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Abstract

The re-use of plant biomasses by converting them into value added products is a major sustainability challenge. Large
amounts of plant biomass are usually available especially during main crops harvest seasons. In the present work, biochar was
produced by thermal decomposition of wheat straw biomass at 450°C under limited oxygen condition. The resulting biochar
(WSB) was subjected to different types of characterization. The biochar elemental compositions showed a high carbon content
(41.43%), hydrogen (6.43%) and nitrogen (1.06%). The FTIR results revealed several functional groups such as O-H, C-H,
C=N-, C=C, and C=0 on the biochar’s surface. The SEM results were obtained for wheat straw before and after pyrolysis and
the results revealed that the surface morphology of wheat straw was converted from non-porous to porous surface upon
pyrolysis. After characterization experiments, the biochar from wheat straw was tested as soil conditioner. In this part of the
work, a sandy soil sample was collected from Al-Ismailia governorate. The soil was subjected to different tests to get its
properties before beginning the experiment. Then biochar was applied to the soil (w/w) at two rates low (2.5%) and high
(10%). Soil samples with no biochar served as control. All samples were incubated for 3 months with continuous
moisturizing. At the end of the incubation, soil samples were collected and analyzed. The results indicated a significant effect
for biochar application on the tested soil physical and chemical properties. The statistical analysis results revealed a
significant (P<0.05) increase in organic matter, organic carbon, pH and electric conductivity values after biochar addition and
this increase was proportional to the level of biochar used. As compared with the control treatment, it can be observed that the
application of biochar into soil significantly (P<0.05) increased its nitrogen, phosphorus and potassium content. The
concentrations of soluble anions and cations in soil were significantly (P<0.05) increased as a result of biochar addition. From
the results obtained in this study, it can be concluded that by pyrolyzing wheat straw resulted in a well porous carbonaceous
biochar which was successfully applied as a soil conditioner especially for sandy soil.
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1. Introduction management [1].
Biochar which is a product of pyrolysis reaction
Environmental studies especially those related to under anaerobic conditions, it has a granular-porous
finding out solutions for mitigating global warming structure with a variety of benefits when applied as a
effects have received a lot of attention over the past soil conditioner. Biochar application improves soil
years. The management of agricultural wastes/ by- quality, increases its pore size and water holding
products is an environmental concern. Converting capacity and most important it reduces carbon
these by-products into value added materials such as dioxide emissions[2].
soil conditioners could be as a solution to reduce The nature of the starting material used for biochar
global ~ warming and improve environmental preparation is an important factor as biochar
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properties are influenced by properties of the starting
material that determine its final applications in soil
[3]. Several types of agricultural wastes were
successfully converted to biochar e.g. Coconut husk
[4], rice husk and rice straw[3, 5], sugar cane straw
[6], soybeans and corn stalks [7], elephant grass [8],
etc. According to Kapoor et al. [9], the yearly global
production of wheat straw, a by-product collected
after harvesting wheat grains, is 529 million tonnes.

Arid regions are mainly characterized by sandy
soils which due to their poor quality, are considered
insignificant for agriculture. Organic additives in
sandy soils face constant turnover challenges due to
their fast degradation rates. Thus, biochar could be a
suitable choice for enhancing the properties of sandy
soils [10].

The present work was performed aiming: 1- to
investigate the effect of pyrolysis on biochar
production from wheat straw and to characterize the
produced biochar by different tools; and 2- to assess
the chemical and physical changes in the properties
of sandy soil when amended by this biochar at
different rates.

2. Materials and methods
2.1. Biochar preparation

The precursor material used for biochar
preparation was wheat straw which was collected
from Agricultural Research Center, Giza, EGYPT
after wheat harvest. The straw materials were cleaned
and chopped into small pieces then allowed to dry in
an electric oven set at 105°C until constant weight.
The dried material was then pyrolyzed at 450°C for 4
hours in a muffle furnace. To ensure minimal oxygen
during pyrolysis process, the dried straws were
enclosed in a firmly closed steel box especially
designed for this experiment. At the end of pyrolysis,
the resulting biochar (WSB) was allowed to cool to
room temperature, then collected and kept in plastic
bags in a desiccator.

