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Abstract 

Comparative study on the effect of applying biogas slurry and inorganic fertilizer on soil 

properties, growth and yield of white cabbage (Brassica oleracea var. capitata f. alba) at 

Sebeta Hawas Woreda, South West Shewa zone 

Yalemtsehay Debebe 

Addis Ababa University, 2013 

 

The use of locally available, nutrient rich organic sources is an effective means for 

improving soil fertility and increasing crop yield in view of the escalating cost of 

inorganic fertilizers and low fertilizer use efficiency of crops in Ethiopia. This study was 

conducted in Sebeta Hawas Woreda with the objective of comparing the effectiveness of 

bio-slurry and inorganic fertilizer on soil properties, growth and yield of white cabbage. 

The questionnaire survey was done to obtain information on the family size, number of 

cattle, type of  fertilizer used, the amount of money saved by biogas using households 

when replacing chemical fertilizer with bio-slurry, bio-slurry storage and management, 

household yield increment and perception of soil fertility improvement by using  bio-

slurry as organic fertilizer. Laboratory analysis and field experiment were done on bio-

slurry in liquid and composted form to determine the nutrient content and effect of bio-

slurry and inorganic fertilizer on  plant height, number of leaves, head diameter, head 

yield and nutrient content of  cabbage as well as physical and chemical properties of  the 

soil. The maximum plant height (cm) was obtained from T6 (recommended dose of 

inorganic fertilizer (RDIF) + biogas slurry compost (BGSC) at (80q/ha), while the lowest plant 

height (cm) was recorded in T1 (control). Cabbage plants treated with T7 ( (1/2 RDIF) + 
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(½ BGSC )), T6 ( (RDIF) + BGSC at  80q/ha),T5 (BGSC at (80q/ha)) and T6  showed the 

highest number of  leaves at 2,4,6 and 8 weeks after transplanting respectively. With 

regard to fresh weight of individual head and individual head diameter (cm), T6 showed 

the highest value for fresh weight of individual head and T5 showed the highest values 

for individual head diameter (cm). Considering major nutrient content of white cabbage, 

it can be inferred that bio-slurry and inorganic fertilizer showed no significant effects on 

leaf phosphorous and potassium value but bio-slurry applied in combination with 

inorganic fertilizers has positive influence on nitrogen content. The study also revealed 

that there was significant contribution of bio-slurry to increase organic carbon, 

phosphorus and cation exchange capacity of soil. 

Key words:  Growth and head yield, soil properties, bio-slurry, fertilizer 
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1. INTRODUCTION 

   1.1. Background 

Vegetables are very significant sources of vitamins, minerals and plant proteins in human 

diet all over the world. Vegetable cultivation is one of the most efficient and major 

branches of agriculture and of economic value as well. At the same time, vegetable 

cultivation is becoming more costly due to the increasing use of purchased inputs such as 

pesticides and fertilizers to sustain production levels (Muhammad, 2011). 

 

Cabbage (Brassica oleracea var. capitata f. alba) is an important vegetable cultivated 

and consumed by both urban and rural dwellers in Ethiopia. It is a hardy and cruciferous 

vegetable that grows well in fertile soils. Cabbage is regarded as a good source of 

vitamins, fibre, glutamine, minerals and anti-oxidant which are useful for normal 

functioning of body systems and prevention of cancer (Knavel and Herron, 2000). 

 

In spite of its economic and health importance, the optimum production of cabbage in 

Ethiopia has not been attained because of difficulty in the increasing cost of purchased 

fertilizers to sustain production levels. Despite, its importance, the fertilizer use per 

hectare of crop land in Ethiopia is very low (14.7 kg) when compared with the world 

average which is 82.4 Kg (Haile Wassie, 2012). Therefore, biogas technology that can 

produce methane gas for cooking and lighting as well as organic, nutrient-rich bio-slurry 

for use as a fertilizer is among the best options of making maximum use of these scarce 

resources.  The slurry that is obtained after extraction of the energy content of animal 

manure is still an excellent fertilizer, rich in major nutrients (nitrogen, phosphorous and  
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potassium) and organic matter (humus) that determine the soil fertility and yield of 

different crops and vegetables. Due to the decomposition and breakdown of parts of its 

organic content, digested slurry provides fast-acting nutrients that easily enter into the 

soil solution, thus becoming immediately available to plants (Gaur et al., 1984). 

 

Most vegetable crops such as potatoes, radishes, carrots, cabbages, onions, garlic, etc., 

and many types of fruit bearing trees (oranges, apples and mangos, etc.), sugar cane, 

coffee, chat, and rice appear to react favorably to bio-slurry fertilization (Isalm, 2006). 

 

It seems that there is a general consensus on the ability of biogas slurry to improve the 

physical and biological quality of soil besides providing both macro and micro-nutrients 

to crops and vegetables. These improvements in physical and biological qualities include: 

improvement in soil structure, improvement in water holding capacity, cation exchange 

capacity, lessen soil erosion and provision of nutrients to soil micro-flora including 

nitrogen fixing and phosphorous solublizing organisms. Bio slurry besides its use as soil 

amendment for crop growth also offers a promising win-win opportunity. At the same 

time it prevents adverse environmental impacts of waste disposal. Application of bio-

slurry also helps in reduction of dependence on mineral fertilizers (Karki, 1997). 

 

The present investigation with cabbage (Brassica oleracea var.capitata f.alba) was 

undertaken to evaluate the effect of bio-slurry singly or in combination with chemical 

fertilizers and compare it with the efficiency of chemical fertilizer under Ethiopian 

condition. 
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1.2. Statement of the Problem 

Ethiopian economy is mainly agricultural. Agriculture supports about 85 percent of the 

population directly and it is a strong option to reduce poverty and enhance food security 

(World Bank, 2008). However, agricultural productivity remains very low, partly due to 

low inputs of inorganic fertilizers, which remain very costly for Ethiopian smallholders. 

High cost does not favour the use of fertilizers if the yield response and grain price is not 

high enough to make its use profitable. Continuous use of inorganic fertilizers alone 

causes the soil condition to deteriorate and lowers the productivity of the soil. Moreover 

there is a possibility of essential micronutrients of the soil being depleted. In Ethiopia 

yearly soil nutrient depletion is estimated at 20, 10 and 20 kg ha–1 for nitrogen (N), 

phosphorus as phosphate (P2O5) and potassium as potash (K2O), respectively there by 

resulting in serious deficiency of these nutrients and reduction in total crop and vegetable 

production (Stoorvogel and Smaling, 1990). Therefore bio-slurry utilization for 

agricultural production will minimize high costs of commercial fertilizers. Bio-slurry not 

only supplies a variety of macro and micronutrients to the soil but also improves the 

physico-chemical and biological properties of soil, which helps to maintain the soil 

productivity and soil health. 

 1.3. Significance of the Study 

 

Because of the lack of awareness to bio-slurry utilization as organic fertilizer in rural 

areas of Ethiopia, like in all other developing countries, farmers have been facing 

problems of high cost chemical fertilizers, environmental degradation and health risks. 

These concerns demand urgent solutions in order to protect the environment and reducing 

poverty themselves. It is expected that from the introduction of bio-slurry production 
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farmers and community are able to receive plenty of benefits comprising of investment 

reduction, production increase and improvement of sustainable agriculture development 

for the future. 

1.4. Objectives of the Study 

      1.4.1. General Objective 

� The overall objective of the study is to compare the effectiveness of bio-slurry and 

inorganic fertilizer on soil properties, growth and yield of white cabbage at Sebeta Hawas 

woreda. 

      1.4.2. Specific Objectives 

� To determine the nutrient content of bio-slurry, 

� To compare the effect of bio-slurry singly or in combination with inorganic fertilizer on  

soil properties, growth and yield of white cabbage , 

� To compare the nutrient content of white cabbage produced by inorganic fertilizer and 

bio-slurry, 

� To assess socio-economic feasibility of bio-slurry compared to inorganic fertilizer, and 

� To assess the environmental contribution of bio-slurry over inorganic fertilizer. 
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2. REVIEW OF RELATED LITRATURE 

Biogas is a clean, environmental friendly and renewable form of energy generated when 

microorganisms degrade organic materials in an oxygen free environment. The formation 

of biogas can occur either in natural environment or controlled conditions in constructed 

biogas plants, so called anaerobic degradation (AD). Swamps, marshes, river beds, rumen 

of herbivore animal are some of the areas where biogas is formed naturally (Al Seadi et 

al., 2008). The same microbial activities are achieved in both natural and controlled 

conditions. The potential feedstock for the production of biogas include; animal manure, 

crop residues, organic wastes from dairy production, food industries and agro industries, 

waste water sludge, organic fraction of municipal solid wastes, organic wastes from 

households and from catering business as well as energy crops  (Shelef  et al., 1981). 

 

Successful use of biogas technology provides not only gas production but also bio-slurry 

production and other environmental and social benefits including sanitation, reforestation 

and reduction of imported fuel oil (Renwick et al., 2007). 

2.1. Historical perspective of bio-gas technology in Ethiopia 

Biogas technology was introduced in Ethiopia as early as 1979, when the first batch type 

digester was constructed at the Ambo Agricultural College. In the last two and half 

decades around 1000 biogas plants were constructed in households, community and 

governmental institutions in various parts of the country. Presently, approximately 40% 

of the biogas plants that were constructed are not operational due to a lack of effective 

management and follow-up, technical problems, loss of interest, reduced animal holdings, 

ownership and water problems. Other reasons for the limited success of the technology in 
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Ethiopia include the adoption of a project based stand-alone approach without follow-up 

structure in place, variations in design, and the absence of a standardized biogas 

technology (NBP, 2008). 

2.2. What is bio-slurry? 

Bio-slurry is an anaerobic digested organic material released as byproduct from the 

biogas plant after production of combustible methane gas for cooking, lighting and 

running machinery (SNV/Ethiopia, 2005). It is almost pathogen-free stabilized manure 

that can be used to maintain soil fertility and enhance crop production. Bio-slurry is 

found in different forms inside the digester as a light rather solid fraction, mainly fibrous 

material, which floats on the top forming the scum; a very liquid and watery fraction 

remaining in the middle layer of the digester; a viscous fraction below which is the real 

slurry or sludge; and heavy solids, mainly sand and soils that deposit at the bottom (Jan 

Lam, 2010). 

2.3. Nutrient content of bio-slurry 

 Bio-slurry consists of 93 % water and 7 % of dry matter, of which 4.5 % is organic and 

2.5 % inorganic. The percentages for nitrogen, phosphorous, and potassium are 0.25, 0.13 

and 0.12 on wet basis respectively and on dry basis it is 3.6, 1.8 and 3.6 respectively. 

Trace amounts of zinc, iron, manganese and copper are also available (Gupta, 2007). 

The nutrient constitution of biogas slurry varies from site to site. The factors affecting 

this constitution range from the type of fodder being eaten by the livestock to the type of 

organic biomass fed to the digester. Table 2.1 to 2.3 below present a glimpse of the 

nutrient composition of different forms of organic manure as reported by different 

authors. Different authors report different data based on their circumstances. 
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Table 2.1 NPK values of fresh cow dung slurry 

                    N% P2O5% K2O%  
 

Author Value 

range % 

Average 

value % 

Value 

range % 

Average 

value % 

Value 

range % 

Average 

value % 

1.00-1.80 1.4 0.8-1.2 1.0 0.8-1.00 0.9 Gupta, 1991 

1.5-2.0 
 

1.75 1.0  1.0  Tripathi, 1993 

1.30   0.82  1.07  Gupta, 1991 

1.25-1.30 
 
 

1.28     Chowla, 1986 

1.30-2.50 
  

1.9 
 

0.90-1.90 1.4   Myles et al., 
1993 

1.4-1.8 
 
 

1.6 
 

1.0-2.0 
 

1.5 
 

0.8-1.2 
 

1.0 
 

DOST, Govt of 
India, 1981 

1.5-2.0 
 

1.75 
 

1.0  1.0  Khandelwal et 
al., 1986 

0.5-1.0 
 

0.75 
 

0.5-0.8 0.65 0.6-1.5 1.05 Demont et al., 
1990 

Source: Gurung, 1997 

                 Table 2.2 NPK content of sun -dried bio-slurry 

 

 

Source: Gurung, 1997 

                    N% P2O5% K2O%  

 

Author 
Value 

range % 

Average 

value % 

Value 

range % 

Average 

value % 

Value 

range % 

Average 

value % 

1.60   1.40   1.20  Gnanamani et al., 1993.  

 

0.5-1.0 

 

 

0.75 

 

0.5-0.8 

 

0.65 

 

0.6-1.5 

 

1.05 

 

Demont et al.,1991 

1.00   0.23  0.84  Gupta, 1991 
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 Table 2.3 NPK content of bio-slurry and FYM 

  
Manure type  

                    N% P2O5% K2O%   
  

Value 

range % 

Average 

value % 

Value 

range % 

Averag

e value 

% 

Value 

range % 

Average 

value % 

Author 

Composted 

bio-slurry 

0.5-1.0 0.75 0.5-0.8 0.65  0.6-1.5 1.05 Demont et 
al., 1991   

  

FYM 0.6   0.25   0.55   Gupta, 
1991   

  
 

Source: Gurung, 1997 

2.4. Influence of bio-slurry on soil and vegetables 

 

      2.4.1. Influence on soil 

Soil is one of the important resources of a country. “The wealth of a nation lies in its soils 

and their intelligent development”, says a philosopher, Richard Gordon Moore. There are 

historical evidences that survival of a civilization depends on soil productivity. Soil can 

be singled out as one of the most important environmental factor affecting crop yields. 

It appears that serious effort has not been made in Ethiopia to assess the impact of the 

application of bio-slurry on soil properties. Bio-slurry is a potent organic fertilizer when 

used in the farms. It provides a superior organic fertilizer to rejuvenate soils since it is a 

rich source of both plant nutrients and organic matter. The agricultural scientists most 

often call organic matter as the life of the soil and also term it as the storehouse of plant 

nutrients. Bio-slurry when properly processed and applied can increase cultivation 

abilities of soil, increasing activities of micro-organisms, enhancing process of 
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decomposing organic matter, enhancing and maintaining fertility of soil, improving 

structures and physical characteristics of soils , enhancing the cation exchange capacity 

(CEC), increasing water holding capacity of soils, stabilizing its humid content, and 

preventing the leaching of nutrients (Islam, 2006). 

      2.4.2. Influence on vegetables 

To obtain sufficient yield of vegetable crops fertilization with nitrogen, phosphorus and 

potassium is necessary; and bio-slurry is a valuable source of these nutrients. 

