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3. Water droplet penetration time
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1. Wettability
2. Pyrolysis
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1. Intrinsic sorptivity method
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Table 1. Physical and chemical properties of the soils prior to planting, sewage sludge and biochar produced at 300 ° C.

Db s Sy Oy S Ol 6 S RED) S
Biochar Sewage sludge Ziar soil Falavarjan soil Unit Property
- - 4238 222 kg 100kg ! o
Sand
S
- - 41.5 47.6 kg 100kg™! -
Silt
- - 15.7 30.2 kg 100kg ! ol
Clay
sl
- - ¢ s -
Texture
8.2 6.8 7.6 7.5 - * (pH) ilao
S LGl
0.52 220 0.46 0.50 ds mr! AN b
Electrical conductivity
58 Jsls e
191.8 99.3 13.1 15.8 cmole kg'! P B Al
Cation exchange capacity
2.7 33 0.078 0.112 ke 100kg™! 85055
Total nitrogen
I
34.0 40.8 0.63 0.56 kg 100kg! S s
Total organic carbon
12.8 12.4 8.1 5 - D337 K S e
C/N ratio
1.7 1.1 - - kg 100kg™! &
Total phosphorous
L
0.26 0.20 - - kg 100kg™! St
Total potassium
) G oas
- - 65 42 mg kg'! s JB A
Available phosphorous
- (LR
- - 109 240 mg kg'! e JB el

Available potassium
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1. Micro-infiltrometer
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Fig. 1. Schematic of a micro-infiltrometer device used to measure soil water repellency.
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2. Water dispersible clay
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1. Soil sorptivity
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Table 2. Mean comparisons of water repellency index (RI), water sorptivity (Sw), ethanol sorptivity (Sk), soil-water contact angle
(B), ratio of organic carbon to clay content (OC/CC) and water dispersible clay (WDC) as affected by treatments.

WDC 0C/CC B SE Sw RI S g5
% _ o cm S-O.S cm S-O.S _
30.2° 0.0B32 34.0° 0.059¢ 0.091° 1.33¢ (Control) Aals
26.B3 0.036° 64.7° 0.106* 0.084° 2.54*  (Sewage sludge) 6 =
25.3¢ 0.036° 62.0° 0.099 0.08B3 2.46° (Biochar) ;> s

Il e V| Ao 53 0 peba 53 LSD (gejl bl s S 2ie g (53 & pla SOl 05t 8 3

In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Table 3. Mean comparisons of water repellency index (RI), water sorptivity (Sw), ethanol sorptivity (Sk), soil-water contact angle
(B), ratio of organic carbon to clay content (OC/CC) and water dispersible clay (WDC) as affected by soil type.

WDC  OC/CC B Sk Sw RI Soil type S+ ¢ 5
% - ° cm 03 cm s03 -

31.1° 0.026° 61.2% 0.088* 0.075° 2.332 (Clay loam) o, rjj

23.4% 0.0432 53.9b 0.097* 0.0942 2.1B1 (Loam) rjj

I s e M MJ)OCEM)JLSD QjﬁﬂwuﬂMdﬁmqudl)!;svdumﬁp@wﬁ);

In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 2. a) Water uptake and b) ethanol uptake vs. time (t) in control columns of clay loam and loam soils.
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Table 4. Mean comparisons of interaction effect of organic treatment type and application rate on water repellency index (RI), water
sorptivity (Sw), ethanol sorptivity (Sg) and soil-water contact angle (B).
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S1, S2 and S3 treatmentsindicate the application of 10, 20 and 40 tons per hectare of sewage sludge, respectively, B1, B2 and B3 treatments indicate

the application of 7.3, 14.5 and 29 tons per hectare biochar respectively, and C indicates control.
In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Table 5. Mean comparisons interaction effect of soil type and organic treatment type on water repellency index (RI), water sorptivity
(Sw), ethanol sorptivity (SE), soil-water contact angle (), ratio of organic carbon to clay content (OC/CC) and water dispersible clay

(WDC).
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In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 3. a) Water uptake and b) ethanol uptake vs. time in control and sewage sludge treatments, and c) water uptake and d) ethanol
uptake vs. time (t) in control and biochar treatment of clay loam soil.
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Abstract

