 271 41. 71gh 5 906. 061j
W, 547. 36h 27.53hi 42.711g 6 091. 76hi
W 586. 36{g 29.13gh 42. 87elg 6 227.28h
D, W, 588. 70elg 30. 201g 43, 48ef 6 967. 70g
W, 590. 36defg 31. 33ef 44, 21de 7 494. 69f
W; 599. 03cdef 32.40e 44, 33de 7 621.69ef
Ds W, 616. 03bede 32.93de 45, 33cd 7 763. 66de
W, 627. 70bc 34.73cd 46. 60bc 8§ 077.51c
W, 668. 03a 40. 87a 48.99a 9 649. 44a
Ds W, 628. 70b 36. 13bc 46. 69bc 9 232.12b
W, 637.70b 38.00b 46. 79bc 9 405. 00b
W, 641. 70ab 36.53bc 47.25b 9 341.96b
CK 618. 70bcd 33.27de 46. 04bc 7 935. 85¢cd
x7 AEHELREMNEFEREMEEENFTESN
Table 7 Variance analysis of different drip irrigation treatments on wheat yield and its components
b M %*ﬁﬁ( TR HE ﬁ*vfrﬁ
Treatment Spike nunll:l(;r/ (;ran}s 1 0().Ofgra1n Grain ylcld/
(10* « hm? per spike weight/g (kg *+ hm™?%)
YR EL Drip irrigation frequency
D, 523.03d 24. 60d 39. 04e 5 344. 76f
D, 560. 81c 26.78¢ 41.55d 5 955. 33e
D; 562.47b 27.64c 42. 43¢ 6 075.04d
Dy 592.70b 31.31b 44.01b 7 361. 36¢
Ds 637. 25a 36. 18a 46.91a 8 496.87b
Ds 636.03a 36. 89%a 46. 98a 9 326. 36a
i 7K it Drip irrigation amount
W, 574. 14b 29.02c¢ 42.71c 6 765.09¢
W, 580. 86b 30.56b 43.46b 7 038.22b
W, 601. 14a 32.12a 44, 29a 7 476. 54a
"""""""""""""" ey
Drip irrigation 8.713" " 164. 742" 124,579 " 1767.337""
frequency (D)
F {H WK &
F value Drip irrigation 1.667 30,329 * 15. 900 * 183. 333" *
amount( W)
{ﬁ(éﬁ?}*}%ﬁﬁ]?@i 0.166 4.679 " 1. 627 30.719*

2.4 AEEEAEIT/NEFEKARRBKSFH
A W20

12 8 Al AL AR KL I = T CK g 4b B
LDy W, AR FR ) HE K IE AR R CK B &

(20.9%).D; W, D, W, F1 D, W, 4b B ) & FE K &=
B CK 2 5 B A% 8. 2%.26. 3% Al 14. 4%, D: W, |
D, W, .D; W, il D, W, 4b# ¥ 7K 5 F] FH R R 85 CK
B E PR (32.6%0.57. 6%.38. 2% F1 20. 1%,
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e i 2 5 Dy AL FEAY A BRI K R i R e T A
A PR N TR VE COBCT L BFE K R BN D, >D;,
>D,>D, >D, >D, ; Dy b A 7K 43 F FHRCR B

BRI S W A S 25 L X = K A R )
(P<C0.05), W, W, Tl W, &b B iy 4 I 7K 3 #&
HERADE, BFEKERARN W, >W,>W,,
HAb PR E] 25 5 2 K R BOR R W, >
W, >W,, H A ] 22 5 0 3 . 0 VR Uk B0 T B i

Foen TIAMARHR K X SRR MUK R EL AR R K R K S M P AR A 5 I R 3
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Table 8 Effect of different drip irrigation treatments on water consumption and water use efficiency of wheat
i K IR I FE SLFEK Ko IR
Drip irrigation frequency  Drip irrigation amount AS/(m?® ¢« hm™? Eta/(m® « hm~?) WUE/(kg * m™ %)
D, W, 2 235.39b 2 765. 39k 1. 80gh
W, 2 303.49b 2 983.49; 1. 76ghi
W 2 483.53a 3 313.531 1. 76ghi
D, W, 2 149. 24bc 2 979. 24 1. 93de
W, 2 155. 64bc 3 285. 641 1. 81fgh
W, 2 267.65b 3 697.65f 1.67i
Ds W, 2 148. 39be 3 278. 39i 1. 8fgh
W, 1 926. 82def 3 416. 80gh 1. 74hi
W 1 946. 01def 3 976.01e 1.57j
D W, 1 986. 80cde 3 416. 80hi 2. 0dc
W, 2 013. 39cde 4 043. 39de 1. 86efg
W, 1 949. 86def 4 579. 86¢ 1. 66ij
Ds W, 1 896. 34defg 3 506. 82fg 2.14b
W, 1 736. 49ghi 4 216.49d 1. 92de
W 1 831. 88efgh 5 061. 88b 1. 91def
Ds W, 2 034, 67cd 4 064, 67de 2.27a
W, 1 787. 36{gh 4 717. 36¢ 1.99cd
W, 1 565. 411 5 395.41a 1. 73hi
CK 1 683. 23hi 5 513.23a 1. 44k

AS: Soil water storage consumption; Eta: Evapotranspiration; WUE: Water use efficiency. F[f], The same in table 9.

R9 AEHELETMNERKRKSFARBLENTEZSH

Table 9 Variance analysis of different drip irrigation treatments on water consumption and water use efficiency of wheat

Ak B KRR SFEK IR 3 F R
Treatment AS/(m?® « hm ?) Eta/(m® « hm ?) WUE/(kg * m %)

T E KB Drip irrigation frequency

Dy 2 340. 80a 3 020. 80f 1.77c
D, 2 190. 84b 3 320. 84e 1. 80bc
Ds 2 007. 08¢ 3 587.08d 1. 70d
D, 1 983. 35¢ 4 013. 35¢ 1.85b
Ds 1821.57d 4 301.57b 1.99a
Ds 1795.81d 4.725.81a 2.00a
¥ 7K & Drip irrigation amount
Wi 2 075. 14a 3 355. 14c¢ 2.00a
W, 1 987. 20b 3 792.20b 1. 84b
W; 2 007. 39ab 4 337.39a 1.72¢
T R ‘o ‘o PR
Drip irrigation frequency(D) 37. 487 341.221 34.575
F {8 K B Sy . -
F value Drip irrigation amount(W) 8. 564 406. 772 94.930
W . .
DX W 4. 804 10. 178 6.494

* ; P<C0.05.
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