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The aim of this study is to evaluate the effect of biochar on tomato production under controlled 
conditions. Trials were installed using a complete randomized block design (CRD) with 5 replications of 
4 treatments: T0 (0%); T1 (8%); T2 (12%) and T3 (16%). During plant growth, parameters including 
height, diameter, number of leaves, number of fruits and plant biomass were collected. Plants obtained 
from pot that received biochar (T1, T2 and T3) were higher than plant without biochar application (T0). 
The average value of tomato fruits per treatment indicated that plants from treatment T1 displayed a 
greater number of fruit per plant with an average of 12±2; whereas plants in control treatment, T0 did 
not have fruit. Plants from treatments T2 and T3 showed a number of fruit between control and T1. Soil 
chemical analysis indicated that exchangeable cation, CEC, pH, SOM, total nitrogen and C/N ratio were 
higher than in the initial soil. Regarding microbial activity, various treatments did not have a significant 
effect on soil enzymic activity. The recovery of waste as a source of organic materials is a practice to be 
encouraged in urban horticulture and in open field to restore soil fertility. 
   
Key words: Biochar, soil quality, tomato, yield. 

 
 
INTRODUCTION  
 
Severe soil fertility depletion and declining agricultural 
productivity due to a reduction of soil organic matter 
(SOM) and nutrient imbalances are major constraints in 
most tropical agricultural soils (Lal, 2015). Shrinking land 
area per capita and declining soil quality have led to a 
constant increase in the rate of inorganic  fertilizer  usage 

from year to year to maintain or enhance agricultural 
productivity (Srivastava, 2009). However, the application 
of chemical fertilizer alone is not a sustainable solution 
for improving soil fertility and maintaining yield increases 
in tropical regions. Futhermore, it has been widely 
recognized    that    application   of   excessive   inorganic  
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fertilizer, especially nitrogen and phosphorus, may cause 
soil deterioration and other environmental problems. This 
is because more rapid organic matter mineralization 
induces a decrease in soils’ carbon stock (Liu et al., 
2010). This is in contrast with the international initiative of 
"4 per 1000". This initiative is to demonstrate that 
agriculture, and in particular agricultural soils can play a 
crucial role in carbon storage. 

According to this initiative, an annual growth rate of 
0.4% in the soil carbon stocks in the first 30-40 cm of soil 
would significantly reduce the CO2 concentration in the 
atmosphere related to human activities. In this context of 
climate change and land degradation, the growing global 
demand for food means that agricultural systems in 
tropical zone must be both more productive and resilient 
(FAO, 2004). Hence, innovative tools are required to deal 
with these complex challenges, which have fueled 
interest in biochar as a potential soil amendment to 
improve soil quality and crop productivity (Lehmann et al., 
2006). 

Biochar is a porous, carbon-rich material produced by 
pyrolysis of organic matter at temperatures ranging from 
300 ºC and 1000 ºC without oxygen or limited 
environment in oxygen (Verheijen et al., 2010). In 
addition, biochar once incorporated into the soil, as an 
amendment, could alter the properties of soil by 
improving its physical, chemical and biological properties 
through the supply of organic matter, soil structure 
improvement and nutrients and water retention (Laghari 
et al., 2016). It would also stimulate the activity of 
microorganisms, symbioses and mycorrhizae in soils 
(Steinbeiss et al., 2009). Application of biochar to 
agricultural soil would promote enzymatic activity, 
microorganism and biofilm proliferation due to its large 
specific surface area and high density of macroscopic 
and microscopic pores (Lehmann et al., 2011). Its ability 
to adsorb soluble organic matter, gases and inorganic 
nutrients makes it an ideal habitat for microorganisms, 
particularly bacteria (Thies and Rillig, 2009). Therefore, 
the application of biochar in a field would improve 
agricultural performance while decreasing chemical 
fertilizer input and fight against climate change (Zanutel, 
2019). The use of biochar in organic agriculture appears 
as an alternative for better management of organic matter 
and fertility of tropical soils. Nevertheless, its impact on 
soil properties would depend on several factors including 
the nature of the pyrolysed biomass and the type of soil 
where it is applied (Jha et al., 2010).  

