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Abstract

Biochar is a carbon-rich byproduct that arises from pyrolyzing organic compounds under high
temperature and oxygen starved conditions. It has been shown that biochar improves the physical and
chemical soil quality, enhances nutrient availability and reduces the acidity.

In this work, we examined the effect of biochar on seed germination and seedling growth of wheat
(Triticum aestivum L.) under different soil conditions. The study was carried out as pot experiments
using infertile and fertile type of soils with or without biochar applications.

Germination percentage, shoot length, shoot fresh weight and shoot dry weight of wheat were measured
at the end of the experiment. In both soil types, no significant difference in germination percentage was
found between treatments. Shoot growth parameters were increased significantly after low and medium
dose of biochar application in infertile soil. On the other hand, biochar had not positive or negative
effect on these parameters in fertile soil.
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1. INTRODUCTION

Biochar is a carbon-rich byproduct that arises from pyrolyzing organic compounds under high
temperature and low or zero oxygen concentrations (Lehmann & Joseph 2009; Sohi et al. 2010). It is a
very stable compound, can remain in the soil for long periods of time and plays an important role in
sequestration of carbon. Therefore, the long-term stability of biochar in soil can contribute to a decrease
of CO; emissions into the atmosphere (Ahmad et al. 2014). It has been shown that application of biochar
improves the physical and chemical soil quality, enhances nutrient availability and reduces the acidity
(Lehmann et al. 2003; Novak et al. 2009; Karhu et al. 2011). Consequently, biochar exhibits a great
potential in agricultural use, such as increasing soil productivity and yield output (Sohi et al. 2010;
Jeffery et al. 2011).

Wheat is an important cereal crop and is an integral part of daily diet of over 70% of the population of
the world (Tang et al. 2011). It is grown on about 200 million hectares in a range of environments and
supplying about 9% of world food demand (Anthoni et al. 2004; Feng et al. 2008). Therefore, global
wheat production must continue to increase to meet the increasing demand of population growth (Singh
et al. 2007). Achieving this goal is very difficult because of reduced water availability and poor soil
conditions (Erekul & Koéhn 2006; Feng et al. 2008).

Cereal yields have increased very slowly during the past 30 years due to low rainfall and poor soils.
Water deficiency and infertile soils impose important limits on the productivity of crops although
farmers have access to enhanced varieties and fertilizer inputs (Cassman 1999). Maintenance and
enhancement of soil quality in arable areas is important to sustaining agricultural productivity and food
security for future generations (Reeves 1997). Consequently, increased attention has been given recently
to improve soil quality by using organic amendments such as compost (Ouédraogo et al. 2001) and
biochar (Chan et al. 2007).

In recent years, more studies have been conducted to determine the effect of biochar on germination and
seedling growth of various plants. Generally, positive (Oh et al. 2012; Budi & Setyaningsih 2013;
Saxena et al. 2013) and neutral (Free et al. 2010; Sun et al. 2014) effects of biochars were found in these
studies. A dose-dependent negative effect on germination and seedling growth was also found in some
studies (Solaiman et al. 2012). From the results of these studies, it seems that feedstock of biochar, soil
type and biochar concentration in soil have an important role on these parameters.
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In this work, we examined the effect of biochar on seedling growth of wheat (Triticum aestivum L.)
under different soil conditions. The study was carried out as pot experiments using infertile and fertile
type of soils with or without biochar applications. Based on the previous studies (mentioned as above),
we hypothesized that low and medium concentrations of biochar will enhance the seedling growth of
wheat under infertile soil conditions.

2. MATERIALS AND METHODS
2.1. Biochar Preparation

Biochar was obtained from a local biochar producer and was produced from a typical fast pyrolysis
process of pine wood. It was ground mechanically to pass through a 1-mm mesh stainless steel sieve for
the further use.

2.2. Soil Collection

Two different soil types were selected for the pot experiment. The first one was collected from an
agricultural field and had a good soil texture. The second one was collected from an infertile area with
poor growth. Both soil samples were air-dried and sieved through 2-mm mesh prior to use.

