HRVEW M 2026,46(9):1205—1218
Journal of Triticeae Crops doi: 10.7606/5.issn.1009-1041.2026.09.09

% 28 Hh RN 1] £ 2026-09-04
% 2% H4 B < https: //link. enki. net/urlid/61. 1359. S. 20260904. 1139. 006

B 5 7 A BRI A/ 2 BRI B A KK B R 55 i

e EXARLRER  xEP  EFW L ERELE BLRWRS

QL H R AR K 3 A G Bl 3 R 2B Hl 22 M 7300705 2. H R gl K32 4 2 B, H o 22 M 730070)

H EARAARABEEZFTXEARRABARERNTHIRIFRANELERRR FHRAREGH 0,04 A
PNEBFEHL 3 FAMM RERBABKRBEL(SSM) M4 E EZ(PMO) o E b FAE(CK)3 AR, AT
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Effects of Mulching Methods on Soil Water Temperature
and Growth of Spring Wheat in Dryland

Qin Xuan' , Wang Wenjie' ,Cheng Hongbo' , Yu Haizhong' , Wang Yuxin',
Wang Junhong' ,Chang Lei’ ,Chai Yuwei’
(1. College of Life Science and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China;

2. College of Agronomy, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract ; In order to explore the effects of different mulching methods on soil water and thermo-condi-
tions, and dry matter accumulation of spring wheat in dryland of northwest China under different pre-
cipitation years, the dynamic changes of soil water and thermo-conditions, and growth and develop-
ment of spring wheat under different treatments were studied using the spring wheat variety Xihan 3
as the material, and three treatments were set up, including straw strip mulching(SSM), plastic film
mulching(PMS) and open field flat planting(CK). The results showed that compared with CK, PMS
and SSM treatments significantly increased the average soil water content during the whole growth pe-
riod of spring wheat, with an average increase of 4. 54% and 6. 78%, respectively. PMS treatment
significantly increased soil temperature by 5. 76 %. SSM treatment significantly reduced soil tempera-
ture by 10. 85%. Mulching treatment significantly increased the aboveground dry matter accumulation
of spring wheat, and the increase rate ranked as PMS>>SSM, while the translocation rate of dry mat-

ter to grain before anthesis in dry year was significantly increased, which was 11. 81% — 19. 36 %
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higher than that of CK; the increase of spike number was the main factor of yield increase. Correla-

tion analysis showed that soil moisture had a more prominent role in promoting early dry matter accu-

mulation and population formation in the normal water year, while the correlation between population

dry matter accumulation process and yield formation was significantly enhanced in the dry year. Mulc-

hing can significantly improve the soil water and thermo-status, dry matter accumulation and grain

yield of spring wheat in dryland. Among them, straw strip mulching is stable in maintaining a high

proportion of grain dry matter distribution and promoting grain dry matter accumulation, without any

risk of plastic film pollution. It is a green and efficient cultivation technology suitable for promotion in

arid areas of northwest China.

Keywords: Spring wheat; Straw strip mulching; Plastic film mulching; Dry matter accumulation;
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Table 1 Precipitation and accumulated temperature of spring wheat growing season from 2021 and 2022
EDy Ti H 3H 4 5H 6 H 7H #it
Year Ttem March April May June July Total
2021 MK R ) - . ) .
Total precipitation/mm 9.4 56.7 31.2 45. 8 77.8 220.8
=5 mm A 3K
Effective precipitation =5 mm/mm 0 4.7 21.4 29.4 69. 6 170.1
=0 CHBRIR - - -
Effective accumulated temperature =0 °C /°C 120.5 326.5 500.0 618.0 538.7 2103.7
2022 A Kt 1.3 47.3 22.5 209 16.4 141.4
Total precipitation/mm o e ct e : :
=5 mm A K E y
Effective precipitation =5 mm/mm 0.0 10. 6 15.4 13.3 44.8 141
=0 CHMPRIR i - - nq )
Effective accumulated temperature =0 ‘C/°C 169.8 355.4 527.0 657.8 479.3 2189.3
4 2021 30
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g <
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£ 25 g
R=y 15 28
3 20 S~
& <
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0 1 Mtk . I L I. | 1 I il I . I
N x 5
\\ \)0 \,5\‘\' \& \&\’ \bﬁ\ &'»W\%\ b)\\ c,\\ 6\’» 6\": \b\ b\\ ‘0\'1» \b\‘» (\\ (\\\ \,\\\
H#4 (QE/H / El ) Date(year/month/day)
35¢ 30
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E 301 SEHIREF Mean air temperature 25 g
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Fig. 1 Precipitation and air temperature during the whole growth period of spring wheat in 2021 and 2022
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Fig.2 Schematic diagram of the experimental design
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JH SPSS Statistics 22. 0 47 48 11 43 #3138 o [/ 15
DM ELA Logistic 772, R LSD 1 Duncan ¥ #f
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2.1 BEWENMNEZLESKENEIE
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P4 T 5% 18