2.2. Characterization of WSB

Wheat straw before and after pyrolysis was
subjected to analysis in order to get its main surface
and compositional characteristics. An elemental
analyzer, model: VARIO EL III GERMANY, an
electronic microscope, model: JEOL-100S JAPAN
and a Fourier Transform Infrared, Model: FT-IR
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SPECTROMETER 4100 JASCO JAPAN were used
to obtain the different biochar characteristics.

2.3. Soil sampling and analysis

Soil samples were randomly collected from Al-
Ismailia and thoroughly mixed into one
representative sample for the study area before being
sent and subjected to different analysis in SWERI
(Soil, Water and Environmental Research Institute) at
the Agricultural Research Center, Giza, Egypt. The
soil was analyzed to determine its organic matter,
total carbon, pH, electric conductivity, exchangeable
anions and cations and macronutrients (N, P and K).
Exchangeable cations and anions and macro-elements
were determined by the procedures described in the
work of [5]. The soil properties are shown in Table

(M.

Table 1

Soil Properties

Chemical Properties

Soluble anions (meg/l) | Soluble cations (meq/l)
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Particle size distribution
Fine Sand | Coarse Sand | Silt Clay Soil
(%) (%) (%) (%) texture
45.4 40.7 12.1 1.8 Sandy soil
Physical properties
Bulk density ilti int (9 Saturation (%
(gfcm?) Wilting point (%) (%)
1.66 4.2 21.3

n.d. not detected
2.4. Soil/ biochar experiment

The biochar prepared from wheat straw was
applied to the soil at two different rates (low rate
2.5% and high rate 10%). The procedure used was as
described by Abdelhafez et al., [11] with some
modifications. The soil was divided into three groups
of three replicates. The 1st group was used as control
without any biochar addition, 2nd group was soil
ammended with 2.5% biochar (w/w) and 3rd group
was soil ammended with 10% biochar (w/w). Soil
samples after amendments were then incubated
atroom temperature for 3 months during which they
were systematically hydrated. At the end of
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incubation experiment, soil samples were collected,
dried, sieved and analyzed to determine the changes
in their chemical and physical analysis.

2.5, Statistical analysis

The experiment was laid out using completely
randomized design. The results were analyzed using
ANOVA test and the means were compared by
Duncan’s test at a significance level (p<0.05).

3. Results and discussion

3.1. Biochar characterization results

In order to check the differences in the properties
of wheat straw and its biochar, several
characterization tools were used. Figure 1 a and 1b
show the scanning electron microscope photos for
wheat straw and wheat straw biochar, respectively. It
can be observed that wheat straw, before its
transformation to biochar, did not have a porous
structure as seen from figure la. On the other hand,
wheat straw biochar has a porous structure as seen in
figure 1b where asymmetrical pores appear on the
surface of the biochar. Increasing temperature during
the pyrolysis process forces volatile components out
of the char, resulting in the formation of pores and an
increased surface area[12].

Fig. 1. SEM Photos of (a) Wheat Straw and (b)
Wheat Straw Biochar
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The biochar prepared from wheat straw was also
shown to contain many functional groups as shown
from its FTIR spectrum (Figure 2). The spectrum
revealed a band at 3400 c¢cm’! demonstrating the
occurrence of (-OH) hydroxyl groups in lignin and
cellulose [13] [14]. Another band at 2913 cm™ that
may be ascribed to stretching vibration of the C-H
[15]. Two other bands at 1706 and 1631 cm
representative for aliphatic acid C=O stretching[16]
and C=N-, C=C, and C=0O of protein [13],
respectively. A sharp band at 1174 cm™' that could be
due to =C-N [17] and the bands at 800-900 cm!
could be ascribed for the SNH bending vibration of
amines and meta distribution of the aromatic protons
[18].