The use of bio-slurry as organic fertilizer increases growth and yield of different 

vegetables by providing both macro nutrients (Nitrogen, Phosphorus, Potassium, Calcium 

and Sulfur) and micro –nutrients (Zinc, Boron, Molybdenum, Iron, Manganese, Copper 

and Chloride of soils) in available forms (Chaterjee et al., 2005). 

 

 2.5. Present Status of bio-slurry handling 

Present bio-slurry handling at the plant premises is highly unsatisfactory. It appears that 

the biogas plant engineers have not so long given any emphasis on bio-slurry as feed, 

fertilizer and soil amending material. None of the biogas plants have the proper system of 

bio-slurry collection, drying, processing and bagging (Isalm, 2006). Bio-slurry coming 

from the hydraulic chamber or outlet of plants is just allowed to drain out freely in the 

open spaces. Sometimes it is allowed to go into the ditches nearby. Most of the engineers 

and plant owners have the idea that if the liquid portion of the bio-slurry leaches down, 

then it will be quicker for sun drying. But the loss of soluble nutrients along with liquid 

has not been realized. In fact, there should be well-built bio-slurry pit just by the site of 

hydraulic chamber so that bio-slurry can easily be collected or fall into the pit. It is 

advisable to have a roof over the collecting pit so that no rainwater can fall over the bio-
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slurry. For sun drying there should be a drying bed nearby. During rainy season there 

should be provision for indoor drying or low cost sun dryer may be used. After sun 

drying the bio-slurry may be directly used in the crop fields (Isalm, 2006). 

 2.6. Advantages of bio-slurry over inorganic fertilizer 

Maintenance of high crop yield under intensive cultivation is possible only through the 

use of fertilizers. Inorganic fertilizers are usually rather expensive for the low income, 

small-scale farmers. Organic manures, such as cow dung, poultry manure, crop residues 

and biogas slurry in liquid and composted form can be used as an alternative for the 

inorganic fertilizer (Dong and Liu, 2010). Nutrients contained in organic manures are 

released more slowly and are stored for a longer time in the soil, thereby ensuring a long 

residual effect, supporting better root development, leading to higher crop yields even 

better than the yield of inorganic fertilizer (Eadwards et al., 2007). 

Improvement of environmental conditions and public health as well as the need to reduce 

costs of fertilizing crops are also important reasons for advocating increased use of 

organic materials (Menale Kassie et al., 2008). 

 

The soil fertility status is improved by activating the soil microbial biomass. To meet 

crops' nutrient supply, organic fertilizers are, however, required in rather large quantities 

but there is no adverse side effect of excessive application of organic manure to the soil 

since the excess of nutrients present in it becomes available for subsequent crops due to 

its residual effect. On the contrary, if mineral fertilizer is applied in very large amount, it 

is detrimental to the soil condition, thereby affecting crop production. Besides, it will also 

have adverse indirect impact on food chain through land, water, and air pollution 

resulting from leaching, run off, and spraying respectively (Menale Kassie et al., 2009). 
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Application of organic manures sustains cropping systems through better nutrient 

recycling and plays a direct role in plant growth as a source of all necessary macro and 

micronutrients in available forms during mineralization, thereby improving both the 

physical, chemical and the biological properties of the soil (Dhobighat and Painyapani, 

2006).  

 

Organic manure decomposes to release humus that plays an important role in the 

chemical property of several metals in soils. Organic manure also improves the water 

holding capacity of the soil, the soil structure and the soil aeration. Supply of nutrients 

from the organic materials can be complemented by enriching them with inorganic 

nutrients that will be released fast and utilized by crops to compensate for their late start 

in nutrient release (Ayoola et al., 2009). 

 

2.7. Socio-economic benefits of bio-gas slurry 

    2.7.1. Sanitation and health aspects of slurry utilization 

Good health is acute part of well functioning of economic development process. Biogas 

technology is producing organic fertilizer that does not affect human health. Many 

hazardous incidences have been occurring by unmanaged cow dung and human waste 

disposal. They are widely spread in the soil and form few contagious diseases include 

itching, vomiting, diarrhea, stomach cramps, skin related problem etc (Srinivan, 2008).  

 

Biogas slurry reduces the probability of diseases transmitted by water, air, dust and 

insects because slurry does not attract flies or other vermin, the vectors for contagious 

diseases for humans and animals (Al Seadi et al., 2008). 
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In the rural areas of China and numerous other subtropical countries, gastrointestinal 

diseases are the most widespread type of affliction. The anaerobic digestion of human, 

animal and organic wastes and effluents extensively detoxifies such material by killing 

most of the ova and pathogenic bacteria. Hook worm infection before biogas was 63.8% 

with the average egg count 500/gram of faeces and the soil was infected, after biogas 

adoption hookworm infection declined to 4.07% and the egg count decreased to 50 egg/gram of 

faeces (Gurung, 1997).   

 

2.7.2. Improvement of living conditions 

According to Devkota (2001), the economic value of the bio-slurry shows that the 

investment can be gained back in three to four years. It is estimated that the use of bio-

slurry annually saves 39 kg of nitrogen, 19 kg phosphorus and 39 kg potash per 

household (East Consult, 2004). Bio-slurry use can solve problems of soil degradation in 

areas where earlier dung has been used as a burning fuel and can also mean that less 

artificial fertilizer have to be bought which save money for both farmer and government. 

Also bio-slurry use enhances crops production, which will increase the farmer’s income 

(Anushiya, 2010).  

2.8. Environmental effects of using bio-slurry as a fertilizer 

By substituting synthetic fertilizer and changing traditional manure management systems, 

biogas installation reduces the emission of green house gases into the atmosphere as well 

as in less diffuse pollution from surface run off and leaching. These direct benefits will 

help governments meet targets for reducing GHGs. Other major environmental benefits 

associated with using bio-slurry as organic fertilizer in place of untreated manures 

include: reduced odours and the reduction of weed seeds. 



 

13 

 

  2.8.1. Odours 

Animal manures and many organic wastes contain volatile organic compounds (e.g. iso-

butonic acid, butonic acid, iso-valeric acid and valeric acid) that can produce unpleasant 

odours. Al Seadi et al. (2008) showed that AD significantly reduced concentrations of 

many of these compounds, such that their potential for giving rise to offensive and 

lingering odours during storage and spreading was significantly reduced (Figure 2.1).  

 

Figure 2.1: Concentration of volatile fatty acids in untreated slurry and digested slurry  

Source: Al Seadi et al., 2008 

2.8.2. Reduction of weed seeds 

The reduction in the number of viable weed seeds in bio-slurry will lower their dispersal 

by land spreading and as a consequence there will be less need for herbicides (Engeli et 

al.,1993). 
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3. MATERIALS AND METHODS  

   3.1. Description of the Study Area  

      3.1.1. Location and Topography  

The study area is found in Sebeta-Hawas woreda, which is found in South-West Shoa 

Zone at latitude of 8° 53’ 58.50"N_ 8° 59’ 58.17"N and longitude 38° 35' 

11.91"E_38°39’33.75"E. It is found 25 km South-West of Addis Ababa (Figure 3.1). Its 

farthest end is at 45 km from Addis Ababa in South and South-West direction. The 

woreda’s capital city is Sebeta town.  

Previously, Sebeta city was part of Alemgena woreda. After 1996 E.C town reformation, 

it got its own legal administrative body and used to be capital city for both Sebeta town 

administrative and Sebeta-Hawas woreda. The woreda has a total area of 87532 hectares. 

The altitudinal range of this area extends from 1800 m a.s.l. to 3385 m a.s.l (SAWRADO, 

2011).     
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Figure 3.1: Map of the study site 

3.1.2. Population 

Sebeta-Hawas woreda which is one of the 12 woredas, and 2 towns found in South-West 

Shoa Zone, had projected total population of 149,252 in 2010 of which 76940 were male and 

72401 were female (CSA , 2010). 

3.1.3. Climate characteristics 

The study area experiences alternating wet and dry seasons. The main rain falls between 

June and September and light rains between March and May. Since there are no recorded 

temperature data obtained from National Metrological Service Agency (NMSA), the 

nearest station Addis Ababa was used to compute the last 30 years of temperature data 
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from 1980 to 2010. From this data, the annual mean maximum and the minimum 

temperatures for the years 1980 to 2010 was 18°C and 15°C, respectively (Figure 3.2). 

The annual mean temperature was 16.5°C. The annual rainfall of the Sebeta station in the 

last 30 years of 4 decades was between 950 to 1050 mm. The highest rainfall recorded 

was in July (Figure 3.3). 

 
Figure 3.2: Monthly average temperatures trends of Sebeta  

                 Data source: National Metrological Service Agency (2013) 

 

 

 

 



 

17 

 

 

          

 

Figure 3.3: Monthly rainfall trends of Sebeta  

              Data source: National Metrological Service Agency (2013) 

3.1.4. Soil  

According to Sebeta Hawas Woreda Rural and Agricultural Development Office (2011) 

the study area dominantly contains Vertisoils (61%), other clay soils (34%), and sandy 

loam soils (5%).The dominant soil types in Dima kebele are Nitisols and Vertisols.  

The soil type in the experimental site is Nitisols. Nitisols are deep, well-drained, red, 

tropical soils with a clay content of 30 percent or more. The high water content and iron 

oxides have a major impact on forming the blocky aggregate soil structure and Nitisols 

are generally considered fertile and stable soils with good physical properties (FAO, 

2006). Vertisols consist of heavy clay (30% or more) with characteristic swelling and 

cracking properties. It is black in colour, has a higher content organic material compared 

to Nitisol and has a high natural fertility (FAO, 2006). 
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3.1.5. Land Use/Cover 

Agricultural activity is the dominant means of livelihood for the majority of Sebeta 

Hawas Woreda population. People of the study area use and classify land through 

functional categorization i.e. grazing land, agricultural land, homestead land and 

forestland. According to the annual report of Sebeta Hawas Woreda Rural and 

Agricultural Development Office (SAWRADO), out of 87,532 hectares of land, 71,300 

hectares (81.5%) are used for agriculture to cultivate different crop types for household 

consumption and for local market, 2538 hectares (2.9%) forest area , 3689 hectares (4.2%) 

for grazing land (SAWRADO, 2011).  

3.2. Sampling method and field layout 

 

In the conduct of this study two main research methods were employed, namely a survey 

and field experiment. 

 3.2.1. House hold survey  
 

Out of forty two Kebeles found in Sebeta Hawas woreda 3 Kebeles which adopted the 

biogas technology and already started the biogas production were selected purposively  

and semi-structured questionnaire was administered to 26 respondents belonging to 3  

Kebeles in Sebeta Hawas woreda; 9 respondents from Dima (05 Kebele), 6 from 

Alemgena (02 Kebele) and 11  respondents from Sebeta (01 Kebele). 

A pre- prepared interview questions with biogas owners house hold head were used 

during data collection (Appendix 1). In addition, direct observations were also carried out 

to support the information generated from the households (Appendix 2). 
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Some of the interviews and questions arose during the time of conversation to collect data 

were information about family size, number of cattle, the amount of money saved from 

biogas slurry using households and bio-slurry management and utilization status.  

   3.2.2. Determining the effects of bio-slurry and inorganic fertilizer on  

             soil properties, growth and yield of cabbage  

      3.2.2.1. Materials used for experimentation 

The materials used for the experiments were procured at the site for conducting the trial. 

These include: string, spade, soil auger, measuring tape, pegs, biogas slurry compost, 

liquid slurry, weighing balance, and cabbage seedlings. Prepared biogas slurry compost 

and liquid digested slurry were taken from a farmer named Ms. Wude Abate. 

        3.2.2.2. Location of the experimentation     

The bio-slurry trial on cabbage and soil was carried out in Sebeta Hawas woreda, Dimma 

Kebele, recent name (Kebele 05) on the land owned by a farmer named Ms.Wude Abate, 

during the period from February 2013 to May 2013 including nursery. 

     3.2.2.3. Lay out and description of the experimental treatments 

 

The treatments used on cabbage field were inorganic fertilizers, slurry compost and liquid 

digested slurry. To test fertilizer effect two levels of inorganic fertilizers (Urea, 

Diamonium phosphate and Murate of Potash) (recommended dose and half less than the 

recommended dose) and for the bio-slurry farmers that use bio-slurry apply over dose and 

below dose and they did not know exact amount of bio-slurry so a dose of 80q/ha was 

tested and also the interactions of inorganic fertilizers and bio-slurry was tested. The 

slurry compost was added at the planting time. Concerning liquid slurry split application 

was used, half dose of liquid slurry was added during planting (just after planting) and the 
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remaining half dose was added after a month of the planting date. Date of planting was 

on 4/03/2013 the date of harvesting was on 30/05/2013. 

 3.2.2.4. Field lay out and experimental plot design 

 

The experiment was conducted in a randomized complete block design (RCBD) with 

three replications (Lentner and Bishop, 1993). The size of each unit plot was 3 m × 3 m 

and the total number of plots were 21. 

Spacing: 

        Space between blocks=80cm 

        Space between rows=50cm 

        Space between plants=20cm 

Lay out of the experiment 

    Where: 

T1 = Control (No inorganic fertilizer and bio-slurry)  

T2 = Recommended dose of inorganic fertilizer (100kg of DAP, 50kg urea and 50kg of 

Murate of Potash) per hectare (Eyasu Elias, 2002). 

T3 = 1/2 of recommended dose of inorganic fertilizer. 

T4 = Biogas slurry in liquid form at 80q/ha.  

T5 = Biogas slurry compost at 80q/ha. 

T6 = Inorganic fertilizer (Recommended dose) + Biogas slurry compost at 80q/ha  

T7 = Inorganic fertilizer (1/2 Recommended dose) + Biogas slurry compost (1/2(80q/ha)) 
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Figure 3.4: Field lay out of the experiment    

3.3. Method of data collection and data analysis 

 

   3.3.1. Collection of Soil Samples and Preparation 

Soil samples were taken at 15 cm depth by using soil auger. The soil samples were mixed 

well in a plastic bag and 100gm of representative sample was taken. For bulk density 

determination core sampler with cylindrical core was used. The core was driven 2 cm 

from the soil surface, in to the soil by hammer until it becomes level. Then the core was 

removed by digging around, all the soil inside was taken by using new plastic bag. 

Finally all the soil samples were labeled using water proof marker and transported to the 

laboratory. In the laboratory, the soil samples were air-dried, crushed using a wooden 
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mortar and pestle and then sieved through a 2 mm mesh. The sieved samples were stored 

in polythene bags for laboratory chemical and physical analyses at Environmental 

Protection Authority’s Laboratory (Mason, 1983). 

