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Abstract. Kakamega County is one of the most densely populated regions in Kenya and most 
people are dependent on agriculture for their livelihood. High population has led to continuous 
cultivation hence depletion of nutrients through the removal of crop residues, leaching and soil 
erosion. Inorganic fertilizers can restore soil fertility but are unaffordable for the majority of 
smallholder farmers living with 1240 KES (10.32 EUR) per month. However, despite government 
and NGOs interventions towards promoting the use of organic fertilizers in Kakamega County, the 
adoption rates are still low due to the long waiting period before the compost manure is ready. This 
study aimed at solving the problem of the period taken by the locally available organic matter to 
decompose and consequently the quality of the compost manure produced from various treatments. 
The objective of the study was to examine the effects of EM and Biochar on the rate of 
decomposition of locally available organic materials under Berkeley composting technique; and to 
evaluate the nutrient content of compost manure produced from the different treatments. 
Experimental design was used to examine the effects of EM and Biochar on the rate of 
decomposition under Berkeley composting technique and to evaluate the nutrient content of 
compost manure produced from different treatments.  Four treatments; (i) Normal Berkeley 
(Control) (ii) EM+Berkeley (iii) Biochar+Berkeley, and (iv) EM+Biochar+Berkeley were evaluated 
in a completely randomized block design replicated three times. Nutrient content analysis used; Wet 
chemistry, LDPSA, PXRF and Mid-infrared (MIR) spectroscopy. Berkeley Hot/Rapid composting 
was the most adopted composting technique (28.65%), significance (χ² = 66.500). Combining 
Biochar and EM (T4) significantly (P<0.05) accelerated the rate of decomposition of organic matter 
by attaining the highest temperature of 60°C on the 4th day, followed by compost heap with biochar 
alone (T3) and compost heaps with EM (T2) which attained the highest temperature of 58°C 
respectively on the 6th day compared to compost piles without biochar or EM at a temperature of 
55°C on 8th day. The results suggest that Biochar and EM accelerate the composting process. pH, 
total N, K and CEC were not significantly affected by the composting treatments, while Total 
Carbon was significantly (p<0.05) highest in the Biochar+Berkeley treatment, followed by 
EM+Berkeley treatment and lowest in EM+Biochar+Berkeley treatment. Phosphorus and Total 
carbon were also higher in EM compost (1.8% and 5.4%) (p<0.05) compared to non-EM compost 
(1.2% and 5.0%).  

1. Introduction 
The world population is growing and the United Nations expect there will be 8.9 billion 

people by 2050. Most of these people will live in developing countries, where nowadays already 
20% of the population is underfed or malnourished [1-2]. The demand for food will increase as well 
as the need to produce more food on declining arable land [1-2].  
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Agriculture remains the most important economic activity in Kenya, although less than 8% of 
the land is used for crop and feed production. Farming in Kenya is typically carried out by small 
producers who usually cultivate no more than two hectares (about five acres) using limited 
technology [3]. Kakamega County is one of the most densely populated counties of Kenya, with 
most people living in rural communities. The main economic activity is farming and people are 
directly dependent on locally grown crops or food harvested from the environment [4]. 
Traditionally, farmers relied on long fallow periods to restore soil fertility. However, the increased 
population has shortened the fallow periods and decreased the available arable land. Shifting 
cultivation disappeared and now crops are grown continuously on poor fields. Furthermore, farmers 
remove all crop residues from the field, using them as feed for their livestock or as fuel. They also 
use small amounts of inorganic fertilizers because they are unaffordable, resulting in a negative 
nutrient balance of the soil [5]. High rates of erosion, leaching and the inherent poor fertility of 
most tropical soils have also contributed to the soil fertility decline in Western Kenya [6]. 

Soil health ecosystem services on degraded lands can be supported by nutrient management 
strategies that recouple nitrogen, phosphorus and carbon cycling within the agro-ecosystem. The 
use of compost or organic manure is currently being advocated as an option for improving soil 
fertility conditions for resource poor farmers.  

