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Abstract. Agricultural wastes are converted into useful products which enhance soil fertility and crop’s yield; 
hence, reducing environmental pollution. A study was carried out to assess the maturity, phytotoxicity and 
organic carbon stability of biochar produced from maize cob at 500ºC as well as compost, co-composted 
biochar and compost + biochar produced using rice straw, dried Melina leaves, fresh mango, eucalyptus 
leaves and cow manure. Means of the maturity test’s parameter (NH3-N); phytotoxicity parameters such as 
vigor index, germination index, relative root growth, germination percentage, root length and shoot length; 
and carbon stability parameters such as hydrogen and hydrogen to organic carbon ratio were compared 
using Duncan Multiple Range test at p≥ 0.05 probability. The results of the study revealed that compost, 
co-composted biochar and compost + biochar were adequately matured for soil application having NH3-N 
less than 75 ppm. Compost had a significantly higher (p≥0.05) germination index (93%) indicating the 
absence of toxic substances. Organic carbon stability results showed that biochar was the most stable 
of all the organic amendments in the study due to its least hydrogen to carbon ratio (0.26). Therefore, 
compost, biochar, co-composted biochar and compost + biochar are apt for soil application with the view 
to enhancing soil fertility.
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Introduction

Waste materials from agricultural activities 
such as growing and conversion of raw materials, 
e.g. vegetables, fruits, meat, poultry and dairy, 
into finished products to meet the demands 
of the local populace constitute a threat to the 
environment. These activities result in an increase 
in solid waste with potential environmental effects 
(Chaher et al., 2021). The monetary value of these 
wastes compared to the cost of their collection, 
transportation and conversion into usable products, 

have become a barrier to their use by local farmers 
(Bosede et al., 2020). There is a need for efficient 
management of waste to prevent its detrimental 
effect on the natural environment. However, the 
quantity of the waste materials production made 
it so difficult to efficiently manage it in both rural 
and urban settlements (Hamalatha, 2012). One 
of the novel strategies for managing agricultural 
waste that is cost-effective and eco-friendly is its 
conversion into organic fertilizers such as compost 
(CMP), biochar (BCH) and co-composted biochar 
(C-BCH) for soil application.
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CMP is produced from plants and animal waste 
materials in the presence of limited oxygen supply. 
Application of CMP reduces soil bulk density 
(Db) and improves total porosity (TP), enhances 
saturated hydraulic conductivity (Ks) and aggregate 
stability compared to the sole application of mineral 
fertilizer (Jenberu, 2017). BCH is produced through 
the pyrolysis of organic materials in the presence 
or absence of oxygen. Soil application of BCH 
enhances the availability of nutrients (Karbout et 
al., 2019), increases the physical properties of the 
soil (Mohawesh and Durner, 2019) and enhances 
the final yield of crops (Zhang et al., 2021). 
However, the degree of the positive effect of BCH 
on soil properties depends on the characteristics 
of the amendment, most especially its surface area 
(Mohawesh and Durner, 2019).

Co-composting of BCH and organic wastes has 
gained interest in recent times due to its potential 
benefits of enhancing the maturity time and quality 
of CMP (Malinowski et al., 2019). This ensures a 
product with a balanced nutrient status (Feng and 
Zhang, 2021). Findings of Lopez-Cano et al. (2016) 
showed that co-composting of BCH at 3 and 5% 
enhanced the maturity time of CMP, reduced 
odor and activated the microbial community. The 
assessment of the stability and maturity of organic 
amendments entails diverse activities (Zhou et 
al., 2021). The maturity of an organic amendment 
is the determinant of a degree of the conversion 
of native organic matter content of the material. 
This operation goes a long way in revealing the 
phytotoxicity of organic amendments (Luo et al., 
2018). An amendment that is stable, matured and 
phytotoxic free is apt for soil application to enhance 
soil fertility while increasing food production.