3.3.2. Collection of digested liquid slurry and slurry compost samples 

  

A total of 4 households were chosen for collecting the liquid slurry and slurry compost 

samples for physicochemical analyses. The analysis of liquid digested slurry and slurry 

compost involved determining the pH, organic matter, major nutrients (N, P, and K). 

  3.3.2.1. Collection of liquid digested slurry samples  

The slurry samples were collected by following the steps given below: The last third slab 

of the outlet tank of the bio-digester was opened. The slurry in the tank was stirred in 

circular movement with a stick; preventative measure was taken to avoid scratching of 

the bottom and corners of the tank. Then 4 samples were collected with 2 liter sampling 

plastic bag. The samples were then mixed in the plastic bags and about 0.5 liter from each 

of these samples was taken into the transporting containers. 

3.3.2.2. Collection of slurry compost samples 

    

Slurry compost samples were collected from 4 places from the middle of the heap and 

were mixed well and sampled in plastic bags of 1 liter capacity. The samples were 

collected and delivered to the laboratory in batches enabling to run the analysis 

continuously. 

3.3.3. Collection of cabbage samples 

         3.3.3.1. Growth parameters 

              3.3.3.1.1. Plant height and leaf number  
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Five plants were randomly selected from each unit plot for the collection of data. Height 

of five cabbage plants was measured in centimeter (cm) with the help of measuring tape 

from soil surface to the top of plants. Average plant height of all three replications was 

calculated. On the same plants where cabbage height data was collected, the numbers of 

fully expanded leaves were also counted and readings were recorded as number of leaves 

per plant (Mbatha, 2008). The plants in the outer rows and the extreme end of the middle 

rows were excluded from the random selection to avoid the border effect. 

3.3.3.2. Yield parameter 

         3.3.3.2.1. Fresh mass 

After the completion of harvesting, three cabbages were selected randomly from each 

unit plot. Then cabbage head weight was recorded with the help of electrical balance, and 

mean was calculated (Mbatha, 2008). 

  3.3.3.3. Quality component 

           3.3.3.3.1. Head diameter 

At harvest, the head diameter of cabbage was measured by cutting the head longitudinally 

(Figure 3.5) and measured in horizontal section by tape meter (Kenneth, 2013). 
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Figure 3.5: Mature compact heads of cabbage cut to show how measurements 

were calculated in horizontal section 

3.4. Analysis of soil before and after the experiment 

Before conducting the trial, representative samples of the soil in the study site were 

analyzed to obtain first hand information on the soil properties like pH, N, P, K, OM, 

CEC, and BD. 

After the experiment soil samples were taken in order to determine the soil properties 

improvement because of bio-slurry application. 

3.5. Physico-chemical analysis of bio-slurry and soil 

    3.5.1. Determination of bio-slurry and soil total Nitrogen  

Total Nitrogen of the bio-slurry and soils was determined using Kjeldahl Method 

(Jackson, 1962).  
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Procedure 

According to Black (1965), first 1 g each of liquid and compost slurry, and 1 g of soil 

samples were taken for digestion. 10 ml of Conc. H2SO4  is then mixed with Salicylic 

acid and about 5 g of 1:10:100 catalyst mixture (Se:CuSO4:K2SO4) added to the 

samples. The mixed samples rack was put on block digester set at 3700C and digested for 

3 hrs. The digest was taken out of the digester and cooled. The samples were diluted with 

50 ml distilled water to prevent caking on cooling and violent reaction on neutralization 

and alkalinization process of distillation step. About 40 ml of 40 % NaOH solution was 

added to the diluted digested mixture for neutralization and alkalinization of the mixture 

to enhance evolution of ammonia on distillation. The alkalinized sample was steam 

distilled and the evolved ammonia condensed and collected on excess 0.2 N H2SO4 

solution (20 ml) in which 3 drops of methyl red solution was added as indicator. The 

distillate of the samples and blanks is titrated against 0.2 N standardized NaOH solutions 

and the amount of ammonia collected is quantified and calculated for total nitrogen of the 

samples according to the formula given below 

% TN of samples=
�����×�×�.�
�×
��×��

������	�����
 

                       (Black, 1965) 

Where, B = titrant (0.2N NaOH) volume consumed by blank 

S = titrant (0.2N NaOH) volume consumed by sample 

N = concentration in normality of the titrant 

mcf = moisture correction factor 

0.014 = milli equivalent wt of nitrogen 
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100 = factor for converting to percent concentration unit 

    3.5.2. Determination of bio-slurry and soil available Phosphorus 

Available Phosphorus of the bio-slurry and soils was determined using Sodium 

bicarbonate (NaHCO3) extractable P (Olsen’s Method) (Olsen et al., 1954). 

Procedure 

According to Jackson (1962), first 5.00 g of each liquid and compost slurry, and 5.00 g of 

soil samples were weighed and added to extraction vessel. Then 100 ml of 0.5 N 

NaHCO3 extraction solution was added to the samples taken and blanks then shaken for 

30 minutes at 180 rpm. The shaken samples were filtered 5.00 ml of filtrate pipetted into 

25 ml volumetric flasks and 5.00 ml of mixed colour developing reagent added to it. The 

solution was shaken repeatedly for gas evolution and allowed to stand for 1 hour. 

Phosphorus standard series was prepared and treated like samples. The 

spectrophotometer was optimized as per its instructions and calibrated using the standards 

at a wavelength 882 nm. Reading of the samples, blanks and control samples were taken 

on the calibrated spectrophotometer and calculation in the sample made according to the 

formula given bellow: 

P�
��

��������
� =

�!" × #$% × &%�

'% × (
 

                                                 (Olsen et al., 1954) 

Where: GR = graph reading 

Tcv = Total coloured volume 

Ev = Extract volume 

Av = aliquot volume taken 

W = sample weight in gram     
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    3.5.3. Determination of bio-slurry and soil available Potassium 

Available Potassium (K) of the bio-slurry and soils was determined using ammonium 

acetate extraction method (Chapman and Pratt, 1965). 

 Procedure 

5.00 g of each liquid and compost slurry, and 5.00 g of soil samples were weighed and 

transferred quantitatively to 100 ml beaker and saturated with 25 ml of neutral 1 N 

ammonium acetate solution. The saturated sample stirred and kept overnight covered 

with watch glass. On the next day the saturated sample was transferred quantitatively to a 

filtration setup by decanting first the supernatant solution and carefully transferring the 

sample to the funnel. The samples were leached five times with 30 ml of neutral 1 N 

ammonium acetate after complete filtration among washings. The percolate collected into 

250 ml volumetric flasks removed from filtration setups and made to volume with 

extracting solution. Aliquot taken from this percolate and determination of available 

potassium made on calibrated flame photometer (Chapman and Pratt, 1965). 

Calculation 

        ��
)*+,�-�

./0+1,
)= [34∗67∗*)8]

:;.<∗<=∗>∗?@
         

                                                                   (Chapman and Pratt, 1965) 

Where: GR = graph reading (mg/l) 

 mcf = moisture correction factor 

 Ev= Extract volume (ml) 

 Av = Aliquot volume taken (ml) 

 W = Sample weight (g) 
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39.1 = Equivalent weight of potassium  

10 Conversion factor from ppm to cmol (+)/Kg sample 

The remaining samples were washed four times with 30 ml portion of 95 % ethanol after 

complete filtration among washings. After proper wash of the left over extractant out of 

exchanging sites, the samples were leached with 10 % NaCl solution for displacing the 

NH4+ ions on the exchange sites. A total of 5-20 ml washings made with 10 % NaCl 

solution. The collected ammonium was steam distilled and titrated as described under 

total nitrogen determination. The titer value obtained was calculated for CEC of the 

samples according to the formula given below: 

 CEC�
A*+,�-�

./BC*D,E
� =

[�F�C�×G×<==×*)8]

B
 

                                                                         (Chapman and Pratt, 1965) 

Where: a = ml titrant required for titration of sample 

            b = ml of titrant required for titration of blank 

            S = air-dry sample weight in gram (5 g) 

            N = normality of the titrant 

           mcf = moisture correction factor 

  3.5.4. Determination of bio-slurry and soil organic Matter (OM)  

      3.5.4.1. Soil organic Matter (OM) 

 Soil OM was determined using Wet Digestion-Walkley and Black Method 

   (Moodie et al., 1959). 
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Procedure 

1 g air-dry sample (< 1 mm size) was weighed and transferred to a 500-ml conical flask. 

Ten ml 1N K2Cr2O7 solution was added to each sample and blank and mixed slowly. 

Twenty ml of conc. H2SO4 was added to each sample and blank and the flask swirled 3 

times while taking care not to take out sample particles out of solution. The flasks were 

allowed to stand for 30 minutes on an asbestos sheet for the reaction to complete. (Here, 

using heat insulator stand is recommended not to lose heat suddenly from the reaction 

mixture). Two hundred ml of water was poured to each flask to dilute the reaction 

mixture and allowed cooling to room temperature. Ten ml of 85% H3PO4 and 1 ml of the 

Diphenylamine Sulfonate indicator was added to the diluted and cooled samples and 

back- titrated against 0.5 N Ferrous Ammonium Sulphate, till the colour flashes from 

violet through blue to bright green. H3PO4 gave sharper end point, by making the change 

in colour distinct through a flocculating effect. The volume of the standardized Ferrous 

Ammonium Sulphate solution consumed by samples and blanks registered and 

calculation was carried out according to the following formula. 

% C=
[G∗�H<�HI�∗=.:;∗JAK]

B
 

                                            (Moodie et al., 1959) 

Where: N = normality of ferrous solution (from blank titration) 

V1 = ml ferrous solution used for blank 

V2 = ml ferrous solution used for sample 

s = weight of air-dry sample in gram 

0.39= 3 x 10-3 x 100 % x 1.3 (12/4 = 3 = equivalent weight of carbon) 
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1.3 = 100/77 (Correction factor for that only about 77 % of the organic carbon is oxidized 

by the method). 

mcf = moisture correction factor 

% Organic matter = 1.724 x % carbon 

3.5.4.2. Bio-slurry organic matter (OM) 

Bio-slurry organic matter was determined using loss of weight on ignition method 

(Goldin, 1987). 

Procedure 

5 g of each digested slurry and compost slurry samples were weighed, and placed inside 

an electric hot air-oven maintained at 105 °C using a crucible. The crucible was allowed 

to stay in the oven for 24 hours, then taken out, cooled in a desiccator and weighed. The 

weighed obtained was ignited at 550 °C in a muffle furnace for three hours, then taken 

out, cooled in a desiccator and weighed to determine the percentage weight loss. The 

value obtained was calculated for OM % of the samples according to the formula given  

below: 

%	OM =
OP<=Q�OP	QQ=

OP<=Q	
*100   

                                      (Goldin, 1987) 

												%	OC =
OP<=Q�OP	QQ=

<.SIT	OP<=Q	
*100 

Where: DW105 =dry weight at 105 
o
C before combustion 

                         DW 550=dry weight at 550 
o
C after heating 
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 3.5.5. Bio-slurry carbon to nitrogen ratio (C: N) 

Carbon to nitrogen ratio was determined, first by determining the percentage of carbon by 

loss of weight on ignition and percentage of nitrogen by Kjeldahl method. 

 Finally, the ratio of carbon to nitrogen was calculated as: 

%	Carbon

%	Nitrogen
 

3.5.6. Determination of bio-slurry and soil pH 

pH of the bio-slurry and soils was determined potentiometerically by pH meter with glass 

electrode. The method is essentially based on the measurement of potential, developed 

across an indicator or glass electrode, on account of the difference in activity of H
+ 

ions 

in and out of the electrode (Issam and Antoine, 2007). The pH of the soil, slurry compost 

and digested liquid slurry is potentiometrically measured in the supernatant suspension of 

a 1:2.5, soil: liquid mixture or saturation paste extract, the liquid used was water. 

3.5.7. Determination of soil bulk density 

Soil bulk density (BD) is defined as the mass of oven-dried solids divided by the bulk 

volume of the solids plus pore space at specified soil water content, usually the moisture 

content at sampling. 

The core method was used to determine the BD of the soil. The volume of the soil in the 

core was equal to the volume of the core sampler itself. Then the soils were dried at 105 

o
C for 24 hours and cooled in desiccators and weighed. The units of measurement are in 

grams per cubic centimeter (g/cm3) (Black, 1965). 

Calculation 
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         BD=
_

`
    

                   (Black, 1965) 

Where: M = Mass of oven dry soil, g 

V = Volume of the cylinder in cm3 

Volume of the cylinder can be obtained using formula below: 

Volume of a cylinder = base area x height = abIh. 

Where: r is radius of the base of the cylinder. 

h is the height of the cylinder. 

V (cm3) = abIh 

3.5.8. Determination of soil cation exchange capacity  

Cation exchange capacity (CEC) was determined by Ammonium Acetate Method 

(NH4OAc) by measuring the total amount of a given cation equilibrating the charge of 

the exchanger. The operation therefore, calls for the preparation of a saturated sample, 

followed generally by an extraction of this cation in order to have a solution that can be 

chemically analyzed. CEC is therefore determined in a process involving three major 

phases namely saturation, washing and displacement. The soil samples were percolated 

with ammonium acetate and the bases were measured in the percolate. The samples were 

subsequently percolated with neutral 1 N ammonium acetate, the excess salt was 

removed by washing with alcohol and the adsorbed Ammonium was displaced by 

percolation with 10 % NaCl solution. The ammonium in this percolate was a measure for 

the CEC (Chapman and Pratt, 1965). 
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3.6. Plant tissue analysis (Cabbage) 

The cabbage leaves (Figure 3.6) samples were collected from all treatments and analyzed 

for nitrogen, phosphorus and potassium by Kjeldahl digestion method. 

 

Figure 3.6: Cabbage leaf                                          

3.6.1. Wet digestion  

The dried and ground cabbage leaf (0.5 g) was digested with Sulphuric acid and 

hydrogen peroxide (Wolf, 1982). For this purpose the dried ground material (0.5 g) was 

placed in digestion tubes, 2 ml of conc. H2SO4 was added and incubated over night at 

room temperature. Then 1 ml of H2O2 (35% analytical grade extra pure) was poured 

down through the sides of the digestion tubes and rotated. Tubes were ported in a 

digestion block and heated up to 350 0C until fumes were produced and continued to heat 

for another 30 min, digestion tubes were removed from the block and cooled. Then 1 ml 

of H2O2 was slowly added and tubes were placed back into the digestion block until 

fumes were produced for 20 min. Again digestion tubes were removed. The above step 

was repeated until the cooled material became colorless. The volume of extracts was 

Midrib of the outer 

wrapper leaf  
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made up to 50 ml with distilled water. Then it was filtered and used for determination of 

Nitrogen, Phosphorus and Potassium. 

