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ABSTRACT 

An investigation on the effects of bio-slurry on teff production and soil properties in 

combination with inorganic N and P fertilizers was carried out at Mekelle University main 

campus in Tigray region, northern Ethiopia during the 2020 crop season. The experiment was 

a randomized complete block design with treatments comprising two levels of inorganic N 

(23, 46 kg N/ha), two levels of inorganic P (23, 46 kg P/ha) and two levels of slurry (9, 12 

tons/ha) including control with no fertilizers and the two levels of bio-slurry alone, set to a 

total of 11 treatment combinations with three replications. The soil at the study area was a 

degraded Cambisol and the site had been fallowed for long period of time. Various plant and 

soil parameters were measured during the experiment and post harvesting, and the treatment 

effects statistically evaluated. The fertilizer treatments significantly influenced the above-

ground biomass growth, straw, and grain yield, and affected soil bulk density, soil moisture 

content and available phosphorus. However, soil electrical conductivity, soil organic carbon, 

total nitrogen, cation exchange capacity, exchangeable bases, and soil pH did not show 

significant variation with treatments. In general, teff biomass, straw and grain yield and 

number of tillers rose as the combined fertilizer dose increased. A significant difference of 

between 9 and 12 tons/ha of applied bio-slurry was found only where the highest levels of 

inorganic nitrogen and phosphorus fertilizer were used. Soil bulk density was reduced while 

soil moisture content increased due to bio-slurry application. Treatments either with the 

highest level of inorganic phosphorus or bio-slurry, or both combined applications, 

significantly increased available phosphorus, compared to other treatments. In general, 
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application of combined bio-slurry with inorganic fertilizers shows promise in increasing 

yield of teff and an improvement of soil characteristics of degraded soils. 

Keywords: Teff, bio-slurry, inorganic fertilizer, soil properties 
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1. INTRODUCTION 

Land degradation is a global problem affecting natural processes, soil fertility and people’s 

livelihoods (Le et al. 2016). One of the hotspots of land degradation is Ethiopia, with more 

than 85% of the land moderately to very severely degraded (Gebreselassie et al. 2016). The 

situation in Tigray region in northern Ethiopia is particularly acute, with a near total loss of 

forest cover and an estimated increase of 25% in barren land cover during the first decade of 

this century (Gebreselassie et al. 2016).  

The decrease in agricultural production and increase in poverty in Ethiopia results mainly 

from land degradation (Gebreegziabher 2007). In general, the extent of soil fertility reduction 

in crop fields depends on the inherent properties of the soil parent material, the cropping 

cycle, and the use of external inputs (Azam-Ali & Squire 2001). Furthermore, soil organic 

matter is known to be the dominant reservoir and source of plant nutrients that play a major 

role in soil fertility and productivity (Azam-Ali & Squire 2001).  

The soils in Tigray are inherently low in organic matter content (Carral et al. 2014) and 

declining productivity can result from soil organic matter depletion (EATA [Ethiopian 

Agricultural Transformation Agency] 2013). The main culprits for this are over-cultivation, 

frequent ploughing, and crop removal, as harvest and crop residues are used for feed and fuel 

(EATA 2013). With time, this can cause a reduction of soil macro- and micronutrients, topsoil 

erosion, deterioration of soil physical properties, and increased soil salinity (Gete et al. 2010). 

Use of dung and crop residues for fuel is a common practice in Ethiopia and it has been 

reported that the current agricultural growth development plan has been negatively affected 

by this habit (Gebreegziabher 2007). Shortage of fuel wood induced by forest degradation 

causes people to substitute fuel wood with crop residues and dung in rural Tigray 

(Gebreegziabher 2007). 

In areas where the time of the fallow has become shorter due to intense land use, soil fertility 

may be seriously reduced and unable to maintain adequate crop production (Juo et al. 1995). 

Under intensive cultivation, a reduction in yield is attributed to factors such as shortage of 

nutrients and loss of soil organic matter (Juo et al. 1995). However, by enhancing soil fertility 

through addition of organic or inorganic fertilizers and by implementing practices of soil 

fertility management, the situation can be improved. Ensuring food security for a rapidly 

increasing population requires intensification of crop production on existing cultivated lands 

through enhanced nutrient inputs (Haileselassie et al. 2011). 

Ethiopia produces teff (Eragrostis teff) as a main food crop and teff fields cover 2.73 million 

hectares (ha), with an average productivity of 1.28 tons/ha (CSAE [Central Statestical Agency 

of Ethiopia] 2020). In Tigray region, most teff producers are in the central, north-western, and 

western zones. The total cultivated area coverage for teff production is 167,584 ha, which is 

5.5% of the total cultivated land in Tigray region (Lee 2018). 

Teff is used to make injera, a traditional flat bread. Hence it is a day-to-day food item in every 

household. Additionally, teff plant residues can be used as animal fodder. According to Wato 

(2021), teff is also an important food item for those who are on gluten-restricted diets and 

therefore is a superior economical commodity in the country.  

Teff has a high concentration of different nutrients and minerals: a very high calcium content, 

with moderate levels of phosphorus, magnesium, copper, and zinc and significant levels of the 

vitamin thiamin (Gabremadhin 2001). It is high in carbohydrates and fibers and an excellent 

amino acid composition, and is higher in lysine than wheat (Gabremadhin 2001). 

