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Opening Speech  

Low soil fertility is among the various problems encountered in agriculture that caused low crop 

productivity in Ethiopia. It is to be noted that use of chemical fertilizers in Ethiopia contributed 

to crop yield increment, although there is a need for further improvement. In Ethiopia, soil 

fertility and fertilizer studies were initiated in the 1960s by undertaking fertilizer experiments by 

different actors. The application of chemical fertilizers is the practice applied at scale to date, 

especially on nitrogen (N) and phosphorus (P). However, due to depletion of nutrients by their 

continuous uptake by crops without replacing them as well as because of loss of plant nutrients 

by water erosion, the essential plant nutrients other than N and P have become limiting factors 

for crop production in most part of the country.  As a strategy   to contribute to the Growth and 

Transformation Program (GTP1) of our country, "Soil Fertility Status and Fertilizer 

Recommendation Atlas" have been developed by Agricultural Transformation Agency (ATA) 

and Ministry of Agriculture (MoA) for four regions in the country. The atlas of Tigray Region 

was published in 2014 containing soil fertility status and fertilizer recommendations at Woreda 

and Kebele levels. Experiments to determine rates of the recommended fertilizer types were 

being conducted by different federal and regional research institutions as well as by universities 

to rectify the recommendation domains.  

The Tigray Agricultural Research Institute organized this National Workshop on „The Role of 

Blended Fertilizers in Enhancing Productivity and Quality of Crops in Ethiopia‟ to be held 

during these two days. The workshop is initiated with the intention of evaluating the research 

results being conducted by the different institutions, thereby to summarize and publish the 

findings so that the recommendations will be useful for smallholder farmers to increase crop 

productivity in Tigray as well as in the country.  Taking this into consideration, I expect that this 

workshop will achieve the intended goals and declare that the workshop is officially open. 

 

Atinkut Mezgebu (PhD) 

Head, Tigray Bureau of Agriculture and Rural Development  
Mekelle, Ethiopia 
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Foreword 1 

Tigray Agricultural Research Institute (TARI) convened this national workshop on blended 

fertilizer with a theme „The Role of Blended Fertilizers in Enhancing Productivity and Quality of 

Crops in Ethiopia‟ at Mekelle from 07-08 June 2019. The event was very colorful. Participants 

were drawn from four Universities in Tigray (Mekelle, Axum, Adigrat and Raya), Technical 

Vocational Education and Training (TVETs), Regional Agricultural Research Institute (TARI, 

Amhara Agricultural Research Institute, Afar Pastoral and Agro-pastoral Research Institute), 

Ethiopian Institute Agricultural Research (EIAR), Ministry of Agriculture and Natural 

Resources, Ethiopian Agricultural Research Council Secretariat (EARCS), GiZ, OCP and 

International Crop Research Institute for the  Semi-Arid Tropics (ICRISAT). The main focus 

was how to deliver the right fertilizer to Ethiopian farmers. What we have gone through our 

research approaches was for multiplier effect, harmony, integration, synergy and partnership and 

the way forward for enhancing integrated soil fertility management (ISFM) in support of 

agricultural transformation. Soil fertility and soil health for sustainability should be incorporated 

in fertilizer recommendations. The workshop was officially opened by the Guest of Honor, H.E. 

Dr Atinkut Mezgebo, Head, Tigary Bureau of Agriculture and Rural Development.  

Main issues discussed include: 

1. Keynote address by Prof. Mitiku Haile (MU) 

2. Iinvited papers by Dr. Tilahun Amede (ICRISAT) and Dr. Selamyihun Kidanu (OCP) 

3. Twenty three Scientific papers of which 18 and 5 were oral and  poster sessions 

respectively were presented 

4. Plenary discussion on the way forward 

Major outputs:  

1. This proceeding summarises, consolidates and synthesizes the deliberations. 

2. Platforms local to international levels 

3. Capacity building 

4. Linkage  between research and development 

5. Site-specific and wider area recommendation to be packaged 

This workshop and its output as a proceeding will add value to the nation wide initiative on 

delivering the right information, share data and continue building on existing knowledge, and 

fruitful collaboration and partnership at all levels. 

Abbadi Girmay Reda (PhD) 

Director General 

Tigray Agricultural Research Institute 

Mekelle, Ethiopia 
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Foreword 2 

Addressing food and nutrition security, climate resilience and agricultural transformation 

requires investments on knowledge and technology development. To this effect, Tigray 

Agricultural Research Institute (TARI) has been involved in adapting, generating and promoting 

agricultural technologies that enhance food security, supply inputs to agro-industries and 

generate foreign currency. TARI has five technical research Directorates (Natural resource 

research, Crop research, Livestock research, Socio-economics and extension and Agricultural 

mechanization and rural energy research) involving in different research agendas to sustain 

supply of agricultural technologies.  

Natural resources research directorate (NRRD) is conducting research activities in different agro-

ecologies and farming systems organized by five research processes: Soils research; Irrigation, 

drainage and water harvesting; Forestry and agroforestry; Soil and water conservation;  

Watershed, GIS and Agro-meteorology. Under the soils research program, the two Soil Research 

Centers based in Mekele and Shire and soil research case team based in Humera are undertaking 

different research activities. Development of soil test based fertilizer recommendation packages 

for major crops and soil types, improving utilization of organic and bio fertilizers, salt affected 

soils, Vertisols and acid soils management are among the focus areas for soils research.  

As part of the Growth and Transformation Program, government has shown commitment to 

support soil based fertilizer application through development of atlas for soil fertility status and 

fertilizer recommendation. Soil research program under TARI was expected to identify rates for 

the recommended blended fertilizers based on the atlas. Accordingly, soil researchers were 

engaged in indentifying rates of different blended fertilizers on major crops for the last four 

years. As a result, national workshop has been organized with a theme „The Role of Blended 

Fertilizers in Enhancing Productivity and Quality of Crops in Ethiopia‟ at Mekelle from 07-08 

June 2019 as output of the last four years endeavour. Papers presented in the workshop are 

published on a proceeding and will be distributed to end users and stakeholders for further value 

addition in the arena of soil research. 

Kinfe Mezgebe 

Director, Natural Resources Research Directorate 

Tigray Agricultural Research Institute 

Mekelle, Ethiopia 
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Preface  

Declining soil fertility is among the major crop constraint that limits productivity and production 

in Ethiopia. This could be due to poor crop rotation practices, inefficient soil and water 

conservation undertakings and absence of site specific soil test based fertilizer applications. For 

this reason, ATA and MoA investigated the soil fertility status and mapped nutrient levels to 

formulate the required type of blended fertilizers. Research institutes are also trying to validate 

the respective recommended blended fertilizers types and rates for specific sites and crops. 

Aligned with this, the Agricultural Growth Program (AGP-II) supported in undertaking blended 

fertilizer experiments by Mekelle and Shire Soil Reseach Centers since 2017. This proceeding 

has included the results of research works on blended fertilizers by the Soil Research Centers as 

well as by other research institutes and universities. Agricultural Growth Program (AGP-II) has 

financially supported to undertake the workshop on blended fertilizer and to publish this 

proceeding. 

Therefore, as AGP-II coordinator for research, I would like to thank the researchers and 

presenters that have been dealing with validating the blended fertilizer and come up with the 

results. I would also like to recommend the policy makers to use the output of this proceeding to 

revise the strategy on fertilizer recommendations. 

 

Desalegn Emuru Yeibyo 

Tigray Agricultural Research Institute 

Coordinator, AGP-II, Research Component  
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Keynote Addresses  

Cherishing Ethiopian Soils for Sustainable Agricultural Production: Healthy Soils for 

Healthy and Productive People 

 

Mitiku Haile /Professor/ 

 

Mekelle University, P.O. Box 231, Mekelle Ethiopia 
Correspondence: gualmitiku@yahoo.com 

Keynote address delivered at the National Workshop on Blend Fertilizer to Enhance Productivity and 

Quality of Crops. 

Organized by Tigray Agriculture Research Institute. 

7-8 June, 2019 

Mekelle, Tigray 

 

Background 

This keynote address is based on the reports made by Professors Mitiku Haile and Eric Smaling 

at the Adama workshop held on 17 October 2017 and in Hawassa on 22 September 2018 that 

discussed on issues and constraints of blend fertilizers recommendations and a snapshot of 

national achievements in approaching soil fertility, fertilizer blending and the agronomic 

efficiency of fertilizers, respectively.  

According to the 1984 Provisional Soil Association Map of FAO, Ethiopia is endowed with 

diverse agroecologies and soils. Although estimates vary with survey scale, major agricultural 

soil groups are Leptosols 17%, Nitosols 12%, Cambisols 11.6%, Regosols 10.9%, Vertisols 

10%, Fluvisols 8% and Luvisols 6%. 

Soils of Ethiopia are constrained due to several attributes but the major ones are: low 

productivity of soils that require special attention (Vertisols, acidic soils, salt affected soils, 

shallow soils, soils with low organic matter content), inappropriate irrigation methods that 

increase salinity, limitations in the use of organic fertilizers, unsatisfactory results from mineral 

fertilizer application (rainfed and irrigated) and soil degradation and pollution. 

Growth in the agriculture sector is an important component of the Government of Ethiopia‟s 

Growth and Transformation Plan (GTP) II. As soil fertility is a pre-requisite for agricultural 
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growth, new policies and large investments have been made to modernize soil fertility 

management in Ethiopia. Central to these is development of blended fertilizer supply chains.  

Agriculture remains a pivotal sector for economic growth and human development in Ethiopia. 

Gross domestic product (GDP) from agriculture accounts for 41.6% of the total GDP. National 

exports are dominated by agricultural products and more than 80% of the population in Ethiopia 

depends on agricultural production for their livelihood. The Ethiopian Government remains 

highly committed to promoting soil fertility as a prerequisite for achieving the development 

targets for agricultural productivity and GDP growth set forth in the GTP II.  

Soil fertility and nutrient management is fundamental to maximizing crop yields and sustaining 

agricultural productivity. Conversely, it is well established that low soil fertility reduces 

agricultural production, incomes and food security. In agriculture-based economies like 

Ethiopia‟s, low soil fertility retards economic development at local and national levels. 

Over the past 15 years Ethiopia‟s average agricultural growth rate has been close to 7% per 

annum. Targets in the GTP II call for 8% annual growth from the agriculture sector. To this 

effect the government has demonstrated strong commitment to the sector through allocation of 

more than 15% of the total public expending to agriculture and rural development, surpassing 

Comprehensive Africa Agriculture Development Program (CAADP‟s) standard of 10% of total 

expenditure in agriculture sector, despite constraints in foreign currency, fertilizer remains one of 

Ethiopia‟s  top imports. 

Recognizing the fundamental role that soil fertility plays in agricultural growth, Ethiopia has 

promoted use of mineral fertilizer for more than 55 years. The Freedom from Hunger Campaigns 

of the 1960s led to the first nation-wide mineral fertilizer recommendations. For decades, 

Ethiopia maintained a blanket, nation-wide fertilizer recommendation of 100 kg DAP (Di-

ammonium Phosphate: 18% N, 46% P2O5) and 100 kg urea (46% N) per hectare based on the 

Freedom from Hunger Campaign and on-farm fertilizer trials in the mid-1960s. Later, with the 

advent of farming systems research and support of the National Fertility Inputs Unit (NFIU) of 

the FAO, the recommended rate was revised to 150 kg DAP and 100 kg urea per hectare. 

In recent years, and particularly since 2014, several significant developments backed by large 

investments to transform the soil fertility sector of Ethiopia have been initiated. Total volumes of 
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imported fertilizer have risen dramatically. Prior to 2008 fertilizer imports did not exceed 

500,000 metric tons, this year, Ethiopia will import one million metric tonnes (Ministry of 

Agriculture, 2018).  

Nutrient diversity in imported fertilizer has also increased. Until 2013, only urea and DAP 

containing N and P were imported to Ethiopia. In light of global research and studies from 

Ethiopia indicating that application of N and P fertilizer alone can lead to mining and stock 

imbalances of other important soil nutrients. Ethiopia has shifted from promoting fixed amounts 

of urea and DAP towards policy and supply chain development for site-appropriate multi-

nutrient blended fertilizer. To capacitate this shift, the following notable initiatives have been 

made:   

1. The EthioSIS (Ethiopian Soil Information System) project was launched. EthioSIS 

informs site-appropriate blended fertilizer application by compiling information on 

limiting nutrients from topsoil data into local soil fertility maps and recommendations.  

 

EthioSIS is among the first initiatives of its kind in Africa, employing remote sensing 

satellite technology and other state-of-the art techniques for soil surveying. Wet 

chemistry analysis using instruments with high-detection limits are utilized, as are rapid, 

non-destructive infrared spectroscopy and laser diffraction particle size distribution 

analysis techniques. Soil data is compiled into a database. Using this soil data and critical 

levels for nutrient deficiency selected from international literature, maps of soil type and 

soil fertility requirements are compiled. EthioSIS allows for soil-based fertility 

recommendations with Woreda- and Kebele-level specificity. At this time, soil fertility 

atlases have been prepared for the four highest producing regions of the country; Amhara, 

Oromiya, Southern Nations Nationalities and Peoples (SNNP) and Tigray. In the future, 

soil fertility mapping will extend to other regions.  

  

2. Five domestic fertilizer blending facilities in regionally-based cooperative unions were 

established to prepare locally-appropriate blended fertilizers from inputs imported by the 

Agricultural Business Corporation (ABC). These blending facilities combine NPS base 

fertilizer with supplementary nutrients (such as K, Zn B, Cu and Fe) as recommended by 

EthioSIS fertility maps.  
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Each blending plant has a capacity of 500,000 million tonnes per year; the output is 

expected to benefit millions of farmers.Unions distribute their blended fertilizer through 

primary cooperatives, which are proving effective in reaching smallholder farmers in 

remote places. The five fertilizer blending facilities have been established in four regions 

of the country: Tigray, Oromiya, Amhara and SNNP. Future plans include increasing the 

national number of blending facilities to twelve.  

Complimentary to developing nutrient management through holistic development of blended 

fertilizer supply chains, several initiatives to promote a more systems-approach to soil health and 

sustainable resilient farming systems are ongoing. These include initiatives to scale up 

sustainable land management (SLM), reclamation of acidic soils, improvement of the 

productivity of waterlogged soils, increasing capacity for climate smart agriculture (CSA) and 

integrated soil fertility management (ISFM) and community based participatory watershed 

development (CBPWD) to rehabilitate degraded lands. A national Soil Health and Fertility 

Amendment Strategy was developed by the Soil Fertility directorate of the Ministry of 

Agriculture and Natural Resources, seeking to satisfy food security and contribute to economic 

growth through integrated evidence-based soil management that recognizes landscapes, farming 

systems, cropping systems, and ensuring that technologies and practices reach end users. In 

concert with nutrient management initiatives and promotion of quality seed, these efforts 

collectively result in higher yields from the same land per season, healthier and more fertile soils, 

climate change adaptation and mitigation, and more sustainable farming systems. 

Emerging technical and agronomic issues in production and use of blend fertilizers. 

Strengths of Ethiopia‟s new blended fertilizer supply chain are several, including leapfrogging 

upon international soil fertility research ,international collaboration for large investments 

required (organized through AGP II,), and achievement of lower than regional average fertilizer 

prices to end users due to government bulk purchasing and distribution through the cooperative 

system. 
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Limitations in application of critical level approach to fertility recommendations 

EthioSIS applies the critical level approach in determination of fertility recommendations from 

topsoil data. A critical level is the soil fertility level below which a decline in crop productivity 

may be expected (Figure 1). The selection of critical levels of soil nutrients has far-reaching 

consequences in terms of determining deficiency or sufficiency of soil nutrient stock, and 

subsequent fertility recommendations. Ethiopia‟s critical levels have been set largely based on 

international literature due to absence of field data on fertilizer-crop response from Ethiopia. 

 

 

 

 

 

Figure 1. Critical levels represent the minimum nutrient level below which decline in 

crop response is observed 

 

In the case of boron for example, a relatively high critical level has been selected, rendering 89% 

of the country to be considered as boron deficient. Boron is included in blends developed for 

areas identified as boron-deficient, yet preliminary data indicate that blends that do not have 

boron (and therefore have greater levels of macronutrients N and P) tend to perform better than 

blends that do have boron. For example, in on-farm and FTC trials in SNNP region which is 

classified as „boron deficient‟ as per selected critical levels, blends with boron perform less well 

than blends without boron in 5 out of 6 cases.  

Furthermore, it is interesting to observe that critical levels selected for some plant nutrients are 

on the higher range of recommended literature values (as is the case for boron), while others tend 

to be on the lower side of recommended values in literature (as is the case for potassium). Other 

micronutrients and elements have no assigned critical level at all, as is the case for molybdenum 

(Mo) and selenium (Se), which play important roles in nitrogen fixation, and in the health of 

livestock and humans, respectively. 
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Insufficient N and P nutrients applied in fixed ratios  

The current body of knowledge shows that N and P remain lead nutrients in realizing high crop 

yields. Additional nutrients in blends can subtract from N and P‟s impact on yield. Other 

nutrients beside N and P will become increasingly profitable when soils are being mined, after 

continuous cultivation with N and P fertilizers, and more effort to avail blended fertilizers should 

be made at a future time. Furthermore, recent data into Ethiopian crop response to blended 

fertilizer shows that blended fertilizer tends to have greater impact than N and P (urea and DAP) 

on research sites, while on farmer fields the impact of blended fertilizer tends to be not so 

marked (Kaizzi et al 2017).  

Additional farm-level environmental variables influencing the impact of fertilizer on yield not 

considered in fertility recommendations 

Agronomic factors at the field level, environmental factors at the landscape level, and a series of 

socio-economic variables all influence the capacity for soil fertility amendments to impact 

agricultural productivity.  At a farm and landscape level, soil type is critical in influencing 

fertilizer response, but crop type, presence of organic matter, soil pH, salinity, rootable depth, 

water holding capacity and susceptibility to water logging also play a role in the effectiveness of 

the transfer of nutrients to plants. Several of these factors are influenced by land use, 

hydrogeology and landscape morphology.  

Large-scale, landscape-level commonalities in socioeconomic or fertility-influencing factors may 

be observed and captured in regional level recommendations, but local variation is important to 

consider. Adjacent plots may have varying local conditions due to geographic variation or 

difference in historic land use and land management practice, or financial capacity or agricultural 

practice of farmers. For instance, neighboring plots may exhibit differences in drainage and sheet 

erosion because of geographic positioning on the landscape if one is on a slope and one in a 

valley bottom. Difference in soil organic matter or pH may arise due to variations in past practice 

of agroforestry (which tends to maintain carbon), or application of DAP (which tends to acidify 

soil). 

For example, areas with sheet erosion immediately loose the benefits of fertilizer, so 

recommended fertilizer should be modified accordingly, and accompanied by soil stabilization 

measures. Crop management practice can also influence crop response to fertilizer.  
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Financial profitability, finance and risk 

Even when fertility recommendations have favorable impact on productivity, farmers may not 

experience financial profitability from fertilizer investments. Local market factors including site-

specific costs of inputs and prices for crops on local markets from crops determine farmer 

profitability. Other financial concerns, including access to finance and willingness to take risks 

influence also have a role to play in influencing farmer investment in fertilizer.  

Quality of blended fertilizer 

Several urgent quality control issues are apparent, both at the level of imported input supply, and 

at the level of output content (mineral content of blended fertilizer). Ensuring that inputs with 

correct specifications for blending are delivered to blending facilities is essential for blend 

quality as well as worker health and protecting the blending machinery from damage. At times 

inputs labeled as “granular” are actually powdery in form. Failure to maintain input standards 

has resulted in millions of dollars of losses in terms of ruined equipment and unusable inputs. 

When quality control at factory level does alert of quality breaches, communication between 

quality controllers and factory managers tends to be too late for alternatives to be sought.  

Discrepancies between the labels and the actual chemical content of multi-nutrient fertilizers 

delivered to farmers are highly variable: sometimes the difference observed has been quite small, 

but sometimes it has been over 40%. When blended fertilizer samples collected from three 

blending factories (Becho Woliso, Enderta, and Setit Melik) were analyzed at the Horticoop 

laboratory, major inconsistencies were noted. For example, NPS was 16N-18P2O5-7S suggesting 

53% less, which is not consistent with standard composition indicated in the fertilizer label: 19 N 

– 38P2O5+7S. This revealed that P2O5 was 53% less than the standard analysis which seriously 

affected crop performance (e.g., maize) on red soils (e.g., Luvisols) that are highly phosphate 

fixing soils. In the same manner, levels of B and Zn are higher than the standard formula. In 

samples from two of the three blending facilities, N contents in NPSZn blend are considerably 

lower than N content in NPS-only, which cannot be attributed to the addition of Zn. (K was not 

monitored). Blended fertilizer factories do not have functioning laboratories and quality control 

mechanism because they do not have the necessary reagents for fertilizer analysis. 
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The impacts of differences in intended and applied nutrient levels can cause problems ranging 

diminished impact on crop productivity, to very serious losses including crop failure and soil 

toxicity. In 2016 farmer-research in Hawassa cluster teams of Capacity Building for Scaling Up 

of Evidence Based Best Practices in Agricultural Production in Ethiopia (CASCAPE) 

experienced complete maize crop failure in three Woredas as a result of the deficiency of 

phosphate in the fertilizer when applied in high phosphorus demanding soils of the region. 

Key recommendations 

In light of challenges and opportunities in the soil fertility sector discussed above, several 

interventions to improve the sector are discussed below.  

Collect Ethiopian field data on crop response to inform fertility recommendations 

It is important that fertility recommendations are continually fine-tuned to reflect Ethiopian crop 

response patterns and are grounded in data. Available statistical data should be mined and 

managed. In addition, well organized on-farm and research station trials should be done on a 

short and long-term basis to generate a robust data base on crop response to different fertilizer 

blends in different agroecologies.  

Crop production is a function of the interplay of and ratio between different nutrients and several 

other factors, and „deficiency‟ does not always mean crop growth is impaired without its addition 

in fertilizer. For example, the most limited nutrient in the system can prevent the uptake of other, 

more available nutrients, whether they are classed deficient or not.  

The practical value of fertilizer recommendations is limited without validation in field trials. 

More evidence has to be gathered during the coming 5-10 years to verify that blends do the job 

they are expected to do. This can lead to gradual improvements that do not have to harm the 

system as it has been introduced now.  

For the major crop/soil types in the country, it would be of benefit to set up (i) a long-term 

researcher-managed factorial fertilizer trial (model sites) on the major soil types, and (ii) in 

Woredas and Kebeles, specific omission trials to check on the yield-increasing effect of each 

nutrient in farmers‟ fields. A model such as Quantitative Evaluation of the Fertility of Tropical 
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Soils (QUEFTS), relating soil test values to actual nutrient uptake and crop yield, could be 

further developed to meet the Ethiopian conditions.  

Researchers should be trained to get the most out of field trials. Trial designs have to be crystal 

clear with a clear explication of application rates that allows comparison, secondary data have to 

be gathered that can be used to explain differences in crop performance (rainfall, waterlogging, 

nutrient uptake). Lastly, statistical significance is important, yet yield increases that do not come 

out „significant‟ may still be sufficiently interesting for certain farming communities or 

recommendation domains. 

Continue to emphasize N and P in fertilizer recommendations and supply 

To reflect the dominant role that N and P continue to have in crop response, it is important to 

resume focus on N and P nutrients in fertility recommendations and fertilizer supply, and also 

make fertilizers with different N: P ratios available. 

Generate and compile data on other variables that influence benefits from fertilizer, including 

environmental and economic variables 

Site-specificity in fertilizer recommendations can be further fine-tuned to include consideration 

of variables such as crop selection, local profitability based on fertilizer and commodity prices, 

acceptable risk levels, crop management practice, and local environmental factors such as soil 

organic matter, pH, drainage and soil erosion, all of which may be affected by landscape-level 

variables or historic land use patterns. It is suggested to have a ready accessible databases on 

these variables developed, e.g. databases on the types and prices of fertilizers (specified per kg 

N, P, etc.) and commodity prices per region, Woreda, and per year. 

Improving access to available data, and capacity to use it 

EthioSIS is a landmark initiative that characterizes the soil fertility dynamics at the level of 

regions, Woredas and Kebeles. There are some limitations in accuracy due to scale, and in 

representativeness of sampling points due to the grid approach, but it provides an invaluable 

basis and point of departure for further refinement in soil information and fertility 

recommendations.  
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Farmers, Bureau of Agriculture staff and even researchers have difficulty accessing and 

understanding the data, maps and recommendations of EthioSIS. Accessibility and capacity 

building to better make use of available data is necessary to increase incorporation of available 

data into agriculture at different levels.  

Technical support to blending Factories Cooperatives and Unions  

Factories Cooperatives and Unions (FCUs) need assistance in developing skills in order to run 

the blending plants in an effective and profitable way. Different blending facilities have different 

capacity building needs: some require support to manage and maintain machinery, and others 

need skills in business management, while others need support to develop quality control 

protocol. Formal assessment of capacity building needs at different blending factories should be 

conducted, and technical assistance to develop required capacity should then be availed 

accordingly.  

Use of laboratories to monitor chemical content of blends 

Distributors at the cooperative level and users at the farm level should be aware that quality 

blended fertilizer consists of two or more particulate granular materials of fairly uniform size and 

density, in consistent proportions. Visible red flags regarding quality include segregation of 

blended materials, or materials in different size/form (e.g. granular materials mixed with 

powder). These actors should also be aware of quality checking and reporting mechanisms.  

At port of entry into the country, quality of inputs should be monitored to ensure the right 

mineral and the correct granular form. Before disseminating blended fertilizer to farmers, FCUs 

should make use of plant laboratories to test the quality and content of blends, and ensure 

accuracy of labeling. This will allow farmers to make informed nutrient applications on their 

fields.  

Institutional experience sharing and capacity building 

Different blending plants in different parts of the country are having different levels of success in 

terms of managing quality and profitability. Management and staff from different facilities could 

increase their efficiency by sharing lessons learned and developing skills together. The learning 
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and documenting of Ethiopian experience will assist in ensuring that future blending facilities are 

efficiently run. 

International blending knowledge and experience sharing could also be beneficial for Ethiopian 

blending factories. Blending is becoming more and more common in African countries. There is 

a good body of knowledge on blending. Particularly the International Fertilizer Development 

Center (IFDC) has been involved in this field. IFDC is in a good position to evaluate successes 

and failures of blend fertilizer development and hick-ups in the entire input supply chains. The 

Alliance for a Green Revolution in Africa (AGRA) has a Soil Health programme in several 

African countries that includes fertilizer technology and marketing. It is also involved in quality 

control at the level of ports. The African Fertilizer and Agribusiness Partnership (AFAP) can 

also be quite a useful partner. (http://www.afap-partnership.org/) 

Stronger linkages between agriculture sector stakeholders 

The fertilizer sector needs to be embedded in a sound system of delivery of agricultural services, 

including ready access to input and output markets, sound systems of saving, credit, floor prices 

and crop insurance, strong cooperative structures, parallel attention for integrated crop, nutrient 

and land/water management, and adequate linkages to research and extension.  

Conclusion 

Fertility management is critical to the productivity of the agricultural sector. Despite acute foreign 

exchange shortages, fertilizer remains one of Ethiopia‟s top import items. Out of concern to maximize the 

positive impact of blended fertilizers on agricultural productivity, the following key issues and 

recommendations are identified to: 

 I. Fine-tune fertility recommendations and  

II. Improve quality of blended fertilizers.  

 

 

 

 

http://www.afap-partnership.org/
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One major challenge holding back productivity in Ethiopia is decline in soil fertility. The current 

crop production system is characterized by continued nutrient mining, not only through crop 

harvests but also soil erosion, with very low return of the major nutrients back into the system. 

Moreover, nutrient balances for many cropping systems in the country are still negative, 

indicating that farmers are mining their soils, resulting in declining yields and contributing to 

food insecurity. Thus, deficiencies of macro- and micro nutrients are diminishing the production 

potential of rainfed and irrigated agriculture.  

On the other hand, intensification of agricultural production through efficient use of organic and 

inorganic inputs is required to meet the food needs of the ever-growing population. The amount 

of fertilizer applied in Ethiopia has been one of the lowest in SSA, resulting in yields of major 

cereals averaging 1.8 t ha
-1

, compared to the global average of beyond 3 t ha
-1

. Recognizing the 

challenges, there is an increasing investment in importing chemical fertilizers, which reached 

from about 400,000 metric ton in 2014 to about 1.2 million metric ton in 2018. Moreover, 

Ethiopian cropping systems hugely vary from region to region, even within very short distances, 

due to differences in altitude, soil type, rainfall amount and distribution, food culture and access 

to resources and markets. This variability iscommonly reflected in the type, combination and 

amount of fertilizers required to improve crop productivity and minimize nutrient mining of 

agricultural landscapes. 

mailto:T.amede@cgiar.org
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There have been several country-wide efforts by various national and international research 

institutes to map the soils and develop fertilizer recommendations in Ethiopia. Ethiosis led by the 

Agricultural Transformation Agency (ATA) through its countrywide project, embarked on an 

ambitious plan to map the country‟s soil fertility status and compile in-depth soil fertility 

information, which could be used to inform development partners and policy makers in soil 

fertility status of the country and developed recommendation domains on nutrient requirements 

of the different regions, Woreda and Kebeles. The Ethiopian National and Regional research 

institutions have been also engaged in validating the recommendations and fine-tuning the 

fertilizer recommendations.  In 2017 and 2018, the Ministry of Agriculture has also embarked on 

developing a revised soils strategy in consultation with national and international partners. The 

revised strategy considers integrated soil fertility management (ISFM) as a pathway for poverty 

reduction and resilience of rural livelihoods. All these various efforts have contributed to 

revitalize the soil health and fertility program of the country. 

A recent review of soil and fertilizer research in Ethiopia (Tamene et al 2017) 

https://cgspace.cgiar.org/handle/10568/82996 showed that: (i) the productivity of major crops 

has increased steadily over the last two decades. Maize yield, for example, has increased from 

about 1.7 t ha
-1

 in 1993 to the current 3.4 t ha
-1

. The biggest increase in yield for other crops such 

as wheat, barley and sorghum has also occurred during this last decade. (ii) Yield increase is 

strongly correlated with increased use of mineral fertilizers, particularly nitrogen and 

phosphorus. (iii) Limited response of crops to fertilizer inputs and investments could be largely 

explained by blanket application of nutrients, without targeting crop types, landscape position 

and drought regimes (Figures 1 and 2); (iv) A high degree of variability exists in crop response 

to nutrients and amendments in major cereal-growing areas in Ethiopia. This is mainly associated 

with variability in land-scape positions, agroecologies, soil characteristics and management 

practices. (v) Higher yield benefit was obtained when cereals were in rotation with N-fixing 

legumes such as faba beans and; (vi) in acidic soils, up to triple yield increase was recorded by 

application of lime. In general, these results indicated the need for ISFM using fertilizer 

application as an entry point.  

Regardless of the efforts, farmers remain reluctant to invest in fertilizers as the farm return they 

have been getting is still very low. The effectiveness of matching fertilizer applications to soil 

https://cgspace.cgiar.org/handle/10568/82996
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fertility problems rests on the ability to identify production constraints, target specific niches and 

increase economic returns for fertilizer investments. Although most smallholder farmers 

appreciate the benefit of fertilizers, they rarely apply them at recommended rates and at the 

appropriate time because of unreliable returns, high cost of inorganic fertilizers, lack of 

supportive policy to access, and limited knowledge in efficient use of fertilizers. Ground-truthing 

research in various cropping systems of the country has shown that the crop response and 

economic benefits that farmers are getting from application of recommended fertilizer blends are 

still inconsistent and variable. In order to develop plausible fertilizer recommendation domains, 

it is essential to understand the diversity of the farming systems, landscapes and farmers‟ 

management practices and develop decision support tools that could guide matching of fertilizer 

types and rates against landscape conditions and farming typology.  

 

Figure 1. Decision guide for targeted, site-specific fertilizer recommendation for wheat-based farming 

systems in undulated Ethiopian highlands (Endamohoni, Tigray). 

The International Crops Research Institute for the Semiarid tropics (ICRISAT) together with  its 

national partners have been working on understanding the farming systems of Ethiopia  

https://www.researchgate.net/publication/296525932_The_Evolving_Farming_and_Pastoral_La

ndscapes_in_Ethiopia_A_Farming_System_Framework_for_Investment_Planning_and_Priority

_Setting and developing tools and methods on how these differing farming systems, 

agroecologies and landscapes are best targeted by the appropriate type and amount of fertilizers. 

https://www.researchgate.net/publication/296525932_The_Evolving_Farming_and_Pastoral_Landscapes_in_Ethiopia_A_Farming_System_Framework_for_Investment_Planning_and_Priority_Setting
https://www.researchgate.net/publication/296525932_The_Evolving_Farming_and_Pastoral_Landscapes_in_Ethiopia_A_Farming_System_Framework_for_Investment_Planning_and_Priority_Setting
https://www.researchgate.net/publication/296525932_The_Evolving_Farming_and_Pastoral_Landscapes_in_Ethiopia_A_Farming_System_Framework_for_Investment_Planning_and_Priority_Setting
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In an ongoing joint initiative among ICRISAT, GIZ-ISFM
+
 and AfricaRISING, which has tested 

various combinations of fertilizers across farming systems, agroecologies, landscape positions, 

soil types in about 1000
+
 on-farm experiments, it came up with a draft site-specific decision 

guide, which would enhance crop yield, reduce input costs and enhance improved resources 

management at landscape scales. We have developed farmer friendly decision support guides 

(Version 1) (Figures 1 and 2) considering crop response to fertilizer applications across farming 

systems, agroecologies and landscape positions, which have been validated at pilot scales in four 

differing locations of wheat- and sorghum-based farming systems. Targeting fertilizer types and 

rates based on these decision support guides was found to increase crop yield by a range of 40–

200%, while substantially decreasing production costs. 

 

Figure 2. Decision guide for targeted, site-specific fertilizer recommendation for wheat-based farming 

systems in relatively flat Ethiopian mid-highlands (Lemo, Hadya Zone, SNNPR) 

However, given the fact that these validations were done under researcher-managed on-farm 

conditions, the effectiveness of these guides under farmer management and local decisions may 

vary. The implication of this research is as follows. 

1. It is important that extension agents and development partners appreciate landscape 

diversity, whereby there is almost certainly a reduced crop response with increasing slope 

and landscape position. 
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2. These findings provoked discussion on the current knowledge that soil-test based 

fertilizer recommendation be institutionalized. This has been also the backbone of 

Ethiosis maps. On the other hand, our work showed that depleted, shallow soils are not 

necessarily giving the highest response to fertilizer application.  

3. The proxy indicators of landscape position, slope, soil depth and soil type as a means to 

prioritize fertilizer application are easy to observe and apply by less skilled extension 

officers and farmers 

4. Given the high altitudes, undulated landscapes and dry environments of the Tigray 

region, this tool would be extremely useful to improve crop responses to fertilizer 

application, reduce input costs and improve overall system productivity. The crop-

fertilizer response gradient may change in wet climates or years with high rainfall 

amount, which could be considered extreme events in the Ethiopian highlands.  

5. The EthioSIS groundbreaking work in soils research in Ethiopia can be significantly 

improved by overlaying the above stated parameters to fine tune fertilizer 

recommendation and to reduce on-farm inputs costs significantly.  

However, it is well recognized that mineral fertilizers alone cannot solve the problem. It is 

necessary to invest in sound and effective soil fertility management technologies (integrated 

nutrient management, microdosing, improved manure management, intercropping systems, 

integration of multipurpose legumes, reduced or no tillage practices, improved fallows, etc.) and 

empowering farmers with these technologies. This also implies the need for an integrated 

nutrient management plan considering the most limiting nutrients across various management 

and agroclimatic scenarios of the Ethiopian highlands. 
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Background on principle of crop nutrition 

Low of the Minimum (Liebig, 1843): crop yields are proportional to the amount of the most 

limiting nutrient. Plant nutrients have specific and essential roles in crop metabolism. They 

cannot replace each other and lack of any one essential nutrient will limit crop growth. It is 

therefore essential to focus on a balanced nutrition of all plant nutrients. Therefore we need 

mineral fertilizers to replace nutrients removed with the harvest and to fulfil the growing demand 

for food and feed. Good crop nutrition enables increased water efficiencies. Sub-optimum crop 

nutrition tends to drive over-consumption of water while optimized crop nutrition improves 

water use efficiency. However, application of fertilizer should be integrated with supply of crop 

residue and organic fertilizers. Fertilizer consumption pattern and key mineral fertilizers in the 

world are indicated in Figure 1 and Figure 2. General fertilizer types can be complex 

multinutrient fertilizers which are used in horticulture, compound fertilizers having mixing single 

nutrient fertilizer (slurry or granulated product)  and  bulk blend fertilizers (customized balance 

by adjusting fertilizer inputs to crop requirements. Which product to use depend on the cost of 

the fertilizer and the cost of products decreased, respectively.  

Approximately 60–80 % of the farm income is obtained at the expense of soil nutrient depletion 

in Ethiopia. National averages nutrient balances is estimated at -41 kg N, -6 kg P and -26 kg K 

per ha per year. Greater than 80% of agricultural lands have undulating topography, with up to 

60 percent slope. There is hyper-local variability in soil, water and land characteristics. Ethiopia 

has the potential to double its current agricultural production through yield increase and 

mailto:selamyihunkidane@gmail.com
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industrialization. Rapid, accurate and compelling fertilizer recommendations for farmers, 

researchers and policymakers are required. 

 

Figure 1. Fertilizer consumption pattern (Source: IFA 2018)  

 

 

Figure 2 Key fertilizer production (Source: IFA 2016). 

Approach for localizing soil and plant nutrient status/critical levels: Office Cherifien des 

Phosphates (OCP) experience in Ethiopia 

Office Cherifien des Phosphates (OCP) is developing fertilizer recommendations based on soil 

and plant nutrient status/critical levels for sugar cane, coffee and problematic soil (soil salinity 

and acidity). 

Sugar cane  

Sugarcane is the most important industrial crop in Ethiopia (around 100,000 hectares). The 

annual production capacity is about 0.37 Million tones per year, though the national demand is 
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above 0.65 Million tones. Per capita annual sugar consumption is 7 kg while the world average is 

21 kg. Sugar Corporation is working to close these wide gaps and realize sugar export potential 

of the country. 

About 1.5 million ha of fertile valley bottom soils are affected by salinity. The problem is 

increasing in connection with expansion of irrigation owing to poor on farm water management. 

Soil salinity is a major constraint in newly developed sugar states (90000 ha). Characterizing and 

mapping salt affected sugar cane growing soils is entry point to develop reclamation plan. 

Understanding the expected root zone salt balance under various crop rotations is equally 

important in planning the best cropping sequences during and after reclamation. Joint project has 

been developed to address the above issues through long term field experimentation in 

partnership with Sugar Corporation (SC), Haramaya University (HU), Hawassa University (HU), 

Morocco Polytechinic University (MPU), OCP, involving five PhD and six MSc students. 

Sugarcane productivity declined at rate of eleven tons/ha/decade between 1955 and 2016 at 

Wonji. However, global benchmarks reached yield plateau or increased sustainably with time. 

The OCP‟s proposal for intervention areas and the approaches and workflow for making crop 

and site specific fertilizer recommendation are indicated in Figure 3 and Figure 4.   

• Sugar Export to 
World Markets

SUSTAINABLE MAXIMAZATION OF SUGAR PRODUCTION
• Sufficient Production 

for Local Demand

FACTORY OPERATIONS 
IMPROVEMENT

1

• Advice in project management 

(Contracting strategy, technology 

choices, design of the plants…)

• Support for the commissioning of new 

factories 

• Support in the management of the 

maintenance

• Capacity building 

• Fleet management improvement 

• Development of support tool kit 

• Implementation of electronic 

management control systems for 

process optimization

• Identification of  the relay teams

• Design of a customized Production 

System based on best 

practices, Safety, Security, 5S, Kaizen, 

Root cause analysis, etc. 

• Improvement of process efficiency 

through set-up of an Excellence 

Operational System to raise 

performance of production plants

• Implementation of OPS  production 

system used for performance 

monitoring and improvement by OCP

• Monitoring, evaluation and continuous 

improvement of processes

• Solution implementation for operational 

problems in management and 

supervision

• Trainings for all areas of operation and 

design of a “Train the Trainer Program”

AGRICULTURE  PRACTICE 
IMPROVEMENT

3

• Land preparation optimization

• Introduction of modern harvesting 

practices

• Mechanization advice

• Input application improvement

• Analyses of right fertilizer application 

rate 

• Specific soil mapping at each farm 

• Adjusted fertilizer formula development

• Introduction of improved seeds

• Trials and demonstrations  

• Monitoring of field fertilization 

operations through a digitized field 

monitoring system and evaluation of 

data

MARKETING AND SALES 

4

• Advice on the development of a global 

marketing and sales strategy  

• Target development by analyzing the 

global market and the opportunities and 

the  competitivity of Ethiopian products

• Facilitation of contacts to OCP’s 

international network for market linkage

2

 Planification System throughout the supply chain

 Good coordination of all steps of the supply chain  

TECHNICAL ADVICE

TRANSVERSAL PILLAR

 
Figure 3.  proposal for intervention areas and the approaches 
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• Geo referenced 
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data base  

• Diagnostic trials

• Understand 

synergy between 

elements

• Soil test and Crop 

response 

calibration studies

• Input response 

studies

• Provide near real time 

fertilizer advisory services

• Capacitate local soil testing 

laboratories

• Fertilizer recommendation 

based on  agronomic 

, production risks and 

economic principles

• Create access to custom 

based fertilizer products

• Create demand through Multi 

location demonstration trials

• Build soil and crop 

database

• Develop soil 

information system

• Data generation 

management and 

interpretation

Refine 

Knowledge/soil 

Interpretation guide 

Recommendation and learning

Recommendation based 

on soil chemical analysis 

and generic critical levels

Soil test interpretation 

guide developed based 

on local database

Fertilizer supply chain actors 

incentivized

Create access to soil 

and crop database

• Customized fertilizer 

advisory to different 

stakeholders

• Soil database 

information

Figure 4. Workflow for making crop and site specific fertilizer recommendation 

Coffee 

Coffee is an important export crop. There is no dedicated fertilizer formula for coffee. Though, 

coffee productivity is below 0.5 t ha
-1

. The OCP Ethio-AgriCEFT is intervening to improve 

productivity of coffee with the objective of  assessing soil and crop and nutrient requirement,  

develop fertilizer formula dedicated to coffee Arabic and  establish fertilizer scheduling and 

method of application. 