The inevitability of accumulating agricultural 
wastes has made it a major challenge in our 
contemporary world. Inadequacy in the treatment 
or handling of these waste materials has resulted 
in the contamination of water sources, soil and 
the air we breathe. Therefore, there is a need for 
the adoption of management strategies capable 
of reducing the volume of waste materials by 
converting them into organic fertilizers such as 
CMP, BCH and C-BCH for soil application. This will 
go a long way in reducing environmental pollution 
while increasing food production. However, 

Jenberu (2017) reported that despite the increase 
in soil organic matter following the application of 
organic amendments, its rapid decomposition 
limits its use in tropical soils. Hence, there is a need 
to evaluate the stability of organic amendments for 
soil application. The objective of the present study 
is to evaluate the maturity, phytotoxicity and carbon 
stability of CMP, BCH, C-BCH and CMP + BCH for 
soil application.

Material and methods

Pyrolysis of biochar
Maize cobs for BCH production were sourced 

from farms with Industrial Development Center 
(IDC) Zaria, located between latitude 11º9’13’’N 
and longitude 7º 39’45” E. BCH was produced at 
IDC following the procedure reported by Abdu et 
al. (2021) after weighing cobs using a digital scale. 
The BCH produced was weighed using a scale and 
stored in sealed plastic bags. BCH was prepared by 
passing it through a 2 mm and was incorporated 
into CMP piles made using dried Melina leaves, 
rice straw, fresh mango, eucalyptus leaves and cow 
manure. Meanwhile, a subsample of the prepared 
BCH was analyzed in the laboratory for chemical 
properties such as nitrogen (N), phosphorus (P), 
potassium (K), pH (H2O), Hydrogen (H), organic 
carbon (TOC) and Ammonia nitrogen (NH3–N). 
Adopting the protocol used by Stella et al. (2016), 
the percentage yield of BCH produced was 
calculated using the relationship below: 

Yield (%) = (WFP / WIS) *100
Where 
WFP= weight of final product
WIS= weight of initial sample

Production of Compost and Co-composted 
Biochar

CMP and C-BCH were produced using rice straw 
and dried Melina leaves (Gmelina arborea) as carbon 
sources (each at 3 kg by weight). Meanwhile, fresh 
mango (Mangifera indica), eucalyptus leaves and 
cow manure were used as a sources of nitrogen 
(each at 0.6 kg by weight). Rice straw was collected 
from the Institute for Agricultural Research’s (IAR) 
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farm (on Latitude 11º 14’14’’ N and Longitude 
7º 38’65’’ E) while the dried Melina leaves were 
sourced from Area F (on Latitude 11º9’53’’ N and 
Longitude 7º 37’48’’ E). The fresh mango and 
eucalyptus leaves were collected at the back of the 
Department of Soil Science (on Latitude 11º 9’56’’ 
N and Longitude 7º 37’55’’ E) while cow manure 
was sourced from the cattle farm of Department 
of Animal Science, ABU Zaria on latitude 11º 9’47’’ 
N and longitude 7º 38’9’’ E. The plants and animal 
materials were piled up in layers under trees to 
provide shading. The foundational layer consisted 
of dried stalks and twigs arranged to cover a 
width of 1 m and a length of 1.5 m. The purpose 
of this layer was to divert excess water resulting 
from heavy rain or over-application of water away 
from the pile. The first layer of organic materials 
consisted of a combination of dried Melina leaves 
and rice straw, followed by a layer of fresh Mango 
and Eucalyptus leaves; and then a layer comprised 
a blend of cow manure and soil. The addition of 
soil aimed to introduce microbes to the pile. The 
organic materials were mixed in the ratio of 3:1 of 
carbon to nitrogen sources.

This set of layers was sprinkled with water and 
covered with Polyethene sheets to warm up the pile. 
On reaching two (2) weeks after piling, phosphate 
rock (5% phosphate rock w/w) was incorporated 
into the 9.3 kg pile, and the pile was divided into 
two equal portions. Following the procedure 
described by Zainudin et al. (2020), one portion 
was mixed with BCH (at 10% biochar w/w) as 
C-BCH, while the other portion was left to mature 
in the absence of BCH. Piles were left to mature 
by watering and turning at two week intervals until 
harvest. At harvest (3 months after piling), the final 
products were air-dried for 7 days, and ground to 
pass through a 2 mm sieve. The prepared CMP and 
BCH were mixed in equal proportions (50% CMP: 
50% BCH w/w) as CMP + BCH. Prepared organic 
amendments were analysed for N, P, K, pH (H2O), 
OC, H and NH3-N in the laboratory. 

