
 

Integrated Plant Nutrient Management in crop production in the Central Ethiopian 

highlands.  

Ethiopia is located in east Africa between 30 N and 150 N latitudes and 330 E and 480 E 

longitudes. The country covers an altitude range from 126 meters below sea level to 4620 

m.a.s.l.. Ethiopia has an area of 1.13 million km2 and occupies a huge landmass of Africa 

(FAO, 2003). Characteristically it has a rugged landscape, from a highland complex of 

mountains and bisected plateaux at the heart to torrid plains. Though the country is found in 

the tropics, the highlands enjoy temperate and tropical climates. The altitude modifies the 

temperatures and the annual average is seldom higher than 200C. Most of the highlands have  

rainfall in the range of 600 to 2700 mm. 

 

The study site 

The sites for this thesis work were in central Ethiopian highland, Oromiya Regional State, 

East and West Shawa zones, Ada Liban, Wolmera and Dendi districts (8°48' N, 39°38' E; 

9005’ N, 38030’E; 09003' N, 38030' E).  The topography of the sites at Ada Liban district 

varied from flat land to gentle slope. Holetta station in Walmera district has a gentle sloping 

landscape whereas at Gare Area in Dendi district the landscape is more undulating than the 

other sites. The altitude of the site at East Shawa was about 1800 m. a. s. l., whereas, Holetta 

and Gare Arera were 2400 and 2200 m. a. s. l., respectively. The rainfall pattern at all 

locations was bimodal.  
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Justification of the study 

The Ethiopian highlands are one of the hotspots on the African continent with regard to food 

production and in the struggle to preserve the natural resource base (FAO, 2003). The 

Ethiopian highlands cover 95% of the cropped area in Ethiopia and contain almost 85% of the 

Ethiopian population.  

 

The cropped area is subject to severe losses of nutrients through soil erosion and by removal 

of dung and crop residue for fuel. Nutrient balance calculations for countries by Stoorvogel 

and Smaling (1990) showed that Ethiopia was among the countries with the highest rates of 

net nutrient losses. The annual nutrient deficit is estimated at -41 kg N, -6 kg P and -26 kg K 

ha-1. 

 

In the Ethiopian highland soil loss due to water erosion is about 1493 million ton per annum 

as estimated by Hurni (1993). Of this, nearly half is estimated to come from cultivated fields, 

which account for only about 13% of the country’s total area. These losses will inevitably 

cause yield decreases unless appropriate measures are taken.  

Population growth rate is high and by the year 2020 is expected to exceed 110 million, which 

is about a doubling of the current population. If present production trends remain unchanged, 

Ethiopia will face a food deficit. However, this negative trend can be reverted if appropriate 

measures are taken. 

Most Ethiopian soils are deficit in nutrients, especially nitrogen and phosphorus and fertilizer 

application has significantly increased yields of crops (Asnakew et al., 1991, Tekalign et al., 

2001). 

 

However, despite the potential for increasing yields and farm income by the use of fertilizer, 

many small scale and poor farmers do not have the resources to make use of fertilizer for 

various reasons.  

 

Moreover, though fertiliser use in Ethiopia has increased notably since 1990, there is no 

concomitant yield increase especially in tef [Eragrostis tef (Zucc.) Trotte]. Tef is a major 

staple crop in Ethiopia and cultivated on about two million hectares of land covering about 

30% of the area under cereals. In the central highlands 70 to 80 % of the inorganic fertilizer 

purchased by the smallholders is known to be applied to tef.  However, since the 1980, tef 
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yields have almost stagnated, probably due to the occurrence of accelerated soil erosion and 

lack of appropriate cultural practices on farmers’ fields (Fufa et al.2001, Mulat et al, 1998). 

 

Hence, it is important to understand these constraints and develop low cost technologies that 

focus on development of appropriate Integrated Plant Nutrient Management (IPNM) for the 

Ethiopian highlands. Integrated Plant Nutrient Management is based on the principles i) 

optimising the use of organic fertiliser ii) supplementing with mineral fertiliser when needed 

and iii) minimising losses of nutrients. IPNM is not only concerned with good agronomy, but 

its success is highly dependent on economic, social and institutional issues (Dudal 2002; 

IFPRI 2000; Ragnar et al. 1999).  

 

The objectives  

The overall objective of this research was to understand the dynamics of soil nutrients and 

their management at farm level and to develop participatory plant nutrient management 

options for sustainable production.  