3.6.2. Nitrogen determination  

According to Jackson (1962),first ten ml of aliquot was taken in Kjeldhal flask and it was 

placed on the Kjeldhal ammonium distillation unit, ten ml of 40 % sodium hydroxide 

solution was added and the flask was immediately connected to the distillation apparatus. Ten 

ml of 2 % boric acid solution was taken with few drops of mixed indicator (bromocresol 

green methylene red) in 100 ml conical flask. When the distillate was approximately 40-50 

ml, the conical flask was removed and distillation was turned off. The distillate was cooled 

for few minutes and titrated with 0.01 N standard sulphuric acid up to pink end point.  

3.6.3. Phosphorus determination  

 Ten ml of digested liquid was taken into 50 ml volumetric flask and mixed in 10 ml of 

colored reagent (Molybdate Vanadate solution) and 30 ml of distilled water. The samples 

were kept for half an hour to develop color and phosphorus contents were determined by 

spectrophotometer No. 410 (at 420 nm wavelength) using standard curve (Chapman and 

Pratt, 1965).  

% P = ppm P (from calibration curve) x R/Wt x 100/ 10000  

R = Ratio between total volume of digest  

Wt = Weight of total dry plant (g)  

 3.6.4. Potassium determination:  

Potassium was determined with flame photometer (Jenway PFP-7). A graded series 

of standards (ranging from 2-10 ppm) of KCl was prepared and standard curve was 

drawn. The values of K from flame photometer were compared with standard curve and 

total quantities were computed. 
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3.7. Data analysis 

The data obtained from household interview, field experiment and laboratory experiment 

were analyzed and summarized in to tables and graphs by using Microsoft office excel 

spreadsheet and Statistical Package for Social Studies (SPSS) version 20. 
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4. RESULTS AND DISCUSSION 

      4.1. Demographic Analysis of Respondents 

Of 26 respondents questioned during this study, 84.6 % (22 persons) of the persons from 

biogas using households were males and 15.4 % (4 persons) were females. The average 

age of the respondents is above 45 years old with the average family size of 8 and 

minimum and maximum family sizes were 4 and 10. Regarding the educational statuses of 

the respondents, 3.85 % not educated 84.6% grades 1 to 8, 7.7% grades 9 to 12 and 3.85% 

above grade 12. 

    Table 4.1: Demographic characteristics of the study population 

Name                                        Sample Areas 
Dimma 
(Kebele 
05) 

Sebeta 
(Kebele 01) 

Alemgena 
(Kebele 02) 

Total Percent 
(%) 

Number of 
Respondents 

9 6 11 26 100 

Sex 9 6 11 26 100 

Male 8 4 10 22 84.6 
Female 1 2 1 4 15.4 

Age 9 6 11 26 100 

31-45 6 1 4 11 42.3 

Above 45 3 5 7 15 57.7 

Educational level 9 6 11 26 100 

Not educated  1  1 3.85 
Primary(1-8) 8 3 11 22 84.6 
Secondary (9-12) 1 1  2 7.7 

Higher(12+)  1  1 3.85 
Family Size 9 6 11 26 100 
1-3   2 2 7.7 
4-10 7 6 7 20 76.9 
11 and above 2  2 4 15.4 
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Demographic characteristic has a key role in research study to understand an implication 

of development effort and plan for future. From the results obtained it can be concluded 

that educated people are more likely to be an owner of a biogas plant. Average household 

size was found to be 8 members per household which is higher than the national average 

household size 4.8. In respect to gender, the respondents indicated that it is not a matter 

of being male or female to be owners of a biogas plants but it is a matter of having 

enough family labor force, interest and financial capacity. Therefore, owning of the 

biogas technology was not affected by sex difference.  

4.2. Land hold size of biogas users 

The majority of biogas plant owners 15 (57.7%) have 1.5-2 ha land (Table 4.2). The 

remaining 1 (3.8%), 8 (30.8%) and 2 (7.7%) own less than 0.5 ha, 0.5-1 ha and greater 

than 2 ha, respectively. According to the results obtained, owning farm size of less than 2 

ha was advantageous with regard to applying the bio-slurry to their piece of land. 

Because, the biogas owners have better probability of maintaining their land using the 

organic fertilizer since applying is tedious work and the bio-slurry collected from 6, 8 and 

10 cubic meter biogas plant is not enough to accommodate a large area of land. 

Table 4.2: Total land holding size of the respondents 

  

Land holding in ha Frequency Percent Valid 
Percent 

Cumulative 
Percent 

  

Less than 0.5 1 3.8 3.8 3.8 
0.5-1 8 30.8 30.8 34.6 
1.5-2 15 57.7 57.7 92.3 

Above  2 2 7.7 7.7 100 
Total 26 100 100   

   



4.3. Fertilizer types used by respondents

The fertilizer types used by the respondents

only, 11.5% used animal dung, compost and chemical fertilizer

7.7% used bio-slurry, 

used bio-slurry in combination with chemical fertilizer which is 65.4 % (Figure 4.1).  

From the results obtained we can understand that the owners of the 

started using bio-slurry. 

     Figure 4.1: Types of fertilizer used by the responden
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4.3. Fertilizer types used by respondents 

used by the respondents revealed that, 15.4% used chemical fertilizer 

only, 11.5% used animal dung, compost and chemical fertilizer

 compost and chemical fertilizer. The majority of the respondents 

slurry in combination with chemical fertilizer which is 65.4 % (Figure 4.1).  

From the results obtained we can understand that the owners of the 

slurry.  

Types of fertilizer used by the respondents 

revealed that, 15.4% used chemical fertilizer 

only, 11.5% used animal dung, compost and chemical fertilizer, while the remaining 

compost and chemical fertilizer. The majority of the respondents 

slurry in combination with chemical fertilizer which is 65.4 % (Figure 4.1).  

From the results obtained we can understand that the owners of the biogas plant have 

 



4.4. Form of bio-slurry utilization

The bio-slurry can be applied i

households utilize it in 

  Figure 4.2: Form of bio

The data from most of the biogas user households indicates that the form of bio slurry 

they used for soil fert

because users of the composted slurry mentioned that preparing this type of organic 

fertilizer reduces the challenge of transportation especially for farm lands which are 

sometimes far from the place where it is prepar

available at the time of field application

4.5. Bio-slurry storage and management

Crop production is seasonal while the slurry production is continuous. Hence the need for 

storage of slurry arises. Present bio

unsatisfactory. None of the biogas plants have the proper system of bio slurry collection, 

drying, processing and bagging. The study revealed that majority of the biogas users
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slurry utilization  

slurry can be applied in the field in different forms. Around 69.2 % of the 

households utilize it in compost form, only 30.8% utilize in liquid form (Figure 4.2).

4.2: Form of bio-slurry used by the respondents 

The data from most of the biogas user households indicates that the form of bio slurry 

they used for soil fertility improvement and vegetable production was in compost form

because users of the composted slurry mentioned that preparing this type of organic 

fertilizer reduces the challenge of transportation especially for farm lands which are 

sometimes far from the place where it is prepared and also liquid slurry was not always 

available at the time of field application. 

slurry storage and management 

Crop production is seasonal while the slurry production is continuous. Hence the need for 

storage of slurry arises. Present bio-slurry handling at the plant premises is highly 

unsatisfactory. None of the biogas plants have the proper system of bio slurry collection, 

drying, processing and bagging. The study revealed that majority of the biogas users

30.80%

69.20%

Around 69.2 % of the 

utilize in liquid form (Figure 4.2). 

 

The data from most of the biogas user households indicates that the form of bio slurry 

production was in compost form 

because users of the composted slurry mentioned that preparing this type of organic 

fertilizer reduces the challenge of transportation especially for farm lands which are 

liquid slurry was not always 

Crop production is seasonal while the slurry production is continuous. Hence the need for 

ry handling at the plant premises is highly 

unsatisfactory. None of the biogas plants have the proper system of bio slurry collection, 

drying, processing and bagging. The study revealed that majority of the biogas users 

liquide form

compost form
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(65.4%) stored composted slurry in heap without cover, 4% spread and dry on ground, 

only about 4% and 3% stored composted slurry cover on heap and under a shade 

respectively (Table 4.3).  

 

Table 4.3: Bio-slurry storage and management 

 Storage and management Frequency Percent Valid 

Percent 

Cumulative Percent 

 

Spread and dried in 

ground 
2 7.7 7.7 7.7 

Keep in heap uncovered 17 65.4 65.4 73.1 

Keep cover on heap 3 11.5 11.5 84.6 

Pile under a shed 4 15.4 15.4 100.0 

Total 26 100.0 100.0  

         

4.5.1. Training on management and use of bio-Slurry 

Table 4.4: Bio-slurry use and management training 

Training Frequency Percent Valid 

Percent 

Cumulative 

Percent 

 

Receive training 7 26.9 26.9 26.9 

    Not receive training 19 73.1 73.1 100.0 

Total 26 100.0 100.0  

 

Training is very much effective for proper use of bio slurry. Not all users have a clear 

understanding of the proper management of bio slurry. As it is shown in table 4.4, only 

26.9 % respondents received training on use and management of bio slurry and remaining 

73.1% did not receive training.  
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4.6. Comparing farmers’ perception on soil fertility increment by bio- 

       slurry or inorganic fertilizer 

Assessment was made on what farmers believe in the effect of inorganic fertilizer and 

bio-slurry on the fertility of the soil. Most of the interviewed farmers (69.2%) believed 

that application of bio-slurry on soil increased the fertility of the soil. It is only (19.2% ) 

of the respondent farmers who believed that use of inorganic fertilizer increases the 

fertility of the soil, while (7.7 %) replied both have  similar effect on the fertility of the 

soil and 3.8% have no idea (Figure 4.3).  

 

Figure 4.3: Comparison of farmers’ perception on soil fertility increment by bio-slurry or  

                   inorganic fertilizer 

4.7. Nutrient content of liquid digested slurry and slurry compost 

Physicochemical analysis of liquid digested slurry and slurry compost was conducted to 

determine the pH, organic matter and major nutrients (N, P and K).  
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Table 4.5: Comparison of pH, Organic Matter, C: N and NPK value of bio-slurry 

 

pH 

 

The pH of digested liquid slurry ranged between 7 and 9.09. On the other hand, the pH of 

slurry compost ranged from 6.95 to 8.60 (Table 4.5).  This result has no similarity with 

the pH result reported by Dhobighat and Painyapani (2006), which report that the pH of 

liquid digested slurry ranges from 6.8 to 6.9 and pH of the slurry compost ranges between 

6.6 and 7.0. 

Organic Matter 

 

The organic matter in digested liquid slurry ranged between 57.1 percent and 87.9 

percent. On the other hand, in slurry compost ranged between 14.37 percent and 53.8  

percent (Table 4.5). This result agrees with the result reported by Dhobighat and 

Painyapani (2006) and Mohabbat et al. (2008). The result of Dhobighat and Painyapani 

(2006) indicates that the OM content of liquid digested slurry ranges between 61.2 

percent and 73.3 percent while the OM content of slurry compost ranges between 43.4 

percent and 55.27 percent. Mohabbat et al. (2008) also reported that the OM content of 

Param
-eters 

Unit Liquid digested slurry Slurry compost Sig.  

Min. Max. Mean S.D Min. Max. Mean S.D (P<0.0
5) 

pH - 7 9.09 7.59 1.01 6.95 8.6 7.77 0.87 0.839 

OM % dry 
weight 

57.1 87.9 72 12.78 14.3
7 

53.8 36.55 17.3 0.025 

TN % dry 
weight 

2.2 3.6 2.84 0.58 0.78 2.55 1.8 0.77 0.077 

P % dry 
weight 

0.7 0.95 0.85 0.1 0.13 0.8 0.6 0.31 0.105 

K % dry 
weight 

0.13 0.5 0.38 0.08 0.46 2 0.97 0.72 0.213 

C:N - 9.20 19.54 15.36 4.55 8.36 16.17 11.87 3.28 0.391 
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liquid digested slurry ranges between 16.44 percent and 44 percent while the OM content 

of slurry compost ranges between 21 percent and 23 percent. But the result of this study 

is different from the result reported by Tennakoon and Hemamala (2003) and Zebider 

Alemneh (2011). The result of Tennakoon and Hemamala (2003) reported that the slurry 

compost have the higher organic matter content than that of liquid digested slurry. The 

report indicates that the OM content of the liquid digested slurry ranges between 46.5 

percent and 49.9 percent while that of the slurry compost ranges between 25.9 percent 

and 68.9 percent. Zebider Alemneh (2011) also reported that the OM content of liquid 

digested slurry ranges between 1.86 percent and 35.34 percent while the OM content of 

slurry compost ranges between 39.82 percent and 70.60 percent.  

Primary Nutrients 

Total Nitrogen  

 

From this study, the total nitrogen (TN) in liquid digested slurry was found to be the 

highest, which ranges between 2.20 percent and 3.60 percent. The total nitrogen content 

of slurry compost was found to be in the range between 0.78 percent and 2.55 percent 

(Table 4.5). This result coincides with the result of Dhobighat and Painyapani (2006) 

which reported that the liquid digested slurry contain higher total nitrogen than slurry 

compost, for liquid digested slurry the TN content ranges between 1.76 percent and 2.02 

percent and for slurry compost it ranges between 1.54 percent and 1.76 percent but the 

TN content result of the liquid digested slurry and slurry compost in this study exceed the 

result reported by Dhobighat and Painyapani (2006). TN content of the two organic 

manures as reported by Tennakoon and Hemamala (2003) is also in agreement with the 

result of this study in which the liquid digested slurry contains the higher TN value than 
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that of slurry compost, which report that TN content of liquid digested slurry and slurry 

compost ranges from 1.7 percent to 2.0 percent and 1.3 percent to 1.7 percent 

respectively. But TN value result of the liquid digested slurry and slurry compost in this 

study exceeded that of Tennakoon and Hemamala (2003). 

 

Available Phosphorous 

 

Phosphorus (P) is vital to plant growth and is found in every living plant cell. The value 

of available Phosphorous in digested liquid slurry ranged between 0.7 percent and 0.95 

percent, the available P content of slurry compost was between 0.13 percent and 0.8 

percent. This indicates that the liquid digested slurry has the higher available P content 

(Table 4.5). This result is also in agreement with the result reported by Dhobighat and 

Painyapani (2006) and Zebider Alemneh (2011). The result of Dhobighat and Painyapani 

(2006) indicates that the available P content of liquid digested slurry ranges between 1.74 

percent and 1.95 percent, while that of the slurry compost ranges between 0.87 percent 

and 1.50 percent. Zebider Alemneh (2011) also reported that the available Phosphorous 

in digested liquid slurry ranges between 0.76 percent and 0.98 percent, the available P 

content of slurry compost ranges between 0.60 percent and 0.85 percent. 

