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Effects of Biochar and Straw on Transport of Water, Heat and
Salt in Freeze-thawed Soil in Farmland
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(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
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Abstract: During freeze-thaw cycles, significant migration of soil moisture, heat, and salts occurs,
which exacerbates soil salinization, thereby having a profound impact on agricultural production stability
and the sustainability of soil fertility. Based on field experiments, biochar and straw were applied to the
0 ~ 15 cm soil layer (BQ and CQ) and the 15 ~30 cm layer ( BS and CS), with a blank control group
(CK) as a comparison. The moisture content, temperature, and salt concentration in the 0 ~ 15 cm,
15 ~30 cm, and 30 ~45 cm layers were monitored during the freeze-thaw period to investigate the effects
of biochar and straw applied at different depths on soil moisture, heat, and salt dynamics. A structural
equation model was used to analyze the relationships between moisture, temperature, and salts across
different soil layers. The results showed that during the experimental period, the application of biochar
and straw significantly improved the water, heat, and salt characteristics of the soil. Specifically, the
average moisture content in the 0 ~ 45 cm soil layer for the BQ, BS, CQ, and CS treatments was
increased by 2. 85, 3.13, 1.56, and 2. 15 percentage points, respectively, compared with that of the
control group. All treatments effectively increased soil temperatures and reduced temperature fluctuations
during the freeze-thaw period. The average salt concentration in the 0 ~45 c¢m soil layer for the BQ and
BS treatments was increased by 0. 34 g/kg and 0. 40 g/kg, respectively, compared with that of the control

group. Furthermore, the application of biochar effectively suppressed salt migration by adsorbing salts.
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The structural equation model results indicated that moisture migration affected both heat transfer and

solute movement, and the application of biochar and straw changed the correlations between water, heat,

and salts across the different soil layers. These findings can provide theoretical and technical support for

regulating soil ecological environments in regions with seasonal frozen soil.

Key words: biochar; straw; farmland freeze-thaw soil; structural equation; water, heat and salt
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Tab.1 Physicochemical parameters of soil in experimental area
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0~15 1.29 0.25+0.03 15.04 +1.43 5.76 £0. 08 55.23 £2.47 13.84 £0.96  145.37 +5.42 3.02 £0.13
15 ~30 1.39 0.31 £0.07 18.44 £0.46 6.11 £0. 14 41.78 £2.95 10.15 £0.85 124.68 £4.33 2.79 +0. 18
30 ~45 1.43 0.33 £0.04 20.78 £1.45 6.58 £0.26 38.56 £2.33 8.43 +0.68 110.32 £5.18  2.66 £0. 12
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Fig.2  Freeze-thaw curve of soil and its relation to snowfall amount and thickness
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Fig.4 Changes in soil water content under biochar application
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Fig.7 Changes in soil water content under straw application
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Fig. 10 Influence of soil moisture on temperature and salt content under freeze-thaw cycles
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Fig. 12 Mechanism of biochar and straw effects on water,

heat, and salt migration in freeze-thaw farmland soil
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