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Abstract— The seedling growth of maize, their germination rate and seedling length were ascertained using 

biochar pyrolyzed at temperatures between 400-550oC.  All the biochar used were alkaline and contained 

mineral-rich components such as; C, Ca, O, K, Na, Mg, Si, Al, that could enrich the soil and as well treat 

acidic soil. Also all the biochar produced are good for planting. However, biochar pyrolyzed at 400oC gave 

the maximum seedling growth length. The germination rate was between 75%-100%. Biochar produced at 

400o C was significantly (P <1.000) greater than SDB450. There is no significant difference between 

SDB450 and SDB500 (P < .461), also no significant difference between SDB 550 and control (P < .192 at 

a 95% level of significance. Biochar utilization could be a promising way of reducing the negative 

environmental effect of fertilizer.    
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I. INTRODUCTION 

 Food security is one of the recent issues discussed globally. 

Sustainable strategies and methods are required to sustain 

the growing population's demand for food. Crop yields can 

be greatly improved by the application of some useful 

practices and methods such as increasing organic fertilizer 

use efficiency (Yang et al., 2017; Lu et al., 2014). The use 

of fertilizer has proved to be beneficial but it is usually 

accompanied by some environmental negative effects such 

as; nitrate leaching, groundwater pollution, river, lake, and 

coastal water eutrophication. Constant use of fertilizer in 

order to solve the rising human demands may lead to a 

consequential effect of accumulating huge environmental 

costs (Claudia et al., 2015). Thus, an eco-friendly, 

renewable alternative or complementary approach capable 

of reducing the negative impact of fertilizer as well as 

enhance plant growth and promote soil carbon sequestration 

is of great interest. Biochar has received significant interest 

in the literature, mostly for its ability to improve soil quality 

and sequester carbon (Klasson, 2017). Biochar is a solid 

product obtained from the thermochemical conversion of 

biomass in an oxygen-limited environment (IBI, 2012). 

This process of thermochemical decomposition of biomass 

produces biochar, bio-oil, and syngas.  

Biomass can be of plant and animal origin such as sawdust, 

rice husk, pea nut shell, cow dung, palm kernel. Sawdust is 

a waste biomass from forest resources (Timber). These 

wastes are not properly managed and thus constitute to 

environmental pollution. Sawdust wastes are transformed to 

useful resources through pyrolysis to improve the economy 

as well as solve the problem of pollution. During pyrolysis, 

moisture and volatile materials are lost leaving behind a 

solid carbon-rich, fine-grained porous structured material 

with aromatic surface and different functional groups (Lee 

et al ., 2017). Biochar has a high specific surface area, high 

amounts of oxygen-containing functional groups, and high 

stability (Huang et al., 2016). This unique nature of this 

pyrogenic carbon material (biochar) offers its applications 

in areas such as agriculture, climate change, environmental 

remediation, energy ( Tan et al., 2017; Wang et al., 2018; 

Zhou et al., 2017), and soil amendment. Biochar has 

contributed positively to the agricultural sector to improve 
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plant growth owing to its porosity and sorption capacity, 

liming capacity, the improvement of soil fertility, and water 

holding capacity. Biochar is very recalcitrant and can 

contribute to climate change mitigation by carbon 

sequestration and reduction of agricultural emissions of 

CO2, N2O, and CH4 (Hagemann et al., 2017). 

Biochar obtained and its application depends on the 

feedstock and pyrolysis condition (Enders et al., 2012). The 

biochar obtained from relatively low-temperature pyrolysis 

possess a high content of volatile matter which contains 

labile compounds that decompose easily within a short 

period which affects plant growth positively (Jindo et al., 

2014; Liu et al., 2014), while the structure of biochar 

produced at high -temperature pyrolysis has a large surface 

area and contains aromatic-carbon which may increase the 

adsorption capacity and recalcitrant character (Jindo et al., 

2014; Ahmad, 2012).  Such biochar is usually employed for 

environmental bioremediation and carbon sequestration; 

which directly removes carbon dioxide from the 

atmosphere. (Jindo et al., 2014; Lehmann, 2007). The 

stability of biochar in the soil is higher with increased 

pyrolysis temperature (Purakayastha et al., 2015). 