Available Potassium 

Potassium (K) is a key nutrient for plant growth. The value of available potassium in 

digested liquid slurry ranges between 0.13 % and 0.5%, the available K content of slurry 

compost ranges between 0.46 % and 2 %. This indicates that the available K contained in 

slurry compost is higher than that of liquid digested slurry (Table 4.5). This result is also 

in agreement with the result reported by Zebider Alemneh (2011) who reported that the 

available Potassium in digested liquid slurry ranges between 0.3 percent and 0.39 
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percent, while the available Potassium content of slurry compost ranged between 0.4 

percent and 1.04 percent. 

Carbon to nitrogen ratio (C: N) 

 

The value of C: N ratio in digested liquid slurry ranges between 9.20 and 19.54, the C: N 

ratio content of slurry compost ranges between 8.36 and 16.17. This indicates that the C: 

N ratio in liquid digested slurry is higher than that of slurry compost (Table 4.5). The 

lower the C: N ratio of liquid digested slurry accelerates the N mineralization process. 

This, in turn, helps the uptake of N by vegetables. 

4.8. The effect of inorganic fertilizer and bio-slurry on growth  

       parameters of cabbage 

 

       4.8.1. Plant height 

Bio-slurry and inorganic fertilizer showed significant effects on cabbage mean plant 

height overall sampling times at p<0.05 level of probability as shown in (Table 4.6) 

below. 

 

The statistically analyzed data clearly indicated that application of bio-slurry and 

inorganic fertilizer affected the plant height. 

At 2 weeks after transplanting (WAT), the highest plant height (15cm) was observed in 

T6 while  minimum plant height (10.37 cm)  was observed in control though this was not 

significantly different from T2 and T3 (Table 4.6).  

 

At 4 WAT, the highest plant height (19.07cm) was observed in T6 while minimum plant 

height (10.37 cm) was observed in control though this was not significantly different 

from T3.  
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At 6 WAT, the highest plant height (20.5cm) was observed in T6 which was not 

significantly different from T4 (20cm) while minimum plant height (12.4 cm) was 

observed in control which was not significantly different from T2 and T3.  

 

At 8 WAT, the highest plant height (21.73cm) was observed in T6 while minimum plant 

height (12.4 cm) was observed in control (Table 4.6).  

 

The mean plant height results are compared among themselves. Biogas slurry in liquid 

form increased mean plant height ranging from 27.7 to 30.5 %, 43.7 to 51.5 %, 50.7 to 

57.5% and 47.7 to 58.2% over inorganic fertilizer treatment at 2, 4, 6 and 8 weeks 

respectively. Similarly the liquid slurry increased mean plant height 8.6 %, 17.4 % ,3.3 % 

and 5.2 % over slurry compost at 2, 4, 6 and 8 weeks respectively. The combination of 

slurry compost and full dose of fertilizer (T6) increased mean plant height 41.1%, 64.4 

%, 54.5 % and 53.4% over full dose of inorganic fertilizer at 2, 4, 6 and 8 weeks 

respectively. Likewise, the half dose of  inorganic fertilizer with half of the slurry 

compost (T7) decreased mean plant height 23.5 %, 35%, 7% and 10 % over full dose of 

inorganic fertilizer with 80q/ha of slurry compost at 2, 4, 6 and 8 weeks respectively. 

Table 4.6: Effect of bio-slurry and inorganic fertilizer on mean height (cm) of  

               cabbage ( Brassica oleracea var.capitata f.alba) 

Treatments Treatment detail Mean plant height in cm at different weeks 
Weeks 2 Weeks 4 Weeks 6 Weeks 8 

T1 Control (No inorganic 
fertilizer and bio-slurry) 10.37

a
 10.37

a
 12.40

a
 12.40

a
 

T2 Recommended dose of 
inorganic fertilizer (100kg 
of DAP , 50kg urea and 
50Kg Murate of potash ) per 
hectare 

10.63
a
 11.60

bc
 13.27

a
 14.17

c
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Treatments 
 
 

 
Treatment detail 

 
Mean plant height in cm at different weeks 
 
Weeks 2 Weeks 4 Weeks 6 Weeks 8 

T3 1/2 of recommended dose 
of inorganic fertilizer. 10.40

a
 11

ab
 12.70

a
 13.23

b
 

T4  
Biogas slurry in liquid form 
(80q/ha). 

13.57
d
 16.67

e
 20

cd
 

 
20.93

e
 

T5 Biogas slurry compost 
(80q/ha) 12.50

c
 14.20

d
 19.37

bc
 19.90

d
 

T6 Inorganic fertilizer 
(Recommended dose) + 
Biogas slurry compost at 
80q/ha 

15.00
e
 19.07

f
 20.50

d
 21.73

f
 

T7 Inorganic fertilizer (1/2 
Recommended dose) + ½ 
Biogas slurry compost at 
80q/ha 

11.47
b
 12.40

c
 19.07

b
 19.60

d
 

 

Means with in a column followed by the same letter are not significantly different 

according to Duncan’s multiple range test (DMRT) at (P≤ 0.05). 

4.8.2. Leaf number 

The application of  bio-slurry and inorganic fertilizer on  cabbage leaves at weeks 2, 4 ,6 

and  8 weeks after transplanting shows significant effects at p<0.05 level of probability as 

shown in (Table 4.7) below. 

 At 2 weeks after transplanting (WAT), plants with inorganic fertilizer (1/2 

Recommended dose) + ½ Biogas slurry compost (T7) recorded the highest number of 

leaves though this was not significantly different from T4, T5, T6, T1 and T2 (Table 4.7). 

The lowest values of leaf number was obtained by no bio-slurry and inorganic fertilizer 

(T1). 

 

At 4 WAT, plants with T6 recorded the highest number of leaves though this was not 

significantly different from T2, T4, T5 and T7. The lowest values of leaf number was 
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obtained by no bio-slurry and inorganic fertilizer (T1). This was not significantly 

different from T3. 

 

At 6 WAT, plants with T5 recorded the highest number of leaves though this was not 

significantly different from T4. The lowest values of leaf number was obtained by no bio-

slurry and inorganic fertilizer (T1). 

 

At 8 WAT, plants with T6 recorded the highest number of leaves though this was not 

significantly different from T2, T3, T4, T5 and T7 (Table 4.6). The lowest values of leaf 

number was obtained by no bio-slurry and inorganic fertilizer (T1). 

Table 4.7: Effect of bio-slurry and inorganic fertilizer on cabbage leaves 

Treatments Treatment detail Mean cabbage leaves number in different 
weeks 
Weeks 2 Weeks 4 Weeks 6 Weeks 8 

T1 Control (No inorganic fertilizer 
and bio-slurry) 6.00

a
 8.33

a
 10.00

a
 14

a
 

T2 Recommended dose of 
inorganic fertilizer (100kg of 
DAP , 50kg urea and 50Kg 
Murate of potash ) per hectare 

6.67
ab

 12.00
bc

 12.00
b
 17.00

b
 

T3 1/2 of recommended dose of 
inorganic fertilizer 6.33

ab 
9.33

ab
 12.00

b
 16.67

b
 

T4 Biogas slurry in liquid form 
(80q/ha)

 7.00ab
 10.00

abc
 15

c
 

 
16.67

b
 

T5 Biogas slurry compost (80q/ha 
7.33

ab
 11.33

abc
 16

c
 18.77

b
 

T6 Inorganic fertilizer 
(Recommended dose) + 
Biogas slurry compost at 
80q/ha 

7.00
ab

 12.67
c
 13.00

b
 19.00

b
 

T7 Inorganic fertilizer (1/2 
Recommended dose) + ½ 
Biogas slurry compost at 
80q/ha 

8.00
b
 11.00

abc
 13.33

b
 17.63

b
 

Means with in a column followed by the same letter are not significantly different 

according to Duncan’s multiple range test (DMRT) at (P≤ 0.05). 
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4.9. The effects of inorganic fertilizer and bio-slurry on yield 

parameters 

    4.9.1. Head yield 

Results in Table 4.8 and Figure (4.4) below showed that cabbage yield was significantly 

influenced by bio slurry and inorganic fertilizer at p<0.05. The maximum yield was 

recorded by plants supplied with inorganic fertilizer (Recommended dose) + Biogas 

slurry compost at 80q/ha (T6). All treatments can be arranged in decreasing order as 

follows: T6> T5 > T4 > T2>T7 > T3. The lowest values of Cabbage yield was obtained 

by no bio-slurry and inorganic fertilizer treatment. Application of inorganic fertilizer 

(Recommended dose) + Biogas slurry compost at 80q/ha (T6) has resulted into the 

highest yield increment of 66.7 % compared to the control (Tl). Similarly, the second 

highest yield increment (57.5%) was brought about with biogas slurry compost at 80q/ha 

(T4). On the other hand, addition of recommended dose of inorganic fertilizer (T2) and 

inorganic fertilizer (1/2 Recommended dose) + ½ biogas slurry compost (T7) gave almost 

the same yield increment 20.44 % and 20.2%, respectively. While there was only 14.6 % 

increase in the yield of cabbage over the control due to application of 1/2 recommended 

dose of chemical fertilizer (T3).  

The yield results are compared among themselves. Biogas slurry in liquid form yielded 

18.2 percent higher than the half dose of in organic fertilizer treatment. Similarly slurry 

compost produced 16.3 percent higher than the liquid slurry whereas full dose of 

inorganic fertilizer produced 30.8 percent lower than the slurry compost. The 

combination of slurry compost and full dose of fertilizer (T6) produced 38.4 percent 

higher yield than full dose of inorganic. Likewise, the half dose of fertilizer with half of 
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the slurry compost (T7) was 38.7 percent inferior to full dose of inorganic fertilizer with 

80q/ha of slurry compost. This result is in line with the result of Singh et al. (1995) who 

reported that the combination of fertilizer and bio slurry significantly increased the yield 

of rice, corn, soybeans and okra. 

Table 4.8: Yield of cabbage due to application of bio-slurry and inorganic fertilizer 

Treatments Treatment detail Yield 

Kg/9m
2
 

Yield 
(Ton/ha) 

Increment in 
yield 
over  control 
(percent) 

T1 Control (No inorganic fertilizer and bio-
slurry) 

14.4 160 0 

T2 Recommended dose of inorganic fertilizer 
(100kg of DAP , 50kg urea and 50Kg 
Murate of potash ) per hectare 

17.34 192.7 20.44 

T3 1/2 of recommended dose of inorganic 
fertilizer. 

16.5 183.3 14.6 

T4 Biogas slurry in liquid form (80q/ha) 19.5 216.7 35.4 

T5 Biogas slurry compost (80q/ha) 22.68 252 57.5 

T6 Inorganic fertilizer (Recommended dose) 
+ Biogas slurry compost at 80q/ha 

24 266.7 66.7 

T7 Inorganic fertilizer (1/2 Recommended 
dose) + ½ Biogas slurry compost at 

80q/ha 

17.31 192.3 20.2 
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4.10. The effect of inorganic fertilizer and bio-slurry on quality  

         Parameter  

   4.10.1. Head diameter 

Bio-slurry and inorganic fertilizer showed significant effects on cabbage mean yield 

diameter at p<0.05 level of probability as shown in (Figure 4.5). The statistically 

analyzed data for cabbage yield shows T5 has the maximum value (24.63cm) followed by 

T4 (24.06cm), T7 (23.1 cm), T6 (22.26 cm) and T3 (21.5 cm), T2 (21.3). The treatment 

T1 (Control) showed the minimum mean value (20.6 cm) for the cabbage yield diameter 

as shown in Figure 4.5. From the results obtained it can be concluded that application of 

biogas slurry on cabbage cultivation had a positive effect on the improvement of its 

quality. 
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Figure 4.5: Effect of bio

4.11. The effect of inorganic fertilizer and bio

      (NPK) of cabbage

Bio-slurry and inorganic fertilizer

highest leaf N content (1.18%) was produced when the greatest dose of both bio

and inorganic fertilizer was applied; while the lowest (0.7%) produced by control 

treatment.  

Leaf P and K contents were not significantly affe

fertilizers, except leaf K content was significantly higher at T7

However, the differences among fertilizers were found non significant.
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igure 4.5: Effect of bio-slurry and inorganic fertilizer on cabbage mean diameter

4.11. The effect of inorganic fertilizer and bio-slurry on nutrient content 

(NPK) of cabbage 

slurry and inorganic fertilizer showed significant effects on leaf nitrogen content .The 

highest leaf N content (1.18%) was produced when the greatest dose of both bio

and inorganic fertilizer was applied; while the lowest (0.7%) produced by control 

Leaf P and K contents were not significantly affected by bio

fertilizers, except leaf K content was significantly higher at T7 as shown in (Table 4.9

However, the differences among fertilizers were found non significant.
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highest leaf N content (1.18%) was produced when the greatest dose of both bio-slurry 

and inorganic fertilizer was applied; while the lowest (0.7%) produced by control 
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as shown in (Table 4.9). 
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Table 4.9: Bio-slurry and inorganic fertilizer effect on cabbage macro nutrient  

                 (NPK) 

 

Means with in a column followed by the same letter are not significantly different 

according to Duncan’s multiple range test (DMRT) (P≤ 0.05). 