Maturity test of compost, biochar, co-composted 
biochar and compost + biochar

The maturity test of the organic amendments 
comprised two steps, as described by Brinton, 

(2000). Each amendment had to pass the first 
phase ‘Step A’ of the test before proceeding to the 
last phase (Step B). As the basis for the first phase 
of the maturity test, an amendment had to have 
C: N < 25. The second phase (Step B) of the test 
entailed quantifying the total NH3-N content of each 
amendment, and its ratings were as follows:

NH3-N < 75 ppm:             very mature
NH3-N 75 – 500 ppm:      mature
NH3-N > 500 ppm:           immature 

Phytotoxicity test of compost, biochar, co-
composted biochar and compost + biochar

The phytotoxicity test of BCH, CMP, C-BCH and 
BCH + CMP was carried out using a germination 
bioassay as described by Zucconi et al. (1981). 
The extract of each organic amendment (using 10 
g of each amendment and 100 ml distilled water) 
and the control (solely distilled water), in triplicate, 
were shaken for 24 hours. Each sample of organic 
amendment extract was then centrifuged for 20 
minutes at 10,000 x g, and their supernatants were 
filtered through Whatman No. 42 paper (42.5 mm 
diameter). Dilution was carried out five times on 
each extract using 1 ml distilled water at each time, 
while one with only distilled water served as the 
control. Their Electrical Conductivity (EC) and pH 
were determined using an EC meter and a glass 
electrode, respectively. 

Petri dishes, lined with Whatman No. 42 filter 
papers (42.5 mm diameter), were used for the 
placement of ten (10) seeds of SAMMAZ 16. A 
pipette was used to drop five (5) milliliters of extract 
while sole distilled water served as a control. Each 
petri dish was sealed with Parafilm to prevent water 
loss while allowing air penetration. The petri dishes 
were placed in a dark area for seed germination. 
Each replicate was made up of ten (10) seeds. 
The results were reported as the means of the ten 
seed in each replicate. The root and shoot length 
were measured using a rule. Seed germination 
was counted in all extracts and the control after 72 
hours. The product of germination and relative root 
growth gave the germination index, both expressed 
as percentages of the control values as follows:

Germination index (GI) = (G % x RRG %) x 100
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Where 
GI = germination index
G% = germination percentage
RRG = relative root growth
G% = (NSs / NSc) *100
Where 
NSc = number of seeds that germinated in the 

sample
NSc = number of seeds that germinated in the 

control
RRG % = (RLs/RLc) *100
Where 
RLs = mean root length in the sample
RLc = mean root length in the control

Evaluation of organic carbon stability of 
compost, biochar, co-composted biochar and 
compost + biochar 

The carbon stability of BCH, CMP, C- BCH and 
CMP + BCH was evaluated following the method of 
International Biochar Initiative (2012), i.e. 

Hydrogen to organic carbon molar ratio:

H/Corg = 

Where
H/Corg = hydrogen to organic carbon molar ratio
% H = Hydrogen mass of the sample
% Corg = organic carbon mass of the sample
1 and 12 are the mass number of hydrogen and 

carbon, respectively.
The % hydrogen of the organic amendments 

were obtained from the graph of the reflection 
coefficient of the standards against their % 
hydrogen (Figure 1).

Conversion of H/Corg to BC+100 
This was carried out as follows:
H/Corg                          BC+100

<0.4                            70%
0.4 – 0.7                     50%
A hydrogen to organic carbon ratio <0.4 

indicates that 70% of the OC of the amendment will 

remain stable in soils over 100 years. While an H to 
OC ratio ranging from 0.4 – 0.7 indicates that only 
50% of the OC of the amendment will remain stable 
in the soil over 100 years (International Biochar 
Initiative, 2012).

Chemical analysis of compost, biochar, co-
composted biochar and compost + biochar

The subsamples of organic amendments were 
analyzed for their chemical properties in the 
laboratory. They were analyzed for their pH (in H2O), 
TOC, TN, P, organic matter (OM), H and NH3-N. Total 
N of organic amendments was measured using 
macro Kjeldahl method as described by Bremner 
and Mulvaney (1982). TOC was determined 
using Walkley – black dry combustion method as 
described by Nelson and Sommer (1982). The total 
P content of amendments was measured using 
Bray-1 method (Jackson, 1958). Meanwhile, K was 
determined by an atomic absorption spectrometer. 
OM of organic amendments was determined 
by multiplying organic carbon by 1.74. H was 
measured using the neutron reflection facility used 
by Akaho et al. (2001) while NH3-N was determined 
using the method described by EPA (1993).

