Agricultural Sciences, 2015, 6, 798-806 .0’0 Scientific
Published Online August 2015 in SciRes. http://www.scirp.org/journal/as ‘Qto. Eﬁzﬁ:ﬁr’:g
http://dx.doi.org/10.4236/as.2015.68077 ¢

Effect of Rice Straw Biochar on Soil Quality
and the Early Growth and Biomass Yield of
Two Rice Varieties

Alie Kamara?*, Hawanatu Sorie Kamaraz?, Mohamed Saimah Kamara3

1Department of Soil Science, School of Agriculture, Njala University, Njala, Sierra Leone
2Njala Agricultural Research Centre, Njala University Campus, Njala, Sierra Leone
3Department of Agriculture, Ahmadiyya Secondary School, Freetown, Sierra Leone
Email: “aliekamara@njala.edu.s|

Received 30 June 2015; accepted 15 August 2015; published 18 August 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Sustainable rice production in Sierra Leone faces serious constraints due to soil acidity, low cation
exchange capacity, low nutrient contents accelerated mineralization of soil organic matter and soil
loss by erosion (particularly on the uplands). One possible approach to addressing the soil con-
straints to rice production both on uplands and lowlands of Sierra Leone is the recycling of rice
residues through biochar production and application to soils. A pot experiment was conducted to
investigate the effects of application of biochar from rice residues on (i) soil physicochemical
properties and (ii) the early growth characteristics of two rice varieties, NERICA L19 and ROK3.
The experiment was arranged in a completely randomized design (CRD) with two biochar levels (0
and 15 g/kg soil) and two rice varieties in three replications. For the biochar treated soils
(+biochar), 75 g rice straw biochar was applied to 5 kg air-dry soil (15 kg biochar/kg soil), mixed
thoroughly and placed into perforated black polythene bags. Seeds of two rice varieties, NERICA
L19 and ROK3 were planted on the treated and untreated soils for eight weeks. Application of bi-
ochar improved available phosphorus, exchangeable cations and cation exchange capacity in bio-
char treated soils compared to the control soil without biochar. Plant height, tiller number, and
dry biomass weight of both rice varieties grown in soils amended with rice straw biochar were
significantly higher than those on untreated soils. The most remarkable increase in plant growth
characteristics as a result of biochar addition to soil was reflected in the biomass yield and tiller
numbers. Dry shoot biomass for ROK3 rice variety varied significantly from a mean of 3.5 g (con-
trol) to 26.2 g (+biochar) while tiller numbers significantly varied from 10 (control) to 29.6
(+biochar). Similarly, for NERICA L19 rice variety, dry shoot biomass increased significantly from
4.5 g (control) to 22.7 g (+biochar) while tiller numbers increased significantly from a mean of
12.3 (control) to 30 (+biochar). Thus converting rice residues to biochar and applying to soil holds
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promise for improving rice production in Sierra Leone.
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1. Introduction

Rice production in Sierra Leone faces large constraints due to soil acidity, low cation exchange capacity, low
nutrient contents and accelerated mineralization of soil organic matter and soil loss by erosion. Consequently,
low rice yield is prevalent in many rice production systems of Sierra Leone. Addressing this challenge requires
judicious efforts such as recycling of crop residues, liming and fertilizer application, and erosion control.

A large quantity of rice residues are produced annually in rice cropping systems of Sierra Leone. Most of
these residues are regarded as wastes and either burnt or piled and abandoned at some locations in the rice fields.
Burning of rice residues result in substantial loss of nutrients such as, nitrogen and sulphur, and may lead to air
pollution [1]-[3]. One possible approach to addressing the soil fertility constraints to rice production both on
uplands and lowlands of Sierra Leone is the recycling of rice residues [4]. Rice residues can be recycled by
composting or by direct incorporation into the soil. Applying residues in the form of compost or by direct in-
corporation into the soil could result in rapid decomposition and the release of nutrients, as well as, emissions of
greenhouse gases such as carbon dioxide. This approach requires annual additions of the organic material to the
soil to maintain fertility. An alternative approach which can be more sustainable is conversion of crop residues
into biochar and application onto soil. Biochar is the carbon-rich charred remains from heating biomass in little
or no oxygen conditions [5] [6]. Biochar has been estimated to have a half-life in the range of hundreds to thou-
sands of years depending on biochar type and production conditions [7]. This is because the form of carbon in
biochar is stable with a predominant aromatic structure that is resistant to decomposition [8]-[10]. Consequently,
biochar has the potential to remain in the soil for hundreds to thousands of years [11] [12]. Thus the use of bio-
char as a soil amendment will impart properties to the soil with longer lasting effects than uncharred organic
materials such as compost, manure or crop residues.