Several investigations have been reported on the effect of 

biochar on plant growth. Berihun et al., (2017) reported that 

biochar application on soil significantly affected the soil 

bulk density, porosity, pH, and exchangeable acidity which 

resulted in (95.23%) maximum germination percentage 

observed in the garden pea seeds at 18 t ha−1 of Lantana 

biochar.  Hagemann et al., (2017) reported in their study that 

biochar promotes plant growth, especially when combined 

with nutrient-rich organic matter, e.g., co-composted 

biochar.  Adding char to soil has been found to increase crop 

yield, increase water retention, and to increase soil stability. 

Moreover, it releases carbon much more slowly than 

biomass left on the field and thus contributes to carbon 

sequestration (Dupont and van Hullebusch, 2018). Claudia 

et al., (2015) reported the greatest positive plant responses 

observed with mineral-rich biochars made from manure and 

straw on the application of large doses (> 10 t ha−1 biochar) 

at once.  

The aim of this research involves the utilization of biochar 

from sawdust biomass to enhance maize seedling growth. 

 

II. MATERIALS AND METHODS  

Biochar was produced through slow pyrolysis at different 

temperatures between 400-550 oC at Forest Reserve 

Institute Malaysia (FRIM). The pH, EDX and Zeta potential 

of the biochar produced were determined. 

2.1 pH value 

The pH of biochar was determined in a mixture of 1 g 

biochar and 20 mL deionized water. The mixture was stirred 

using a magnetic stirrer for 1 h and allowed to stand for 10 

mins. The pH level was measured with a pH meter (JENCO 

Vision Plus 6175-3C). 

2.2 EDX 

The elemental analysis of biochar were observed with a 

scanning electron microscope (HITACHI FESEM SU8220) 

equipped with an energy dispersive X-ray (EDX) 

spectrometer and X-max detector (oxford – instruments). 

The sample was mounted on the SEM stub using carbon 

tape and inserted into the chamber, at accelerating voltages 

between 10-20 kV and 2,500-10000 times magnification. 

2.3 Zeta potential 

Biochar powder (20 mg) was dispersed in 200 ml of distilled 

water to make a suspension in a conical flask. The conical 

flask was shaken at 150 r/min for 12 h, and the zeta potential 

of biochar in the suspension was measured using a Zeta 

Potential Analyzer (Malvern zeta sizer) (Hong et al., 2019). 

2.3 Germination test. 

Biochar was used to monitor the germination rate and 

seedling growth of maize following the method reported by 

Marmiroli et al., (2018) with modification. Biochar samples 

were sieved to pass through a 250 µm mesh. A dilute 

solution of methanol was dabbed in cotton wool and was 

used to clean Petri dishes to kill any bacteria present in them 

and to remove impurities as well as sanitize the Petri dishes. 

A ball of fresh small cotton wool was placed on the Petri 

dishes which were used as soil.  0.5 g of dried sieved biochar 

at different pyrolytic temperature were placed on the cotton 

wool in triplicate biological analysis. 3-4 seeds of maize 

were sown on each petri dish in a triplicate biological 

analysis followed by the addition of 10 mL of distilled water 

to each of the Petri dishes and were kept in the dark to 

germinate. After three days the germinated seeds were 

counted and their root length was measured daily until the 

tenth day and the germination rate percent was calculated.  

Germination rate % = (number of germinated seeds/number 

of starting seeds) ∗ 100     (1) 

 

III. RESULTS 

3.1 pH value    

The pH results of biochars displayed in Table 3.1, indicate 

the level of alkalinity of biochar at different pyrolytic 

temperature. The result shows that the biochars produced in 

this study are alkaline. 

3.2 EDX  
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EDX of sawdust biochar is shown in Fig.3.1. The presence 

of mineral-rich components such as C, Ca, O, K, Mg, Si, P, 

and Al, enriched the biochar. 

Table 3.1: EDX analysis (Elemental analysis (wt %)) and pH sawdust biochar 

sample C O Mg K Ca Si P Al pH 

SDB 400 74.02 14.71 0.49 2.94 0.98 3.92  2.94 7.94 

SDB 450 92.16 16.24 0.58 1.14 0.39  0.17  8.6 

SDB 500 92.42 11.32 0.22 0.7 0.29 0.06 0.06  9.1 

SDB 550 94.09 4.88 0.15 0.33 0.33 0.18   9.22 

 

3.3 Zeta potential of SDB biochar 

The zeta potential obtained was negative for all the biochar 

samples as shown in Fig.3.1. The zeta potential of SDB450 

at pH 8.6 was -16.9 mV and became slightly less negative 

at SDB500 with increasing pH (8.9) -14.8 mV. 