Most field experiments with teff in the Tigray region, have tested the application of mineral 

fertilizers to increase the response yield. However, continuous application of mineral 

http://en.wikipedia.org/wiki/Injera
http://en.wikipedia.org/wiki/Phosphorus
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Zinc
http://en.wikipedia.org/wiki/Carbohydrates
http://en.wikipedia.org/wiki/Fiber
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Wheat
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fertilizers may lead to environmental pollution. This may have negative impacts on water 

systems and resources, and bring about land degradation, soil depletion and increased 

emissions of greenhouse gases (Pandey et al. 2019). 

Organic fertilizers, such as livestock excrement and poultry waste, contain substantial 

quantities of plant nutrients which may be used to enhance soil fertility while the use of 

inorganic fertilizers could be decreased by a significant amount (Islam et al. 2014). However, 

the use of inorganic fertilizers continues to be inevitable for attaining optimum yield given the 

fact that availability of organic fertilizers is limited (Zheng et al. 2017). The proper rate of 

applied nutrients needs to be determined through exploring the nutrient requirements of the 

crops and the nutrient-supplying power of the soils (Zheng et al. 2017). 

1.1 Bio slurry as a potential fertilizer 

The energy sector has initiated biogas production in rural Tigray. According to the Tigray 

region biogas program coordination office, there are more than 3,400 biogas plants in Tigray 

(Berhe et al. 2017). Biogas replaces direct use of animal waste and crop remains as a 

household energy source, providing an opportunity to conserve dwindling forest cover (Zheng 

et al. 2017). While the biogas energy program office offers a clean and green development, 

the by-products of solid and liquid bio-slurries and composted slurry can also be important for 

ameliorating soil fertility. In return, developing the knowledge base of using bio-slurry as a 

fertilizer can substantially contribute to the promotion of the uptake of biogas technology 

(Gete et al. 2010). 

Bio-slurry is a by-product of animal waste produced in a bio-digester plant through the 

process of anaerobic digestion or fermentation by the action of methanogenic bacteria 

(Bonten et al. 2014). Bio-slurry consists in general of 93% water and 7% dry matter, of which 

4.5% is organic and 2.5% is inorganic matter. The percentage of nitrogen, phosphorus, and 

potassium content of slurry on wet basis is 0.25%, 0.13% and 0.12% while on dry basis it is 

3.6%, 1.8% and 3.6%, respectively. The slurry also contains micro-nutrients such as zinc, 

iron, manganese, and copper that are essential for plants (Zheng et al. 2017).  

Bio-slurry being completely digested is odourless and does not attract insects. It keeps 

termites away whereas raw dung attracts them; applied as fertilizer it reduces weed growth by 

at least 50% (Jeptoo et al. 2013). The decomposition process of dung in the biogas digester 

destroys plant pathogens (Mengistu et al. 2016). Major plant nutrients such as nitrogen, 

phosphorus and potassium are preserved during the reduction process of bio slurry and plants 

can immediately utilize these nutrients (Zheng et al. 2017). 

The application of bio-slurry to soils improves the soil humus content and soil water 

retention. The air circulation in soils is also advanced due to improved soil physical 

conditions (Mengistu et al. 2016). Bio-slurry provides energy for soil microorganisms which 

encourages organic farming (Lee 2018). It also provides plant nutrients and acts as a soil 

neutralizer (Asefa & Tadesse 2019). In line with this, a proper use of bio-slurry can reduce the 

dependency by many farmers on expensive mineral fertilizers, thereby reducing greenhouse 

gas pollution and the negative impacts of improper application of mineral fertilizers. 

In Bangladesh, a combined application of bio-slurry (25-50 kg N /ha) before ploughing, and 

mineral fertilizer (50-75 kg N /ha) as top dressing, substantially enhanced the amounts of test 

microorganisms and advanced the actions of soil urease and protease (Zheng et al. 2017). In 

Bangladesh the application of bio-slurry in combination with mineral fertilizer was shown to 

result in the highest yield of cabbage (Terefe et al. 2018). Farmers in Bangladesh commented 

that the use of bio-slurry in the production of vegetables improved the condition of soil, 

making the use of extra inorganic fertilizers unnecessary. On the other hand, cow dung in 
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dumped condition is not decomposed properly and, as a result, loses its optimum potential as 

an organic fertilizer (Zheng et al. 2017). 

While evidence shows that the application of bio-slurry can increase soil fertility and plant 

productivity, no research has been done in Tigray on the effects of bio-slurry application on 

crop yield and soil fertility responses. This research aimed to test the effect of bio-slurry 

application on teff productivity and possible soil fertility enhancement in Tigray, and to 

recommend rates of bio slurry and inorganic fertilizer application. 

1.2 Study goal  

The general goal of this project was to determine both the effect of bio-slurry alone and in 

combination with chemical fertilizer application to determine the changes on teff crop 

production and soil properties. 

 

2. METHODS 

2.1 Description of the study area  

2.1.1 Location 

The study was carried out at the Mekelle University main campus, which is located around 5 

km east of Mekelle city (the capital city of Tigray regional state in Ethiopia). It is located at 

13°28'45"N and 39°29'24"E, at an altitude of 2,200 meters above sea level (Fig.1). 

 

              Figure 1. Map of the study area. (Source: Sebhatleab 2020). 

