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Effects of Deep Tillage with Biochar and Sheep Manure on Saline-Alkali
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Abstract; To investigate the effects of deep tillage combined with biochar and sheep manure application
under straw returning on the improvement of saline-alkali soil and the enhancement of salt tolerance in
winter wheat in the inland plain of Hebei Province, a field experiment was conducted with five treat-
ments: deep tillage + straw returning(T1), deep tillage + biochar 15 t + hm™ -+ straw returning
(T2), deep tillage + sheep manure 15 t « hm™ -+ straw returning(T3), rotary tillage + no straw re-
turning(T4), and rotary tillage + straw returning (T5). The soil physicochemical properties and
wheat salt tolerance under different treatments were analyzed. The results showed that compared with

T4 and T5 treatments, T2 treatment significantly reduced soil bulk density and increased soil porosity
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in the 0—20 cm soil layer, with an increase rate of 11.51% —12.51% for soil porosity. T3 treatment
significantly increased the contents of soil nitrate nitrogen, available phosphorus, and available potas-
sium, while there were no significant differences between T1 and T4 or T5 treatments. Under the T3
treatment, the accumulation of superoxide anion radicals in flag leaves during the early, middle, and
late grain-filling stages of wheat was significantly reduced by 17. 57% —28. 30% compared with T4
and T5 treatments, while the activities of SOD and POD were significantly increased. The NBT and
DARB staining results confirmed the optimal reduction effect of reactive oxygen species accumulation.
The contents of soluble protein and soluble sugar were significantly increased by 12. 15% —25.51%
and 15.85% —31.81%, respectively. The content of free amino acids was significantly increased dur-
ing the early and late grain-filling stages by 9. 15% —22. 81%. T3 treatment significantly increased
the total accumulation of nitrogen, phosphorus, and potassium in the aboveground parts of winter
wheat compared with T4 and T5 treatments. The yield of winter wheat under the T3 treatment was
increased by 6.91%, 15.44 %, and 10. 13% compared with T1, T4, and T5 treatments, respectively,
while there was no significant difference between T2 and T3 treatments. Considering both ecological
effects and productivity improvement, deep tillage + sheep manure + straw returning is recommen-
ded as a key technology for expanding soil capacity, increasing carbon sequestration, and improving
winter wheat yield in the inland saline-alkali soil of the low plain in Hebei Province.

Keywords: Deep tillage; Biochar; Sheep manure; Saline soil improvement; Salt tolerance characteris-

tics; Winter wheat yield
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Different letters above the columns indicate significant differences among different treatments at 0. 05 level. The same in figures 2

and 3.
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Fig. 1 Effects of different treatments on soil bulk density and porosity in saline-alkali field
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Table 1

Effects of different treatments on chemical properties and soil nutrients in different soil layers

LR

AbFR Treatment

g
fit 45 Index Soil depth/cm

T1 T2 T3 T4 T5
pH 0~20 7.32a 7.31a 7.29a 7.35a 7.34a
20~40 7.35a 7. 34a 7.34a 7.37a 7.35a
EC/(pS+cem™1) 0~20 989. 33ab 932. 34bc 896. 32¢ 1024.67a 994. 29ab
20~40 1 153. 28a 1 134.67a 1 152.55a 1 194. 36a 1157.11a
HHLBT 0~20 15. 44a 15. 46a 15. 48a 15.41a 15. 45a
Organic matter/(g » kg™ 1)
20~40 6. 66a 6.83a 6. 98a 6.32a 6.51a
(R 0~20 20.51b 22.41a 23. 04a 18.91b 19.22b
Nitrate nitrogen/(mg * kg™ 1)
20~40 15.59a 15. 74a 16. 12a 15. 35a 15.49a
AL 0~20 15.17b 16.17a 16.57a 14. 43b 14.87b
Available phosphorus/(mg « kg™ 1)
20~40 7.04a 7.13a 7.30a 6.72a 6.97a
BN 0~20 128. 43be 137. 08ab 142.18a 124. 89¢ 127.10be
Available potassium/(mg « kg™ 1)
20~40 84.10a 84.43a 84. 54a 83.57a 83. 66a

AT BUE S AR NG S8R AN [ b 2L f 22 57 35 (P <<0. 05)

Different letters after the values in the same rows indicate significant differences among different treatments at 0. 05 level.
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Fig. 2 Effects of different treatments on contents of soluble protein, soluble sugar,

free amino acid and O, contents in flag leaves of winter wheat
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Fig.3 Effects of different treatments on antioxidant enzyme activities in flag leaves of winter wheat
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Table 2 Effects of different treatments on the content of nitrogen, phosphorus,
and potassium in organs of winter wheat in saline-alkali field
fRE PrrT T —
FH R TR Content in organ/ % Accumulated amount in organ/(kg « hm~?) s
Ab g Total
Plant N .
nutrient T TEUMERt gy 0t % HA 1t gg  Ascumulation/
Grain Stem leaf Glume Grain Stem leaf Glume g * hm
A T1 2. 16ab 0.57a 0.87a 141. 55bc 36. 87ab 19. 11ab 197. 53bc
Nitrogen - _ -
T2 2. 19ab 0. 58a 0.87a 145. 25ab 37.55ab 19. 95ab 202. 75ab
T3 2.23a 0. 60a 0. 86a 149.42a 39. 86a 20.43a 209. 71a
T4 2. 14b 0. 54a 0. 84a 137. 26¢ 33.94b 16.79b 187.99¢
T5 2. 15ab 0. 56a 0. 88a 139. 06¢ 35.71ab 18. 24ab 193.01c
i T1 0.32a 0.045a 0.131a 20.96b 2.92ab 2.87bc 26. 75be
Phosphorus
T2 0. 34a 0. 049a 0.137a 22.51ab 3. 22ab 3. 11ab 28. 85ab
T3 0.37a 0.049a 0.138a 25.09a 3.29%a 3.27a 31.65a
T4 0.31a 0. 043a 0.133a 19. 60b 2.65b 2.67c 24.91c
T5 0. 32a 0. 045a 0.137a 20. 94b 2. 84ab 2.83bc 26. 62bc
A T1 0.57a 2.53a 0.87a 37.34ab 163. 83ab 19. 07ab 220. 24abc
Potassium
T2 0.58a 2.56a 0. 86a 38. 11ab 167. 03ab 19. 66ab 224. 81ab
T3 0.59%a 2.58a 0. 89%a 39.61a 172. 16a 21.19a 232.96a
T4 0.53a 2.54a 0. 86a 34.19b 158.17b 17.41b 210.12¢
T5 0.55a 2.54a 0.87a 35. 87ab 161. 84ab 18. 04ab 215. 75bc

5] 3 BUME 5 AR W] /NS 2 B 3 R Ab B R) 22 573K 0. 05 WE KT, T,
Different letters after the values within the same columns indicate significant differences among different treatments at 0. 05 level.

The same in table 3.
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Table 3 Effects of different treatments on yield and its components of winter wheat

4k B 554 TR IS

J
Yield/(kg « hm™?)

Treatment Spike numberﬂ X 10* « hm~?) Kernels per spike 1 000-grain weight/g
T1 578b 34. 74a 38.69a 6 608.03b
T2 585b 34. 8a 38.75a 6 711.57ab
T3 615a 34.77a 38. 84a 7 064.51a
T4 541c 34.55a 38.52a 6 119. 74c
TS 567b 34.49a 38.59%a 6 414.72bc
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