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Abstract

The study was conducted to evaluate the soil erosion potential in the slope land
incorporated with biochar produced by Pinus pinaster (Pinus), Eucalyptus tereticornis
(Eucalyptus) and Camellia sinensis (Tea). This study was conducted in Kandy district
between latitudes 7.2906° N, 80.6337° E during 27" of August to 20™ of November,
2017. There were sixteen plots of land prepared with the plot size of 1.5m x 2.0 mand
each type of biochar made from pinus, eucalyptus and tea incorporated into the 5 cm
top soilin each plotseparately. The Complete Randomized Design was used with four
treatments such as soil with tea biochar, soil with eucalyptus biochar, soil with pinus
biochar and the control with each of four replicates. At the bottom of these plots, a
ditch was excavated and covered with polythene and collected the eroded soil once in
two weeks after the incorporation of different biochar with soil. Duncan’s multiple
range tests were carried out using SPSS 25.0. The estimated soil losses in the plots with
tea biochar, pinus biochar, eucalyptus biochar and control were 98.81g, 219.77g,
218.96g and 781.83 g respectively. There was a significant reduction in the rate of soil
erosion in the plots with tea biochar as 2.74 gmweek™. Plots with pinus and with
eucalyptus biochar had almost similar reduction in the soil erosion rate as 6.08 gm’
“week™ and 6.12 gmweek™ respectively while the erosion rate in the control plot
recorded as 21.72 gm™2week™. Hence, application of tea biochar as a soil amendment
could be recommended to reduce the soil erosion significantly in slope land in the hilly
area.
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Introduction

Soil degradation refers the decline in soil condition caused by its improper use or poor
management. Erosion, hard setting and desertification affected the productivity of
agricultural lands and threatened the world’s food security (Qadir et al., 2013;
Mandalandv and Sharda, 2013; Ziadatanda and Taimeh, 2013). Biochar is the carbon
rich product obtained from biomass such as wood, manure or leaves, heated in a closed
container with little or no available air. Biochar was used as a soil amendment
(McElligott, 2011). Biochar using locally available and renewable materials improved
soil fertility and nutrient use efficiency in a sustainable way (Lehman et al., 2009).
Biochar had been considered as a material for suitable organic amendment for
improving the physical properties and maintaining the fertility of soil, particularly for
degraded soils in subtropical and tropical regions (Chan et al., 2007; Deenik et al.,
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2011; VanZwieten et al., 2007). Hence, biochar may be a potential material for soil
amendment that could protect the erosion of soil from rapid degradation in the long
term, thus increasing the value and productivity of upcountry soils. Greater proportion
of the micro pores was yielded a higher surface area, and thus greater nutrient retention
capability (Warnock et al., 2007). Clay and Malo, (2012) reported that depending on
the type and amount of biochar applied, the changes in soil properties associated with
application as well as the physiochemical properties of the char itself, may impact the
use, rates and efficacious properties (Lehmann et al., 2003). Numerous studies have
indicated that biochar effectively improved soil structure (Atkinson et al., 2010; Jien
and Wang., 2013), soil aggregate stability (Herath et al., 2013; Dimoyiannis et al.,
2012; Cerda, 2000), and porosity (Lehmann et al., 2006) because of its high specific
area and inner porous structure.

Biochar had the potential impact on sustainable soil management in regional levels.
The contribution of biochar as a soil amendment was currently being assessed in two
main aspects. One was related to its potential to enhance the productivity of
agricultural systems and to combat land degradation by improving soil physical,
biological, and chemical properties. Natural organic materials (e.g. green manure) and
artificial polymers (e.g. polyacrylamides) had been used to ameliorate degraded soils
(Busscher et al., 2011; Hueso-Gonz'alez et al., 2014). Maintaining the long-term
aggregate stability of soils by applying fresh organic residues was difficult because of
the rapid degradation of the traditional amendments (Busscher et al., 2011). In
subtropical and tropical regions techniques such as retaining walls and shotcretes were
commonly used to protect soil from erosion; however, these techniques were
ineffective in in-situ condition (Chan et al., 2008). Therefore, the study was conducted
to explore the effect of biochar on the erosion potential in slope land soil.

