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Abstract: Although there has been an increased focus on the use of biochar for improving soil fertility and mitigating climate 

change, some biochars have been reported to contain substances that affect germination and seedling growth negatively. It is 

therefore necessary to evaluate any biochar material for its effect on seed germination before large scale applications. This study 

was therefore undertaken to assess the effects of (i) biochar derived from maize stover on maize seed germination and (ii) biochar 

derived from rice straw on rice seed germination. Seeds of maize (Zea maize L.) and rice (Oryza sativa) were sown separately to 

soils treated with increasing levels of biochar derived from maize and rice residues respectively. The experiment was conducted 

using a completely randomized design involving five biochar treatments: 0 g (control), 1.25g, 2.50g, 3.75g and 5.00g each mixed 

with 300g of a fine sandy loam soil in Sierra Leone. Results of the germination test showed that most of the maize seeds (>80%) 

germinated by day3 and there was no significant difference in the number of maize seeds germinated on day 7. On the other hand, 

few rice seeds germinated on day3 (35%) and was significantly greater than the number of the rice seeds (>90%) germinated on 

day 7. However, even though the number of maize or rice seeds germinated on biochar treated soils was higher than the control, 

the difference was not significant. Also, no significant differences in root lengths were observed between the control and biochar 

treatments at day 7 for both plants. However, maize shoot length differed significantly from the control whereas rice shoot length 

did not. The results showed that sowing seeds of maize and rice on soils treated with biochar derived from their crop residues had 

no adverse effect on germination. These findings hold great potential for improved and sustainable maize and rice cultivation in 

Sierra Leone. 
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1. Introduction 

Crop production on Sierra Leone soils faces challenges due 

to soil acidity, low water and nutrient retention. For such soils, 

maintenance or improvement of soil organic matter content is 

the key to sustainable cropping. One important approach to soil 

organic matter management is by addition of crop residues. 

Crop residues when incorporated or left on the soil surface 

eventually decompose releasing nutrients and carbon dioxide 

back into the atmosphere [1]. Consequently the benefits of 

adding organic matter to soil, such as, improved water and 

nutrient retention are basically short-lived and continuous 

additions are necessary to maintain productivity. 

A more lasting approach to improving soil productivity is 

by applying carbon into the soil in the form of biochar. 

Biochar is a stable form of carbon produced from heating 

natural organic materials (such as crop residues and other 

biomass wastes) in little or no oxygen environment in a 

process known as pyrolysis. Biochar refers to the charred 

organic matter or charcoal, produced with the intent to 

deliberately apply to soils to sequester carbon and improve 

soil properties [2]. Additions of biochar to soil have been 

reported to increase pH and cation exchange capacity [3, 4, 5] 

as well as nutrient availability [6, 7]. 

During pyrolysis, plant biomass undergoes a series of 

physical and chemical changes. Physical changes in plant 

biomass during pyrolysis basically involve mass loss and 

volume reduction without significant changes in the original 

structure [8]. The shrinkage in volume and mass loss are due 

to loss of volatile compounds in the original plant material [9] 

and result in concentration of nutrients into the charred 
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remains or biochar fraction. Thus converting crop residues 

into biochar and and applying to soils, is a conv

returning nutrients to the soil. Furthermore, biochar is 

resistance to microbial decomposition [10] and therefore soil 

biochar applications offer the potential to sequester carbon in 

agricultural lands [11, 12, 13] thereby mitigating climate 

change. 

Generally, biochar as a renewable bio

potential of positively impacting soil and crop productivity. 

However some biochars have been reported to contain 

substances that affect germination and seedling growth 

negatively [14]. It is therefore necessary to evaluate any 

biochar material for its effect on seed germination before large 

scale applications. This study was therefore undertaken to 

assess the effects of (i) maize stover biochar on maize seed 

germination and (ii) rice straw biochar on rice seed 

germination using a soil-based assay. 

2. Methodology 

2.1. Description of the Study Area 

The experiment was conducted in Njala Campus, Njala 

University in the Moyamba District in Southern Sierra Leone

West Africa. Njala is about 255km from Freetown, the capital 

city of Sierra Leone and is located at an elevation of 128m 

above sea level (altitude), on Latitude 8
0

12
0
W. The climate is tropical and is characterized by two main 

seasons; a rainy season (April to October)

(November to March). The average annual rainfall is about 

2500mm and the mean annual temperature ranges from a 

minimum of 28
0
C to a maximum of 33

0
C. 

2.2. Biochar Production and Processing 

Maize stover and rice straw were collect

Mosongo, one of the villages around Njala University Campus. 

