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Abstract: To explore the effects of biochar application rates under rotary tillage and deep loosening
conditions on winter wheat yield and carbon and nitrogen status in soil, a two-factor randomized block
experiment was set up by establishing two tillage methods (rotary tillage and deep loosening) and

three biochar application rates of 0, 4.5, and 9 t « hm™*.

The differences in winter wheat yield and
soil carbon and nitrogen were comparatively analyzed among different treatments. The results indica-
ted that both tillage method and biochar application rate had significant impact on soil nitrate nitrogen
residue, total carbon, total nitrogen, and microbial biomass carbon and nitrogen content in wheat

field. The interaction between the two factors reached significant levels for soil total nitrogen and mi-
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crobial carbon in both 2022 and 2023. In the 0— 20 cm soil layer, compared to rotary tillage, deep
loosening increased soil total carbon content and total nitrogen content by 13. 9% and 29.5% , respec-
tively. Additionally, deep loosening promoted the microbial carbon and nitrogen content in the 20— 30
cm soil layer, leading to a significant decrease in soil nitrate nitrogen residue by 8.5%. Compared to
no biochar application, the application of biochar had a promoting effect on the microbial carbon and
nitrogen content in the 0—30 cm soil layer. It also reduced soil nitrate nitrogen residue in the 0—50
cm soil layer, with total carbon and total nitrogen content increased by 22.4% and 6. 7% , respective-
ly. In 2022 and 2023, winter wheat yield significantly increased under deep loosening compared to that
under rotary tillage, with increase rate of 15. 8% and 12. 0%, respectively. Among them, the deep
loosening with 9 t hm™* biochar application had the highest yield. Comprehensive analysis indicated
that deep loosening combined with 9 t « hm™* biochar had the best effect, serving as a cultivation and
biochar application combination for high yield and improved soil fertility, which is suitable for applica-
tion and promotion.

Keywords: Biochar application; Tillage Methods; Winter wheat; Yield; Soil carbon; Soil nitrogen
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Fig.2 Effect of tillage method and biochar application rate on soil nitrate-nitrogen residue of winter wheat
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Fig.3 Effect of tillage method and biochar application rate on total soil carbon content of winter wheat
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Fig. 4 Effect of tillage method and biochar application rate on total soil nitrogen content of winter wheat
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Fig. 5 Effect of tillage method and biochar application rate on soil microbial biomass nitrogen content of winter wheat
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Fig. 6 Effect of tillage method and biochar application rate on soil microbial biomass carbon content of winter wheat
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Table 1 Effect of tillage method and biochar application rate on nitrogen content in different organs of winter wheat mg -+ g’
4b 3 2022 2023
Treatment Z£ Stem M- Leaf 7 Spike 2% Stem M Leaf f# Spike

XGBo 4. 2c 7.0a 18.5b 5. 2¢ 13. 1lab 17. 9¢
XGB1 5.9a 8. 0a 18. 8b 5.7b 13. 1lab 23.1b
XGB2 4. 4be 6.7a 17.9¢ 6. 5a 11.7b 23.4b
SSBO 2.9d 5.1a 17.3d 5. 6bc 13. 0ab 17. 9¢
SSB1 4. 9abc 7.5a 19. 3a 5. 3¢ 13. 8a 24. la
SSB2 5. 5ab 8. 0a 18.7b 4. 3d 11. 4b 23.9a

B * % ns * % ns * * %

T ns ns ns * % ns ns
TXB * ns * % * % ns *ox

[ 5 B AE J5 AN 7] 5 B s A BRI AE 0. 05 AKE T 2255 B3 . T #HE T B AR Wit A &5 T X B B1E 7 X 5 A= W kit FH & 09 .
fE; % . P<C0.05; * % ;P<C0.01;ns:P>0.05, F&[,

Different letters after the values in the same columns indicate that significant differences among different treatments at 0. 05 level.
T:Tillage method; B:Biochar application rate; T X B:Interaction of tillage method and biochar application rate; * :P<(0.05; * % ;P<C
0.01;ns: P>>0.05. The same in table 2.
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Table 2 Effect of tillage method and biochar application rate on yield components of winter wheat

iﬁ”: - ff{%em spikﬁfﬁlheg/ Gra?f*;ﬁ%ber 1 jqiﬁm Vield /{T fﬁhm,g)
(X10* « hm %) per spike weight/g
2022 XGB0 528. 0a 31.0c 46.9c 7.6¢
XGB1 506. 7a 34. 3abc 49. 6ab 8.6b
XGB2 505. 0a 35. 6ab 49. 4ab 8. 8b
SSBO 514. 2a 32. 3bc 47. 6bc 7.9¢
SSB1 469. 4a 37. 1a 50. 4a 8.7b
SSB2 515. 3a 36. 8a 51. 6a 9. 8a
2023 XGBO 480. 2a 41.1b 37.1d 7.5¢
XGB1 495. 3a 40. 9b 39.9b 8.2b
XGB2 452. 0a 45. 0a 40. 0b 8.3b
SSBO 496. 5a 40. 4b 38. 6¢ 7.6¢
SSB1 462. 0a 46. 2a 40. 4ab 8. 6ab
SSB2 485.7a 45. 8a 41. 4a 9. 0a
2022 T ns ns * * %
TXB ns ns ns ns
2023 T ns * * % * %
B ns P P -
TXB ns ns ns ns
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