Sewage sludge has positive effects on chemical and physical properties of soil. Biochar production from
sewage sludge, while having positive effects on the soil, can lead to its effective management, especially in
relation to the environment. The objective of this study was to investigate the effect of sewage sludge and its
biochar on water repellency and structural stability of two calcareous soils with clay loam and loam texture
under corn cultivation. Sewage sludge was mixed with soils in the rates of 10, 20 and 40 t ha! (S1, S2 and
S3). The equivalent application rates of biochar were 7.3, 14.5 and 29 t ha! (B1, B2 and B3). At the end of
corn growing period, soil water repellency was measured by the intrinsic sorptivity method. Water-
dispersible clay (WDC) was also measured as an indicator of soil structural instability. Results showed that
the water repellency index (RI), ethanol sorptivity (Sg) and soil-water contact angle () were significantly
higher in sewage sludge and biochar treatments than those of control. However, the WDC in the sewage
sludge and biochar treatments was significantly lower than the control. The values of RI and f in the clay
loam soil were significantly higher than the loam soil. In both sewage sludge and biochar treatments, an
increment in the application rate increased the RI. In the clay loam soil, the highest RI and St were observed
in the sewage sludge and then in the biochar treatment; while in the loam soil, the RI had the trend of biochar
> sewage sludge > control. Overall, the results indicated that the use of organic treatments such as sewage
sludge and its biochar would increase sub-critical soil water repellency and structural stability.

Keywords: Biochar, Sewage sludge, Water repellency index, Intrinsic sorptivity method, Ethanol sorptivity,
Water sorptivity.

Background and Objective: Biochar, a product of the biomass pyrolysis process under limited oxygen
conditions, can be used as a soil amendment, has the potential for soil carbon sequestration and helps to reduce
global climate change (5). Biochar application might have positive effects on soil physical and chemical
properties (3). Pyrolysis can potentially be a good method for sewage sludge management, in comparison with
conventional landfilling methods and direct application in the farms (2). Few studies have been done on the effect
of biochar on the soil physical properties (e.g., water repellency and structural stability) under plant cultivation.
Therefore, the present study was conducted to investigate the effect of sewage sludge and its biochar on water
repellency and structural stability of two soil types under corn planting.
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Methods: The samples of two calcareous soils with the classification of Typic Haplocambids and clay loam
and loam textures were collected from Falavarjan (32 ©35'9 "N, 51 © 31'45" E) and Ziar (32° 30' 57" N, 51°
55 49" E) regions in Isfahan province, respectively. Sewage sludge was mixed with the soils in the rates of
10, 20 and 40 ton ha™! (S1, S2 and S3). The application rates of biochar (B) were 7.3, 14.5 and 29 ton ha™!
(B1, B2 and B3). At the end of corn growing period, soil water repellency was measured by the intrinsic
sorptivity method (4). In this method, water repellency index (RI) and soil-water contact angle (f) were
calculated by measuring the sorptivity of water (Sw) and 95% ethanol (St) by aggregates. Water-dispersible
clay (WDC) was also measured as an indicator of soil structural instability (1). The experiment was analyzed
as a factorial arrangement in a completely randomized design and three replications.

Results: The RI values in the control soils were less than 1.95, indicating that they are not hydrophobic. The
RI values of sewage sludge and biochar treatments were also sub-critical. The RI, Sg and f were significantly
greater in the sewage sludge and biochar treatments when compared with the control. However, the WDC in
the sewage sludge and biochar treatments was significantly lower than the control. The RI and £ values in
clay loam soil were significantly higher than in loam soil. Higher hydrophobicity in clay soils may be due to
the role of clay in aggregate formation and the surfaces accessible for hydrophobic coatings limited to the
external surfaces of aggregates. In both sewage sludge and biochar treatments, the trend of RI values at
different application levels was: level 3 > level 2 > level 1. The highest RI was observed in the biochar
treatment with an application rate of 29 ton ha™!, while the order of RI values in the treatments was S1 > Bl
and S2 > B2. The RI values in the S1, B1 and control were less than 1.95 (i.e., not hydrophobic). In clay
loam soil, the order of RI values was: sewage sludge > biochar > control. In loam soil, however, it had the
trend of biochar > sewage sludge > control.

Conclusions: Sewage sludge and its biochar application caused a significant increase in RI when compared
with control. Developing and increasing the size of soil pores and presence of hydrophobic coatings might
explain the differences of soil water repellency indices in the organic treatments vs. control. In addition, the
organic carbon content (OC) in the post-harvest soils and the ratio of organic carbon to clay content (OC/CC)
in the sewage sludge and biochar treatments were significantly higher than in the control. However, the
values of RI in the sewage sludge and biochar treatments were below the critical level and increased the soil
structural stability.
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