 

Approach 

The study employed different approaches: household survey with formal questionnaire, focus 

group discussion, interviews, household nutrient flow monitoring, participatory on farm 

experiments, on farm experiment, on-station field and greenhouse experiments. 

 

Participatory nutrient flow monitoring 

Quantitative analysis of nutrient-flow processes at farms of different socio economic levels 

was carried out to identify hotspots of soil nutrient depletion and suggest options for soil 

nutrient maintenance in Gare Arera farming systems. 

 

 Participatory on-farm experiments 

Three participatory on-farm experiments were carried out. The first experiment was carried 

out to identify, characterize and evaluate the organic nutrient sources available in Gare Arera. 

The second experiment evaluated the performance of conservation tillage in tef and wheat in 

Vertisol and Nitosol in Gare arera. 

The third experiment was carried out to monitor the N use efficiency of urea fertilizer applied 

to tef under farmers’ management in East Shawa zone. 
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On-station experiment 

 A field experiment was carried out to evaluate mustard meal as a source of N on tef at 

Holetta.  

 

Greenhouse experiments 

A series of greenhouse experiments was carried out to study the effect of key factors on 

fertilizer N use efficiency (FNUE) of tef.  

 

Summary of findings 

Nutrient balance at farm, soil fertility class and crop levels (paper 1) 

The result of the nutrient flow and balance study showed significant difference in nutrient 

inputs outputs and balances between farms and within a farm.  One important finding was that 

it matters at which scale nutrient balance is studied. The nutrient balance at the farm level was 

more positive than at the plot and crop levels. The reason was that nutrients accumulated in 

deposition sites in the vicinity of the homestead. The nutrient balance at farm level was  –9 kg 

N, +11 kg P and +62 kg K ha-1 yr –1. Among the farms, N was more depleted on poor 

households farms due to low input. The balance in different soil fertility group classes varied 

from –20 to –185 kg N ha-1, from +11 to –83 kg P ha-1 and from  +23 to –245 kg K ha-1 yr-1.  

 

The highest depletion was on very poor fertility soils as the land use of these soils was either a 

crop with low value or grazing land. Good and medium fertility soils are planted mostly with 

high value crops. Nevertheless the nutrient balance on all the crops, including tef was 

negative due to low nutrient input, high biomass removal and N losses. In all farms the most 

severe nutrient depletion was on grasslands.   

There are options for increasing nutrient input from cheap nutrient sources such as farmyard 

and manure, compost, N fixation and bone meal application. Minimum tillage, safe removal 

of excess water from cropland and gully stabilization can reduce nutrient loses. 

  

Comparative effect of urea and organic nutrient sources on tef (paper 2). 

 Major organic nutrient sources available at household level in the area were identified, 

characterised and evaluated. Application of organic material N at equivalent rate to tef on 

Nitosol and Vertisols resulted in the mean grain yield of 82 % and 99 % of urea treatment 

yield respectively. The apparent N recovery (% ANR) of urea and the organic materials was 

27 and 21 respectively. The agronomic efficiency (AE) of the organic fertilizers was similar 
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to urea on the Vertisol. The agro-ecological conditions in the study area appear favourable for 

the use of organic materials. ANR of urea was low, the surface broadcasting of urea and the 

high rainfall at time of application might have favoured N losses through different pathways.  

On Vertisol, tef was more responsive to FYM and on the Nitosol to compost. Compost 

enriched with ash could be a good choice on Nitosol while FYM performed well on Vertisol. 

Mustard meal can be applied on both soils in the vicinity of its production. The calculated 

average annual manure production per household varied from 2866 kg for poor farmers to 

11653 kg for rich farmers. N calculated based on mustard seed production in Ethiopia in 2000 

(CSA 2001) was about 580 Mg or 2.8 % of the total urea N consumption  in Ethiopia (FAO 

2004)  during the same period.  

 

Mustard meal N uptake by tef evaluated (paper 3) 

When mustard meal was evaluated as a source of N for tef on Nitosol at Holetta the AE and 

the mustard meal N use efficiency (%mmNUE) obtained with the application of 31 kg N ha –1 

was 13 kg and 34 % respectively.  

When N uptake from mustard meal and urea mixed in different ratios was studied with 15N 

technique, the mean N use efficiency from urea was 40 % and was not affected by ratio of 

mustard meal. The mean % N use efficiency from mustard meal was 22.  

 

NUE of tef monitored (paper 4)   

When the fertiliser N use efficiency (FNUE) from urea applied to tef on Vertisol and Andosol 

was monitored under farmers’ field management condition, the FNUE on Andosol was 33% 

compared to 22% on Vertisols. Higher uptake on Andosol was may be due to better soil 

drainage.  