Fertilizer recommendation for acidic soils 

Seventy eight percent of agricultural lands in the Ethiopian highlands (>1800 masl) are covered 

by acidic soils with pH less than 6. It is in increasing race due to high rainfall and continuous 

farming activities on unsuitable hills and mountains. Acid soils geographically overlap with 

major cereal crop production belts of the country. Despite long history of research on cropping of 

acid soils in Ethiopia, little of acid soils has been limed nor have acidity tolerant cultivars been 

developed. Soil acidity poses significant economic loss through unachieved crop yield and 

wasted investment on fertilizer. Lime when combined with other input gives  high and profitable 

yields for maize, tef and barley (Webeshet et al 2017 and Tadele et al 2013). Other study also 

indicated liming increases fertilizer efficiency and decreases soil acidity (Fertilizer Technology 
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Research Centre, 2009). Hence the possible strategy to alleviate the problem of soil acidity can 

be development of pathways that take full account of agro ecological diversity and promote 

balanced fertilisation program. Without the use of lime, fertilizers will increasingly acidify the 

soil until eventually crops will fail completely. 

Conclusion 

Finally, it can be concluded for successful fertilizer recommendation focus on value addition is 

important. Besides, plot level research should be connected with landscape issues. Building 

research capacity on big data analytics/capturing diversity/ and join hands and heads (inter 

institutional collaboration) targeting skill and knowledge transfer are vital. However, what 

farmers say matters most!! 
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Abstract 

Field experiments were conducted with the objective of evaluating the effects of blended 

Nitogen, Phosphorus, Sulfur, Zinc (NPSZn) fertilizer rates adjusted with N on yield and yield 

components of bread wheat (Mekelle 3) grown on Vertisols of Mesanu in Hintalo-Wajerat and 

on Vertisols and Cambisols at Shibta in Enderta WoredaWoredas of Tigray during the main 

rainy seasons of 2017 and 2018. The experiments were carried out on farmers' fields in two sites 

at each location with three replications using randomized complete block design (RCBD), 

comprised of 8 treatments [0, 50, 100, 150, 200, 300 kg/ha NPSZn (adjusted with N to 64kg/ha) 

and recommended NP (64kg/ha N and 45 kg P2O5/ha)]. Composite soil samples were also 

initially collected from 0-20 cm depth of the fields and analyzed to determine major soil 

characteristics. The blended fertilizer rates were applied at the time of sowing while N was 

applied in the form of urea splitted into two applications. Phosphorus in the form of triple super 

phosphate (TSP) was also applied at planting time. Spike length, plant height, straw yield, grain 

yield data were collected and harvest index (HI) calculated. Crop data were analyzed using 

Statistix10 software program. Application of different rates of NPSZn fertilizers for two seasons 

significantly (P≤0.05) and positively influenced most of the crop parameters tested. Significant 

differences (P≤0.05) were observed on plant height, spike length, straw yield and grain yield 

whereas the differences were not significant for HI. Combined analysis of the two seasons' data 

showed highest biological parametrs at the rates of 300 kg NPSZn/ha blended adjusted with 25 

urea/ha for Hintalo-Wajerat Vertisols and Enderta Cambisols and higest results were obtained at 

250 kg/ha blended adjusted with 42 urea/ha for Enderta Vertisols. Partial budget analysis showed 

highest and profitable yield at 200 kg NPSZn/ha adjusted with 62 urea/ha for Mesanu in Hintalo 

Wajerat and at the rates of 50 NPSZn/ha adjusted with 115 urea/ha and 100 kg NPSZn/ha  

adjusted with 100 urea/ha for Vertisols and Cambisols at Shibta in Enderta, respectively for 

wheat. These profitable rates could be recommended for the respective soil types of the 

experimental areas and other areas with same soil type and agro-ecologies in Tigray. 

Keywords: Cambisols, Vertisols, NPSZn  fertilizer,  wheat,  soil characteristics 

Introduction 

Poor soil fertility and extreme exhaustion of plant nutrients from the soil are the major factors 

limiting crop production in different agro-ecological zones of Tigray. Nutrient mining due to sub 

optimal fertilizer use coupled with agronomically unblended fertilizer uses have favored the 

mailto:beyeneshzm@yahoo.com
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emergence of multi nutrient deficiency in Ethiopian soils (Asgelil et al 2007; Abyie et al 2003) 

which in part explain fertilizer factor productivity decline and stagnant crop productivity 

conditions encountered despite continued use of blanket recommendations. 

Among the key strategies that were identified to help increase agricultural production and 

productivity in Growth and Transformation Plan I (GTP I) period was the soil fertility mapping 

of the country's agricultural lands. The soil fertility status and fertilizer recommendation atlas of 

TigrayNational RegionalState (TNRS) was completed in the year 2014 and published by 

Ministry of Agriculture (MOA) and Ethiopian Agricultural Transformation Agency (ATA) 

(2014) as part of the strategy. The necessity to transform agricultural sector with respect to soil 

fertility requires application of proper amounts of blended fertilizers for different crops. 

Seven soil nutrients (N, P, K, S, Fe, Zn and B) were found to be deficient in the soils of Tigray 

Region (MoA and ATA 2014). Blended fertilizer types containing N, P, S, B, Fe and Zn in 

blended form have been recommended to solve site specific nutrient deficiencies and thereby 

increase crop production and productivity. The recently recommended blended fertilizers for 

Tigray Region by MOA and ATA were NPS, NPSB, NPSZn, NPSZnB, NPSFeZn and 

NPSFeZnB. Though K was part of the previous blend fertilizer, recently it was suggested to be 

applied based on soil test result. Among these fertilizer types, NPSZn (17.7 N – 35.3 P2O5 + 

6.5S + 2.5 Zn) was recommended for Mesanu in HintaloWajerat Woreda and  for Shibta in 

Enderta Woreda. 

Experiments on blended fertilizers were carried out for the last few years in Tigray. However, in 

most of the study sites there were no significant differences among the different blended 

fertilizers as compared with the conventional N and P recommendations. The probable reasons 

could be (i) Blends were compared to each other, (ii) The formulation NPSZn contains 

insufficient amount of N. 

Although blended NPSZn fertilizer was one of the major blended fertilizers identified for the 

WoredaWoredas, optimum rates of the fertilizer for different crops, agro ecologies and soil types 

were not yet determined. Besides, verifying the soil fertility status and fertilizer recommendation 

atlas for wheat grown in these WoredaWoredas on different soil types was urgently needed to 

increase wheat yield grown in the region. Therefore, these experiments were conducted to 
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evaluate NPSZn fertilizer on yield, yield component of bread wheat in Hintalo-Wajerat and 

Enderta on wheat during 2017 and 2018  cropping seasons under rain-fed conditions.  

Materials and Methods 

Description the study Area 

Two experiments (at two sites) were carried out on Vertisols of Hintalo Wajerat (Mesanu 

Village) in 2018 main cropping season. Other four experiments were also conducted on two 

different soil types (Vertisols and Cambisols) at Shibta in Enderta for two seasons (2017 and 

2018 main cropping seasons) (Figure 1).   

 

Figure 1.  Location map of the study areas 

 The maximum and minimum temperatures, 22.9 and 10.3
0
 C respectively, for the year 2018 are  

taken from Adi-Gudom meteorological station. ,. The mean annual rainfall of Mesanu calculated 

from 2008 to 2017 was 474.0 mm taken from Adi-Gudom. The mean annual rainfall of Shibta, 

calculated from meteorological data taken from Alula-Aba-Nega Air port  for the period 2008 to 

2017, was 335.2 mm. The annual rainfall of the Shibta in 2017 was 440.5mm of which 359.5 

mm was calculated for the period of June to September. 

Experimental design and treatment 
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The experiments conducted in the WoredaWoredas were laid out in RCBD with three 

replications at two sites at Mesanu in Hintalo-Wajerat WoredaWoreda for one season and at 

Shibta, at two sites with different soil types, for two cropping seasons. Plot sizes of each plot in 

the experimental sites were 3 m by 3 m. The spacing between plots and replications were 50 and 

100 cm, respectively. The spacing between wheat plant rows was 20 cm.  The experiments had 

eight treatments [0, 50, 100, 150, 200, 250, 300, NPSZn kg ha
-1

) adjusted with N to the 

recommended level as well as N and P fertilizers (64 kg Nha
-1

, 46 kg P2O5 ha
 1

)]. Blended 

fertilizer treatments including 0, 50, 100, 150, 200, 250 300 NPSZN kg/ha as well as 

recommended rate of N and P were applied at the time of sowing. The treatments with the 

blended rates were supplied with adjusted N in the form of urea. Phosphorus in the form of TSP 

was applied at the rate of 100 kg /ha to all experimental plots.   

Representative composite soil samples from each field were taken before planting following the 

standard soil sampling procedure. Each composite soil sample was used for selected physico-

chemical analysis [soil texture, soil reaction (pH), electrical conductivity (EC) , organic carbon 

(OC), cation exchange capacity (CEC), total N, and Olsen P]. Particle size distribution was 

determined using the Bouyoucos hydrometer method (Bouyoucos, 1962).  The pH of the soil was 

measured in the supernatant suspension of a 1: 2.5 soil to water ratio using a pH meter (Rhoades, 

1982). Walkely and Black (1934) used for determination of organic carbon. Total N was 

determined using the Kjeldahl method as described by (Bremner and Mulvaney 1982). Available 

P was determined following the Olsen method (Olsen et al 1954) using ascorbic acid as reducing 

agent. Cation exchange capacity was determined by ammonium acetate method.  

Data collection  

Plant height, spike length, grain yield and straw yield were collected and HI calculated from 

yield and biomass. 

Data analysis 

Data were subjected to statistical analysis. Analysis of variance (ANOVA) was carried out using 

Statistix10 software program. Significant difference between and among treatment means was 

assessed using the least significant difference (LSD) at 0.05 level of probability (Gomez and 
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Gomez 1984). Partial budget analysis was calculated to determine the more profitable blended 

fertilizer rates adjusted with N fertilizer. 

Result and Discussion 

Soil properties before planting 

 The results of the lab analysis are presented in Table1.The textural classes of the soils were Clay 

for Hintalo-Wajerat and Shibta Vertisols andLoam for Shibta Cambisols. The EC in the four sites 

is low. The soil pH for Hintalo-Wajerat is mildly alkaline and neutral for the sites in Enderta. 

High CEC is recorded for Hintalo-Wajerat and Shibta Vertisols and moderate for Shibta 

Vertisols. Organic carbon content for the four sites is very low.  All sites is very high for Hintalo-

Wajerat Vertisols, high for Shibta Cambisols and moderate for Shibta Vertisols respectively. 

Table 1. Some soil characteristics of experimental fields used for blended fertilizer experiments at 

Hintalo-Wajerat  and Enderta Woredas 
Parameter Hintalo (Site 1) Hintalo (Site 2) Hintalo 

(average) 

Shibta 

(Vertisols) 

Shibta 

(Cambisols) 

pHwater (1:2.5) 7.34 7.78 7.56 7.03 6.85 

EC (ds/m) 0.22 0.23 0.225 0.07 0.23 

OC (%) 1.06 1.03 1.045 1.32 0.76 

Total N (%) 0.084 0.115 0.995 0.112 0.10 

Olsen-P (mg kg
-1

) 23.62 28.99 26.305 10.48 21.08 

CEC (cmol (+) kg
-1 

soil) 42.76 25.91 34.34 34.64 18.42 

Sand (%) 18 28 23 40 46 

Silt (%) 28 28 28 6 30 

Clay (% 62 44 53 54 24 

Textural class Clay Clay Clay Clay Loam 

Yield and yield components  

Combined analysis of the data over two sites in each location showed significant differences (P< 

0.05) in plant height, spike length, grain and straw yield.  No significant difference was observed 

for HI   at the three experimental locations (Tables 2, 3 and 4 ).  

Although differences were not statistically significant highest plant height was recorded when 

300 kg NPSZn/ha was applied showing 32.5% increment over the control. Grain and straw yield 

analysis showed  statistically significant differences (P< 0.05) and higher grain and straw yields 

were obtained at the rate of 300 kg NPSZn/ha. However, the straw and grain yield differences 

were not significant for the treatments above 200 kg NPSZn/ha (Table 2) in Hintalo-Wajerat . 

Table 2.  Effect of blended fertilizer on yield and and yield componentsof wheat  grown at Mesanu  in 

Hintalo-Wajerat Woreda combined over sites (site 1 and site 2) in 2018. 
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Trteatment* Ph (cm SL (cm) GY (kg ha
-1

) SY (kg ha
-1

) HI  

0 kg  53.97e 5.72c 1268.1d 1663.5d 0.43 

50 NPSZn 59.13d 6.379b 1725.0cd 2366.0c 0.418 

100 NPSZn 62.70cd 6.67ab 1847.2c 2458.3c 0.431 

150 NPSZn 66.10bc 6.70ab 1933.3bc 2497.2c 0.438 

200 NPSZn 66.67abc 6.89ab 2463.5ab 3318.4ab 0.43 

250 NPSZn 70.53ab 7.17a 2647.2a 3375.0a 0.442 

300 NPSZn 71.50a 7.08a 2855.6a 3916.7a 0.424 

R NP 66.07bc 6.83ab 2058.3bc 2655.6bc 0.443 

LSD 5.1005 0.6088 534.52 700.06 NS 

CV 6.68 7.71 21.52 21.28 4.44 

P value 0 0.0012 0 0 0.3305 

Site 1 61.37b 6.5 1887.3b 2314.5b 0.448 

Site 2 67.80a 6.86 2312.2a 3248.2a 0.416 

LSD 2.4396 Ns 181.14 161.13 0.0207 

CV 4.71 11.14 10.76 7.23 5.98 

P value 0.0019 0.1687 0.0029 0.0001 0.0123 
* :  LSD = Least significant difference, CV = Coefficient of variation,Ph = Plant height, SL = Spike length, GY = Grain yield, SY = Straw yield, 

RNP = Recommended Nitrogen and phosphorus and HI = Harvest index 

Highest plant height was recorded when 250 kg NPSZn/ha was applied showing 27.5% 

increment over the control but the differences were not statistically significant with that of the 

other NPSZn treatments for Vertisols at Shibta. Higher spike length was observed at 250 kg 

NPSZn/ha and higher grain and straw yields were obtained at the rate of 300 kg NPSZn/ha. 

However, spike length and grain yield differences were not significant for the treatments above 

50 kg NPSZn/ha on Vertisols at Shibta (Table 3). Highest plant height, grain and straw yield  

were recorded when 300 kg NPSZn/ha was applied for Cambisols at Shibta (Table 4).  

Partial budget analysis  

Partial budget analysis on grain and straw yields showed >100% marginal rate of return for the 

treatments 50 to 300 kg NPSZn/ha with adjusted N fertilizer as well as recommended N and P on 

Vetisols in Hitalowajerat (Table 5). Similar to our result, Abebaw Tadele Alem and Hirpa 

Legese (2018) reported a significant and profitable effect of blended fertilizer (NPSZn) on wheat 

at the rate of 200 kg/ha at ArjoDidessa (Western Ethiopia). For durum wheat at DebreZeit, 

Bizuwork Tafes Desta (2018) concluded that combined application of 100 kg NPSB and 92 kg 

N/ha gave economically profitable results on Vertisols. 

Partial budget analysis on grain and straw yields showed highest  marginal rate of returns at the 

rates of 250 kg NPSZn/ha with adjusted N fertilizer onVertisols at Shibta in Enderta (Table 6). 

Partial budget analysis on grain and straw yields showed highest  marginal rate of returns at the 
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rates of 100 kg NPSZn/ha with adjusted N fertilizer for wheat grown on  Cambisols in the area 

(Table 7). 

Table 3. Effect of blended fertilizers on yield and yield componentsof wheat grown on Vertisols at Shibta 

in Enderta Woreda combined over years (2017 and 2018). 
Trteatment PL (cm) SL (cm) GY (kg ha

-1
) SY (kg ha

-1
) HI  

0 kg  65.80d 6.07c 1186.1c 2205.6f 0.346 

50 NPSZn 75.70c 7.15ab 1911.1ab 3516.7de 0.349 

100 NPSZn 75.07c 6.87b 1972.2ab 3613.9cde 0.350 

150 NPSZn 78.50bc 7.12ab 2069.4ab 4116.7bcd 0.331 

200 NPSZn 77.90bc 6.98ab 2130.6ab 4252.8abc 0.333 

250 NPSZn 83.87a 7.33a 2377.8a 4741.7ab 0.332 

300 NPSZn 80.43ab 7.17ab 2344.4a 4861.1a 0.322 

RNP 75.70c 7.10ab 1747.2c 3455.6e 0.333 

LSD 4.5309 0.4221 491.46 655.51 NS 

CV 5.0 5.12 21.12 14.41 7.77 

P value 0.0000 0.0001 0.0009 0.0000 0.5236 

Year 1 78.3 7.43a 2258.3 4352.1 0.342 

Year  2 74.94 6.52b 1676.4 3338.9 0.332 

LSD NS 0.1788 NS NS NS 

CV 8.06 3.20 50.46 33.55 16.48 

P value 0.1326 0.0001 0.1121 0.0530 0.5950 

P value of Year*Trt. 0.0211 0.0975 0.4438 0.1185 0.3178 
* : LSD = Least significant difference, CV = Coefficient of variation,PL = Plant height, SL = Spike length, GY = Grain yield, SY = Straw yield, 

Trt = treatment, RNP = Recommended Nitrogen and phosphorus and HI = Harvest index 

Table 4.  Effect of blended on yield and growth parameters   of wheat  grown at Cambisols at Shibta  in 

Enderta  Woreda combined over the years (2017 and 2018). 
Trteatment PL (cm) SL (cm) GY (kg ha

-1
) SY (kg ha

-1
) HI  

0 kg  74.27c 6.70d 1505.60c 2697.2e 0.357 

50 NPSZn 78.30b 6.92cd 2075.00c 4000.00d 0.340 

100 NPSZn 78.90b 7.03bcd 2233.3abc 4375.00cd 0.336 

150 NPSZn 81.07ab 7.25abc 2130.60bc 4705.6bc 0.328 

200 NPSZn 81.67ab 7.05bcd 2500.00 ab 5180.6ab 0.323 

250 NPSZn 84.00a 7.50a 2313.90abc 4672.2c 0.317 

300 NPSZn 82.90a 7.23abc 2563.90a 5494.4a 0.315 

RNP 81.23ab 7.40ab 1986.10c 4275.0cd 0.310 

LSD 3.9798 0.3942 405.42 507.70 NS 

CV 4.19 4.67 15.84 9.70 9.15 

P value 0.0009 0.0058 0.0004 0.0000 0.1679 

Year 1 78.30b 7.43 2258.3 4352.1 0.3415 

Year  2 82.28A 6.84 2068.8 4497.9 0.3151 

LSD 2.9132 0.3942 NS NS NS 

CV 3.9798 5.19 47.54 22.79 17.64 

P value 0.0192 0.0054 0.5579 0.6427 0.1887 

P value of Year*Trt. 0.3260 0.7937 0.6148 0.5490 0.4021 

* :  LSD = Least significant difference, CV = Coefficient of variation,PL = Plant height, SL = Spike length, GY = Grain yield, SY = Straw yield, 

Trt = treatment, RNP = Recommended Nitrogen and phosphorus and HI = Harvest index. 
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Table 5.  Partial budget analysis for Hitalowajerat(combined over sites) 

Treatment 

(NPSZn 

RNP)* 

Adjusted  

GY 

(kg/ha) 

Adjusted 

SY 

(kg/ha) 

Total 

fertilizer 

(ETB) 

Fertilizer, 

transport & 

application cost 

TVC) Grain 

revenue 

Straw 

revenue 

Total 

revenue 

Net 

revenue 

[TR-TVC] 

MRR 

(ratio) 

MRR 

(%) 

0 1355.0 2427.5 0.0 0.0 0.0 18970.6 7767.9 26738.5 26738.5 - - 

50 1867.5 3600.0 2316.8 254.8 2571.7 26145.0 11520.0 37665.0 35093.3 3.2 324.9 

100 2010.0 3937.5 2791.6 301.0 3092.6 28139.6 12600.0 40739.6 37647.0 4.9 490.2 

150 1917.5 4235.0 3266.4 347.1 3613.5 26845.6 13552.1 40397.7 36784.2 D D 

RNP 1787.5 3846.6 3695.1 358.7 4053.8 25024.9 12309.1 37334.0 33280.2 D D 

200 2250.0 4662.5 3741.1 393.3 4134.4 31500.0 14920.1 46420.1 42285.7 4.5   

250 2082.5 4205.0 4215.9 439.4 4655.3 29155.1 13455.9 42611.1 37955.8 D D 

300 2307.5 4945.0 4690.8 485.6 5176.3 32305.1 15823.9 48129.0 42952.7 0.6 64.0 
* = RNP = Recommended N & P fertilizers, GY = Grain  yield, SY = Straw yield, TVC = Total variable cost. 

Table 6.Partial budget analysis for EndertaVerttisols (combined over two years) 

*Treatment 

(NPSZn 

RNP)* 

Adjusted  

GY 

Adjusted 

SY 

Total 

fertilizer 

Cost 

Fertilizer, 

transport & 

application cost 

TVC Grain 

revenue 

Straw 

revenue 

Total 

revenue 

Net 

revenue 

(TR-TVC) 

MRR 

(ratio) 

MRR 

(%) 

0 1067.5 1985.0 0.0 0.0 0.0 14944.9 6352.1 21297.0 21297.0     
50 1720.0 3165.0 2316.8 254.8 2571.7 24079.9 10128.1 34208.0 31636.3 4.0 402.0 

100 1775.0 3252.5 2791.6 301.0 3092.6 24849.7 10408.0 35257.8 32165.2 1.0 101.5 

150 1862.5 3705.0 3266.4 347.1 3613.5 26074.4 11856.1 37930.5 34317.1 4.1 413.1 

RNP 1572.5 3110.0 3695.1 358.7 4053.8 22014.7 9952.1 31966.9 27913.1 D D 

200 1917.5 3827.5 3741.1 393.3 4134.4 26845.6 12248.1 39093.6 34959.2 1.2 123.3 

250 2140.0 4267.5 4215.9 439.4 4655.3 29960.3 13656.1 43616.4 38961.1 7.7 768.3 

300 2110.0 4375.0 4690.8 485.6 5176.3 29539.4 14000.0 43539.4 38363.1 D D 
* GY = Grain yield; SY = straw yield; TVC = Total variable cost, MRR = Marginal rate of return 

Table 7.Partial budget analysis for EndertaCambisols (combined over two years) 

Treatment 

(NPSZn 

RNP)* 

Adjusted  

GY 

Adjusted 

SY 

Total 

fertilizer 

Cost 

Fertilizer 

transport & 

application cost 

TVC) Grain 

revenue 

Straw 

revenue 

Total 

revenue 

Net 

revenue 

[TR-TVC] 

MRR 

(ratio) 

MRR 

(%) 

0 1355.0 2427.5 0.0 0.0 0.0 18970.6 7767.9 26738.5 26738.5 - - 

50 1867.5 3600.0 2316.8 254.8 2571.7 26145.0 11520.0 37665.0 35093.3 3.2 324.9 

100 2010.0 3937.5 2791.6 301.0 3092.6 28139.6 12600.0 40739.6 37647.0 4.9 490.2 

150 1917.5 4235.0 3266.4 347.1 3613.5 26845.6 13552.1 40397.7 36784.2 D D 

RNP 1787.5 3846.6 3695.1 358.7 4053.8 25024.9 12309.1 37334.0 33280.2 D D 

200 2250.0 4662.5 3741.1 393.3 4134.4 31500.0 14920.1 46420.1 42285.7 4.5 450 

250 2082.5 4205.0 4215.9 439.4 4655.3 29155.1 13455.9 42611.1 37955.8 D D 

300 2307.5 4945.0 4690.8 485.6 5176.3 32305.1 15823.9 48129.0 42952.7 0.6 64.0 
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Conclusion and Recommendation 

Biologically higher response due to the treatments were obtained for grain and straw yield, and 

plan height at the rates of  300 NPSZn and 25 urea kg/ha. However, there were no significant 

differences in grain and straw yields with the application of 200-300 NPSZn and 62-25 urea 

kg/ha. The highest marginal rate of return was observed at 200 NPSZn and kg/ha adjusted with 

62 kg/ha urea for Hintalo-Wajerat Vertisols. This rate (200kg NPSZn/ha adjusted with 62 urea) 

can be recommended as better rate for wheat grown on Hintalo-Wajerat Vertisols. However, 

considering cost and yield, 50-300 kg/ha NPSZn with adjusted 115 - 25 kg/ha urea could be 

applied for wheat on Vertisols for areas having similar agro-ecology with that of Hintalo-

Wajerat. 

For Vertisols at Mesanu (Shibta), biologically higher responses were obtained at 250 kgNPSZn 

and 42 kg urea/ha. For Cammbisols at Godagudi (Shibta), biologically higher responses were 

obtained at 300 kgNPSZn and 25 kg urea/ha .However, there were no significant differences in 

grain yield when  200-300 NPSZn and 62-25 urea kg/ha were applied on Vertisols at Shibta.  

The rates starting from 50 up to 250 kg/ha NPSZn and 115-42 kg/ha urea can be recommended 

for Vertisols in Shibta. For the Cambisols at Shibta and areas with similar agro-ecology and soil 

type, starting from 100 kg/ha NPSZn adjusted with 100 kg urea/ha could be recommended as this 

rate is more profitable. 
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Abstract 

Field experiments arranged in Randomized Complete Block Design (RCBD) were conducted 

during 2017 and 2018 cropping seasons to evaluate the effect of blended NPSZnB fertilizer 

under adjusted nitrogen (N) fertilizer on yield and yield components of breadwheat (Tritcum 

aestivum) grown on Cambisols of Hawzien Woreda. The treatments were seven rates of NPSZnB 

(0, 50, 100, 150, 200, 250, 300, kg ha
-1

) and one blanket recommended N and P fertilizers (64 kg 

Nha
-1

, 46 kg P2O5 ha
-1

). The N content in the blend fertilizer treatments were adjusted to 64 N ha
-

1 
by urea top dressing. Highest grain and straw yields of bread wheat were recorded at the highest 

blended fertilizer rate (300 kg ha
-1

) though the yields were statistically at par with application 

rate of 100 kg ha
-1

 for grain and 200 kg ha
-1

 for biomass and straw yield. The 200 kg ha
-1

 

NPSZnB blended fertilizer adjusted with 28.6 kg N in the form of urea by top dressing was 

found to be economical both from biomass or grain and straw yields improvement perspective. 

Improvement in grain and straw yields are equally important to farmers. From a grain 

productivity improvement perspective, 100 kg ha
-1

 NPSZnB blended fertilizer with 46.3 kg N in 

the form of urea by top dressing had similar grain yield with previously recommended N and P 

rates. Hence, further research should be conducted on interaction effects of N and P with the 

other nutrients in the blend (S, Zn and B) to find optimum interaction levels and to indicate the 

nutrients that significantly contribute for improvement of wheat productivity in general and 

possibly for product quality in particular.  

Keywords: Blended fertilizer, Hawzen, Bread wheat 

Introduction 

Bread wheat is an important crop which is grown in many areas globally than any other and 

provides a major share of the nutritional requirements for the growing world population (Shapiro 

2009). Traditionally, bread wheat is used for making "dabo", "dabokolo","ganfo", "kinche" and 

other types of food in Ethiopia (Mathewos et al 2012). Besides, bread wheat straw is an integral 

component of livestock feed and commonly also used as a roof thatching material both in the 

rural and urban areas in Ethiopia (Seyoum and Zinash 1989). 

Bread wheat yield in Ethiopia is low compared to other wheat producing countries in Africa and 

the world. Poor agronomic and soil management, inadequate level of technology generation and 

dissemination are the most significant constraints to increased bread wheat production in 
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Ethiopia. Low soil fertility followed by slow progress in developing bread wheat cultivars with 

durable resistance to disease, pests and weed are considered the most important constraints 

limiting bread wheat production in Ethiopia (Demeke and Di Marcantonio 2013).  

In Tigray, poor soil fertility is also among the major crop production constraints in. Soil fertility 

map of Tigray was published by the Ministry of Agriculture (MoA) and Ethiopian Agricultural 

Transformation Agency (ATA) (MoA and ATA 2014). Accordingly, the soils of Hawzen 

Woreda wereidentified as low in soil organic carbon (OC) , total N, phosphorus (P), potassium 

(K), sulfur (S), boron (B) and zinc (Zn). Hence, fertilizer studies were conducted for consecutive 

two years to evaluate the effects of NPSZnB blended fertilizers under adjusted N level in the 

form of urea on yield and yield components of bread wheat.  

Materials and Methods 

On-farm field experiments were conducted in 2017 and 2018 growing seasons in Hawzen 

Woreda, Tigray, Ethiopia (Figure 1) to evaluate the response of bread wheat to blended NPSZnB 

fertilizer. Hawzen Woreda is located (Figure 1) in tepid to cool sub moist mountains plateau agro 

ecological zone (Anonymous 2000). Cambisols in Hawzen Woreda are one of the most degraded 

soils in the Tigray region which are believed to be very poor in soil organic matter (Bereket et al, 

2014). Wheat is grown during the main season from June to September. The mean annual 

rainfall is 510 mm. The rainfall in 2017 and 2018 was 351 mm and 319 mmrespectively. The 

rainfall data was summarized from the nearest Woreda data (Hawzen Office of Agriculture and 

Rural Development, unpublished data). Annual mean maximum temperature is around 24
o
C and 

mean minimum is around 7.7
 o
C according to LocClim 1.0 software (FAO 2002). 

The field experiments consisting of eight treatments were laid out in RCBD with three 

replications at two sites per year during the croppingseasons of 2017 and 2018. The experiment 

was conducted in a plot size of 3 m by 3 m with spacing 1m, 0.5 m and 0.2 m between blocks, 

plots and plants, respectictively. The treatments consisted  seven NPSZnB rates (0, 50, 100, 150, 

200, 250, 300, kg ha
-1

) and one blanket recommended N and P fertilizers (64 kg N ha
-1

, 46 kg 

P2O5 ha
-1

). The blended fertilizer was applied during planting. The N content in the blend 

fertilizer treatments were adjusted to 64 kg N ha
-1 

by urea top dress application.  
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Figure1. Location map of the Hawzien Woreda, Tigray, Ethiopia 

Representative composite soil samples from each field were taken before planting following the 

standard soil sampling procedure. Each composite soil samples were used to analyse selected 

physico-chemical parameters[particle size analysis , pH, electrical conductivity (EC), organic 

carbon (OC), cation echange capacity (CEC), total N and available P]. Particle size analysis was 

determined by hydrometer method (Day, 1965). Soil pH and EC were measured in 1:2.5 soil 

water suspensions (Jackson, 1967). Organic carbon content was determined by using modified 

Walkley and Black method (Jackson,1967) CEC exchange capacity by sodium acetate (NaOAc) 

extraction method by adjusting the pH to neutral (Chapman, 1965). Available P was estimated by 

Olsen method (Olsen et al, 1954) while total N  was determined by Kjeldhal method (Bremner 

and Mulvaney ,1982). 

Kakaba wheat variety was used as test crop. Agronomic data including straw and grain yields, 

plant height and spike length, were collected following standard procedures. The collected data 

were subjected to analysis of variance. Means were compared with Least Significant Difference 

(LSD) test at 5% level of probability. All analyses were performed with GenStat 14
th

 edition 

(VSN 2011). 
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Results and Discussion 

Selected physicochemical properties of the study sites 

The soil textural classesof for all the study sites were sandy loam with a sand content from 60 to 

82 % (Table 1). The pH of the soils of the study sites was slightly acidic in accordance with 

rating of Tekalign (1991). The soils of all the study sites were non-saline with an EC of < 2 dS 

m
-1

. The soil OC content and total N were low (< 1.5%) and very low (< 0.1), respectively 

according to Tekalign (1991). The soil available P status of the three sites were high (Olsen-P > 

10 mg kg 
-1

) while the remaining one site was very low (Olsen-P < 5 mg kg 
-1

 soil) (Olsen 

1954).The CEC of the soils ranged 4.45 to 10.06 which is considered as low (5-15 Cmol(+)kg
-1

 

soil) according to Landon (2014). Deficiencies of S, Zn and B (MoA and ATA 2014) and Zn 

(Bereket et al 2018; Bereket 2018) were also reported low in the soils of Hawzen Woreda. 

Table1. Selected physicochemical properties of surface (0-20 cm deep) fields for NPSZnB blend 

fertilization experiments, Hawzen Woreda, Tigray.  
Soil parameter Year I (2017)

 
Year II (2018) 

 Site1 Site2 Site3 Site4 

pH-H2O 6.73 6.025 6.56 6.08 

EC, ms cm
-1

 0.11 0.04 0.054 0.058 

CEC Cmol(+)kg
-1

 soil 6.27 7.27 10.06 4.54 

OC (%) 0.567 0.374 0.315 0.41 

Total-N (%) 0.084 0.034 0.085 0.078 

Olsen- P (mg kg
-1

) 11.5 4.45 12.89 11.10 

Sand (%) 74 60 78 82 

Silt (%) 16 26 10 6 

Clay (%) 10 14 12 12 

Textural class SL SL SL SL 

Effects on growth parameters and yield of bread wheat 

There was no interaction effect of year, site and the fertilizer treatments on growth, yields and 

harvest index of bread wheat (Table 2). The main effect of year significantly (P<0.01) affected 

spike length, grain yield and harvest index of wheat. This might be due to the weathervariability 

especially rain fall between the two years. There was significant difference between the sites for 

plant height, grain yield, straw yield and harvest index of bread wheat. The probable reason for 

the variability could be due to the combined soil characteristics effects of the sites (Table 1). 

Highest grain yield and significant (P<0.01) highest biomass and straw yield of bread wheat 

were attained at the blended NPSZnB fertilizer rate of 300 kg ha
-1

. The recorded grain yield 
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increment at this rate over control and recommended N and P were 58% and 11.7%, while the 

recorded straw yield increment were 87% and 16%, respectively. Though, the recorded 

increments  at this rate were statistically at par with NPSZnB fertilizer rate of 100 kg ha
-1 

for 

grain and 200kg ha
-1

 for straw indicating application at these rates improve productivity of wheat 

both from human and livestock feed consumption perspective. Improvement in grain and straw 

yields are equally important to farmers.  While comparing with the previous recommended N 

and P fertilizer rates, 100 kg ha
-1 

NPSZnB with 46.3 kg N in the form of urea by top dressing 

was statistically similar with the recommended rate for grain yield while 200 kg ha
-1 

NPSZnB 

with 28.6 kg N in the form of urea by top dressing was superior for biomass and straw yield than 

the recommended rate. This indicated that the combined contribution of S, Zn and B or either of 

the nutrients in the blend fertilizer had also improved productivity of bread wheat. Because N 

fertilizer was adjusted to 64 kg ha
-1

 in all the blend fertilizer treatments, and three of the four 

sites had also P soil level in the optimum soil rating and the blend fertilizer treatments were also 

compared with recommended P (Figure 1; Table 1). Sulfur, Zn, and B (MoA and ATA 2014) and 

Zn (Bereket et al 2018; Bereket 2018) were also reported to be deficient in the soils of Hawzen 

Woreda. 

 

Figure2. Grain and straw yield response of NPSZnB response at adjusted N to 64 kg N ha
-1

Hawzen 

Woreda, Tigray. Line and triangle indicated a curve for grain yield while line and square for straw yield. 
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Table 2. Main effect of year, site and blend fertilizer (NPSZnB) on yield components and yields of bread 

wheat 
 Plant height 

(cm) 

Spike length 

(cm) 

Biomass yield 

(kg ha-
1
) 

Grain yield 

(kg ha-
1
) 

Straw yield 

(kg ha-
1
) 

Harvest 

index (%) 

 

 

Year        

I 64.09 7.65a 7456a 2916a 4539 38.44a  

II 65.35 6.81b 6549b 2200b 4349 33.78b  

P Ns 0.004 <0.001 <0.001 ns <0.001  

LSD Ns 0.556 383 163 ns 1.12  

Site        

Site1 64.72b 6.96 8919a 3512a 5407a 38.96a  

Site2 64.72b 7.49 5085d 1604d 3481c 33.26b  

Site3 61.50c 7.00 7342b 2940b 4402b 39.77a  

Site4 67.94a 7.45 6662c 2176c 4486b 32.45b  

P <0.001 ns <0.001 <0.001 <0.001 <0.001  

LSD 1.89 ns 542 230 363 1.59  

Treatments (NPSZnB, kg ha-
1
)  

0 56.92c 6.46 4667d 1836c 2830e 38.96a  

50 64.41b 7.72 6743c 2532b 4211d 36.94ab  

100 64.02b 7.19 6954bc 2592ab 4362cd 36.51b  

150 66.12ab 6.96 7243bc 2645ab 4598bcd 35.92bc  

200 67.42a 8.47 7579ab 2768ab 4811abc 36.01bc  

250 64.45b 7.13 7476abc 2574b 4902ab 33.98c  

300 68.08a 7.40 8200a 2911a 5289a 34.82bc  

Recommended N and 

P (64 N and 46 P2O5) 

66.35ab 7.07 7154bc 2607ab 4547bcd 35.82bc  

P <0.001 0.052 <0.001 <0.001 <0.001 0.003  

LSD 2.67 ns 766 326 514 2.246  

P Year*Treatment 0.083 0.55 0.979 0.95 0.72 0.067  

P Site*Treatment 0.99 0.90 0.984 0.89 0.97 0.26  

CV (%) 5.1 18.8 13.4 15.6 14.1 7.6  
Note: The100 kg NPSZnB blend fertilizer contained17.7 kg N, 34.5 kg P2O5, 6.5 kg S, 2.5 kg Zn and 0.5 kg B. The nitrogen content in the blend 

fertilizer treatments were adjusted to 64 N ha-1byurea top dress application.  

Partial budget analysis 

Highest grain and straw yields were recorded at the highest blend fertilizer rate under adjusted N 

to 64 kg N ha
-1

.Though, the recorded increases at this rate were statistically at par with NPSZnB 

fertilizer rate of 100 kg ha
-1 

for grain and 200kg ha
-1

 for straw. Considering only the advantage of 

grain yield improvement,100 kg ha
-1 

NPSZnB fertilizer with 46.3 kg N in the form of urea by top 

dressing would be recommended and was also statistically similar with the traditionally 

recommended N and P fertilizer rates. However, from biomass or grain and straw yields 

perspective,  200 kg ha
-1

 NPSZnB blended fertilizer with 28.6 kg N by top dressing was found to 

be economical to improve productivity of bread wheat under the soils similar to the experimental 

area in Hawzen (Table 3). 
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Table 3. Partial budget analysis 
Treatments (NPSZnB, 

kg ha-
1
) 

Fertilizers 

cost (Birr) 

Fertilizer transport 

and application cost 

(Birr) 

Total 

variable 

cost (birr) 

Total revenue 

(birr) 

Net 

revenue 

(birr) 

Marginal rate of 

return (ratio) 

Marginal rate of 

return (ratio) 

0 0 0 0 28205 28205   

50 2317 255 2572 41752 39180 4.27 426.76 

100 2792 301 3093 42889 39796 1.18 118.25 

150 3266 347 3614 44189 40575 1.50 149.52 

Recmmended NP  3695 359 4054 43597 39543 D D 

200 3741 393 4134 46241 42107 2.94 294.03 

250 4216 439 4655 44234 39578 D D 

300 4691 486 5176 49291 44115 1.93 192.73 

Note: Farm get price for the fertilizers (Urea, blend NPSZnB and TSP) and average prices at Hawzen of wheat grain birr 13 birr kg
-1

grain and wheat straw birr 

3.2 birr kg
-1

 straw were considered to calculate the total fertilizers cost and total revenue, respectively. 
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Conclusion and Recommendation 

The study revealed that blend NPSZnB fertilizer with adjusted N fertilizer improved grain and 

straw yields of bread wheat. The 200 kg ha
-1

 NPSZnB blended fertilizer adjusted with 28.6 kg N in 

the form of urea by top dressing was also found to be economical both from biomass or grain and 

straw yields improvement perspective. Improvement in grain and straw yields are equally 

important to farmers. From grain productivity improvement perspective, 100 kg ha
-1

 NPSZnB 

blended fertilizer with 46.3 kg N in the form of urea by top dressing had similar grain yield effect 

with previously recommended N and P rates. This indicated that the combined contribution of S, 

Zn and B or either of the nutrients in the blend fertilizer had also improved productivity of bread 

wheat. Hence, further research should be conducted to evaluate the interaction effect of N and P 

with the other nutrients in the blend (S, Zn and B) to find optimum interaction levels.  
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Abstract  

Based on Ethiopian Agricultural Transformation Agency (ATA) and Ministry of Agriculture 

(MOA) soil fertility status and fertilizer recommendation atlas, one of a new blended fertilizer 

NPSZn containing 17.7% nitrogen (N) (17.7% N), phosphorous (P) (35.3% P2O5), 6% sulfur (S) 

and 2.5% Zinc (Zn) is recently introduced aiming at substituting di ammonium phosphate (DAP) 

(18% N and 46% P2O5) for crop production. There is a need to optimize blended fertilizer for 

wheat production under farmers‟ conditions. This study was carried out to investigate the optimum 

level of NPSZn blended fertilizer with adjusted N for bread wheat production. A field experiment 

was carried out for 2017 and 2018 main cropping seasons at Ofla and at Emba Alaje Woredas in 

Tigray Regional State, Ethiopia. The experiment was arranged in a randomized complete block 

design (RCBD) with three replications on two farmers‟ fields per cropping season. The treatments 

were seven levels of NPSZn (0, 50, 100, 150, 200, 250, 300, kg ha
-1

) adjusted with N to the 

recommended level. Recommended N and P fertilizers (64 kg N ha
-1

, 46 kg P2O5 ha
-1

) were also 

included as a positive control. Soil samples were collected before planting and analyzed for 

selected physicochemical properties. Application of different rates of NPSZn blended fertilizer 

significantly influenced yield and yield components of wheat at both sites. The response curve 

revealed that grain and straw yield increased with rate at both sites. At Ofla, the highest grain and 

straw yields were obtained from plots that received 200 kg NPSZn ha
-1 

. At Emba Alaje, the 

highest grain and straw yields were harvested from the application of 200 kg NPSZn ha
-1

 and 100 

kg NPSZn ha
-1

, respectively. Partial budget analysis revealed that the optimum marginal rate of 

return was 22.25ETB and 16.06ETB at Emba Alaje and Ofla, respectively. Both biological and 

economic analysis showed that applications of 200kg NPSZn with 28.6 kg N at Ofla and 100 kg 

NPSZn with 46 kg N at Emba Alaje were optimum for wheat production and these rates could be 

recommended for areas where the rainfall distribution and soil type is similar with the 

WoredaWoredas wherein this experiment was conducted. Further study should be done on effects 

of NPSZn in grain quality and single nutrient based experiment should also be carried out to 

evaluate the blended fertilizer for crop production. 