2.1.2 Climate 

The yearly average rainfall ranges from 511 to 656 mm with more than 85% received within a 

period of four months from June to September (Damtew et al. 2019). The average annual 

maximum and minimum temperatures are about 27°C and 12°C, respectively. The highest 

and lowest average minimum temperature occurs in June (28ºC) and December (10ºC) 

respectively (Beyene 2015). The long-term climatic data of the study area (Fig. 2) indicates 
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that the highest mean monthly rainfall and temperature occurs in August and May 

respectively. 

 

Figure 2. Annual average temperature and rainfall of study area. (Source: 10 years’ data from 

National Meteorological Agency, Mekelle branch (2009-2018)). 

2.1.3 Soils 

The soils of the Tigray region have not been systematically studied and information on soils 

and other land resources is scant (Habtegebriel & Singh 2006). According to recent surveys, 

the region has some 13 major soil units identified. The soil type of the study area (Endayesus 

campus) at Mekelle University is identified as Cambisol. Cambisols develop on limestone and 

shale. The soils have low organic carbon, medium potassium, and low phosphorus content 

(Habtegebriel & Singh 2006). 

2.2 Experimental design and inputs 

The site of the field experiment was situated on a gentle slope and the design of three blocks 

was set perpendicular to the slope direction. The experiment was a randomized complete 

block design with treatments comprising two levels of N (23, 46 kg N/ha), two levels of P 

(23, 46 kg P/ha) and two levels of slurry, (9, 12 tons/ha) including a control with no fertilizers 

and the two levels of bio-slurry alone (Table 1), a total of 11 treatment combinations with 

three replications. The application rate of bio-slurry was adopted from different literatures. 

Teff seeds, bio-slurry, urea fertilizer and di-ammonium phosphate were used as inputs in the 

experiment. The plot sizes for the experimental treatments were three by four meters.  

Land preparation and plowing was done as how farmers practice. Seed sowing and fertilizer 

application was undertaken in rows, the seed in furrowed rows with a spacing of 20 cm 

between rows (Fig. 3). The seed rate used was according to the Agricultural Transformation 

Agency’s (ATA 2013) recommendations for teff, i.e. 15 kg /ha. 
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                         Table 1. The details of the fertilizer treatment combinations. 

Treatments Description and quantity of inputs 

N0P0S0 Control 

N0P0S1 Only 9 tons/ha bio-slurry (S)  

N0P0S2 Only 12 tons/ha bio-slurry (S) 

N1P1S1 23 kg/ha N (urea) + 23 kg/ha P (DAP) + 9 tons/ha bio-slurry 

N1P1S2 23 kg/ha N + 23 kg/ha P+ 12 tons/ha bio-slurry 

N1P2S1 23 kg/ha N + 46 kg/ha P + 9 tons/ha bio-slurry  

N1P2S2 23 kg/ha N + 46 kg/ha P +12 tons/ha bio-slurry 

N2P1S1 46 kg/ha N + 23 kg/ha P + 9 tons/ha bio-slurry 

N2P1S2 46 kg/ha N + 23 kg/ha P + 12 tons/ha bio-slurry 

N2P2S1 46 kg/ha N + 46 kg/ha P + 9 tons/ha bio-slurry 

N2P2S2 46 kg/ha N + 46 kg/ha P + 12 tons/ha bio-slurry 

 

2.3 Utilization of inputs 

2.3.1 Bio-slurry and mineral fertilizers 

Bio-slurry used for the application of the treatments was obtained from a biogas plant fed 

with cattle dung and added water in a 1:1 ratio. The slurry was collected in moist form and a 

sample was analysed in a laboratory for its nutrient composition, such as organic carbon, total 

nitrogen, total phosphorus and potassium, and pH, before applying it to the experiment plots. 

The moist bio-slurry was incorporated into the soil of the plots during land preparation to 

avoid nutrient loss from a surface application. Mineral fertilizers (urea and diammonium 

phosphate) were also applied on treatment plots during the sowing time according to the 

recommended rate and method of application, but split application was used for urea.  

The respective bio-slurry rates (9 and 12 tons/ha) were incorporated in the top 20 cm depth of 

the experimental plots, while mineral fertilizers were applied in prepared rows before seeds 

were sown. All the rates of diammonium phosphate were applied once during sowing time. 

Urea was applied in to two splits, the first half applied during sowing and the other half was 

applied one month after sowing of the crops. Hand weeding was done two times during the 

growing period. 

2.3.2 Teff crop used for testing 

The teff variety used for this research is locally known as “Quncho” and was released by the 

Ethiopian Institute of Agricultural Research. Locally this variety has increased grain yield up 

to 137% from 1.6 tons per hectare to 3.8 tons/ha (ATA 2013). 
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Figure 3. Application of bio-slurry (left) and application of inorganic fertilizer inputs (right). 

2.4 Data collection  

2.4.1 Agronomy parameters 

Data collection was started after seed germination. During experimental field observation, 

days to flowering and physiological maturity were recorded. The number of tillers per plant 

were counted on five randomly selected plants in each plot, at late vegetative growth and 

development stage. Plant height and spike length were recorded at physiological maturity by 

randomly selecting five plants from each plot. Height measurement for each plant sample was 

taken from the ground level to the top of each spike; spike length was also measured and 

recorded. 