Data analysis
Means were calculated for the measured 

maturity, phytotoxicity and organic carbon 
stability parameters of the organic amendments. 
The differences between means were compared 
using Duncan Multiple Range Test (DMRT) at 0.05 
probability level. Statistical Analysis was carried 
out using Statistix software version 10.

Results and discussion

Chemical characterization of compost, biochar, 
co-composted biochar and compost + biochar

The final yield of BCH after pyrolysis was 23%, 
which is higher than the one reported by Adekanye 
et al. (2022) after pyrolysis of maize cob at 500ºC. 
The results of the chemical properties of the organic 
amendments showed that percentage TN ranged 
from 0.32% in CMP to 0.78% in BCH. The TN 
contents of the amendments in the present study 
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reported as the means of the ten seed in each 
replicate. The root and shoot length were 
measured using a rule. Seed germination was 
counted in all extracts and the control after 72 
hours. The product of germination and relative 
root growth gave the germination index, both 
expressed as percentages of the control values 
as follows: 

Germination index (GI) = (G % x RRG %) x 100 

Where  

GI = germination index 

G% = germination percentage 

RRG = relative root growth 

G% = (NSs / NSc) *100 

 Where  

 NSc = number of seeds that germinated in the 
sample 

NSc = number of seeds that germinated in the 
control 

RRG % = (RLs/RLc) *100 

Where  

RLs = mean root length in the sample 

RLc = mean root length in the control 

Evaluation of organic carbon stability of 
compost, biochar, co-composted biochar and 
compost + biochar  

The carbon stability of BCH, CMP, C- BCH and 
CMP + BCH was evaluated following the method 
of International Biochar Initiative (2012), i.e.  

Hydrogen to organic carbon molar ratio: 

H/Corg =     
         

Where 

H/Corg = hydrogen to organic carbon molar ratio 

% H = Hydrogen mass of the sample 

% Corg = organic carbon mass of the sample 

1 and 12 are the mass number of hydrogen and 
carbon, respectively. 

The % hydrogen of the organic amendments 
were obtained from the graph of the reflection 
coefficient of the standards against their % 
hydrogen (Figure 1). 

Conversion of H/Corg to BC+100  

This was carried out as follows: 

H/Corg                          BC+100 

<0.4                              70% 

0.4 – 0.7                       50% 

A hydrogen to organic carbon ratio <0.4 
indicates that 70% of the OC of the amendment 
will remain stable in soils over 100 years. While 
an H to OC ratio ranging from 0.4 – 0.7 indicates 
that only 50% of the OC of the amendment will 
remain stable in the soil over 100 years 
(International Biochar Initiative, 2012). 

Chemical analysis of compost, biochar, co-
composted biochar and compost + biochar 

The subsamples of organic amendments were 
analyzed for their chemical properties in the 
laboratory. They were analyzed for their pH (in 
H2O), TOC, TN, P, organic matter (OM), H and 
NH3-N. Total N of organic amendments was 
measured using macro Kjeldahl method as 
described by Bremner and Mulvaney (1982). 
TOC was determined using Walkley – black dry 
combustion method as described by Nelson and 
Sommer (1982). The total P content of 
amendments was measured using Bray-1 
method (Jackson, 1958). Meanwhile, K was 
determined by an atomic absorption 
spectrometer. OM of organic amendments was 
determined by multiplying organic carbon by 
1.74. H was measured using the neutron 
reflection facility used by Akaho et al. (2001) 
while NH3-N was determined using the method 
described by EPA (1993). 