Keywords: NPSZn, Wheat, Recommended NP, Tigray 

Introduction   

Ethiopia‟s current wheat production and productivity is getting improved. Despite this, with 

Ethiopia‟s rising population and urbanization, demand for wheat surpasses the national supply 

which makes the current production insufficient to meet domestic needs, forcing the country to 

import up to 50% to fill the gap (Minot et al 2015). The low yield is mainly allied with the 

depletion of soil organic matter, continuous nutrient uptake of crops, mono cropping in the major 

wheat growing areas of the country, improper use of fertilizer and low fertilizer recovery, 

mailto:sofifidel97@gmail.com
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occurrence of disease and pest. To meet the growing demand without importing wheat, either the 

area under wheat production and/or productivity per unit area should be increased (Kamruzzaman 

and Mohammad 2008). Varietal development and adoption of improved agricultural technology 

including soil fertility and fertilizer management are among the essential tools to improve 

productivity of wheat per unit area. 

The use of different blended fertilizers for crop production in Ethiopia is a recent history. For the 

past 5 decades  fertilizer recommendation in Ethiopia was based on very general crop specific 

guidelines or more often, a single recommendation for all crops (100 kg DAP (18-46-0) and 100 

kg Urea (46-0-0). This blanket recommendation often fails to take into consideration differences in 

resource endowment (soil type, labor capacity, climate risk) or make allowances for dramatic 

changes in input/output price ratio, thereby discouraging farmers from fertilizer application. 

Moreover, the nutrients in the blanket recommendation were not well balanced agronomically and 

its continued use will gradually exhaust soil nutrient reserves. Therefore, neither yields nor profits 

can be sustained using imbalanced application of fertilizers, as the practice results in accelerating 

deficiencies of other soil nutrients. Since absence of one or more nutrients besides N and P can 

depress yield significantly. This could explain, in part, the modest crop yield improvements 

observed over the last few decades in contrast to significant increases in fertilizer use and 

investment made in the country. NPSZn blended fertilizer is one of the newly introduced fertilizers 

to improve crop production based on the ATA soil atlas map in our country (ATA 2014).  A 

different level of NPSZn with adjusted N for wheat production was not yet investigated in our 

country. Hence, the experiment was initiated to evaluate different rates of blended fertilizer on 

yield and yield components of wheat.  

Materials and Methods  

Description of the study area 

The experiment was carried out for the two consecutive raifed cropping seasons (2017 and 2018) 

in Ofla at two farmers‟ field and in 2018 in Emba Alaje at two farmers‟ fields (Figure 1). 
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Figure 1. Location map of Emba Alaje and Ofla Woreda, Tigray, Ethiopia 

The trial was laid out in RCBD with three replications. The treatments were seven levels of NPSZn 

(0, 50, 100, 150, 200, 250, 300, kg ha
-1

) adjusted with N to the recommended level. Recommended 

N and P fertilizers (64 kg N ha
-1

, 46 kg P2O5 ha
-1

) were also included as a positive control.  

Table1. Treatments with respective nutrient composition 
Treatments (kg ha

-1
) N P2O5 S Zn Adjusted N Total N applied 

0 - - - - - - 

50 NPSZn 8.85 17.65 3 1.25 55.15 64 

100 NPSZn 17.7 35.3 6 2.5 46.3 64 

150 NPSZn 26.55 52.95 9 3.75 37.45 64 

200 NPSZn 35.4 70.6 12 5 28.6 64 

250 NPSZn 44.25 88.25 15 6.25 19.75 64 

300 NPSZn 53.1 105.9 18 7.5 10.9 64 

64 N and 46 P2O5  64 46 - - - 64 

Soil Sampling and Analysis 

Representative composite soil samples from each field were taken before planting following the 

standard soil sampling procedure. Each composite soil sample was used for selected physico-

chemical analysis [particle size analysis, soil reaction (pH), electrical conductivity (EC) , organic 

carbon (OC), cation exchange capacity (CEC), total N, and available P]. Particle size distribution 

was determined using the Bouyoucos hydrometer method (Bouyoucos, 1962).  The pH of the soil 

was measured in the supernatant suspension of a 1: 2.5 soil to water ratio using a pH meter 
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(Rhoades, 1982). Walkely and Black (1934) used for determination of organic carbon. Total N was 

determined using the Kjeldahl method as described by (Bremner and Mulvaney 1982). Available P 

was determined following the Olsen method (Olsen et al 1954) using ascorbic acid as reducing 

agent. Cation exchange capacity was determined by ammonium acetate method.  

Data collection  

Plant height (PH) was measured from ground surface to the tip of the panicle at maturity from 5 

randomly sampled plants using tape meter (cm). Spike length (SL) was measured from the bottom 

of the spike to the tip of the spike excluding the awns from five randomly tagged spikes from the 

net plot. Grain yield was harvested from the five middle rows of each plot, sun dried and manually 

threshed separately then grain was weighed by using sensitive electronic balance. The weight of 

above ground crop biomass in middle five rows in each plot was recorded after sun drying. Harvest 

index was calculated from the ratio of grain yield to biological yield. 

Data analysis 

Collected data were subjected to analysis of variance (ANOVA) using General Linear Model 

(GLM) procedures of SAS 9.1.3 (SAS, 2002). Mean separation was carried out following Gomez 

(1884) and economic feasibility following International Maize and Wheat Improvement Center 

(CIMMYT) manual (CIMMYT, 1988). 

Results and Discussion  

Before planting soil properties  

The physicochemical properties of the soils of the experimental sites are indicated in Table 2. 

Textural class at both sites was clay loam. According to Tekalign (1991) rating of soil pH, the pH 

of Cambisols of Ofla was slightly acidic at both sites. The OC contents of soils of the experimental 

sites were low (Tekalign, 1991). According to Birhanu (1980), total N content at both sites were 

low. Available P was medium (Olsen, 1954) and CEC was medium at both sites (Landon, 1991). 
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Table 2. Pre-planting soil physico-chemical properties in Ofla and Emba Alaje Woredas 

Parameters Emba Alaje Woreda Ofla Woreda 

2018 2017 2018 

  Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 

pHwater (1:2.5) 6.97 6.83 5.86 6.96 6.46 6.69 

ECwater (1:2.5), dS m-1 0.115 0.138 0.09 0.66 0.132 0.075 

Organic carbon (%) 1.609 2.116 1.14 0.87 0.935 1.566 

Total N (%) 0.102 0.113 0.078 0.144 0.08 0.12 

P-Olsen (mg kg-1) 11.2 14.8 13.48 20.28 17.342 18.54 

CEC (meq/100 gm soil)  33.36 35.97 25.9 19.7 39.7 43.79 

Clay (%) 36 22 22 66 56 58 

Silt (%) 38 52 36 14 26 24 

Sand (%) 26 26 42 20 18 18 

Texture class Clay loam Silt loam Loam Clay Clay Clay 

Yield and yield components  

Results showed that application of different rates of NPSZn blended fertilizer had a significant 

(P<0.001) effect on plant height and spike length in Ofla and Emba Alaje Woredas (Tables 4 and 

5. Even though there was some inconsistency, plant height increased with rate at both sites. The 

highest plant height was recorded from the application of 300 kg of NPSZn ha
-1

 at both sites.  

Blended rates ranging from 100 to 300 kg ha
-1

 NPSZn rates were statistically (P<0.001) higher in 

plant height than the recommended NP. Grain and straw yields increased consistently up to 200 kg 

NPSZn ha
-1

 at both Woreda, and started to decrease with rates. In Emba Alaje the highest grain 

and starw yields were obtained from the application of 200 kg NPSZn ha
-1

 and 100 kg NPSZn ha
-1

, 

respectively, whereas in Ofla Woreda the highest grain and starw yields were recorded on plots 

treated with 200kg NPSZn/ha and 300 kg NPSZn/ha, respectively.  

Table 3. Effect of NPSZn on yield and yield components of wheat in Ofla  

  Ofla 

Treatments  Two Year Combined analysis 

 

Plant H 

(cm) 

Spike L 

(cm) 

Grain Yield kg ha
-

1
 

Straw Yield kg ha 
-

1
 

Harvest Index 

(%) 

0 NPSZn 65.25e 5.175d 1697.6c 2722.3d 0.38c 

50 NPSZn 73.3d 5.9917c 2979.9b 3879.8c 0.42ab 

100 NPSZn 75.65cd 6.525b 2997.6b 3933.4c 0.43a 

150 NPSZn 77.533bc 6.6917ab 3037.4b 4074.7c 0.43a 

200 NPSZn 80.16a 6.658b 3580.2a 4956.8a 0.42ab 

250 NPSZn 79.5ab 6.66ab 3168.0ab 4555.6ab 0.41ab 

300 NPSZn 80.967a 7.0a 3388.4ab 4972.7a 0.4b 

Rec.NP(64N,46 

P2O5) 

77.083bc 6.74ab 3035.2b 4174.6bc 0.41ab 

LSD (0.05) 2.42 0.3417 423.7 439.5 0.022 

CV (%) 3.9 6.51 17.39 12.95 6.59 

P Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Year NS <0.0001 <0.0001 <0.0001 <0.0001 

Site <0.0001 NS <0.0001 <0.0001 <0.0001 

Trt*Year NS NS NS NS NS 

Trt*Site 0.0017 NS NS NS 0.0194 

Trt*Year*Site 0.0408 <0.0001 NS 0.0019 NS 
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Figure 2. Wheat reponse curve to NPSZn rates at Emba Alaje  

Table 4. Effect of NPSZn on yield and yield components of wheat in Emba Alaje  

 Treatments  Emba Alaje 

Two Site Combined analysis  

  Plant H 

(cm) 

Spike L 

(cm) 

Grain Yield 

 kg ha
-1

 

Straw Yield  

kg ha 
-1

 

Harvest Index 

(%) 

0 NPSZn 85.8b 8.26 3380.2c 5364.3b 0.40b 

50 NPSZn 88.0ab 8.6 5463.9b 6313.9ab 0.46ab 

100 NPSZn 88.4ab 8.18 6327.8ab 7011.1a 0.47ab 

150 NPSZn 88.6ab 8.4 6344.4ab 6555.6ab 0.49a 

200 NPSZn 87.4ab 8.28 6755.6a 6344.4ab 0.52a 

250 NPSZn 88.4ab 8.38 6619.4a 6269.4ab 0.51a 

300 NPSZn 90.5a 9.1 6108.3ab 5830.6ab 0.50a 

Rec.NP(64N,46 P2O5) 87.5ab 8.8 6682.2a 6095.6ab 0.53a 

LSD (0.05) 3.83 NS 927.7 1413.9 0.0735 

CV (%) 3.71 10.39 13.3 19.42 12.83 

P Value 0.0271 0.103 <0.0001 0.0022 0.0251 
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Figure 3. Wheat response curve to NPSZn rates at Ofla 
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Table 5. Partial budget analysis in Emba Alaje 

Treatm

ents  

Adjusted grain yield 

(kg ha
-1

) 

Adjusted straw yield 

(kg ha
-1

)  

Total variable 

cost (TVC) 

Grain 

revenue*13 

Straw reve-

nue*3.2 

Total 

revenue 

Net revenue 

[TR-TVC] 

MRR 

(ratio) 

MRR 

(%) 

0 3042.2 4827.9 0.0 39548.3 15449.2 54997.5 54997.5   

50 4917.5 5682.5 2571.7 63927.6 18184.0 82111.7 79540.0 9.5 954.3 

100 5695.0 6310.0 3092.6 74035.3 20192.0 94227.2 91134.6 22.3 2225.8 

150 5710.0 5900.0 3613.5 74229.5 18880.1 93109.6 89496.1 D D 

Rec NP 6014.0 5486.0 4053.8 78181.7 17555.3 95737.1 91683.3 D D 

200 6080.0 5710.0 4134.4 79040.5 18271.9 97312.4 93178.0 18.5 1853.0 

250 5957.5 5642.5 4655.4 77447.0 18055.9 95502.9 90847.5 D D 

300 5497.5 5247.5 5176.3 71467.1 16792.1 88259.2 83083.0 D D 

Table 6. Partial budget analysis in Ofla 

Treatments  Adjusted  grain 

yield (kg ha
-1

) 

Adjusted straw 

yield (kg ha
-1

) 

Total variable 

cost (TVC) 

Grain 

revenue*13 

Straw 

revenue*3.2 

Total 

revenue 

Net revenue 

[TR-TVC] 

MRR 

(ratio) 

MRR 

(%) 

0 1527.8 2450.1 0.0 19861.9 7840.2 27702.1 27702.1   

50 NPSZn 2681.9 3491.8 2571.7 34864.8 11173.8 46038.7 43467.0 6.1 613 

100 NPSZn 2697.8 3540.1 3092.6 35071.9 11328.2 46400.1 43307.5 D D 

150 NPSZn 2733.7 3667.2 3613.5 35537.6 11735.1 47272.7 43659.2 D D 

Recommend

ed NP 

2731.7 3757.1 4053.8 35511.8 12022.9 47534.7 43480.9 D D 

200 NPSZn 3222.2 4461.1 4134.4 41888.3 14275.6 56163.9 52029.5 16.1 1606 

250 NPSZn 2851.2 4100.0 4655.4 37065.6 13120.1 50185.7 45530.4 D D 

300 NPSZn 3049.6 4475.4 5176.3 39644.3 14321.4 53965.7 48789.4 D D 
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Partial budget analysis of NPSZn rates  

Partial budget results showed that highest marginal rate of return was obtained from the 

application of 200 kg NPSZn with 28.6 kg N ha
-1

 at Ofla and 100 kg NPSZn with 46 kg N ha
-1

 at 

Emba Alaje (Table 5 and 6). According to the manual for economic analysis of CIMMYT (1988), 

the recommendation is not necessarily based on the treatment with the highest marginal rate of 

return compared to that of neither next lowest cost, the treatment with the highest net benefit, and 

nor the treatment with the highest yield.The identification of a recommendation is based on a 

change from one treatment to another if the marginal rate of return of the change is greater than the 

minimum rate of return (100%). The marginal rate of return revealed that recommended NP had 

negative rate or return in Ofla. The marginal rate of return ratio was 22.25 and 16.06 at Emba 

Alaje and Ofla, respectively. 

Conclusion and Recommendation 

Application of different rates of NPSZn blended fertilizer significantly influenced yield and yield 

components of wheat at Emba Alaje and Ofla WoredaWoredas. The response curve revealed that 

grain and straw yields increased with rate at both sites. In Ofla the highest grain and straw yields 

were obtained from plots that received 200 kg NPSZn ha
-1 

. At Emba Alaje, the highest grain and 

straw yields were harvested from the applications of 200 kg NPSZn ha
-1

 and 100 kg NPSZn ha
-1

 , 

respectively. Both biological and economic analysis showed that application of 200kg NPSZn with 

28.6 kg ha
-1 

N. In Ofla and 100 kg ha
-1

 NPSZn with 46 kg ha
-1

 N at Emba Alaje was is optimum 

for wheat production and in areas where the rainfall distribution and soil type is similar with  the 

Woredas where this experiment was conducted. Further study should be done on effects of NPSZn 

in grain quality and single nutrient based experiment should also be carried out to evaluate each 

nutrient contribution for wheat production.  
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Abstract 

Two factorial field experiments were carried out with the objective of evaluating the effects of 

NPS and urea fertilizer rates on yield and yield component of bread wheat  (Kakaba variety) on 

Vertisols and Cambisols at Shibta in Enderta Woreda  of Tigray during the main rainy season of 

2017. The experiments were carried out at  farmers' fields with three replications using randomized 

complete block design (RCBD), comprised of 16 treatments which were combinations of four NPS 

levels 0, 100, 150 and 200, kg/ha NPS and four levels of urea (0,50,100 and 150 kg/ha). Composite 

soil samples were also initially collected from 0-20 cm of the fields and analyzed to determine 

major soil characteristics. The NPS fertilizer rates were applied at the time of sowing while 

nitrogen (N) was  applied in the form of urea splitted into two applications. Spike length, plant 

height, effective tillering (ET), straw and grain yield   data were collected. Crop data were 

analyzed using Statistical Analysis System (SAS) program. Textural classes of the experimental 

sites were clay and loam, mildly alkaline to neutral soil reaction (pH), non saline Electrical 

Conductivity (EC), low organic carbon (OC),Very low to low total N, moderate and  high Olsen 

phosphorus (P) and low available potassium (K). Interaction effects of NPS and urea for the season 

were not significantly different for all crop parameters tested. Significant differences (P≤0.001)  

were observed  due to main effect of NPS on plant height, spike length, effective tillering, straw 

yield  and grain yield. However, the main effects of urea showed significant differences (P≤0.05) 

on plant height, spike length and effective tillering except on grain and straw yield which were not 

significant.The main effects of NPS showed significantly different (P = 0.001) highest 

agronomical results at the rates of 200 kg NPS/ha (2856.3 kg/ha) on Vertisols but the main effect 

of urea was not significant with higher yield (2464.6 kg/ha) at 50 kg urea/ha on this soil.The main 

effects of NPS showed significantly different (P = 0.001) highest agronomical results at the rates 

of 150 kg NPS/ha (3602.1kg/ha) on Cambisols but the main effect of urea was not significant with 

higher yield (3160.kg/ha) at 150 kg urea/ha on this soil. Partial budget analysis showed highest and 

profitable yield at 150 kg NPS/ha with 50 kg/ha urea for Cambisols at Shibta in Enderta for wheat. 

The analysis indicated profitable grain yield at 100kg NPS/ha for Vertisols in the area. These 

profitable rates could be recommended for the respective soil types of the experimental areas and 

other areas with same soil type and agro-ecology in Tigray. 

Keywords: Cambisols, Vertisols, NPS, urea, wheat, soil characteristics 

Introduction 

Balanced fertilizers containing N, P, K, sulfur (S), boron (B) and zinc (Zn) in blend form have 

been recommended to ameliorate site specific nutrient deficiencies and thereby to increase land, 

water and labour productivity. The need for site-specific fertilizer prescriptions are increasingly 

apparent, however, fertilizer trials involving multi-nutrient blends that include micronutrients are 

rare in the Ethiopian context. Although there is a general perception that the new fertilizer blends 

mailto:beyeneshzm@yahoo.com
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are better than the traditional fertilizer recommendation [urea and di ammonium phosphate 

(DAP)], their comparative advantages is not explicitly examined and understood under various 

production environment. 

Based on soil fertility map of 150 Woredas, seven fertilizer blend formulas have been developed to 

ameliorate site specific nutrient deficiencies (N, P, K, S, Zn and B) and thereby increase land, 

water and labor productivity. The need for site-specific fertilizer prescriptions is increasingly 

apparent, however, fertilizer trials involving multi-nutrient blends that include micronutrients are 

rare. Furthermore, evaluation of yield response to multi-nutrient fertilization have not been 

undertaken. Validation of fertilizer blend formula prescribed based on soil fertility maps and 

provisional area specific fertilizer recommendations were undertaken. Therefore, this study was 

aimed to determine the optimum level of NPS and urea fertilizers 

Materials and Methods 

Description of the study area 

The mean annual rainfall of Shibta calculated from meteorological data taken from Alula Aba 

Nega Airport for the period 2008 to 2017 was 335.2 mm. The annual rainfall of Shibta in 2017 was 

440.5mm of which 359.5 mm was calculated for the period of June to September. 

 

 

Figure 1. Location map of Enderta, Woreda, Tigray, Ethiopia 
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Field experimental design and layout 

Two experiments were laid down in RCBD in three replications, at farmers' fields during the 2017 

rainy season, having 16 treatments (NPS= 0, 100, 150, 200 kg/ha and urea= 0, 23, 46 and 69 kg/ha 

in factorial combination) at Shibta in Enderta Woreda on wheat. Kakaba wheat variety was sown 

at a seed rate of 150 Kg ha
-1

 in an experimental plot area of 3m by 3m.  Nitrogen treatments 

applied in the form of urea were splitted into two applications (one at planting and the second after 

45 day while NPS was applied at planting time). 

Soil Sampling and Analysis 

 Soil samples from the farmers' experimental fields were collected before planting at the depths of 

0-20 cm for determination of soil characteristics.  The composite soil samples were air dried, 

crushed using pestle and mortar and passed through a 2 mm diameter sieve. Particle size 

distribution, pH, EC, available P, available K and cation exchange capacity (CEC) were then 

analysed in Mekelle Soil Research Center soil laboratory.  Portions of the soil samples were taken 

and sieved using 0.5 mm diameter for the determinations of OC and total N (TN). 

Soil texture was determined by the hydrometer method (Bouyoucos, 1962). Once the sand, silt, 

and clay separates were calculated in percent, the soil was assigned to a textural class based on the 

soil textural triangle using International Soil Science Society (ISSS) system  (Rowell, 1994) , soil 

pH was determined using a pH meter using  a soil: water ratio of 1:2.5 as described in Rhoades 

(Rhoades, 1982).The EC of the soil was measured according to the method described by Peech 

(1965). The CEC was determined using the method described by Chapman (1965), OC was 

determined by oxidizing the soil with potassium dichromate and concentrated sulfuric acid and the 

remaining concentration of dichromate and ferrous ions determined by titration (Walkley and 

Black, 1934).The total N content in soils was determined using the Kjeldahl procedure by 

oxidizing the organic matter with sulfuric acid and converting the N into ammonium ion (NH4
+
) as 

ammonium sulfate (Sahlemedhin and Taye, 2000). Available P was extracted through the Olsen 

method, using 0.5 M NaHCO3 at pH 8.5 (Olsen 123 et al 1954).  Available K was determined 

using flame photometer. 

Data analysis 

The effects of treatments on biomass and grain yields, plant height, spike length, harvest index, 

number of tillers per plant and number of effective tillers per plant were determined using analysis 

of variance. Combined analyses of variance were also carried out when necessary. Analyses of 
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variance on these variables were performed using Statistix 10 software (Analytical Software, 1985-

2013). Least Significant Difference (LSD) was used to separate means for the treatment effects.  

Result and Discussion 

Soil properties before planting 

The textural classes of the soils were  clay for Vertisols and  loam for Cambisols at Shibta, none 

saline in EC in the two sites,  neutral for Cambisols and mildly alkaline for Vertisols in pH 

according to the ratings by Bruce and Rayment (1982), high in the CEC for both soils with 

reference by Landon (1991) ,low in OC  for the two soil types, Very low and low in TN and very 

high for both soils,and moderate for Cambisols and high for Vertisols in available P as well as low 

in available K for the two soil types as indicated by Olsen (1954) (Table 1). 

Yield and yield component 

  

All yield and yield parameters (Straw yield, grain yield, PH, SL and No. effective tillers) 

responded significantly to the NPS and non significantly to N on Vertisols at shibta. Highest straw 

and grain yields were recorded at the application rates of 200 kg/ha NPS (Table 2).  

 

Table 1. Initial soil characteristics of the experimental field in Enderta Woreda (Shibta) 

Parameter* Shibta (Cambisols) Shibta (Vertisols) 

pH (1:2.5) 7.12 7.46 

EC  1.41 1.0 

OC (%) 0.92 0.96 

T.N (%) 0.029 0.06 

Olsen P 10.48 21.08 

Av. K (ppm) 34.2 64.3 

CEC 32.34 28.61 

Sand (%) 22 22 

Silt (%) 42 36 

Clay 20 42 

Textural class Loam Clay 

 

Yield and yield parameters (Straw yield, grain yield, plant height and number of effective 

tillers/plant) responded significantly to the effect of  NPS on Cambisols  at shibta (Table 3). 

However, spike length showed no significant difference due to application of the NPS. Higher 

straw yield was obtained at 200 kg/ha NPS and higher grain yields were recorded at the application 
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rates of 150 kg/ha NPS.  All yield parameters responded non significantly to N on Vertisols  at 

shibta (Table 2). 

Table 2. Effect of NPS and urea on yield and growth of wheat on Vertisols in Enderta (Shibta) 

NPS (kg /ha) PH* (cm) SL (cm) ET (cm) GY (kg/ha) SY (kg/ha) 

0 50.6b 5.38b 2.21b 1418.8b 2379.2c 

100 72.4a 7.4a 3.03a 2810.4a 4593.8b 

150 73.0a 7.71a 2.98a 2639.6a 4847.9b 

200 74.9a 7.73a 3.10a 2856.3a 5725.0a 

LSD (0.05) 2.98 0.38 0.38 412.52 436.38 

CV (%) 5.29 6.55 16.42 20.4 11.96 

P value  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Nitrogen Rate  

N (Kg/ha) PH (cm) SL (cm) ET (cm) GY (kg/ha) SY (kg/ha) 

0 66.10b 6.68b 2.85 2450.0 4283.3 

50 69.85a 7.31a 2.85 2464.6 4341.7 

100 67.31ab 7.11a 2.85 2445.8 4293.8 

150 67.73ab 7.16a 2.78 2364.6 4627.1 

LSD (%) 2.98 0.38 NS NS NS 

CV 5.29 6.55 16.42 20.4 11.96 

P value  0.0985 0.0139 0.9797 0.9597 0.3851 

NPS*N rate  NS NS NS NS NS 
* = PH = Plant height, SL = Spike length, ET= Effective tillering, GY = Grain yield, SY = Straw yield, LSD = List Significant Difference, CV= 

Coefficient of Variation and NS =  None Significant. 

Table 3. Effect of NPS and urea on yield and growth of wheat on Cambisols of Enderta (shibta) 

NPS (kg/ha) PH* (cm) SL (cm) ET (cm) GY (kg/ha) SY (kg/ha) 

0 77.26b 7.79 2.7b 2231.3c 4614.6b 

100 79.33ab 7.71 3.06ab 2816.7bc 5464.6ab 

150 81.95a 8.01 2.98ab 3602.1a 6010.4a 

200 81.56a 7.98 3.2a 2970.8b 6141.7a 

LSD (0.05) 3.03 NS 0.38 621.96 987.08 

CV (%) 4.54 7.08 15.36 25.74 21.35 

P value  0.012 0.47 0.07 0.0011 0.0143 

 Nitrogen Rate  

Urea (kg/ha) PH (cm) SL (cm) ET (cm) GY(kg/ha) SY (kg/ha) 

0 77.71b 7.5b 2.93 2495.8b 4862.5b 

50 79.83ab 7.78ab 3.10 2839.6ab 5583.3ab 

100 82.11a 8.1a 2.96 3125.0a 5493.8ab 

150 80.45ab 7.9ab 2.95 3160.4a 6291.7a 

LSD (%) 3.03 0.45 NS 621. 999.02 

P value 0.045 0.06 0.80 0.12 0.049 

NPS*N rate  NS NS NS NS NS 

CV 4.54 7.08 15.36 25.74 21.35 
* = PH = Plant height, SL = Spike length, ET= Effective tillering, GY = Grain yield, SY = Straw yield, LSD = List Significant Difference, CV= 

Coefficient of Variation and NS =  None Significant. 

Partial budget analysis  

Partial budget analysis of the main effect of NPS on grain and straw yields showed highest  

marginal rate of returns at the rates of 200 for Vertisols at Shibta in Enderta (Table 4). Partial 

budget analysis of the main effect of NPS on grain and straw yields showed highest  marginal rate 

of returns at the rates of 150 for Cambisols at Shibta in Enderta (Table 5). Partial budget analysis 
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of the main effect of urea on grain and straw yields showed highest marginal rate of returns at the 

rates of 200 for Cambisols at Shibta in Enderta (Table 6). 

Table 4. Partial budget analysis for using  main effect of NPS Enderta (Shibta) Vertisols 

*Trt 

(NPS) 

Adjusted 

GY 

Adjusted  

SY 

TVC Grain 

revenue 

Straw 

revenue 

Total 

revenue 

Net 

revenue 

MRR 

(ratio) 

MRR 

(%) 

0 1276.9 2141.3 0.0 17876.9 6852.1 24729.0 24729.0     

100 2529.4 4134.4 1659.0 35411.0 13230.1 48641.2 46982.2 13.4 1341.3 

150 2375.6 4363.1 2488.5 33259.0 13962.0 47220.9 44732.4 D   

200 2570.7 5152.5 3318.0 35989.4 16488.0 52477.4 49159.4 1.3 131.2 
* GY = Grain yield; SY = straw yield; TVC = Total variable cost, MRR = Marginal rate of  return 

Table 5. Partial budget analysis using  main effect of NPS for Enderta (Shibta)  Cambisols 

Trt  

(NPS) 

Adjusted   

GY 

Adjusted  

SY 

TVC Grain 

revenue 

Straw 

revenue 

Total 

revenue 

Net 

revenue 

MRR 

(ratio) 

MRR 

(%) 

0 2008.2 3253.1 0.0 28114.4 6506.3 34620.7 34620.7   

100 2535.0 4918.1 1659.0 35490.4 9836.3 45326.7 43667.7 5.5 545.3 

150 3241.9 5409.4 2488.5 45386.5 10818.7 56205.2 53716.7 12.1 1211.5 

200 2673.7 5527.5 3318.0 37432.1 11055.1 48487.1 45169.1 D  
* GY = Grain yield; SY = straw yield; TVC = Total variable cost, MRR = Marginal rate of  return 

Table 6. Partial budget analysis using  main effect of urea for Enderta (Shibta)  Cambisols 

Trt  

(urea) 

Adjusted 

GY 

Adjusted  

SY 

TVC Grain 

revenue 

Straw 

revenue 

Total 

revenue 

Net 

revenue 

MRR 

(ratio) 

MRR 

(%) 

0 2246.2 4376.3 0 31447.1 8752.5 40199.6 40199.6     

50 2555.6 5025.0 762 35779.0 10049.9 45828.9 45066.9 6.4 638.8 

100 2812.5 4944.4 1524 39375.0 9888.8 49263.8 47739.8 3.5 350.8 

150 2844.4 5662.5 2286 39821.0 11325.1 51146.1 48860.1 1.5 147.0 

Conclusion and Recommendation 

Higher agronomic grain response was observed in the rate of 200 kg NPS/ha showing no 

significant differences with the applications of 100 and 150 kg/ha NPS on Vertisols at Shibta 

(Enderta). Even though highest profitable response was obtained at 200 kg NPS/ha on the 

Vertisols, 100-200 kg NPS/ha could be recommended for Vertisols at Shibta. However, for 

Cambisols in the same location, 150 kg/ha NPS could be recommended since both the agronomic 

as well as economic maximum were obtained at this rate. Highest biological yield and profitable 

grain and straw yields were recorded at the rate of 150 kg urea/ha but 50-150 kg/ha urea could be 

recommended for the Cambisols at Shibta (Enderta) for the reason that no agronomic yield 

differences were observed among the three last urea treatments. 
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Abstract  

A Field experiment was conducted to evaluate the yield and yield responses of bread wheat to 

different rates of NPSB and NPKSZnB blended fertilizer at Hatsebo and Dibdbo, repectively, 

during two consecuative main cropping seasons (2017 and 2018) in two locations per Woreda. 

Seven levels of NPSB (0, 50, 100, 150, 200, 250 and 300 kg ha
-1

) at Hatsebo and NPKSZnB levels 

(0, 50, 100, 150, 200, 250 and 300 kg ha
-1

) at Dibdbo were laid out in Randomized Complete bolck 

design (RCBD) with three replication. Application of different levels of  NPSB and NPKSZnB 

significantly (p ≤ 0.05) affected yield and yield components of wheat grown on soil type??at 

Hatsebo and Dibdibo, repectively. At Dibdbo, the highest grain yield (4163 kg ha
-1

)  was 

obtainedon plots that received 150 kg ha
-1 

NPKSZnB and biomass (11292 kg ha
-1

). The lowest 

grain and strawyields were recorded from unfertilized plots. At Hatsebo, results revealed that the 

highest biomass and grain yield were recorded from the application of 300 and 250 kg ha
-1

 of 

NPSB, repectively.  The highest MRR (7135.6%) was obtained from application of 150 kg ha
-
1of 

NPKSZnB blended fertilizer at Dibdibo and 8404.3% MRR was obtained from application of 100 

kg ha
-1

 of NPSB at Hatsebo. Therefore, based on the biological and economic indicators, 150 kg 

ha
-1

 NPKSZnB and 100 kg ha
-1 

NPSB blended fertilizers could be recommended for  Dibdibo and 

Hatsebo, respectively and for  areas with the same soil conditions and agro-ecology for wheat 

production.   

Keywords: NPSB, NPKSZnB, Wheat, Yield 

Introduction 

In Ethiopia, after tef, maize, and sorghum wheat is the fourth most widely grown crop (FAO, 

2015). Wheat grows mostly in the highlands area of Ethiopian, suitable altitudes range between 

1500-3000 meter above sea level. . According to CSA (2017/18), out of the total cropped area, 

80.71% (10,232,582.23 hectares) was under cereals. Nationally, coverage of wheat is 13.38% in 

terms of area, and 15.17% in terms of grain production with a yield of 2736 kg ha
-1

.  

In Tigray region out of the 769, 670.80 hectares used to cultivate grain crops, wheat covers 107, 

929, 86 hectares with productivity of 1983 kg ha
-1

. The most limiting factors for low productivity 

and instability of bread wheat production in Tigray are low soil fertility, soil organic matter 

depletion and limited knowledge on appropriate rate of blended fertilizer usage and improper 

agronomic practices affects wheat yield, quality and photosynthetic process.  

Soils identified in  Tigray are low in soil organic matter, macro and micro nutrients (ATA and 

MoA 2014). Each of the primary nutrients (N, P and K) is essential in wheat need for life healthy, 

mailto:atsedeteklu62@gmail.com
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plant nutrition, and serving a critical role in the growth, development; improve above ground 

biomass and reproduction of the crop. Without these nutrients, wheat cannot grow to its full 

potential, provide lower yields, and be more susceptible to disease.  

Appropriate rate of the newly recommended blended fertilizers for wheat production were not well 

investigated in Central zone of Tigray. Therefore, this study was initiated to determine the 

optimum rate of blended-fertilizer (NPSB and NPKSZnB) on yield and yield components of bread 

wheat in Central zone of Tigray, Ethiopia.  

Materials and Methods  

Field experiments were conducted during 2017 and 2018 main cropping seasons at two locations 

(Hatsebo and Dibdbo). Vertisols of Hatsebo research station is located at 13
0
 15' 40.2'' N, and 38

0
 

34‟45.8‟‟ E with an altitude of 2148 meters above sea level. The mean minimum- maximum 

annual rain fall range 500 between 782.8 mm with the daily average minimum and maximum 

temperatures of 12.60c and 25.510c, respectively. Dibdbo is located at 13
0
 15' 40.2'' N, and 38

0
 

34‟45.8‟‟ E with an altitude of 2148 meter above sea level. The mean minimum- maximum annual 

rain fall ranges 500 to 782.8 mm with the daily average minimum and maximum temperatures of 

12.60c and 25.510c, respectively.  The soil texture class for Hatsebo and Dibdibo was clay and 

loam, respectively. pH was neutral and CEC was very high at both sites. Organic matter was low 

and total nitrogen (N) and available phosphorous (P) were very low at both sites (Ethiosis 2014).  

Seven levels of NPSB (0, 50, 100, 150, 200, 250 and 300 kg ha
-1

) at Hatsebo and NPKSZnB levels 

(0, 50, 100, 150, 200, 250 and 300 kg ha
-1

) at Dibdbo were laid out in Randomized Complete bolck 

design (RCBD) with three replication. Plot size of 1.2m by 2.5m having 6 rows; spacing between 

rows, 20 cm; 1 m between replications and 0.5cm between plots were used. Urea fertilizer was 

applied in split application that was half dose at planting and the remaining at tillering stage. All 

other input and agronomic practices were carried out uniformly. 

Data collection 

Data were collected on different agronomic parameters from the four middle rows of each plot, 

leaving the two rows as borders. Assessments depending on the trait were made both on individual 

plant and on plot basis.  

Phonological traits  

Days to 50% heading was observed by counting the number of days from sowing to the time when 

50% of the plants head to the tip of panicles. Days to 90% maturity was recorded as the number of 
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days from seedling emergence to the time when 90% of the plants reached physiological maturity. 

The complete loss of green color of glumes was used as an indicator to determine the date. 

Yield and yield components  

Plant height (PH) was measured from ground surface to the tip of the panicle at maturity from 5 

randomly sampled plants using tape meter (cm). Spike length (SL) was measured from the bottom 

of the spike to the tip of the spike excluding the awns from five randomly tagged spikes from the 

net plot. Grain yield was harvested from the eight middle rows of each plot, sun dried and 

manually threshed separately then grain was weighed by using sensitive electronic balance. The 

weight biomass from the middle eight rows in each plot was recorded after drying to constant 

weight. Harvest index was calculated from the ratio of grain yield to biomass yield.  

Data analysis  

The collected data were analysed using GenStat 18
th

 edition statistical software package and to 

determine mean separation among treatment effects least significance difference (LSD) at 5% 

probability level was used.  

Economic analysis  

The economic analysis was carried out by using the methodology described by CIMMYT (1988) 

in which prevailing market prices for inputs at planting and for outputs at harvesting were used. 

All costs and benefits were calculated on hectare basis in Birr. The concepts used in the partial 

budget analysis were the mean grain yield of each treatment, the gross benefit (GB) ha
-1

 (the mean 

yield for each treatment) and the field price of fertilizers.). The benefit of straw yield was included 

in the calculation of the benefit since the farmers of the study area use it for different purposes. 

Marginal rate of return, which refers to net income obtained by incurring a unit cost of fertilizer 

and its application, was calculated by dividing the net increase in yield of bread wheat due to the 

application of each fertilizers rate. The net benefit (NB) was calculated as the difference between 

the gross field benefit and the total variable (TVC) using the formula  

                                  NB= GFB –TVC,  

Where GFB = Gross Field Benefit, TVC = Total Variable Cost  

Actual yield was adjusted downward by 10% to reflect the difference between the experimental 

yield and the yield farmers could expect from the same size field. The dominance analysis 

procedure as described in CIMMYT (1988) was used to select potentially profitable treatments 

from the range that was tested. Any treatment that has higher TVC but net benefits that are less 

than or equal to the preceding treatment (with lower TVC but higher net benefits) is dominated 
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treatment (marked as “D”). The dominance analysis illustrates that to improve farmers' income, it 

is important to pay attention to net benefits rather than yields, because higher yields do not 

necessarily mean high net benefits. The discarded and selected treatments using this technique 

were referred to as dominated and un dominated treatments, respectively. For each pair of ranked 

treatments, % marginal rate of return (MRR) was calculated using the formula: 

 

Where NBa = NB with the immediate lower TCV, NBb = NB with the next higher TCV, TVCa = 

the immediate lower TVC and TVCb = the next highest TCV.   

Thus, a MRR of 100% implied a return of one Birr on every Birr spent on the given variable input.  

Result and Discussion  

Yield and yield components  

The combined analysis of variance results showed that application of different rates of NPSB 

blended fertilizer had significant effect (P < 0.05) on yield and yield components of bread wheat at 

both sites ( Table 1 and 2). At Hatsebo, the maximum plant height (84.05 cm) and spike length 

(10.27cm) were obseved with increasing the rate of NPSB from 50 to 300 kg ha
-1

 which prolonged 

the day of maturity because the fact that high NPSB rate promoted vigorous vegetative growth. 

Similarly, at Dibdibo the highest plant height (87.90 cm) and spike length (8.9 cm) were obtained 

at plots received highest rates of NPKSZnB blended fertilizer which prolonged the day of heading 

and day of maturity (Table 2).  

The higher aboveground biomass weights (10583 and  10000 kg ha-
1
) were obtained from 250 and 

300 NPSB kg ha-
1
 of blended fertilizer application, repectively. and  the lowest (5667 kgha-

1
) 

aboveground biomass was recorded from unfertilized plot at Hatsebo. The maximum grain yields 

(3768 and 3819 kg ha
-1

) were obtained from 250 and 300kg ha
-1

 NPSB blended fertilizer 

application, repectively at Hatsebo (Table 1). At Dibdibo, NPKSZnB fertilizer rate application at 

150 kg ha
-1

 has delivered a maximum HI (0.37). That means it caused higher grain yield because 

of storage of dry matter on different parts of the crop which was 150 NPKSZnB kg ha-
1
 blended 

fertilizer application. This result agrees with the highest grain yield (4163 kg ha
-1

) which was 

obtained from 150 kg ha
-1

 NPKSZnB of blended fertilizer application. Conversely, the lowest 

grains yield (2291 kg ha
-1

) was obtained in control plot at Dibdibo (Table 2).  
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Bereket et al (2014) and Melkamu et al (2019) reported that macro and micro nutrients [N, P with 

Sulfur (S) and Born (B)] fertilizers application can increase plant height, spike length, number of 

tillers and number of kernel with increasing doses and combination.  This result agrees with the 

finding of Woubshet et al. (2017) who found that application of 150 kg ha-1 NPSB blended 

fertilizer with compost increased the biomass by 11.5 t ha-1. This  may be due to S enhanced the 

formation of chlorophyll and encouraged vegetative growth and  because  B might have  helped  in 

N absorption. 

