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Background and Objectives: One of the important activities to improve
water holding in the soil and as a result increasing soil fertility is the use of
modifiers. In arid and semi-arid areas, due to the lack of sufficient
vegetation and the return of a small number of plant residues to the soil, the
amount of organic matter in the soil is very low. Therefore, the use of
organic fertilizers can be a suitable solution to improve the physical and
chemical conditions of the soil in these areas. In recent years, Biochar has
been used as a soil modifier (source of organic carbon) and as a method for
carbon sequestration in the soils of arid and desert areas. The high ability
of this material to absorb and store nutrients and prevent them from
leaching, and absorb toxics compounds and chemical fertilizers increases
soil fertility. The Sistan plain is located in the southeast of Iran with poor
soils in terms of organic matter and high evaporation. The predominant
texture of the soil in the Sistan region is loam sandy, which has a low water
holding capacity. Accordingly, due to the very low rainfall, the soil
condition of the region and high evaporation, this research aims to maintain
and increase the water retention capacity in the soil and improve the
physical characteristics of the loam sand of the Sistan region by using
different compositions and sizes of biochar (prepared by pruning the leaves
of Conocarpus shrubs).

Materials and Methods: In this research, the effect of three biochar
diameter ranges (<0.25, 0.25-1 and 1-2 mm) and three amounts of
Cenocarpus biochar (2, 4 and 8% by weight) on the properties of hydraulic
and physical soil and evaporation from the soil surface with loam sandy
were studied. The experiments were conducted in 3 replications in a
completely randomized design. To carry out the experiments, polyethylene
columns with a diameter of 10cm and a height of 35 cm were prepared.
The bottom of columns was covered with cloth. The soil with different
treatments of size and amount of biochar was manually added to the
columns and filled with gentle blows to the column to reaching a height of
30 cm. To measure evaporation, 100 mm of water was added to the soil for
5 weeks (20 mm per week). Evaporation was measured by weighting
method every day. The saturated hydraulic conductivity was measured by
constant head method. Also, the soil salinity and moisture were measured
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at three depths of 0-10, 10-20 and 20-30 cm. The bulk density and water
holding capacity of the soil were also measured.

Results: The results showed that with the increase in the amount of used
biochar (treatment 8% biochar), the bulk density and saturated hydraulic
conductivity of the soil decreased by 29.32 and48.1%, respectively,
compared to the control treatment (treatment without biochar). By
increasing the amount of biochar and decreasing its particle size, the water
holding capacity in the soil increased. The treatment with 8% by weight of
biochar and the particle size of <0.25 mm had the greatest (43.54%)
increase in the water holding capacity in the soil. By increasing the amount
of biochar and decreasing its particle size, soil salinity increased compared
to the control treatment. However, the evaporation decreased with the
increasing in the amount of biochar and the decrease in its particle size.

Conclusion: According to the obtained results, biochar has positive effects
on the physical and hydraulic properties of coarse texture soils. However,
these changes depend on the amount and size of biochar particles. Utilizing
biochar as a soil modifier in coarse soils with low water holding capacity
and high evaporation condition, especially in arid and semi-arid areas that
are facing the water scarcity, is a very suitable solution. Nevertheless, it is
noteworthy that increasing biochar levels in soil can increase soil salinity.
In general, according to the obtained results, in order to maximize the
benefits of adding biochar, in to determine optimal amount, economic
conditions should also be considered. This requires more research,
especially in field conditions.
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Figure 1. Location of the studied area in the country and province of Sistan and Baluchistan.
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Table 2. Some chemical characteristics of the biochar used in current research.
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Figure 2. An example of the tests performed, Preparation of Conocarpus foliage (a), sieving biochar (b),
mixing soil and biochar (c), preparation of test columns (d), preparation of saturated soil extract (e),
cutting of soil columns (f) ), weighing samples (g), measuring hydraulic conductivity (h).
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Table 4. Comparison of the average effects of the simple size and amount of Biochar on the measured parameters.
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Table 5. Comparison of the average intraction effects of the size and amount of Biochar on the measured parameters.
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Figure 3. Simple effects of the particle size of biochar on soil salinity (a), Simple effects of the amount of
biochar on soil salinity (b) and intraction effects of the particle size and amount of biochar on soil salinity (c)
at different depths.
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Figure 4. Simple effects of the particle size of biochar on soil moisture (a), Simple effects of the amount of
biochar on soil moisture (b) and intraction effects of the particle size and amount of biochar on soil moisture
(c) at different depths.
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Figure 5. Simple effects of the particle size of biochar on cumulative evaporation from the soil surface.
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Figure 6. Simple effects of the amount of biochar on cumulative evaporation from the soil surface.
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Figure 7. The intraction effects of the amount and size of biochar particles on cumulative evaporation from the
soil surface in seven consecutive days.
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