%091

Z A 5 7 SO0 R AN EE - HOK IR B R KOR E IS .+ 1209 -

2021 A 45 A5 I B A Ak B () 38 OC 3 25
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AEPRIE] 22 S B W R, o 2021 4R RS K &
SEYORN & LM 2022 4F SSM. AL BB 3 T
CK 1 PMS 43, 2021 F1 2022 4 PMS 4b F 1§
AR 2 A 3 S K R CK 43 5138 4. 096 ~
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a- SSM
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o 55 AL FR Y - E K LD 0~60 cm 23R
K 52022 4 PMS Zb#IAE 60~150 cm - J2 14 1 i
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2.2 BENBSNMNEHELERENEM

B A F RN A5 AR I I EE 2 (0~ 25
em) IR EE R B (B 5. 5 CK AL, PMS
b BT /N A A I b R R A 3 R
BN, SSM. Ak B U] 2 B M G 35 R R A N (P <<
0.05), 2021 F1 2022 4F PMS &b ¥ 1E 4% 1= & i 1Y)
1Y - HE R B CK 43 il 3G hm 0. 6 ~1.5 ‘CHl 1. 1~
1.6 °C,SSM 4bHi4E CK 20 HIFEAK 1. 6~3.2 C Al
1.3~3.8 C.

i &1 6 AL, /N2 A 0 P R R Y B
JE I FE AR . 5 CK M L. 2021 4F 1 2022
4E PMS Ab B - 387 Y 0 B2 43 038 i 0. 9~1.3 °C

——CK
18 2022

—_— =
L))

e KE
Soil water content/%
RS

2]

SW _SD JT BT TFL GF MT
HEF I Growth stage

SW R 5 SD: 9] 5 )T 480 895 BT Z2RR ] FL . IFAEH] s GF s MT BT . 181 ep [l — 300K ) /N5 57 R AR 3R A 3 ) 22

B E(P<<0.05), KM,

SW. Sowing stage; SD: Seedling stage; JT: Jointing stage; BT: Booting stage; FL: Flowering stage; GF: Grain-filling stage;

MT: Maturity stage. Different lowercase letters within the same growth stages indicate significant differences among treatments( P <C0.

05). The same in figures 4—9.
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Fig. 3 Mean soil water content of 0~200 cm soil layers at different growth stages of spring wheat
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Fig.4 Mean soil water content of different soil layer during the whole growth period of spring wheat
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Fig. 5 Mean soil temperature of 0 ~25 cm soil layer at different growth stages of spring wheat
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Fig. 6 Mean soil temperature of different soil layers during the whole growth period of spring wheat
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AT IIE (R =0.993~0. 997) (¢ 2), 2021 Fl
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Fig. 7 Dry matter accumulation of plants of spring wheat before and after flowering
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Fig. 8 Dynamic changes of dry matter accumulation of spring wheat with growth stage

x2 ARABZLETENEM EBTFWHEMRBE Logistic 77 12 B 13 5 47

Table 2 Logistic regression analysis of aboveground dry matter accumulation in spring wheat

fb B A 577 7 ISP ST IEIPN ¢ R KR BRSPS TS
Treatment R = . R? Days of maximum Maximum increase rate/ Average increase rate/
reatmen egression equation increase rate/d (kg * hm= 2 «d 1) (kg *hm= 2 +d 1)

2021

SSM Y=7 841.0/(1+ %327 148191} 0.997 74. 3a 246. 14a 79. 31a

PMS Y=8 077.3/(1+4 ¢ 0797 12.3030) 0.995 73.7a 210.19b 80. 05a

CK Y=6 700.2/(1+ 802135420} 0.996 74. 1a 192. 22b 68.01b

2022

SSM Y=8 107.8/(1+ 023 11.2581) 0.995 73.6b 193. 35a 79.89b

PMS Y=28523.6/(1+eb 815 111161 0.993 72.4c 200. 62a 84.32a

CK Y=6 497.5/(1 -+ 7367122681} 0.997 74. 4a 168. 88b 64. 16¢

AR TR 4003 17 51 Bl I AN TR /N S B AR AL BE ] 22 57 1 3% (P <C0. 05) ., T

Different lowercase letters following the values within the same columns and year indicate significant differences among treatments(P<20. 05).