Table 1. Combined mean performance of NPSB on wheat at Hatsebo 

Trt DH DM PH (cm) PL (cm) BM(kg ha
-1

) GY (kg ha
1
) HI 

0  67.0 115.5b 70.2d 8.3b 5500.0d 1791e 0.33c 

50 NPSB 67 110.3a 73.50cd 9.60a 6958c 2569d 0.37abc 

100 NPSB 64.67 111.2a 78.33bc 9.600a 8750b 3353bc 0.41a 

150 NPSB 66.50 111.3a 79ab 9.933a 8625b 3260c 0.38abc 

200 NPSB 65.33 111.2a 80.45ab 10.267a 8167b 3201c 0.39ab 

250 NPSB 65.33 111.2a 84.05a 10.150a 10583a 3768ab 0.36bc 

300 NPSB 64.5 111.0a 81.27ab 10.100a 10000a 3869a 0.39abc 

Mean  65.81 111.67 78.11 9.7 8369 3116 0.38 

LSD (5 %)  Ns 3.13 5.3 0.7 1207.2 454.7 0.048 

CV (%)  3.4 2.4 5.3 6.2 12.3 12.4 10.8 
DH: days to heading, DM: days to maturity, PH: plant height, PL: Panicle length, BM: Biomass yield, GY: grain yield, HI: harvest index 

Table 2. Combined mean performance of NPKSZnB rate  for wheat at Dibdibo 

NPKSZnB  

(kg/ha) DH  DM  PH (cm)  PL (cm)  BM (kg ha
-1

)  GY (kg ha
-1

) HI  

0  64.75 ab  102.2 a  82.55b  8.2 b  8938 c  2291 d  0.257c  

50  66.33 b  103.2 ab  83.17b  8.4  ab  9583 bc  3217 bc  0.35 ab  

100  65.33 ab  105.2 c  85.58ab  8.56 ab  9592  bc  3129 c  0.327 b  

150  64.17 ab  107.2 d  85.70 ab  8.7 ab  11292 a  4163 a  0.37a  

200  63.50 a  105.7 cd  87.20a  8.9 a  11125 ab  3860 abc  0.35ab  

250  64.50 ab  105 bc  86.90a  8.48 ab  10850 ab  3790 ab  0.35 ab  

300  64.08 ab  105.8 cd  87.67a  8.5 ab  11000 ab  3922 ab  0.34 ab  

Mean  64.7  104.9  85.5  8.5  10340  3482  0.33  

LSD (5%)  2.02  1.86  3.4  0.51  1550  748.5  0.041  

CV(%)  2.7  1.5  3.42  5  12.4  13.7  10.5  
DH: days to heading, DM: days to maturity, PH: plant height, PL: Panicle length, BM: Biomass yield, GY: grain yield, HI: harvest index 

Economic analysis  

Based on economic analysis, the highest marginal rate of return was obtained from the application 

of 100 kg NPSB ha
-1

 (8404.3%) at Hatsebo and at Dibdibo, the highest marginal rate of retrun was 

obtained from the application of 150 kg/ha NPKSZnB (7135.7%) (Table 3 and 4).  
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Table 3. Combined economic analysis in Hatsebo 

NPSB (kg/ha) 

Adjusted 

yield (kg/ha)  

Gross Field 

Benefit  

Adjusted biological 

yield (kg/ha)  

Gross Field 

Benefit  

Total Gross Field 

Benefit  

Total variable cost 

(ETB ha
-1

)  

Net benefit (ETB 

ha
-1

)  MRR%  

0  1611.9  30626.1  4950  158400  189026.1  0  189026.1  

 50  2312.1  43929.9  6262.2  200390.4  244320.3  824.5  243495.8  6606.3  

100  3017.7  57336.3  7875  252000  309336.3  1589  307747.3  8404.3  

150  2934  55746  7762.5  248400  304146  2383.5  301762.5  D  

200  2880.9  54737.1  7350.3  235209.6  289946.7  3088  286858.7   D  

250  3391.2  64432.8  9524.7  304790.4  369223.2  3892.5  365330.7  4212.6  

300  3482.1  66159.9  9000  288000  354159.9  4657  349502.9  D   
D= dominance,  MRR= marginal rate of return 

Table 4. Combined economic analysis in Dibdibo  

NPKSZnB 

(kg/ha) 
Adjusted 

yield (kg/ha) 

Gross Field 

Benefit 

Adjusted biological  

yield (kg/ha) 

Gross Field 

Benefit 

Total Gross 

Field Benefit 

TVC 

(ETB ha
-1

) 

Net benefit (ETB 

ha
-1

) MRR% 

0 2061.9 39176.1 8044.2 482652 521828.1 0 521828.1 

 50 2895.3 55010.7 8624.7 517482 572492.7 824.5 571668.2 6044.88 

100 2816.1 53505.9 8632.8 517968 571473.9 1559 569914.9 D 

150 3746.7 71187.3 10162.8 609768 680955.3 2323.5 678631.8 7135.66 

200 3474 66006 10012.5 600750 666756 3088 663668 D 

250 3411 64809 9765 585900 650709 3852.5 646856.5 D 

300 3529.8 67066.2 9900 594000 661066.2 4647 656419.2 D 
D= dominance,  MRR= marginal rate of return 
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Conclusion and Recommendation 

Applications of different levels of NPSB and NPKSZnB significantly (p ≤ 0.05) affected yield 

and yield components of wheat at Hatsebo and Dibdibo, repectively. Eventhough, there is some 

inconsisitencies, grain and biomass yield increased with rates. At Dibdbo, the highest grain 

(4163 kg ha
-1

)   and biomass (11292 kg ha
-1

)  yields  were harvested on plots  that received 150 

kg ha
-1 

NPKSZnB and the lowest grain and biomass yields were recorded from unfertilized plot. 

At Hatsebo, results revealed that the highest biomass and grain yields were recorded from the 

application of 300 and 250 kg ha
-1

 NPSB, repectively. The highest MRR (7135.6%) was 

obtained from application of 150 kg ha
-
1of NPKSZnB at Dibdibo and 8404.3% MRR was 

obtained from application of 100 kg ha
-1

 of NPSB at Hatsebo. Therefore, based on the biological 

and economic indicators, 150 kg ha
-1

 NPKSZnB and 100 kg ha
-1 

NPSB  can be recommended for 

Dibdibo and Hatsebo, respectively and for  areas with the same soil and agro-ecology conditions 

for wheat production.   
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Abstract 

An experiment was conducted during the main season of 2017 on farmer's field at Laelay 

Maichew Woreda with the objectives of validating and determining optimum blended fertilizer 

rate for tef production of the Woreda. Eight levels of NPSB (0, 25, 50, 100, 150, 200, 250 and 

300 kg ha
-1

) and one recommended NP (100 kg ha
-1

 urea and 100 kg ha
-1

TSP) were used as 

treatments. The treatments were laid  out in a randomized complete block design (RCBD) with 

three replications.The blended fertilizer was applied at planting and nitrogen (N) was top dressed 

in the form of urea in two splits (1/3 at 14 days after planting and 2/3 at 45 days after planting). 

Surface soil samples were collected before tef sowing and after harvest and analyzed for selected 

soil properties. Analytical results of the soilsrevealed that total N nitrogen, available phosphorus 

(P), extractable sulfur (S) and boron (B) were low. Application of different blended fertilizer 

rates significantly affected crop phonology, yield and yield components of tef. Highest mean tef 

grain yield (2803.09kg ha
-1

) with the application of 250 kg ha
-1

NPSB. It had 62.5% increment 

over control and 33.4% over the recommended NP. The straw yield (7730.5 kg ha
-1

) was also 

obtained
 

in plots treated with 250kgha
-1

blended fertilizer and had 80% and 44.4% yield 

increment over control and the recommended NP, respectively. Partial budget analysis also 

revealed highest (1179.5%) marginal rate of return at the rate of 250 kg ha
-1

NPSB+46 kg N ha
-1

 

from which better biomass and economic advantage were obtained. Hence it could be concluded 

that optimum tef biomass yield could be attained by using 250 kg ha
-1

NPSB+46 kg N ha
-1

. 

Key words: Tef, blended fertilizer, yield components, NP fertilizer and laelay maichew Woreda 

Introduction 

Tef (Eragrostis tef) is endemic to Ethiopia and its major diversity is found only in Ethiopia. As 

with several other crops, the location for the domestication of tef is at Axum. And  it is a very 

ancient crop in Ethiopia, where domestication took place before the birth of Christ (Seyfu 1997). 

Vavilov (1951) identified Ethiopia as the center of origin and diversity fortef. Hence, Ethiopia is 

the appropriate and most important center for the collection of tef germplasm (Seyfu 1993). 

When compared with other food crops grown in the country, it is highly-valued by farmers and 

consumers. This is because of its importance in the national diet of Ethiopia (Hailu et al 2001). 

mailto:tewolde2004@gmail.com
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Soil fertility reduction is one of the major challenges to crop production and productivity in 

Ethiopia (Amsal and Tanner 2001). Soil erosion, over cultivation of farm land, inadequate 

applications of organic and inorganic fertilizers and decreasing or abandoning of useful 

traditional soil restoration practices are also some of the causes of declining soil fertility. 

Different studies were conducted by various organizations to explore soil fertility status of soils 

in Ethiopia. The results of these studies revealed that N and P nutrients were the most limiting 

nutrients in most Ethiopian soils. Subsequently, crop response experiments to fertilizers 

conducted on-stations and on-farmers‟ fields revealed that applications of these inputs have 

appreciablely improved the yields of crops and thus the use of N and P fertilizers to farmers have 

been recommended (NFSAP 2007). Application of fertilizers containing N and P [urea and 

diammonium phosphate (DAP)] began in the late 1960s (Wassie and Tekalign 2013) to improve 

the productivity of the soil. The blanket recommendation [(100 kg DAP (18 N and 46 P2O5) and 

100 kg urea (46N)] often failed to take into consideration differences in resource endowment 

(soil type, crop variety,management practices and climate) or make allowances for dramatic 

changes in input/output price ratio, thereby discouraging farmers from fertilizer application. 

Moreover, the nutrients in the blanket recommendations are not well balanced and their 

continued use gradually exhausted soil organic matter (IFPRI 2010). 

Depletion of soil nutrients other than N and P could be additional reason for the observed 

decreases in yield gains (Wassie and Tekalign 2013).The soil fertility mapping project (Ethio SIS 

2014) in Ethiopia reported that soils in Ethiopia in addition to N and P are deficient of K, S, Zn, 

B and Cu. In the study area N, P, S, Zn and B particularly deficient.). Balanced fertilizers 

containing N, P, S, B, Fe and Zn in blend form have been recommended to solve site specific 

nutrient deficiencies and thereby increase crop production and productivity (ATA 2014). 

In Tigray region, seven soil nutrients [N, P, K ,S, Fe ,Zn and B] are found to be deficient in the 

soils (EthioSIS 2015). By considering the extent of deficiency of the seven soil nutrients, it was 

found that the soils require more fertilizer types. The major recommended blended fertilizers for 

Tigray region were NPS, NPSB, NPSZn, NPSZnB, NPSFeZn and NPSFeZnB. Though K was 

part of the previous blend fertilizer, recently it was suggested to be applied based on soil test 

result. 
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Except the blanket recommendation of N and P, the effect of other fertilizers on yield 

components, yield, and overall performance of tef are unknown, even though new blended 

fertilizers such as NPSB (18.7N + 37.4 P2O5 + 6.9 S + 0.25 B) (ATA 2014) are currently being 

used by the farmers in the study area. In addition to this, the amount of N in the blended NPSB is 

small as compared to the requirement of tef. Thus, there is a need to supplement with 

nitrogenous fertilizer in the form of urea.  

Laelay Maichew is one of the Tigray Woredas which were included in the EthioSIS fertilizer 

recommendation. Accordingly, the soils in Hatsebo Tabia (farmers' association) exhibit N, P, S 

and B deficiencies; as a result the NPSB blended fertilizer type is recommended to improve 

sustainable soil production of the Tabia (EthioSIS 2014). Therefore, this study was conducted to 

validate and determine the feasible rate of the NPSB blended fertilizer type at Tabia level for 

optimum tef production in the area.  

Materials and Methods 

Description of the study area 

The study was conducted in Central Zone of Tigray Region, at Laelay Maichew Woreda 

(Hatsebo Tabia), on farmers' field in 2017 main cropping season. Hatsebo Tabia is exactly 

located (Figure 1) at 14
0
 05' 29.22'' N and 38

0
 46' 48.67'' E at an elevation of 2078 meter above 

sea level. Soils of Hatsebo Tabia are dominantly Vertisols, which covers about 40% of the total 

area. The soil is low in soil organic matter content N, P, and S, B (ATA and MOA 2014). The 

area is characterized by mixed crop-livestock farming. Tef (Eragrostic tef), wheat (Triticuma 

astivum), fababean (Vicia faba L.), sorghum and chickpea (Cicer arietinum L.) commonly grow 

in most parts of the Woreda. The area is characterized by mono modal rainfall distribution 

pattern and in the cropping season it receives annual rainfall of 783mm. The average annual 

maximum and minimum temperatures were 28
o
Cand 13

o
C, respectively (Figure 2 and Figure 3). 
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Figure1. Location map of Hatsebo, Laylay Maichew District, Central Tigrai, Ethiopia 

 
Figure 2. Rainfall, maximum and minimum temperatures in the study area during the cropping season 

 
Figure 3. Ten years annual rainfall recorded in the study area 

Experimental procedures, layout and treatments 
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The experiment was laid out in randomized complete block design (RCBD) with nine treatments, 

eight levels of NPSB (0, 25, 50, 100, 150, 200, 250, 300 kg NPSB ha
-1

) and blanket 

Recommended NP at rate of 64 kg Nha
-1

and 46 kg P2O5 ha
-1

). The plot size was 3 m x 3 m with 

three replications. The distance between replication and plots were 1m and 0.5m, respectively. 

The plots in each replication were represented randomly for each treatment. 

The eight blended (NPSB) fertilizer rates were compared to each other and with the blanket 

recommended NP fertilizer to determine one best fitted rate. Since, nitrogen is the most limiting 

factor for plant growth and found in a very low amount in the blended fertilizer, 46kgNha
-1

was 

top dressed in two split ( 1/3 at 14 days after planting and 2/3 at 45 days after planting)  for all 

treatments except for control and recommended NP but blended fertilizers was applied at sowing 

time. The test crop was also planted in rows with 1m*0.5m*20 cm spacing between blocks, plots 

and row plants, respectively. Quncho variety was tested at seed rate of 5kgha
-1

. All crop 

management practices were applied as per the recommendation for the tef.  

Soil sampling and preparation 

One fresh profile with 1.5 m width by 1.5 m length and 2 m depth were opened for the 

experimental field. Samples were taken from all identified layers for characterization of selected 

physical and chemical properties according to FAO guidelines (FAO, 2014).One disturbed 

composite soil sample was collected at 0-20 cm depth based on zigzag sampling method before 

planting to assess what the soil had and 27 representative soil samples were collected after 

harvest from the total of 27 experimental plots using zigzag sampling method from 0-20 cm 

depth. Soils after harvested were analyzed for TN, available P, extractable S and Extractable B.  

The collected samples were properly labeled, packed and transported to the soil laboratory in 

Mekelle Soil Research Center. The surface and profile soil samples collected from the 

experimental field were air dried and crashed and allowed to pass through 2 mm sieve and for 

further analysis for total nitrogen (TN) and organic carbon (OC) allowed to pass through 0.5 mm 

sieve (FAO 2008). 

Soil analysis 

Soil samples before planting were analyzed of particle size distribution, bulk density, soil 

reaction (pH), electrical conductivity (EC), OC, TN, available (Pav), available (Sext)  Bext and 
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Cation Exchange Capacity (CEC) and the samples were analyzed after harvest for T N, OC, 

available P, extractable S and B, following the standard procedure. 

Data collection and measurements 

Grain yield data for each plot was recorded by weighing the grain harvested from each net plot 

after trashing/separating the seed  from its straw and after the seeds were thought to be 

completely dried and finally the result was converted to quintals per hectare. Straw yield was 

calculated by subtracting grain yield from the total above ground biomass from each net plot. 

After that it was converted to quintals per hectare. 

Data analysis 

The collected agronomic data were subjected to statistical analysis like analysis of variance. 

Analysis of variance (ANOVA) was performed using Statistical Analysis System (SAS) version 

9.1 (SAS 2009) statistical software programs. Significant differences between and among 

treatment means were assessed using the least significant difference (LSD) at 0.05 level of 

probability (Gomez and Gomez 1984).  

Economic analysis 

Economic analysis was performed using partial budget analysis to investigate the economic 

feasibility of the treatments which were tested in the experiment. Marginal rate of return (MRR) 

was calculated as the change in net revenue (NR) divided by the change in total variable cost 

(TVC) of the successive net revenue and total variable cost levels [International Maize and 

Wheat Improvement Center (CIMMYT), 1988]. Labor costs were calculated by assuming 60 

ETB per day per person and revenue was calculated by assuming 23.8 ETB kg
-1

 of tef grain 

yield, 3.1 ETB kg
-1

for straw yield and costs of fertilizers (1457.20 ETB for 100 kg of NPSB, 

1625.25 ETB for 100 kg of NPS, 1251.65 ETB for 100 kg of urea, 1337.89 ETB for 100 kg of 

borax and 1667.10 ETB for 100 kg of TSP) was calculated based on the last year price. 

According to this manual, experimental yields are often higher than the yields that farmers could 

expect using the same treatments; hence in economic calculations researchers have judged that 

farmers using the same technologies would obtain yields adjusted by 10% lower than those 

obtained by the researchers if the experiments are planted on representative farmers' fields, 

(CIMMYT, 1988). 
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Results and Discussion 

Soil characteristics of the study area  

Soil physical properties 

Particle size analysis, with sand (16%), silt (26%) and clay (58%), indicates that clay particles 

dominated the soil and its textural class was categorized as clay (Table 3). Vertisols are 

characterized by high clay content with swelling and shrinking characteristics (FAO 2014). Bulk 

density of the experimental soil was also found to be 1.34 g cm
-3 

before sowing tef (Table 1).The 

soil of the study area was not restricting plant root development and good for cereal crop 

production. Soil moisture content of the area was found 21% (Table 3). Total porosity was 

calculated as 0.49% and in relation to plant growth the critical limit of air-filled porosity is 0.10 

or 10%; therefore the study area was good soil (Lal and Shukla 2004). Generally, according to 

Lal and Shukla (2004) the normal range of soil physical properties in relation to plant growth are 

bulk density 0.7-1.8 gcm
-3

, porosity 0.3-0.7 m
3
m

-3
, volumetric soil moisture content  0-70%. 

Therefore, soil of the study area was within the range of good soil for cropping. 

Soil chemical properties 

The soil pH before sowing (Table 1) was neutral (Tekalign 1991). According to Landon (1991), 

soils having a pH value in the range 5.5 to 7.5 are considered suitable for most agricultural crops. 

Therefore, the soil pH values recorded in the study area of the present study agrees with these 

findings.  The electrical conductivity was 0.41 dS m
-1

 before sowing indicating a non-saline soil 

(Marx et al 1999). Generally, the EC value measured at the study area indicated the 

concentration of soluble salts below the levels at which growth and productivity of most 

agricultural crops are affected due to soil salinity Landon (1991). 

The OC and TN in soil before sowing were 0.64% and 0.091%, respectively (Table 1). 

According to Tekalign (1991), OC and TN of the study area were rated as low and very low, 

respectively. Low TN content of the soil could also be attributed to the low soil OC content. The 

C: N ratio of the study area was 7 and this was good for mineralization of nutrients available for 

plant growth. C: N ratio less than 25:1 goes through mineralization (Mohanty et al 2011). 

There was low available P before sowing (4.17 mg kg
-1

) which was rated as very low (Olsen et al 

1954). Therefore the area demands high amount of available P from applied NPSB fertilizers. 
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The value for extractable S and extractable B before sowing were 4.28 mg kg
-1

 0.319 mg kg
-1

, 

respectively (Table 1). Soil extractable S was found to be low as rating suggested by Hazelton 

and Murphy (2007). The low soil sulfur in the study area may be due to its low OC content as 

reported by Shaun et al (2012) who indicated that the lower organic matter contents cause more 

likely S decreasing. Similar to N and P, S was also the limiting nutrient for optimum crop 

production on soils of the study site (EthioSIS 2015). Based on the rating suggested by Berger 

and Truog (1939) the experimental area was also deficient in B. The CEC of the soil before 

sowing was 56.4 cmol (+) kg
-1

. The soil CEC was found to be very high (Landon 1991). High 

CEC of the soil should be due to higher clay content of the soil as the soil OC content was found 

very low for the study site. 

Table 1. Soil physico- chemical properties of the experimental area (sampled at depth of 0-20cm) 
Para

m-

eters 

BD 

(gcm
3
) 

San

d 

(%) 

Silt 

(%) 

Clay 

(%) 

Textur

e class 

pH 

(H2

O) 

EC 

(dS

m
-1

) 

OC 

(%) 

TN 

(%) 

Pav 

(mg 

kg
-

1
) 

Sext 

(mg 

kg
-1

) 

Bext 

(mg 

kg
-1

) 

CEC 

cmol(+)

kg
-1

 

Value 1.34 16 26 58 clayey 7.1 0.41 0.64 0.091 4.17 4.28 0.319 56.4 

*: BD = bulk density, pH= power of hydrogen, EC= electrical conductivity, OC= organic carbon, TN= total nitrogen, Pav= available phosphorus, 

Sext= extractable sulfur, Bext= extractable boron and CEC= cation exchange capacity 

Total N content after harvest was highly influenced by the applied levels of the fertilizers. The 

higher N was obtained at the higher treatment levels (Table 2) and the residual amount of TN 

was rated as low (Tekalign 1991). This might be due to the logging effect and decreased uptake 

beyond 250 kg NPSB ha
-1

. 

There were highly significant differences in available P after harvest due to differences in the 

treatments. The higher available Pav (8.13 mg kg
-1

) was obtained at 300 kg ha
-1 

NPSB and this 

was higher than the amount of P before sowing (Table 2).  This was due to residual effect of P 

applied within the blended fertilizer and since P has low mobility and leaching, it remains in 

higher amount. According Olsen et al (1954) range of available P after harvest was rated as 

medium.  

The value for extractable S was also highly influenced by the levels of fertilizer applied and the 

higher S (4.61 mg kg
-1

) was obtained at higher level (Table 2). Soil Sext was found to be low as 

rating suggested by Hazelton and Murphy (2007). The low soil sulfur in the study area may be 

due to its low OC content as reported by Shaun et al (2012) who indicated that the lower organic 

matter contents caused more likely S decreasing. Similar to N and P, S was also the limiting 
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nutrient for optimum crop production on soils of the study site (EthioSIS 2015). The extractable 

B (Bext) after harvesting was 0.34 mg kg
-1

 (Table 2). Based on the rating suggested by Berger and 

Truog (1939), the experimental area had low B content. 

Table 2. Soil chemical properties of the study site after harvest 

Treatments (NPSB+N) (kg ha
-1

)* TN Pav Sext Bext 

0-0 0.041
cd

 2.597
ed

 0.708
g
 0.050

c
 

Rec.NP (46-46) 0.060
cb

 2.427
e
 0.940

fg
 0.090

c
 

25-46 0.020
d
 3.193

ed
 1.200

fge
 0.210

b
 

50-46 0.025
d
 3.100

ed
 1.727

fde
 0.270

ba
 

100-46 0.061
cb

 3.120
ed

 2.037
cde

 0.290
ba

 

150-46 0.075
b
 4.100

cd
 2.457

cd
 0.300

ba
 

200-46 0.082
b
 5.500

cb
 2.747

cb
 0.310

a
 

250-46 0.111
a
 6.133

b
 3.600

b
 0.340

a
 

300-46 0.124
a
 8.100

a
 4.610

a
 0.334

a
 

LSD(0.05) 0.024 1.645 0.931 0.097 

P-value <.0001 <.0001 <.0001 <.0001 

CV (%) 12.43 13.52 14.63 13.98 
*: TN= total nitrogen, Pav= available phosphorus, Sext= extractable sulfur and Bext= extractable boron  

Effects of blended fertilizer rates on growth parameters 

 Days to 50% heading and 90% physical maturity 

The effects of blended (NPSB) fertilizer rates on days to panicle emergence of tef were highly 

significant (P<0.01). The delayed days to 50% panicle emergence (66.33 days) was recorded on 

the control plot, while the promoted day (56 days) was recorded for the highest rate of 300 kg 

blended NPSB ha
-1

 with 46 kg N ha
-1

 fertilizers (Table 3).  

The hastened panicle emergence at highest rates of NPSB could be due to early establishment, 

rapid growth and development of crop. The application of  supplementary N hastened the days to 

heading possibly because the tef plants were able to take up sufficient N from the soil and also 

because uptake of N may have enhanced the uptake of other nutrients such as P and S which 

might have enhanced growth and development of the crop plant. This result is consistent with the 

result of Temesgen (2001) who reported that sufficient N supply promoted the uptake of other 

nutrients, enhancing growth and development of tef. This result was also in agreement with that 

of Getahun et al (2018) who reported that the heading of tef plants was accelerated as NP rate 

increased from zero to 69 kg N ha
-1

 and 30 kg P2O5 ha
-1

 fertilizer applications. 

This result is in contrast with Legesse (2004) who reported that N fertilization at the rate of 46 kg 

N ha
-1

 significantly delayed the heading stage of tef by five days as compared to the control. 
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Similarly, Abraha (2013) reported that the application of N at the rate of 46 kg ha
-1

 delayed days 

to heading of tef over the control. 

Table 3. Days to 50% heading and days to 90% physiological maturity of tef as influenced by Blended 

fertilizer (NPSZnB) rate  

Treatments (NPSB-N) 

(kg ha
-1

) 

DH 

(days) 

DPM 

(days) 

0-0 66.33a 113.67a 

Rec.NP(46-46) 60.00bcd 107.33cd 

25-46 61.00b 109.67b 

50-46 60.33bc 108.33bc 

100-46 58.67cde 107.33cd 

150-46 58.00def 107.67cd 

200-46 57.33ef 106.67cd 

250-46 57.00ef 106.67cd 

300-46 56.00f 106.33d 

LSD(0.05) 59.41 108.19 

P-value <.0001 <.0001 

CV (%) 1.30 0.62 
Where; DH= Days to 50% Heading, DPM= Days to 90% physiological maturity, LSD= Least Significant Difference, CV= Coefficient of 

Variance and NS = non significant; means followed by the same letters are not significantly different (P ≤ 0.05) according to LSD Tests. 

Physical maturity (90%) also showed the same trend, there was highly significant difference among the 

treatments. The late maturity (113.67 days) was obtained at the control plot, while the hastened physical 

maturity (106.33 days) was recorded at the highest fertilizer rate of 3000 kg ha
-1

 NPSB (Table 3). 

The enhanced maturity with the application of blended fertilizer could be due to the presence of balanced 

fertilizer in the blended fertilizer, as the level of fertilizer increases physical maturity hastened. The result 

of the present study is contrary with the result of Abraha (2013) who reported that as the rate of N 

increased from 0 to 69 kg N ha
-1

, days to maturity of tef was significantly delayed. 

Plant height and head length 

The analysis of variance showed a highly significant difference among the treatments (P<0.05). The 

highest plant height (120.67 cm) was observed from the plot treated with 250 kg ha
-1

 NPSB rate, while 

the shortest plant height (84.87 cm) was obtained from control plot (Table 4). The highest plant height 

obtained at the higher blended fertilizer levels might be due to the vital role of N applied for elongation 

and vegetative growth. This result was in agreement with the research findings of Okubay et al (2014) 

where the maximum plant height (112.33 cm) was obtained from the application of the highest rate (69 kg 

N ha
-1

) whereas the lowest plant height was obtained from the control plot of the tef crop. It is also in line 

with the report of Wakene et al (2014) who stated that plant height of barley increased with increasing 

rates of N from 0 to 69 kg ha
-1

.  However, in contrast with this finding, increasing the rate of NPSB 

application from 0 to 150 kg ha
-1

 did not significantly affect the height of tef plants. 
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Table 4. Plant height and panicle length of tef as influenced by Blended Fertilizer (NPSZnB) rate 

Treatments (NPSB-N) (kg ha
-1

) PH (cm) HL (cm) 

0-0 84.87d 34.47b 

Rec.NP(46-46) 109.80bc 43.80a 

25-46 104.67c 44.60a 

50-46 113.60ab 44.00a 

100-46 114.07ab 44.20a 

150-46 110.40bc 43.33a 

200-46 115.40ab 45.20a 

250-46 120.67a 45.67a 

300-46 116.13ab 43.53a 

LSD(0.05) 109.96 43.20 

P-value <.0001 0.0023 

CV (%) 2.71 6.06 
Where; PH= Plant height, PL= Panicle Length, LSD= Least Significant Difference and CV= Coefficient of Variance; means followed by the 

same letters are not significantly different (P ≤ 0.05) according to LSD Tests. 

Panicle length showed no any statistical difference between the treatments except with control 

plot. Accordingly, the plots treated with 250 kg ha
-1

 NPSB had the highest panicle height (45.67 

cm) but plot which received no fertilizer gave the lowest panicle length (Table 4).  

Similar to plant height, panicle length also increased with increasing N fertilizer rate. In line with 

this result, Getahun et al (2018) reported that the longest panicle length (39.9 cm) was obtained 

from the application of 69 kg N ha
-1

 while the shortest (31.6 cm) was recorded from the control. 

Thus, increasing N from 0 to 69 kg N ha
-1

 increased panicle length by about 26.3%, compared to 

the control. 

Effects of blended fertilizer rates on yield components 

The analysis of variance showed no significant differences except with the control plot on both 

total tillering and productive tillering. The highest number of total tillers (1593 plants) was 

obtained with the application of blended fertilizer 300 kg NPSB ha
-1

, and productive tillers 

(12.67 plants) were obtained at the plot that received 250 kg NPSB ha
-1

. While the lowest 

number of total and productive tillers were obtained from the unfertilized plots (Table5). The 

increased total tillers on plots treated with blended fertilizer than in the unfertilized plot might be 

due to the profound effect of balanced nutrition for root development and branches. This result is 

in agreement with that of Brhan (2012) who reported that application of blended fertilizer (69 kg 

N ha
-1

 + 46 kg P2O5 + 22 kg S ha-1 + 0.3 kg Zn ha
-1

) brought significant increase in total tillers 

(15 tillers per plant) of tef as compared to 5 tillers per plant of unfertilized plot. 
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Table 5. Tillering capacity per plant of tef as influenced by NPSB fertilizer rate  

Trt (NPSB-N) (kg ha
-1

) NT NET 

0-0 8.87c 5.47c 

Rec.NP(46-46) 13.93ab 10.80ab 

25-46 13.60abc 10.20ab 

50-46 13.07abc 10.07ab 

100-46 10.40bc 7.67bc 

150-46 15.27ab 11.87a 

200-46 15.20ab 12.40a 

250-46 15.47a 12.67a 

300-46 15.93a 12.47a 

LSD(0.05) 13.53 10.40 

P-value 0.0009 <.0001 

CV (%) 12.89 12.23 
Where; NT= Number of tillers per plot, NET= Number of effective tillers, LSD= Least significant difference and CV= Coefficient of Variance; 

means followed by the same letters are not significantly different (P ≤ 0.05) according to LSD Tests 

Grain yield 

Grain yield of tef was highly significantly (P < 0.05) influenced by rates of blended fertilizer 

applied. The highest grain yield (2803.09 kg ha
-1

) was recorded as a result of 250 kg ha
-1

 of 

NPSB and the lowest yield (1051.11 kg ha
-1

) was obtained from the control plot (Table 6).The 

maximum yield had 62.5% yield increment over control and 33.4% over the blanket 

recommendation. The highest grain yield was higher than the national average yield (16.64 

quintal ha
-1

) (CSA 2017) and plot treated with the recommended NP. This could be due to the 

combined effect of nutrients like N, P, S and B in blended fertilizer which might have enhanced 

growth and development of crop compared to the rest of the treatments. It was also the improved 

number of effective tillers per plant (Table 5) and higher panicle length (Table 4) obtained at the 

plot treated with 250 kg NPSB ha
-1 

that might have contributed more to the cumulative effect 

towards enhanced yield. 

The response of tef to blended fertilizer rates didn‟t show consistent variation among treatments 

but it indicated the importance of the macro and micronutrients.In line with this study, Lemlem 

(2012) reported that application of blended fertilizer and urea significantly increased the N, P, K, 

Zn, Mg and S concentration of tef grains and increased grain yield in Regosols and Vertisols.In 

agreement with this result, Jarvan et al (2012) reported that the addition of 100 kg N ha
-1

 with 10 

kg S ha
-1

 to winter wheat gave yield of 5.88 t ha
-1

 while it gave 5.73 t ha
-1

 when 100 kg N ha
-1

 

with 6 kg ha
-1

 S. On the other hand, Brhan (2012) reported that treatments that received blended 

fertilizers (69 kg N ha
-1

 + 46 kg P2O5 + 22 kg S ha
-1

 + 0.3 kg Zn ha
-1

) under row planting of tef 
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gave 4155 kg ha
-1

 and increased 30% and 378% over treatments that receive urea and DAP under 

row planting and control plots, respectively. Feyera et al (2014) also reported that application of 

blend fertilizer levels improved the agronomic performance, as a result enhanced nutrient use 

efficiency of tef which increased the grain productivity.  Decline in grain yield might be related 

to the reductions observed in the content of the panicle (filled seed per panicle) with increased N 

rates in the blended fertilizer and consequently decreased grain yield ha
-1

.This result is consistent 

with that of Reinke et al (1994) who noted that where the grain yield response is negative, yield 

reduction is primarily caused by a reduction in the proportion of the number of filled spikelets 

per panicle.   

Table 6. Grain and straw yield of tef as influenced by NPSB 

Treatments (NPSB-N)(kg ha
-1

)* GY (kg ha
-1

)                             SY (kg ha
-1

) LI (%) HI (%) 

0-0 1051.11
e
 1549.7

f
 0.04f       40.48

a
 

Rec.NP(46-46) 1867.62
c
 4299.5

d
 26.20c 30.27

b
 

25-46 1339.17
d
 3328.6

d
 6.80e       28.69

b
 

50-46 1631.64
c
 4068.8

d
 11.00ed       28.66

b
 

100-46 2288.10
b
 5879.3

c
 13.27d       28.05

b
 

150-46 2356.37
b
 6044.3

c
 25.00c       28.03

b
 

200-46 2484.75
b
 6558.9

c
 47.03b       27.47

bc
 

250-46 2803.09
a
 7730.5

a
 51.80ab       26.61

bc
 

300-46 2393.39
b
 7633.7

a
 57.07a       23.87

bc
 

LSD(0.05) 247.44 438.94 26.47 4.14 

P-value <.0001 <.0001 <.0001 <.0001 

CV (%) 4.273347 2.932170 7.57 4.97 
*:GY= grain yield, SY= straw yield, LI = Lodging index, HI = harvest index, variable means followed by the same letters are not significantly 
different (p≤0.05) according to LSD tests 

 

Straw yield 

The analysis of variance showed that straw yield was highly significantly affected (P < 0.05) by 

different blended fertilizer rates. The highest straw yield was obtained in response to applying 

250 kg ha
-1

 (Table 6). Thus, straw yield obtained from plots applied with 250 kg NPSB ha
-1

 was 

higher by about 80 and 44.4% as compared to the tef straw yield obtained in response to 

unfertilized plot and the plot received the blanket fertilizer recommendation(46 N and 46 P2O5) 

kg ha
-1

. Increasing the rates of blended application from 0 kg ha
-1

 to 250 kg ha
-1

 significantly 

enhanced tef straw yield. This might be due to plants grown on plots treated with higher rate of N 

for their vegetative growth, higher P for their good root development, higher level of S for high 
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number of tillering and B for its higher cell division and contributed to increasing the total 

number of tillers per plant and influence the straw yield.   

The plots treated with blend fertilizer scored higher straw yield may be due to the contributed 

combined effect of balanced fertilization. The highest plant height and tillers also had great 

contribution to higher straw yield. Fageria et al (2011) also indicated that application of S 

enhanced the photosynthetic assimilation of N in crops. Hence, application of N and S increased 

the net photosynthetic rate which in turn increased the dry matter as 90% of dry weight 

considered to be derived from products formed during photosynthesis. Abdo (2009) and Abraha 

(2013) respectively reported highest straw yield of durum wheat and tef in response to N applied 

at higher rate up to 69 kg N ha
-1

. In agreement with this result, Haftom et al. (2009) found 

increasing biomass with the increasing rate of N with the highest biomass yield (4724.07 kg ha
-1

) 

of tef in response to the application of 69 kg N ha
-1

. 

Lodging Index 

Logging index of tef was highly significantly (P < 0.05) affected by different rates of the blended 

fertilizer. Increasing rate of fertilizer rate increased lodging index of tef crop across all the 

fertilizer levels. The lowest lodging index was observed on plants grown under rate of 0 kg ha
-1

 

(unfertilized plot) and the higher lodging index was observed under plot received 300 kg ha
-1

 

NPSB (Table 6). The lodging index of plants grown on plots treated with 300 kg ha
-1

 NPSB 

exceeded the lodging index of those grown on plots treated with 0 kg ha
-1

 by 99.3% meaning 

there was higher lodging problem with the application of higher fertilizer rates.Crop lodging with 

increased fertilizer rate could be due to the profound effect of high N supply within the NPSB on 

enhancing vegetative growth thereby leading to bending of the weak stem of the plant due to the 

sheer load of the canopy. These results therefore, revealed that increasing the rate of N within the 

blended fertilizer leads to the detrimental effect of crop losses due to lodging. Seyfu (1993) 

reported that lodging in cereals is considered to be caused by high rate of N fertilizer application.  

Harvest index 

The analysis of variance revealed significant (P<0.0001) difference among the treatments in 

harvest index of tef and as the level of the fertilizer increased, the harvest index decreased. 
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Therefore the highest index was obtained at control plot (Table 6). In line with this; Abraha 

(2013) reported that the highest tef HI was obtained on lower rate of fertilizer application.  

Partial budget analysis 

As indicated in Table 7, the highest net benefit of 76,356.2 Birr ha
-1

 with marginal rate of return 

(MRR) of 1179.5% was obtained in response to application of 250 kg blended NPSB ha
-1

 top 

dressed with 46 kg N ha
-1

. However, the highest marginal rate of return (2323.9%) was obtained 

in response to 100 kg ha
-1 

NPSB for the Woreda. According to the manual for economic analysis 

of CIMMYT (1988), the recommendation is not necessarily based on the treatment with the 

highest marginal rate of return. For farmers who use no fertilizer, investing in100 kg ha
-1

 NPSB 

gives a very high rate of return, but if farmers stopped there, they would miss the opportunity for 

further earnings, at an attractive rate of return, by investing an additional fertilizer. Farmers 

continue to invest as long as the returns to each extra unit invested (measured by the marginal 

rate of return) are higher than the cost of the extra unit invested (measured by the minimum 

acceptable rate of return). Thus, applications of 250 kg blended NPSB ha
-1

 with 46 kg N ha
-1

 is 

economically beneficial as compared to the other treatments in the study area because the highest 

net benefit and the marginal rate of return were above the minimum level (100%). 
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Table 7. Partial budget analysis of blended fertilizer rates for grain and straw yield of tef 
TRT Grain Yield 

 

Straw Yield Gross 

Revenue 

(GR) Sum 

(1+2) 

Costs Net 

Revenue 

[TR-

TVC] 

 

MRR 

(ratio) 

[ (Rt2-

Rt1)/(Ct2-Ct1) 

] 

MRR 

(%) 

Adj. 

yield  

 

Total 

Revenue  

(1) 

Adj. 

yield  

 

Total 

Revenu

e  

(2) 

fertilizer 

cost 

[Birr] 

Transport 

and 

Applicati

on cost 

[Birr] 

Total 

variable cost 

(TVC) 

[Birr] 

Control (0,0) 946.0 22514.8 1394.7 4323.6 26838.4 0 0 0 26838.4 0.00 0.0 

25NPSB + 46N 1205.3 28686.1 2995.7 9286.7 37972.8 1615.95 60 1675.95 36296.8 5.64 564.4 

50NPSB   + 46N 1468.4 34947.9 3661.9 11351.9 46299.8 1980.25 120 2100.25 44199.5 18.63 1862.5 

100NPSB  + 46N 2059.3 49011.3 5291.4 16403.3 65414.6 2708.85 180 2888.85 62525.8 23.24 2323.9 

Rec.NP(100:100) 1680.8 40003.0 3869.6 11995.8 51998.8 2918.75 180 3098.75 48900.0 D D 

150NPSB  + 46N 2120.7 50472.7 5439.9 16863.7 67336.4 3437.45 240 3677.45 63658.9 1.44 144.0 

200NPSB  + 46N 2236.2 53221.6 5903.0 18299.3 71520.9 4166.05 300 4466.05 67054.9 4.31 430.6 

250NPSB  + 46N 2522.8 60042.6 6957.5 21568.3 81610.9 4894.65 360 5254.65 76356.2 11.79 1179.5 

300NPSB  + 46N 2154.1 51267.6 6870.3 21297.9 72565.5 5623.25 420 6043.25 66522.3 D D 
Where: Adj.= adjusted MRR= marginal rate of return, Rt1= net revenue of treatment one, Rt2 = net revenue of treatment two, Ct1 = total cost of treatment one and Ct2 = total cost of treatment two.  