 

 

 

Treatments Treatment Detail Nitrogen 

(%) 

 

Phosphorus 

(%) 

 

Potassium 

(%) 

  

T1 Control (No inorganic fertilizer and 

bio-slurry) 

0.7
a
 0.55

a
 1.73

a
 

T2 Recommended dose of inorganic 

fertilizer (100kg DAP , 50kg urea 

and 50 kg Murate of potash) per 

hectare 

0.83
ab

 0.48
a
 2.05

a
 

T3 1/2 of recommended dose of 

inorganic fertilizer 

0.72
a
 0.65

a
 2.06

a
 

T4 Biogas slurry in liquid form  at 

80q/ha 

0.85
ab

 0.51
a
 2.7

a
 

T5 Biogas slurry compost at 80q/ha 0.85
ab

 0.33
a
 2.7

a
 

T6 Inorganic fertilizer (Recommended 

dose) + Biogas slurry compost at 

80q/ha 

1.18
b
 0.37

a
 2.1

a
 

T7 1/2 inorganic fertilizer 

(Recommended dose) +1/2 biogas 

slurry compost(80q/ha) 

1.03
ab

 0.4
a
 4.35

ab
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4.12. Effect of bio-slurry and inorganic fertilizer application on soil  

        properties   

Table 4.10: Residual effect of bio-slurry and inorganic fertilizer on soil after  

                  cabbage harvest     

Treatment  Treatment 
detail 

pH OM 
% 

N 
%  

P mg/ 
Kg 
Soil 

K mg/ 
Kg 
Soil 

CEC 
cmol(+)/ 
Kg soil  

Bulk 
Density 

g/cm
3
 

   
A Before 

experiment 
7.65 2.65 0.27 63.7 70 20.6 1.33 

B After experiment 

T1 Control 7.03 2.35 0.18 36 38.8 27.9 1.4 

T2 Recommended 
dose of 
inorganic 
fertilizer(100Kg 
DAP,50Kg 
Urea and 50 Kg 
Murate of 
potash) per 
hectare 

7.8 2.65 0.25 81.3 51.9 33.1 1.35 

T3 ½ less than the 
recommended 
dose of 
fertilizer  

7.2 2.9 0.29 77.33 53.7 31.4 1.35 

T4 Biogas slurry in 
liquid form at 
80q/ha 

7.5 3.1 0.2 65.3 49.5 26.6 1.26 

T5 Biogas slurry  
compost at 
80q/ha 

7.32 3.2 0.24 66 63.5 24 1.31 

T6 Recommended 
dose of 
inorganic 
fertilizer +bio-
slurry compost 
at 80q/ha 

7.3 2.8 0.19 65.3 44.4 29 1.3 
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Treatment 
 
  
 
 
 
 

Treatment 
detail 

pH OM 
% 

N 
% 

P mg/ 
Kg 
Soil 

K mg/ 
Kg 
Soil 

CEC 
cmol(+)/ 
Kg soil 

Bulk 
Density 

g/cm
3
 

A Before 
experiment 

7.65 2.65 0.27 63.7 70 20.6 1.33 

B After experiment 

T7 ½ less the 
recommended 
dose of  
inorganic 
fertilizer +1/2 
bio-slurry 
compost 
(80q/ha) 

7.1 2.53 0.2 48 41.82 29.63 1.35 

 

 pH 

The pH of the soil after the application of the bio-slurry in liquid and composted form 

decreased but the change is not significant (Table 4.10). This result agrees with the result 

of Muhammad (2011) which report that the application of liquid digested slurry and 

slurry compost slightly improve the pH of soil but the improvement is not significant. 

The change in soil pH is very effective to plants as most of the essential elements, for 

instance, phosphorus is dependent upon soil pH. In the same way calcium, magnesium 

and molybdenum also are affected by pH and affect the plant growth (Sankaran and 

Swaminatiian, 1988).  

Organic Matter (OM) 

The organic matter content of the soil before the experiment was 2.65, after the 

experiment the soil treated with slurry compost contained higher OM than the soil before 
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experiment and soil treated with inorganic fertilizer (Table 4.10). This is because the 

compost was mixed with different organic wastes like crop residues, old compost and soil 

during composting process (Fentaw Ejigu, 2010). The soil treated with liquid digested 

slurry contained lower OM content than the soil treated with slurry compost (Table 4.10) 

but it is better than the organic matter content of the soil before the experiment and soil 

treated with inorganic fertilizer. Therefore the application of bio-slurry in the two 

different forms increases the soil organic matter content than inorganic fertilizer. This 

result is not in line with the result of Muhammad (2011) which reported that application 

of bio-slurry in liquid and composted form brought no change in the organic matter 

content of the soil. 

Nitrogen 

The nitrogen content of the soil before the experiment was 0.27, after the experiment the 

soil treated with half recommended dose of inorganic fertilizer contained higher N than 

the soil before experiment and soil treated with two forms of bio slurry (Table 4.10). 

Although the content of total N in the soil is high, the contribution made by the 

application of such a high dose of bio slurry did not leave any notable amount of residue. 

This is mainly because cabbage (Brassica oleracea var. capitata) is a heavy feeder of 

nitrogen and potassium (Hemy, 1984). The result of this study agrees with the result of 

Krishna (2001) which reported that the application of liquid digested slurry and slurry 

compost does not show any change to soil. The result of this study is also not in 

agreement with the result of Zebider Alemneh (2011) who reported that the application of 

liquid digested slurry and slurry compost change TN content of the soil.  
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Cation Exchange Capacity (CEC) 

Application of bio-slurry in the two different forms increased the cation exchange 

capacity of the soil before experiment. However higher amount of cation exchange 

capacity has been observed where inorganic fertilizer was applied. This result partially in 

line with the result of Zebider Alemneh (2011) who reported that application of digested 

liquid slurry and slurry compost increased the CEC of the soil. 

Phosphorus 

Application of bio-slurry in the two different forms showed difference in the available P 

content of the soil before experiment. However   higher amount of available P has been 

observed where inorganic fertilizer was applied. Available phosphorus content in the soil 

with nothing added and ½ less the recommended dose of inorganic fertilizer +1/2 

compost at dry form (T7) shows lower P value than the soil P value before experiment 

.The available P content in the soil after cabbage harvest show change. This result 

disagree with  the result of Muhammad (2011) which report that application of mineral 

fertilizer and bio slurry had shown positive contribution on the availability of N and K 

content in soil, whereas the P content in the soil has shown no significant change. This 

result also in line with the result of Zebider Alemneh (2011) who reported that 

application of bio-slurry in the two different forms showed significant difference in the 

available P content of the soil. 

Potassium 

Application of bio-slurry and inorganic fertilizer did not show improvement of the 

potassium content of the soil before experiment (Table 4.10). This is mainly because 

cabbage (Brassica oleracea var. capitata f.alba) is a heavy feeder of nitrogen and 
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potassium (Hemy, 1984).  This result disagree with the result of Muhammad (2011 ) 

which report that application of mineral fertilizer and bio slurry has showed positive 

contribution on the availability of  potassium content of soil. 

Bulk Density 

The bulk density of the soil before the experiment was 1.33, after the experiment the soil 

treated with two forms of bio slurry decreased BD of the soil than inorganic fertilizer 

treated soil but the change is not significant. This is in line with the result of Zebider 

Alemneh (2011) which reported that application of the bio-slurry in liquid and composted 

form decreased BD of soil but the change is not significant. The soil with high bulk 

density has less water holding capacity, low infiltration and aeration. All these affect the 

microbial population of the soil and root penetration. The higher the bulk density, the less 

will be the soil organic matter and soil fertility. So the application of biogas slurry can 

improve the soil physical, chemical and biological properties by decreasing the soil bulk 

density.  

 

4.13. Socio- economic and environmental benefits that resulted from  

        bio-slurry 

     4.13.1. Social benefits 

Farmers face health problems from the use of chemical fertilizers that it causes poisoning 

if it is not kept properly and straw which is obtained from chemical fertilizer applied 

crops makes animals to be thin (Berihu Araya, 2012). According to the respondents, 

biogas had greatly benefited bio-slurry users by contributing to a significant reduction in 

skin problems, itching, death of cattle in case of grazed fertilizer together with grass etc. 

(Table 4.11). This is mainly because biogas slurry reduces the probability of diseases 
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transmitted by water, air, dust and insects because slurry does not attract flies or other 

vermin, the vectors for contagious diseases, for humans and animals. 

 

Table 4.11: Comparison of health benefits of bio-slurry over inorganic fertilizer 

 

  4.13.2. Economic benefits 

            4.13.2.1. Benefit from reduced use of chemical fertilizer 

The respondents mentioned that chemical fertilizer is very expensive as compared to the 

organic fertilizer produced from biogas, 80.8 percent of the bio-slurry users save 1000-

2000 ETB per year and 19.2% save 2000-3000 ETB per year (Table 4.12). This result 

differs from the result of Claudia and Yitayal Addis (2011) who reported that the 

maximum money saved from reduced use of inorganic fertilizer is 682 ETB.  

Table  4.12:  Money saved by using  bio-slurry as organic fertilizer 
 

Money saved by 
bio-slurry  

Frequency Percent Valid Percent Cumulative Percent 

 
1000-2000 21 80.8 80.8 80.8 
2000-3000 5 19.2 19.2 100.0 

Total 26 100.0 100.0  

Major problems  Due to the use of 

chemical fertilizer 

Due to the use of 

bio-slurry as 

fertilizer 

Total # of 

respondents 

 

Frequency Percent Frequency Percent 

Skin problems 18 69.2% 0 0% 26 

Itching 9 34.6% 0 0% 26 

Death of cattle in case of 

grazed fertilizer together 

with grass 

21 80.8 0 0% 26 

Poisoning 16 61.5% 0 0% 26 

Other problems 2 7.7 0 0% 26 
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4.13.2.2. Income benefits from vegetable production 

Table 4.13: Income benefits after bio-slurry usage for vegetable production 

Income benefits Frequency Percent Valid Percent Cumulative Percent 

 

Increase 18 69.2 69.2 69.2 

Can not specified 8 30.8 30.8 100.0 

Total 26 100.0 100.0  

    

Majority of the biogas users (69.2%) reported that application of bio-slurry for vegetable 

farm increases their income and only (30.8%) can not specify income benefits. Those 

respondents who sell bio slurry and those who apply the slurry to the crop field, both are 

economically benefited. Because by selling of bio slurry they earn extra money,   and biogas 

digested manure improves crop yield with reduced cash outflow increasing their net economic 

benefits.  

   4.13.3. Environmental benefits 

         4.13.3.1. Environmental benefits of bio-slurry over inorganic fertilizer 

Bio-slurry is environment friendly as mentioned by 92 % respondents. Using of bio-

slurry for agriculture has significantly improved the household environment, kitchen 

environment, homestead surrounding environment, and social environmental condition. It 

was observed during field trips that biogas plant brings an aesthetic change within 

household. 
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5. CONCLUSION AND RECOMMENDATIONS  

  5.1. Conclusion 

Biogas slurry is an effective fertilizer as compared to chemical fertilizer because of the 

following reasons.  

1. Biogas slurry gave better growth, yield and quality parameters as compared to 

inorganic fertilizers. However the best results were observed in case of bio slurry 

combination with recommended chemical fertilizer.  

2. Biogas slurry is a good efficient amendment for improving the physical, chemical and 

nutritional properties of the soil and it is environmentally friendly, whereas continuous 

use of chemical fertilizer alone, without the addition of organic fertilizer, has been found 

to have detrimental effect on soil quality in the long run mainly because of constant loss 

of humus and micronutrients.  

3. Biogas slurry has been found to be beneficial in decreasing the use of chemical 

fertilizers. This directly save money for both farmer and government.  

4. Results have shown that cabbage where biogas slurry was applied was less affected by 

pests and weeds as compared to the crops where inorganic fertilizer was applied. The 

fermentation chamber of the biogas plant kills the pests and digests weed seeds. 

Therefore, this research breakthrough had opened the opportunities for both small scale 

and commercial farmers to produce cabbage by bio slurry than inorganic fertilizer for 

home consumption and export trade in Ethiopia. 

5.2. Recommendations  

� The present findings of these study recommends use of 80q/ha liquid and 80q/ha compost 

slurry for improved yield and quality of cabbages. More research testing different rates 
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under different soil and agro ecological zone conditions may be beneficial in coming up 

with specific rates suitable rates for the different production area. 

� This research was only done on one soil type, the influence of bio-slurry, especially 

concerning the soil chemical properties, need further investigation and also on different 

soil types. This may give more clear results for better recommendations for the future. 

�  Cabbage unit plot treated by digested slurry and slurry compost not attached by diseases, 

therefore bio-slurry can be used to solve climate change problems by reducing chemical 

(herbicide) use. 

�  Most of the bio slurry users in the study area do not use slurry pit shade so there is 

problem of evaporation of nutrient content. Therefore method to maintain slurry in slurry 

pit to have good quality fertilizer for safe vegetable production should be done. 

�  Most of the bio slurry users use coal ash in compost making. It is strongly recommended 

awareness must be done because it contain high amount of sulfur as result compost 

cannot easily mixed.  

� Most of the bio slurry users in the study area use liquid slurry as soon as it out from tank. 

There is a need for strong awareness because it can damage early maturing plant. 

�  The study in China and India shows that soaking of seed with bio-slurry can give more 

quality vegetable. Therefore, this can be recommended for our country.   

� Households who are not involved in biogas and bio-slurry activities and those who lack 

knowledge on the benefits of bio-slurry should be given special consideration in 

awareness raising. 
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7. APPENDICES  

     Appendix 1. House Hold Survey Questionnaire 

    1. General Information 

          Date of interview: ________________Name of surveyor: ____ 

 

          Questionnaire No______________________________ 

 

Name of house hold head: _______________________________ 

Woreda: _____________________________________________ 

Kebele: ________________________________________ 

Household head: Sex: F: _____ M: ______ Age: _________ 

Family Size (total number of household members) ________________ 

   1.1. The compositions of the house hold with age and sex group 

Sex Age ranges of the household 

 

0-18 19-30 31-45 Above 45 

Male     

Female     

 

2. Soil fertility 

  2.1. Do you use fertilizer inputs to your farmland to improve its fertility? 

              A. Yes                                B. No 

  2.2. If the answer for the above question is yes, what types of fertilizer do you use? 
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  A. Animal dung             B. Chemical fertilizer     C. Compost     D. Bio-slurry 

 3. Availability of households bio-slurry 

       3.1. Do you have cattle? 

                       A. Yes                        B. No 

      3.2. If yes, how many 

                A. 1-6                       B. 7-10   C. 11-15      D. Above these (specify) ……… 

       3.3. Do you have biogas digester? 

                 A.  Yes                               B. No 

       3.4. What is the size of your biogas digester? 

                 A. 4m
3

     B. 6m
3 

    C. 8m
3

             D. 10m
3

          E. other 

       3.5. What are the main uses of biogas in your household? 

                     A. Cooking energy                    C. Agricultural input 

                     B. Light energy                         D. Other (specify)………………. 

        3.6. What are the inputs used for bio-digester? 

                  A.  Cattle dung      B. Household waste         C. Sheet waste    D. Poultry drops 

                  E. Other (specify)…………. 

         3.7. Before installing biogas digester, what do you do to the dung? 

                A. I make dung cakes to use it as a fuel 

                B. Sell the dung cake to get money 

                C. I use the dry manure as a fertilizer 

                D. Other (specify)…………… 

    3.8. Do you know biogas plant not only produces biogas but also yields bio-slurry        

              which has higher nutrient value than farm-yard-manure? 
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    A. Yes                                    B. No    

      3.9. What do u do to the slurry? 

                    A. I use the liquid slurry as a fertilizer 

                    B. I compost it to use it as a fertilizer 

                    C. Give the slurry to others 

                    D. Dump to water courses or drains or open spaces 

                     E. Other (specify) 

 4. Socio- economic aspect 

       4.1. Describe the problems you/your family members face due to inorganic fertilizer      

            Use_____________________________________________________________ 

                  _____________________________________________________________ 

     4.2. Have you noticed any negative change/effect on farm fields/surrounding  

           environment due to in organic fertilizer use?  

