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Abstract To explore the effects of different straw returning methods on maize yield and economic benefits in
the black soil region of Northeast China, a 7-year from 2017 to 2023 fixed-site experiment was conducted. The
study investigated physical and chemical properties, maize growth and development, and their economic
benefits under four treatments: conventional tillage without straw returning (CT), plough tillage with straw
returning (PTSR), rotary tillage with straw returning (RTSR), and no-tillage with straw returning (NTSR). The
results indicate that: 1) Different straw returning methods primarily affect the soil bulk density at the =>10-20 cm
soil depth, with the order of magnitude being CT>NTSR>RTSR>PTSR; after 6 years of straw returning, the
differences in soil organic matter content among treatments reached significant levels (P<<0.05). Compared
with CT, the soil organic matter content in 0-5 cm soil layer of NTSR treatment increased significantly by 19.9 %,
while the PTSR treatment increased by 19. 8% in the >20-30 cm soil layer. PTSR, RTSR, and NTSR significantly
increased the soil water content in the 5 cm soil layer. During the sowing to emergence (S-VE), the soil water
content under PTSR, RTSR, and NTSR treatments increased by 6. 1%-13. 7%, 7. 5%-40. 1%, and 39. 6%-61. 1%,
the soil temperature decreased by —0. 12-2.07, 1.35-2.50, and 2.76-4.00 C, respectively. 2) Compared
to CT, the growth period of PTSR was consistent with CT, RTSR delays the emergence time (VE) and maturity
period (R6) by 1-4 days and 1-2 days respectively, and NTSR delays VE and R6 by 5-7 days and 3-4 days
respectively. Compared with CT, NTSR reduced emergence rate and emergence uniformity by 3. 8%-5. 8%,
17.1%-39. 5%, respectively. 3) The structural equation model showed that straw returning affected the
emergence time by influencing soil water content and temperature, which in turn affects the number of ears and
the 100-grain weight, further impacting the yield. 4)Soil water content and temperature are key factors affecting
maize yield. In normal years, PTSR and RTSR effectively balanced soil water and temperature conflicting issues,
ensuring yield; NTSR significantly reduces soil temperature, delays the growth process, and significantly reduces
yield. 5)The economic benefits of different straw returning methods are quite different. PTSR has the highest
economic benefit with subsidy policy support, and RTSR has the highest economic benefit without subsidy policy
support. In conclusion, straw returning methods significantly altered soil physicochemical properties, influenced
maize growth and development, and affected economic benefit. PTSR and RTSR are considered suitable straw
returning practices for the black soil region.

Keywords black soil; maize; straw return; yield
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Table 1  Precipitation and =10 °C accumulated temperature during the growth period of maize from 2018 to 2023
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Table 2 Maize yield and yield components of different straw returning methods

G0 Ak i/ (10°/hm*) TR £R HORLE /g 7= i / (kg/hm*)
Year Treatment Ear number Grain number per ear 100-grain weight Yield
CT 5.21a 643.1 a 37.9 ab 11 786.5 ab
PTSR 5.28 a 646.7 a 38.7a 12015.2 a
2018 RTSR 5.23 a 626.7 ab 37.0 be 11 155.5 ab
NTSR 5.14 a 606.1b 36.0c 10 902.2 b
CT 5.08 a 673.7 a 37.4 a 11092.2 a
PTSR 5.05 ab 666.7 a 37.8a 11128.6 a
201 RTSR 5.16 a 670.1 a 38.1a 11 604.9 a
NTSR 4.85b 643.6 b 34.3b 9 365.8 b
CT 5.44 a 652.9 ab 34.8b 10 854.4 a
PTSR 5.38 ab 670.6 a 35.8a 11 264.2 a
2020 RTSR 5.36 ab 654.5 ab 35.3 ab 11092.5a
NTSR 5.21b 638.9b 33.2¢ 9797.9b

TE:CT N # MAERAF B B, PTSR OB RS FF IR B4 H , RTSR 5 FF iR 8 B, NTSR 5 #8155 38 H e df o 17 510 8088 A 18] 7 1
R IEF L (P<C0. 05) , M T B FoR 2R AR E (P>0.05) . R,
Note: CT, PTSR, RTSR and NTSR represent conventional tillage without straw returning, plough tillage with straw returning, rotary

tillage with straw returning, and no-tillage with straw returning, respectively. Within the same column, the different letters represent

significant differences (P<C0. 05), while the same letters represent no significant differences (P=>0.05). The same below.
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Table 3 Analysis of the interaction between straw returning methods and years on maize yield and its components

ST BH/(10° /hm®) L R /g 7= 5 / (kg/hm”)
L Grain number . . .
Source of variation Ear number 100-grain weight Yield
per ear
Y sk3k sksk kk kk
T 3k 3ksk kk kk
Y XT ns ns ok ok

WY WM, T WAL . *RIRTEO0. 05KF B3, ++RRTE0. 01 KF ERF ns RRmEF AL

Note: Y represents the year, T represents the treatment. * indicates significance at the 0. 05 level, ** indicates significance at

the 0. 01 level, ns indicates no significant difference.
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Different lowercase letters in the same year indicate significant differences at the 0. 05 level. The same below.
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Fig. 1 Differences in maize yield under different straw returning methods
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Fig. 2 Changes in soil bulk density under different straw returning methods
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Fig. 3 Changes in soil organic matter content under different straw returning methods
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Fig. 4 Dynamic changes in soil water content in different straw returning methods
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Fig. 5 Changes in soil temperature under different straw returning methods
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Table 4 Differences in maize’s key growth stages under different straw returning methods d
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Note: The negative number indicates that the growth stage is advanced days,
indicates that the growth stage is delayed days.
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Table 5 Economic benefit calculation of different straw returning methods JG/hm”

It H
CT PTSR RTSR NTSR

Item
A Input 18 328 18 178 17 238 16 438
7= Output 22794 23655 23294 20576
B AN Policy subsidy 1505 3005 1505 2105
A1 Total income 24 300 26 660 24 799 22 681
# 25 Net benefit 5971 8482 7561 6 243

SR AN I 55 Net benefit aft

FBRANE I 25 Net benefit after 4466 <477 6056 4138

removing subsidy

T PGS R AR TR R MR HLE AL A, & A =" AR SC R I, il 8 = 5 il A —

TN EBRANUG I 8 =R — ORI

Note: Input includes land cost, labor input, agricultural material cost and agricultural machinery operation cost, total

income=output+policy subsidy, net benefit=total income—input, net benefit after removing subsidy=net

benefit—policy subsidy.
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