This study helps to understand the effect of biochar on 
soil properties in organic tomato production in tropical 
areas. The quantities of agricultural residues in West 
Africa are constantly increasing during the last decade. 
For example, poultry farming in Côte d'Ivoire has been 
expanding in recent years with an estimated poultry 
production of 40,000 tons per year now compared to 
18,000 tons per year in 2011 (CIRAD, 2017). This 
production has led to an increase in poultry waste of 
which   just   2%   is  recycled  as  manure  in  agriculture,  
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especially in vegetable production. The release of 
manure into the natural ecosystems can lead to nitrate 
and phosphate pollution of surface water and 
groundwater. This study was therefore initiated to 
evaluate the effect of poultry manure based biochar on 
soil quality and productivity of tomato under controlled 
conditions. The demand for tomatoe in Côte d’Ivoire is 
quite higher compared to local production ranging from 
22,000 and 35,000 t.ha

-1
.yr

-1
 (Sangaré et al., 2009). More 

specifically, this study aims to determine the effect of 
biochar on the availability of nutrients in the soil, microbial 
activity of the soil and growth and yield of tomato. 
 
 
MATERIALS AND METHODS 
 
Biochar production 
 
Biochar used in this study was produced from a mixture of guinea 
fowl (Agelastes sp) manures and dry straw in a traditional pyrolysis 
oven. Approximately 40 kg of dried guinea fowl manures and 400 g 
of dry straw were placed layer by layer at the rate of 10 kg of 
manure for every 100 g dry straw. It was burnt without oxygen in 
traditional oven to produce 15 kg of biochar. Pyrolysis was carried 
out at a temperature of 300ºC for 48 h. 
 
    
Experimental setup and growth conditions 
 
A greenhouse experiment was performed for three months in a 
greenhouse of Felix Houphouet-Boigny University, located in 
Bingerville (Côte d’Ivoire). The experiment was carried out with 
commercial plastic pots of 2.5 L (Ø 17 cm, height 20 cm, surface 
area 0.40 m

2
). About 2.0 kg of top soil was sieved in 2 mm sieve 

and mixed to coarse elements (1.0kg) to obtain a substrate of 3.0 
kg pot

-1
. Three doses of biochar were applied to substrates as 

treatments and compared with an untreated control soil (T0). The 
various biochar doses are 0, 8, 12 and 16% respectively for T0, T1, 
T2 and T3. The experiment was designed in a completely 
randomized block design (CRD), with 5 replications.  Three 
untreated seeds of tomato (Solanum lycopersicum L., “Petomech 
V”, Semivoire, Côte d’Ivoire) were sown in each pot. 

Five days after sowing, thinning was done and the best plant 
from each pot was kept. Manual irrigation was set two times a day.  
At 27th day after sowing, five plants (one plant per replication) of 
each treatment were tagged to carry out all the measurements, 
every week. The measurements concerned were growth 
parameters (height, diameter of the stem at the collar and leaf 
number) and fruits were counted at 65th day after planting. The 
total biomass was determined at the end of the cultivation ( 65th 
day after planting), and after drying the samples in the oven at a 
temperature of 70ºC for 72 h. 
 
 

Chemical and microbiological analyses 
 

Approximately 300 g of biochar was taken after a homogeneous 
grinding before applied on the ground for analyses. Substrates 
(soils) samples were collected at the end of the trial. About 100g 
fractions were instantly stored at -12ºC for microbiological analyses. 
In addition, a second substrate fraction was dried in ambient air 
until its weight was stable. Then, it was sieved to 2 mm for 
analyses. The chemical and microbiological analyses are 
summarized in Table 1. All the chemical analyses were carried out 
in the Laboratory of the National Polytechnic Institute of 
Yamoussoukro  (Côte  d'Ivoire),   according  to  classical  laboratory  
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Table 1. Methods of analysis of the physicochemical and biological parameters of the soil andbiochar used in this study 
 

Soil parameters Unit Used Laboratory methods 

Total organic carbon 
(TOC) 

mg. kg
-1

 