Biochar application to soils has been shown to improve soil physical and chemical properties [13]-[17]. Bio-
char is reported to have positive effects on soil acidity and improve nutrient and water retention capacity [18]
[19], and hence, crop yields [13] [14] [20]-[23].

The use of biochar for improving soil and crop productivity has captured the interest of researchers, policy
makers and farmers globally and has been at the center of active research recently. In Sierra Leone, very little
attention has been given to this new area of research. This study was therefore undertaken to investigate the ef-
fects of application of biochar derived from rice straw on (i) soil physicochemical properties and (ii) the early
growth of two rice varieties.

2. Materials and Methods
2.1. Description of the Study Area

The experiment was conducted in Njala Campus, Njala University in the Moyamba District in Southern Sierra
Leone. Njala is located on Latitude 8°N and Longitude 12°W, and is about 47 km from the second largest city,
Bo City, and about 255 km from Freetown, the capital city of Sierra Leone.

The climate of the study area is tropical and is characterized by a rainy season between May and October and
a dry season from November to April. The mean annual temperature varies from a minimum of 28°C and a
maximum of 33°C. The average annual rainfall is about 2500 mm.

2.2. Soil Sample and Analysis

The soil sample for the trial was collected from the Mokonde fine sandy loam (Mokonde soil series) classified
as a Plinthic Paleudult [24]. The soil has a 35 - 40 cm gravel-free top soil over gravel subsoil. A composite soil
sample was collected from a depth of 20 cm and taken to the laboratory. The soil sample was air-dried and a 0.5
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kg sub-sample taken for physicochemical analysis. The rest of the sample was used for setting up the pot expe-
riment.

Soil analysis was carried out for the composite sample before the trial and for separate biochar treated soil af-
ter two weeks of incubation. Soil pH was measured using a 1:1 soil to water ratio with a pH meter. Organic car-
bon was determined by the Walkley-Black procedure [25]. Cation exchange capacity was measured using the
sodium saturation method. Exchangeable cations (Na, K, Ca, and Mg) were extracted with 1M ammonium ace-
tate buffered at pH7. Exchangeable Na and K were determined in a flame photometer while Mg and Ca were
determined by EDTA titration. Particle size analysis was performed using the hydrometer method [26].

2.3. Production of Rice Straw Biochar and Analysis

Rice straw was collected from a rice farm in Mosongo village just outside Njala University Campus and allowed
to dry thoroughly under the sun. Biochar was produced from the rice straw using a top-lit-updraft stove (the Elsa
stove designed for the EU-funded Biochar (“BeBi”) Project in West Africa—EuropeAid/127860/D/ACT, FED/
2009/221814). Rice straw was placed in the large Elsa burner and ignited. The hot biochar produced after pyro-
lysis was quenched with distilled water, collected and sun-dried, weighed and stored.

Rice straw biochar was analysed for bulk density, pH, cation exchange capacity (CEC), and exchangeable ca-
tions (Na, K, Mg, and Ca). The bulk density was determined as described by Ahmedna et al. [27]. Ground bio-
char was placed in a pre-weighed 10 ml measuring cylinder and tapped gently with incremental additions until the
10 ml mark was reached. The weight of cylinder containing the biochar was recorded and bulk density was cal-
culated by dividing the weight of the dry biochar sample by 10 (the volume of the packed biochar). The pH was
measured as described by [28]. Briefly, a 1% suspension of the biochar in de-ionized water was heated to about
90°C and stirred for 20 minutes. The suspension was then cooled to room temperature and the pH was measured
with a pH-meter. CECwas determined by Na saturation as described by [29] except that Na was determined by
flame photometry instead of atomic absorption spectroscopy. Available phosphorus and cations (Na, K, Mg, and
Ca) were determined by AB-DTPA extraction (1 M NH,HCO; + 0.005 M DTPA) as described by Naeem et al.
[28]. Na, K, Mg, and Ca were analysed as described for soil in 2.2. Phosphorus (P) concentration was measured
on a UV-visible spectrophotometer after developing yellow colour by vanadate-molybdate method [30].

2.4. Pot Experiment

The experiment was arranged in a completely randomized design (CRD) with two biochar levels (xbiochar: 0,
15 g/kg soil) and two rice varieties (NERICA L19 and ROK3) in three replications. 5 kg air-dry soil was
weighed and mixed with 75 g of rice straw biochar and placed into perforated black polythene bags of dimen-
sion 30 cm depth and 27.9 cm diameter. The soil was wetted and allowed to drain for 48 hours. Three (3) seeds
were planted per polythene bag to a depth of 1.0 cm and a spacing of 2 cm. Two weeks after planting, the seedl-
ings were thinned to one stand by removing the less vigorous one. The experiment was conducted for eight
weeks from the first week in May to the end of July. No fertilizer was applied. The soil was watered every three
days until there was regular rainfall to provide sufficient moisture.