 

SDB450 

 

 

SDB500 

Fig. 3.1 Zeta potential of SDB450 and SDB500 

 

3.4 Effect of biochar on seedling growth and 

germination rate  

Effect of biochar on seedling growth test was performed by 

placing seeds of maize on cotton wool in the presence of 

sawdust biochar of different temperatures in water. The 

effect is measured by taking into account the number of 

seeds that germinated and the seedling growth length after 

3 days of planting compared to the control and also their 

seedling length after 10 days of planting as shown in Fig.3.2 
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Fig.3.2. Effect of biochar at different temperatures on seedling growth maize 

 

 

Fig.3.3 Optical images of images of seedling growth of maize plant 

 

3.5 Statistics analysis for seedling growth of Maize 

The means and standard deviation of seedling growth of 

maize results for each day of analysis of different 

samples are presented in Table 3.2. The results show that 

SDB400 has greater mean values than other biochar 

samples. 

Table 3.2   Descriptive Statistics for seedling growth of Maize 

 

Biochar Mean 

Std. 

Deviation N 

 Biochar 
Mean 

Std. 

Deviation 
N 

Fourth day  Control 
.708 .6680 12 

Eighth 

day  

Control 
3.575 1.6466 12 

SB400 5.575 .3888 12  SB400 23.533 1.4067 12 

SB450 2.000 .9909 12  SB450 8.192 2.8234 12 

SB500 1.217 .5859 12  SB500 7.508 1.5246 12 

SB550 .842 .8404 12  SB550 4.267 1.6555 12 

Total 2.068 1.9550 60  Total 9.415 7.5642 60 
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Fifth day  Control 
2.183 1.5608 12 

Nineth 

day  

Control 
3.408 1.4607 12 

SB400 10.025 .8013 12  SB400 28.233 1.8802 12 

SB450 4.008 1.4126 12  SB450 8.767 2.9724 12 

SB500 3.583 1.0125 12  SB500 8.458 1.4600 12 

SB550 2.375 1.1323 12  SB550 4.733 1.7500 12 

Total 4.435 3.1322 60  Total 10.720 9.2755 60 

Sixth day  Control 
2.917 1.6694 12 

Tenth 

day  

Control 
2.708 1.4068 12 

SB400 14.433 1.2565 12  SB400 33.158 2.1441 12 

SB450 6.017 2.2230 12  SB450 9.358 3.0938 12 

SB500 5.567 1.2146 12  SB500 9.017 1.2855 12 

SB550 3.342 1.3846 12  SB550 5.225 1.9429 12 

Total 6.455 4.4757 60  Total 11.893 11.1888 60 

Seventh day  Control 3.833 1.9099 12      

SB400 19.100 1.0863 12      

SB450 6.983 2.4094 12      

SB500 6.883 1.4390 12      

SB550 4.050 1.5413 12      

Total 8.170 5.9169 60      

 

IV. DISCUSSION 

4.1 pH value    

The results displayed in Table 3.1, indicate the level of 

alkalinity of biochar at different pyrolytic temperature. The 

result shows that the biochars produced in this study are 

alkaline. It was observed that as the heat treatment 

temperature (HTT) increases, the pH value also increases as 

shown in Table 3.1. Sawdust biochar at 550oC indicated pH 

of 9.10.  Similar result has been reported by Mary et al., 

(2018). Biochar pH values between 3.1 and 12.0 have been 

reported in the literature. During pyrolysis, most of the 

acidic functional groups are removed and salts of alkali and 

alkaline earth elements become enriched. These indicate 

that biochar has the potential to neutralize soil acidity. 

Biochar can serve as a good liming agent to increase the pH 

of acidic soil and the availability of nutrients for various 

types of soil (McElligott et al., 2011). Phosphorus is often 

tightly bound in soils rich in Fe and Al oxides, but with the 

addition of biochar, the soil pH is increased, thereby making 

phosphorous more available to plants and microorganisms 

(Marmiroli et al., 2018). 