NB: Cost of 1 kg tef = 23.80 birr and Cost of 1kg straw 3.10 birr
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Conclusion and Recommendation 

The study revealed the potential advantages of blended fertilizer rates (NPSB) over the N and P blanket 

recommendation for tef production on vertisols of central zone, Lailay maichew Woreda. Depending on 

the results of this study, the following conclusions can be forwarded. Based on the soil analytical results, 

soil status of the study area before planting were 0.09%, 4.17 mg kg
-1

, 4.28 mg kg
-1

 and 0.319 mg kg
-1

 

for TN, available P, extractable S and extractable B, respectively. These results are rated as low 

therefore, the area is deficient in these plant nutrients. 

The highest grain yield (2803.09 kg ha
-1

) was recorded at the application of 250 kg ha
-1

NPSB and with 

increment of 62.5% over control and of 33.4% over recommend NP (blanket recommendation). 

Similarly the highest straw yield (7730.5 kg ha
-1

) was recorded at the application rate of 250 kg ha
-

1
NPSB with yield increment of 80% over control and 44.4%over the recommend NP. The lowest yield 

was recorded on control plot in all physical and yield parameters. 

Generally, the overall yield performance of the crop was satisfactory under blended fertilization. The 

highest grain yield (2803.09 kg ha
-1

) obtained at 250 kg ha
-1

 under blended fertilizer was higher than the 

national average yield (1664 kg ha
-1

) and the highest straw yield (7730.5 kg ha
-1

) obtained at 250 kg ha
-1 

where blended fertilizer was very promising for animal fating. 

Based on the results of the study, the following recommendations were forwarded. 

 Blended fertilizer (NPSB) at a rate of 250 kg ha
-1 

NPSB + 46 kg N ha
-1

 for tef production on 

Vertisol at Hatsebo should be used as a bench mark. 

 Impacts of the additional nutrients (sulfur and boron) in the blended fertilizer seem more 

significantly valued in increasing the biomass production of tef. Thus, further study across 

different years, locations and soils is very important.    

 Additional studies are also needed on the impact of these blended fertilizers on grain quality of 

tef. 
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Abstract 

Field experiments were conducted to investigate the response of tef, variety DZ-cr-37 (Tseday), grown 

on a Vertisol to the application of blended fertilizers'tef, during the 2016/17 and 2017/18 main cropping 

season in Raya Azebo Woreda, Southern Zone of Tigray, northern Ethiopia. The experiment consisted 

of 10 treatments. These were 8 different rates of two types of blended fertilizers (NPS and NPSFeZn), 

blanket recommended NP (41N + 20P kg ha
-1

) and a control. The experiment was laid out in randomized 

complete block design (RCBD) with three replications. Highest plant height, effective tiller number, 

panicle length, grain yield and biomass yield were obtained from application of 100 kg ha
-1

 of NPSFeZn 

+ 100 kg urea ha
-1

 followed by 100 kg ha
-1

 of NPSFeZn+ 50 kg urea ha
-1

. This might be due to 

additional sulfur (S), iron (Fe) and zinc (Zn) nutrients in the blended fertilizer. However, economically 

highest grain (1962 kg ha
-1

) and  straw (3985 kg ha
-1

) yields over years were recorded with the 

application of 100 kg ha
-1

 NPSFeZn blended fertilizer with 50 kg urea ha
-1

 or (41N + 38P2O5 + 6.5S + 

0.3Fe + 2.2 Zn)  kg ha
-1

. Therefore, this blended rate with 50 kg urea ha
-1

 to increase productivity of tef 

in the study area.  

Key words: Tef, blended fertilizers, Grain yield, Yield components, Vertisols 

Introduction  

Tef is a small-grained cereal that has been grown as food crop in East Africa for thousands of years 

(D‟Andrea 2008). Tef adapts to diverse agro-ecological regions in Ethiopia (Refissa 2012). According to 

Seyfu (1997), the plant can be grown from sea level up to 2800 masl under various rainfall conditions, 

temperature and soil regimes. However, for better performance, it requires an altitude of 1800-2100 

m.a.s.l., annual rainfall of 750-850 mm, and a temperature range of 10-27
0
C. The grains of tef are used 

to bake “Injera” (Haftamu et al 2009), which is popular food of the Ethiopians. Tef‟s excellent 

nutritional value and high resilience in resisting diverse biotic and abiotic stresses make it an excellent 

food security crop. Tef grain, owing to its high mineral content, has been used in mixtures with soybean, 

chickpea and other grains in the baby food industry (Seyfu, 1997). In recent days, tef is among the cash 

crops and has been attracting an export market due to its nutritional value and is believed to be gluten 

free (Patricia and Lisette Van 2008). Tef straw, besides being the most appreciated feed for cattle, it is 

also used to reinforce mud and plaster the walls of house and local grain storage facility called gotera. 

mailto:hayelomberhe345@gmail.com
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Tef straw is stored and used as a very important source of animal feed, especially during the dry season. 

Farmers feed tef straw preferentially to lactating cows and working oxen. Cattle prefer tef straw over 

other cereal straw and for this reason, its price is higher than that of other cereals. 

 

Tef is one of the most important food cereal crops in Ethiopia, occupying about 24.02% (3,016,053.75 

ha) of the cultivated land and accounting 17.57% of the grain production [Central Statistical Agency 

(CSA), 2017]. It is in this context that tef was selected as test crop for this study. However, the national 

average yield for tef was below (1 ton per hectare). Any technology that will improve tef yield will 

greatly benefit tef farmers and the country at large [Agricultural Transformation Agency (ATA), 2014]. 

Different factors contribute to the low yield of tef. The first major production constraint of tef in 

Ethiopia is poor soil fertility management (CSA 2013). The low national grain yield of tef compared to 

other cereals could be associated with the use of traditional and poor soil fertility management and lack 

of other appropriate management practices (Brhan 2012). The second main problem in the study area is 

lack of information on the agronomic and economic role of blended fertilizer. Blended fertilizers are a 

combination of macro and micro nutrients. The main advantages of blended fertilizers to the farmers are: 

nutrients are supplied in ratios to suit the needs of particular soils and crops; the cost per unit of plant 

nutrient is generally low; the cost of transportation and spreading is low because of the high analysis of 

bulk blends (Roy et al 2006).  

 

The current productivity obtained from tef using the recommended blanket fertilizers is very low 

compared to the potential yield of the crop, in all parts of the country. Frequent use of diammonium 

phosphate (DAP) and urea without considering the other nutrients may have led to deficiencies of 

potassium (K) and other nutrients (Astatke et al 2004). Similarly Bereket et al (2011) reported 

improvement of tef yield from application of Zn fertilizer. Recent completed research and soil tests 

through the Ethiopian Soil Information System Project revealed that Ethiopian soils are deficient in 

various other nutrients that are not provided by DAP and urea (ATA 2013). Recently, it was reported 

that crops have been suffering from deficiencies of several nutrients throughout the country. According 

to the atlas of soil fertility made by Ethiopian Soil INformation System (EthioSIS), seven soil nutrients 

[nitrogen (N), phosphorus (P), K, S, Fe, Zn and boron (B)] are found to be deficient in the soils of 

Tigray region (ATA, 2014). Deficiency of the nutrients can be alleviated by application of blended 

fertilizers: the mechanical mixture of two or more granular fertilizer materials containing N, P, K and 
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other essential plant nutrients such as S, Zn, and B, recently known to Ethiopia. Application of balanced 

fertilizers could be the basis to produce more crop output from existing land under cultivation and 

nutrient needs of crops according to their physiological requirements and expected yields (Ryan 2008).  

 

Currently, fertilizers are being blended in Ethiopia, including Tigray region by farmers cooperatives 

based on specific soil nutrient needs to the areas. Application of micronutrients in the form of blended 

fertilizer has begun to be practiceed by farmers in Raya Azebo and Raya Alamata. However, the rate for 

the blended fertilizers had not been verifiedsofar. Nowadays tef is also becoming the most preferred 

crop both for consumption and for its market value. However, its production and productivity is still 

very low due to traditional agronomic practices and nutrient deficiencies. Thus, the present study was 

initiated with the objectives to investigate the effect of different rates of blended fertilizers (NPS and 

NPSFeZn) and to assess economic feasibility on yield and yield components of tef on Vertisols in Raya 

Azebo Woreda. 

 

Materials and Methods 

Description of the study area 

The study was conducted in 2016/17 and 2017/18 consecutive years during the main cropping seasons at 

Fachagama site of Mekhoni agricultural research center, located in Southern zone of Tigray region, 

northern Ethiopia (Figure 1). The topography is gentle slope. The climatic condition of the Raya Azebo 

Woreda is semi- arid. The study area, Raya Azebo Woreda, is under hot to warm sub-moist lowlands 

agro-ecology (SM1-3a). The Woreda is located at 12
0
40'0"N latitude and 39

0
44'01" E longitude at an 

altitude of 1620 m.a.s.l. The area receives bimodal rainfall with low and erratic distribution. The main 

rainy season (Meher) starts from end of June to early September and the highest amount of rain in July 

and August, where as the short rain season (Belg) starts in February and ends in March. The mean 

annual rainfall ranged from 400 – 700 mm. The mean annual rain fall from 2008 – 2017 was 564.4 mm. 

Total annual rainfalls ranges from 421.2 mm in 2008 to 691 mm in 2010. This showed that there was 

high variability of the rainfall between different years and more of the annual rainfall falls in July and 

August. 

The maximum temperature of the area during warmer season is around 33.3
0
C on June while the 

minimum during cold season is 12.1
0
C on January and December, but the average is 22.7

0
C. The highest 

(33.3
0
C) and lowest (26.3

0
C) maximum temperatures were recorded on June and on December. In 
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addition, the highest and lowest minimum temperature was recorded on June (19.44
0
C) and on January 

(12.1
0
C), respectively (National meteorology data of Mekelle branch 2017). 

 

Figure 3. Location map of the study site at Raya Azebo, Southern Tigray, Ethiopia 

Geographically the experimental site /Fachagama/ is located at latitude of 12°41‟50” N and longitude of 

39°42‟08” E. with an altitude of 1571 m.a.s.l. (Haileslassie et al 2015). The site receives a mean annual 

rainfall of 539.7mm with an average minimum and maximum temperature of 15.6°C and 29.5°C, 

respectively (MeARC 2017).  

 

The farming system of the area is mixed (crop and livestock). Sorghum, tef, maize are the major crops 

while wheat, barley and legumes like chickpea rotation are minor. The soils of Raya valley do not show 

extensive variation and are limited to four main soil types: Vertisols, Fluvisols, Luvisols and Cambisols 

(FAO 1990). The experimental site is Vertisol (black clay soils). The soil (Vertisols) textural class of the 

experimental site isclay with pH of 8.2. 

Experimental materials, treatments and design 

An improved tef variety known as DZ-cr-37 (tseday), which is the most adapted and widely used by 

farmers, was sown by hand drilling. The experiment consisted of 10 treatments. These were 8 different 
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rates of two types of blended fertilizers (Formula 1: NPS and Formula 2: NPSFeZn), blanket 

recommended NP (41N + 20 P kg ha
-1

) and unfertilized (control).  However, urea was also combined 

with each blended fertilizers at 50 kg and 100 kg ha
-1 

rates. The recommended NP was based on the 

recommendation of Ministry of Agriculture of Ethiopia while the formula 1 NPS (19 N - 38 P2O5 + 7S) 

and formula 2 NPSFeZn (17N-35P2O5 +8S +0.3Fe +2.2 Zn) were based on that of EthioSIS map (ATA 

2014). The experiment was laid out in RCBD with three replications. The plot size was 4m by 3m with 

20cm inter row spacing. The spacing between blocks and plots of the experiments was 2m and 1m, 

respectively. Thus, the experiment had  detail treatments as shown in Table 1. 

Table 1. Details of fertilizer treatments used in the experiment 
Treatments Nutrient (kg ha

-1
) 

N P2O5 S Fe Zn Additional N 

1. Control treatment (CT) - - - - - - 

2. Recommended NP (RNP) 41 46 - - - - 

3. Formula 1:100 kg/ha NPS+50 kg Urea 19 38 7 - - 23 

4. Formula 1:100 kg/ha NPS+100 kg Urea 19 38 7 - - 46 

5. Formula 1:150 kg /ha NPS+ 50 kg Urea 28.5 57 10.5 - - 23 

6. Formula 1:150 kg/ha NPS+100 kg Urea 28.5 57 10.5 - - 46 

7. Formula 2:100 kg/ha NPSFeZn+50 kg Urea 17 35 8 0.3 2.2 23 

8. Formula 2:100 kg /ha NPSFeZn+100 kg Urea 17 35 8 0.3 2.2 46 

9. Formula 2:150 kg/ha NPSFeZn+50 kg Urea 25.5 52.5 12 0.45 3.3 23 

10.Formula 2:150 kg/ha NPSFeZn+100 kg Urea 25.5 52.5 12 0.45 3.3 46 

Recommended seed rate (5 kg ha
-1

) for row planting (Berhe et al 2011) was used and sown  in 2016/17 

and 2017/18 during main seasons on Vertisols. For the row planting treatments, seeds were drilled at 20 

cm spacing (Berhe et al 2011) between rows and placed in a depth of 0.6-1.3 cm (Evert et al 2008) under 

shallow soil cover. During planting, triple super phosphate (TSP) and blended fertilizers were applied in 

the soil as band application (5 cm) away from the seed by making a shallow furrow along the tef row 

and depositing the fertilizer on the bottom of the furrow not to contact with the seed and then covering 

with soil. Habtegebriel and Singh (2006) reported that N should be applied in split (at sowing and during 

tillering) for optimum nutrient use efficiency of tef for all the treatments except the control. 

Furthermore, during the different growth stages of the crop, all the necessary agronomic and other 

management practices were carried out according to the farmer practice. 

Experimental procedures and field management  

The experimental plot at first was ploughed by tractor while the second and third preparation were using 

local plow (maresha) pulled by oxen according to farmers‟ conventional practice. Accordingly, the field 
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was plowed three times before sowing. The plot size was 4 m by 3 m (12 m
2
) each containing 20 

planting rows of 4 m length at spacing between rows of 20 cm. The plots within a block were separated 

by 1 m whereas the blocks were separated by 2 m wide open space area. The net plot size was 3m by 2m 

(6 m
2
). Samples were harvested, leaving 1m on both sides of each plot, to avoid possible border effects. 

The TSP and blended fertilizers were applied during planting but urea fertilizer was applied in two equal 

splits, the first half at the time of sowing and the second half was side-dressed at the mid tillering stage 

of the crop. Urea fertilizer was incorporated 3-4 cm deep into the soil with 5 cm distance from the 

planting row at the time of sowing. Furthermore, during the different growth stages of the crop, all the 

necessary agronomic and other management practices were carried out which was based on farmers' 

practice.  

Harvesting was done when the senescence of the leaves took place as well as the grains came out free 

from the glumes when pressed between the forefinger and thumb. The harvested produce was sun dried 

for 10 days. Then after the threshing and winnowing was done manually. Finally the grains were 

measured with sensitive balance. 

 

Data collection and measurements 

 

Soil sampling and analysis  

Soil samples (0-30 cm depth) were collected from the experimental field by Auger sampler using X-

shaped pattern from the whole experimental plots and composited into one sample before sowing the 

crop. From this mixture, a sample weighing 1.0 kg was taken. Air dried soil sample was ground with a 

pestle and mortar. Before analysis, the sample was sieved through a 2-mm sieve (8 meshe). The soil 

analysis was done for organic matter, soil pH, total N, available P, CEC, available S and Zn. Organic 

carbon (OC) was estimated by the wet digestion method (Walkley and Black 1934) after air dried soil 

grounded to pass a 0.2 mm sieve.  

 

Total N was determined using the Kjeldhal method (Jackson 1958). The pH of the soil was measured in 

water to soil ratio of 1:2.5 using potentiometric-pH meters with glass electrode. Available P was 

determined with Olsen method (Olsen et al 1954). To determine the CEC, the soil sample first was 

leached using 1 M ammonium acetate, washed with ethanol and the adsorbed ammonium was replaced 

by sodium (Na). Then, the CEC was determined titrimetrically by distillation of ammonia that was 
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displaced by Na (Sahlemedhin and Taye 2000). Available S was determined by monocalcium phosphate 

extraction method or turbidimetric estimation (Hoeft et al 1973) and available Zn was determined by 

DTPA (dietylenetriaminepentaacetatic acid) method (Lindsay and Norvell 1978). 

 

Phenological and growth data  

Days to 50% heading was determined by counting the number of days from sowing to the time when 

50% of the plant panicles started to emerge through visual observation. Days to 90% maturity was 

determined as the number of days from sowing to the time when the plants reached maturity based on 

visual observation. Plant height was measured at physiological maturity from the ground level to the tip 

of panicle from randomly selected five culms each from two pre demarked 0.5 m row length in the net 

plot area. Thus this was based on the average of 10 culms per net plot area. The length of the panicle 

from the node where the first panicle branch emerged to the tip of the panicle was measured from 

randomly selected five culms each from two pre demarked 0.5 m row length in the net plot area. Thus 

this was based on the average of 10 observations. 

 

Yield components and yield   

Total number of tillers was determined by counting the total number of tillers from pre tagged ten plants 

from the net plot area. Number of effective tillers was determined by counting the tillers which had a 

panicle from the above pre tagged plants. Thousand kernel weights were determined by carefully 

counting 250 kernels and weighing them using a sensitive balance and was multiplied by four. Grain 

yield was measured by harvesting the crop from the net plot area. The grain moisture was adjusted to 

11.5%. At maturity, the aboveground dry biomass was measured after drying the harvested produce 

from the net plot area till a constant weight. Straw yield was estimated by subtracting grain yield from 

aboveground dry biomass. Harvest index (HI) was calculated by dividing grain yield by the total 

aboveground dry biomass yield.  

 

The degree of lodging was assessed just before the time of harvest by visual observation based on the 

scale of 1-5, where 1 (0-15
0
) indicates no lodging, 2 (15-30

0
)  25% lodging, 3 (30-45

0
)50% lodging, 4 

(45-60
0
) 75% lodging and 5 (60-90

0
) 100% lodging (Donald 2004). The scale was determined lodging 

by the angle of inclination of the main stem from the vertical line to the base of the stem by visual 
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observation. Data recorded on lodging percentage was subjected to arc sine transformation described for 

percentage data by Gomez and Gomez (1984).  

 

Data analysis  
 

The crop data of both years separately and combined by years were subjected to the analysis of variance 

(ANOVA) using the Statistical Analysis System(SAS) (9.0 ) software computer package (SAS Institute, 

2002) and significance difference among the treatment means was computed with Duncan's Multiple 

Range Test (DMRT) at 5% probability level (Gomez and Gomez 1984). 

 

Partial budget analysis 

 

Economic analysis was performed to investigate the economic feasibility of the treatments. Partial 

budget, dominance and marginal analyses were calculated based on the technique described by 

[International Maize and Wheat Improvement Center (CIMMYT), 1988]. The average grain yield was 

adjusted to 10% downwards to reflect the difference between the experimental yield and the yield 

farmers will expect from the same treatment. Two years (2016/17-2017/18) average open market price 

(13ETB kg
-1

) for tef crop based on the information obtained from bureau of agriculture office of Raya 

Azebo (2016 and 2017) was used for analysis. The official prices of fertilizers according to bureau of 

agriculture office of Raya Azebo (2016 and 2017) of TSP (14.06 ETB kg
-1

), Urea (10.66 ETB kg
-1

), 

NPS (11.40 ETB kg
-1

) and NPSZn (17.97 ETB kg
-1

) were used. The price of ferrous sulphate (11.40 

ETB kg
-1

) was used based on the market price of Niway Chemicals PLC at Addis Ababa. Those all 

fertilizers were used for analysis. The costs of straw, transportation and daily labour were also taken 

from the study areas. A treatment was considered worth to farmers when it‟s minimum acceptable rate 

of return (MAR) is 100% (CIMMYT 1988), which is suggested to be realistic. This enables‟ to make 

farmer recommendations from marginal analysis. 

 

It reveals the economic performance of the treatments based on grain yield of tef. Gross return (yield x 

price) and net return (gross return – total varying cost) were calculated to carry out marginal rate of 

return (MRR) analysis which is important for correct evaluation of alternative technologies. The varying 

fertilizer, transport and labor costs were estimated based on the existing transport cost and fertilizer 

purchase and daily labor payment. The yield (grain) harvested from the plots were converted into 
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hectare basis and the market values of both components were calculated based on the existing market 

price. Costs that do not vary among all treatments are not included in the analysis.  

In this study, MRR analysis was carried out on both dominated and un-dominated treatments in a 

stepwise manner, starting from control to the other treatments. CIMMYT (1988) and Asumadu et al 

(2004) provided the minimum rate of return that ranges between 40% and 100%, whereas Farquharson 

(2006) and Shah et al (2009) suggested minimum rate of return to be 100%, especially for poor farmers 

in developing countries or for technologies requiring substantial change to a farming system. 

Accordingly, in this study, 100% marginal rate of return was considered as a guarantee for the farmers 

to accept a new technology without doubt. 

 

Results and Discussion 

Soil Physico-chemical properties of the experimental site  

 

Selected soil characteristics of the experimental soil are presented on Table 2. The soil texture class was 

dominated by clay. Soil texture influences water holding capacity, water intake rates, aeration, root 

penetration and soil fertility. The soil pH was strongly alkaline according to the rating of Tekalign 

(1991). The higher pH may hinder availability of nutrients such as P, Zn and Fe in the soil. The CEC of 

the soil was very high (>40 cmol (+) kg
-1

) according to the rating of Landon (1991). This indicate the 

soil is very good agricultural soil. The OC content was low (<2%) (Landon 1991). Similarly total N was 

also low (Tekalign et al 1991). Available P content of the soil was high (>10 mg kg
-1

) according to 

Olsen (1954). The experimental soil was found to be salt free (<4 dS m
-1

). The analysis for other soil 

chemical properties indicated that the experimental soil had values of 0.35 meq L
-1

 SO4
-2 and 2.03 

mg/100g soil of available S and available Zn, respectively. 

 

Table 2. Soil chemical characteristics of the experimental field before sowing 
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Effects on phenological and growth parameters 

Number of days to 50% heading and days to 90% physiological maturity were significantly (p<0.001) 

affected by application of blended fertilizers (Table 3). The maximum days to heading and maturity 

were recorded at application of 150 kg ha
-1

 (NPSFeZn) with additional 100 kg urea ha
-1

 while the 

minimum was observed under the control. This result indicated that the fertilizer blended in different 

proportions of N, P, S, Fe and Zn and higher amount of Zn and urea might have contributed to the 

delayed number days to heading and maturity of tef. Shiferaw (2012) also reported application of 

fertilizer reduced days to flowering compared to unfertilized treatment in tef. In general, the days to 

heading and maturity of tef plants were hastened under no or lower N, Fe and Zn rates than under the 

higher rates 

 

Analysis of variance showed that plant height was significantly affected by the rate of blended fertilizers 

(Table 3). The maximum difference between the plant heights obtained under different blended fertilizer 

treatments was about 6.3 cm. The shortest plant height was recorded from control. The result of this 

finding has agreed with Sate (2012) who  reported that plant height of tef was significantly affected by 

application of P2O5 and N with blended fertilizer.Panicle length is one of the yield attributes of tef that 

contribute to grain yield. Crops with higher panicle length could have higher grain yield. Significantly 

highest panicle length was recorded at application of 100 kg
-1

 ha NPSFeZn plus100 kg urea ha
-1

.  The 

shortest panicle length was recorded at control. The finding of this result was similar to that of Haftom 

et al (2009) who reported that tef panicle length increased in response to increasing rate of N 

application. 

 

Analysis of variance indicated that there was significantly difference (p<0.05) among treatments for 

total and number of effective tillers of plant (Table 3). Crops with higher number of effective tillers 

could have higher grain and biomass yields. Higher significant number of total  and effective tillers 

plant
-1

 were obtained from crop supplied with 100 kg
-1

 ha NPSFeZn plus 100 kg urea ha
-1

 and the 

minimum was observed from control treatment. The result indicated that blending of fertilizers with 

different macro and micro nutrients bring significant effect on those treatments having the higher dose 

of Fe, Zn with N in all the treatments. 
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Table 3. Effect of blended fertilizer rates on phenological and growth parameters of tef during 2016/17 and 

2017/18 cropping season at Fachagama  

Treatments Days to 

50% 

heading  

Days to 

90% 

maturity 

Plant height 

(cm) 

Panicle 

length 

(cm) 

Number of 

total tillers 

plant
-1

 

Number of 

effective tillers 

plant
-1

 

1. Control treatment (CT) 46.17c 86.3f 72.7d 21.4e                  5.9c 4.2e 

2. Recommended NP (RNP) 47.3ab 88.0de 75.5bc 23.4d 7.2c 5.3cd 

3. F1:100 kg/ha NPS+50 kg Urea 47.17ab 87.3e 74.0cd 23.0d 6.4c 4.5de 

4. F1:100 kg/ha NPS+100 kg Urea 47.73abc 88.17d 74.17cd 24.4cd 6.5c 5.1cde 

5. F1:150 kg /ha NPS+ 50 kg Urea 46.83bc 88.8cd 72.83d 23.8d 6.5c 5.0cde 

6. F1:150 kg/ha NPS+100 kg Urea 47.5ab 88.8cd 74.17cd 25.4bc 7.13c 5.9c 

7. F2:100 kg/ha NPSFeZn+50 kg Urea 47.1bc 88.5cd 75.18bc 25.4bc 10.2ab 8.7ab 

8. F2:100 kg /ha NPSFeZn+100 kg Urea 47.83ab 90.0ab 79.02a 27.1a 10.9a 9.6a 

9. F2:150 kg/ha NPSFeZn+50 kg Urea 47.5ab 89.3bc 76.42b 25.4bc 9.1b 7.8b 

10.F2:150 kg/ha NPSFeZn+100 kg Urea 48.17a 90.5a 79.0a 26.02ab 9.7ab 7.9b 

CV (%)  1.5961 0.7519 2.0556 4.6503 13.4286 12.136 
Duncan's Multiple Range Test. Mean values followed the same letter(s) are not significantly different at LSD 5%; LSD (0.05) = least significant difference 
at 5% probability level; NS= Not significant; CV (%) = coefficient of variation  

 

The reason was treatments containing Fe and Zn might have played a significant role in the formation of 

effective and total tillers. The finding of this research was in line to that of Brhan (2012) who reported 

that application of blended fertilizer brought significant difference in these parameters. However, there 

is disagreement with that of Esayas (2015) who reported no significant difference in total and productive 

tillers plant
-1

 among different blended fertilizers in wheat.  

 

Effects on yields and lodging 

There was significant (p<0.01) difference in grain yield due to application of blended fertilizer rates and 

urea (Table 4). The highest grain yield (2000.8 kg ha
-1

) was recorded from application of 100 kg 

NPSFeZn ha
-1

 with additional 100 g urea ha
-1

 while the lowest yield (1265 kg ha
-1

) was recorded from 

the control. The highest grain yield observed could be due to the combined effect of nutrients- N, P, S, 

Fe and Zn in blended fertilizer plus the additional N fertilizer which might have favored condition in 

growth and development of the crop.  It was also revealed that despite significant difference in number 

of effective tillers plant
-1

 (Table 3) and 1000 seed weight (Table 4) among the treatments, the panicle 

length might have contributed more to the cumulative effect of these yield components towards 

enhanced yield. The result of the current research work is similar to result of  Lemlem (2012) who 

reported that application of blended fertilizer, P and urea significantly increased the N, P, S, Fe and Zn, 

concentration of tef grains and increased grain yield in Vertisols. This research finding is also in line 

with the recent findings of Tareke et al (2008) who concluded that blended fertilizer application 

increased tef yield. 
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Table 4. Effect of blended fertilizer rates on grain yields, harvest index, lodging and thousand grain weights of tef 

during 2016/17 and 2017/18 cropping season at Fachagama  
Treatments Grain 

yield 

(kg/ha) 

Straw 

yield 

(kg/ha) 

 Biomass 

yield (kg 

/ha) 

Harvest 

index % 

1000 seed 

Weight (g) 

Lodging 

(%)      

1. Control treatment (CT) 1265e 2956d 4221e 30.1c 0.195g 4.3f                    

2. Recommended NP (RNP) 1558c 3486c 5044d 30.9bc 0.254d 12.8bc 

3. F1:100 kg/ha NPS+50 kg U 1402d 3302cd 4704d 29.8c 0.217f 8.5e 

4. F1:100 kg/ha NPS+100 kg U 1520c 3408cd 4928d 30.9bc 0.223ef 9.7de 

5. F1:150 kg /ha NPS+ 50 kg U 1503cd 3476c 4979d 30.2c 0.227ef 10d 

6. F1:150 kg/ha NPS+100 kg U 1587c 3526bc 5113cd 31.1bc 0.236e 11.5c 

7. F2:100 kg/ha NPSFeZn+50 kg U 1962a 3887ab 5849ab 32.8ab 0.281ab 12.8bc 

8. F2:100 kg /ha NPSFeZn+100 kg U 2001a 3904ab 5905a 34.8a 0.287a 14.1ab 

9. F2:150 kg/ha NPSFeZn+50 kg U 1812b 3690abc 5502bc 33.1ab 0.263cd 13.7b 

10.F2:150 kg/ha NPSFeZn+100 kg U 1810b 4009a 5819ab 31.1bc 0.271bc 15.5a 

CV (%) 5.73 6.67 6.7 6.35 4.25 10.82 
Duncan's Multiple Range Test. Mean values followed the same letter (s) are not significantly different at LSD 5%; LSD (0.05) = least significant difference 

at 5% probability level; LSD (0.05) = least significant difference at 5% probability level; NS= Not significant; CV (%) = coefficient of variation U= Urea 

 

Straw and aboveground dry biomass yields were significantly (p<0.001) influenced by the blended 

fertilizers application (Table 4). The highest straw and above ground dry biomass yields were recorded 

at the highest NPSFeZn with 100 kg urea though it was statistically at par with other treatments 

consisting NPSFeZn.  This showed that fertilizer consists of the nutrients N, P, S, Fe and Zn contributed 

to enhance the aboveground dry biomass yield of tef than recommended NP fertilization and blend 

fertilizer with NPS. This research finding is similar to that of Shiferaw (2012) who reported that above 

ground dry biomass yield was significantly affected by application of blended fertilizer and urea. Similar 

result was also reported by Bereket et al. (2011) who found significant increment in straw yield of tef 

with the application of 8.0 kg Zn ha
-1

. Fageria et al (2011) also indicated that application of S enhanced 

the photosynthetic assimilation of N in crop plant.  

 

Thousand grain weight of tef significantly (p<0.001) influenced by the blended fertilizer treatments 

(Table 4). There was variation from 0.195 to 0.287g per thousand grains among the treatments. The 

highest grain yield of thousand grain weight was observed at 100 NPSFeZn with 100 kg urea per 

hectare.  

 

Harvest index was significantly (p<0.001) affected by the blended fertilizer treatments (Table 4). 

Highest harvest index (34.8%) was recorded from 100 NPSFeZn with 100 kg urea per hectare 

application. The lowest mean values of HI were recorded from control and NPS blended fertilizer. The 

low HI could be associated with the absence and or low amount and number of nutrients in the soil 
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available for the crop. The absence of nutrient retards growth and finally leads to fail to produce well 

matured grains before the rainfall ceases. The finding of this result similar to that of Lemlem et al (2015) 

who reported that highest index showed increment in yield. 

 

Lodging index was significantly affected by the rate of blended fertilizer (Table 4). Lodging can be 

affected by wind and heavy rain. Row planted tef better support the weight of the filled head of grain 

than broadcast planted. Lodging percentage was significantly higher on the plots treated with high rates 

of fertilizers. However, the lower lodging percentage was recorded from the control plots. Significantly 

highest lodging percentages (15.5%) and (14.1%) were form 150 or 100 kg NPSFeZn plus 100 kg urea 

per hectare while the lowest lodging percentage (4.3%) was recorded from unfertilized plot. Blended 

fertilizer increased lodging percentage by about 27.7% compared to control could be due to the 

strengthening the skeleton parts of tef plants. The finding of this research result Fageria (2009) who 

reported that lack of variation among treatment in response to application of blended fertilizers might be 

from the contribution of macro and micro nutrient like S, Fe and Zn on the strong morphological stand 

of tef which reduce the percentage of lodging. Similar findings were also reported by Berhe et al (2011). 

 
Partial budget analysis  
 

The most important step in performing partial budget analysis is the proper identification of data on the 

costs and benefits associated with the alternative technologies. It is known that farmers apply fertilizer 

so as to get profit. Achieving the goal of yield increment depends not only on the kind and amount of 

fertilizer but also on the cost of the fertilizer and price of the yields (Black 1992). Now days the demand 

and market price of tef grain and straw is high as compare to the previous time; that„s why growers need 

to use fertilizer and increase both grain and straw as a result their income increases.  

 

 
Table 5. Partial budget analysis of fertilizer use in crop production for variable costs, gross benefit and net benefit 

based on CIMMYT (1988) under different treatments  
Trt Straw Yield  

(kg ha
-1

)  

Adj. Straw 

Yield (kg ha
-1

) 

Grain Yield 

(kg ha
-1

) 

Adjusted Yield 

 (kg ha
-1

)  

TCTV 

(ETB ha
-1

) 

GB (ETB 

ha
-1

) 

NB (ETB 

ha
-1

) 

MRR 

(%) 

T1 2956 2660.4 1265 1138.5 0 16130.7 16130.7  

T3 3302 2971.8 1402 1261.8 1695.5 17889.3 16193.8 3.7 

T2 3486 3137.4 1558 1402.2 1975.5 19797.3 17821.8 581.4 

T5 3408 3067.2 1520 1368 2236 19317.6 17081.6 D 

T4 3476 3128.4 1503 1352.7 2273 19149.3 16876.3 D 

T7 3887 3498.3 1962 1765.8 2366.66 24704.55 22337.89 5831.3 

T6 3526 3173.4 1587 1428.3 2813.5 20154.6 17341.1 D 

T8 3904 3513.6 2001 1800.9 2907.16 25168.5 22261.34 5253.3 
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T9 3690 3321 1812 1630.8 3279.74 22860.9 19581.16 D 

T10 4009 3608 1810 1629 3820.24 25334 21513.76 357.56 
DAP=14.2 ETB/kg-1, TPS=14.06 ETB /kg-1, Urea=10.66, NPS= 11.4 ETB /kg-1, NPSZn=17.97 ETB /kg-1, Fe=47.2 ETB /kg-1, Labor cost=0.15 ETB /kg-1, 

Transportation= 0.05 ETB /kg-1, Tef= 13 ETB / kg-1, Straw=0.05 ETB /kg-1, Trt= Treatment, D= Dominance 

 
Table 6.  Data arrangement in cost increasing order and by using dominance and un-dominance 

Treatments Adjusted Yield cost  

 (kg ha
-1

) 

TCTV 

 (ETB ha
-1

) 
Gross Benefit 

(ETB ha
-1

) 
Net Benefit 

(ETB ha
-1

) 
MRR(%) 

Straw Grain  

T1 2660.4  1138.5  0  16130.7  16130.7     

T3 2971.8  1261.8  1695.5  17889.3  16193.8  3.7  

T2 3137.4  1402.2  1975.5  19797.3  17821.8  581.4  

T7 3498.3  1765.8  2366.7  24704.6  22337.9  5831.3  

T8 3513.6  1800.9  2907.2  25168.5  22261.3  5253.3  

T10 3608  1629  3820.2  25334  21513.8  357.6  

 

Economic analysis was performed after checking for the presence of significance difference of the mean 

grain yields of two years among the effect of the treatments. Partial budget, dominance and marginal 

analyses were performed (CIMMYT, 1988). The average yield was adjusted downwards by 10%, taking 

in to consideration that farmers could obtain 10% less yield than the experimental field. The price of 

TSP was computed from the price of 100kg of DAP based on the assumption that the nutrient content of 

DAP as 18% N and 46% P2O5 and that of TSP only 46% P2O5. Field price of tef of 2016/17-2017/18 

was estimated to be 13 birr kg
-1

 from the markets of the study area. Accordingly, the prices of fertilizer 

types were collected. Transport cost of fertilizer and seed were 0.05 birr km
-1

 and costs of application 

0.15 birr kg
-1

 were also included. The minimum acceptable rate of return (MARR) was set at 100% 

based on the suggestion by CIMMYT (1988). 

Partial budget analysis showed that the higher return responses were obtained from application of 100 

kg NPSFeZn plus 50 kg urea per hectare followed by 100 kg NPSFeZn plus 100 kg urea per hectare 

application (Table 6 and Table 7). 

 

The analysis of variance showed that both grain and straw yield were highly significantly (P < 0.05) 

affected by the main effect of different rates of blended fertilizers and N (Table 4). According to the 

partial budget analysis, 100 kg NPSFeZn plus 50 kg urea per hectare provided the highest benefit 

(22358 ETB). The recorded benefit was 38.5% over the control treatment. Besides, application of 

recommended NP fertilizer showed 25.3% lower benefit 100 kg NPSFeZn plus 50 kg urea per hectare. 

The analysis of the Marginal Rate of Return (MRR) indicated all the application of blended fertilizers 

had higher than 100% which indicate tef production is profitable with the alternatives of T7, T8, T10 
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and T2. However application of 100 kg NPSFeZn plus 50 kg urea per hectare would be recommended 

both from the statistical and economic point of view.  

 

Conclusion and Recommendation 

In general, all the yield and yield components of tef (biomass yield, grain yield, harvest index, straw 

yield), thousand seed weight and lodging index were significantly influenced by the blended type and 

additional N (urea) fertilizers grown on Vertisols. It was possible to conclude that 100 kg NPSFeZn plus 

50 kg urea per hectare and 100 kg NPSFeZn plus 100 kg urea per hectare showed significantly high 

grain yield, plant height, panicle length per plant, number of tillers per plant and thousand seed weight, 

straw yield than the other treatments. According to the partial budget analysis, 100 kg NPSFeZn plus 50 

kg urea per hectare provided the highest benefit (22358 ETB). However application of 100 kg NPSFeZn 

plus 50 kg urea per hectare would be recommended both from the statistical and economic point of view 

on Vertisols of Raya Azebo. Application of blended fertilizers should be formulated based on soil test 

for a specific field not based on blanket recommendation. Therefore, on farm demonstration need to be 

conducted around the study area through involvement of as many farmers as possible and agricultural 

experts for further validation and verification of the study. Integrated Plant Nutrient System (IPNS) is 

important to improve sustainability and maintenance of soil productivity. Integrating chemical fertilizers 

with organic soil amendments would also sustain the soil and improve response of chemical fertilizers. 

Further research should focus on Integrated Plant Nutrient System (IPNS).  
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Abstract 

Tef is the most preferred crop by Ethiopians for consumption and for its market value. However, its 

production and productivity is still very low due to traditional agronomic practices, nutrient deficiencies 

and susceptibility of the crop to lodging.Thus, this research work was conducted to examine the 

agronomic and economic performance of alternative ways of compound fertilizer applications under 

different sowing methods and seed rates. The experiment was conducted in North Ethiopia; on two soil 

types of Tahtay-Koraro Woreda during the 2011 main crop season. An improved tef variety „Quncho‟ 

(Dz-Cr-387) was used as a test crop and 5 treatments evaluated using Randomized Complete Block 

Drsign (RCBD) with 3 replications. The treatments were: (1) band application of complete fertilizer 

underrow sowingtef at 5 kg ha
–1

 seed rate; (2) broadcast seed at 25 kg ha
–1

 seed ratewith complete 

fertilizer; (3) band application of diammonium phosphate (DAP) and urea underrow sowingtef at 5 kg 

ha
–1

 seed rate; (4) broadcast seed at 25 kg ha
–1

 seed rate with DAP and urea; (5) broadcasting tef at 25 

kg ha
–1

 seed rate with no fertilizer application (control). Band application of complete fertilizer under 

row sowingtef at 5 kg ha
–1

 seed rate significantly improved grain yield by 320% on Vertisols and by 

396% on Cambisols. However, result of the marginal rate of return (MRR) analysis revealed that band 

application of DAP and urea under row sowing of tef at 5 kg ha
–1

 seed rate gave  the most economically 

profitable values of grain and straw.  

Key words: Band application; Complete fertilizer; DAP and urea; sowing method; MRR 

Introduction 

Tef is a versatile cereal crop with respect to adaptation for the diverse agro-climatic and soil conditions 

(Deckers et al 2001; Tefera and Ketema 2001; Tefera and Belay 2006; Plaza et al 2009 and Chanyalew 

2010). For this reason, it is cultivated annually on about 2.8 million hectares of land covering more than 

28% of the total area annually under cereals in Ethiopia; but its estimated grain yield productivity is very 

low accounting only about 1.15 Mg ha
–1

 (CSA 2011).  

Deficiency of N and P nutrients is the major tef yield limiting factor in Ethiopia (Tekalign et al 2001). 

However, the continuous management of Ethiopian soils by applications of only DAP and urea [nitrogen 

mailto:teklaytesfay62@yahoo.com
mailto:teklaytesfay2007@gmail.com
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(N) and phosphorus (P)] containing fertilizers for a long period of time has led to severe nutrient mining 

of the agricultural soils particularly when the entire crop biomass (grain and stover) are removed from 

the land. Recent findings showed that other nutrients such as potassium (K) (Haileselassie 2006); S 

(Habtegebrial and Singh 2006) and Zn (Bereket et al 2011) are also becoming tef yield limiting nutrients 

in different areas. Hence, the continuous use of DAP and urea should be supplemented with the 

application of additional compound fertilizers containing the above macro and micro nutrients. Thus, 

since deficiency of even only one nutrient can reduce crop yield; application of fertilizers containing K, 

sulfur (S), zinc (Zn) and other essential nutrients should be considered to improve tef 

productivity.Fertilizer or blend of fertilizers containing all the three primary nutrients (N-P-K) is termed 

as „complete‟ fertilizer (McCauley et al 2009). 

Yenesew et al (2011) confirmed that lack of improved tef variety, appropriate sowing method and 

seeding rate and low quality of soil limits crop yield. Besides, vulnerability of tef crop to lodging was 

also reported by various researchers as the major yield limiting factor. Broadcast sowing method of tef 

with high seed rate (≥25kg ha
–1

) is responsible for extremely high and uneven population distribution 

density and to the high competition for sunlight, moisture, and nutrients. Additionally, the placement of 

the seed on the soil instead of in the soil leads to extremely poor crown root development, lower tillering 

capacity and susceptibility to lodging and then lower yield. 