Data analysis 

Means were calculated for the measured 
maturity, phytotoxicity and organic carbon 
stability parameters of the organic amendments. 
The differences between means were compared 
using Duncan Multiple Range Test (DMRT) at 
0.05 probability level. Statistical Analysis was 
carried out using Statistix software version 10. 
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are lower than those reported by Glab et al. (2018). 
The lower values might be due to the volatilization 
of N during BCH production (Manseh et al., 2018). 
With respect to the TP contents of the amendments, 
C-BCH had a significantly higher (p≥ 0.05) value 
(1.98%) compared to the remaining amendments. 
The TP contents of CMP and BCH were comparable 
but significantly higher (p≥ 0.05) than in CMP + 
BCH. Interestingly, the TP values observed in the 
present study are higher than those reported by 
Glab et al. (2018) on CMP, BCH and C-BCH. The 
highest TP observed in C-BCH might be due to the 
adsorption of P on the surface and pores of BCH; 
hence, preventing P loss through leaching during 
co-composting of organic materials (Mukherji et 
al., 2014).

The K content ranged from 0.69% in C-BCH 
to 1.89 % in BCH. The highest K observed in 
BCH was significantly higher than the remaining 
organic amendments, and might be attributed 
to the volatilization of H, oxygen and N which 
resulted in a carbon–rich structure. Consequently, 
the concentration of K, which does not undergo 
volatilization, becomes relatively higher (Lehman 
and Joseph, 2015). TOC contents of the amendments 
ranged from 9.57% in C-BCH to 16.76% in CMP. 

The observed OC contents were lower than those 
reported by Mujtaba et al. (2021) on CMP, BCH and 
C-BCH.  The lower TOC in the presence study might 
be attributed to the high pyrolysis temperature 
(5000C) and the duration of pyrolysis (4 hours), 
which converted OC into its stable form. 

Soil OM ranged from 17.21% in CMP to 28.82% 
in C-BCH. The significantly higher (p≥ 0.05) OM 
detected in the CMP might be due to the easily 
decomposable OM of the amendment by microbes 
such as bacteria and fungi, which break down 
organic materials into humus. On the other hand, 
BCH and C-BCH are generally more recalcitrant 
and less readily decomposed compared to CMP 
(Lehman and Joseph, 2015).  

The pH of the organic amendments was 8.13, 
10.92, 8.76 and 9.79 for CMP, BCH, C-BCH and 
CMP + BCH, respectively. The pH of BCH was 
significantly higher (p≥ 0.05) than the remaining 
amendments. The amendments were strongly 
alkaline (USDA, 1993). The higher pH value 
observed in BCH might be attributed to the presence 
of a higher concentration of alkaline salts (such as 
potassium carbonate, sodium carbonate, etc.) in 
the BCH due to pyrolysis (Singh et al., 2010).

Table 1. Chemical properties of compost, biochar, co-composted biochar and compost + biochar

Amendment N(%) P (mg kg-1) K(mg kg-1) OC (%) OM (%) pH C:N

CMP 0.78a 1.71b 1.52d 16.76a 28.92a 8.13d 21.76b

BCH 0.32d 1.71b 1.87ab 9.98b 18.11b 10.92a 31.19a

C-BCH 0.56c 1.98a 0.69c 9.57b 17.21b 8.76c 17.09c

CMP + BCH 0.60b 1.34c 1.27b 10.32b 17.70b 9.79b 17.20c

CMP= compost, BCH= biochar, C-BCH= co-composted biochar, CMP + BCH= compost + biochar, N = nitrogen, P = 
phosphorus, K = potassium, OC = organic carbon, OM = organic matter, C: N = carbon to nitrogen ratio, n= 3. Means 
followed by the same letter (s) within the same column are not significantly different at 0.05 level of probability as 
determined by DMRT. 

Maturity test of compost, biochar, co-composted 
biochar and compost + biochar

Results (Table 1) of C: N ratios of the amendments 
showed that it ranged from 17.09 in C-BCH to 
31.19 in BCH. The C: N ratios of CMP + BCH and 
C-BCH were statistically similar and significantly 
lower than observed in CMP and BCH. Among the 
amendments, CMP, C-BCH and CMP + BCH had C: 
N ratios less than 25 and thus were qualified to be 
used in the second phase of the assessment, with 
the exception of BCH, whose C: N ratio was greater 

than 25.  The second phase considers the NH3-N 
composition of an amendment.  Results of the NH3 

test showed that CMP, C-BCH, and CMP + BCH 
had NH3-N of 50, 70 and 69, respectively (Table 2). 
CMP + BCH and C-BCH were statistically similar 
with respect to their NH3-N and significantly higher 
(p≥ 0.05) than CMP (50). The results indicate that 
CMP, C-BCH and CMP were very matured, having 
NH3-N composition less than 75 ppm.