Harvesting was done manually 120 days after sowing (Fig. 4). Harvesting of the plots was 

carried out by excluding a 20 cm border on all four sides of each plot to avoid border effect, 

resulting in a net plot size of 2.6 m by 3.6 m or a total area of 9.36 m2. The harvest was air 

dried in the field plots and weighed to the nearest gram using a digital spring balance and 

recorded as above ground biomass per plot before threshing (Fig. 5). Threshing was done by 

hand and grain yield of each treatment plot was weighed to the nearest 0.01 g using an 

analytical electronic balance. Straw yield per plot was calculated by subtracting the grain 

yield from each plot’s biomass. 
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   Figure 4. Teff at maturity stage (left) and post-harvest soil sampling (right). 

2.4.2 Bio-slurry and soil parameters 

A composite sample of the bio-slurry was prepared and analysed in a laboratory for its 

chemical composition. The sample was air dried, crushed and sieved using 2 mm mesh and 

pH was measured using a pH meter. Total N was determined following the Kjeldahl method 

as described by Okalebo et al. (2002), available phosphorus was determined calorimetrically 

using the Olsen and Sommers (1982) method with a spectrophotometer, and potassium was 

determined by using a flame photometer as described by Okalebo et al. (2002). 

Composite soil samples were collected from depths of 0-20 cm in each plot of the 

experimental site using a soil auger. The soil samples used for analysis were air dried, crushed 

and sieved through a 2 mm diameter mesh. Additional soil samples were taken using a core 

sampler with a volume of 100 cm3 and analysed to determine bulk density using the 

gravimetric method (core method), where samples are oven dried at a temperature of 105°C 

for 24 hours. Bulk density was determined by the ratio of oven dry mass of the soil to the total 

volume (volume of the core sampler). Moisture content was measured using the gravimetric 

method described by Hesse (1971). 

Soil pH was determined electrometrically in 1:2.5 soil, water suspension (10 g of soil 

saturated with 25 ml of distilled water), using a pH meter (JENCO Model-671). Electrical 

conductivity (EC) was measured from the saturated soil extract using an EC meter and was 

multiplied by a correction factor corresponding to the temperature reading taken during the 

EC reading time. Organic carbon content was determined by the wet digestion method of 

Walkley and Black (1934). Total nitrogen was measured following a Micro-Kjeldahl method 

in which total N in the soil was analysed following the process of digestion, distillation, and 

titration (Sahlemedhin & Taye 2000). Exchangeable potassium was determined using a flame 

photometer (US Salinity Lab, 1954). Cation exchange capacity was determined by the neutral 

ammonium acetate extraction method (Jackson 1962). Exchangeable bases (K, Na, Ca, and 

Mg) in the ammonium acetate filtrates were measured and cation exchange capacity 

determined according to Schollenberger and Simon (1945), using an atomic absorption 

spectrophotometer (Table 2).  
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   Figure 5. Measuring teff biomass yield (left) and harvested field drying (right). 

                   Table 2. Soil parameters measured and analysis methods used. 

Soil parameters Method 

Bulk density Core method 

Moisture content Gravimetric (direct method) 

pH (1:2.5) soil to distil water Glass electrode pH meter 

Electrical conductivity (ECe) Paste saturation 

Organic carbon Wet oxidation method 

Total nitrogen Micro Kjeldahl digestion  

Available phosphorus Olsen 

Cation Exchange Capacity (CEC) Ammonium acetate  

Exchangeable bases (Ca++, Mg++, Na+, K+) Sodium acetate 

2.5 Statistical analysis 

Descriptive statistics, including mean and percentages, of teff crop and soil parameters were 

calculated to quantify the treatment response. The data obtained from the agronomy and soil 

parameters was subjected to a one-way analysis of variance (ANOVA) and the significant 

difference of the treatment means compared at p ≤ 0.05 with Tukey’s studentized range 

(HSD) test using SAS statistical software (2017). This software was also used to analyse 

correlations between soil and plant parameters. 

 

3. RESULTS AND DISCUSSION  

3.1 Bio-slurry analysis result 

The analysis of the chemical composition of bio-slurry (Table 3) showed that the nutrient 

content was within the range given in the literature (Gupta 1991; Jeptoo et al. 2013), which is: 

1.03-3.2% N, 0.82-1.8% P and 0.8-3.6% K. Research has shown that the nutrient content of 

bio-slurry mostly varies with feed type (Gupta 1991; Jeptoo et al. 2013). 
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    Table 3. Chemical composition analysis of bio-slurry applied. 

Bio-slurry parameters 

pH % Total nitrogen % Total phosphorus % Total potassium % Organic carbon 

7.84 1.43 1.05 1.81 33.45 

3.2 Agronomy performance 

   3.2.1 Biomass 

Teff biomass yield was significantly influenced (p < 0.001) by treatments (Table 4). The 

highest biomass yield (8,652.1 kg/ha) was obtained from a treatment plot of N2P2S2 (urea 46 

kg/ha, diammonium phosphate (DAP) 46 kg/ha and bio-slurry 12 tons/ha), while the lowest 

biomass (3,146.7 kg/ha) was obtained from the control plot (Table 4). There was a general 

increase in biomass yield with an increasing level of nitrogen and bio-slurry rate (Table 5; 

Fig. 6). The increase was 144.7% compared to the control, but a significant difference 

between 9 and 12 tons/ha of applied bio-slurry was only found where the highest levels of 

inorganic nitrogen and phosphorus fertilizer were used (Table 4; Fig. 6). Similar results were 

reported by Wato (2019), Haftom et al. (2009) and Berhe et al (2017), who found that the 

highest biomass yield was obtained by applying high N. The highest teff biomass yield 

achieved by Haftom et al. (2009) was 4,724.07 kg/ha in response to an application of 69 kg 

N/ha. 
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Figure 6. The effect of bio-slurry application on teff biomass with or without different levels 

of inorganic N and P fertilizers in kg/ha.  