Girmay et al (2009) described even though technically acceptable, many new technologies failed to 

function for a long period because of their high costs. Thus, evaluation of new technology in terms of its 

impact on the productivity, profitability, and acceptability is essential before giving any 

recommendations. Therefore, the objectives of this study were to (1) investigate the effect of complete 

fertilizer against DAP and urea application under different sowing methods and seed rates of tef, (2) 

determine the economic profitability of the compound fertilizers under different sowing methods and 

seeding rates.  

Materials and Methods  

Description of the study area 

The experiment was conducted in the North Western Zone of Tigray Regional State, North Ethiopia; 

ontwo different soil types of Tahtay-Koraro Woreda during the 2011 main crop season. The 

experimental soils namely Cambisols and Vertisols (FAO/UNESCO 1977) are located at about 5 km to 
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East and 10 km to West of Shire town, respectively. They are situated at 13
0
88‟36” to 14

0
 08‟ 57”N 

latitude and 38
0
04‟30” to 38

0
 17‟ 02” E longitudes at an altitude of 1902 m and 1917 m, respectively 

(Figure 1). 

 

Figure 1. Location map of the study sites at Tahtay Koraro, Tigray, Ethiopia 

The surfaces of the experimental soils (0 - 15cm) have high silt proportion (44%), but they differ in 

relative proportion of sand (16% on Vertisols and 30% on the Cambisols) and silt (40% on Vetisols and 

26% on Cambisols). The Vertisols 6.7 pH, 0.117 dS/m electical conductivity (EC), 4.4% calcium 

carbonate (CaCO3), 1.35% soil organic matter (SOM), 0.086% total N, 5.96 ppm available P, 0.83% 

available Zn, 26% available S (SO4-S), and 1.08 cmol (+)/kg exchangeable K. On the other hand, the 

Cambisols contain 6.9 pH, 0.075 dS/m EC, 4.2% CaCO3, 1.19% SOM, 0.069% total N, 4.84 ppm 

available P, 0.64% available Zn, 3% available S (SO4-S), and 0.34 cmol (+)/kg exchangeable K. 

Meteorological data were taken from one station (Shire station), assuming both experimental sites and 

the meteorological station are found under similar rainfall and temperature regimes. The main rainy 

season of study areas extend from June to September. The long term mean annual rainfall of the study 

areas for the past 15 years (1997-2011) was 1031.3 mm with minimum of 758.1 mm in 2002 and 

maximum of 1440 mm in 1999. Annual rainfall amount of the cropping season (2011) was 905.5 mm. 

Rainfall distribution of the study areas are characterized by unimodal pattern where more than 90% 

concentrate in the period between July and August. The average temperature of these study areas for the 
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past 15 years revealed 20.92 
O
C with a mean maximum temperature record (30.97 

O
C) in April and the 

mean minimum (11.4 
O
C) in January. According to the climatic zone classifications of Ethiopia 

(Alemneh 2003), which was based on altitude, rainfall, average annual temperature and length of 

growing season, the study areas belong to cool sub-humid agro-climatic zone.  

Figure 2. Monthly rainfall for 2011, monthly mean rainfall for the period 1997-2011, Monthly mean maximum 

and monthly mean minimum temperature for the period 1997-2011. 

Experimental design and treatments  

Improved tef variety „Quncho‟ (Dz-Cr-387) was used as a test crop and five treatments in each site were 

laid out in randomized complete block design (RCBD) with three replications. Total area of one 

experimental site was 18 m by 23 m and the size of each plot was 4 m by 5 m with one meter free space 

between blocks and plots. Each treatment was assigned randomly to each experimental unit within each 

block and the treatments were:band application of complete fertilizer under row sowing tef at 5 kg ha
–1

 

seed rate (T1); seed broadcast at 25 kg ha
–1

 seed rate with complete fertilizer (T2) band application of 

DAP and urea under row sowing tef at 5 kg ha
–1

 seed rate (T3); seed broadcast at 25 kg ha
–1

 seed rate 

with DAP and urea (T4); and seed broadcasting at 25 kg ha
–1

 with no fertilizer (Control). 

One hundred kilogram Yara Milla Cereal constitutes 23N-10P-5K-3S-2Mg-0.3%Zn. Thus, 278 kg YMC 

(Yara Milla Cereal) combined with 39.5kg TSP gives 64 kg N and 46 kg of P (as P2O5) that can be 

obtained from 100kg DAP and 100 kg urea. Generally, the recommended amount of N (64 kg/ha) and P 
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(46 kg ha
–1

as P2O5) were applied for all the treatments irrespective of the fertilizer type used, except the 

control. 

Low seed rates (5 kg ha
–1

) for row sowing and recommended seed rate (25 kg ha
–1

) for the broadcast 

were used and were sown 19
th

 July on the Vertisols and 20
th

 July on Cambisols. For the row sowing 

treatments, seeds were drilled at 20cm spacing between rows and placed under shallow soil cover. 

During planting, 100 kg ha
–1

DAP (46% P as P2O5and 18%N) and 39.5 kg ha
–1

TSP (46% P as P2O5) 

were applied. However, YMC and urea were applied in splits and the 178 kg ha
–1

YMC was applied at 

sowing and the remaining 100 kg ha
–1

at tillering. In the same way, 50kg urea was applied at sowing and 

the other 50kg during tillering. Generally, 23 kg ha
–1

N was applied during tillering for all the treatments 

except the control.  

Prior to germination, in row plated plots, fertilizers were applied in the soil as band application 5 cm 

away from the seed planting) by making a shallow furrow along the tef row and depositing the fertilizer 

on the bottom of the furrow to prevent contact with the seed and then covering with soil. For the 

broadcast treatments (farmers practice), the fertilizer was broadcasted. At tillering stage, fertilizers were 

side dressed for the row planted tef and top dressed for the broadcasted tef. Weeding was carried out 

manually by hand three times during the growing season. 

Agronomic data collection  

Average reading of twenty randomly selected plants from each plot was used for measuring the 

agronomic data on plant height, panicle length, panicle seed weight and tillering in number. Lodging 

percentage was determined from the entire plot (4 m x 5 m). However, grain yield, straw yield, and 

harvest index (the ratio of the total grain yield to the total biomass yield harvested on dry weight basis) 

were recorded from net plot size of 3 m by 4 m to avoid border effect.  

Soil Sample preparation and analysis  

Prior to sowing 30 subsamples were collected from a depth of 0-15cm using auger and these soil 

samples were dried, composited, sieved through 2mm sieve to have 1kg composite sample for each 

study site. The collected soil samples were then analyzed for selected physico-chemical properties 

mainlyparticle size distribution, pH, electrical conductivity (EC), total N, available P, available S, 
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available Zn, calcium carbonate (CaCO3)  and soil organic matter content at National Soil testing 

Center, Addis Ababa.  

Texture (Particle size distribution) was determined by the hydrometer method (Bouyoucos 1962); Soil 

pH in a suspension of 1:2.5 soil water ratio by using pH meter (Peach 1965); EC of the soil extract was 

determined using EC meter (Sahlemedin and Taye 2000). Organic matter content of the soil was 

estimated from the organic carbon (OC) content determined using Walkley and Black (1934) method. 

To obtain percent of soil organic matter, percent of OC was multiplied by 1.724 since the organic matter 

is conventionally assumed to contain 58% carbon (58/100 = 1.724).   

Total N determination was done by macro Kjeldahl method (Khee 2001). Olsen method was used to 

determine available P content of the soil (Olsen and Sommers 1982), available S using turbidimetric 

method (Kowalenko 1985), and available Zn was determined according to Lindsay and Norvell (1978) 

method using diethylene triamine penta acetic acid (DTPA) as an extractant. Exchangeable Kwas 

determined by ammonium acetate extraction method (Okalebo et al 1993). 

Statistical analysis  

The agronomic data collected were analyzed statistically through one-way analysis of variance 

(ANOVA) procedures using JMP 5 [Statistical Analysis System (SAS), 2002]. Least significant 

difference (LSD) was used for mean comparison among treatments and for correlation analysis between 

yield and other agronomic components; Statistical Package for the Social Sciences (SPSS) 16 software 

was used. 

Economic Analysis  

Economic analysis was conducted based on the [International Center for Maize and Wheat Research 

(CIMMYT), 1988] approach which utilizes partial budgeting combined with marginal analysis and 

reveals the economic performance of the treatments based on grain and straw yields of tef.  Gross return 

(yield x price) and net return (gross return – total varying cost) were calculated to carry out marginal rate 

of return (MRR) analysis which is important for correct evaluation of alternative technologies. The 

varying fertilizer, seed and labor costs were estimated based on the existing rate of seed and fertilizer 

purchase and daily labor payment. The yield (grain and straw) harvested from the plots were converted 

in to hectare basis and the market values of both components were calculated based on the existing 

market price.  
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Before undertaking the economic analysis of each treatment, statistical analysis was conducted to 

compute the reliable yield for each treatment and this economic analysis was conducted for all 

treatments regardless of their statistical significance. Costs that don't vary among all treatments are not 

included in the analysis.  

In this study, MRR analysis was carried out on both dominated and un-dominated treatments in a 

stepwise manner starting from control to the other treatments. CIMMYT (1988) and Asumadu et al 

(2004) provided the minimum rate of return that ranges between 40% and 100%, whereas Farquharson 

(2006) and Shah et al (2009) suggested minimum rate of return to be 100%, especially for poor farmers 

in developing countries or for technologies requiring substantial change to a farming system. 

Accordingly, in this study, 100% marginal rate of return was considered as aguarantee for the farmers to 

accept a new technology without doubt.   

Results and Discussion  

Plant height, panicle length and panicle seed weight  

It is evident from Table 1 that significantly higher plant height, panicle length and panicle seed weight 

were found from band application of complete fertilizer under the seed drilling in row at 5 kg ha
–1

seed 

rate (T1) followed by the band application of DAP and urea under the seed drilling in row at 5 kg ha
–

1
seed rate (T3); and lower result of all the above parameters was recorded from the control (T5) on both 

soil types.  

However, non significant result for plant height, panicle length and panicle seed weight was found 

between T1 and T3 for both soils except on Cambisols for panicle seed weight. This shows that sowing 

method and different seed rate are more important in influencing plant parameter regardless of the 

fertilizer type. Applying fertilizer close to the seed improves nutrient availability and promotes growth 

than broadcasting method.      

Drill method of sowing tef at low seeding rate was superior over the broadcasted. This corresponds with 

the finding of Soomro et al (2009) who stated wheat planted by drilling method resulted taller plants 

than the broadcasted seed. But, this result does not agree with Oyewole et al (2010) who observed non 

significant effect of sowing method on plant height of rice. 
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Table 1.  Plant height, panicle length and panicle seed weight as affected by the treatments 

Treatment Plant height (cm) Panicle length (cm) Panicle seed weight (g) 

Vertisol Cambisol Vertisol Cambisol Vertisol Cambisol 

T1 144.93
a
 140.50

a
 55.57

a
 55.33

a
 1.47

a
 1.39

a
 

T2 128.80
b
 127.53

bc
 51.03

ab
 50.80

bc
 0.85

b
 0.81

c
 

T3 141.17
a
 133.93

ab
 53.33

ab
 52.23

ab
 1.42

a
 1.31

b
 

T4 126.67
b
 122.57

c
 47.83

b
 47.73

c
 0.76

b
 0.79

c
 

T5 97.10
c
 85.47

d
 30.70

c
 28.43

d
 0.19

c
 0.16

d
 

CV 13.7 16.52 19.74 21.21 42.15 51.18 

P-Value ** ** ** ** ** ** 

Levels not connected by same letter in columns are significantly different at P < 0.01. ** Stands significant at P<0.01; T1: band application of complete 

fertilizer under row sowing tef at 5 Kg ha–1 seed rate; T2: seed broadcast at 25 Kg ha–1 seed rate with complete fertilizer; T3: band application of DAP and 

urea under row sowing tef at 5 Kg ha–1 seed rate; T4: seed broadcast at 25 Kg ha–1 seed rate with DAP and urea; T5: tef seed broadcasting at 25 Kg ha–1 with 
no fertilizer (Control treatment). 

Tillering and lodging percentage 

Significantly higher number of tiller/plant was found in plots treated with T3 (band application of DAP 

and urea under the row sowing tef at 5 kg ha
–1

seed rate) preceded by T1 (band application of complete 

fertilizer under the row sowing tef at 5 kg ha
–1

seed rate) while the minimum number of tillers was 

observed from the control in both soils (Table 2). This was because, drilling seed and fertilizer create a 

good contact between seed and fertilizer, reduce loss and provide nutrient, especially N much better that 

enhance tiller of tef.  

Regardless of the fertilizer type, broadcasting method of sowing has lower tillering capacity than the 

drill method. This finding is in agreement with the finding of Soomro et al (2009) who indicated 

maximum tiller capacity of wheat from the drill method of sowing. However, this result contradicts with 

Oyewole et al (2010) who observed non significant effect of sowing method on tiller formation of rice 

crop. 

Lodging percentage was significantly higher on the plots treated with T2 (broadcast seed at 25 kg ha
–1

 

seed rate and complete fertilizer) on both soils. However, the lower lodging percentage was recorded 

from the control plots. This might be due to the stunted growth of tef caused from poor/absence of 

nutrition. Unlike the row planted treatments in which lodging was occurred after grain filling stage via 

sudden wind and heavy rain spray, lodging in the broadcasted treatments has started before the grain 

filling stage and continued until harvest in both soil types. 
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Table 2. Impact of the treatments on tillering capacity and lodging  
Treatments Vertisol Cambisol 

  Tiller/plant Lodging (%) RLI (%) Tiller/plant Lodging (%) RLI (%) 

T1 13.83
a
 46.67

c
 95 13.57

a
 45.00

b
 99 

T2 3.77
c
 77.67

a
 224 3.67

c
 70.00

a
 209 

T3 11.73
b
 44.67

c
 86 11.67

b
 42.67

b
 88 

T4 3.43
cd

 73.33
b
 206 3.53

c
 67.33

a
 197 

T5 3.13
d
 24

d
 - 3.30

c
 22.67

c
 - 

Significant level ** ** - ** ** - 

Levels not connected by same letter in the same column are significantly different at P < 0.01. ** Stands significant at P<0.01; RLI – relative lodging 

increase from control. T1: band application of complete fertilizer under row sowing tef at 5 kg ha–1 seed rate; T2: seed broadcast at 25 kg ha–1 seed rate with 
complete fertilizer; T3: band application of DAP and urea under row sowing tef at 5 kg ha–1 seed rate; T4: seed broadcast at 25 kg ha–1 seed rate with DAP 

and urea; T5: tef seed broadcasting at 25 kg ha–1 with no fertilizer (Control treatment). 

On Vertisols, band application of complete fertilizer under the row sowing tef at 5 kg ha
–1

 seed rate (T2) 

increased lodging by 224% over the control(T5) whereas band application of DAP and urea under the 

row sowing of tef at 5 kg ha
–1

seed rate (T3) increased by 206% (Table 2). In the same way, band 

application of complete fertilizer under the row sowingtef at 5 kg ha
–1

 seed rate on the Cambisols 

increased lodging by 209% while band application of DAP and urea under the row sowing of  tef at 5 kg 

ha
–1

seed rate increased by 197%.  In general, relatively lower lodging percentage was measured in the 

row planted tef at 5 kg ha
–1

seeding rate than the broadcasted with recommended seed rate, in which both 

received the same amount and type of fertilizer. This is in agreement with Tefera and Belay (2006) who 

affirmed that row sowing minimizes lodging. The reason for this might be due to the drilling of the seed 

in the soil rather than place on the surface help for better establishment of root system. Consequently, it 

improved the strength of shoot development from the lower population density of the row planted tef. 

This is conformable with Bedada (2009) who reported lodging index decreases as seeding depth 

increased from surface broadcast (0 cm) to 3 cm in two locations in Ethiopia, and with Yenesew et al 

(2011) who reported decreasing the recommended tef seed rate from 25 kg ha
–1

to 10 kg ha
–1

increases 

the capacity of tef shoot to increase its strength and withstand lodging. Therefore, based on the results of 

this study as well as previous findings it is believed that vulnerability to lodging might be strictly 

associated with seed rate, sowing method, fertilizer type and application method. Broadcasting tef at 

seed rate of 25 kg ha
–1

combined with optimum N fertilization caused tender stalk and weak root system 

subjected to weather conditions (wind and heavy rainfall) particularly during grain filling stage. 

Grain yield, straw yield and harvest index  

Tef grain and straw yield were significantly influenced by the combined effect of sowing method at 

different seed rates and fertilizer type (Table 3). Grain yield of plots on both soils treated with band 

application of complete fertilizer under row sowing tef at 5 kg ha
–1

seed rate (T1) was significantly 
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higher than the other treatments involved and this was followed by the band application of DAP and 

urea under the row sowing tef at 5 kg ha
–1

seed rate (T3). Broadcasting seed (at 25 kg ha
–1

seed rate) with 

complete fertilizer (T2) and broadcasting seed (at 25 kg ha
–1

seed rate) with DAP and urea (T4), on the 

other hand, gave non-significant results on both soil types. These observations revealed that the 

combined effect of sowing method and plant population regardless of the fertilizer type played vital role 

in influencing grain yield. Straw yield follows the same statistical output except that T3 showed 

significantly different straw yield compared to T4.  

The grain yield obtained from row planted tef at low seeding rate (Table 3) irrespective of the fertilizer 

type is more than two times higher than the national and regional (1.15 Mg ha
–1

) average tef productivity 

during 2010/11 (CSA 2011). The possible reasons for this yield increment could be due to the low seed 

rate, yield potential of the variety, efficient resource utilization (sunlight, moisture and nutrients) and 

relatively reduced lodging problem of the row planting. Fufa et al (2001) reported that there is an ample 

chance to increase tef productivity by integrating high yielding varieties and improved management 

practices. 

The superiority of complete fertilizer over the DAP and urea fertilizers treatment at the same sowing 

method and sowing rate might be due to the addition of new nutrient from the complete fertilizer which 

might facilitate the uptake of other essential plant nutrients.In the same manner, straw yield of tef was 

significantly affected by the combined effect of sowing method and fertilizer type (Table 3). The highest 

straw yield on both soil types was measured from the band application of complete fertilizer under the 

row sowing of tef at 5 kg ha
–1

 seed rate. 

 „Quncho‟ tef variety was treated with band application of complete fertilizer under drill seed in row at 5 

kg ha
–1

 seed rate(T1). On the other hand, row sowing method of tef at 5 kg ha
–1

and band application of 

complete fertilizer beneath the tef seed (T1) brought an increment of about 220% (on Vertisols) and 

203% (on Cambisols) over the current national average yield (about 1.15 Mg ha
–1

). Comparably, 

„Quncho‟ planted in row at 5 kg ha
–1

 complement with DAP and urea fertilizers banded in line (T3), 

brought an increment of about 186% (on Vertisols) and 160% (on Cambisols) over the current national 

average yield of tef indicated above. 
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Table 3. Results for harvest index, grain yield (Mg ha
–1

) and straw yield (Mg ha
–1

) 
Experimental soil  Treatment Grain Yield  (Mg ha

–1
) Straw Yield (Mg ha

–1
) Harvest Index 

Vertisol T1 3.66 ± 0.049
a
 9.5 ± 0.044

a
 0.28 ± 0.002

a
 

T2 2.05 ± 0.035
c
 6.59 ± 0.054

c
 0.24 ± 0.002

b
 

T3 3.24 ± 0.037
b
 8.87 ± 0.028

b
 0.27 ± 0.002

a
 

T4 1.86 ± 0.039
c
 6.15 ± 0.049

d
 0.23 ± 0.003

b
 

T5 0.87 ± 0.036
d
 3.74 ± 0.077

e
 0.19 ± 0.003

c
 

CV 44.58 30.68 13.18 

P-value ** ** ** 

 T1 3.46 ± 0.097
a
 9.21 ± 0.11

a
 0.27 ± 0.004

a
 

Cambisol T2 2.06 ± 0.033
c
 6.35 ± 0.081

c
 0.22 ± 0.001

b
 

T3 2.96 ± 0.063
b
 8.32 ± 0.051

b
 0.27 ± 0.004

a
 

T4 1.99 ± 0.045
c
 5.9 ± 0.099

c
 0.21 ± 0.003

b
 

T5 0.70 ± 0.003
d
 3.42 ± 0.093

d
 0.17 ± 0.001

c
 

CV 44.05 31.58 23.51 

P-value ** ** ** 
Levels not connected by same letter in the same column are significantly different at P < 0.01. ** Stands for significance at (P < 0.01) level. T1: band 

application of complete fertilizer under row sowing tef at 5 kg ha–1 seed rate; T2: seed broadcast at 25 kg ha–1 seed rate with complete fertilizer; T3: band 

application of DAP and urea under row sowing tef at 5 kg ha–1 seed rate; T4: seed broadcast at 25 kg ha–1 seed rate with DAP and urea; T5: tef seed 
broadcasting at 25 kg ha–1 with no fertilizer (Control treatment). 

As the results indicated on Figure 3, the relative yield increment of the treatments (T1, T2, T3 and T4) 

over the control treatment was by 320%, 135%, 275%, 144% (on Vertisols) and 396%, 195%, 235%, 

186% (on Cambisols) for the respective treatments. This reflects broadcast method of sowing tef with no 

fertilizer application reduced tef yield productivity by more than 100%.  

Figure 3. Relative yield increase over the control (T5) 

Highest harvest index (HI) was obtained from row planted tef at 5 kg ha
–1

 seed rate with complete 

fertilizer and the lower value from the control in both sites. The low HI could be associated with the 
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absence of nutrients in the soil available for the crop. The absence of nutrient retards growth and finally 

leads to fail to produce well matured grains before the rainfall ceases. 

The variation in agronomic characters in response to the sowing method and seeding rates of the 

treatments that receive the same fertilizer might be due to dense population, uneven stand and space; 

which led to lodging and competition for moisture, nutrient and sunlight. Comparable yield superiority 

of the complete fertilizer over the DAP and urea source of fertilizer on both sowing methods was 

observed in these trials; and this could be associated with the additional nutrients involved in the 

complete fertilizer (K, S, Mg and Zn) other than N and P. In addition to this, Havlin et al. (2005) 

reported that application of P and Zn nutrients in soils which are marginally deficient in P and Zn 

improves crop yield, indicating positive interaction of P and Zn.  However, high P availability or 

application of P fertilizer alone could induce Zn deficiency in plants, commonly known as P – induce Zn 

deficiency (Cakmak and Marschner 1987). Thus, application of Zn containing P fertilizer on Zn and/or P 

deficient soils could improve tef yield. Positive and higher response to complete fertilizer is an 

indication of the soil‟s deficiency on the nutrients like N, P, K, S, Mg, and Zn.  

Generally grain yield, straw yield and HI were significantly (P<0.01%) affected by the combined effect 

of sowing method at different seed rates and fertilizer sources in both experimental fields; and the 

maximum values of these parameters were recorded from the band application of complete fertilizer 

under the row sowing at 5 kg ha
–1

 seed rate and secondly, band application of DAP and urea under the 

row sowing of tef at 5 kg ha
–1

 seed rate in both experimental soils.  

Correlation of yield and other agronomic parameters  

Strong significant positive correlation of grain yield with all the agronomic parameters was observed 

except with lodging index in both trial sites; indicating that grain yield could invariably increase by 

increasing these attributes (Table 4 and 5). This result was supported by the recent findings of 

Chanyalew (2010) on 18 tef genotypes, which reported that grain yield was significantly and positively 

correlated with plant height, panicle length, shoot biomass, plant seed weight, and HI. Similarly, it was 

reported that tef grain yield was highly positively correlated with plant seed weight and shoot biomass 

(Hundera et al 1999 and Tefera et al 2003). Correspondingly in wheat, Burio et al (2004), Kotal et al 

(2010) and Abd El-Lattief (2011) reported that grain yield was positively associated with plant height 

and straw yield. Girmay et al (2009) also reported that on Vertisols, wheat grain yield with spike length 

while straw yield with plant height were strongly correlated.  
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On the Vertisols experimental soil, lodging index (Table 4) showed positive significant association with 

panicle length only, but with the other attributes, no significant correlation was found. On Cambisols 

positive significant correlations of lodging index with HI, plant height and panicle length (Table 5) were 

found in conformity with Yu et al (2007) who demonstrated that lodging index showed highly 

significant positive correlations with plant height, panicle length, panicle seed weight, grain yield and 

shoot biomass yield, thus, indicating that the high yielding lines tended to lodge more. Nevertheless, 

positive but non-significant association was obtained between lodging index and grain yield, straw yield, 

and panicle seed weight in both field trials. On the other hand, negative and insignificant correlation was 

found between lodging and tiller formation in both sites indicating that tiller formation can minimize 

lodging.  

On the Vertisol experimental soil, lodging index (Table 4) shows positive significant association with 

panicle length only, but with the other attributes no significant correlation was found. On Cambisol 

positive significant correlation of lodging index with harvest index, plant height and panicle length 

(Table 5) was found in conformity with Yu et al (2007) who demonstrated that lodging index showed 

highly significant positive correlations with plant height, panicle length, panicle seed weight, grain yield 

and shoot biomass yield, thus, indicating that the high yielding lines tended to lodge more. Nevertheless, 

positive but non-significant association was obtained between lodging index and grain yield, straw yield, 

and panicle seed weight in both field trials. On the other hand, negative and insignificant correlation was 

found between lodging and tiller formation in both sites indicating tiller formation can minimize 

lodging.  

Table 4. Correlation coefficients of grain yield with other agronomic parameters on Vertisols. 
Paraeters  GY SY HI PH PL PSW Tiller Lodging 

GY 1 0.996** 0.987** 0.944** 0.862** 0.989** 0.932** 0.096
ns 

SY  1 0.992** 0.964** 0.896** 0.995** 0.900** 0.174
ns 

HI   1 0.975** 0.901** 0.987** 0.870** 0.228
ns 

PH    1 0.959** 0.965** 0.767** 0.398
ns 

PL     1 0.903** 0.639* 0.535* 

PSW      1 0.886** 0.186
ns 

Tiller       1 -0.268
ns 

LI        1 
 *, ** significantly different at 5% and 1% probability levels, respectively.„ns‟ indicates not significant. GY: grain yield; SY: straw yield; HI: harvest index; 

PH: plant height; PL: panicle length; PSW: panicle seed weight. 

Generally in both sites weak but positive and insignificant association existed between lodging and grain 

yield whereas, studies in tef in other areas have shown strong and positively significant correlations 

between lodging and grain yield (Hundera et al 1999; Tefera and Ketema, 2001; Tefera et al 2003; Yu et 

al 2007).  
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Table 5. Correlation coefficients of grain yield with other agronomic parameters on Cambisols. 
Parameters  GY SY HI PH PL PSW Tiller Lodging 

GY 1 0.961** 0.985** 0.912** 0.915** 0.993** 0.869** 0.274
ns 

SY  1 0.921** 0.978** 0.977** 0.957** 0.704** 0.520* 

HI   1 0.878** 0.883** 0.991** 0.896** 0.199
ns 

PH    1 0.991** 0.918** 0.601* 0.623* 

PL     1 0.918** 0.611* 0.617* 

PSW      1 0.858** 0.283
ns 

Tiller       1 -0.234
ns 

LI        1 
*, ** significantly different at 5% and 1% probability levels, respectively. „ns‟ indicates not significant. GY: grain yield; SY: straw yield; HI: harvest index; 

PH: plant height; PL: panicle length; PSW: panicle seed weight. T1: band application of complete fertilizer under row sowing tef at 5 kg ha–1 seed rate; T2: 

seed broadcast at 25 kg ha–1 seed rate with complete fertilizer; T3: band application of DAP and urea under row sowing tef at 5 kg ha–1 seed rate; T4: seed 
broadcast at 25 kg ha–1 seed rate with DAP and urea; T5: tef seed broadcasting at 25 kg ha–1 with no fertilizer (Control treatment). 

The overall merits of row sowing tef at low seeding rate (5 kg ha
–1

) over that of broadcasting method at 

a recommended seed rate (25 kg ha
–1

) irrespective of the fertilizer type used was found due to lower 

plant population density, line placement of seed and and application of fertilizer in the soil at desired 

depth instead of on the soil surface which affords uniform seed distribution and germination, optimum 

spacing for efficient resources (nutrient, moisture, sunlight) utilization responsible to improve root 

crown establishment, tillering capacity, longer plant height with vigour shoot development and relatively 

lower susceptibility to lodging. The advantage of row sowing method is not only to improve tef yield but 

also to save the seed. 

In general, all the above mentioned agronomic parameters have direct contribution in enhancing tef 

yield. Plant height (Yu et al 2007), tillers per plant, panicle weight, and shoot biomass (Tefera 1993; 

Chanyalew et al 2006, Chanyalew et al 2009) have reported as an important determinants of yield. 

However, even with good crop management and appropriate fertilization, lodging is the major 

bottleneck (Ketema 1983, 1997 and Yu et al 2007) to increase tef productivity. In addition to yield 

losses, lodged plant also poses a great problem for harvesting (Hewan and Fujimura 2010; Assefa et al 

2011) which lead to economic losses. 
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Economic performance 

Row sowing method of tef together with complete fertilizer application has improved agronomic 

yield (grain and straw) in the study areas. However, it should be aided by economic analysis 

before giving any recommendations. Result of economic analysis for the treatments using partial 

budget method (Table 6) showed that net income on Vertisols was higher in the row sowing 

treatments, than the broadcast treatments. However, net field income different from profit 

because in partial budget analysis only costs that vary are included, excluding the other 

production costs. Thus, based on the size of the net field income it would be difficult to select the 

economically preferred treatment. For this reason, in order to compare each treatment, a marginal 

analysis was done based on the information on net field benefits and costs that vary (Table 7). 

Considering the comparison with control (Table 7), the MRR on Vertisols were 596%, 249%, 

815%, and 391% for T1, T2, T3, and T4, respectively. The corresponding values on Cambisols 

were 586%, 342%, 733%, and 612%. The MRR from broadcasted treatments (T2 and T4) was 

lower than the row sowing treatments (T1 and T3) in both sites. This result was similar that of 

Abd El-Lattief (2011) who found higher return from drill sowing method than the broadcasted 

wheat. The 733% marginal rate of return indicated that the income obtained from application of 

DAP and urea on tef cultivation in row with low seed rate (5 kg ha
–1

) is more than 7 times higher 

than its cost of production.  

The stepwise comparison (dominant analysis) between successive treatments depicted that 

treatments which received DAP and urea fertilizers in both sowing methods have higher MRR 

(Table 7). On Vertisols, by changing sowing method of tef from broadcast to drill while in 

uniform DAP and urea application (T3), farmers can recover 1 birr plus an extra birr 23.44 

Birr/ha in net benefit for each 1 Birr/ha on average invested. On the other hand, changing from 

drilled tef sowing with DAP and urea application (T3) to broadcast tef sowing with complete 

fertilizer application (T2, dominated) makes farmer to loss 15.62 Birr/ha for 1 birr invested. 

MRR on Cambisols is in consistence with this result. Considering the assumption of minimum 

acceptable MRR by farmers as 100% to adopt a new technology in this study, all treatments 

except broadcast sowing with complete fertilizer (T2) were acceptable, but the most 

economically profitable treatment was band application of DAP and urea under row sowing of  

tef at 5 kg/ha seed rate (T3) followed by broadcasting of tef seed at 25 kg/ha with DAP and urea 
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(T4) in both trial locations. Therefore, though the net return of DAP and urea fertilization 

seemed inferior to the complete fertilizer in both sowing methods.  Besides, in view of economic 

analysis, DAP and urea fertilizer application was economically profitable than complete fertilizer 

in both sowing methods. On the other hand, superiority of drill over broadcast treatments was 

observed even if they received the same fertilizer type and amount.  

Table 6. Partial budget analysis of the treatments    
Experimental 

soils 

Return and Cost items Treatment 

T1 T2 T3 T4 T5 

Vertisol Gross 

return 

(Birr/ha) 

Grain 34255 19210 30600 17425 8160 

Straw 7329 5082 6846 4746 2961 

Total 41584 24292 37446 22171 11121 

Costs 

(Birr/ha) 

Purchasing & 

transportation 

seed 58 288 58 288 288 

fertilizer 3642 3642 2106 2106 - 

Daily Labor 2789 1956 2822 1967 1822 

Total varying cost 6489 5886 4986 4361 2110 

Change in cost (∆C) 4379 3776 2876 2251 - 

Net return (income)  35095 18406 32460 17810 9011 

Cambisol Gross 

return 

(Birr/ha) 

Grain 32470 19295 27795 18700 5445 

Straw 7105 5600 6328 5670 2639 

Total 39575 24895 34123 24370 8084 

 

 

Costs 

(Birr/ha) 

Purchasing & 

transportation 

seed 58 288 58 288 288 

fertilizer 3642 3642 2106 2106 - 

Daily Labor 3458 2444 3527 2458 2278 

Total costs 7158 6374 5691 4852 2566 

Change in cost from control  4592 3808 3125 2286 - 

Net return (income) 32417 18521 28432 19518 5518 
- Daily labor cost on the Vertisol site was 50 Birr/day; on Cambisol site was 40 Birr/day. Cost for DAP, urea, Yara Milla Cereal and TSP were 
=1171; 935; 1250; 1171 Birr/100kg respectively. Price for grain 8.5 birr/kg; and for straw 0.7 birr/kg. Cost per plot was converted to per hectare 

base. Current One US Dollar = 17.46 Birr.T1: band application of complete fertilizer under row sowing tef at 5 Kg ha–1 seed rate; T2: seed 

broadcast at 25 Kg ha–1 seed rate with complete fertilizer; T3: band application of DAP and urea under row sowing tef at 5 Kg ha–1 seed rate; T4: 
seed broadcast at 25 Kg ha–1 seed rate with DAP and urea; T5: tef seed broadcasting at 25 Kg ha–1 with no fertilizer (Control treatment). 

Table 7. Marginal analysis of the treatments  
Return & costs Comparison with control Step wise comparison (dominance analysis) 

T1 T2 T3 T4 T5 T5 T4 T3 T2 T1 

Vertisol 

Gross return 41584 24292 37446 22171 11121 11121 22171 37446 24292 41584 

Total varying 

cost 

6489 5886 4986 4361 2110 2110 4361 4986 5886 6489 

Net return 35095 18406 32460 17810 9011 9011 17810 32460 18406 35095 

Net income over 

control 

26084 9395 23449 8799 - - 8799 23449 9395 26084 

MRR (%) 596 249 815 391 - - 391 2344 -1562
d
 175 

Cambisol 

Gross return 39575 24895 34123 24370 8084 8084 24370 34123 24895 39575 

Total varying 

cost 

7158 6374 5691 4852 2566 2566 4852 5691 6374 7158 

Net return 32417 18521 28432 19518 5518 5518 19518 28432 18521 32417 

Net return over 

control 

26899 13003 22914 14000 - - 1400 22914 13003 26899 

MRR (%) 586 342 733 612 - - 612 1063 -1451
d
 267 
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Nonetheless, tef is an economically miracle cereal crop. Because, whatever sowing method 

and/or fertilizer type be applied, tef cultivation is economically profitable since tef producers can 

gain income to cover the total costs of production from the straw yield only and so the grain 

yield will be a profit (Table 6). 

Conclusion and Recommendation 

Conclusion 

Band applications of compound fertilizer integrated with sowing methods at different seeding 

rates appreciably affected all the studied agronomic parameters and resulted significant variation, 

with low to high magnitude of variability. The significant effect observed were: 1) fertilizer 

application increased yield but was higher when planted on row at 5 kg ha
–1 

seed rate. 2) All the 

improved treatments performed better than the control. The low response of the control treatment 

in all agronomic parameters can be attributed to the low fertility status. The overall dramatically 

boosted grain and straw yield obtained from tef sown in row at low seeding rate (5 kg ha
–1

) 

complemented with different fertilizer applications was due to the positive effect on plant height, 

panicle length, panicle seed weight, tiller number, and relatively low vulnerability to lodging 

caused by the low plant population density and band application method of fertilizers under the 

row sowing tef in the soil instead of on the soil which helps for efficient resource utilization.  

Recommendation 

Yield enhancement through the band application of complete fertilizer under row sowing of tef at 

low seeding rate (5 kg ha
–1

) indicates the major tef yield limiting factors in the study area were 

micro and macro nutrients deficiency, broadcast method of sowing at high seed rate and 

susceptibility to lodging. Thus, improved input management practices such as row sowing of tef 

at low seed rate integrated with appropriate fertilizer application are very crucial to enhance tef 

production and productivity. Row sowing methods relatively resist lodging incidence than the 

broadcast sowing method. Yet, further solutions are also very important to minimize lodging 

effect on tef. Althoughclaiming economic benefits based on data obtained from small plots of 

one year experiment is doubtful, from this preliminary study on two different soil types band 

application of DAP and urea fertilizers along with the row sowing tef at 5 kg/ha provides the 

most economically profitable values of grain and straw. Finally, the study calls for in depth 
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agronomic and economic investigations on different rates of Yara Mill Cereal (complete 

fertilizer) against different rates of DAP and urea on various tef varieties under different seed 

rates and sowing methods.  
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Abstract 

Despite of its economic importance, tef productivity is low due to low soil fertility as result of 

intensive soil erosion and long history of cultivation. Therefore, a field experiment was carried 

out on a farmer‟s field in Medebay zana and Tahtay koraro Woredas (Adekemalk and Beles 

Kebelle) during the 2017 and 2018 main cropping seasons to evaluate the levels of NPSZnB 

blended fertilizer on yield and yield components of tef. The treatments consisted of seven levels 

of NPSZnB (0, 50, 100, 150, 200, 250 and 300) kg ha
-1

and blanket recommended NP (64 N: 46 

P2O5) kg ha
-1

. The experiment was laid out in Randomized Complete Block Design (RCBD) 

with three replications. Analysis of the data revealed that days to 50% heading, plant height, 

number of productive tillers per plant, straw yield, grain yield and harvest index (HI) resulted 

significant difference over the control plot at both Woredas. However, days to 90% physical 

maturity and head length (panicle length) at Medebay zana Woreda and HI at Tahtay koraro have 

no significant difference among treatments. Evnthough, there was no significant difference 

among treatments, numerically the highest straw yield was recorded from 300 and 250 kg ha
-1

 of 

NPSZnB in Medebay Zana and Tahtay Koraro Woreda, respectively. On the other hand, the 

highest grain yield (2165.3 kg ha
-1

and 1996.6 kg ha
-1

) was obtained as a result of 200 kg ha
-1

 and 

250 kg ha
-1 

of NPSZnB. Thus, application of 50 kg blended NPSZnB ha
-1

 with N adjusted to 64 

kg N ha
-1

 is economically beneficial as compared to the other treatments in Medebay zana and 

Tahtay koraro Woredas.  

Keywords: NPSZnB, Tahtay koraro, Medebay zana, Tef and Yield  

Introduction 

Tef has got both cultural and economic value for Ethiopian farmers with more than six million 

households‟ life depending on the production of tef. It is a daily staple food for about 57.20 

million people of Ethiopia, and this accounts for more than 64% of the total population of the 

country (ATA, 2013b). According to Tarekegne (2010), factors that are contributing to low 

productivity of the crop is as a result of plant lodging, a decline in the soil fertility due to high 

soil erosion, unbalanced chemical fertilizer application, method of planting problems and others. 

mailto:gidenatasew@yahoo.com
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There are several factors that lead to nutrient deficiency in soil resulting in low production. 

Nutrient mining due to sub optimal fertilizer use coupled with agronomically unbalanced 

fertilizer uses have favored the emergence of multi nutrient deficiency in Ethiopian soils (Asgelil 

et al., 2007) which in part explain fertilizer factor productivity decline and stagnant crop 

productivity conditions encountered. In Ethiopia, phosphorus (P) as di-ammonium phosphate 

(DAP) and nitrogen (N) as urea have been the only chemical fertilizers used for crop production 

with initial understanding that N and P are the major limiting nutrients of Ethiopian soils 

(Bekabil and Hassan, 2006). However, plant growth and crop production require an adequate 

supply and balanced amounts of all nutrients. 

To increase production of cereal crops, use of proper amounts of all essential nutrients is 

important. Fertilizers are efficient exogenous source of plant nutrients (Akram et al., 2007). 

Consequently, adding micronutrients to NP fertilizer can be increase fertilizer use efficiency and 

grain yield for different cereal crops (Malakouti, 2008). The widespread deficiency of N, P and 

sulfur (S) nutrients is followed by Zinc (Zn) and boron (B) deficiency, which  accounts almost 

50% of  the nutrient  deficiency in the world soils used for cereal production (Gibbson, 2006). 

The micronutrient deficiency appears to be the most widespread and frequent micronutrient 

deficiency problems in crops which result in severe losses in yield and nutritional quality 

particularly in areas of cereal production under rain fed production in many parts of the world 

(Alloway, 2008). The soil fertility mapping project in Ethiopia reported the deficiency of K, S, 

Zn, B and Cu in addition to N and P in major Ethiopian soils and N, P, S, Zn and B particularly 

in the study area [Ethiopian Soil Information System (Ethio SIS), 2014]. Balanced fertilizers 

containing N, P, S, B, Fe and Zn in blend form have been recommended to solve site specific 

nutrient deficiencies and thereby increase crop production and productivity (ATA, 2014). The 

major recommended blended fertilizers for Tigray region are NPS, NPSB, NPSZn, NPSZnB, 

NPSFeZn and NPSFeZnB. Though potassium (K) was part of the previous blend fertilizer, 

recently it was suggested to be applied based on soil test result.  