Each crop residue was thoroughly dried in the sun and 

converted to biochar using the Elsa stove designed for the 

BeBi Project in Njala University. [The Elsa stove is a low

Top-Lit-Up-Draft (TLUD) bioenergy stove designed for use in 

domestic cooking and production of biochar for application to 

soils under the Project Agricultural and Environmental 

Benefits of Biochar Use in ACP Countries 

charred material (biochar) was quenched with water (by 

sprinkling water on the hot char) and dried in the sun for a few 

days. The dry biochar was crushed and sieved through a 2mm 

sieve and stored. 

2.3. Properties of Biochar and Soil Used in the 

The soil used in this study had the following characteris

pH 4.7 (1:1 soil:water ratio), organic carbon 2.1g/kg 

(Walkley-Black), available phosphorus 5.6mg/kg soil (Bray & 

Kurtz 1), cation exchange capacity 6.2 cmol

(neutral M NH4OAc), exchangeable cations 0.28, 

and 0.02 cmol+/kg soil Ca, Mg, K and Na respectively, and 

particle size (70% sand, 16% silt and 14% clay)

biochar had the following characteristics: 
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Maize stover and rice straw were collected from farms in 

Mosongo, one of the villages around Njala University Campus. 

was thoroughly dried in the sun and 

stove designed for the 

The Elsa stove is a low-tech 

Draft (TLUD) bioenergy stove designed for use in 

domestic cooking and production of biochar for application to 

soils under the Project Agricultural and Environmental 

Benefits of Biochar Use in ACP Countries – ‘BeBi’]. The 

r) was quenched with water (by 

sprinkling water on the hot char) and dried in the sun for a few 

days. The dry biochar was crushed and sieved through a 2mm 

in the Study 

had the following characteristics: 

, organic carbon 2.1g/kg soil 

Black), available phosphorus 5.6mg/kg soil (Bray & 

Kurtz 1), cation exchange capacity 6.2 cmol(+)/kg soil 

, exchangeable cations 0.28, 0.19, 0.12 

Ca, Mg, K and Na respectively, and 

particle size (70% sand, 16% silt and 14% clay). Maize stover 

 pH 8.4, electrical 

conductivity (1:5 biochar:water

the other hand, had the following characteristics:

electrical conductivity (1:5) 2.82 dSm

2.4. Germination Test 

This study involved five biochar application rates 

(treatments) in four replications in a completely randomized 

design (CRD). Each of five biochar treatments (0g, 1.25g, 

2.50g, 3.75g and 5.00g) was mixed 

fine sandy loam soil (Mokonde Series)

area. The test was conducted for seven days. 

mixture was placed separately 

containers of dimensions 10 cm diameter and 5 cm height. The 

soil in each container was moistened with 140g of water

(47%w/w moisture content) and 

maize L.) or rice (Oryza sativa)

each container. After planting, the pots were covered with a 

transparent plastic sheet for 48 hours to 

loss and allowing access to sunlight. 

The number of plants that germinated on day 3 and 7 was 

recorded for each treatment. On day 

terminated and data collected on total plant length, length 

above ground and length below ground

2.5. Statistical Analysis 

Statistical differences among treatments were determined 

by Analysis of Variance (ANOVA) for Completely 

Randomized Designs (CRD) and LSD (P<0.05) in the GenStat 

12
th

 Edition computer software. 

3. Results 

3.1. Effect of Maize Stover Biochar on the Germination of 

Maize Seeds 

Figure 1. Percentage germination of maize seeds after three and seven days

on soil mixed with biochar derived from maize stover 

The percentage germination of 

by increasing levels of application of 

maize stover on a sandy loam

pattern of maize seed germinatio

days after planting (DAP). At biochar application rate of 

4.2g/kg soil, there was a slight 

compared with the control but increased slightly again at 

8.3g/kg soil biochar application

again at higher application rates. These variations, however, 

were not significantly different

both 3 and 7 DAP. At day 3 most of the maize seeds (>80%) 

have germinated and did not differ significantly 
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biochar:water) 3.98 dSm
-1

. Rice straw, on 

other hand, had the following characteristics: pH 8.8, 

electrical conductivity (1:5) 2.82 dSm
-1

. 