Modified Springer-Klee wet method
1 

Total nitrogen content Kjeldahl method
2
  

Available phosphorus Determined by the Bray and Kurtz (Bray II) method
3
  

Exchangeable cations cmol
+
. kg

-1
 Extraction with ammonium acetate and analysis with atomic absorption spectrophotometer

4 

Microbiological analysis - Determined by hydrolysis of fluorescein diacetate (FDA)
5 

 

Source: (1) Vitti et al., (2016), (2) Darrell and Lee (1980), (3) Bray and Kurtz (1945), (4) Ciesielski et al., (1997), (5) Gillian and Duncan (2001) 

 
 
 
methods. These analyses were carried out on the following 
parameters: pH, organic carbon, total nitrogen, CEC, exchangeable 
bases and available phosphorus. 

The enzymatic activity was carried out using 1g of frozen soil 
samples in tube of 50 ml. Then, 10 ml of buffer potassium 
phosphate (KH2PO4) was added to the soil samples. The enzymatic 
reaction is initiated by adding 100 µl.ml

-1 
of fluorescein diacetate 

(FDA) (C2OH12O5 free acid, Sigma Aldrich)) solution to each tube. 
The tubes were then gently shaken at 40 rpm for 60 min. The 
supernatant solution was collected by centrifugation at 3000 rpm for 
10 mn. FDA hydrolysis was estimated using a 450 nm wavelength 
spectrophotometer. 
 
 
Statistical analyses 
 
The data collected were subjected to statistical testing using 
XLSTAT 2014 software, version 4. An analysis of variance (ANOVA) 
was used to assess the effects of biochar doses on soil and plants’ 
agromorphological parameters. The comparison of means was 
made possible by the Dunnett method comparison test of means at  
5% probability threshold.   

 
 

RESULTS AND DISCUSSION  
 

Effect of biochar application on chemical properties 
and enzymatic activities of soil 
 

Table 2 shows the chemical analysis results of the 
selected properties of the substrate . The application of 
biochar significantly improved all soil chemical properties 
compared to control. The measured pH values of the 
substrate were very high: 1.77, 2.37 and 3.23 pH unit 
respectively for treatments T1, T2 and T3 compared to 
control (T0). The comparison of treatment T1, T2 and T3 
indicated that the pH values were not statistically 
different. As expected, Soil organic matter (SOM) content 
increased in pot that received biochar compared to 
control treatment. The highest SOM content was obtained 
with T2 treatment.  Because of this improvement, an 
increase of total nitrogen content was about 98, 175 and 
118% respectively with T1, T2 and T3 treatments 
compared to control (T0). However, C/N ratio showed 
similar values between 10.57±1.13 for T2 treatment and 
10.66±0.57 for control.  

Measured exchangeable cations in the substrate are 
presented  in  Figure  1.  Calcium  appeared as  the  most 

abundant cation on the cation exchange complexes. 
Highly significant differences were observed between all 
treatments for exchangeable bases. Compared to control, 
calcium content increased by about 120, 121 and 45% for 
T1, T2 and T3, respectively. The others’ base cations 
displayed similar content on the exchange complexes. 
For Mg

2+
, the contents for treatment T3 (1.21±0.08 

cmol
+
.kg

-1
), T2 (1.25±0.06 cmol

+
.kg

-1
), T1 (1.26±0.10 

cmol
+
.kg

-1
) remain statistically similar to each other but all 

are twice higher than T0. The exchangeable K
+
 contents 

for the treatments T3, T2 and T1, T0 are respectively, 
1.40±0.12 cmol

+
.kg

-1
, 1.08±0.07 cmol

+
.kg

-1
 and 1.14±0.10 

cmol
+
.kg

-1
 and are 4 to 5 times greater than control (T0). 

The difference between  T3 and the other treatments (T2 
and T1) remained identical.  

The biochar applied improves the cation exchange 
capacity of soil according to different doses. Results 
showed that CEC values increased from T3 to T1, with  
increase of 193, 81 and 26%, respectively compared to 
control. 