Except the blanket recommendation of N and P, the effect of other fertilizers on yield 

components, yield, and overall performance of tef are unknown, even though new blended 

fertilizers such as NPSZnB (17 N – 34 P2O5 + 7S + 2.2Zn + 0.67B) (ATA,2014) are currently 

being used by the farmers in the study area. In addition to this, the amount of N in the blended 
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NPSZnB is small as compared to the requirement of tef. Thus, there is a need to supplement with 

nitrogenous fertilizer in the form of urea. Thus, there is a need to develop site specific fertilizer 

rate recommendation to increase production and productivity of tef. Therefore, this study was 

undertaken with the objectives of evaluating the effect of rates of blended NPSZnB fertilizers on 

yield and yield components of tef and identifying the economically feasible rates of blended 

NPSZnB and N fertilizers for high yield of tef. 

Materials and Methods 

Description of the study area 

Field experiments were carried out for two consecutive seasons (2017 and 2018) under rainfed 

conditions on three selected farmer‟s fields on each season at Medebay zana (Adekemalk 

Kebelle) and Tahtay koraro (Beles Kebelle ) WoredaWoredas of northwestern Tigray, Northern 

Ethiopia. The two Woredas are the basic representative for the mid lands of North Western zone 

of Tigray Tegional State. The experimental site for Medebay zana was extends from 14
0
 06' 

10.608'' N to 14
0
 04' 12.246'' N latitude, 38

0
 27' 43.75'' E to 38

0
 25' 36.960'' E longitudes and an 

altitude of 1977 to1986 m.a.s.l.Sites for Tahtay Koraro extends from 14
0
 04' 36.36'' N to 14

0
 01' 

48.7'' N latitude, 38
0
 23' 11.718'' E to 38

0
 22' 29.5'' E longitudes and an altitude of 1958 to 1910 

m.a.s.l (Figure 1) 

Figure 1. Location map of the study area at Medebay Zana and Tahtay Koraro, NW Tigray, Ethiopia 

Climate data of the study area 
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The minimum and maximum monthly average temperatures of Medebay zana Woreda are 14.59 

0
C and 25.61 

0
C, respectively and the average rainfall is around 1002.25 mm. The minimum and 

maximum monthly average temperatures of Tahtay koraro are 10.23
0
C and 28.06 

0
C, 

respectively and the average rainfall is around 1037.51 mm. These areas predominantly lie under 

semi-arid tropical belt of Ethiopia with a mono-modal and erratic rainfall pattern. The soil type 

of the study area is characterized as Vertisols. The WoredaWoredas are categorized under the 

semi-arid tropical mid highlands (SA3) belt of Ethiopia with “Weinadega” agro climatic zone 

where most of the middle altitude crops such as tef, sorghum, fababean, chickpea and others are 

commonly grown.  

 

Figure 2. Ten years' rainfall, maximum and minimum temperatures recorded for Medebay zana Woreda 

Experimental design, treatment setup and procedures 

The experiment was laid out in RCBD with eight treatments, seven levels of NPSZnB (0, 50, 

100, 150, 200, 250, 300 kg NPSZnB ha
-1

) and one rate of NP at 64 kg N ha
-1 

and 46 kg P2O5 ha
-1

. 

The plot size was 3 m by 3 m with three replications. The spacing between replication and plots 

were 1 m and 0.5 m, respectively. Since, N  is the most limiting factor for plant growth and 

found in a very low amount in the blended fertilizer it was adjusted to the recommended level; so 

it was top dressed at two split ( 1/3 at 14 days after planting and 2/3 at 45 days after planting) 

while blended fertilizer was applied at sowing time. Tef was also planted in rows with 1m, 0.5m 
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and 20 cm spacing between blocks, plots and row plants, respectively. Quncho variety was tested 

at seed rate of 5kg. All crop management practices were applied as per the recommendation for 

the tef crop.  

 

Figure 3. Ten years' rainfall, maximum and minimum temperatures recorded for Tahtay koraro Woreda 

Soil data collection 

Before planting one representative composite soil sample was taken 0 to 30 cm depth from each 

farmer‟s fields using an auger. The collected samples were properly labeled, packed and 

transported to Shire Soil Research Center. Particle size distribution was determined using the 

Bouyoucos hydrometer method (Bouyoucos 1962). The pH of the soil was measured in the 

supernatant suspension of a 1: 2.5 soil to water ratio using a pH meter (Rhoades 1982). Electrical 

conductivity (EC) (1:25 soil to water suspension) was measured according to the method 

described by Jakson (1967). Organic carbon (OC) was determined by the Walkely and Black 

(1934). Total N was determined using the Kjeldahl method as described by Bremner and 

Mulvaney (1982). Available P was determined following the Olsen method (Olsen et al 1954) 

using ascorbic acid as reducing agent. 
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Crop data collection 

Agronomic data like days to heading, days to physical maturity, head length plant height, 

biomass yield, straw yield, grain yield and HI were collected following the standard procedures.  

Data analysis 

The collected data were subjected to statistical analysis. Analysis of variance (ANOVA) was 

carried out using Statistical Analysis System (SAS) statistical software program (SAS 2002).  

Treatment means were assessed using the least significant difference (LSD) at 0.05 level of 

probability (Gomez and Gomez 1984). 

Partial budget analysis 

To assess the costs and benefits associated with the different treatment rates, the partial budget 

technique of CIMMYT (International Center for Maize and Wheat Research) (1988) was applied 

to economic yield results. According to this manual, experimental yields are often higher than 

the yields that farmers could expect using the same treatments. Hence in economic calculations 

researchers have judged that farmers using the same technologies would obtain yields adjusted 

by 10% lower than those obtained by the researchers if the experiments are planted on 

representative farmers' fields, (CIMMYT 1988). 

Result and Discussion 

Soil characteristics of the study area  

Particle size analysis, with sand (14-19%), silt (21-26%) and clay (58-62%) indicated that clay 

particles dominated the soil and its textural class was categorized as clay (Table 1). Vertisols are 

characterized by high clay content with swelling and shrinking characteristics. The soil pH of the 

study area ranged from 6.55-7.19 before sowing (Table 1) which was found to be slightly acidic 

to neutral soil.  
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Table 1. Physico- chemical soil characteristics of the study areas before sowing 
Soil parameters Year 1(2017) Year 2 (2018) 

Medebay zana Woreda Tahtay koraro Woreda Medebay zana Woreda Tahtay koraro Woreda 

Site 1 Site 2 Site 1 Site 2 Site 3 Site 1 Site 2 Site 1 Site 2 Site 3 

pH(1:2.5) 7.19 6.55 6.71 6.59 7.19 6.85 6.91 6.89 6.99 6.86 

EC (mmh/cm) 0.273 0.211 0.273 0.244 0.283 0.259 0.276 0.289 0.293 0.271 

Av.P (ppm) 4.096 4.188 4.06 4.18 4.09 4.08 4.07 4.21 4.16 4.19 

OM (%) 1.095 0.982 1.05 1.173 1.301 1.311 1.195 1.982 1.285 1.712 

OC (%) 0.624 0.560 0.598 0.668 0.741 0.747 0.681 1.129 0.732 0.975 

TN (%) 0.052 0.047 0.050 0.056 0.062 0.062 0.057 0.094 0.061 0.082 

CEC(meq/100) 47.6 46.5 46 45.1 46.8 48.4 47.7 44.2 45.1 45 

%sand 18 14 19 14 16 19 17 15 18 18 

%silt 24 24 21 24 26 22 25 25 21 24 

%clay 58 62 62 62 58 59 58 60 61 58 

Tex. Class clay clay clay clay clay clay clayey clayey clayey clayey 

pH= power of hydrogen, EC= electrical conductivity, OC= organic carbon, OM = organic matter, TN= total nitrogen, Pav= and CEC= cation exchange capacity 
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According to Landon (1991) soils having pH value in the range 5.5 to 7.5 are considered suitable 

for most agricultural crops. The EC was 0.211-0.293mmoh cm
-1

 before sowing indicating a non-

saline soil (Marx et al., 1999). Generally, the EC value measured at the study area indicated the 

concentration of soluble salts are below the levels at which growth and productivity of most 

agricultural crops are affected due to soil salinity (Landon, 1991).  Available P before sowing 

(4.06-4.21 ppm) was rated as very low (Olsen et al 1954). The OC and TN in soil before sowing 

was 0.56-1.129% and 0.047-0.082%, respectively (Table 1). According to Tekalign (1991), OC 

and TN levels of the study area were rated as low and very low, respectively. Low TN content of 

the soil could also be attributed to the low soil OC content. The C: N ratio of the study area was 

7 and this was good for mineralization of nutrients available for plant growth. C: N ratio less 

than 25:1 goes through mineralization (Mohanty et al 2011). The CEC of the soil before sowing 

was 46-48.4 cmol (+) kg
-1

. The soil CEC was found to be very high (Landon 1991). High CEC 

of the soil should be due to higher clay content of the soil as the soil OC content was found very 

low for the study site. 

Growth parameters 

Days to 50% heading and 90% physical maturity 

The hastened panicle emergence as a result highest rates of NPSZnB could be due to early 

establishment, rapid growth and development of crop. The application of adjusted N hastened the 

days to heading possibly because the tef plants were able to take up sufficient N from the soil 

and also because uptake of N may have enhanced the uptake of other nutrients such as P and S 

which might speed up growth and development of the crop 90% physical maturity at Medebay 

zana Woreda. However, there was significant difference between the fertilized plots and the 

control plot, despite no statistical difference in between the plots treated with fertilizer at Tahtay 

koraro Woreda. The highest days to 90% physical maturity (107.22
 
days) was obtained for the 

control plots, while the lowest (102.39 days) was recorded for the blanket recommended NP (64 

kg N ha
-1

 and 46 kg P2O5 ha
-1

) fertilizer (Table 2). The enhanced maturity with the application of 

blended fertilizer could be due to the presence of balanced fertilizer in the blended fertilizer, as 

the level of fertilizer increases physical maturity hastened. 
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Table 2. Days to 50% heading and days to 90% physiological maturity of tef as influenced by blended 

fertilizer (NPSZnB) rate  
 

Where; DH= Days to 50% Heading, DPM= Days to 90% physiological maturity, LSD= Least Significant Difference, CV= Coefficient of 

Variance and NS = non significant; means followed by the same letters are not significantly different (P ≤ 0.05) according to LSD Tests. 

Plant height and head length 

The analysis of variance showed no significant differences among the fertilized plots but they 

had significant differences (P<0.05) with control plot in plant height in both WoredaWoredas. 

The highest plant height was 127.52 cm at Medebay zana and 119.3 cm at Tahtay koraro  which 

were obtained from the highest NPSZnB kg ha
-1

 and 200kgha
-1

, respectively, while the shortest 

plant heighst (113.52b cm and 78.86 cm) were recorded form the control plot  in both Woredas 

(Table 3).  

Whereas, panicle length showed no statistical difference at Medebay Zana Woreda. However, 

there were a significant difference between the fertilized plots and unfertilized plot at Tahtay 

koraro Woreda. Accordingly, the plots treated with 300 kg ha
-1

 NPSZnB had the highest panicle 

height (47.79 cm) but plots which received no fertilizer gave the lowest panicle length (Table 3).   

Similar to plant height, panicle length also increased with increasing N fertilizer rate.  

 

 

 

 

Treatments (kg ha
-1

) 

Medebay zana Tahtay koraro 

DH  

(days) DPM  (days) 

DH  

(days) 

DPM  

 (days) 

 

Control (0,0) 62.67
a
 110.17 63.06

a
 107.22

a
 

 

50 NPSZnB  57.50
b
 107.42 58.89

b
 103.33

b
 

 

100 NPSZnB  56.08
cb

 108.08 57.78
b
 103.11

b
 

 

150 NPSZnB 
1
 55.33

cb
 107.92 56.89

b
 103.00

b
 

 

200 NPSZnB kg ha
-1

 54.50
c
 107.00 56.83

b
 102.94

b
 

 

250 NPSZnB kg ha
-1

 55.25
cb

 107.67 56.56
b
 102.83

b
 

 

300 NPSZnB kg ha
-1

 54.58
c
 107.33 57.33

b
 102.61

b
 

 

Rec.NP kg ha
-1

 57.42
b
 107.08 58.56

b
 102.39

b
 

Mean 56.67 107.83 58.23 103.43 

LSD(P≤0.05) 2.69 NS 3.13 1.71 

CV (%) 5.85 6.54 8.16 2.50 



 

133 
 

Table 3. Plant height  (cm) and panicle length (cm) of tef as influenced by blended fertilizer (NPSZnB) 

rate  
 

Where; PH= Plant height, PL= Panicle Length, LSD= Least Significant Difference and CV= Coefficient of Variance; means followed by the 

same letters are not significantly different (P ≤ 0.05) according to LSD Tests. 

Yield components and yield 

Tillering capacity 

The analysis of variance showed no significant difference on total tillering due to treatments at 

Medebay Zana Woreda but there were statistically significance difference between plots treated 

with fertilizer and control for Tahtay koraro Woreda. The highest number of total tillers (8.91 

tillers) was obtained with the application of 50 kg NPSZnB ha
-1 

blended fertilizer, while the 

lowest number of total tillers (7.6 tillers) was obtained from the unfertilized plots (Table 4). The 

increased total tillers on plots treated with blended fertilizer than in the unfertilized plot might be 

due to the profound effect of balanced nutrition for root development and braches. This result is 

like that of Brhan (2012) who reported that application of blended fertilizer (69 kg N ha
-1

 + 46 kg 

P2O5 + 22 kg S ha
-1

 + 0.3 kg Zn ha
-1

) brought significant increment in total tillers (15 tillers per 

plant) of tef as compared to unfertilized plot. Productive tillers were significantly affected (P ≤ 

0.05) by the treatments on both Woredas. The highest numbers of productive tillers (6.98 tillers 

at Medebay zana and 6.77 tillers at Tahtay Koraro) were obtained with the application of 300 

and 150 kg NPSZnB ha
-1

 blended fertilizer, respectively, while the lowest number of productive 

tillers was obtained from the control plots (Table 4). The highest number of productive tillers 

might be due to sufficient amount of growth and development of plants owing to the essential 

elements under blended NPSZnB fertilizer condition.  

TRT 

code 
Treatments (kg ha

-1 
) 

Medebay zana Tahtay koraro 

PH (cm) HL (cm) PH (cm) HL (cm) 

 
Control (0,0) 113.52

b
 46.28 78.86

b
 35.92

b
 

 
50 NPSZnB  124.13

a
 45.97 115.26

a
 47.63

a
 

 
100 NPSZnB kg ha

-1
 124.93

a
 47.58 118.06

a
 47.42

a
 

 
150 NPSZnB kg ha

-1
 126.80

a
 47.98 119.06

a
 46.83

a
 

 
200 NPSZnB kg ha

-1
 128.92

a
 48.10 119.30

a
 47.52

a
 

 
250 NPSZnB kg ha

-1
 126.68

a
 46.12 117.48

a
 46.51

a
 

 
300 NPSZnB kg ha

-1
 127.52

a
 47.13 118.21

a
 47.79

a
 

 
Rec.NP kg ha

-1
 126.43

a
 47.77 115.07

a
 46.96

a
 

Mean 124.87 47.12 112.66 47.12 

LSD(P≤0.05) 5.90 NS 7.31 2.83 

CV (%) 5.82 8.26 9.85 9.36 



 

134 
 

In line with the results of this study, Fayera et al. (2014) found highest productive tillers of tef 

(26 tillers per plant) under the application of 200 kg ha
-1

 NPKSZnB (14 N, 21 P2O5, 15 K2O, 6.5 

S, 1.3 Zn and 0.5 B) + 23 kg N ha
-1

).   

Table 4. Tillering capacity per plant of tef as influenced by NPSZnB fertilizer rate  
 

Where; NT= Number of tillers per plot, NET= Number of effective tillers, LSD= Least significant difference and CV= Coefficient of Variance; 
means followed by the same letters are not significantly different (P ≤ 0.05) according to LSD Tests 

Straw yield 

There was no statistically significant difference among fertilized plots at both Woredas. The 

highest straw yields (8422.0 kg ha
-1

 and 5880.9 kg ha
-1

) were recorded from 300 and 250 kg ha
-1

 

of NPSZnB in both Woredas, respectively.  This result showed 36.3% and 67% straw yield 

increment over unfertilized plot and 12.1% and 15.9% over recommended NP for the two 

Woredas, respectively (Table 5). The plots treated with blended fertilizer scored higher straw 

yield due to combined effect of balanced fertilization. The highest plant height and tillers also 

had great contribution to higher straw yield. Fageria et al (2011) also indicated that application of 

S enhanced the photosynthetic assimilation of N in crops. Hence, application of N and S 

increased the net photosynthetic rate which in turn increased the dry matter as 90% of dry weight 

considered to be derived from products formed during photosynthesis. 

The application of higher N fertilizer by adjusting to 64 kg ha
-1

 in the blended fertilizer also 

improved the straw yield by 36.3% and 67% over unfertilized plot (Table5).  This might be due 

to its enhanced availability, uptake and induction of vigorous vegetative growth with more leaf 

area resulting in higher photosynthesis and assimilates that resulted in more dry matter 

accumulation (Brady and Weil, 2002).  

TRT 

code 
Treatments (kg ha

-1 
) 

Medebay zana Tahtay koraro 

NT NET NT NET 

 
Control (0,0) 9.42 5.75

b
 7.60

b
 4.37

b
 

 
50 NPSZnB  8.75 6.05

ba
 8.91

a
 6.53

a
 

 
100 NPSZnB kg ha

-1
 9.67 6.97

a
 8.60

ba
 6.39

a
 

 
150 NPSZnB kg ha

-1
 9.48 6.63

ba
 8.72

ba
 6.77

a
 

 
200 NPSZnB kg ha

-1
 9.20 6.47

ba
 7.92

ba
 6.12

a
 

 
250 NPSZnB kg ha

-1
 9.15 6.63

ba
 8.43

ba
 6.61

a
 

 
300 NPSZnB kg ha

-1
 9.95 6.98

a
 8.89

a
 6.61

a
 

 
Rec.NP kg ha

-1
 9.63 6.50

ba
 8.42

ba
 6.24

a
 

Mean 9.41 6.50 9.41 6.21 

LSD(P≤0.05) NS 1.01 1.26 0.97 

CV (%) 20.31 19.16 22.71 23.66 
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Table 5. Biomass yield of tef (kg ha
-1

), grain yield (kg ha
-1

) and straw yield (kg ha
-1

) of tef as influenced 

by blended fertilizer  (NPSZnB) rate  
 

Where; Trt= treatment, BY= Biomass Yield, SY = Straw yield, Gy= Grain yield, HI= Harvest index, Variable means followed by the same letters 

are not significantly different (P ≤ 0.05) according to LSD Tests. 

Grain yield 

The analysis of variance showed no significant difference among the fertilized plots but had 

significant differences with the control (unfertilized) plot at both Woredas.  The highest grain 

yield (2165.3 kg ha
-1

) was recorded as a result of 200 kg ha
-1

 NPSZnB. It had 56.9% yield 

increment over control and 7.4% over the blanket recommendation at Medebay zana Woreda 

(Table 5). Tahtay koraro Woreda also showed the same trend, the highest grain yield (1996.6 kg 

ha
-1

) was recorded as a result of 250 kg ha
-1

 of NPSZnB (Table 5). It had 55.9% yield increment 

over control and 11% over the blanket recommendation. 

Brhan (2012) reported that treatments that received blended fertilizers (69 kg N ha
-1

 + 46 kg 

P2O5 + 22 kg S ha
-1

 + 0.3 kg Zn ha
-1

) under row planting of tef  gave 4155 kg ha
-1

 and increased 

30% and 378% over treatments that received urea and DAP under row planting and control plots, 

respectively.  The highest grain yields (2165 and 1967 kg ha
-1

) obtained in both Woredas in two 

consecutive research seasons was higher than the national average yield (1664 kg ha
-1

) (CSA 

2017).  

Harvest index 

Generally, HI indicates the balance between the productive parts of the plant and the reserves, 

which form the economic yield. High HI indicates the presence of good partitioning of biological 

Treatments (kg ha
-1 

) 

Medebay zana Tahtay koraro 

 

SY 

(kgha
-1)

 

GY 

(kgha-1) 

HI 

(%) 

 

SY 

(kgha
-1)

 

GY 

(kgha-1) 

HI 

(%) 

Control (0,0) 5362.0
b
 1432.9

b
 21.51

a
 2530.7b 880.9

b
 27.02 

50 NPSZnB  7273.0
ba

 1946.6
ba

 21.14
a
 5143.6a 1800.9

a
 25.96 

100 NPSZnB kg ha
-1

 7104.0
ba

 1870.6
ba

 21.11
a
 5497.4a 1838.8

a
 24.85 

150 NPSZnB kg ha
-1

 7576.0
a
 2039.4

a
 21.27

a
 5766.3a 1883.3

a
 24.60 

200 NPSZnB kg ha
-1

 8187.0
a
 2165.3

a
 21.13

a
 5733.3a 1795.2

a
 24.34 

250 NPSZnB kg ha
-1

 7476.0
a
 1946.9

ba
 20.95

a
 5880.9a 1996.6

a
 25.37 

300 NPSZnB kg ha
-1

 8422.0
a
 1952.2

ba
 18.26

b
 5602.0a 1876.6

a
 25.40 

Rec.NP kg ha
-1

 7407.0
a
 2005.3

a
 21.52

a
 4946.1a 1777.6

a
 26.73 

Mean 7350.93 1919.90 20.86 5137.53 1731.23 25.53 

LSD(P≤0.05) 2026.2 556.51 2.39 1090.3 371.71 NS 

CV (%) 33.97 35.72 14.14 32.19 32.57 23.02 
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yield to economical yield. The analysis of variance revealed no significant difference among any 

of the treatments in HI of tef except with control at medebay zana. However as the level of the 

fertilizer increased HI decreased. Therefore, the highest index was obtained at control plot 

(Table5). In line with this, Abraha (2013) and Tewolde (2018) reported the highest tef HI on 

lower rate of fertilizer application.   

Partial budget analysis 

As indicated in Table 5, the highest net benefit of 60628.38 Birr ha
-1

 with marginal rate of return 

(MRR) of 475.7% was obtained in response to application of 200 kg blended NPSZnB ha
-1

 (N 

was adjusted  to 64 kg N ha
-1

). However, the highest marginal rate of return (711%) was 

obtained in response to 50 kg ha
-1

NPSZnB for Medebay zana Woreda. Similarly, at Tahtay 

koraro Woreda, the highest marginal rate of return (1173.3%) was obtained in response to 50 kg 

ha
-1 

NPSZnB. Thus, applications of 50 kg NPSZnB ha
-1

 with N adjusted to 64 kg N ha
-1

 is 

economical as compared to the other treatments in Medebay zana and Tahtay koraro Woredas.  
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Table 6. Economical analysis of the experiment 

 

NB: GY= grain yield, AY= adjusted yield, TR= total revenue, SY= straw yield, GR= gross revenue, FC= fertilizer cost, TaAC= total and application cost‟ NR= net revenue and MRR= marginal rate of 
return

TRT 

Adj. yield 

(10% less) 

( kg/ha) 

Total Revenue 

(TR) [Grain 

yield*23.8] 

(1) 

Adj. 

yield 

(10% 

less) 

( kg/ha) 

Total 

Revenue 

(TR) 

[Grain 

yield*3.1] 

(2) 

 

Gross 

Revenue 

Sum 

(1+2) 

fertilizer 

cost 

[Birr] 

Transport 

and 

Application 

cost 

[Birr] 

Total 

variable 

cost 

(TVC) 

[Birr] 

 

Net 

Revenue 

[TR-TVC] 

 

MRR 

(ratio) 

[ (Rt2-

Rt1)/(Ct2-

Ct1) ] 

 

MRR 

(%) 

Medebay zana Woreda 

Control (0,0) 1289.61 30692.72 4825.8 5159.6 35852.32 0 0 0 35852.32 0.000 0.0 

50NPSZnB 1751.94 41696.17 6545.7 11351.6 53047.77 1980.25 140 2120.25 50927.52 7.110 711.0 

100NPSZnB 1683.54 40068.25 6393.6 16402.4 56470.65 2708.85 210 2918.85 53551.8 3.286 328.6 

Rec.NP(100:100) 1804.77 42953.53 6666.3 11995.1 54948.63 2918.75 210 3128.75 51819.88 D D 

150NPSZnB 1835.46 43683.95 6818.4 16862.8 60546.75 3437.45 280 3717.45 56829.3 4.104 410.4 

200NPSZnB 1948.77 46380.73 7368.3 18763.7 65144.43 4166.05 350 4516.05 60628.38 4.757 475.7 

250NPSZnB 1752.21 41702.6 6728.4 21288.6 62991.2 4894.65 420 5314.65 57676.55 D D 

300NPSZnB 1756.98 41816.12 7579.8 21855.9 63672.02 5623.25 490 6113.25 57558.77 D D 

Tahtay koraro Woreda 

Control (0,0) 792.81 18868.88 2277.63 7060.65 25929.53 0 0 0 25929.5 0 0.0 

50NPSZnB 1620.81 38575.28 4629.24 14350.6 52925.92 1980.25 140 2120.25 50805.7 11.73 1173.3 

100NPSZnB 1654.92 39387.1 4947.66 15337.7 54724.84 2708.85 210 2918.85 51806 1.25 125.3 

Rec.NP(100:100) 1599.84 38076.19 4451.49 13799.6 51875.81 2918.75 210 3128.75 48747.1 D D 

150NPSZnB 1694.97 40340.29 5189.67 16088 56428.26 3437.45 280 3717.45 52710.8 1.13 113.3 

200NPSZnB 1615.68 38453.18 5159.97 15995.9 54449.09 4166.05 350 4516.05 49933 D D 

250NPSZnB 1796.94 42767.17 5292.81 16407.7 59174.88 4894.65 420 5314.65 53860.2 0.72 72.0 

300NPSZnB 1688.94 40196.77 5041.8 15629.6 55826.35 5623.25 490 6113.25 49713.1 D D 
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Conclusion and Recommendation 

The study revealed the potential advantages of blended fertilizer rates (NPSZnB) over the N P 

blanket recommendation for tef production grown on Vertisols in two year experimentation on 

both Woredas. From this study, it was possible to conclude days to 50% heading, plant height, 

number of productive tillers per plant, straw yield, grain yield and HI resulted in significant 

differences over the control plot at Medebay zana Woreda.Similarly, days to 50% heading, days 

to 90% physical maturity, plant height, panicle length, total tillers per plant, number of 

productive tillers per plant, straw yield and grain yield showed significant difference over the 

control plot at Tahtay koraro Woreda (Beles kebelle). However, days to 90% physical maturity 

and head length (panicle length) at Medebay zana Woreda and HI at Tahtay koraro had no 

significant difference with in any of the treatments. Both biological and partial budget analysis 

revealed that 50 kg 
1
 NPSZnB ha

-1
 with 55.25 kg N ha

-1
 (120 kg/ha urea) can be recommended 

for Medebay zana and Tahatay koraro areas for tef production.  
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Abstract  

Nitrogen (N) and phosphorus (P) were identified as being the most deficient nutrients in almost 

all  soils including in Laelay Maichew four decades ago, and application of fertilizers containing 

N and P (urea and di-ammonium phosphate (DAP)] began in the late 1960s. In addition to N and 

P deficiencies, two soil nutrients [sulfur (S) and boron (B)] are found to be deficient in the soils. 

As a result NPSB blended fertilizer type was formulated by EthioSIS, to improve sustainable tef 

production. However the rate of the formulated blended fertilizer for yield and yield components 

of tef was not yet determined. Hence, a field experiment was conducted to evaluate NPSB 

fertilizer rates on quality, yield and yield components of tef on the study site during 2017/2018 

main cropping season at Beles Tabia in Laelay Maichew Woreda of Tigray Regional State. Eight 

treatment combinations  (0, 50, 100, 150, 200, 250, 300 kg NPSB ha
-1

 and blanket 

Recommended NP at the rate of 64 kg N ha
-1

and 46 kg P2O5 ha
-1

) were tested.  The experimental 

design was randomized complete block (RCBD) with three replications. The treatments 

significantly affected crop phenology, yield and yield components of tef as compared to control. 

Highest mean tef grain yield (2359.1 kg ha
-1 

kg ha
-1

) was obtained in response to the application 

of 150 kg ha
-1

 of NPSB blended fertilizer.. It had 46.9% yield increment over control and 6.4% 

over the blanket recommendation.  The highest (9900.3 kg ha
-1

) above ground dry biomass and 

straw (7554.6 kg ha
-1

) yield were recorded from 200 kg ha
-1

 of NPSB. Both biological and partial 

budget analysis showed that 50 kg ha
-1

 NPSB with 55.25 kg N ha
-1

 (120 kg urea) was 

economically profitable and is recommended for farmers in Laelay maichew Woreda and other 

areas with similar soil and agro-ecological conditions.  

Key words: Blended fertilizers, tef, marginal rate of return, laelay maichew  

Introduction 

Declining soil fertility, poor management practices and shortage of rainfall are among the major 

causes of low productivity of crops in Ethiopia. In order to alleviate these problems in Ethiopia, 

one of the measures to be taken is to improve the soil fertility status of the soil and to use the 

right seed rate. Since the soils of Tigray are among the highly degraded soils, adoption of 

improved agronomic practices is vital to increase productivity of the soil [Ethiopian Soil 

Information System (EthioSIS), 2015].  

mailto:gidenatasew@yahoo.com
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Land degradation, especially soil erosion, nutrient depletion, and soil moisture stress are severe 

problems in the highlands of Tigray. Land management is therefore a key problem area in 

addressing land degradation in the region. The proximate causes of land degradation are 

relatively well known. These factors include cultivation of steep slopes and erodible soils, low 

vegetation cover of the soil, burning of dung and crop residues, declining fallow periods, low and 

uncertain rainfall, and limited application of organic or inorganic fertilizers. Little is known, 

however, of the underlying causes of land degradation, which are thought to include population 

pressure, poverty, high cost or limited access of farmers to fertilizer, fuel and animal feed, 

limited farmer knowledge of integrated soil and water management measures, lack of access to 

credit, and other factors (Berhanu, 2002). 

One of the methods to improve the crop production and soil fertility is to use mineral fertilizers. 

It has been estimated that at least 30 to 50% of crop yield increment is attributable to application 

of commercial fertilizers (Stewart et al., 2005).  In Tigray, fertilizer application is mostly done 

based on blanket recommendations which does not consider the soil fertility status of the 

location. By doing so we are either applying less than the requirement of the crop or applying 

more which is not optimal for better yield. It is true that when a soil fails to supply sufficient 

essential nutrients for normal plant growth, applications of supplemental nutrients are required 

[Food and Agriculture Organization of the United Nations (FAO), 2008]. Nitrogen and P were 

identified as being the most deficient nutrients in almost all Ethiopian soils four decades ago, and 

application of fertilizers containing N and P (urea and di-ammonium phosphate (DAP)] began in 

the late 1960s (Wassie and Tekalign, 2013) to improve the productivity of the soil. The blanket 

recommendation [(100 kg DAP (18-46-0) and 100 kg urea (46-0-0)] often fails to take into 

consideration differences in resource endowment (soil type, labor capacity, climate risk) or make 

allowances for dramatic changes in input/output price ratio, thereby discouraging farmers from 

fertilizer application. Moreover, the nutrients in the blanket recommendation are not well 

balanced agronomical and its continued use will gradually exhaust soil nutrient reserves 

[Agricultural Transformation Agency (ATA), 2013]. Therefore, neither yields nor profits can be 

sustained using imbalanced application of fertilizers. 

In Tigray region, the productivity of soils reduced and consequently led to the decline in 

agricultural productivity (Engdawork, 2002).In the region, seven soil nutrients [N, P, potassium 
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(K), sulfur (S), iron (Fe), zinc (Zn) and boron (B)] are found to be deficient in the soils 

(EthioSIS, 2015). By considering the extent of deficiency of the 7 soil nutrients, it was found that 

Tigray soils require more fertilizer types. However, with the prevailing resource limitations to 

prepare and distribute these many fertilizers (most of them for few number of farmers), it was 

deemed necessary to prioritize the types of new fertilizers to use in the region without 

compromising the nutrient requirement of the particular areas. By so doing, Tabia based site 

specific 11 types of blended fertilizers are recommended for agricultural land in the region 

[Ministry of Agriculture (MoA) and ATA, 2014]. Laelay Maichew Woreda is one of the woredas 

in Tigray weredas which were included in the EthioSIS fertilizer recommendation. Different 

blended fertilizers types were identified for each kebelle. According to nutrient deficiency level 

of the kebelle soil one up to three blended fertilizers, 1
st
 (70-100%), 2

nd
 (20-30%) and 3

rd
 below 

20% were identified for one kebelle. Accordingly Hatsebo kebelle soil has N, P, S and B 

nutrients deficiency; as a result the NPSB blended fertilizer type is recommended to improve 

sustainable soil production of the kebelle (EthioSIS, 2014). Following the recommendation, very 

few studies like that of (Brhanu, 2012) who did his thesis research at Laelay Maichew Woreda, 

stated that the different blended fertilizers have significant difference over the blanket 

recommendation although the rate of the fertilizers is still undetermined. Therefore, this study 

was conducted to evaluate NPSB fertilizer rate on quality, yield and yield component of tef on 

the study site.  

Materials and Methods 

Description of the study area 

The study was conducted at Hatsebo Tabia, Laelay Maichew woreda, Central zone of Tigray, 

northern Ethiopia. The experimental sites (Figure1) are found at 14
0
 05' 29.22'' N and 38

0
 46' 

48.67'' E with an elevation of 2078 m.a.s.l. to 14
0
06‟23.415‟‟N, 38046‟28.542‟‟E and altitude of 

2091masl. The Woreda is found in a semi-arid tropical mid highlands (SA3) belt of Ethiopia with 

“Weinadega” agro-climatic zone. The farming system of Hatsebo Tabia is mixed crop-livestock 

production system. The major crops grown in the area include tef, wheat, faba bean, sorghum, 

and chickpea.  It is one of the major tef growing areas in Tigray. It has a total area of 3283.3 

hectare. Out of the total area, 2341 ha is a rain fed arable land, 68 ha is used for irrigation, 726 ha 

is conserved as a forest area, 50 ha for grazing land,  and 89.5 is out of use for agriculture. There 
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are an estimated 11,428 livestock population and 298 bee hives in the Tabia [Central Statistical 

Agency (CSA), 2016)] 

 

                        Figure 1. Location map of the study area at Laelay Maichew, Centray Tigray, Ethiopia 

 

Climatic condition of the study area 

The mean annual rainfall ranges from 750 to 937 mm with uni-modal rainfall pattern 

(Meteorological Agency, 2018). The main rainy season with high rainfall intensity, which is 

locally called kiremi extends from July to September. The mean annual temperature of the area is 

between 13.2
o
C and 28.5

o
C, (WoARD, 2018).The study area obtained rainfall of 814.3 mm 

during the cropping season (January-December, 2017/2018) (Figure 2). Mean maximum and 

minimum temperatures during the cropping season were 13.5 and 27.5 in 2017 and 13.2
o
C and 

28.4
o
C, in 2018 respectively (Figures 2 and 3).  

Treatment and experimental design  

Field experiments were conducted for two consecutive seasons (2017 and 2018) under rain fall 

conditions on six selected farmer‟s fields at Hatsebo Tabia, Laelay maichew WoredaWoredas of 

central Tigray, northern Ethiopia. The soil textural clss of the study area was characterized as 

vertic clay soil (Tewolde, 2018).  
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Figure 24. Rainfall, maximum and minimum temperatures recorded in the study area during the 

cropping season 

 

Figure 3. Ten years annual rainfall recorded in the study area 

The type of blended fertilizer (NPSB) was selected based on soil fertility atlas of Ethiosis (2014). 

Based on the soil information data of Ethiosis (2014), eight treatments (0, 50, 100, 150, 200, 250, 

300 kg NPSB ha
-1

 and blanket Recommended NP at rate of 64 kg N ha
-1

and 46 kg P2O5 ha
-1

) 

were formulated and tested. The seven blended (NPSB) fertilizer rates were compared to each 

other and with the blanket recommended NP fertilizer to determine one best fitted rate. Since, 

nitrogen is the most limiting factor for plant growth and found in a very low amount in the 

blended fertilizer, it was adjusted to the recommended level; so it was top dressed at two split. 
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Blended fertilizers were applied at sowing time but nitrogen fertilizer was applied half at 

vegetative stage while the rest was at flowering stage. The test crop was also planted in rows 

with 1m, 0.5m and 20 cm spacing between blocks, double rows and row plants, respectively. All 

crop management practices were applied as per the recommendation for tef. The treatments were 

laid out in RCBD with three replications. Plot size of the trial was 3 m by 3 m for tef planted in 

rows, replicated 3 times on site and across three farmers‟ fields of each year. 

Soil data collection 

Before planting one representative composite soil sample was taken at 0 to 30 cm depth from 

each farmer‟s fields using an auger. The collected samples were properly labeled, packed and 

transported to Shire soil research center. Particle size distribution was determined using the 

Bouyoucos hydrometer method (Bouyoucos 1962). The pH of the soil was measured in the 

supernatant suspension at 1: 2.5 soil to water ratio using a pH meter (Rhoades 1982). Electrical 

conductivity (EC) (1:25 soil to water suspension) was measured according to the method 

described by Jakson (1967). Organic carbon (OC) was determined by the Walkely and Black 

(1934). Total N was determined using the Kjeldahl method as described by Bremner and 

Mulvaney (1982). Available P was determined following the Olsen method (Olsen et al 1954) 

using ascorbic acid as reducing agent. 

Crop data collection 

Agronomic data such as days to heading, days to physical maturity, head length plant height, 

straw yield, grain yield and harvest index were collected.  

Data analysis 

The collected data were subjected to statistical analysis. Analysis of variance (ANOVA) was 

carried out using Statistical Analysis System (SAS) statistical software program (SAS 2004). 

Significant difference between and among treatment means were assessed using the least 

significant difference (LSD) at 0.05 level of probability (Gomez and Gomez 1984). 

Physico-Chemical properties of the soil samples before planting  
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Table 1.  Pre sowing selected soil physic-chemical property of surface soil samples (0-20cm) collected 

from the experimental sites 

Soil Property  Year1 Year 2 

Site 1 Site 2 Site 1 Site 2 Site 3 Site 4 

pH (H2O)  6.5 6.98 7 6.4 6.61 7.38 

EC (ds/m)  0.262 0.405 0.521 0.251 0.453 0.661 

Av. P (PPm)  4.659 4.980 6.345 5.235 9.960 19.526 

% OC  0.589 0.669 0.680 0.578 0.639 1.064 

% TN  0.051 0.058 0.059 0.049 0.055 0.091 

CEC (meq per /100g soil)  37.00 39.00 37.60 37.00 38.80 34.2 

% Sand 16 24 18 20 15 15 

% Silt 35 33 35 32 30 35 

% Clay 49 43 47 48 45 50 

Textural Class Clay clay clay clay clay clay 

Economic Analysis  

To assess the costs and benefits associated with the different treatment rates, the partial budget 

technique of International Center for Maize and Wheat Research (CIMMYT) (1988) was applied 

to economic yield results. According to this manual, experimental yields are often higher than 

the yields that farmers could expect using the same treatments; hence in economic calculations 

researchers have judged that farmers using the same technologies would obtain yields adjusted 

by 10% lower than those obtained by the researchers if the experiments are planted on 

representative farmers' fields, (CIMMYT, 1988). 

Result and Discussion 

Days to 50% heading and days to 90% maturity 

Application of different levels of NPSB fertilizer have not statically affected  90% physiological 

maturity where as in days to 50% heading there was significant difference among the treatments.  

Thus, plots that received higher rates of blended fertilizers headed earlier than control plots. 

Comparing days to heading treatment 1 (control) had the highest days to heading which is 72.72 

days. Even though there were no significance differences among plots treated with blended 

fertilizer treatment 6 (250 kg/ha) had the lowest number of days to heading. Similar to this 

findings, Tesfahun, (2018) reported that application of NPS fertilizer hastened the number of 

days required to heading compared to that of control. Generally as the rate of NPS increased, the 

number of days elapsed to heading was shortened. 



 

148 
 

Table 2. Days to 50% heading and days to 90% physiological maturity of tef as influenced by Blended 

fertilizer (NPSB) rate 
 

Where; DH= Days to 50% Heading, DPM= Days to 90% physiological maturity, LSD= Least Significant Difference, CV= Coefficient of 

Variance and NS = non significant; means followed by the same letters are not significantly different (P ≤ 0.05) according to LSD Tests. 

Plant height and head length of tef  

The analysis of variance showed no significant differences among the treatments received 

blended fertilizer rates but they have significant difference (P<0.05) with control plot both in 

plant height and panicle length. Accordingly, the plot treated with 200 kg ha
-1

 NPSB had the 

highest plant height (130.52cm) and panicle length (48.76cm) but the control plot which were 

received no fertilizer gave the  lowest plant height and panicle length (Table 2).  According 

to Feyera et al (2014), application of balanced fertilizer and efficient utilization of nutrient leads 

to high photosynthetic productivity and accretion of dry matter, eventually increased panicle 

length.  

Table 3. Plant height (cm) and panicle length (cm) of tef as influenced by blended fertilizer (NPSB) rate  
Treatments kg ha

-1
 PH(cm) PL(cm) 

Control (0,0) 89.24b 36.71b 

50 NPSB  126.27a 47.60a 

100 NPSB  125.29a 46.34a 

150 NPSB  129.60a 48.20a 

200 NPSB  130.52a 48.76a 

250 NPSB  126.99a 46.20a 

300 NPSB  128.90a 48.58a 

Rec.NP kg  121.40a 47.68a 

Mean 122.28 46.26 

LSD(P≤0.05) 9.45 4.68 

CV (%) 11.72 15.36 
Where; PH= Plant height, PL= Panicle Length, LSD= Least Significant Difference and CV= Coefficient of Variance; means followed by the 
same letters are not significantly different (P ≤ 0.05) according to LSD Tests. 