Urea and ammonium sulphate N use efficiency of four tef varieties studied under greenhouse 

conditions on typic Eutrocrept soil showed higher % FNUE for all the tested tef varieties when 

the N source was urea compared to ammonium sulphate.  The mean  % FNUE for urea and 

ammonium sulphate was 48 and 34% respectively. When the varieties were grown on a Nitosol 

or a Vertisol and ammonium sulphate was applied, the % FNUE of the tef varieties was 61% on 

the Nitosol and 28% on the Vertisol.  

 

Option of zero and reduced tillage in tef and wheat production (paper 5) 

The study assessed agronomic and economic effect of conventional tillage (four times 

ploughing), reduced tillage (one time pass with the plough), zero tillage and Broad Bed 

 5



Furrow (BBF). Farmers’ perceptions on the methods were in addition assessed. The results 

showed that one time ploughing could be an option to conventional ploughing in tef, as there 

was no significant difference in yields and gross margin on the Vertisol. On the Nitosol, 

though there was no difference in the yield, the gross margin on minimum tillage was lower 

than the conventional. Nevertheless, the benefit of minimum tillage is not only the immediate 

economical benefit. BBF gave the highest yield of wheat on Vertisols followed by minimum 

tillage.  

 

The willingness of farmers to adopt the zero/reduced tillage was low but varied with age and 

sex. Minimum tillage is an interesting option particularly for female headed households 

because it will reduce the need to rent oxen. Reduced tillage/zero tillage will also improve 

overall productivity of the farming system because it allows partly replacing oxen with cows 

and reduces the soil erosion. 

 

Contribution of the study to Integrated Plant Nutrient Management (IPNM) in Ethiopia 

IPNM seeks both increased agricultural production and preservation of the environment for 

future generations. IPNM relies on nutrient application and conservation, new technologies to 

increase nutrient availability to plants, and the dissemination of knowledge between farmers, 

researchers and other stakeholders (IFPRI 1999, World Bank 1999). 

 

The nutrient flow analysis study in this work identified the unbalanced nutrient input and 

output and indicated the soil nutrient reserve was depleting. As reserves get depleted, crop 

growth and productivity could be compromised. The study showed that there is a scope for 

better management of organic nutrient sources.  

 

Increased agricultural production through increased nutrient application is among IPNM 

strategies. In this work the possibility for increased nutrient input from locally available 

sources to the farming system were assessed in a survey and organic nutrient sources were 

identified. The identified nutrient sources were evaluated and their effect compared with 

mineral fertilizer. Composting was introduced as new technology to increase nutrient 

availability to plants and minimize constraints connected with manure use. 

 

Conservation tillage that minimizes soil disturbance and soil erosion was studied and the 

possibility of sowing tef and wheat with minimum tillage was suggested. 
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The study showed that that there is no panacea to improved IPNM in the Ethiopian highlands. 

Choices of IPNM method depend on wealth and gender of farmers, position of the field, crops 

grown, soil type, access to manure and mineral fertilisers. All these factors vary between the 

farms.  

 

Rich and medium wealth group farmers could afford to apply mineral fertilizers and increase 

nutrient inputs from organic sources as they have more access to manure and other organic 

materials for compost production. They can apply farmyard manure on Vertisols and ash 

enriched compost on Nitosol.  

 

Poor farmers do not have many choices in the absence of a credit scheme. They have to 

increase nutrient input from cheap sources by incorporating more N fixing crops in the crop 

rotation and producing ash enriched compost.  

 

Female farmers and poor male farmers without oxen have the option to use minimum tillage 

to reduce the ploughing cost. Similarly reduced tillage can be an alternative on soils prone to 

soil erosion. Advice to farmer with regard to IPNM must try to reflect this diversity in 

farmers’ wealth and agro-ecological conditions.   

 

This study sought to involve farmers strongly in the research and development process. 

Farmers were involved in nutrient monitoring, training and in discussion forums between 

government and non-governmental representatives, researchers and farmers. IPNM requires 

intensive knowledge dissemination between farmers and other stakeholders.  

 

This study did not address the full range of factors that influence IPNM in the Ethiopian 

highlands. Further studies are needed to get a more comprehensive picture on the factors that 

influence agricultural practices and nutrient management in Ethiopia highlands. Nevertheless, 

I assume that this study should give a contribution to how future IPNM strategies could take 

into consideration local agronomic, social and economic issues.  
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