However, base saturation rate of soils for different 
biochar applications decreased following the applied 
biochar dose (Table 3). The levels of available 
phosphorus in the soil also showed an increase with 
various biochar doses. 

Available P for T1, T2 and T3 treatments compared to 
control T0 increased by 48, 52 and 8%, respectively. The 
difference is only significant between T1, T2  and T0. 

The total enzymic activities with the different biochar 
doses are shown in Figure 2. Results show that control 
and absolute soil displayed higher total enzymatic 
activities, with significant difference, compared to the soil 
amended with biochar.  Total enzymatic activities of the 
control and absolute soil were 35, 27 and 52% greater 
than those of the soil amended with biochar T1, T2 and 
T3, respectively.  

Recent studies have proved that biochar application 
increases soil chemical properties, although the effects 
may vary between biochar types/doses and soil types 
(Gul et al., 2015), similar to compost effect (Gnimassoun 
et al., 2020; Adugna, 2018; Lanna et al., 2017). The 
effects on chemical properties of soil can be summarized 
into two biochar properties. Firstly, it is a nutrient-rich 
amendment,  and  some  nutrients  can be returned to the 
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Table 2. Selected chemical soil properties of soil and biochar analyses. CEC, S and C/N indicate the cation 
exchange capacity and soil saturation rate and Carbon/Nitrogen ratio respectively. 
 

  pH OM Ntotal Pavailable CEC S C/N 

  - mg.kg
-1

 cmol
+
.kg

-1
 - - 

T0 5.37±0.64 4.87±0.33 0.27±0.03 38.00±5.29 9.33±4.51 10.66±5.45 10.66±0.57 

T1 7.13±0.06 9.62±0.40 0.53±0.03 56.33±11.06 11.80±1.59 31.22±0.87 10.63±0.18 

T2 7.73±0.12 13.18±0.67 0.73±0.12 57.67±8.02 16.93±4.23 22.95±7.08 10.57±1.13 

T3 7.60±0.20 10.58±0.96 0.58±0.06 41.00±2.00 27.33±2.40 15.45±1.42 10.61±0.37 

Biochar 8.70±0.13 63.54±2.90 1.55±0.03 0.39±0.03 84.93±11.24 0.06±0.01 23.83±2.28 
 

Source: Author own data and calculations 
 
 
 

 
 

Figure 1. Base cation content in soil amended with biochar (T0: 0%), (T1: 8%), (T2 :12%) and (T3 : 16%). Means 
with the same letter are not significantly different from each other (P>0.05 ANOVA followed by Dunnett comparison 
test). Error lines represent ± standard deviation of the mean.  
Source: Author own data 

 
 
 
soil (Glaser et al., 2002). 

Secondly, it is a reducer of nutrient losses from soil due 
to its high adsorption capacity (Gul et al., 2015). The 
quality and quantity of biochar depend on its production 
process. The temperature adopted for biochar pyrolysis 
(Lehmann, 2007; Downie et al., 2009; Noor et al., 2019) 
could change carbon and nitrogen concentrations in 
biochar and surface adsorption properties (Yuan et al., 
2011). Zhao et al. (2018) suggested that pyrolysis 
temperature should be below 500ºC to avoid incomplete 
biochar formation.  In this study, the biochar tested was 
produced from the pyrolysis of poultry droppings at 400ºC 
for 48h. Under these conditions, the produced biochar 
could be used  to  improve  soil  fertility  by  liming  effect, 

enrichment in volatile matter and increase of pore volume 
(Tomczyk et al., 2020). The results of this research work 
showed that the analyzed soil chemical parameters 
(SOC, available phosphorus, exchangeable base cations, 
CEC, nitrogen and pH) increased in soil with biochar 
liming.  