Key Agricultural stakeholders in Kakamega county are encouraging and educating farmers to 
use various techniques in composting among which include Berkeley rapid and use of Inoculation 
technologies like EM [1]. Despite government and NGOs interventions towards promoting the use 
of organic fertilizers, there is a challenge of low adoption due to the long waiting period before the 
compost manure is ready for use [7]. This strategy aims to promote use of organic matter as the key 
source of fertilizers, which results into increased land fertility (8). This study examined the effects 
of EM and Biochar on the rate of decomposition of locally available materials under Berkeley 
composting technique decompose and consequently the quality of the compost manure produced 
from various treatments. 

2. Literature Review 
2.1 Berkeley rapid composting method - shredding and frequent turning 

This method corrects some of the problems associated with the earlier methods of composting 
[9]. The process can produce compost in two to three weeks. Several factors are essential to the 
rapid composting method: Material composts best when it is 1.25-3.75 cm in size. Soft, succulent 
tissues do not need chopping into very small pieces because they decompose rapidly. The harder or 
woodier the tissues, the smaller they need to be in order to decompose rapidly. Woody material 
should be passed through a grinder. Chopping material with a sharp shovel is effective for the 
composting process to work most effectively (10). The material to be composted should have a C:N 
ratio of 30:1. Mixing equal volumes of green plant material with equal volumes of naturally dry 
plant material yields such a ratio. The green material can be grass clippings, old flowers, green 
prunings, weeds, fresh garbage and fruit and vegetable wastes. The dried material can be fallen 
leaves, dried grass, straw and woody materials from prunings. Materials that should not be added to 
a composting pile include: soil, ashes from a stove or fireplace, and manure from carnivorous 
animals. Manures from herbivorous animals such as rabbits, goats, cattle, horses, elephants and 
fowl can be used [11]. 

 Once a pile has been started, nothing should be added. This is because it takes a certain 
length of time for the material to break down and anything added has to start at the beginning, thus 
lengthening the decomposition time for the whole pile. Excess material should be as dry as possible 
during storage until a new pile is started. Moist stored materials start to decompose. If this occurs, 
they will not be effective in the compost pile. Nothing needs to be added to the organic materials to 
make them decompose. The micro-organisms active in the decomposition process are ubiquitous 
where plant materials are found and develop rapidly in any compost pile [11]. 
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Composting works best where the moisture content of materials in the pile is about 50 
percent. Too much moisture creates a soggy mass, and decomposition will then be slow and the pile 
will smell. Where the organic material is too dry, decomposition is either very slow or does not 
occur at all. Heat, which is very important in rapid composting, is supplied by the respiration of the 
micro-organisms as they break down the organic materials. To prevent heat loss and to build up the 
amount of heat necessary, a minimum volume of material is essential [10]. 

2.2 EM-based compost enhancers  
Effective micro-organisms (EM) consist of common and food-grade aerobic and anaerobic 

micro-organisms: photosynthetic bacteria, lactobacillus, Streptomyces, actinomycetes, yeast, etc. 
The strains of the micro-organisms are commonly available from microbe banks or from the 
environment. There are no genetically engineered strains that are in use. Since 1999, seven small-
scale organic fertilizer units have been using the EM-based quick production process in Myanmar 
[10].  

EM solution is prepared by mixing 10 ml of EM, 40 ml of molasses and 950 ml of water and 
leaving it for five to seven days, depending on temperature. The solution is then added to 1 litre of 
molasses and 98 litres of water to obtain 100 litres of ready-to-use EM solution. This amount is 
enough for three pits. The EM solution functioning as accelerator reduces the composting period 
from three months to one month. Critique of EM is that not so many smallholder farmers have the 
knowledge of preparing it.  

2.3 Biochar Compost enhancers 
Biochar is defined as charcoal that is used for agricultural purposes. It is created using a 

pyrolysis process, heating biomass in a low oxygen environment. Once the pyrolysis reaction has 
begun, it is self-sustaining, requiring no outside energy input. Byproducts of the process include 
syngas (H2 + CO), minor quantities of methane (CH4), tars, organic acids and excess heat [10]. 