The same in tables 3—6.
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PIAE AL w5 A FRA /N TP AL T W) B R i 1y
BEST CK(E 3, 5 CK M k.2021 f1 2022
AE PMS b3+ 2555 1 T 4 0 A B2 40 0l 4
18. 9% Al 41. 8% . SSM Ab B 43 5 48 /= 8. 9% Al
28. 8% ; PMS AbFRAEAY T B B 4 CK 4351l £
1 38. 9%l 14. 1% , SSM 4k B 73 511 $2 25 66. 7 % Fl
22.6%.

T o B R & B 4 M ) 2021 4R
PMS Fil SSM 4b# ¥4 CK f 25 #2 & T B A 43
fic Eb 51, 43 538 in 13, 2 %0 1 39. 1% 52022 4748 CK
PEE TR 0 43 B AL A G i 5. 0 %6
1.2% . LaRgE R, A 55 b 31X T 46 WA T
Wy AR SR A S R AN, HLEF K AR T A
JKAE , SSM Ak B34 i 5K
2.4.2 MNRBEBTFHRREL S ERGZ R

PIARE B 5 A J R /N2 A T R R 8
BEET CK(ER 1., 5 CK M, 2021 fl 2022
4E PMS 4b B+ 2585 1) T B A R 2 5 CK 4331
P 25. 2% 1 29. 8%, SSM Ab BE 43 5 #2155 13. 8%

F19.1% ;PMS A # T 4) Bi B R 3 CK 4341
P 11, 8% 1 35. 0% , SSM 4b 3 43 5452 5 18. 6%
H1 40,95, 33X hd W7 25 A B X A 20 A T 4 o R
A (Y 1 R AR AN K AR TP K AR s TEA K AR AL CK
PR TRERY RO LL ], H SSM ARBEEZ I 0 2
2.5 BEWENMNERNEFRFZETYRESE
%M

M 5 AT LLE L S B CK B
T AR H AR e T W) BT B G i AL B AR
H 3 iE A 2022 4 >2021 4£, PMS>SSM, 2021
12022 4F PMS Kb FRAYAE T T ) it % iz 2 ¢ CK
HATM 133, 6% A1 292. 9% . SSM A i 112. 2%
F1126. 0% ; PMS Ab B2 0% CK 3 90. 5%
F1190. 9%, SSM 4b BB 76. 9% F1 77. 6% 5
PMS &b 3 A6 1T T ¥ Bt X5 A kL ™ & 5T Rk R AL CK
S BN 114, 6 %0 R 152, 1% . SSM Ak B 3¢
o7, 7% f 46.6% . 5 CK MLk, 2021 4F PMS
H1 SSM 4b B iy it - 1 ZE 85 46 1 T ) BT e i 6
32 B TN R R e TR R Y R R A (A7
2022 AEB L E G N, 31X 3R W B 5 AL BAE K 4
XN AR T B i AR HEE R,

x3 HNEFEBTURHSE

Table 3 Distribution of dry matter in different organs of spring wheat at flowering stage

-+ 254 Leal + stem and sheath f# Spike
i 4k 3

Year Treatment TH R R Lt il TH B R L )
Dry matter accumulation/(kg « hm™?)  Ratio/ % Dry matter accumulation/(kg « hm~2)  Ratio/ %
2021 SSM 4 533.87b 73. 36¢ 1 646. 16a 26. 64a
PMS 4 951.03a 78.31b 1 370.94b 21.69b

CK 4 164. 78¢ 80. 84a 987. 28¢ 19. 16¢c

CV/% 7.71 1.29 21.63 14.79

C2022 ssMO 1675.26b 76.52b 1435072 23.48a

PMS 5 149.42a 79.42a 1 334.64b 20.58b
CK 3 630. 58¢ 75.63b 1 170. 26¢ 24, 37a

CV/% 15.03 2.35 9.34 7.97

x4 BNEBRBTYURNSE
Table 4 Distribution of dry matter in different organs of spring wheat at mature stage
M+ 258 Leaf + stem and sheath ## Spike
AR Ak 2

Year Treatment TY R R i Lt ) TH R R L il
Dry matter accumulation/(kg « hm~%)  Ratio/ % Dry matter accumulation/(kg « hm~2)  Ratio/ %
2021 SSM 3 470.59b 43. 30b 4 543. 32a 56. 70a
PMS 3 818. 05a 47.10a 4 282.68b 52.90b
CK 3 049.62¢ 44, 32b 3 832.02¢ 55. 68a