3.2.2 Straw 

Straw yield was significantly affected (p ≤ 0.001) by the different fertilizer treatment levels 

(Table 4). The highest straw yield was obtained in response to applying a full dose of 

fertilizer N2P2S2 (Table 4). This treatment gave straw yield which was 154.5% higher than the 

control plots (Table 5). This study is in line with the findings of Haftom et al. (2009), who 

reported that straw yield rose with an increasing rate of nitrogen application. 
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Table 4. Mean values of plant parameters in different fertilizer treatments. Variable means followed by the same letters are not significantly 

different (p≤0.05). MSD: minimum significant difference, CV: coefficient of variance.    

 

 

Treatments 
Fertilizer inputs Biomass yield  

(kg/ha) 

Straw yield  

(kg/ha) 

Grain yield 

(kg/ha) 

Plant height  

(cm) 

No of 

 tillers 

Spike length 

(cm) Nitrogen 

(kg/ha) 

Phosphorus 

(kg/ha) 

Bio-slurry 

(tons/ha) N0P0S0 0 0 0 3,146.7e 2,083.5e 1,063.2c 64.47a 1.7b 21.9a 

N0P0S1 0 0 9 3,535.2e 2,143.2e 1,392c 61.4a 1.7b 23.7a 

N0P0S2 0 0 12 4,005.9ed 2,567.5de 1,438.4c 61.07a 2.7ab 22.0a 

N1P1S1 23 23 9 5,254.4 cd 3,310.8cd 1,943.7b 76.53a 2.0ab 24.8a 

N1P1S2 23 23 12 5,848.1cb 3,784.1bc 2,064b 67.2a 2.3ab 23.2a 

N1P2S1 23 46 9 6,396.8cb 3,979.8bc 2,417b 75.87a 2.3ab 27.1a 

N1P2S2 23 46 12 6,499.7cb 4,098.9bc 2,400.9b 71.47a 2.3ab 25.0a 

N2P1S1 46 23 9 6,633.9b 4,328.8bc 2,305.1b 80.2a 2.7ab 27.4a 

N2P1S2 46 23 12 6,701.0b 4,380.1b 2,320.9b 78.27a 2.0ab 26.1a 

N2P2S1 46 46 9 6,598.7b 4,367.0b 2,231.7b 77.53a 2.3ab 24.3a 

N2P2S2 46 46 12 8,652.1a 5,454.3a 3,197.8a 77.73a 3.3a 27.5a 

MSD (0.05)    1,275 1,026 474.83 23.526 1.5 8.15 

P-value    <0.001 <0.001 <0.001 0.042 0.032 0.179 

CV (%)    7.6 9.6 7.9 11.2 22.7 11.25 
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Table 5. Percentage increment of teff yield and plant components in reference to control. 

3.2.3 Grain yield 

Grain yield of teff was significantly variable (p ≤ 0.001) between treatments (Table 4). The 

highest teff grain yield (3,197.8 kg/ha) was obtained with the full dose of combined 

fertilizer application (Table 4), which was 129.73% higher than the control plot (Table 5). A 

significant difference between 9 and 12 tons/ha of applied bio-slurry was only found where 

the highest levels of inorganic nitrogen and phosphorus fertilizer were used (Table 4; Fig. 

7).  

In Ethiopia, the national average yield was reported 1.664 tons/ha (CSA, 2020). This is only 

half of the maximum grain yield attained in the present study. Berhe et al. (2017) reported a 

teff grain yield of 2.803 tons/ha and Fenta (2018) found a 64% increase in wheat yield, in 

both cases in response to application of blended fertilizer at high rates. This is in line with 

the present study. 
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Figure 7. The effect of bio-slurry application on teff yield with or without different levels of 

inorganic N and P fertilizers in kg/ha.  

Treatments 

Fertilizer inputs 
Biomass yield 

increase  

(%) 

Straw yield 

increase 

 (%) 

Grain yield 

increase  

(%) 

Plant 

height 

increase 

 (%) 

Nitrogen 

(kg/ha) 

Phosphorus 

(kg/ha) 

Bio-slurry 

(tons/ha) 

N0P0S0 0 0 0 0.00 0.00 0.00 0.00 

N0P0S1 0 0 9 12.35 2.87 30.93 -4.76 

N0P0S2 0 0 12 27.30 23.23 35.29 -5.27 

N1P1S1 23 23 9 66.98 58.91 82.82 18.71 

N1P1S2 23 23 12 85.85 81.62 94.13 4.23 

N1P2S1 23 46 9 103.29 91.02 127.33 17.68 

N1P2S2 23 46 12 106.56 96.73 125.82 10.86 

N2P1S1 46 23 9 110.82 107.77 116.81 24.40 

N2P1S2 46 23 12 112.95 110.23 118.29 21.41 

N2P2S1 46 46 9 109.70 109.60 109.90 20.26 

N2P2S2 46 46 12 144.74 154.49 129.73 26.60 
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3.2.4 Tillers 

The variation in the number of tillers per plant was significantly different between 

treatments (p = 0.032). The highest numbers of tillers, 3.3 tillers per plant, were obtained 

from plots with the full dose rate of combined fertilizer application, but this mean was only 

significantly different from two other treatment means; the control and N0P0S1 (Table 4). 