                 A. Yes                                                               B. No 

    Describe types of change/impact______________________________________  

       ___________________________________________________________________ 

      4.3. Do you get health benefit from using slurry comparing with the other types of 

                     fertilizers? 

             A. Yes                                      B. No 

 

       4.4. What are the benefits that you get from the slurry? 

                     A. Sale the liquid slurry or the compost from the slurry to get money 

                     B. Save the money I used to spend to buy artificial fertilizer 

                     C. Crop yield increment 
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                   D. Other (specify) ……………………….  

       4.5. Do you use (buy) artificial fertilizer? 

                    A. Yes                      B. No 

       4.6. If yes, how much money you spend on it per year? 

                 A. 500-1000                   B. 1000-2000 

                 C. 2000-3000                D.  Above these ( specify) ………… 

        4.7. Is it affordable for you? 

               A. Yes                                       B. No 

        4.8. Do you know bio-slurry helps in financial savings? 

                   A. Yes                          B. No 

.         4.9. If yes, how much money you saved by using bio-slurry per year? 

                 A. 500-1000                   B. 1000-2000 

                 C. 2000-3000                D. Above these ( specify) 

         4.10. Would you prefer using bio-slurry to replace chemical fertilizer? 

              A. Not applicable, I do not use chemical fertilizer 

              B. Yes, bio-slurry is better than chemical fertilizer 

              C. No, I prefer chemical fertilizer as it is readily available and easy to 

                    handle 

             D. Cannot say 

        4.11. Is there any problem you face because of the slurry? 

                 A. Yes                                           B. No 

        4.12. If yes, what is it --------------------------------------------------------------------------- 

        4.13. Is bio-slurry environmental friendly? 
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                   A. Yes                                         B. No 

5. Bio-slurry management and utilization  

            5.1. Have you received any training on management and use of bio-slurry?  

                    A. Yes                            B. No 

           5.2. If yes, from where u got? 

                  A. Through publicity media                  B. From bio-slurry expert 

                  C. Through other biogas owners            D. Through government officials 

                  E. Other (specify)……….. 

6. Information on Agricultural Production 

      6.1. Do you own land? 

                  A. Yes                                       B. No 

     6.2. What is the total area of your cultivated land?  --------------Ha 

     6.3. Are you a farmer?             A. Yes                             B. No 

     6.4. Do you grow any vegetable or fruits?  

            A. Yes                                   B. No 

     6.5. Indicate types of vegetables grown 

         A. Cabbage                            B. Caul flower        C. Tomato    

         D. Papers                                E. Potato                  F. Other (specify)….. 

    6.6. What do you use for fertilizing vegetables? 

       A. Farm Yard Manure                       B. Bio-slurry  

       C. Chemical fertilizer                        D. Other (specify) 

    6.7. If your answer is bio-slurry in what form was the slurry applied? 

           A. Liquid           B. Composted        C. Dried, not composted 
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    6.8. What are the effects of applying bio-slurry fertilizer on your farm land? 

            A. Increased vegetable yield 

            B. Prevent soil erosion 

            C. Improved soil-water retention 

    6.9. Do you notice an improvement in crop yield or growth since using bio-slurry? 

           A. Yes                                       B. No 

     6.10. Do you think the income from vegetable production is increasing after bio-slurry           

             utilization on your farm? 

            A. Yes                              B. No    

Appendix 2. Self observation 

Self observation: 

Kind of vegetable grown in study area ………. 

Utilization of bio-slurry………………… 

Management of bio-slurry……………………… 

Sanitary condition…………………………………… 
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Appendix 3. Paired Samples Statistics of soil before and after  

                     experiment 

  Mean N Std. 
Deviation 

t df Sig. 

Pair 
1 

pH from treated with 
recommended dose of inorganic 

fertilizer (T2) 

7.80 3 1.078 0.209 2 0.854 

 pH from before the experiment 7.65 3 0.193 
Pair 
2 

pH from treated with 1/2 of 
recommended dose of inorganic 

fertilizer (T3) 

7.2 3 0.403 3.52 2 0.072 

 pH from before the experiment 7.65 3 0.193 
Pair 
3 

pH from treated with biogas slurry 
in liquid form  at 80q/ha (T4) 

7.5 3 0.60 0.57 2 0.627 

 pH from before the experiment 7.65 3 0.193 
 

Pair 
4 

 
pH from treated with biogas slurry 

compost at 80q/ha (T5) 

 
7.32 

 
3 

 
0.247 

 
5.43 

 
2 

 
0.032 

 pH from before the experiment 7.65 3 0.193 
Pair 
5 

pH from treated with inorganic 
fertilizer (Recommended dose) + 
Biogas slurry compost at 80q/ha 

(T6) 

7.33 3 0.474 1.43 2 0.290 

 pH from before the experiment 7.65 3 0.193 
Pair 
6 

pH from treated with inorganic 
fertilizer (1/2 Recommended dose) 

+ ½ Biogas slurry compost (T7) 

7.1 3 0.163 3.897 2 0.060 

 pH from before the experiment 7.65 3 0.193 
Pair 
7 

OM (%) from treated with 
recommended dose of inorganic 

fertilizer (T2) 

3.1 3 0.7 0.564 2 0.629 

 OM(%) from before the 
experiment 

2.65 3 1.01 

Pair 
8 

OM(%) from treated with 1/2 of 
recommended dose of inorganic 

fertilizer (T3) 

3.2 3 0.53 0.611 2 0.604 

 OM(%) from before the 
experiment 

2.65 3 1.01 

Pair 
9 

OM(%) from treated with biogas 
slurry in liquid form at 80q/ha (T4) 

2.65 3 0.44 0.004 2 0.997 

 OM(%) from before the 
experiment 

2.65 3 1.01 
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  Mean N Std. 
Deviation 

t df Sig. 

Pair 
10 

OM (%) from treated with biogas 
slurry compost  at 80q/ha (T5) 

2.9 3 0.77 0.352 2 0.758 

 OM (%) from before the 
experiment 

2.65 3 1.01 

Pair 
11 

OM (%) from treated with 
inorganic fertilizer (Recommended 
dose) + Biogas slurry compost at 

80q/ha (T6) 

2.80 3 0.57 0.597 2 0.611 

 OM(%) from before the 
experiment 

2.65 3 1.01 

Pair 
12 

OM(%) from treated with 
inorganic fertilizer (1/2 

Recommended dose) + ½ Biogas 
slurry compost (T7) 

 
2.53 

3 0.633 0.131 2 0.908 

 OM(%) from before the 
experiment 

2.65 3 1.01 

Pair 
13 

TN (%) from treated with 
recommended dose of inorganic 

fertilizer (T2) 

0.25 3 0.06 0.246 2 0.828 

 TN (%) from before the 
experiment 

0.27 3 0.1 

Pair 
14 

TN (%) from treated with 1/2 of 
recommended dose of inorganic 

fertilizer (T3) 

0.29 3 0.05 0.322 2 0.778 

 TN (%) from before the 
experiment 

0.27 3 0.1 

Pair 
15 

TN (%) from treated with  biogas 
slurry in liquid form at 80q/ha(T4) 

0.20 3 0.06 0.876 2 0.473 

 TN (%) from before the 
Experiment 

0.27 3 0.1 

Pair 
16 

TN (%) from treated with  biogas 
slurry compost at 80q/ha (T5) 

0.24 3 0.03 0.479 2 0.679 

 TN (%) from before the 
experiment 

0.27 3 0.1 

Pair 
17 

TN (%) from treated with  
inorganic fertilizer (Recommended 
dose) + Biogas slurry compost at 

80q/ha (T6)  

0.19 3 0.096 1.06 2 0.399 

 TN (%) from before the 
experiment 

0.27 3 0.1 
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  Mean N Std. 
Deviation 

t df Sig. 

Pair 
18 

TN (%) from treated with  
inorganic fertilizer (1/2 

Recommended dose) + ½ Biogas 
slurry compost (T7) 

0.20 3 0.07 0.637 2 0.589 

 TN (%) from before the 
experiment 

0.27 3 0.1 

Pair 
19 

CEC(cmol(+))/Kg soil) from 
treated with recommended dose of 

inorganic fertilizer (T2) 

33.1 3 5.6 2.89 2 0.102 

 CEC(cmol(+))/Kg soil) from 
before the experiment 

20.6 3 3.9 

Pair 
20 

CEC(cmol(+))/Kg soil) from 
treated with 1/2 of recommended 
dose of inorganic fertilizer (T3) 

31.4 3 4.8 2.16 2 0.163 

 CEC(cmol(+))/Kg soil) from 
before the experiment 

20.6 3 3.9 

Pair 
21 

CEC(cmol(+))/Kg soil) from 
treated with  biogas slurry in liquid 

form at 80q/ha (T4) 

23.3 3 4.4 0.623 2 0.597 

 CEC(cmol(+))/Kg soil) from 
before the experiment 

20.6 3 3.9 

Pair 
22 

CEC(cmol(+))/Kg soil) from 
treated with biogas slurry compost 

at 80q/ha (T5)  

24 3 6.17 0.775 2 0.520 

 CEC(cmol(+))/Kg soil) from 
before the experiment 

20.6 3 3.9 

Pair 
23 

CEC(cmol(+))/Kg soil) from 
treated with inorganic fertilizer 
(Recommended dose) + Biogas 
slurry compost at 80q/ha (T6) 

29 3 2.8 2.28 2 0.15 

 CEC(cmol(+))/Kg soil) from 
before the experiment 

20.6 3 3.9 

Pair 
24 

CEC(cmol(+))/Kg soil) from 
treated with inorganic fertilizer 
(1/2 Recommended dose) + ½ 
Biogas slurry compost (T7) 

29.6 3 2.07 7.36 2 0.018 

 CEC(cmol(+))/Kg soil) from 
before the experiment 

20.6 3 3.9 

Pair 
25 

P (mg/Kg Soil) from treated with 
recommended dose of inorganic 

fertilizer (T2) 

81.3 3 40.3 0.979 2 0.431 

 P (mg/Kg Soil) from before the 
experiment 

63.7 3 43.7 
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  Mean N Std. 
Deviation 

t df Sig. 

Pair 
26 

P (mg/Kg Soil) from treated with 
1/2 of recommended dose of 

inorganic fertilizer (T3) 

77.3 3 23.1 0.375 2 0.744 

 P (mg/Kg Soil) from before the 
experiment 

63.7 3 43.7 

Pair 
27 

P (mg/Kg Soil) from treated with  
biogas slurry in liquid form at 

80q/ha (T4) 

45.3 3 22.03 0.743 2 0.535 

 P (mg/Kg Soil) from before the 
experiment 

63.7 3 43.7 

Pair 
28 

P (mg/Kg Soil) from treated with  
biogas slurry compost at 80q/ha 

(T5) 

66 3 28.35 0.079 2 944 

 P (mg/Kg Soil) from before the 
experiment 

63.7 3 43.7 

Pair 
29 

P (mg/Kg Soil) from treated with 
inorganic fertilizer (Recommended 
dose) + Biogas slurry compost at 

80q/ha (T6)  

65.3 3 33.55 0.192 2 0.865 

 P (mg/Kg Soil) from before the 
experiment 

63.7 3 43.7 

Pair 
30 

P (mg/Kg Soil) from treated with 
inorganic fertilizer (1/2 

Recommended dose) + ½ Biogas 
slurry compost (T7) 

48 3 10.58 0.511 2 0.660 

 P (mg/Kg Soil) from before the 
experiment 

63.7 3 43.7 

Pair 
31 

K (mg/Kg Soil) from treated with 
recommended dose of inorganic 

fertilizer (T2) 

51.9 3 27.12 1.155 2 0.367 

 K (mg/Kg Soil) from before the 
experiment 

70 3 34.1 

Pair 
32 

K (mg/Kg Soil) from treated with 
1/2 of recommended dose of 

inorganic fertilizer (T3) 

53.71 3 5.5 0.972 2 0.434 

 K (mg/Kg Soil) from before the 
experiment 

70 3 34.1 

Pair 
33 

K (mg/Kg Soil) from treated with 
biogas slurry in liquid form at 

80q/ha (T4) 

49.54 3 19 1.568 2 0.257 

 K (mg/Kg Soil) from before the 
experiment 

70 3 34.1 
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  Mean N Std. 
Deviation 

t df Sig. 

Pair 
34 

K (mg/Kg Soil) from treated with 
biogas slurry compost at 80q/ha 

(T5) 

63.54 3 10.8 0.475 2 0.682 

 K (mg/Kg Soil) from before the 
experiment 

70 3 34.1 

Pair 
35 

K (mg/Kg Soil) from treated with 
inorganic fertilizer (Recommended 
dose) + Biogas slurry compost at 

80q/ha (T6) 

44.36 3 17.31 2.501 2 0.130 

 K (mg/Kg Soil) from before the 
experiment 

70 3 34.1 

 
Pair 
36 

 
K (mg/Kg Soil) from treated with 

inorganic fertilizer (1/2 
Recommended dose) + ½ Biogas 

slurry compost(T7) 

 
41.82 

 
3 

 
14.01 

 
1.763 

 
2 
 

 
0.220 

 K (mg/Kg Soil) from before the 
experiment 

70 3 34.1 

Pair 
37 

Bulk density(g/cm3) from treated 
with recommended dose of 

inorganic fertilizer(T2) 

1.35 3 0.04 1 2 0.423 

 Bulk density(g/cm3) from 
before the experiment 

1.33 3 0.08 

Pair 
38 

Bulk density(g/cm3) from treated 
with 1/2 of recommended dose of 

inorganic fertilizer(T3) 

1.35 3 0.08 0.788 2 0.513 

 Bulk density(g/cm3) from before 
the experiment 

1.33 3 0.08 

Pair 
39 

Bulk density(g/cm3) from treated 
with biogas slurry in liquid form at 

80q/ha(T4) 

1.26 3 0.13 0.548 2 0.639 

 Bulk density(g/cm3) from before 
the experiment 

1.33 3 0.08 

Pair 
40 

Bulk density(g/cm3) from treated 
with biogas slurry compost at 

80q/ha(T5) 

1.31 3 0.05 0.268 2 0.814 

 Bulk density(g/cm3) from before 
the experiment 

1.33 3 0.08 

Pair 
41 

Bulk density(g/cm3) from treated 
with inorganic fertilizer 

(Recommended dose) + Biogas 
slurry compost at 80q/ha(T6) 

1.3 3 0.03 0.68 2 0.952 

 Bulk density(g/cm3) from 
before the experiment 

1.33 3 0.08 
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  Mean N Std. 
Deviation 

t df Sig. 