2.5. Data Collection

At eight weeks after planting, data was collected on plant height, tiller number, shoot and root biomass. Plant
height was measured from the soil surface to the topmost leaf by placing a meter-rule vertically on the soil sur-
face and a foot-rule horizontally at the height of the canopy and reading off from the meter rule. Tiller number
was determined by counting the number of tillers for each plant stand. Data on biomass was collected by cutting
the shoot from the soil surface and the roots were carefully removed by washing the soil from the roots with
water. The fresh weights of shoot and root biomass were recorded and placed in an oven for drying at 75°C.

2.6. Data Analysis

All data collected were subjected to statistical analysis: analysis of variance (ANOVA), mean comparison using
GENSTAT Discovery Edition 3 software. Where significance of difference was found mean separation was
done by the leas significant difference at 95% confidence interval.
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3. Results
3.1. Properties of Rice Straw Biochar

The properties of rice straw biochar are shown on Table 1. Biochar production using the top-lit-updraft pyroly-
sis stove was rapid and lasted for about 20 minutes. Biochar yield or recovery from the raw rice straw was on
the average 29.7% with an ash content of 34.2%. The derived rice straw biochar had low bulk density (0.75),
high pH (9.3) and phosphorus (738 mg P/kg biochar). The cation exchange capacity (CEC = 44.2 cmol+/kg bi-
ochar) was high and tice straw biochar was also rich in exchangeable cations especially K (39.7 cmol+/kg bio-
char) as compared to Mg (5.8 cmol+/kg biochar) and Ca (12.6 cmol+/kg biochar).

3.2. Effect of Rice Straw Biochar on Soil Properties

As shown in Table 2, addition of rice biochar to soil (+biochar) improved soil physical and chemical properties
as compared to the soil without biochar (control: —biochar). The biochar treated soil had higher available phos-
phorus (11.5 mg/kg soil), exchangeable cations (Na, K, Ca, and Mg—0.05, 0.23, 0.34, and 0.31 cmol+/kg soil
respectively) and higher cation exchange capacity (CEC = 10.2) than the control soil. This clearly indicated that
rice straw biochar has the potential to improve soil physical and chemical properties.

3.3. Effects of Rice Straw Biochar on the Growth of Two Rice Varieties

The improvements of the soil physical and chemical properties due to application of rice straw biochar was re-
flected in the improved growth of rice varieties sown on the biochar treated soil. Plant height, tiller number and
dry biomass weight of rice grown in soils amended with rice straw biochar were significantly higher than those
of control soils.

3.3.1. Effect on Plant Height

Rice plants grown on soils treated with rice straw biochar were significantly (p < 0.05) taller than those grown
on soils without biochar treatment (Figure 1). For ROKS3 rice variety, biochar application resulted in signifi-
cantly taller plants (56 cm) than the control (47.4 cm). Similarly, rice plants of NERICA L19 variety grown on
soils treated with biochar were significantly taller (53.3 cm) than those grown on the control soil (43.4 cm). The
results showed the positive influence of rice straw biochar on plant height for both rice varieties. There was also
a significant (p < 0.05) difference in plant height between the two rice varieties (ROK3 and NERICA L19) with
and without biochar application. There was no significant interaction between biochar treatment and rice variety
for plant height. This implied that the influence of rice straw biochar on plant height was not dependent on va-
riety.

3.3.2. Effect on Tiller Number
Application of rice straw to soil showed significant (p < 0.05) difference in tiller numbers from the untreated soil

Table 1. Pyhsicochemical properties of rice straw biochar.

Exchangeable Cations
. Bulk C P CEC .
\E(']/il)d pH @/Sor; Density (9C/kg (mgP/kg (cmol+/kg (cmol+/kg biochar)
(g/cm®) biochar) biochar) biochar) Na K Mg Ca
29.7 9.3 34.2 0.75 455.8 738 44.2 7.6 39.7 5.8 12.6

Table 2. Effects of rice straw biochar on the physicochemical properties of a fine sandy loam soil (Mokonde series).

Exchangeable Cations (cmol+/kg soil)

H Bulk Density P CEC
P (g/cm?) (mg P/kg soil) (cmol+/kg soil) Na K Mg Ca
Control 4.8 1.27 6.7 7.4 0.03 0.09 0.21 0.26
(—biochar)
15 g/kg soil 5.4 1.22 115 102 0.05 0.23 0.34 031
(+biochar)
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Figure 1. Effect of rice straw biochar on plant height of two rice varieties
(ROK3 and NERICA L19) after eight weeks. Bars with same letters are not
significantly differently from each other at p < 0.05. LSDy5 = 1.2.

for both rice varieties (Figure 2). NERICA L19 grown on soil treated with rice straw biochar had significantly
higher tiller numbers (p < 0.05) than those grown on soil without biochar. Similarly, ROK3 rice variety showed
a significant difference in tiller numbers between biochar treated and untreated soils. In the absence of biochar
application, there was a significant difference (p < 0.05) in tiller numbers between the two rice varieties. How-
ever, in the presence of biochar, the two rice varieties showed no significant difference in tiller numbers.