This finding agrees with the studies of Haftom et al. (2009) and Fenta (2018) who reported 

that the application of high rates of blended fertilizer brought asignificant increase in total 

tillers per plant. 

3.2.5 Plant height 

The variation in plant height was significantly different between treatments (p = 0.043). 

Plant height ranged between 61.1 and 80.2 cm. There was a positive trend between plant 

height and increased fertilizer inputs, but mean variations were too small to be significantly 

different (Table 4). 

3.2.6 Spike length 

Spike length in different fertilizer treatments did not show significant variation (p = 0.179).  

The spikes grew longer with a full combination of fertilizer inputs compared to the control, 

but the difference was too small to be significant (Table 4). 

3.2 Soil analysis results 

The composite soil samples analysed from the research site, prepared before crop sowing, 

had pH of 6.58, total N of 0.11%, available P of 4.68%, exchangeable K of 0.1% and 

organic carbon of 1.09%. 

3.2.1 Soil bulk density and moisture content 

Soil bulk density was in the range of 1.2-1.38 g/cm3 and varied significantly between 

treatments (P < 0.001). Control plots and those with low input of bio-slurry had the highest 

bulk density (Table 6; Fig. 8). Treatments with the highest level of bio-slurry lowered soil 

bulk density significantly (Table 6; Fig. 8). This finding was in line with the studies of 

Majajah and Dhyan (2001) and Khan et al. (2010) who reported that farmyard manure has 

advantages in improving moisture content with a subsequent decrease in bulk density and 

increased infiltration rate of water as well. 
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Figure 8.  The effect of bio-slurry application on soil bulk density with or without different 

levels of inorganic N and P fertilizers in kg/ha.  

The soil moisture content ranged from 31.2% to 43.4% and varied significantly between 

treatment plots (P < 0.001), generally rising with the level of fertilizer inputs (Table 6; Fig. 

9). Soil moisture content within the full dose treatment was significantly higher than for all 

other treatments, except one, and all treatments had significantly higher soil moisture 

content than the control (Table 6; Fig. 9). 

 

Figure 9.  The effect of bio-slurry application on soil moisture content with or without 

different levels of inorganic N and P fertilizers in kg/ha.  

3.2.2 Soil pH and electrical conductivity 

Neither soil pH nor soil electrical conductivity showed significant variations by fertilizer 

treatment (p = 0.782 and p = 0.563, respectively). Although control plots were slightly more 

acidic at pH 6.53 than fertilizer treated plots, which were in the range of pH 6.83 to pH 7.26, 

the difference was not significant (Table 6). Soil electrical conductivity ranged between 0.36 
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and 0.75 dS/m, and most of the variation was within fertilizer treatments, but not between 

treatments (Table 6). 

3.2.3 Organic carbon, total nitrogen, and available phosphorus 

Soil organic carbon content ranged from 0.88% to 1.28% and did not vary significantly 

between treatments (p = 0.562). There was no indication that the bio-slurry applications 

altered the soil organic carbon content of the experimental plots (Table 6). 

Total N content of the soil was between 0.07 and 0.43 mg N/kg and did not vary 

significantly between treatments (p = 0.509). The lowest N content was found in the soil of 

control plots and the highest value was found in treatments with the highest level of bio-

slurry without inorganic N and P, N0P0S2 (Table 6). Despite these large differences, the 

variability between replicates was too large to allow for significant mean differences. 

Available soil P, however, was significantly variable between treatments (p < 0.001). 

Treatments either with the highest level of inorganic P or bio-slurry, or both, significantly 

raised soil available P above the control treatment where no fertilizer was applied (Table 6). 

This result is in agreement with the findings of Thamaraiselvi et al. (2012), who reported 

that the highest concentration of available soil phosphorus was achieved from the combined 

application of 15 tons/ha farmyard manure with 100 kg P/ha diammonium phosphate as 

compared to control. 

3.2.4 Exchangeable bases and cation exchange capacity 

None of the soil exchangeable bases tested, K+, Na+, Ca2+ and Mg2+, showed significant 

variation between treatments (p = 0.497, 0.795, 0.790 and 0.179, respectively). The values 

did not show any clear trend with treatments and in none of the cases were the lowest values 

found in control plots (Table 6). 

Soil cation exchange capacity did not vary significantly between treatments (P = 0.096). 

Furthermore, the results did not show any clear trend with treatments (Table 6).  

3.2.5 Correlation between soil and plant parameters 

Analysis of the relationship between soil and plant parameters showed that soil bulk density 

was negatively correlated with plant biomass, grain yield and straw yield (Table 7). The 

correlation between teff yield and bulk density shows that, as the compaction of the soil 

increased, the teff grain yield decreased following the regression equation Y= -4993.1x + 

8552.4, where x indicates soil bulk density, at R2 = 0.2374 (Fig. 10). For example, teff grain 

yield was reduced by around 1000 kg/ha as soil bulk density rose by 0.2 g/cm3 (Fig. 10).  

 



GRÓ Land Restoration Training Programme 2021 

15 
 

y = -4993.1x + 8552.4
R² = 0.2374

0.0

500.0

1000.0

1500.0

2000.0

2500.0

3000.0

3500.0

4000.0

1.15 1.2 1.25 1.3 1.35 1.4 1.45

Te
ff

 g
ra

in
 y

ie
ld

 (
kg

/h
a)

Soil bulk density (g/cm3)

 

Figure 10. Correlation between soil bulk density and teff grain yield. The equation of the 

regression line is shown, along with the fraction of teff grain yield explained by soil bulk 

density (R2). 