This study involved five biochar application rates 

(treatments) in four replications in a completely randomized 

ve biochar treatments (0g, 1.25g, 

2.50g, 3.75g and 5.00g) was mixed thoroughly with 300g of a 

fine sandy loam soil (Mokonde Series) located in the Njala 

. The test was conducted for seven days. The soil-biochar 

separately in five small cylindrical 

containers of dimensions 10 cm diameter and 5 cm height. The 

was moistened with 140g of water 

and four seeds of maize (Zea 

or rice (Oryza sativa) were planted to 2cm depth in 

. After planting, the pots were covered with a 

for 48 hours to minimise moisture 

loss and allowing access to sunlight.  

The number of plants that germinated on day 3 and 7 was 

recorded for each treatment. On day 7 the germination test was 

terminated and data collected on total plant length, length 

above ground and length below ground 

ifferences among treatments were determined 

by Analysis of Variance (ANOVA) for Completely 

ndomized Designs (CRD) and LSD (P<0.05) in the GenStat 

Edition computer software.  

iochar on the Germination of 

 

Percentage germination of maize seeds after three and seven days 

on soil mixed with biochar derived from maize stover  

percentage germination of maize seeds as influenced 

application of biochar derived from 

on a sandy loam are shown on Fig.2. The 

pattern of maize seed germination was similar at both 3 and 7 

At biochar application rate of 

a slight decrease in germination 

but increased slightly again at 

8.3g/kg soil biochar application, then decreased slightly 

again at higher application rates. These variations, however, 

ly different (p<0.05) among each other at 

At day 3 most of the maize seeds (>80%) 

have germinated and did not differ significantly (p<0.05) 
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from the number of seeds germinated at day 7.

presence of biochar neither improved nor adversely affected 

maize germination.  

3.2. Effect of Rice Straw Biochar on the Germination of 

Rice Seeds 

Fig. 2 shows the percentage germination of rice seeds with 

increasing levels of application of rice straw biochar on a fine 

sandy loam. At 3 DAP percent rice seed germination was less 

than the control for most biochar application rates 

16.7g/kg soil. On the other hand, at 7 DAP 

decrease in percent rice seed germination from the control

biochar application rate of 4.2g/kg soil but increased again 

slightly above the control at higher biochar application rates. 

Nonetheless, there was no significant difference (p<0.05) in 

germination between the control and biochar treatments at 7 

DAP. There was also no significant difference

treatments at 3 DAP. On the other hand, 

germination of rice seed increased significantly between 3 and 

7 DAP.  

Figure 2. Percentage germination of rice seeds after three and seven days on 

soil mixed with biochar derived from rice straw. Bars with the same letter are 

not significantly different (P<0.05). 

3.3. Effect of Maize Stover Biochar on Shoot and Root 

Lengths of Germinated Maize Seedlings

Table 1 shows data collected on mean 

lengths of maize seedlings at the end of the germination test on 

day 7. Except for biochar application rates of 4.2g/kg

mean shoot length differed significantly (p<0.05)

control with increasing rates of biochar application. 

other hand, the control treatment had slightly higher mean root 

lengths than the biochar treatments. However, the difference 

between the control and biochar treatments was not 

significantly different. 

Table 1. Mean shoot and root lengths of maize seedlings after seven days 

germination on a sandy loam soil treated with increasing levels of 

stover biochar 

Biochar (g/kg soil) Shoot Length (cm) Root Length

0.0 14.01 10.45

4.2 16.17ns 10.37

8.3 17.79* 11.39

12.5 17.56* 10.24

16.7 17.38* 8.89

LSD (0.05) 2.65 2.22ns

ns = not significant (p>0.05), *significant (p<0.05) in comparison to the 

control  
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mean shoot and root 

lengths of maize seedlings at the end of the germination test on 

Except for biochar application rates of 4.2g/kg soil, 

(p<0.05) from the 

f biochar application. On the 

he control treatment had slightly higher mean root 

lengths than the biochar treatments. However, the difference 

between the control and biochar treatments was not 

shoot and root lengths of maize seedlings after seven days 

germination on a sandy loam soil treated with increasing levels of maize 

Root Length (cm) 

10.45 

10.37 

11.39 

10.24 

8.89 

2.22ns 

(p<0.05) in comparison to the 

3.4. Effect of rice Stover Biochar

Lengths of Germinated Maize Seedlings

Mean shoot and root lengths of rice seedlings at the end of 

the germination test on day 7 are shown on Table 2. Although 

the mean lengths of rice shoot on soils treated with bio

were greater than the control, the difference was not 

significant (p<0.05). On the other hand, 

soils treated with biochar were found to be less than the 

control but did not differ significantly (p<0.05).