The results of the current study are consistent with 
the reports of Li et al. (2021), who opined that co-
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composting, or the process of combining different 
types of organic waste materials, can also affect 
CMP maturity. They observed that co-composting 
of pig manure and sawdust resulted in a higher 
degree of CMP maturity than the composting of pig 
manure as evidenced by ammonia emissions and 
increased microbial activity. Furthermore, Gupta et 
al. (2020) evaluated the use of co-composting with 

rice straw and poultry manure and found that the 
resultant C-BCH had higher levels of NH3-N than 
CMP made from rice straw alone. The authors 
further stated that co-composted material having 
higher degree of maturity was more effective at 
improving soil fertility. Therefore, application 
of C-BCH is safer due to the absence of growth 
inhibiting substances.

Table 2. Maturity test parameters of compost, biochar, co-composted biochar and compost + biochar

Parameter CMP BCH C-BCH CMP + BCH

NH3-N (ppm) 50c 84a 70b 69b

CMP= compost, BCH= biochar, C-BCH= co=-composted biochar, CMP + BCH= compost + biochar, NH3-N= ammonia, C:N= 
carbon to nitrogen ratio, NH3-N < 75= very matured, NH3-N 75 – 500 ppm =  matured, NH3-N > 500 ppm = immature, n= 
3; means with different letters are significantly different using DRT at 0.05 probability.

Phytotoxicity test of compost, biochar, co-
composted biochar and compost + biochar

The results of the phytotoxicity study (Table 3) 
indicated that vigor index (VI) ranged from 195 in 
C-BCH to 252% in the control. All the amendments 
were significantly (p≥ 0.05) different from each 
other with the control having the highest value. 
Germination index (GI) ranged from 71% in C-BCH 
to 100% in the control. The control had the highest 
(p≥ 0.05) relative root growth- RRG- (100%) while 
C-BCH had the least value (80%). The germination 
percentage (G%) of CMP was significantly (p≥ 0.05) 
higher than the remaining organic amendments. 
Root length (RL) and shoot length (SL) were 
statistically similar in all the amendments. The 
most important of all the measured parameters 
is the germination index. The result of GI of 
CMP indicated that it was phytotoxic-free or that 
there was an absence of phytotoxic substances. 
C-BCH had a GI of 71%, which implied moderate 
phytotoxicity. The combination of CMP and BCH, 
as CMP + BCH, had an 86% GI implying that it is 

phytotoxic-free (Zucconi, 1981). 
The results of the phytotoxicity study in the 

present study were in concordance with the 
report of Chen et al. (2017) who evaluated BCH 
amendment and reported that BCH produced from 
different feedstocks and pyrolysis temperatures 
had varying effects on plant growth, with some BCH 
indicating phytotoxic effects on wheat and lettuce. 
In a similar study, Kavitha et al. (2019) reported 
that CMP contained a complex mixture of nutrients, 
organic compounds and microorganisms, which 
can benefit plant growth. However, immature 
or improperly composted materials can release 
phytotoxic compounds, such as organic acids, 
phenols and ammonia, which can inhibit plant 
growth (Kavitha et al., 2019). In another related 
study, Quilliam et al. (2013) observed that immature 
CMP containing high levels of volatile organic acids 
inhibited the germination and growth of lettuce. 
Therefore, phytotoxicity of organic amendments is 
key in assessing their usability for soil application.

Table 3. Phytotoxicity parameters of compost, biochar, co-composted biochar and compost + biochar

Treatments VI (%) GI (%) RRG (%) G (%) RL (cm) SL (cm)
Control 252a 100a 100a 90b 1.50a 1.30a

CMP 240b 93b 93b 100a 1.40a 1.00a

BCH 213d 77d 86c 88b 1.30a 1.10a

C-BCH 195e 71e 80d 88b 1.20a 1.00a

CMP + BCH 234c 86c 95b 90b 1.50a 1.20a

CMP= compost, BCH= biochar, C-BCH= co-composted biochar, CMP + BCH= compost + biochar, VI= vigor index, GI 
= germination index, RRG = relative root growth, G (%) = germination percentage, RL = root length and SL = shoot 
length, n= 3. Means followed by the same letter (s) within the same column are not significantly different at 0.05 level of 
probability as determined by DMRT.
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Evaluation of organic carbon stability of 
compost, biochar, co-composted biochar and 
compost + biochar

