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Effects of Tillage and Straw Incorporation Practices on Soil Nutrients,
Microbial Communities and Wheat-Maize Yield

Zhao Lishang' , Zhang Xiaomei’, Li Yihan®, Jiang Haisong' , Yang Tiancong’ ,
Miao Renzhong', Duan Jianzhao®, Feng Wei’, Zhang Haiyan’ . Li Xiao®

(1. Zhumadian Academy of Agricultural Sciences. Zhumadian. Henan 463000, China; 2. Henan Agricultural University/National Wheat
Engineering Technology Research Center, Zhengzhou, Henan 450002, China; 3. School of Science, Henan Agricultural University,
Zhengzhou, Henan 450002, China)

Abstract: To clarify the effects of different tillage and straw return practices on soil nutrients, micro-
organisms and crop yield, six treatments were conducted under the field soil conditions of the Huang-
Huai-Hai winter wheat-maize rotation system: shallow rotary tillage without straw return(SN), shal-
low rotary tillage with straw return(SR), shallow rotary tillage with biochar application(SC), deep
tillage without straw return(DN), deep tillage with straw return(DR), and deep tillage with biochar
application(DC). The study compared the effects of different tillage practices and straw return meth-
ods on soil nutrient status, enzyme activity, and bacterial abundance, as well as on dry matter accu-
mulation and yield components of wheat and maize. The results showed that under deep plowing con-

ditions, combining straw incorporation or straw biochar incorporation effectively increased nutrient
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contents in the 0—40 cm soil layer, including total nitrogen, available nitrogen, total phosphorus, a-
vailable phosphorus, and available potassium. Compared with the SN treatment, the other treatments
significantly increased soil enzyme activity, particularly sucrase, phosphatase, and urease, indicating
that the effect of straw return, tillage measures and their incorporation are beneficial for enhancing
soil biological activity and nutrient cycling efficiency. Tillage practices and straw return significantly
influenced soil microbial abundance. Compared with SN, all other treatments increased the popula-
tions of bacteria, fungi and actinomycetes. At the same time, deep plowing combined with straw re-
turn or straw biochar application promoted dry matter accumulation in winter wheat and summer
maize, thereby increasing crop yields. Therefore, deep plowing, straw return, and straw biochar ap-

plication are beneficial for improving soil fertility and increasing dry matter and yield of wheat and

maize.

Keywords: Tillage; Straw return; Biochar; Yield; Microorganisms; Soil nutrients
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SN: Shallow rotary tillage+ straw return; SR: Shallow ro-
tary tillage+ straw return; SC: Shallow rotary tillage + biochar
return; DN: Deep rotary tillage + straw return; DR: Deep rotary
tillage+ straw return; DC: Deep rotary tillage+ biochar return. Dif-
ferent lower case letters above the columns indicate significant differ-

ences among treatments(P<C0. 05). The same in figures 2—4.
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Fig. 1 Soil nutrient contents in wheat-maize rotation under

different tillage and straw returning methods
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Fig. 2 Soil enzyme activity in wheat-maize rotation under different tillage and straw returning methods
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Fig. 3 Soil microbial abundance in wheat-maize rotation under different tillage and straw returning methods
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Fig. 4 Dry matter accumulation of wheat and maize under different tillage and straw returning methods
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Table 1 Effects of tillage and straw returning on yield and yield components of winter wheat and summer maize
?,zc{ﬁ Trfait%cnt Numbetg(iﬁspikes/ Spikjﬁfijﬁfmbcr Th()tjjg(rllfil()lffr%red)f ,Yficeﬁ/
(X10* « hm ?) grain weight/g (X10° kg » hm™2)
2021—2022 /N SN 566.75+16. 88bc 37.6840.89b 50.48+1.87a 9.95+0.17¢
2021—2022 Wheat SR 537.00+11. 32¢ 38.3240. 6ab 50.33£0. 83a 10. 6240. 28ab
SC 653.25+26. 84a 38.1841. 75ab 50.49+1.79a 10. 16 40. 42bc
DN 635.50+14. 29a 40.48=0. 68a 51. 13+ 1. 44a 10. 5840. 33ab
DR 588.00+27. 5be 40.17+1. 37ab 50. 98+ 1. 88a 10.84=0. 13a
DC 652.00+30. 05a . 99ab 51.29+1.23a 10.73£0. 29a
20222023 /MK SN 50L921444b  AL1342. 22 1.5042.75a 6.5740.21c
2022—2023 Wheat SR 508.57+40. 75b 57a 42.7740. 35a 7.19%£0. 1ab
SC 523.60+45. 39ab 39a 41.7741.55a 6.77=+0. 26bc
DN 540. 27+15.03ab 77a 42.5040. 53a 7.09=£0. 32ab
DR 513.59+12. 86ab 14a 41.8340. 65a 7.597£0. 24a
DC 566. 96+ 18. 94a 43a 43.10%1. 10a 7.18%£0. 43ab
""""""" F B Tremem(T)  11.203°° 2674 o540 9216
Ay Year(Y) 89.132" " 48.293" " 296.626" "~ 1322.849"~

2022 £k SN 6.53+0. 34ab 35.78+1.58a 8.5540. 22¢
Maize SR 6.33+0. 30¢ 495. 00+ 34. 03a 32.11+2. 16ab 9.3940. 28b
SC 6.95=+0. 35a 510. 83+ 14. 60a 30. 7642, 56b 8.9140. 3be
DN 6.95-+0. 48a 483. 00424, 58a 32,9842, 57ab 9.284+0. 26b
DR 6.81+0. 17ab 508. 67+35. 9a 34,36+ 1. 89ab 10. 1540, 16a
DC 7.362+0. 5% 512.64+35. 1a 33,5342, 63ab 9.4140. 36b
2023 E K SN 7.54=+0. 14ab 482.13+25. 15a 33.58+0.91a 10. 58+0. 20c
2023 Maize SR 7.2240. 14b 485.57+26. 76a 33.76+0. 64a 11.8740. 09ab
SC 7.62+0. 24a 503.12+27. 4a 33.41+0.51a 11.53+0.17b
DN 7.54=+0. 14ab 484.80=+20. 91a 33.840. 90a 11.74=+0. 27ab
DR 7.30=0. 14ab 485.29+42. 42a 32.58=+0. 48a 12.15+0. 21a
DC 7.62+0. 24a 502. 40+ 26. 84a 32.947+0. 36a 11.90+0. 38ab
""""""" F A Trement(T)  3.677° 0,949 153 25804 "
FA Year(Y) 70.386" " 0. 337 0.027 760. 637" "
YXT 0.848 0.216 2.010 1.587

AR TR AE 0 7] — 45 G 1) 17) 50 5 U5 S 1) /NG 5 Bk 3 7R Ak B ) 22 57 78 0. 05 K B 3%

* ; P<C0.05; * * ;P<C0.01,

Different letters following data within same crop, year and column mean significant difference among treatments at 0. 05 level.

: P<<0.05; * *; P<{0.01.
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