4.2 Zeta potential of SDB biochar 

The zeta potentials in the pH range of 8-9 were obtained for 

SDB at 450oC and 500oC pyrolytic temperature using 

Malvern zeta sizer. The zeta potential obtained was negative 

for all the biochar samples as shown in Fig. 3.1. The zeta 

potential of SDB450 at pH 8.6 was -16.9 mV and became 

slightly less negative at SDB500 with increasing pH (8.9) -

14.8 mV. The negative values of the zeta potentials of 

biochar at all pH suggest that the surfaces of biochar are 

negatively charged. This may be due to the presence of a 

higher amount of OH-containing functional groups in SDB.  

However, the negative charge of the biochar surface 

decreases with an increase in pyrolysis temperature (Hong 

et al., 2019). This may likely be due to deprotonation of the 

functional group which makes the surface of the biochar 

negatively charged which is consistent with the findings of 

Samsuri et al., (2014) reported. The negative charges across 

the surface of biochar help in the immobilization of heavy 

metals such as Cd2+ and protect plants especially biochar 

produced at high temperatures (Hong et al., 2019).  

The detection of alkali metals of Na, K, Ca, and Mg by EDX 

shows that biochar is alkaline in nature and also it is a clear 

indication that alkali metals cannot volatilize during the 

pyrolytic process (Chen et al., 2016).  

4.3 EDX  
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The presence of mineral-rich components such as; C, Ca, O, 

K, Fe, Na, Mg, Si, Al, are found in the biochar structure as 

displayed in Table 3.1, similar metals have been reported by 

(Purakayastha et al., 2015). This is an indication that there 

are some oxides in the biomass which could not be 

volatilized and in turn, enriched the biochar leading to their 

application in soil enhancement and plant growth. The 

results indicated that pyrolysis displayed different impacts 

on the elemental composition of sawdust biomass.  

4.4 Effect of biochar on seedling growth and 

germination rate  

Effect of biochar on seedling growth test was performed by 

placing seeds of maize on cotton wool in the presence of 

sawdust biochar of different HTT in water. The effect is 

measured by taking into account the number of seeds that 

germinated and the seedling growth length after 3 days of 

planting compared to the control and also their seedling 

length after 10 days of planting.  Seeds (3-4) of each of the 

selected plants sown in each petri dish grew on the fourth 

day of planting and maintained good seedling growth for ten 

days. It was observed that all the biochar samples improved 

plant growth as displayed in Fig.3.2. Biochar produced at 

pyrolysis temperature between 400-550oC can improve 

plant growth. The germination rate was between 75%-100% 

SDB550, and control which had 75% while others had a 

100% germination rate. All other seeds germinated and 

grew very well and their length was measured until the tenth 

day of planting. However, biochar produced at 400oC 

(SDB400) showed maximum seedling growth. This is due 

to volatile matter and easily labile content present in it 

which decomposed easily and affects plant growth 

positively, followed by 450o C, 500oC, and 550oC. 

Therefore, biochar produced at low temperature has more 

potential to retain fertilizer cations such as NH4
+ and 

thereby improve their utilization efficacy. The control 

which has no treatment only cotton wool and water also 

grew but not comparable with biochar. Although it was 

withering after the seventh day. 

4.5 Statistical Analysis 

The means and standard errors of the biochar produced at 

400oC was higher and have relatively lesser standard 

deviation compared to other biochar at 450, 500 and 550oC.  

Biochar produced at 400o C was significantly (P <1.000) 

greater than SDB450. There is no significant difference 

between SDB450 and SDB500 (P < .461), also no 

significant difference between SDB 550 and control (P 

< .192 at a 95% level of significance. 

 

V. CONCLUSION 

This study has shown that slow pyrolysis of biochar can 

improve plant growth positively. Biochar produced at a 

pyrolytic temperatures between 400 and 550oC are good for 

planting. However biochar produced at 400oC showed 

maximum plant growth. The Overall seedling growth is as 

follows; SDB400>SDB450>SDB500 >SDB550. Biochar 

produced at 400o C was significantly (P <1.000) greater than 

SDB450. There is no significant difference between 

SDB450 and SDB500 (P < .461), also no significant 

difference between SDB 550 and control (P < .192 at a 95% 

level of significance. 

Thus biochar used in this study enhanced maize seedling 

growth. Therefore, biochar is considered to have great 

potential for enhancing plant growth and also improves soil 

quality without negative environmental effects; such as 

leaching, groundwater pollution, and water eutrophication. 
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