Although biochar addition rates were relatively low to 
medium, the increase in soil pH may be due to the high 
pH values of the added biochar, which can increase the 
pH of an acidic soil by increasing soil base saturation, 
decreasing the level of exchangeable aluminum and 
consuming soil protons. This is consistent with studies 
that used biochar from crop residues (Smider and Singh, 
2014, Yuan and Xu, 2011). Yuan and Xu (2010) indicated  
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Figure 2. Total enzyme activities of soil amended with biochar (T0 : 0%), (T1 : 8%), (T2 :12%) and (T3 : 
16%). Means with the same letter are not significantly different from each other (P>0.05 ANOVA 
followed by Dunnett comparison test). Error lines represent ± standard deviation of the mean. 
Source: Author own data 

 
 
 
that soil pH values, after application of biochar, were 
positively correlated with the buffering power of biochar, 
due to the presence of abundant organic anions in 
biochar. However, Wang et al. (2013) demonstrated that 
besides the buffering power of biochar, the 
decarboxylation process also played a main role in 
adjusting acidity. In addition, biochar positively influences 
pH by providing carbon to heterotrophic microorganisms 

and accumulating carbonates (CaCO3) following the 
degassing of CO2 from microbial activity in the presence 
of water (H2O) (Steiner et al., 2007) and by significantly 
lowering aluminum toxicity through Al complexation and 
leaching (Zhang et al., 2010). The significant change in 
pH, in the different treatments with biochar, will have 
positive effects on phosphorus availability because in 
tropical soils, phosphorus (P) is fixed at pH below 5 and 
is available for pH between 6 and 8 (Zhang et al., 2010). 
The increase in assimilable phosphorus is observed for 
T2 and T3 treatments compared to the control. The 
increase in soil pH creates an environment for the 
release of phosphorus fixed at low pH by Fe and Al ions. 
Rastija et al. (2010)’s research on acidic soils showed 
that a gradual increase in pH induces an increase in 
bioavailable P in soil by reducing exchangeable Al and 
acid saturation rate. 

In the case of exchangeable bases, treatments induced 
significant increases in the amount of Ca

2+
 and Mg

2+
 

cations. The significant release of  base  cations  into  the 

soil is related to the nature of the biochar application. The 
improvement in base cations could be explained by the 
rapid mineralization of organic matter from poultry 
droppings. Katherine et al. (1995) showed that the 
addition of a basic amendment on an acidic soil during 70 
days of testing has been very effective in increasing the 
amount of Ca

2+
 and Mg

2+
 cations in the soil and 

especially in correcting soils deficient in Mg
2+

. This work 
also showed that the CEC increased in the different 
treatments in line with earlier reports. Many authors have 
confirmed the beneficial effect of biochar on the value of 
soil cation exchange capacity (Schulz and Glaser, 2012). 
As Cheng et al. (2006) pointed out that, this parameter 
plays a crucial role in water and nutrient retention for 
plants. This beneficial effect of biochar on soil cation 
exchange capacity can be attributed to its physical 
properties, and in particular to its porous structure and 
specific surface area (Lei and Zhang, 2013). Lehmann 
(2007) indicated that biochars produced at a temperature 
below 400 ºC may have low CEC values and, therefore, a 
limited effect on soil quality improvement. However, the 
same author also pointed out that, despite the low CEC, 
the biochar undergoes an aging process in the soil, 
resulting in a major increase in Ca

2+
, Mg

2+
, K

+
 and Na

+
 

and CEC. This process would be linked to good 
mineralization in biochar amended soils. In the authors’ 
study, the C/N ratios suggest a good mineralization of 
organic matter  whose contents are significantly improved  

 
 



 

 
 
 
 
in soils.  