2.3. Experiment

Wheat seeds were sterilized with sodium hypochlorite (3% w/v) for 5 minutes and washed extensively
with distilled water. After that, 10 seeds were placed in pots containing soils amended with different
concentrations biochar (Table 1). Four pots were used for each soil type and treatment. The experiment
was repeated twice. All pots were kept in a greenhouse under natural light and temperature conditions.
The plants were watered with half-strength Hoagland nutrient solution twice a week. The aboveground
parts (shoots) of plants were harvested after 6 weeks. Germination percentage (%), shoot length (cm),
shoot fresh weight (mg) and shoot dry weight (mg) were measured for each soil type and treatment. In
order to determine dry weight, plant samples were placed in a pre-heated oven at 70 °C for 48 h.

2.4. Statistical Analyses

The data sets were analyzed by one-way analysis of variance (ANOVA) to assess the effect of treatments
(different biochar applications) on seed germination and shoot growth. Data normality and
homoscedasticity were verified using the Shapiro-Wilk test and Bartlett’s test before each analysis,
respectively. If needed, logarithmic and square root transformations were done. Post-hoc comparisons
were conducted with Tukey’s honestly significant difference test at a = 0.05.

Table 1. Concentrations of biochar in soil (w/w)

Treatment code Biochar concentration (%) Soil concentration (%)

BO 0 100
Bl 5 95
B2 10 90
B3 20 80
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Figure 1. Study soil amended with different concentrations of biochar

3. RESULTS AND DISCUSSION

In both soil types, no significant difference in germination percentage was found between treatments
(Figure 2). Our results are in accordance with previous reports which showed that biochar applications
do not significantly affect the seed germination of maize (Free et al. 2010) and grass (Sun et al. 2014).
On the other hand, Solaiman et al. (2012) showed that feedstock of biochar and concentration of
application significantly affect the seed germination.

Furthermore, it was suggested that depending on source of biochar, it may contain high concentrations
of nutrients that can inhibit seed germination (Gaskin et al. 2008; Solaiman et al. 2012).
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Figure 2. The effect of biochar application to soils on seed germination of wheat

An increased number of studies were carried out recently to determine the effects of biochar application
on seedling growth (Free et al. 2010; Oh et al. 2012; Budi & Setyaningsih 2013; Sun et al. 2014).
Generally, positive and neutral effects of biochars were found in these studies. Our results showed that
shoot growth parameters such as shoot length, shoot dry weight and shoot fresh weight are stimulated
by low (B1) and medium (B2) concentrations of biochar application in infertile soil (Figure 3, 4 and 5).
However, this stimulation was not achieved at the highest concentration of biochar (B3). Our findings
are consistent with Solaiman et al. (2012) which have indicated that high rate of biochar application may
have negative effect on seedling growth.

On the other hand, biochar had not positive or negative effect on shoot growth parameters in fertile soil,
with one exception. (Figure 3, 4 and 5). B3 treatment resulted in a significant decrease in shoot length
compared with BO (Figure 3). Our findings indicated that type of soil strongly influences the seedling
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growth response to biochar. Consequently, application of biochar can not only improve the soil quality,

but also stimulate the seedling growth of plants in infertile soils.
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Figure 3. The effect of biochar application to soils on shoot length of wheat
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Figure 4. The effect of biochar application to soils on shoot fresh weight of wheat
Infertile Soil Fertile Soil
170 190
b
160 b 180
— 150 } I -
= 140 =~
5 130 ‘.\ = ) N S
= = i "
120 ~
E‘ . 2 E 150 N
B 110 ] E
s a/ k 2 110 b
@ 100 «»
{ 130
o0 F(3, 150) = 21.67; P < 0.0001 F (3,165) =1.022;F = 0,364
50 120
BO B1 B2 B3 BO B B2 B3
Treatment Treatment

Figure 5. The effect of biochar application to soils on shoot dry weight of wheat
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4. CONCLUSION

Biochar application did not affect the germination percentage of wheat seeds for both soil type.
However, our results clearly showed that the addition of biochar to infertile soil promotes the seedling
growth of wheat significantly.

It seems that the use of biochar as a soil amendment could have huge potential in agriculture, as apart
from benefits in terms of carbon sequestration. More research is still needed to better elucidate the
physiological and biochemical effect of biochar on plant growth.
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