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Effect of Sugarcane Biochar on Hydrological Changes in Soils with
Different Textures in Arid Regions: From Improvement to Hydrophobicity
Effects
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Abstract

Improving water efficiency in agriculture requires enhancing soil physical and hydraulic properties. This
study investigated the effect of applying sugarcane biochar at three rates (0%, 3%, and 6% by weight)
on the hydraulic properties of soils with three textures: sandy loam, loam, and clay loam. The experiment
was conducted as a factorial arrangement in a completely randomized design. The results showed that
biochar application significantly altered soil physical and hydraulic parameters; however, the magnitude
and direction of these changes depended on soil texture and biochar levels. Biochar increased both
saturated and residual moisture content across all three soil textures, likely due to the placement of
biochar particles (smaller than 2 mm) in the spaces between soil particles, partially blocking some pores
and expanding micro- and meso-pores. This effect was more pronounced in clay loam soils, where the
application of 6% biochar resulted in an 8% increase in saturated moisture content and a 31% increase
in residual moisture content. Conversely, saturated hydraulic conductivity increased in sandy loam and
loam soils by 42% and 5%, respectively — especially under the 6% biochar treatment — due to enhanced
pore connectivity and a more porous structure. In contrast, in clay loam, saturated hydraulic conductivity
decreased by 46%, likely due to higher soil compaction and potential pore blockage by biochar particles.
Biochar also increased total porosity, primarily through the expansion of meso- and macro-pores. In
sandy loam, the increase in macropores was consistent with improved hydraulic conductivity, whereas
in clay loam, increased porosity was mainly due to fine and medium pores, contributing more to water
retention than infiltration. At higher application levels (6%), the hydrophobic effect of biochar led to
reductions in the water retention curve parameters, including o and n in the van Genuchten model,
indicating a decline in the initial water absorption rate, especially in sandy soils. Overall, by improving
soil structure, biochar can be recommended as an effective strategy for agricultural water management,
especially in arid regions.
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Table 1. Selected physical and chemical properties of soils in the studied areas

Cation
Bulk Electrical Organic
Clay Silt Sand exchange pH
Soil Texture Density conductivity ) matter
capacity
(%) (%) (%) (g em?) (dSm™) (Cmol.kg") () (%)
Clay Loam 30/2 40/8 29 1/28 0/31 16 7/5 1/42
Loam 21/4 31/5 471 1/31 0/29 15/2 7/1 1/39
Sandy loam 19/1 20 60/9 1/51 0/25 12/5 7/9 1/21
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Table 2. Water repellency duration (seconds) of soils at various biochar application rates

Biochar level

Soil texture

0 3% 6%

Clay loam o 2 o 40 o 130
(Soil is not water repellent) (Soil is slightly repellent) (Soil is water repellent)

Loam 2 55 300
(Soil is not water repellent) (Soil is slightly repellent) (Soil is water repellent)

Sandy loam > 250 >80

(Soil is not water repellent)

(Soil is water repellent)

(Soil is water repellent)
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Figure 1. Impact of various biochar application rates on the water characteristic curves of three soil textures:
Clay Loam (a), Loam (b), and Sandy Loam (c)
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Table 3. Analysis of variance for the effects of soil texture (T) and biochar (B) on saturated water content (0s),
residual water content (0r), inverse of air entry potential (o), pore size distribution parameter (n), macropores
(Macro-p), mesopores (Meso-p), micropores (Micro-p), and maturated hydraulic conductivity (Ks)

Source of df F ratio

variations 0s or o n Macro-p Meso-P Micro-p Ks

T 2 51721**  8/94* 3/81*  0/64%* 1/34 5/82%* 186/11%** 65/3%*
B 2 38/94**  B6/37**  2/99*%  59/11%** 15/65%* 49/37%%* 36/61%*  147/92**
TxB 4  27/55% 5/98%* 1/64 9/36%* 0/94 0/19 13/71* 7/26**
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Table 4. Effects of soil texture and biochar on van Genuchten model parameters including saturated water

content (0s), residual water content (0r), inverse of air entry potential (a), pore size distribution parameter (n)
and coefficient of determination (R?)

Soil texture Biochar level Os Or a n R?
(cm®*cm?)  (cm? cm™) (cm™) )

0 0/573b 0/112¢ 0/019¢ 1/444 0/998

CL 3% 0/5932 0/126° 0/015F 1/37¢ 0/985
6% 0/620* 0/1472 0/011¢ 1/35¢ 0/991

0 0/380f 0/072¢ 0/036° 1/54° 0/989

L 3% 0/506¢ 0/103¢d 0/032° 1/51° 0/994
6% 0/559°¢ 0/111°¢ 0/030¢ 1/454 0/995

0 0/312g 0/044f 0/075 1/642 0/997

SL 3% 0/350f 0/060°f 0/074* 1/602 0/998
6% 0/443¢ 0/091¢ 0/070° 1/49¢ 0/998
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Table 5. Mean comparison of the effects of soil texture and biochar on macropores (Macro-p), mesopores
(Meso-p), and micropores (Micro-p) and saturated hydraulic conductivity (Ks)

Soil texture Biochar level Macro-P Meso-P Micro-P Ks
(cm?® cm) (cm?® cm™) (cm?® cm™) (cmh)

0 0/039¢ 0/119¢ 0/379¢ 0/9f
CL 3% 0/047% 0/114¢ 0/432° 0/7%
6% 0/050? 0/139° 0/431° 0/68

0 0/039¢ 0/080f 0/261f 1/9¢
L 3% 0/040°¢ 0/128° 0/338¢ 2/24
6% 0/044° 0/109¢ 0/406° 1/7¢

0 0/0344 0/0768 0/202" 5/2¢
SL 3% 0/0354 0/081f 0/233¢ 6/4°
6% 0/044° 0/093¢ 0/306¢ 7/42
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