Soil moisture content, however, was positively related to plant biomass, grain yield, straw 

yield, and the number of tillers per plant (Table 6). The correlation between teff yield and 

soil moisture content showed a positive linear relationship. As the soil moisture content 

increased, the teff yield also increased (Fig. 11), following the regression equation of Yteff 

yield = 116.11x – 2278.5, where x indicates soil moisture content, at R2 = 0.5171. 

The analysis showed, for example, that as soil moisture content rose by a difference of 10%, 

teff grain yield rose by over 1000 kg/ha (Fig. 11). 
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Figure 11. The correlation between soil moisture content and teff yield. The equation of the 

regression line is shown, along with the fraction of teff grain yield explained by soil 

moisture content (R2). 

The amount of available P in the soil was also positively correlated to plant biomass, grain 

yield and straw yield (Table 6). The correlation between teff biomass and available 
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phosphorus showed a positive linear relationship; as the availability of phosphorus to the 

plant increased, the teff biomass yield also increased (Fig. 12) following the regression 

equation of Yteff yield = 198.23x + 2477.9, where x indicates available P at R2= 0.3406. 

This relationship indicates that for every 1 mg increase of available P per kg of soil, the total 

above ground plant biomass increases by around 200 kg/ha (Fig. 12). 
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Figure 12. The correlation between teff biomass and available phosphorus. The equation of 

the regression line is shown, along with the fraction of teff grain yield explained by soil 

available phosphorus (R2). 

In addition to the above specified correlations, a few other significant correlations were 

found. Teff grain yield was negatively correlated with soil exchangeable K+, the number of 

tillers was positively correlated with soil pH, and the number of tillers per plant were 

negatively correlated with soil cation exchange capacity (Table 7). 
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Table 6. Mean values of soil physical and chemical properties in different plots of fertilizer treatments. Variable means followed by the same 

letter are not significantly different (p≤0.05). EC: soil electrical conductivity, CEC: soil cation exchange capacity, MSD: minimum significant 

difference, CV: coefficient of variance. 

 

Treatments Fertilizer inputs Soil physicochemical laboratory result 

Nitrogen  

(kg/ha) 

Phosp-

horus 

(kg/ha) 

Bio-

slurry 

(tons/ha) 

Bulk 

density 

(g/cm3) 

Moisture 

content 

(%) 

pH EC 

(dS/m) 

Organic 

C % 

Total N 

% 

Avail-

able P 

(mg/kg) 

CEC 

(meq/ 

100g) 

Exch. 

K+ 

(cmol 

/kg) 

Exch. 

Na+ 

(cmol 

/kg) 

Exch. 

Ca2+ 

(cmol 

/kg) 

Exch. 

Mg2+ 

(cmol 

/kg) 

N0P0S0 0 0 0 

1.38a 31.23e 

6.53
a 0.47a 1.02a 0.07a 7.36b 22.33a 2.90a 3.22a 5.07a 2.53a 

N0P0S1 0 0 9 

1.31bcd 34.71d 

6.91
a 0.47a 0.98a 0.09a 11.51ab 18.67a 2.61a 3.31a 5.2a 2.4a 

N0P0S2 0 0 12 

1.31bcd 35.87cd 

7.26
a 0.75a 1.28a 0.43a 16.87ab 21.6a 2.88a 3.65a 5.47a 4.73a 

N1P1S1 23 23 9 

1.3cde 37.33c 

6.96
a 0.36a 0.88a 0.13a 16.16ab 20.73a 2.49a 3.07a 4.4a 3.2a 

N1P1S2 23 23 12 

1.24ef 40.53b 

7.05
a 0.43a 0.96a 0.12a 17.49a 20.33a 2.72a 3.74a 5.47a 3.0a 

N1P2S1 23 46 9 

1.37ab 34.87d 

7.02
a 0.46a 1.06a 0.14a 20.43a 20.4a 2.64a 3.13a 5.13a 2.87a 

N1P2S2 23 46 12 

1.25def 41.83ab 

6.86
a 0.37a 0.99a 0.13a 21.07a  20.07a 2.58a 3.46a 5.27a 3.8a 

N2P1S1 46 23 9 

1.32abc 35.23d 

6.83
a 0.46a 0.97a 0.09a 15.29ab 20.13a 2.77a 4.12a 5.53a 2.53a 

N2P1S2 46 23 12 

1.24ef 41.07b 

6.88
a 0.43a 1.11a 0.17a 20.32a 22.27a 2.67a 3.81a 4.73a 3.67a 

N2P2S1 46 46 9 

1.36ab 35.93cd 

6.88
a 0.41a 1.00a 0.11a 17.54a 18.53a 2.71a 3.18a 4.27a 3.0a 

N2P2S2 46 46 12 

1.21f 43.4a 

6.94
a 0.43a 0.91a 0.12a 17.64a 18.47a 2.54a 3.37a 5.07a 2.27a 

MSD (0.05)    0.061 1.9 1.13 0.57 0.57 0.51 9.64 5.04 0.68 2.15 2.74 2.96 

P-value    <0.001 <0.001 0.78

2 

0.563 0.50 0.509 0.002 0.096 0.497 0.795 0.790 0.179 

CV (%)    1.6 1.8 5.59 42.99 19.22 119.3 19.99 8.49 8.63 21.26 18.6 32.76 
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Table 7. Correlation analysis of the variables of teff parameters and soil properties. P value: -***: p<0.01, **: p=0.001, *: p<0.05, ns: non-

significant. 