Biochar can be an important tool to increase food security and cropland diversity in areas with 
severely depleted soils, scarce organic resources, and inadequate water and chemical fertilizer 
supplies [12]. Biochar also improves water quality and quantity by increasing soil retention of 
nutrients and agrochemicals for plant and crop utilization. More nutrients stay in the soil instead of 
leaching into groundwater and causing pollution. Biochar is a relatively recent development, 
emerging in conjunction with soil management issues [12]. 

Biochar, produced from high carbon content solid biomass, is one of the best bulking agents 
for reducing N2O emission in manure composting for the following reasons (10). First of all, its 
high porosity results in increased aeration in the composting process, which enhances the supply 
and distribution of O2  in the composting pile, and may lead to reduction of N2O as previously 
mentioned reasons [13]. Secondly, the high porosity and high surface area of biochar also enables it 
to absorb and retain large amounts of water which results in decreased N2O emission by altering 
redox conditions and denitrifying communities. High moisture content also enhances the metabolic 
activities of microorganisms [14-15]. Furthermore, other recent studies confirmed that bulking 
poultry manure with biochar lessened N loss and improved N retention, while simultaneously 
enhanced humification, thereby produced mature composts with a high fertilizer value [16-18]. 
Fourthly, biochar with a higher pH alters the abundance of denitrifying bacteria significantly in 
manure composting, resulting in less N2O producing but more N2O-consuming bacteria 
communities [14]. 

3. Material and Methodology 
3.1 Study Site 

The field experiments were conducted in Kakamega central sub-county, Kakamega County, 
Kenya. Kakamega is situated 0°12’N; 34°48’E at an elevation of 1,250 m above sea level in the 
southwest and 2,000 m in the east. Annual mean temperature varies between 18 to 21°C and annual 
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rainfall varies between 1,000 and 2,400 mm. There are two yearly rain seasons: the long rains, from 
March until June, and the short rains from August until November. About 500 to 1,100 mm falls 
during the long rains and 450 to 850 mm during the short rains. The rainy season is characterized by 
heavy afternoon showers with occasional thunderstorms. Soils in Kakamega are highly weathered 
and vary in texture from clay to sandy loam. However, due the heavy rains, soils are vulnerable to 
erosion leading to a reduced agricultural productivity. Therefore, 70% of the soils are low in 
fertility due the intensive weathering, leaching and continuous cultivation without using fertilizers 
[19]. 

According to the 2009 population census report, the total population of people in Kakamega 
County is 1,660,651 (male-48% and female-52%) and an area of 3, 2444km² while in Urban 
Kakamega is 58,832 with a population density of 515Sq.Km. It has an annual growth rate of 2.12%. 
Poverty level is at 57% as compared to Nationals level of 51%, Fig. 3.1 illustrates the study area. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 3.1. Study area map. 

3.2 Research design and Data collection  
Experimental research design was used to Examine the effects of EM and Biochar on the rate 

of decomposition and the nutrient content of the compost manure, of the locally available materials 
during composting in Kakamega Central sub county Kenya . 

The On-station experiments were laid out in completely randomized block design with three 
[3] replications. The experiments were carried out during the short rains (September to November), 
2016, at the Masinde Muliro University of Science and Technology (MMUST) School of 
Agriculture and Veterinary Sciences and Technology field trials. The treatments were (i) Normal 
Berkeley with No additions (Control), (ii) EM + Organic matter under Berkeley composting 
method, (iii) Biochar + Organic matter under Berkeley composting method and (iv) EM + Biochar 
+ Organic matter under Berkeley composting method. 
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The compost heap was built by alternating Carbon and Nitrogen sources until a height of 
1.5M was attained. The ratio of Carbon to Nitrogen was maintained at 30:1. Water was added, 
aiming for 50 percent moisture content. This was achieved by spraying each layer with water mixed 
with EM using a watering can while layering compost materials. However, care was taken so that 
the water does not become excess as it may make the compost water logged and smelly. The 
compost heap size was 1M by 1M by 1.5M and this was manageable size to be able to generate 
enough heat for decomposition to occur. 

First turning was done on the fourth (4th) day after building the compost heap. Subsequent 
turnings were done after every two (2) days until the compost was ready. Turning was done by 
putting the outside material from the pile into the middle and vice versa. Temperatures were taken 
using a thermometer from the first day and throughout the subsequent turnings. Finally compost 
with different treatments was attained within 21 days. 