3.3.3. Effect on Plant Biomass (Dry)

The application of rice straw to soil showed remarkable difference in plant biomass (shoot and root) for both
rice varieties (Figure 3(a) and Figure 3(b)). Shoot and root biomass of ROK3 varietytreated with biochar were
significantly higher than those on soils without biochar treatment. Also, the shoot and root biomass weights of
NERICA L19 variety on biochar treated soil were higher than those on untreated soil.

4. Discussions

In this study, conversion of rice straw biomass to biochar resulted in 29.7% recovery (Table 1). Although the
temperature at which biochar was produced in this study was not measured, biochar recovery is generally af-
fected by production temperature and residence time [31]. The derived rice straw biochar had high pH and good
physicochemical properties (Table 1). Pyrolysis of raw biomass is known to produce biochar with high pH,
carbon, CEC, and cations [31]-[33]. Thus, rice straw biochar has the potential to be used as a fertilizer material.
Consequently, application of biochar to soil increased pH, reduced bulk density, increased cation exchange ca-
pacity and nutrient availability (Table 2). A lot of evidence exists in the literature indicating that biochar appli-
cations can improve soil properties [19] [34] [35]. [19] also showed that the application of biochar could in-
crease soil organic carbon, soil pH, and CEC. The increase of CEC with the application of biochar has also been
shown by [35]. In another study, [36] observed increase in pH in organic potting soil amended with biochar and
[4] reported increased soil pH with application of rice straw biochar to soil.

The improvement in soil physicochemical properties due to biochar application was reflected in the growth
and biomass production of the two rice varieties grown on soils treated with biochar as compared to the control
without biochar. Plant height was increased relative to the control by 18.1% for ROK3 and 22.8% for NERICA
L19 rice varieties.

The most remarkable differences were observed for tiller numbers (Figure 2) and biomass production
(Figure 3). Application of biochar to soil has been shown to improve plant growth particularly on infertile soils
[37]-[40]. The soil used in this study was acidic and generally low in fertility. Thus the application of rice straw
biochar was found to improve soil fertility and hence plant growth. Biochar has been reported to enhance rice
growth and yield in soils deficient in phosphorus [18]. On the contrary, [41] found no significant effect of
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Figure 2. Effect of rice straw biochar on tiller number for two rice varieties
(ROK3 and NERICA L19) after eight weeks. Bars with same letters are not
significantlydifferently from each other at p <0.05. LSDgs = 1.2.

180+ b W Og biochar/kg soil 14.0 7 M 0g biochar/kg soil
16.0 - M 5g biochar/kg soil 12.0 4 B 5g biochar/kg soil
140 . c
&0 o0 ol
2 120 - z 0
g g
[aa) m
s 8.0 s 6.0 7
2 Q
% 60 - "
> 4.0
8 40 - =
20 2.0 1
0.0 - 0.0 -
ROK3 NERICA L19 RO INERIC: Bl
Rice Viariety Rice Variety

@ (b)

Figure 3. Effect of rice straw biochar on shoot (3a) and dry root (3b) biomass of two rice varieties (ROK3 and NERICA L19).
after eight weeks. Means (bars) with same letters are not significantly differently from each other at p < 0.05. LSDg5 = 1.2.

wheat-straw biochar amendment on rice growth in a relatively infertile soil. They attributed this to high phos-
phorus availability because they applied phosphorus in their experiment, thereby making it non-limiting. The
soil used in this study was very low in phosphorus and therefore showed a significant response to the application
of rice straw biochar which had a high content of phosphorus. On the whole, the observed increased in plant
growth and biomass production could be attributed to the soil enhancing properties of rice straw biochar used in
this study, particularly in the absence of fertilizer application. [42] reported increased plant height, root biomass
and final biomass of lettuce and cabbage in soils receiving rice-husk biochar treatments. They observed that the
greatest biomass increase was in soils without fertilizer application. Thus, as observed in this study, the applica-
tion of biochar derived from rice-straw could be a valuable input in smallholder farms with limited financial re-
sources for fertilizer purchase.

5. Conclusion

The results of this study showed that application of rice-straw biochar to soil can improve soil properties and
rice growth. Specifically, application of rice-straw biochar at 15 g/kg soil was found to significantly improve
plant height, tiller numbers and biomass production relative to the control without biochar. The results indicated
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the importance of recycling rice straw through biochar production for improving soil fertility and crop growth in
soils of low fertility, particularly in smallholder farming systems where access to inputs such as inorganic ferti-
lizers is limited.
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