5000 4000 3000 2000 1000 0
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Fig. 2. FTIR spectrum of Wheat Straw Biochar

As seen from Table 2, the elemental analysis of
biochar prepared from wheat straw exhibited that it
was composed of 41.43% carbon, 6.43% hydrogen
and 1.06% nitrogen. It can be observed that the
biochar possessed a high carbon content while the
contents of hydrogen and nitrogen were relatively
low. The H/C ratio of wheat straw biochar was 0.15
which implies that the prepared biochar has an

aromatic  structure = which was formed by
carbonization [14].
Table 2
Elemental Analysis of wheat straw biochar
Carbon % Hydrogen % Nitrogen % H/C
41.43 6.43 1.06 0.15

3.2. Effect of biochar on soil properties

The effect of biochar application on organic
matter, organic carbon, pH and EC of the sandy soil
is presented in Table (3). The statistical analysis
demonstrated a substantial (P<0.05) rise in OM, OC,
pH, and EC values following biochar addition, which
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was proportionate to the amount of biochar applied.
The soil amended with 10% biochar had the greatest
mean values for the four evaluated metrics, whereas
the control had the lowest values.

Table (3) shows that after applying biochar, soil
organic matter gone up significantly (P <0.05). The
results indicated that as biochar transformation levels
increased, so did total organic matter. This implies
that organic matter is stored more efficiently, and the
activity of microorganisms engaged in organic matter
biodegradation in the soil is preserved [11].

The addition of biochar to sandy soil increased its
amount of carbon significantly (p<0.05). It has been
previously observed that following biochar, the
minerals in soil can react with biochar in manners
that boost the resistance to oxidation of biochar
particles, improve biochar stabilization, and
contribute to interfacial interactions that promote C
sequestration [19].

The biochar addition had a significant (P<0.05)
effect on soil pH and EC, and their values rose as the
biochar application rate increased. This pH rise may
be due to the dissolution of alkaline cations in ashy
biochar [20]. The presence of salts in biochar may
explain the rise in soil EC with biochar amendment
rate [21]. Numerous prior investigations support the
idea that biochar enhances soil electrical conductivity
(EC) and pH [22, 23].

Table 3
Effect of Biochar on OM, OC, pH and EC in soil

EC
0 0
Treatments | OM (%) | OC (%) | pH ds/m
Control 0.897°¢ 0.507¢ 8.1000° |3.937°¢
Biochar b b b b
2.5% 1.004 0.584 9.103 5.000
Biochar a a a a
10% 1.148 0.667 9.467 6.453
a,b,..... Means in the same row with different superscripts are

significantly different (P<0.05)

Table 4
Effect of Biochar on NPK in soil

Treatments N (%0) P (%0) K (%)
Control 0.009¢ 0.0040°¢ 0.334¢
Biochar b b b

2 5% 0.015 0.0047 0.371
Biochar a a a
10% 0.025 0.0128 0.506
a,b,..... Means in the same row with different superscripts are

significantly different (P<0.05)
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Table 4 shows the effects of biochar application
on three macronutrients N, P, and K in soil. When
compared with the untreated treatment, the
incorporation of biochar into soil raised its nitrogen,
phosphorus, and potassium content considerably
(P<0.05). It is well acknowledged that adding biochar
to soil can change the status of organic matter (due to
the release of nutrients such as nitrogen) [24]. As
reported by El-Hassanin et al., [5], the higher nutrient
preservation in biochar-improved soils may be
ascribed to the biochar surface, which allows
nutrients to engage with the biochar surface
functional groups more easily.

In terms of the effect of biochar amendment on the
exchangeable cations and anions in soil, the data in
Table 5 demonstrated that applying biochar to the soil
considerably (P<0.05) enhanced exchangeable
nutrient cations (Ca, Mg, and K) as well as
exchangeable Na as compared to the control soil. The
anions followed a similar pattern (HCO3, Cl and
SO4). These findings are consistent with prior
research [26].

Table 5

Effect of Biochar on soluble cations and anions in
soil
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Conclusion

Wheat straw by the mean of pyrolysis was
successfully converted into biochar with distinct
physiochemical characteristics. When added to sandy
soil, biochar was able to improve its properties.
Based on the findings of this study, it can be stated
that wheat straw-derived biochar may be
recommended as an efficient soil conditioner,
particularly for sandy soil. Future research might
compare the effect of the recommended biochar on
different soil types.
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