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Effects of biochar continuous returning on soil nutrients, enzyme activities
and humus components in soda saline-alkali paddy field soil

LI Hongyu, Lin Tian, WANG Zhijun, ZHAO Haicheng, ZHENG Guiping,
LV Yandong, QIAN Yongde, FAN Mingyu
(College of Agronomy, Heilongjiang Bayi Agricultura University, Key Laboratory of Crop Genetic, Breeding
and Cultivation, Heilongjiang Provincial Department of Education, Daging, Heilongjiang 163000, China)

Abstract; To understand the improvement effects of biochar on soda saline-alkali soil paddy field, pot experi-
ments were set up during 2014 to 2019. The effects of continuous biochar returning on content of soil nutrient con-
tent, electric conductivity, pH, enzymatic activities and humus component were studied. The results showed that
under biochar returning of 7.5~16.5 t - hm™, the contents of total N, total P, available P and available K in the
soil increased by 19.09% ~ 30.00% , 34.58% ~ 45.37%,19.04% ~ 39.16%, 38.65% ~ 63.12% (P <0.05)
respectively. Under biochar returning of 12.0~16.5 t - hm™>, Alkaline N in the soil increased by 5.34% ~6.87%
(P<0.05). The soil electrical conductivity first increased and then decreased with the amount of biochar returning,
and the peak value appeared at 7.5t - hm™. Soil pH was significantly positively correlated with biochar returning a-
mount , and soil pH of biochar 12.0~16.5 t - hm™ was significantly higher than that without biochar. Under biochar
returning of 7.5~12.0 t + hm™, compared with the treatment without biochar, organic matter content, total humus
carbon and humin carbon content increased by 48.74% ~ 70.51%, 47.40% ~ 69.94% and 68.94% ~ 96.48% re-
spectively. HA/FA and PQ increased first and then decreased with biochar returning amount, and the peak value

was 12 t » hm™>. Under biochar returning of 7.5 t - hm™, compared with the treatment without biochar, urease ac-
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tivity increased by 89.03% and alkaline phosphatase decreased by 41.27%. Under biochar returning of 12.0

t - hm™, urease activity was increased by 53.33% (P<0.05), and the invertase activity was increased by 41.84 %

(P<0.05). Therefore, continuous biochar returning effectively improved the paddy field of soda saline-alkali soil.

The 7.5~12.0 t - hm™ amount is recommended as the suitable biochar returning from this study.

Keywords: biochar continuous returning; saline-alkali soil ; soil nutrient; enzymatic activity; humus component
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Table 1  Contents of soil nitrogen, phosphorus and potassium under different biochar treatments
Ab B 4% Total N 42 Total P 424 Total K A2l Alkaline N F7 %W Available P (! Available K
Treatment /(g kg!) /(g kg™ /(g kg™ /(mg + kg™") /(mg - kg™") /(mg - kg™")
0S 1.27+0.02¢ 0.507+0.010b 19.68+0.63a 89.52+0.95¢ 17.23+0.28d 233.88+13.67¢
BCO 1.10+0.04d 0.454+0.015¢ 21.91+1.14a 89.87+1.87¢ 16.75+0.69d 182.50+ 8.89d
BC3.0 1.15+0.04d 0.483+0.010be 21.96x1.14a 91.92+1.19be 19.03+0.30c 192.53+ 7.28d
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BC12.0 1.38+0.03ab 0.621+0.019a 21.56+1.12a 94.67+0.96ab 21.17+0.50b 279.82+13.43ab
BC16.5 1.43+0.04a 0.660+0.018a 19.64+0.29a 96.04+1.96a 23.31+0.46a 297.70+16.26a

T AN 5B R A BRI 19 22 53 1.5 (P<0.05) , T I+l

Note: Different letters indicate significant differences among treatments at the 0.05 level. The same below.
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Fig.1 Comparison of soil pH and electrical conductivity under different biochar treatments
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Table 2 Comparison of soil humus components under different biochar treatments
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Treatment Organic matter Humus total carbon ~ Humic acid carbon ~ Humic acid carbon  Fulvic acid carbon Humin carbon
0s 16.92+0.73e 9.28+0.66e 1.10+0.07d 0.40+0.01¢ 0.21+0.02d 8.68+0.64¢

BCO 20.61+0.69d 12.05+0.54d 2.50+0.08a 0.89+0.04b 1.67+0.08a 9.48+0.43de
BC3.0 22.02+1.08d 13.35+0.45d 1.60+0.01c¢ 0.82+0.03b 1.21+0.05b 11.32+0.37d
BC7.5 30.60+0.81c 17.76+0.95¢ 1.74+0.05bc 0.92+0.02b 0.83+0.04c 16.02+0.88¢
BC12.0 35.14+2.01b 20.48+0.95b 1.85+0.03b 1.04+0.07a 0.80+0.03¢ 18.63+0.89b
BC16.5 41.75+0.62a 24.29+1.09a 1.73+0.06bc 0.90+0.04b 0.83+0.02¢ 22.56+1.03a
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Note: HA/FA~the ratio of humic acid carbon and fulvic acid carbon; PQ-the ratio of humic acid proportion in ex-tract-

able humus (HA+FA).

B2 AEERGIELEE HA/FA #1 PQ BILLE
Fig.2 Comparison of soil HA/FA and PQ under different biochar treatments
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Fig.3 Comparison of soil enzyme activities under different biochar treatments
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Table 3  Correlation coefficients between biochar returning amount and
nutrient content, humic acid composition and enzyme activity
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Total N Total P Total K Alkaline N Available P Available K p _ &
conductivity matter
AW i
Biochar returning  0.981 " * 0.949" * -0.828" 0957 " 0981 " 0977 " 0.899 " 0.501 0.993* *
amount
y;,: \% =N 4‘*"Z‘§ ,Q‘% =N E AT L =4 1 e il} /: =N . E ] KA ey
RIS A Ea ﬁ%g H’iﬁ'[%ﬁ&ﬁﬁ%; mEiﬁ&ﬁb’%@ Hiﬁ*ﬁ’fzg S W }ﬁf@ﬁﬁkﬁ@ ARG
Humus total ~ Humic acid Humic acid Fulvic acid Humin ¥ Alkaline
Catalase Urease Invertase
carbon carbon carbon carbon carbon phosphatase
AYrGL
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Note: * , * * indicate significance at 0.05 and 0.01 levels, respectviely.
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