To determine the nutrient content of compost manure produced from different treatments 
under Berkeley composting technique, Compost manure samples from the four treatments, 
replicated three (3) times were taken for analysis at the World Agroforestry Centre(ICRAF), 
Nairobi; Soil and Plant Spectral Diagnostic Laboratory and Crop Nutrition Soil and Plant 
Laboratory. Determination of the Moisture content (Oven drying at 70°C for 48hrs) of the initial 
organic materials that were used to make the compost heaps was done at MMUST. Chemical 
analysis of both the initial organic materials that were used to make the compost heaps and the 
compost manure itself was done. A total of 53 compost manure samples and 8 plant samples were 
collected. Before the compost manure samples of specified treatments were taken, each compost 
heap was thoroughly mixed using the pitch forks. Each of the compost manure sample of specified 
treatments at specified days were taken with a spade at (0–20 cm) from the top, bottom and on both 
sides of the compost heap. This was then put into a small basin and thoroughly mixed. Double 
quartering was then used to obtain composite sample for each treatment on the specified day. 
Samples at the Laboratory were then air dried on shallow trays for two days before analysis was 
done.  

Chemical and Physical parameters  of the compost determined included: Carbon content of 
acid treated sample to remove carbonates, Nitrogen content of acid treated sample to remove 
carbonates, Total Carbon content, Total Nitrogen content, Soil pH in water (soil: water ratio of 1:2 
weight to volume basis), Exchangeable Aluminium concentration by Mehlich III extraction, Boron 
concentration by Mehlich III extraction, Exchangeable calcium concentration by Mehlich III 
extraction, Copper concentration by Mehlich III extraction, Iron concentration by Mehlich III 
extraction, Potassium concentration by Mehlich III extraction, Exchangeable Magnesium by wet 
chemistry method, Exchangeable Manganese concentration by Mehlich III extraction, 
Exchangeable Sodium concentration by Mehlich III extraction, Phosphorus by Mehlich III 
extraction, Sulphur by Mehlich III extraction, Zinc by Mehlich III extraction, Sodium total element 
concentration, Magnesium total element concentration, Sulfur total element concentration, Chlorine 
total element concentration, Potassium total element concentration, Particle size analysis, CEC and 
EC.  

4. Results 
4.1 Temperature changes under the four different Treatments under Berkeley composting 
technique 

The four treatments include: (i) Normal Berkeley with No additions (Control)-T1; (ii) EM + 
Organic matter under Berkeley composting method-T2; (iii) Biochar + Organic matter under 
Berkeley composting method-T3 and (iv) EM + Biochar + Organic matter under Berkeley 
composting method-T4. Temperature results for the four treatments replicated three times are as 
shown in Fig. 4.1, Tables 4.1 and 4.2. 
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Figure 4.1. Temperature Verses Time in days for the four treatments under Berkeley composting 
technique with the Error Bars and Standard deviation for the On-station experiments  

Under normal Berkley composting (Treat1), the temperature recorded on the first day was  
25 °C, on the fourth day which was also the first turning; the temperature had reached 40°C. The 
highest temperature (55°C) was attained on the 8th day which is also the 3rd turning. When 
comparing composting with EM (Treat 2) and normal Berkley (Treat 1); both treatments show an 
increase in temperature right after composting started. On Day 1, the temperature rose to 48°C from 
25°C for treatment with EM (Treat 2) and 40°C from 25°C for treatment without EM (Treat 1). The 
piles treated with EM reached the highest peak values of 58°C on Day 6 compared to composting 
treatment without EM, for which it was 55°C on Day 8. Composting with addition of Biochar 
showed temperature increase from 25°C on the first day to 52°C on the 4th day. The highest 
temperature of 58°C for piles with Biochar was attained on the 6th day. Under composting with both 
Biochar and EM, temperature increased from 25°Con the first day to 60°C on the 4th day/first 
turning. This was the highest temperature attained on the 4th day unlike under normal Berkley 
composting where the highest temperature 55°C was attained on the 8th day. The results show the 
importance of combining Biochar and EM in enhancing composting process.  
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Shapiro Wilk test was done to test for Normality of the data. R software version 3.2.4 was 
used; w=0.96743, p=0.1091 hence p˃0.05. This means distribution of data are not significantly 
different from Normal distribution hence assuming normality. Parametric Two-way Analysis of 
Variance (ANOVA) using SAS version 6.12 was then used. Table 4.2 shows the results of effects 
on temperatures as days progressed during composting. 