Soil enzyme activity is another important factor used to 
measure soil fertility and biological activity (Nelissen et 
al., 2015). In addition, the increase of some of the soil 
enzymic activities is beneficial to soil carbon and nitrogen 
cycle. Earlier studies showed that biochar can increase 
soil enzymic activity (Gul et al., 2015), and the effects 
vary with biochar and soil types, the dose of biochar and 
soil enzyme types. In contrat to these earlier studies, this 
study exhibited that total soil enzymic activity decreased 
for all soils treated with biochar. Moreover, there was no 
significant (P < 0.05) difference in total soil enzymic 
activity between the different treatments. According to 
Teutscherova et al. (2018), the special structure and 
adsorption properties of biochar determine the complexity 
of effects of biochar on soil enzymes. The adsorption of 
biochar to the substrate of reaction is conducive to 
promote the enzymatic reaction and increase soil 
enzymic activity; while the adsorption of biochar to 
enzyme molecule protects the binding site of the 
enzymatic reaction, which may inhibit the enzymatic 
reaction. In the authors’ case, the change in the total soil 
enzymic activity between untreated and treated soils 
could be, in addition, related to increased pH value. 
Turner (2010) showed each enzyme works best at a 
specific pH value and changes in pH alter the shape of 
an enzyme’s active site. Thus, an increase in pH results 
in a sharp decrease in activity. In the case of the 
microbiological level, the activities of microorganisms 
translated by enzymatic activity show the effect of biochar 
amendment on the total microflora in soils. Therefore, this 
decrease in total soil enzymatic activity could be coupled 
to a change of bacterial community from strictly 
acidophilic to basidophilic, as understood from the results 
of Balland-Bolou-Bi and Poszwa (2012) and Biederman 
and Harpole (2012) after soil liming. 
 
 
Effect of biochar application on growth and 
productivity of Tomato 
 

The plant growth parameters (height, stem diameter and 
leaves number), over time, experienced in soils amended 
with or without biochar are presented in Figure 3. The 
different parameter results are normalized to the same 
parameter at the first measurement (day 27). 
Normalization served to account for any unintended 
differences between the treatments at the time of planting 
as suggested by Graber et al. (2010). Plant heights were 
influenced by the doses of biochar over time (Figure 3a). 
Tomato plant heights were significantly greater in biochar 
amended soil at all measurement times compared to the 
control, soil without biochar application. Results showed 
significant difference between treatment T1 (8%) and 
other levels of biochar amendment (Figure 3a). 
Regarding the diameter of the plant stem, the largest 
diameter comes from the dose of T1 (8%), which is 
significantly different from T2  (12%)  and  T3  (16%)  and  
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the control T0 (0%) (Figure 3b). For T2 and T3 
treatments, no differences were observed over time 
(Figure 3b). Soil amended with biochar induced 
significant variability on the number of leaves in the plant 
(Figure 3c). In contrast to plant height and stem diameter, 
the number of leave increased significantly with T3 (16%) 
over time compared to T2 (12%) and T1 (8%) (Figure 3c).  
For these two treatments, T2 and T1, no differences were 
observed during plant growing period. 

Root and shoot biomasses produced by tomato plants 
are shown in Figure 4. The shoot biomass of plants from 
amended soil T1 (54.3±4.33 g), T2 (40.5±3.06 g) and T3 
(33.5±4.33 g) were higher than the control treatment T0 
(17.1±6.12 g). For root biomass, the T1 treatment yielded 
the highest biomass with an average value of 16.1±2.1g, 
which was significantly higher than T0, T2 and T3. For 
these treatments, the difference in root biomass is not 
significant (Figure 4). The root/shoot ratio displays value 
with a higher mean for control close to 50%; while for 
plants derived from soil amended show a root/shoot ratio, 
an average close to 30% (Figure 4). 

Plant response to biochar doses was assessed by total 
biomass production at the end of the growth expériment. 
The data showed a response with a difference between 
the treatments. The analysis of variance was highly 
significant between the treatments employed. The lowest 
biomass was observed with the control treatment T0 
(24±4.80g); the biomass reaches its maximum value with 
the treatment T1 (70.4±3.52 g) before decreasing 
gradually with the treatments T2 and T3 (Figure 5).  

The average number of fruits per treatment ranged 
from 0 to 12 fruits. Plant from treatment T1 displayed a 
greater number of fruit per plant with an average of 
12±1.69; whereas plants in control treatment T0 did not 
have fruit (Figure 6). 

Plants from treatments T2 and T3 showed a number of 
fruits between control and T1. Analysis of the variance at 
the significant 5% threshold with (p = 0.013) showed a 
significant difference between T1 and the other 
treatements (Figure 6). These results suggested that 
biochar has an effect on tomato plant growth and 
productivity, according to specific biochar dose. 