Materials and Methods

Biochar preparation

The biochar preparation was done according to the Hansen et al. (2011). A small one
side open drum was taken. The center of the bottom and lid of the drum was
determined and square shape cuts with length and width about 10 cm in each side were
obtained. An iron bar was taken and drilled 2cm in diameter nozzles with 3 cm gaps in
each side. Then the prepared iron bar was vertically inserted into the prepared metal
drum. The bottom of the iron bar was reverted into bottom of the drum. Metal drum
was filled with cut pieces of tea wood chips, pinus cones and eucalyptus barks
separately. The lid was closed very tightly and the whole drum was placed on a rim.
Firewood was applied to the upper open of the iron bar and burnt around 90 minutes.
Pyrolysis process for the preparation of tea and eucalyptus biochar was taken 90
minutes whereas in pinus it was taken 120 minutes. After certain time the drum was
allowed to cool and biochar was taken out to air dry. Finally, biochar was grained,
sieved through mesh size of 2 mm sieve and packed into bags separately for the field
application. The field was selected in Kandy district between latitudes 7.2906° N,
80.6337° E.
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Land preparation and Biochar application

The land was prepared with the plot size of 1.5 m x 2.0 mfor soil erosion experiment
with four treatments such as C (control), E (eucalyptus), P (pinus) and T (tea). Each
plot had 0.5 m space with one another. Block was designed by considering slope
gradient. At the bottom of these soil erosion plots, a ditch was excavated and covered
with polythene in order to collect the eroded soil (Hellin, 2006). Each type of biochar
was incorporated in to the top 5 cm soil with the application rate of 250gm™?.The
Complete Randomized Design was used with fourtreatments with four replicates.
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Figure 01: Detailed experimental layout for soil erosion measurements

Laboratory analysis for soil erosion

The soils samples from each plot were collected from the bottom ditches once in two
weeks using small hoe. The collected samples were taken to the laboratory and allowed
to air dry for three days. The weight of each sample was taken by using a digital
balance (Hellin, 2006).

Statistical analysis

Means and standard deviation for all numerical data were calculated by using SPSS
25.0 statistical package. One-way ANOVA was used to analyze the collected data on
eroded soil. Significant differences among treatment means were separated using
Duncan’s multiple range test at a = 0.05 and confident interval (CI) = 95%.
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Results and Discussion

Improvement of Soil Erosion Potential by biochar Application

The soil erosion experiment was done under the natural conditions and the average
rainfall distribution data at the experimental site during the experimental period was
presented in figure 2. Precipitation is received by both South —~West monsoon and
second inter monsoon. Rainfall due to South — West monsoon was lower than the
rainfall of second inter monsoon. The average rainfall was recorded as 120.7 mm and
average temperature was recorded as 22 °C at the experimental site during the
experimental period. The highest rainfall was recorded in October followed by
November, 2017.

Average Rainfall distribution at the experimental site during
August to November 2017
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Figure 2: Average Rainfall distribution at the experimental site during August to
November 2017

The results revealed that there was a significant difference between average weight of
the eroded soil in the erosion plots of different treatments (P= 0.0000) over time (Table
1). According to results, at the end of the 12" week, weight of the eroded soilin the
treated plots with biochar were highly reduced compared to the control. The overall
soil loss was less in the plots of tea biochar followed by plots of pinus, eucalyptus
biochar and control were 98.81g, 219.77g, 218.96g and 781.83 g respectively. The
weight of the eroded soils in the control plots was increased with the high rainfall
intensities during the months of October and November. Soils treated with pinus,
eucalyptus and tea biochar plots had a less amount of soil erosion compared to the
control plots.
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Table 1: Variation of mean weight of eroded soils with biochar from different materials

weekly
Weeks Control Tea biochar Eucalyptus Pinus biochar
with Soil biochar with Soil with Soil
g g g g
2 week  115.83+1.70° 18.06 +0.67° 40.83+0.82° 41.77 £ 1.17°
4" week 12756+ 1.78° 17.40+0.46° 39.50 + 0.53" 39.00 + 0.62°
6" week  133.67+0.29° 16.91+0.38° 35.70+0.22° 37.52 +0.16°
8" week  129.47 +0.14* 16.36+0.34° 37.40+0.19° 35.37 £ 0.23°
10" week  142.66 + 0.26* 15.40+0.16° 36.52 +0.33" 33.63+0.29°
12" week  131.82+1.21*° 14.63+0.18° 32.98+1.17° 31.41 +0.19°

(Means with the same letter are not significantly different at P <0.05 level based on Duncan’s multiple
range test)

The erosion rate was determined by the loss of soil per area of soil erosion plot (3m?)
per week. There was a significant reduction of soil erosion rate in the plots of tea
biochar as 2.74 gm™week™. Plots of pinus and eucalyptus biochar had almost similar
reduction in the soil erosion rate as 6.08 gm2week™ and 6.12 gmweek™ respectively
while the erosion rate in the control plot recorded as 21.72 gm™week™.

Conclusions

Applying biochar as a suitable organic amendment can be effectively improves soil
physical properties and reduces potential for erosion in slope lands in hilly area. Soil
erosion was significantly decreased in biochar treated soils. Further the rate ofsoil
erosion was greatly reduced in the plots applied with tea biochar. Meanwhile, biochar
application could be expected to significantly reduce soil loss contents by 21.72 gm™
week™ to 2.74 gm?week™. Hence, biochar may be a potential amendment that could
protect from soil erosion in rapid degraded soils in the long term, thus increasing the
value and productivity of the soils in hilly area.
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