Table 4.2. The results of effects on temperatures as days progressed during composting. 

 

Treatments having the same letters within a column are not significantly different with 
ANOVA T test at p˂0.05 

From the results (Tables 4.1; 4.2 and Fig. 4.1); On the 4th day, which was also the 1st turning, 
all the treatments were significantly(p˂0.05) different from each other with EM-Biochar-Berkeley 
recording the highest peak mean temperatures of 60.33°C.This shows that EM-Biochar-Berkeley 
reached thermophilic stage on day 4. 

On the 6th day, which was also the 2nd turning, EM-Berkeley and Biochar-Berkeley treatments 
were significantly (p˂0.05) highest, (and their peak) than the rest of the treatments (Mean 
temperatures of 58.33°C). It shows that they reached the thermophilic stage on day 6. 

Day 8 shows Normal Berkeley being significantly (p˂0.05) highest (at its peak) than the rest 
of the treatments. It was attaining this temperature on the 3rd turning. 

Day 10 shows the temperatures dropping for all the treatments but they remain significantly 
different (p˂0.05). On day 16which is also the 7th turning, temperatures for all the treatments have 
steadily reduced significantly (p˂0.05) and Normal Berkeley and EM-Biochar-Berkeley treatments 
recorded the same mean temperature of 35.33°C as they  stabilize to the ambient temperatures.  
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4.2 Nutrient contents of organic materials and compost manure from different treatments 
under Berkeley technique in Kakamega central sub-county, Kenya 
Table 4.3. Chemical and physical properties of locally available organic materials that were used to 
make the compost heaps in Kakamega central sub county, Kenya. 

 
The results in Table 4.3 above shows heterogeneity of organic residues, nutrient and physical 

and chemical properties vary widely, even among materials from the same origin. The nutrient 
content of plant residues ranged, for N, P, K, Ca, Mg, Cu, Mn, and Zn, respectively: 11-73 g kg-1,  
1-29 g kg-1, 5-38 g kg-1, 4-54 g kg-1, 1-6 g kg-1, 23-18 mg kg-1, 23-29 mg kg-1, and 70-298 mg kg-1. 
The nutrient content ranges of animal origin materials presented are, respectively, for N, P, K, Ca, 
Mg, S, Zn, Mn and Cu: 11-54 g kg-1, 1-42 g kg-1, 3-49 g kg-1, 5-153 g kg-1, 2.6 to 14 g kg-1,  
0.9-8 g kg-1, 48-1189 mg kg-1, 340-2055 mg kg-1, and 15-1388 mg kg-1.    

Characteristics of plant residues vary depending on the plant species, plant tissues, and soil 
chemical and physical properties, but are generally nutrient-poor and have lower EC than animal or 
municipal wastes [20].  
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Table 4.4. Effects of EM and Biochar on the chemical and Physical properties of the compost 
manure in Kakamega central sub county, Kenya 

 
From Table 4.4, pH was not significantly different across the four treatments. This could be 

attributed to the fact that pH varies with the raw material used in the compost and the production of 
various products (lactic and acetic acids) during the composting period. During the thermophilic 
stage, pH can rise up to 9 and thereby releasing NH3. In the maturation stage, pH will drop to 
neutral [21].  

Nitrogen was not significantly different in all the treatments. The reason could be attributed to 
the organic materials that were used to make the compost heaps for the treatments were all the 
same. Total Carbon was significantly (p<0.05) highest in the Biochar-Berkeley treatment, followed 
by EM-Berkeley treatment and lowest in EM-Biochar-Berkeley treatment. Total Carbon mean value 
was 12.29mg/kg. The EM’s phototrophic bacteria are involved in various metabolic systems that 
play a major role in nitrogen cycle and carbon cycle [22]. 