Table 2. Mean shoot and root lengths of ric

germination on a sandy loam soil treated with increasing levels of 

biochar 

Biochar (g/kg soil) Shoot Length

0.0 11.56 

4.2 12.42 

8.3 12.10 

12.5 11.91 

16.7 12.22 

LSD (0.05) 2.24ns 

ns=not significant (p<0.05) 

4. Discussion 

Seed germination and emergence is critical to crop growth 

and development. The presence of inhibitory substances 

can affect germination and emergence and hence plant growth. 

Some biochars have been shown to contain phytotoxic 

substances such as dioxins, furans, polyaromatic hydrocarbons, 

phenolic compounds as well as heavy metals that can harm soil 

microorganisms, plants and even humans 

In this study, percent germination of maize and rice seeds 

generally increased slightly above the control at higher 

biochar application rates although the increase was not 

signififcant. This study revealed that application of maize 

stover biochar or rice straw biochar did not have any negative 

impact on the germination and emergence of maize or rice 

seeds respectively. Other report on related studies 

found no significant difference among different biochars 

(including maize stover biochar) on the g

seeds. Also, biochar application has been 

germination of wheat, clover and mung bean seeds 

studies on forest seed germination showed that biochar 

enhances seed germination [19].

The study also revealed that 

there was a significant increase in maize shoot length beyond 

biochar application rates of 4.2g/kg soil. Thus maize stover 

biochar enhanced seedling emergence at the very early 

seedling growth (one week). On the other han

rice straw biochar showed no significan

length. 

Mean root lengths for both maize and rice plants were were 

found to generally decrease with biochar applications. Thus

whereas there was a significant difference in mai

length between the control and biochar treatments

length and root length did not

treatments. 
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Effect of rice Stover Biochar on Shoot and Root 

Lengths of Germinated Maize Seedlings 

hoot and root lengths of rice seedlings at the end of 

the germination test on day 7 are shown on Table 2. Although 

lengths of rice shoot on soils treated with biochar 

the control, the difference was not 

significant (p<0.05). On the other hand, mean root lengths in 

soils treated with biochar were found to be less than the 

differ significantly (p<0.05). 

shoot and root lengths of rice seedlings after seven days 

germination on a sandy loam soil treated with increasing levels of rice straw 

Shoot Length (cm) Root Length (cm) 

6.92 

6.21 

5.74 

6.01 

6.81 

2.04ns 

Seed germination and emergence is critical to crop growth 

and development. The presence of inhibitory substances [15] 

can affect germination and emergence and hence plant growth. 

have been shown to contain phytotoxic 

substances such as dioxins, furans, polyaromatic hydrocarbons, 

phenolic compounds as well as heavy metals that can harm soil 

microorganisms, plants and even humans [16]. 

In this study, percent germination of maize and rice seeds 

generally increased slightly above the control at higher 

biochar application rates although the increase was not 

This study revealed that application of maize 

traw biochar did not have any negative 

impact on the germination and emergence of maize or rice 

report on related studies [17] have 

no significant difference among different biochars 

(including maize stover biochar) on the germination of maize 

Also, biochar application has been reported to enhanced 

germination of wheat, clover and mung bean seeds [18]. Other 

studies on forest seed germination showed that biochar 

]. 

that after seven days of emergence 

there was a significant increase in maize shoot length beyond 

biochar application rates of 4.2g/kg soil. Thus maize stover 

biochar enhanced seedling emergence at the very early 

. On the other hand, application of 

rice straw biochar showed no significant difference in shoot 

Mean root lengths for both maize and rice plants were were 

found to generally decrease with biochar applications. Thus, 

whereas there was a significant difference in maize shoot 

length between the control and biochar treatments, rice shoot 

not differ significantly among 
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5. Conclusion 

This study has shown that application of biochar derived 

from maize stover or rice straw to soil has no adverse effect on 

the germination and seedling emergence of maize or rice seeds 

respectively. Unlike rice straw biochar, application of maize 

stover biochar significantly improved maize seedling 

emergence relative the control.  

The study also demonstrated the relevance of conducting 

seed germination test using a soil-based assay, particularly 

with soil from the site to which field applications of biochar 

are to be made in order to ensure good seedling emergence and 

crop growth. This study may also have relevance to 

horticulture where biochar may be used for the establishment 

of nurseries.  
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