The results (Table 4) showed that CMP had 
the highest H value (7.60%), but was statistically 
similar to CMP + BCH (6.94%). The remaining 
amendments had statistically similar values which 
were significantly lower. The Hydrogen to organic 
carbon ratios (H/OC) showed that CMP had a value 
of 1 implying that 50% of its organic carbon content 
would remain stable or would resist degradation 
by soil microbes for over 100 years. With respect 
to the BCH and C-BCH, they were statistically 
similar and rated 70%, indicating that 70% of their 
organic carbon content would remain stable for 
over 100 years. CMP + BCH was significantly lower 
in hydrogen to organic carbon ratio compared to 
CMP, but significantly higher (p≥ 0.05) than the 
value in BCH and CMP + BCH. The amendment 
was rated 50% indicating that half of its organic 
carbon composition would remain stable for over 
100 years (IBI, 2012).

The results of the present study indicated that 
BCH and C-BCH were more stable, as indicated by 
the percentage of their ratings (70%) indicating 
higher resistance to microbial degradation for 
over 100 years. The results of the present study 
are consistent with the report of Kameyama et 
al. (2017), who evaluated the stability of BCH 

produced from different feedstocks and reported 
that BCH with lower H/OC ratio was more resistant 
to microbial degradation and had longer half-lives 
in soil. Similarly, Sun et al. (2016) evaluated the 
stability of BCH produced at different temperatures. 
The authors reported that BCH with lower H/OC 
ratio exhibited higher stability in soil, as indicated 
by their lower rates of carbon mineralization. 

The stability of C-BCH as observed in the 
present study is consistent with the reports of 
Zhang et al. (2018) who explored co-composting 
of BCH with food waste and observed a decrease 
in the H/OC ratio, suggesting increased carbon 
stability. The high stability observed in BCH and 
C-BCH in the present study might be associated 
with BCH’s chemical structure and composition. 
This is because BCH is typically rich in recalcitrant 
carbon compounds, such as aromatic and poly-
aromatic structures. These compounds are 
resistant to degradation by microorganisms and 
enzymes in the soil (Lehmann et al., 2011). The 
degree of carbonization during the BCH production 
process, as well as the temperature and duration 
of pyrolysis can also affect its chemical structure 
and stability (Lehmann et al., 2006). BCH with a 
higher carbon content and more aromatic carbon 
structures tends to be more stable and resistant to 
decomposition (Cheng et al., 2008).

Table 4. Carbon stability parameters of compost, biochar, co-composted biochar and compost + biochar

Amendment MC Density RC H (%) H/OC Ratings

CMP 1202 0.79 0.41 7.60a 1.00a 50
BCH 1127 0.36 0.30 5.61b 0.26c 70
C-BCH 1231 0.81 0.19 3.12b 0.37c 70

CMP + BCH 1171 0.47 0.39 6.94a 0.81b 50

CMP= compost, BCH= biochar, C-BCH= co-composted biochar, CMP + BCH= compost + biochar, H = hydrogen, OC = 
organic carbon, H/OC = hydrogen to organic carbon ratio, RC= reflection coefficient, MC= mean count, n= 3. Means 
followed by the same letter (s) within the same column are not significantly different at 0.05 level of probability as 
determined by DMRT.
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Figure 1. Determination of hydrogen % of Compost, Biochar, 
Co-composted Biochar and Compost + Biochar using their 
reflection coefficients via graphical extrapolations.

Conclusion

The findings of the present study revealed that 
compost, co-composted biochar and compost + 
biochar were matured. This indicates their inherent 
capabilities to be used as soil organic fertilizers to 
enhance soil fertility. The assessment of the effect of 
the organic amendments on seed germination and 
root growth through phytotoxicity test revealed that 
compost and compost + biochar were phytotoxic 
free, indicating the absence of germination and 
growth inhibiting substances. Biochar was the most 
stable because it had the least hydrogen to organic 
carbon ratio (0.26) - an indicator of aromaticity 
of organic carbon. Therefore, it is necessary to 
evaluate the suitability of organic amendments for 
soil application to ensure the absence of substances 
toxic to crops. 
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