CV/% 10. 38 4.33 7.50 3.53

C2022 sSMO s710.776 45.206 4497.61a 54.80a

PMS 4 416.11a 50. 61a 4 307. 26b 49. 39b
CK 3 402. 79¢ 51. 60a 3 191. 46¢ 48.40b

CV/% 12.09 6.23 15. 34 6.02
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Table 5 Dry matter redistribution of vegetative organs before anthesis of spring wheat
I Leaf Z5HH Stem and sheath TéAl + 7 5¢ Spikecob+glume
Gy b
Year  Treatment  DMT/ " pyp o0 pyp) o PMT/ pME/%  DMP/% DMT/ pME/% DMP/%
(kg « hm™?) (kg * hm™2) (kg « hm™2)
2021 SSM 201. 80b 3.27b 6.28b 861.48b 13.94b 26.82¢ 314.97b 5.10b 9.81b
PMS 198. 65b 3. 14b 6. 10b 934. 33a 14.78b 28.69b 346. 79a 5.49a 10. 64a
CK 225.95a 4. 39a 7.55a 889. 22b 17. 26a 29.72a 148. 45¢ 2.88¢c 4. 96¢
CV/% 21.35 16. 74 10. 66 19. 36 10. 14 5.91 36.97 27.25 31. 39
2022 SSM 238.50a  3.90a  7.38a  725.99a  11.88a  22.47a  170.55b  2.79b  5.28b
PMS 209.19b 3.23b 6. 40b 524.12b 8.08b 16. 04b 296.52a 4.57a 9.08a
CK 52.23c 1.09¢ 2.49¢ 175. 56¢ 3. 66¢ 8. 38¢ 75.48¢ 1.57¢ 3.60c
CV/% 69. 80 46. 50 41. 36 53. 84 45.30 39. 25 62.15 43.96 40. 81
DMT . T ¥ 4412 it s DME . T ¥ 5 5% 32 5 2 ; DMP . ) Bt bk = 5 5T ilik %
DMT: Amount of dry matter translocation; DME: Dry matter translocation efficiency; DMP: Contribution rate of dry matter to grain yield.
2.6 BEXMBENERWMMESTURMIFA~  11.6%. PMS ALK CK 40 31425 14. 0%

=R EN
FH &9 AT, AT 4% A B 3 /N 22 T A
BL = i ) STER R RN AR JF > AERT . 5 CK A
Lb o T AT 3 55 Ak B B 0 AR O T AR T T Y 5T
Tk BRAIR T AL S T B BT ilkoR . 2021 1 2022
A PMS b BAE AT T4 BT 51 kR B CK 2 i) 1
hn 7. 6% 0 117, 8% , SSM kb BR4» 534 1. 6 %5 Fn
142. 8% ; PMS 4b #EAE 5 T 9 It (% 53 ik % 8¢ CK
A3 R 5. 6 %0 A 19, 9% . SSM 4k B 4% CK 435
REAR 1. 220 24. 2% . X UL BB a5 Ab BT /N2
AE T T4 W 3 i FAE S5 T4 AR 2 4 1 B ko
552 I 22 90 1 B 0 A PR 22 S, ELAE A K AR AR fk
Gy LR TN
2.7 BEXNHBNERHNFFEREMREZNIMW
2 6 Al 1, 2021 F1 2022 4F 7 35 4b B A /)N
FEEYBEST CK,PMS 4 # 4 CK 43 542
5 18,5 % 1 20. 2% ,SSM AbH4y i 2 5 12, 1% Al

F149. 4% ,SSM &b B 43551 £ = 10. 626 F 23, 2%,
2022 4 PMS il SSM Ab B i) FHOR 5 % CK 2 3
WD A3 s > 19, 706 F 8. 9 %05 2021 AF A Ak 3
(B JC @ 3% 25 5. 2021 4 PMS Ab (%) T k7 5 %
CK ## 6.1%,SSM AbHE 5 CK [A] 22 5% K 18 3%
2022 A TR E AEAS [ b $ ) G W 35 25 5%
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S 2021 2022
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Fig.9 Contribution of dry matter accumulation before
and after anthesis to grain yield and spring wheat

R6 FRLABMNENEFHNTERURERNHMN

Table 6 Effects of different treatments on grain yield and its components of spring wheat

A b # KPR FEEL TERLEL TR E
Year  Treatment  Grain yield/(kg + hm2)  Spike number/( X 10* « hm 2) Grain number per spike/ 1 000-grain weight/g
2021 SSM 2 836.33b 219. 34a 32.42a 43.36b
PMS 2 998.90a 226.11a 31.17a 46. 29a
CK 2 530. 85¢ 198. 33b 31.01a 43.63b
CV/% 7.51 6. 10 2.87 3.27
2022 SSM 2816.97b 198.25b 33.13  46.28a
PMS 3 035.99%a 240. 40a 29. 21c 47.05a
CK 2 525.22¢ 160. 87¢ 36. 37a 46. 31a
CV/% 8.21 18.16 9.65 1.23
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Fig. 10 Correlation between soil moisture and thermo-conditions, dry matter accumulation, yield and yield components
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