Pair 
42 

Bulk density(g/cm3) from treated 
with inorganic fertilizer (1/2 

Recommended dose) + ½ Biogas 
slurry compost(T7) 

1.35 3 0.64 1.024 2 0.413 

 Bulk density(g/cm3) from 
before the experiment 

1.33 3 0.08 

 

Appendix 4. Results of one-way ANOVA of the plant sample (cabbage)    

Appendix 4a. ANOVA table of plant height at different weeks after transplanting                                              

  Sum of 
Squares 

df Mean 
Square 

F Sig. 

Plant height 
at  2  weeks 
after 
transplanting 

Between 
Groups 

(Combined) 57.251 6 9.542 132.702 .000 

Within Groups 1.007 14 .072   
Total 58.258 20    

Plant height 
at  4  weeks 
after 
transplanting 

Between 
Groups 

(Combined) 
186.906 6 

31.151 186.373 .000 

Within Groups 2.340 14 .167   
Total 189.246 20    

Plant height 
at  6  weeks 
after 
transplanting 

Between 
Groups 

(Combined)  
252.891 

6 42.149 409.778 .000 

Within Groups 1.440 14 .103   
Total 254.331 20    

Plant height 
at  8  weeks 
after 
transplanting 

Between 
Groups 

(Combined)  
285.491 

6 47.582  
970.117 

.000 

       Within Groups .687 14 .049   
             Total 286.178 20    

 

Appendix 4b. ANOVA table of leaf number at different weeks after transplanting                                               

  Sum of 
Squares 

df Mean 
Square 

F Sig. 

Number of 
leaves  at  2  
weeks after 
transplanting 

Between 
Groups 

(Combined) 7.810 6 1.302 1.302 .319 

Within Groups 14.000 14 1.000   
Total 21.810 20    

Number of 
leaves  at  4  
weeks after 
transplanting 

Between 
Groups 

(Combined) 42.000 6 7.000 2.673 .061 

Within Groups 36.667 14 2.619   
Total 78.667 20    
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  Sum of 
Squares 

df Mean 
Square 

F Sig. 

Number of 
leaves  at  6  
weeks after 
transplanting 

Between 
Groups 

(Combined) 72.286 6 12.048 13.316 .000 

Within Groups 12.952 14 .905   
Total 84.952 20    

Number of 
leaves  at  8  
weeks after 
transplanting 

Between 
Groups 

(Combined) 43.565 6 7.261 3.893 .017 

       Within Groups 26.113 14 1.865   
             Total 69.678 20    

 

Appendix 4c. ANOVA table of head yield and head diameter                                                

  Sum of 
Squares 

df Mean 
Square 

F Sig. 

Head yield Between 
Groups 

(Combined) 2.422 6 .404 20.068 .000 

Within Groups .282 14 .020   
Total 2.704 20    

Head 
diameter 

Between 
Groups 

(Combined) 39.663 6 6.610 7.094 .001 

Within Groups 13.047 14 .932   
Total 52.710 20    

 

Appendix 5. Laboratory Results 

            Appendix 5a.Soil laboratory result before experiment 

S/
N 

Lab No 
 

Field 
Id 

pH Bulk 
density 
(gm/cm3) 

T.N 
% 

Avail.
P 

mg/Kg 

Avail.K 
mg/Kg 

CEC(
c.mol
/Kg) 

OC 
% 

1 EPA-
0/375/13 

B1T1 7.71 1.33 .36 111.00 105.20 22.94 
 
 

3.65 

2 EPA-
0/375/13 

B1T2 7.43 1.40 
 

.16 
 

25.00 
 

37.10 
 

16.12 
 

1.63 
 

3 EPA-
0/375/13 

B1T3 7.80 1.25 
 

.27 
 

55.00 
 

67.90 
 

22.76 
 

2.67 
 

4 EPA-
0/375/13 

B1T4 7.40 1.29 
 

.29 
 

29.00 
 

69.50 
 

17.64 
 

1.89 
 

5 EPA-
0/375/13 

B1T5 7.73 1.12 
 

.21 
 

55.00 
 

45.20 
 

19.20 
 

2.26 
 

6 EPA-
0/375/13 

B1T6 7.90 1.46 
 

.29 
 

87.00 81.70 
 

22.44 
 

3.34 
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S/
N 

Lab No 
 

Field 
Id 

pH Bulk 
density 
(gm/cm3) 

T.N 
% 

Avail.
P 

mg/Kg 

Avail.K 
mg/Kg 

CEC(
c.mol
/Kg) 

OC 
% 

7 EPA-
0/375/13 

B1T7 7.64 1.06 
 

.21 
 

23.00 
 

105.80 
 

17.06 
 

1.56 
 

8 EPA-
0/375/13 

B2T1 7.69 1.06 .26 
 

55.00 
 

60.40 

  

23.26 2.52 
 

9 EPA-
0/375/13 

B2T2 7.71 1.18 
 

.40 
 

71.00 
 

84.20 
 

25.00 
 

3.12 
 

10 EPA-
0/375/13 

B2T3 7.78 1.10 
 

.28 
 

111.00 
 

68.75 
 

28.50 
 

3.38 
 

11 EPA-
0/375/13 

B2T4 7.58 1.17 
 

.19 
 

39.00 
 

34.55 
 

20.70 
 

1.90 
 

12 EPA-
0/375/13 

B2T5 7.40 1.16 
 

.17 
 

15.00 
 

43.55 23.52 
 

1.45 
 

13 EPA-
0/375/13 

B2T6 7.47 1.20 
 

.28 
 

25.00 
 

57.80 
 

20.08 
 

2.19 
 

14 EPA-
0/375/13 

B2T7 7.62 1.10 
 

.36 
 

47.00 
 

80.40 
 

27.70 
 

2.78 
 

15 EPA-
0/375/13 

B3T1 7.33 1.15 
 

.17 
 

20.00 
 

39.85 
 

17.24 
 

1.55 
 

16 EPA-
0/375/13 

B3T2 7.11 1.40 
 

.42 
 

34.00 
 

71.85 
 

22.22 
 

2.00 
 

17 EPA-
0/375/13 

B3T3 7.29 1.30 
 

.31 
 

79.00 
 

72.20 
 

28.96 
 

3.26 
 

18 EPA-
0/375/13 

B3T4 7.14 1.05 
 

.26 
 

60.00 
 

85.16 
 

24.56 2.74 
 

19 EPA-
0/375/13 

B3T5 7.33 1.10 
 

.39 
 

74.00 
 

136.55 
 

29.68 
 

3.35 
 

20 EPA-
0/375/13 

B3T6 6.92 1.23 
 

.28 
 

40.00 
 

79.15 
 

22.22 
 

2.78 
 

21 EPA-
0/375/13 

B3T7 6.91 1.400 .21 23.00 43.78 20.70 1.96 

 

Appendix 5b. Soil laboratory result after experiment 

S/
N 

Lab No 
 

Field 
Id 

pH Bulk 
density 
(gm/cm3

) 

T.N 
% 

Avail.P 
mg/Kg 

Avail.K 
mg/Kg 

CEC(c.mol
/Kg) 

OC 
% 

1 EPA-
0/479/13 

B1T1 7.06 
 

1.33 
 

.13 
 

44.00 
 

40.01 
 

26.20 
 

2.31 
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S/
N 

Lab No 
 

Field 
Id 

pH Bulk 
density 
(gm/cm3

) 

T.N 
% 

Avail.P 
mg/Kg 

Avail.K 
mg/Kg 

CEC(c.mol
/Kg) 

OC 
% 

2 EPA-
0/479/13 

B1T2 7.27 
 

1.36 
 
 

.30 
 

124.0 
 
 

80.47 
 

37.70 
 

2.18 

3 EPA-
0/479/13 

B1T3 7.22 
 

1.41 
 

.24 
 

64.00 
 

60.03 
 

28.80 
 

2.56 
 

4 EPA-
0/479/13 

B1T4 7.45 
 

1.28 
 

.14 
 

64.30 
 

71.00 
 

25.00 
 

3.31 

5 EPA-
0/479/13 

B1T5 7.28 
 

1.36 
 

.22 
 

56.00 
 

75.69 
 

17.60 
 

2.69 

6 EPA-
0/479/13 

B1T6 7.03 
 

1.36 
 

.28 
 
 

104.00 
 

63.86 
 

29.10 
 

3.32 

7 EPA-
0/479/13 

B1T7 7.24 
 

1.40 
 

.12 
 

40.00 
 

56.48 
 

30.00 
 

2.03 

8 EPA-
0/479/13 

B2T1 7.27 
 

1.34 
 

.23 
 
 

34.00 
 

47.59 

  

29.00 
 

2.79 

9 EPA-
0/479/13 

B2T2 9.04 
 

1.38 
 

.27 
 

76.00 
 

48.84 
 

34.70 
 

2.71 

10 EPA-
0/479/13 

B2T3 6.72 
 

1.38 
 

.33 
 

104.00 
 

50.23 
 

36.90 
 

2.34 

11 EPA-
0/479/13 

B2T4 7.08 
 

1.13 
 

.19 
 

63.60 
 

42.75 
 

26.60 
 

3.66 

12 EPA-
0/479/13 

B2T5 7.09 
 

1.26 
 

.22 
 

44.00 
 

55.14 
 

24.50 
 

3.75 

13 EPA-
0/479/13 

B2T6 7.09 
 

1.30 
 

.21 
 
 

44.00 
 

30.77 
 

31.70 
 

2.20 

14 EPA-
0/479/13 

B2T7 7.03 
 

1.38 
 

.25 
 

60.00 
 

40.43 
 

27.40 
 

3.24 

15 EPA-
0/479/13 

B3T1 6.77 
 

1.44 
 

.17 
 

30.00 
 

28.70 
 

28.40 
 

1.94 

16 EPA-
0/479/13 

B3T2 7.09 
 

1.31 
 

.18 
 

44.00 
 

26.48 
 

26.90 
 

3.05 

17 EPA-
0/479/13 

B3T3 7.38 
 

1.26 
 

.31 
 

64.00 
 

50.88 
 

28.50 
 

3.76 

18 EPA-
0/479/13 

B3T4 8.18 
 

1.38 
 

.26 
 

68.00 
 

34.85 
 

28.30 
 

2.32 
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S/
N 

Lab No 
 

Field 
Id 

pH Bulk 
density 
(gm/cm3

) 

T.N 
% 

Avail.P 
mg/Kg 

Avail.K 
mg/Kg 

CEC(c.mol
/Kg) 

OC 
% 

19 EPA-
0/479/13 

B3T5 7.58 
 

1.31 
 

.27 
 

98.00 
 
 

59.78 
 

29.90 
 

3.14 

20 EPA-
0/479/13 

B3T6 7.88 
 

1.31 
 

.09 
 

48.00 
 

38.45 
 

26.20 
 

2.90 

21 EPA-
0/479/13 

B3T7 6.92 1.28 .24 44.00 28.56 31.50 2.31 

 

Appendix 5c. Laboratory results of the two forms of bio-slurry  

Available Nutrient contents of slurry compost and liquid digested slurry   
S/N Lab No 

 
Field Id  K (%) 

 
P (%) OC (%) TN (%) pH 

1 J-Co-
00132013 

Compost-1 0.9 0.13 31.21 2.55 6.95 

2 J-Co-
00152013 

Compost-2 0.5 0.6 26.68 1.65 7.1 

3 J-Co-
00172013 

Compost-3 0.46 0.8 18.56 2.22 8.6 

4 EPA-co-
479/13 

Compost-4 2 0.76 8.34 0.78 8.44 

5 J-SL-
00142013 

Liquid slurry-1 0.31 0.7 42.98 2.20 7.26 

6 J-SL-
00162013 

Liquid slurry-2 0.5 0.95 33.12 3.60 7.00 

7 J-SL-
00182013 

Liquid slurry-3 0.35 0.8 40.00 2.70 7.00 

8 EPA-SL-
479/13 

Liquid slurry-4 0.35 0.95 51.00 2.85 9.09 

 

Appendix 5d. NPK contents of cabbage wrapper leaf mid rib  

S/N Lab No 
 

Field Id N (%) 
 

P (%) 
 

K (%) 
 

1 EPA-0/414/13 B1T1 .92 .97 
 
 

2.31 

2 EPA-0/414/13 B1T2 .96 
 

.85 
 

1.48 

3 EPA-0/414/13 B1T3 .58 .77 
 

1.28 
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S/N Lab No 
 

Field Id N (%) 
 

P (%) 
 

K (%) 
 

4 EPA-0/414/13 B1T4 .75 .65 
 

2.64 
 

5 EPA-0/414/13 B1T5 .73 
 

.42 
 

1.93 
 

6 EPA-0/414/13 B1T6 1.39 .45 
 

1.39 
 

7 EPA-0/414/13 B1T7 1.17 
 

.32 
 

8.48 
 

8 EPA-0/414/13 B2T1 .68 .22 
 

1.58 
 

9 EPA-0/414/13 B2T2 .66 
 

.17 
 

2.05 
 

10 EPA-0/414/13 B2T3 .59 .36 
 

1.03 
 

11 EPA-0/414/13 B2T4 1.14 
 

.19 
 

1.51 
 

12 EPA-0/414/13 B2T5 .81 
 

.46 
 

2.39 
 

13 EPA-0/414/13 B2T6 1.34 .24 
 

1.57 
 

14 EPA-0/414/13 B2T7 .92 
 

.28 
 

3.11 
 

15 EPA-0/414/13 B3T1 .49 .24 
 

1.32 
 

16 EPA-0/414/13 B3T2 .86 
 

.28 
 

2.63 
 

17 EPA-0/414/13 B3T3 .98 .97 
 

3.86 
 

18 EPA-0/414/13 B3T4 .67 .71 
 

3.88 
 

19 EPA-0/414/13 B3T5 1.03 
 

.22 
 
 

3.68 
 

20 EPA-0/414/13 B3T6 .82 .60 
 

3.24 
 

21 EPA-0/414/13 B3T7 .99 .31 
 

1.45 

 

 


