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Table 1 Basic properties of the biochar and soil in the study

" SR HHLURR® SR f5Ca H #EY g
p . B _ _ . B }
(dSm™) (gkeg™) (gkg") (gkg") (gkg") (gem™) (gem™)
W R
9.9 1.0 467.2 5.9 0.000 16 1.44 0.69 1.83
Biochar
1 JZSoil 0~30 7.7 1.42 1.3 0.18 0.16 0.11 1.35 -
layer (cm) 30~ 60 8.0 0.42 0.8 0.11 0.04 0.02 1.41 -
AL R i) s o ,
. P FRFL B o wkr @ b Fhioki
Y5 o g @ Jii Hb Texture
B (%) (%) (%) (%)
(%) (%)
W
62.5 13.2 493 - - - .
Biochar
+Z Soil 0~30 49 - - 30 50 20 H+ Loam
layer (em) 30~60 47 - - 23 42 35 B+ Clay loam

(DElectrical conductivity, @Organic carbon, @®Total nitrogen, @Bulk density, ®Density, @ Total porosity, @DInterporosity,

®Intraporosity
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Soil thermal properties of undisturbed soil cores relative to biochar treatment and soil water content
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Fig. 2 Soil thermal properties measured in-situ of the treatment plot relative to biochar application rate
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B FORAEEL Biochar — :
treatments( t hm™) « n m IR AR WEEKR® YUE RY R
0,(%) 0, (%)
BCO 0.038 a 1.253 a 0.202 a 46.8 a 7.85a 0.98
BC25 0.061 b 1.239a 0.193 a 53.8b 1.83b 0.99
BC50 0.083 ¢ 1.312 b 0.238 a 56.7 ¢ 7.18 a 0.99

e F—AT P AR FRRRTE o« = 0.05/KFAUA S HEIEAFTE W 325 5 Note: Different letters in the same row mean significant

differences (a = 0.05) between means of fitting parameters (DSaturated soil water content,@ Residual soil water content
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Fig. 4 Volumetric soil water content in the plot relative to biochar application rate
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Fig. 5 Relationships between soil thermal properties and soil water content in the plot relative to biochar application rate
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Effects of Biochar Addition on Thermal Properties of Loamy Soil

LIU Zhipeng' XU Jienan' SHE Dongli’ LI Xuelin' WANG Jingfan'
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China )

(2 College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract [ Objective ] Soil thermal properties, including soil thermal capacity, conductivity, and
diffusivity, play crucial roles in partitioning of surface-energy and heat transmission across the soil profile
and consequently affect spatiotemporal dynamics of soil temperature that determines soil micrometeorology.
As a soil amendment being able to improve a series of soil physiochemical properties, Biochar has gained
wide attention. However, little information is available in the literature on integrated effects of biochar
application on soil thermal properties. [ Method ] A two-year field experiment using wheat straw derived
biochar was conducted in a field of loamy soil in East China. The experiment was designed to have three
treatments different in biochar application rate: 0 t hm™ (BCO0), 25 t hm™ (BC25) and 50 t hm™~ (BC50) and
three replicates for each. A total of 9 plots were arranged in a random complete block design. Tomato was
grown under drip irrigation for two seasons. Soil thermal properties, i.e. thermal capacity, conductivity
and diffusivity, were measured using the heat-pluse method in two ways: (1) lab-analysis of undisturbed
soil cores collected from the plots with set soil water content; and (2) in-situ measurement under natural
conditions. Besides, soil bulk densities, soil water retention curves, soil pore size distributions and soil
water contents of the plots were also measured. [ Result] In soils with controlled soil water content,
soil thermal capacity increased with soil water content in the range from 1.13 J ecm™ K™' to 2.80 J cm™
K, from 1.16 J em™ K" t0 2.75 J cm® K 'and from 1.07 J em™ K ™' to 2.74 J cm™ K ™' in Treatmenta BCO,
BC25 and BC50, respectively. Soil thermal capacity was significantly decreased by biochar application
in the treatments moderate in soil water content (20% ~ 30%), whereas the effects was insignificant in
the treatments low (0 ~ 15%) or high (> 35%) in soil water content. Similarly, soil thermal conductivity
increased with soil water content, in the range from 0.24 W m'K'to1l.16 Wm"' K", from0.19 W m"'
K"'t0 1.09 Wm' K" and from 0.18 Wm™ K to 1.03 Wm ' K in Treatment BCO, BC25 and BC50,
respectively, and was significantly higher in the treatments amended with biochar, regardless of soil water
content. Soil thermal diffusivity varied in the range from 0.23 m’s™' to 0.45 m” s, from 0.16 m” s™' to 0.42
m’ s™', and from 0.17 m’* s to 0.41 m’> s”' in Treatment BCO, BC25 and BC50, respectively. Soil thermal
diffusivity was significantly lower in the treatments amended with biochar either low (0 ~ 15%) or high
(>35%) in soil water content, while insignificant difference was detected in thermal diffusivity between
treatments moderate in soil water content (20% ~ 30%), but different in biochar application rate. Under

field conditions, soil thermal capacity was significantly higher in Treatment BC50 than in Treatment BCO,
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but significantly lower in Treatment BC25 than in Treatment BCO0. Biochar application had significant
effects on soil thermal conductivity and diffusivity under field conditions. Treatments BC25 and BC50
were significantly lower in thermal conductivity and diffusivity than Treatment BCO and lower in soil bulk
density, too. However, soil total porosity was significantly increased by biochar application, which was
mainly attributed to the increase in macropores (> 0.03 mm). Besides, biochar application also affected soil
water retention curves in shape and soil water content was significantly higher in the treatments applied
with biochar than Control during the growing seasons. [ Conclusion ] Biochar application can significantly
affect soil thermal properties through the two main mechanisms as follows: (1) biochar application promotes
soil aggregation, thus forming large volumes of air filled pores; and (2) biochar application alters soil
hydrological properties, thus increasing soil water content and hence soil thermal capacity and conductivity.
In field conditions, the negative effects biochar application brings about on soil strocture are much stronger
than the positive ones it has on soil water content.

Key words Thermal capacity; Thermal conductivity; Thermal diffusivity; Porosity; Soil water
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