The results of this study showed that the biochar liming 
of soil induced significant effects on the growth and yield 
parameters of tomato plants (Rawat et al., 2019). Across 
recent reviews, there is a general consensus that biochar 
is more likely to result in positive plants’ growth 
responses in acidic soil types (Jeffery et al., 2011; 
Biederman and Harpole, 2012; Crane-Droesch et al., 
2013). The effects of biochar on crops also will be 
changed by soil properties, the characteristics and 
dosage of biochar, crop types, climate,  the proportion of 
fertilisers and  various comprehensive factors. In this 
study, similar to soil properties, the growth and yield 
parameters of tomato were close to applied biochar 
doses.  However, the plant height and biomass of tomato 
were significantly (P < 0.05) increased in the soil under 
the low biochar level (T2 and T1) which  decreased under  
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Figure 3. Normalized tomato plant parameters (heigh (a), Stem diameter (b) 
and leave number (c) measured during plant growth soil amended with biochar 
(T0 : 0%), (T1 : 8%), (T2 :12%) and (T3 : 16%). 
Source: Author own data 

 
 
 
the high level (T3). The proportional growth and yield of 
tomato reflect the benefit of good applied biochar doses. 
This effect of biochar on plant growth  results  from  direct 

and indirect actions. Biochar itself contains certain 
nutrients that can be directly utilised by plants and 
improve their growth  (Fox et al., 2016; Alla  et  al., 2018).  
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Figure 4. Shoot and root biomasses (histogram) and Root/Shoot ratio (red line) of 
tomato plant grown on soil amended with biochar (T0 : 0%), (T1 : 8%), (T2 :12%) and 
(T3 : 16%). Means with the same letter (for shoot) or number of asterisk (for roots) are 
not significantly different from each other (P>0.05 ANOVA followed by Dunnett 
comparison test). Error lines represent ± standard deviation of the mean. 
Source: Author own data 

 
 
 

 
 

Figure 5. Total tomato plant biomasses produced during the experimental growth 
on soil amended with biochar (T0 : 0%), (T1 : 8%), (T2 :12%) and (T3 : 16%). Error 
lines represent ± standard deviation of the mean. 
Source: Author own data 

 
 
 

Also, biochar indirectly promotes the growth of plants by 
improving soil chemical properties, enzyme activity, 
microbiology ecosystems and other environmental 
conditions (Liu et al., 2014). 

For acidic soil, one suitable explanation is  that  biochar  

could promote plant growth in acidic soil by the alleviation 
of Al toxicity through the increase of soil pH. Alleviation of 
Al toxicity can be attained primarily through liming and 
also through greater bivalent cations (Mg and Ca) supply, 
which  improves  root growth under Al stress (Scott et al.,  
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Figure 6. Number of tomato fruit produce per plant during experimental 
growth on soil amended with biochar (T0 : 0%), (T1 : 8%), (T2 :12%) and 
(T3 : 16%). Means with the same letter are not significantly different from 
each other (P>0.05 ANOVA followed by Dunnett comparison test). Error 
lines represent ± standard deviation of the mean. 
Source: Author own data 

 
 
 
2008). In this study, the decrease observed with the 
application of high biochar doses could be explained by 
excess nitrogen not used by the plant (Biaou, 2010). In 
addition, some study reported that the effectiveness of 
some trace elements or the presence of high levels of 
salt from poultry manure-based biochar could also inhibit 
plant growth (Revell et al., 2012).  
 
 
Conclusion 
 
To sum up this study, poultry manure based biochar 
improved soil pH and chemical properties like CEC, base 
cation content, available phosphorus, organic carbon and 
total nitrogen. However, biochar soil liming reduced the 
enzymic activity of the soil. This suggests there was a 
decrease in bacterial diversity, relative abundance of 
bacteria associated with soil carbon and nitrogen cycles, 
organic matter decomposition, disease control, and 
promotion of crops’ growth (under the low biochar level) 
in the acidic soil. Consequently, various doses of biochar 
used for soil liming did not induce significant difference in 
the growth of tomato plant; but treatment with 12% of 
biochar appears to be a better dose for tomato growth in 
acidic soil. More investigations need to be conducted to 
better understand the effect of biochar  on microbial 
activities in relation to plant growth in acidic soil.  
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