P was significantly (p<0.05) higher in the EM-Biochar-Berkeley treatment as compared to the 
control (Normal Berkeley). Available K was not significantly different with the use of EM, and 
Biochar in the compost heaps when compared to the control experiment. CEC was not significantly 
different across all the treatments though it was lower in EM-Biochar-Berkeley treatment 
(32.53ds/m). Particle size analysis (Sand, Clay and Silt percentages) was not significantly different 
within all the treatments as the texture was Sandy-clay-loam all through. EC was significantly 
(p<0.05) lowest in EM-Biochar-Berkeley treatment as compared to the rest of the treatments as well 
as Al that was significantly (p<0.05) lowest in EM-Biochar-Berkeley treatment. Mg and Fe were 
significantly (p<0.05) highest in EM-Biochar- Berkeley as compared to the control. 
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5. Discussion 
Normal Berkeley composting (T1) process matched the typical relationship between 

temperature and time that is present in typical compost [23]. There is an initial peak of temperature 
(of 55 °C) and this is the temperature when the Pathogens are normally destroyed. That temperature 
was attained on the 8th day, and this was the active phase. However, it’s recommended that, peak 
temperatures of 62 °C are critical for elimination of weed seeds and this was not recorded under 
Normal Berkeley composting treatments.  Farmers practicing normal Berkley may have some 
challenges of weeds on their farms when using the ready compost manure because it couldn’t reach 
the highest temperature required to eliminate the weeds.  

The piles treated with EM reached the highest peak values of 58°C on Day 6. T2 had the 
longest period of time above 55°C, that is, from 2nd turning to 3rd turning. This clearly indicates, 
that the compost heaps with EM had high microbial activity compared to (T1) based on the highest 
temperatures achieved. Effective Micro-organisms (EM) enhances the rate of decomposition of 
organic materials. EM is a liquid containing many coexisting microorganisms: lactic acid bacteria, 
yeast and phototrophic bacteria. When these organisms are placed in contact with organic matter, 
they secrete substances such as vitamins, organic acids, minerals and antioxidants that beneficially 
affect plants and other micro-organisms [24]. 

The peak temperature of 58°C was attained on the 6th day for piles with Biochar. This can be 
attributed to the ability of Biochar to accelerate the composting process. Biochar is commonly 
defined as charred organic matter, produced with the intent to deliberately apply to soils to 
sequester carbon and improve soil properties [12]. Biochar improves the homogeneity and structure 
of the mixture and stimulating microbialactivity in the composting mix. This increased activity 
translates to increased temperatures and a shorter overall time requirement for compost 
development. Increasing the use of biochar in compost operations requires education on the benefits 
of biochar to compostproducers, not only on emissions and odor reductions, but also on the 
potential economic benefits of accelerating the decomposition of organic matter. 

Under T4(Biochar-EM-Berkeley), temperatures increased from 25°C on the first day to 60°C 
on the 4th day, which was also (1st ) first turning. This was the highest temperatures attained 
comparing all the four treatments (T1, T2, T3 and T4). Temperatures were stabilizing on day 14th 
which was also the 6th turning. The results clearly show the importance of combining Biochar and 
EM in accelerating the rate of decomposition of organic matter under Berkeley composting 
technique. Biochar has high porosity which results in increased aeration in the composting process, 
which enhances the supply and distribution of O2 in the composting pile & provides energy for the 
microorganisms feeding on the organic matter [13]. Effective micro-organisms (EMs) on the other 
hand, reduces decomposition period significantly. Therefore, a mixture of EM with Biochar 
fastened the rate of decomposition.  

Chemical and physical properties of locally available organic materials that were used to 
make the compost heaps varied widely even among materials from the same origin.  Characteristics 
of plant residues vary depending on the plant species, plant tissues, and soil chemical and physical 
properties, but are generally nutrient-poor and have lower EC than animal or municipal wastes [20].  