 

Soil parameters 

Plant parameters 

Plant biomass 

(kg/ha) 

Teff grain yield 

(kg/ha) 

Straw yield 

(kg/ha) 

No of tillers per 

plant 

Plant height 

(cm) 

Spike length 

(cm) 

Bulk density (g/cm3) -0.46368 ** -0.48719 ** -0.43912 * -0.28234 ns -0.15688 ns -0.23177 ns 

Moisture content %  0.69932 ***  0.71910 ***  0.67102 ***  0.38361 *  0.24094 ns  0.24278 ns 

Soil reaction (pH)  0.10701 ns  0.08902 ns  0.11439 ns  0.36685 * -0.05287 ns -0.20148 ns 

Electrical conductivity (dS/m) -0.25064 ns -0.25960 ns -0.23945 ns  0.07900 ns -0.25329 ns -0.18134 ns 

Organic C % -0.12270 ns -0.18363 ns -0.08570 ns  0.16141 ns -0.08528 ns -0.10691 ns 

Total N % -0.07406 ns -0.10544 ns -0.05474 ns  0.22098 ns -0.12354 ns -0.15001 ns 

Available P (mg/kg)  0.58361 ***  0.58872 ***  0.56634 ***  0.31258 ns  0.23211 ns  0.26357 ns 

Cation exchange capacity (meq/100g) -0.31341 ns -0.28400 ns -0.32206 ns -0.39609 * -0.15058 ns -0.28614 ns 

Exchangeable K+ (cmol/kg) -0.28343 ns -0.35003 * -0.23930 ns  0.04356 ns -0.20792 ns -0.10713 ns 

Exchangeable Na+ (cmol/kg)  0.16357 ns  0.07825 ns  0.20710 ns  0.17037 ns  0.00319 ns  0.11920 ns 

Exchangeable Ca2+ (cmol/kg) -0.07885 ns -0.12845 ns -0.04926 ns  0.05877 ns -0.17819 ns -0.07019 ns 

Exchangeable Mg2+ (cmol/kg) -0.11900 ns -0.10059 ns -0.12632 ns  0.05760 ns -0.11279 ns -0.09577 ns 
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4. GENERAL DISCUSSION  

In general, the application of organic fertilizers in combination with inorganic fertilizer has 

been shown to be advantageous for agriculture and horticulture on a global scale (Abedi et al. 

2010; Wu & Ma 2015). The present results are in line with these findings, providing 

opportunities for using existing resources and technology to improve yields and people’s 

livelihoods. An efficient use of resources for nutrient management may help to restore 

degraded soils, provide food security, and thereby eradicate world hunger (FAO 2021).  

Many organic fertilizers have been shown to supply the required plant macro and 

micronutrients, improve soil structure, increase microbial populations and at the same time 

promote root function and plant growth (Dauda et al. 2008; Muhmood et al. 2014; Wu & Ma 

2015). In addition, organic fertilizers in general appear to reduce nitrogen losses from 

inorganic fertilizers through microbial and chemical processes (Arshad et al. 2004). This may 

explain why the benefits of inorganic fertilizer levels for teff yield were significantly greater 

with a combined application of high rates of bio-slurry in the present study.  

Although the present study does not provide data for the long-term effects of the application 

of bio-slurry on teff productivity and soil fertility, other studies show wide benefits of 

increased use of organic fertilizers (Wu & Ma 2015). These include: an increase in soil 

organic matter, reduced soil erosion and improved soil health, an increase in soil nutrient 

availability, reduction in nutrient losses and reduction in the release of greenhouse gasses 

from soils (Pavlou et al. 2007; Wu & Ma 2015). 

It is therefore likely that the use of locally sourced organic fertilizers, in combination with 

inorganic fertilizers, could raise yields of teff and other crops in the Tigray region and 

elsewhere in Ethiopia. In the long run, this could also help to restore degraded agricultural 

soils and provide a pathway to stabilize both natural ecosystems and human communities. 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

The results show that bio-slurry is an effective organic fertilizer that enhances soil fertility to 

improve crop production and soil physical and chemical properties. The yield data of teff 

crops showed best yields when the application of bio-slurry was combined with mineral 

fertilizers. The results most importantly confirm that the application of bio-slurry supplies 

organic matter and required plant nutrients that promote plant growth and at the same time 

restore soil fertility. 

Further studies are needed to evaluate the long-term effects of bio-slurry application on crop 

yield and agricultural soils. The indications are that, in the long run, the use of inorganic 

fertilizers could be further reduced in combination with bio-slurry application. 

At this stage, the following recommendations can be given: 

 Locally available organic fertilizers which are safe and cost effective should be identified 

and utilized. These could be tested on-farm, providing the yield results for farmers. 

 Promotion of awareness is urged for farmers and stakeholders along the value chain, as 

well as for policy makers, researchers, and extension worker regarding good management 

practices of bio-slurry use for soil amendment. 

 Finally, the findings of this study are limited to one season, one soil type and a specific 

agroecology. To validate these findings and establish recommended rates of combined 

applications of bio-slurry and inorganic fertilizers, further trials are required under wider 

conditions along with detailed cost benefit analysis. 
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