Mean pH of the compost manures produced was 8.39. Soil pH reflects the acidity or alkalinity 
of the soil and controls many chemical processes but especially affects plant nutrient availability. 
Acid soils contain toxic concentrations of Al and/or Mn in the soil solution, which can restrict root 
and plant growth. Some plant nutrients like P are less available in acid soils due to precipitation 
with Al and Fe ions [25]. Microbial activity is optimal when pH ranges between 6.5 and 8. 
However, bacteria need a pH between 6 and 7.5 whereas fungi need a pH between 5.5 and 8.9 for 
their activity. The pH varies with the raw material used in the compost and the production of 
various products (lactic and acetic acids) during the composting period.  

Fe, Mn, Cu, Zn, B, and Mo are essential elements for crop production and food quality.  
Applying organic matter to the soil can either decrease or increase metal availability, solubility, and 
plant uptake. Many organic amendments have a soluble C component or produce soluble 
decomposition products, which can increase metal solubility by forming soluble organometallic 
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complexes. Micronutrients are also released through the biodegradation of OM by micro-organisms 
[26]. Soil structure and soil aggregate stability improve with increased SOM, because OM binds 
mineral particles (sand, silt and clay) together. This could be a result of the increased microbial 
activity and their synthesized products, like polysaccharides.   

Total Carbon mean value was 12.29mg/kg. The EM’s phototrophic bacteria are involved in 
various metabolic systems that plays a major role in nitrogen cycle and carbon cycle [22], [27]. This 
explains why Total Carbon was lowest in the EM-Biochar- Berkeley treatment though still adequate 
for the plant requirements. Increase of soluble N, P and K contents could be attributed to activity of 
nitrogen fixers and organic acids excreted by the different organisms in EM. According to 
Saravanan et al. [28], macronutrient Nitrogen in EM compost is higher (1.2%) compared to non-EM 
compost (0.9%). Phosphorus and Total carbon was also higher in EM compost (1.8% and 5.4%) 
compare to non-EM compost (1.2% and 5.0%). Besides, the number of Potassium (K) is increased 
in compost added with EM (55%) compared to in compost without EM (17%) [29].  

Generally, compost treated with EM resulted in low quantities of heavy metals. This is 
because natural process which relies on bacteria, fungi, and plants alter contaminants such heavy 
metals as these organisms carry out their normal life functions. Metabolic processes of these 
organisms are capable of using chemical contaminants as an energy source, rendering the 
contaminants harmless or less toxic products in most cases [30]. Compost usually contains heavy 
metals based on their initial raw materials. These heavy metals (micronutrients) are required by the 
plant for perfect growth and they are absorbed by plants during the fertilizing process; but in large 
quantities, they can cause phytotoxicity. 

The beneficial effects of adding Biochar to composts were: increased pH, CEC, soil water 
retention, nutrient retention, improved soil structure, soil aeration, hydraulic conductivity and 
adsorption of heavy metals [31-32]. The carboxyl groups (functional groups) found in Biochar can 
explain the high CEC, liming effect and high charge density of Biochar [12]. The physical structure 
characterized by a network of micro-, meso and macro pores allows for improved soil structure by 
increasing aeration, decreasing bulk density and reducing the soils tensile strength [33]. Biochar 
addition also had a large effect on the microbial activity, soil organic matter (SOM) levels [34], C 
cycling [35], and nitrogen (N) dynamics [12]. The total surface area in biochar allows for “storage 
space” of different nutrients and organic compounds that optimizes microbial growth [12]. Biochar 
is commonly applied for environmental purposes such as (i) managing pollution and eutrophication 
risks, (ii) re-vegetation of degraded land, and (iii) C sequestration [36]. 

6. Conclusions 
Overall conclusion is that combining both Effective Microorganisms (EM) and Biochar under 

the most preferred Berkeley composting technique accelerated the rate of decomposition of the 
organic materials hence it was the most effective process of composting and on top of that, EM and 
Biochar had positive impacts on the chemical and physical properties of compost manure produced 
from these treatments in Kakamega central sub county, Kenya. This can sustainably restore the soil 
fertility of depleted soils hence ensuring neutrality in land degradation, thus increasing crop 
production that will ensure food security of the ever-increasing population in Kakamega central sub 
county. Composts produced from the treatments contained both Macro and micro nutrients that are 
within the recommended ranges. EM and Biochar had positive impacts on the chemical and 
physical properties of composts. 
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