 

 

Treatments kg ha
-1

 DH (days) DPM (days) 

Control (0,0) 72.72a 109.22 

50 NPSB  66.00b 105.67 

100 NPSB 
1
 63.78b 105.22 

150 NPSB  62.78b 105.33 

200 NPSB  61.83b 105.22 

250 NPSB  61.06b 105.00 

300 NPSB  61.44b 105.22 

Rec.NP  64.89b 105.28 

Mean 64.31 105.77 

LSD(P≤0.05) 6.18 NS 

CV (%) 14.58 10.56 
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Tillering capacity of Tef  

The analysis of variance showed no significant differences on total tillering but there were 

significant difference (P<0.05) in the plots with fertilizer and control plot on productive tillering. 

Higher (10.39) number of total tillers per plant was obtained from plot supplied with 150 kg ha
-1

 

and the minimum (9.57 per plant) was observed from unfertilized control plot (Table 3). On the 

other hand, maximum (8.06) number of effective tillers per plant was recorded at the rate of 150 

kg ha
-1

, while the minimum (6.06) number of tillers was observed under unfertilized plot. The 

highest fertile tiller was obtained at the rate of 90 kg ha
-1

 (15.55) and 120 (15.17) kg ha-1NPS  

wherein statistical parity and the lowest number of fertile tiller (11.5) was recorded at  zero 

application rate  (Tesfahun, (2018).  

Table 4. Numbers of tillers and effective tillers per plot of tef as influenced by blended fertilizer (NPSB) 

rate  
Treatments kg ha

-1   
 NT NET 

Control (0,0) 9.57 4.7556b 

50 NPSB  10.10 7.17a 

100 NPSB kg ha
-1

  9.81 7.01a 

150 NPSB kg ha
-1 

 10.39 8.06a 

200 NPSB kg ha
-1

 9.14 6.8a 

250 NPSB kg ha
-1 

 9.79 6.9a 

300 NPSB kg ha
-1 

 9.71 7.12a 

Rec.NP kg ha
-1 

 9.62 6.9a 

Mean 9.77 6.84 

LSD(P≤0.05) NS 1.34 

CV (%) 26.55 29.77 
Where; NT= Number of tillers per plot, NET= Number of effective tillers, LSD= Least significant difference and CV= Coefficient of 

Variance; means followed by the same letters are not significantly different (P ≤ 0.05) according to LSD Tests. 

Straw yield of Tef as influenced by blended fertilizers  

Above ground dry biomass and straw yield were highly significantly (P<0.05) influenced by the 

blended fertilizers rates. The highest straw yield (7554.6 kg ha
-1

) was recorded from 200 kg ha
-1

 

of NPSB which showed that the blend fertilizer contributed to enhance the aboveground dry 

biomass and straw yield of tef. This result showed 60.4% straw yield increment over unfertilized 

plot and 19.2% increment over recommended NP (Table 4). Biological yield is a function of 

photosynthetic rate and proportion of the assimilatory surface area. Hence, the increase in straw 

yield with increase in rate of blended fertilizer might be due to N and S integrated effect which 

caused better for vegetative growth of crops and ultimately produced more biological yield.  
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Table 5. Grain yield (kg ha
-1

) and Straw yield (kg ha
-1

) of tef as influenced by blended fertilizer (NPSB) 

rate  

Where; Trt= treatment, SY = Straw yield, Gy= Grain yield, HI= Harvest index,, Variable means followed by the same letters are not significantly 

different (P ≤ 0.05) according to LSD Tests. 

The result was in conformity with the finding by Adera Sisay (2016) who reported that above 

ground dry biomass yield was significantly affected by application of blended fertilizer and urea. 

Fageria et al (2011) also indicated that application of S enhanced the photosynthetic assimilation 

of N in crop plant. Hence, application of N and S increased the net photosynthetic rate which in 

turn increased the dry matter and grain yield as 90% of dry weight considered to be derived from 

products formed during photosynthesis (Barker et al 2007).  

Grain yield and harvest index  

The analysis of variance showed no significant difference among the fertilized plots but had 

significantly difference with the control (unfertilized) plot. Therefore, the highest grain yield 

(2359.1 kg ha
-1

) was obtained from the application of 150 kg ha
-1

 of NPSB. It had 46.9% yield 

increment over control and 6.4% over the blanket recommendation (Table 4). The highest grain 

yield (2359.1 kg ha
-1

) was higher than the national average yield (15.37 kg ha
-1

) (CSA 2018). 

According to report of Tesfahun (2018), grain yield increased consistently and significantly in 

response to increasing the rate of NPS fertilizer from zero up to 120kg NPS ha-1.  This could be 

due to the combined effect of the balanced nutrient fertilization in blended fertilizer which might 

have enhanced growth and development of crop compared to the rest of the treatments Tewolde 

(2018).   

Harvest index also showed the same trend with grain yield, there were no significant differences 

among the treatments with fertilizers   while there were significant differences   with untreated 

Treatments kg ha
-1   

 SY (kg ha
-1)

 GY (kg ha
-1

) HI (%) 

Control (0,0) 2991.9
c
 1253.1

b
 32.19

a
 

50 NPSB  6281.6
ba

 2301.0
a
 27.55

b
 

100 NPSB kg ha
-1

  6593.8
ba

 2309.3
a
 26.65

b
 

150 NPSB kg ha
-1 

 7170.8
ba

 2359.1
a
 25.73

b
 

200 NPSB kg ha
-1

 7554.6
a
 2345.7

a
 24.68

b
 

250 NPSB kg ha
-1 

 7346.4
ba

 2176.4
a
 23.86

b
 

300 NPSB kg ha
-1 

 7176.7
ba

 2232.1
a
 25.09

b
 

Rec.NP  6104.3
b
 2207.7

a
 27.79

b
 

Mean 6402.52 2148.05 26.69 

LSD(P≤0.05) 1276.4 205.59 4.03 

CV (%) 30.24 14.52 22.88 
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plots. From the result obtained it was observed that as the level of the fertilizer increased the 

harvest index decreased indicating low conversion of biomass into grain. Therefore, the highest 

index was obtained at control plot (Table 4). 

Partial budget analysis 

To assess the costs and benefits associated with the different treatments, the partial budget 

technique of International Maize and Wheat Improvement Center (CIMMYT) (1988) was 

applied. According to this manual, experimental yields are often higher than the yields that 

farmers could expect using the same treatments; hence in economic calculations researchers have 

judged that farmers using the same technologies would obtain yields adjusted by 10% lower than 

those obtained by the researchers if the experiments are planted on representative farmers' fields, 

(CIMMT 1988). Thus, application of 50 kg ha
-1

NPSB fertilizer rate for tef biomass yield (Grain 

+ Straw yield) was economically beneficial compared to the other blended fertilizer rates in the 

study area (Table 5).  
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Table 6. Economical analysis of the experiment 

 

*: GY= grain yield, AY= adjusted yield, TR= total revenue, SY= straw yield, GR= gross revenue, FC= fertilizer cost, ToAC= total and application cost, NR= net revenue and MRR= marginal rate of 

return 

TRT* 

Kg/ha 

Adj. yield 

(10% less) 

( kg/ha) 

Total 

Revenue 

(TR) 

[Grain 

yield*23.

8] (1) 

Adj. yield 

(10% less) 

( kg/ha) 

Total 

Revenue 

(TR) [Grain 

yield*3.1] 

(2) 

Gross 

Revenue 

Sum (1+2) 

fertilizer 

cost 

[Birr] 

Transpo

rt and 

Applicat

ion cost 

[Birr] 

Total 

variable 

cost 

(TVC) 

[Birr] 

 

Net 

Revenue 

[TR-

TVC] 

 

 

MRR 

(ratio) 

[ (Rt2-

Rt1)/(Ct2

-Ct1) ] 

MRR 

(%) 

Control (0,0) 1127.79 26841.40 2692.71 8347.401 35188.80 0 0 0 35188.80 0.000 0.0 

50NPSB    2070.9 49287.42 5653.44 17525.664 66813.08 1980.25 140 2120.25 64692.83 13.915 1391.5 

100NPSB   2078.37 49465.21 5934.42 18396.702 67861.91 2708.85 210 2918.85 64943.06 0.313 31.3 

Rec.NP(100:100) 1986.93 47288.93 5493.87 17030.997 64319.93 2918.75 210 3128.75 61191.18 D D 

150NPSB   2123.19 50531.92 6453.72 20006.532 70538.45 3437.45 280 3717.45 66821.00 2.352 235.2 

200NPSB   2111.13 50244.89 6799.14 21077.334 71322.23 4166.05 350 4516.05 66806.18 D D 

250NPSB   1958.76 46618.49 6611.76 20496.456 67114.94 4894.65 420 5314.65 61800.29 D D 

300NPSB   2008.89 47811.58 6459.03 20022.993 67834.58 5623.25 490 6113.25 61721.33 D D 
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Conclusion and Recommendation 

The study revealed the potential advantages of blended fertilizer rates (NPSB) over the N and P 

blanket recommendation for tef production on different soils of Laelay maichew Woreda. 

Depending on the results of this study, the following conclusions can be forwarded. Days to 50% 

heading was significantly affected by rates of blended fertilizer at (p<0.05) application as 

compared with control plot. Hence, plants grown at the rate of 250 kg ha
-1

 NPSB had 

significantly hastened days to panicle emergence than those grown at the other rates. The number 

of days to 50% heading recorded over all the treated plots was significantly lower than the 

unfertilized plot and recommend NP.  The analysis of variance showed no significant difference 

among the treatments received blended fertilizer while there were significant differences 

(P<0.05) with control plot both in plant height and panicle length.  

The ANOVA result revealed significance differences (P<0.05) of straw yield among the 

treatments as compared to control. Therefore, the highest straw yield (5880.9 kg ha
-1

) was 

recorded from 250 kg ha
-1

 NPSB which showed that the blended fertilizer contributed to enhance 

the straw yield of tef. This result showed 60.4% straw yield increment over unfertilized plot and 

19.2% straw yield increment over recommended NP, respectively. The lowest yield was 

recorded on control plot in all yield and yield parameters. The ANOVA result also revealed 

significance difference in grain yield among the fertilized plots and unfertilized plots. Hence the 

highest grain yield (2359.1 kg ha
-1

) was recorded from plots that received of 150 kg ha
-1

 of 

NPSB. This highest yield had 46.9% yield increment over control and 6.4% over the blanket 

recommendation. While the lowest grain yield (1253.1 kg ha
-1

) was recorded on control plot.  

However highest harvest index was obtained from control plots (without any fertilizer).  

Based on the results of the study, the following recommendations are forwarded. 

 Thus, application of 50 kg ha
-1 

NPSB fertilizer rate for tef biomass yield (Grain + Straw 

yield) was economically beneficial compared to the other blended fertilizer rates in the 

study area. 

 Impacts of the additional nutrients (sulfur and boron) in the blended fertilizer seem more 

significantly valued in increasing the biomass production of tef. Thus, a further study 

across different locations is very important. 
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Abstract 

Barley is an important food and beverage crop in the highlands of Tigray, whereas intensive 

farming and sub optimal fertilizer application have caused nutrient exhaustion and yield 

deterioration. With this in sight, an experiment was executed to investigate effects of different 

blended fertilizer rates on yield and yield components of barley (Hordeum vulgare L.)  on 

Vertisols in  Degua Temben Woreda, Tigray, Ethiopia. The experiment had seven treatments 

including  two barley varieties (Illala 1 and Illala 2) and  five fertilizer combinations  viz. 

control, recommended 100 NPS + nitrogen (N) 46, 50 NPSB +N 23 , 100 NPSB+ N 46 and  150 

NPSB +N 69, kg ha
-1

. The treatments were arranged in randomized complete block design 

(RCBD) with three replications. The results indicated that yield components and grain yield of 

barley responded significantly to the application of different rates of blended fertilizers.  

Significantly higher grain yields of Illala 1(4257 kg ha
-1

) and Illala 2 (4148 kg ha
-1

) varieties, 

respectively were obtained in response to the application of 150 NPSB +69 kg N ha
-1

. This 

treatment increased grain yield by about 21% and 14% to 100NPS +N 46 and about 59% over 

control, for both of the varieties, respectively. The highest net return of Illala 1 (56722.00 Eth-

birr ha
-1

) with MRR of 1102% and Illala 2 (52205.87 ETB ha
-1

) with MRR of 267% were 

obtained from application of 150 NPSB+ N 69 kg ha
-1.

.
 
Based on the yield response and partial 

economic analysis, it is recommended to apply 150 NPSB kg ha
-1

 blended fertilization with 69 

kg N ha
-1

 for barley production at Degua Tembien Woreda and in areas with the same soil and 

agro-ecological conditions. 

Keywords: Blended fertilizers, barley varieties, grain yield and marginal rate of return 

Introduction 

Barley (Hordeum vulgare L.) is one of the most staple food and economically important cereal 

crop in Ethiopia which ranked fifth next to tef, maize, wheat, and sorghum [Central Statistical 

Agency (CSA), 2014]. It is a crop with a wide adaptation (Anon, 1972); more drought and 

disease resistant crop than wheat and is also more productive under adverse conditions (Reddy 

and Kidane, 1993). However, production of barley in Ethiopia has remained low at below 1.7 

t/ha (CSA, 2013) whereas, the potential yield goes up to 6 t/ha on experimental plots (Berhane 

et.al., 1996). Though numerous factors are responsible for low yields, low soil fertility is the 

most limiting factor that affects plant growth and grain yield.  Production of barley in Ethiopia 

mailto:beyeneshzm@yahoo.com


 

157 
 

fall under low fertility soils (Yihenew, 2002). Sinebo et al. (2003) reported that about 65% of 

grain yield variability in barley was attributed to N stress. Likewise, Cantero-Martínez et al. 

(2003) reported that yields of barley under each  N and P stresses are reported to be less than 

50%. In Ethiopia, fertilizer use trend has been focused mainly on the use and application of N 

and P fertilizers in the form of Di-ammonium phosphate (DAP) (18-46-0) and urea (46-0-0) or 

blanket recommendation for the major food crops. Moreover, nutrient mining due to sub optimal 

fertilizer use in one hand and unbalanced fertilizer (only N and P) uses on other hand have 

favored the emergence of multi nutrient deficiency in Ethiopian soils (Wassie et al., 2011). 

Recently acquired soil inventory data revealed that Ethiopian soils lack seven soil nutrients (N, 

P, K, S, Fe, Zn and B) [Ethiopian Soil Information System (Ethio-SIS) 2016].Therefore, 

different fertilizer materials would be required to ensure balanced fertilizer use involving all or 

most of the nutrients required by crops for sustainable farming. 

Barley is a strategic crop on the rain fed highlands of Tigray, because of its usefulness in 

farmers‟ strategy for risk aversion and as a dependable catch crop at the end of the rainy season 

in which food is usually scarce. However, farmers are still following their traditional varieties 

and crop management practices to alleviate the persisting production constraints. There is no 

information on the application of blended fertilizer rates in the study area. Hence, this 

experiment was conducted to examine the response of newly released barley varieties to different 

rates of NPSB fertilizers. 

Materials and Methods 

Description of the experimental site 

The experiment was conducted in DeguaTembien Woreda during 2017 and 2018 cropping 

seasons. Geographically, the site is located in South Eastern Zone of Tigray. The soil of the 

experimental site is Vertisols with a textural class of clay loam (45%) (Rowell 1994). According 

to the rating of Tekalign (1991), the soil reaction (pH) was slightly alkaline (7.7), organic carbon 

(OC) content was very low (0.49%); and the total N content was very low (0.01%). According to 

the rating of Cottenie (1980), the available P content was low (100 ppm). Based on the rating of 

Hazelton and Murphy (2007), the cation exchange capacity (CEC) of the soil was high (37.8 

cmol(+) kg
-1

 soil). 
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Treatments and experimental design 

The treatments consisted of five fertilizer combinations viz:[control (no fertilizer application), 

NPS 100 + N 46, NPSB50 + N 23, NPSB100 + N 46 and NPSB 150 + N 69 kg ha
-1

 and two 

released varieties of barley Illala 1and Illala 2. The experiment was laid out in RCBD in a 

factorial arrangement and replicated three times. According, to (Ethio-SIS, 2016), nutrients level 

were 19N - 38P2O5 – + 7S in 100 kg of NPS and 18.1N - 36.1 P2O5 + 6.7 S + 0.71B in that of 

100 NPSB. Urea [CO (NH2)2] (46% N) were used as sources of N. 

Experimental procedure and field management 

Soil sampling and analysis 

 

Prior to planting, surface soil samples (0–20 cm), from twelve spots across the experimental field 

were collected, composited and analyzed for soil physicochemical properties following the 

respective standard laboratory procedures. 
 

Crop management 

The experimental field was ploughed three times using ox-driven implements followed by 

manual seed-bed preparation. All the mineral fertilizers and half of the N fertilizer were applied 

at planting. The remaining half of the mineral N fertilizer was applied at the tillering stage of 

growth. Seeds of the barley varieties were hand-drilled at the rate of 100 kg ha
-1

. The size of each 

plot was 3 m by 3m (9m
2
) and distances between rows, plots and replications were 0.2m, 1m and 

1.5m, respectively).. All recommended cultural practices of barley production were adopted for 

the management of the experiment. Harvesting was done manually using hand sickles. 
 

 

Data collection and measurement 

Growth and yield related parameters were collected from the net plot area of each plot to avoid 

border effects. Number of seeds spike
-1

 (NSPS), plant height and spike length were determined 

from 10 randomly sampled plants per plot at physiological maturity. Data on grain and biomass 

yields per plot were collected from the middle 13 rows. Aboveground biomass was sun- and air-

dried for three days. The grain yield (kg ha
-1

) was determined after threshing the sun-dried plants 

harvested from each net plot area and the yield was adjusted to 12.5% moisture content. Harvest 
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index (HI) was calculated as the ratio of grain to the above ground dry biomass yield. Thousand 

kernel weight was determined by counting the number of seeds randomly taken from each plot 

Partial budget analysis  

Economic analysis was performed following the International Center for Maize and Wheat 

Research (CIMMYT) partial budget methodology (CIMMYT, 1988). Economic analysis was 

done using the prevailing average market prices for inputs at planting and for outputs at the time 

of crop harvest. The average local market price of barley was 15 Ethiopian Birr (ETB) kg
-1

 and 

that of the straw was 0.55 ETB kg-
1.

 .The costs of blended fertilizers were 19.30 ETB kg
-1

 and 

11.00 ETB kg
-1

 for that of urea.  The net benefit (NB) was calculated as the difference between 

the gross benefit (GB) and the total cost that varied (TCV). Actual grain and straw yields were 

readjusted downward by 10% to reflect the difference between the experimental yield and the 

yield farmers would expect to get from the same treatment. Percent marginal rate of return 

(MRR) was calculated as changes in NB (raised benefit) divided by changes in cost (raised cost). 
 

 

Data analysis 

All data were analyzed following statistical procedures of Statistical Analysis System (SAS) 

version 9.2. Whenever treatment effects were significant, the means were separated using the 

least significant difference (LSD) test at 5% level of significance and economic analysis was 

performed to investigate the economic feasibility of the treatments 

 

Result and Discussions 

Effect on phenological parameters of barley  

The results of the study indicated that days to heading and maturity were significantly (P < 0.01) 

influenced by the main effects of variety, fertilizer levels and year of cultivation as well as by the 

interaction effect of fertilizer and year of cultivation (Table1 and 4). Significantly higher number 

of days to heading (63.7) and maturity (90.3) were recorded in control plots as compared to the 

lowest number of days to heading (59.4) and maturity (88.5) in plots supplied with NPSB100 +N 

46 kg ha
-1

.Similar results were recorded by cook et.al.1992 who reported that sufficient N results 

in rapid growth and hastened tasseling, while too little or no N, resulted in slow growth and 

delayed tasseling in maize. The variety Illala 2 required the longest duration of growth to reach 
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maturity than Illala 1. Thus, the duration required to reach physiological maturity by the variety 

Illala 2 exceeded the durations required by Illala 1 by about 6.2%. 

Days to heading and maturity of barley responded to the fertilizer by year interaction (Table 4).  

The highest number of days to heading (63.7) in 2018 and maturity (95.7) in 2017 were recorded 

in control plots as compared to the lowest days to heading (56.5) in 2018 for plots supplied with 

NPS 100 N46 and maturity (82.2) in 2018 in plots provided with NPSB 100 +N 46 kg ha
-1 

fertilizers. The control plots without fertilizer application delayed heading and maturity of barley 

by about 13% and 16%, respectively over the control treatment. Whereas use of fertilizer, 

hastened days to heading and maturity. 

Table 1.Mean days to heading, days to maturity and plant height as influenced by fertilizer, variety and 

year and their interaction. 
Fertilizers rate 

(kg ha
-1

) 

Days to heading Days to maturity Plant height (cm) 

2017 2018 Mean 2017 2018 Mean 2017 2018 Mean 

 NPSB0 +N 0      63.8 63.7
a
 63.7

a
 92.8

a
 82.7 90.25 74.6

c
 57.0

c
 65.8

d
 

NPSB100+N46      62.7 60.5
b
 61.6

b
 94.6

b
 82.2 88.42 99.6

a
 83.9

a
 91.78

a
 

NPS 100 +N 46      62.3 56.5
c
 59.4

c
 94.6

b
 82.3 88.50 91.3

b
 83.1

ab
 87.22

b
 

NPSB50 +N23      62.0 57.0
c
 59.5

c
 97.3

ab
 82.2 89.75 86.1

b
 77.8

b
 81.93

c
 

 NPSB150 N69      61.1 61.8
ab

 62.1
ab

 95.6
ab

 84.0 89.83 104.7
a
 82.6

ab
 93.57

a
 

Variety           

Illala 1 61.07 58.53
b
 59.8

b
 92.6

b
 80.7

b
 86.67

b
 89.99

b
 77.3 83.66 

Illala 2 64.20 61.27a 62.7
a
 99.5

a
 84.6

a
 92.03

a
 92.50

a
 76.4 84.46 

Year           

2017   62.6
a
   96.03a   91.24

a
 

2018   59.9
b
   82.67b   26.87

b
 

Fertilizer by year    **      Ns     ** 

CV% 2.3 4.0 3.4 2.3 3.6   2.9  5.0   5.8   5.3 

*LSD = least significant difference; CV = coefficient of variation, ** Significant, ns= not significant, Means in a column followed by the same 

letters are not significantly different at (P ≤ 0.05) 

Growth parameters of barley 

Plant height of bread wheat was significantly (P < 0.01) responded to the main effect of fertilizer 

combinations and year of cultivation. However, it was not significantly influenced by any of the 

interaction effects (Table 1).The tallest barley plants (93.6 cm) were obtained from the 

application of NPSB150 +N 69 kg ha
-1

followed by plots supplied with NPS100+ N 46 kg ha
-1

, 

respectively. The average heights of plants grown under the aforementioned treatments exceeded 

the average heights of plants grown in the control treatment by about 42 and 40%, respectively. 

Plant heights of barley responded to fertilizer by year interaction. The tallest plant height 

(104.5cm) were recorded in year 2018 supplied with NPSB150+N69 kg ha
−1

. Application of 
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NPSB150+N69 kg ha
−1

 increased the height by 83% compared to the corresponding control 

plants without fertilizer. The increased plant height in 2018 cropping season could be attributed 

to better precipitation availability that could have helped in increased uptake of optimum 

nutrients by plant roots for higher vegetative growth of wheat. Sulfur (S) enhanced the formation 

of chlorophyll and encouraged vegetative growth and boron (B) helps in N absorption. The 

results indicated that spike length was significantly (P < 0.01) influenced by the main effects 

fertilizer, variety and year as well as by the interaction effect of variety and year of cultivation. 

Significantly longer spike length (8.1) were recorded in plots supplied with NPSB150+N69 kg 

ha
−1

 followed by application of NPSB100 +N 46 as compared to the shortest length in control 

plots.  The variety Illala 2 had longer spike length than Illala 1.  Thus, the spike length of variety 

Illala 2 exceeded the spike length of Illala 1 by about 5%. Spike length was significantly affected 

by the interaction of variety by year. In this regard, longer spike length was recorded (9.0cm) in 

year 2017 by the variety Illala 2 as compared to Illala 1 in year 2018. The percentage of 

increment in spike length due to this treatment was 46% in comparison to the spike length 

obtained from Illala 1 in 2018.  
 

Yield and yield components of barley 

Number of kernels per spike  

Number of kernels per spike of barley was significantly (P < 0.01) influenced by fertilizer 

application, variety and year of cultivation. However, this parameter was not significantly 

influenced by the interaction effects of any of the factors. The maximum number of kernels per 

spike (22.6) was recorded where fertilizer was applied at the rate of 100 NPS+ N46 kg ha
−1

 

followed by plots supplied with the application 150 NPSP +N69 kg ha
−1

. The aforementioned 

treatments increased seeds per spike by about 24% and 21%, respectively compared to the 

corresponding control plants without fertilizer (Table 2). Likewise, the barley varieties also 

differed significantly (P < 0.01) in seeds per spike. Variety Illala 2 produced significantly higher 

seeds per spike than Illala 1. Thus, seeds per spike by the variety Illala 2 exceeded the seeds per 

spike of Illala 1 by about 7%.Year also showed significant effect on seeds per spike of barley in 

which the highest seeds per spike (22.91 cm) was obtained in 2017 which are significantly higher 

by 20% than those obtained during 2018 crop season. 
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Table 2. Mean spike length, kernels per spike and thousand seed weight as influenced by fertilizer, variety and year 

and their interaction. 

Fertilizer rates 

(kg ha
-1

)* 

Spike length(cm) Seeds per spike(no) Thousand seed weight (g) 

2017   2018  Mean 2017   2018  Mean 2017   2018  Mean 

NPSB0N0 7.8d 5.3 6.54
d
 20.2

b
 16.37

d
 18.28

c
 49.05 44.67 46.86 

NPS100N46 9.0b 6.5 7.74
b
 23.8

a
 21.43

a
 22.65

a
 47.35 45.98 46.67 

NPSB50N23 8.8bc 6.3 7.55
bc

 23.1
a
 19.80

b
 21.45

ab
 48.80 45.50 47.15 

NPSB100N46 8.4c 6.1 7.23
c
 23.2

a
 18.03

c
 20.62

b
 48.43 47.28 47.86 

NPSB150N69 9.5a 6.7 8.10
a
 24.2

a
 19.83

b
 22.02

a
 47.18 44.90 46.04 

Variety          

Illala1 8.4 6.15 7.26
b
 22.03

b
 18.51

b
 20.27

b
 46.79

b
 45.11 45.95

b
 

Illala2 9.0 6.22 7.61
a
 23.79

a
 19.69

a
 21.74

a
 49.54

a
 46.22 47.88

a
 

Year           

2017   8.68
a
   22.91

a
   48.16

a
 

2018   6.19
b
   19.10

b
   45.67

b
 

Fertilizer *Var ns ns   Ns      ns    ns 

Var*year     **      ns    ns 

CV% 5.6 6.4 5.8 6.0 6.9 7.6 6 3.4 4.9 
SL= spike length, SPS= seeds per spike, TSW= thousand seed weight, LSD = least significant difference; CV = coefficient of variation, ns= not 
significant, Means in a column followed by the same letters are not significantly different at (P ≤ 0.05) 
 

Total aboveground biomass yield 

Biomass yield was significantly (P < 0.01) influenced by the main effect of fertilizer application, 

variety and year as well as by interaction effect of variety by fertilizer and fertilizer by year 

(Table 3&4). Increasing the rate of fertilizers increased the total aboveground biomass of the 

barley crop significantly. The highest biomass yield of Illala 1(10016 kg ha
-1

) and Illala 2 (10072 

kg ha
-1

) varieties, respectively were obtained in response to the application of 150 NPSB +69 kg 

N ha
-1.

.
 
Besides, the yield obtained in response to the application of NPSB100+N46 were in 

statistical parity. The lowest biomass yield of Illala 1 (3702 kg ha
-1

) and Illala 2 (3493 kg ha
-1

) 

varieties were recorded for no fertilizer treatment. The highest total aboveground biomass yield 

increased by about186% and 172% in response to the application of 150NPSB+N69 over the 

control for Illala 1 and Illala 2, respectively. Likewise, the biomass yield of barley responded 

significantly (P < 0.01) to fertilizer by year interaction.  Higher total biomass yield ( 11412 kg 

ha
-1 

) were observed during the 2018 cropping  season  in plots supplied by150 NPSB+ 69 kg N 

ha
-1

  as compared to 8676 kg ha
-1 

in 2017. The application of 150 NPSB + N 69 kg ha
-1   

in year 

2018 increased the aboveground biomass yield by about 31% compared to the corresponding 

treatment in 2017(Table 4) .This could be attributed to better soil moisture availability that could 

have helped increased uptake of nutrients by plant roots which may have resulted in increased 

photosynthetic and vigorous plant growth (Kibe et al 2006). 
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Table 3. Mean grain yield, biomass yield and harvest index as influenced by fertilizer, variety, year of 

cultivation and their interaction. 
 

Fertilizers 

(rate kg ha
-1

)* 

Grain yield kg ha
-1.

 Biomass yield kg ha
-1.

 Harvest index% 

2017   2018   Mean 2017   2018   Mean 2017   2018   Mean 

NPSB0N0 1912
e
 1556

d
 1734

d
 4000

d
 3194

d
 3597

d
 0.48 0.49

a
 0.46 

NPS100N46 3492
b
 3631

b
 3562

b
 7435

b
 9201

b
 8318

b
 0.47 0.39

c
 0.47 

NPSB50N23 3084
c
 3852

b
 3468

b
 6343

c
 9628

b
 7985

b
 0.49 0.40

c
 0.47 

NPSB100N46 2735
d
 2997

c
 2866

c
 5889

c
 6786

c
 6338

c
 0.47 0.44

b
 0.47 

NPSB150N69 3999
a
 4406

a
 4203

a
 8676

a
 11412

a
 10044

a
 0.46 0.39

c
 0.46 

Variety           

Illala1 2985 3158
b
 3071

b
 6307 7900.9 7104

b
 0.48 0.41

b 
 0.46 

Illala2 3104 3419
a
 3262

a
 6630 8188.0 7409

a
 0.47 0.44 0.47 

Year          

2017   3044b   6469
b
   0.48

a
 

2018   3288
a
   8044

a
   0.46

b
 

Fer*Var ns ** ** Ns ** **   ns 

Fer*year   **   **   ns 

CV% 7.0 7.7 6.5 8.4 5.3 6.5 6.0 7.9 3.9 
Means in a column followed by the same letters are not significantly different at (P ≤ 0.05) LSD = least significant difference; CV = coefficient of 

variation, ns= not significant, **=significant 
 

 

Grain yield 

The grain yield of barley responded significantly (P < 0.01) to the main effect of fertilizer, 

variety and year of cultivation as well to the interaction effect of fertilizer by variety and 

fertilizer by year (Table 1 and 2). The highest grain yields of Illala 1(4257 kg ha
-1

) and Illala 2 

(4148kg ha
-1

) varieties, respectively were obtained in response to the application of 150 NPSB + 

69 kg N ha
-1. 

.The respective increments in grain yield over the grain yield obtained in control 

was about 142% for both the varieties.  This result is similar with the finding of Melkamu et al, 

2019 who found maximum aboveground biomass from 200NPSB kg ha
-1

 of blended fertilizer 

application. Likewise, the grain yield of barley responded significantly (P < 0.01) to fertilizer by 

year interaction. Higher grain yield ( 4566kg ha
-1 

) was observed during the 2017 cropping  

season  in plots supplied by150 NPSB+ 69 kg N ha
-1

  as compared to 4247 kg ha
-1 

in 2018 of the 

same treatment. The application of 150 NPSB + N 69 kg ha
-1   

in year 2017 increased grain yield 

by about 7% compared to the corresponding treatment in 2018 (Table 4).This might be attributed 

to excess vegetative growth at the expense of reproductive growth, but decreased number of 

grains that may have negatively reduced yield. It might be associated to increased lodging in 

2018 as described by Tripathi et al (2003).  
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The highest grain yields in 2017 than in 2018 might be attributed to high rates of grain filling 

during the former than the latter, which may have enhanced better growth and development of 

the barley plants. In both seasons, the highest and lowest response of barley to fertilizer 

application was consistent. The highest grain yield increased by about109% and 283% over the 

control, for the respective years. The increment in the grain yield in response to the increased 

application rates may be due to the predominant role of fertilizers which plays in enhancing the 

physiological functions of plants through promoting leaf expansion, photosynthesis, and dry 

matter accumulation. Similar results were recorded by Woubshet et al (2017) who reported that 

application of 150 kg ha
-1

 NPSB blended fertilizer with compost increase the grain yield by 4.8 t 

ha
-1

. 

 

Table 4. Interaction effect of fertilizer by year on yield and yield components of barley varieties at Degua 

tembien 
Fertilizer rates by year ( 

Kg ha
-1

)* 

DTH 

(d) 

DTM 

(d) 

PTH 

(cm) 

SPL 

cm) 

TSW 

(g) 

HI 

% 

BYLD 

Kg ha
-1

 

GYLD 

Kg ha
-1

 

Y1(NPSB0+N0) 63.8 97.8 74.6 7.8 44.8 0.46 4000 1568 

Y1 NPS100+N46 62.3 94.7 91.3 8.8 44.9 0.39 6343 3640 

Y1 NPSB50+N23 62.0 92.3 86.1 8.4 45.8 0.43 5889 2816 

Y1 NPSB100+N46 62.7 94.7 99.6 9.0 45.1 0.37 7435 3199 

Y1 NPSB150+N69 62.3 95.7 104.6 9.5 44.9 0.39 8676 4566 

Y2 NPSB0+N0 63.7 82.7 57.0 5.3 44.6 0.52 3194 1543 

Y2 NPS100+N46 56.5 82.3 83.1 6.3 46.1 0.41 9628 4064 

Y2 NPSB50+N23 57.0 82.2 77.8 6.1 48.7 0.46 6786 3178 

Y2 NPSB100+N46 60.5 82.2 83.9 6.5 46.8 0.41 9201 4063 

Y2 NPSB150+N69 61.8 84.0 82.0 6.7 44.9 0.38 11412 4247 

Fert*year LSD ( 0.05 ) 2.4 3.1 5.3 0.5 Ns 0.04 173.2 266 

CV (%) 3.4 2.9 1.1 5.8 6.9   3.9    6.5 7.2 
Y1= year 1(2017), Y2= year 2(2018), DTH= days to heading, DTM= days to maturity, PTH= plant height, SL= spike length, SPS= GYLD= grain 

yield, BYLD = biomass yield, TSW= thousand seed weight, HI= harvest index, CV = coefficient of variation, ns= not significant  
 

Harvest index  

Harvest index of barley was not significantly influenced by the main effects but influenced by 

year and fertilizer interaction (Table 4). The HI ranged from 0.37 to 0.52 with the maximum 

values recorded in 2018 from control plot. This indicates that biomass partitioning to the grains 

was lowerunder higher N rates.The higher barley HI in 2018 might be due to higher transfer of 

assimilates to the grain. 
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Table 5. Effects of blended fertilizers on economic profitability of barley, Degua Tembien  
 

Variety by fertilizer 

rates (kg ha
-1 

) 

Adjusted 

grain yield 

kg ha
-1

 

 Field 

Benefit 

ETB ha
-

1
 

Adjusted 

Straw kg 

ha
-1

 

Straw Field 

benefit  

(ETB ha
-1

) 

Gross Field 

Benefit 

 (ETB ha
-1

)   

TVC 

ETB 

ha
-1

 

NB 

(ETB ha
-

1
) 

Illala-1 NPSB0N0  1582.2 23733 1749.6 962.28 24695.3 0 24695.3 

Illala-1 NPS100N46  3018.6 45279 4022.1 2212.15 47491.2 2385 45106.2 

Illala-1 NPSB50N23  2460.6 36909 2974.5 1635.97 38545.0 1213 37332.0 

Illala-1 NPSB100N46  2928.6 43929 4217.4 2319.57 46248.6 2428 43820.6 

Illala-1 NPSB150N69  3831.3 57469.5 5183.1 2850.70 60320.2 3598 56722.2 

Illala-2 NPSB0N0  1539.0 23085 1604.7 882.58 23967.6 0 23967.6 

Illala-2 NPS100N46  3223.8 48357 4108.5 2259.67 50616.7 2385 48231.7 

Illala-2 NPSB50N23  2698.2 40473 3274.2 1800.81 42273.8 1213 41060.8 

Illala-2 NPSB100N46  3483.0 52245 4343.4 2388.87 54633.9 2428 52205.9 

Illala-2 NPSB150N69 3733.2 55998 5331.6 2932.38 58930.4 3598 55332.4 
TCV= total cost that vary, NB= net benefit, ETB= Ethiopian Birr 
 

Partial budget analysis 

 

The economic analysis revealed that highest net benefit of 56722.20 and 55332.40 ETB per 

hectare was earned from the application rate of 150 NPSB + 69 N kg ha
-1

 for variety Illala I and 

Illala 2, respectively (Table 5). In this study, the marginal rates of returns from application rates 

of NPSB50 + N23, NPSB100 + N46 and NPSB150 + N69 kg ha
-
1 were 1041%, 8663% and 

1102%, respectively for the variety Illala 1. The corresponding values from application rates of 

NPSB50 + N23, NPS100 + N46, NPSB100 + N46 and NPSB + 150N69 kg ha
-1

were 1409%, 

612% 9242% and 267% for variety Illala 2. The results of the economic analysis indicated that 

applying NPSB150 + N69 kg ha
-1

 resulted higher net benefit and acceptable rate of marginal 

return. The variety Illala 1 had 8.6% higher net benefit returnvalues attributed to its higher yield 

(Tale 6). 

 

Table 6. Effects of blended fertilizers on marginal rate of return of barley over years, Degua Tembien,  
Variety by Fertilizer 

 (rates kg ha
-1

) * 

TVC 

(ETB ha
-1

) 

NB 

(ETB ha
-1

) 

raised cost 

(ETB ha
-1

) 

raised  benefit    

(ETB ha
-1

) 

MRR 

% 

Illala-1 NPSB0+N0 0 24695.2 0           -        - 

Illala-1 NPSB50+ N23 1213 37331.9 1213 12636.7 1041.8 

Illala-1 NPS100+N46 2385 45106.1 1172 7774.2 663.3 

Illala-1 NPSB100+ N46 2428 43820.5 43 D D 

Illala-1 NPSB150+N69 3598 56722.2 1170 12901.6 1102.7 

Illala-2 NPSB0+N0 0 23967.5 0             -         -  

Illala-2 NPSB50+N 23 1213 41060.8 1213 17093.2 1409.2 

Illala-2 NPS100+N46 2385 48231.6 1172 7170.9 611.8 

Illala-2 NPSB 100 +N 46 2428 52205.8 43 3974.2 9242.3 

Illala-2 NPSB150+N69 3598 55332.3 1170 3126.5 267.2 
TCV= total cost that vary, NB= net benefit, MRR= marginal rate of return, ETB= Ethiopian Birr 
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Conclusion and Recommendations  

The result of the present study revealed that different blended fertilizer rates markedly affected 

yield performance of the improved barley varieties. Fertilizer application at the rate NPSB150 + 

N 69kg ha
-1 

was found to produce higher grain and total above ground biomass yield of both 

varieties at both seasons. Maximum grain yield of (4257.1 kg ha
-1

) was recorded from the 

application of NPSB150 + N69 for Illala
-1

 followed by Illala
-2

 with a yield of 4148.2 kgha
-1

.The 

lowest grain yield of  1710 kg ha
-1

 was recorded from control (unfertilized check) of the same 

variety  Illala
-2

 followed  by Illala 1 with a yield of  1758 kg ha
-1

, The maximum rate of return of 

(1102 %) was obtained with the application of NPSB150 +N 69ha
-1

with a net benefit of 56722.2 

ETB ha
-1

which is attributed to its higher yield. For Illala 2 the maximum MRR of (9242%) was 

obtained with the application of NPSB 100 +N 46 kg ha
-1 

with a net benefit of 52205.87 ETB ha
-

1
. However, the acceptable marginal rate of return (267%) and the highest net benefit (55332.38 

ETB ha
-1

) was obtained from NPSB150 + N69 for Illala-2. The results of the economic analysis 

indicated that applying NPSB150 + N 69kg ha
-1

 resulted in the acceptable rate of marginal return 

and higher net benefit and the variety Illala 1 was the one that performed best. 
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Abstract 

Field experiments were conducted to evaluate the effects of blended NPSZn levels on yield and 

yield components of barley in Edna-Mokeni Woreda. The experiments were laid out in 

Randomized Complete Block Design (RCBD) with seven blended NPSZn levels (0, 50, 100, 

150,200,250,300 kg ha
-1

) and blanket recommendation of nitrogen (N) and phosphorus (P) in 

three replications for two consecurive years (2017 and 2018 ). Results depicted that highest plant 

height, grain yield and straw yield of barley increased with blended levels and the highest was 

obtained at 300 kg ha
-1

. However, this level was statistically similar with the levels of 100 and 

250 kg ha
-1

 in grain yield and 150, 200 and 250 kg ha
-1

 in the straw yield. Moreover, the result of 

blanket recommendation of N and P was statically similar with that of the NPSZn range of 100 - 

250 kg ha
-1

 in grain and straw yields of barley. However, the levels of P in blended (150-250 kg 

ha
-1

) were much higher than in the blanket N and P. Hence, from this point of view, we might 

say that the incorporation of S and Zn in the blended had no significance effect on the grain and 

straw yield of barley.  Both biological yield and partial budget analysis revealed that 100 kg ha
-1 

NPSZn with 100 kg urea ha
-1

 was found economical in the study area. Further research should be 

conducted on N and P interactions with the fertilizers in the blended such as S and Zn.  

Keywords: Blended, Yield, Barley, Enda-Mokoni 

Introduction 

Cultivation of barley is a common farming practice in Ethiopia. Based on areas of production 

and yield per unit area, barley is ranked 5
th

 and 4
th

, respectively among all cereals in Ethiopia 

[Central Statistical Agency (CSA) 2014]. However, the average national yields are low (about 

1870 kg/ha) as compared to world average cereal yields of 4000 kg/ha (Eyasu and van Beek 

2015). Nutrient depletion is one of the major causes that contribute to decline in soil productivity 

of Ethiopia (Kebede and Yamoah 2009). Fertilization is one of the most important notable 

measures to replace the depleted nutrients (Kabir 2011). Inline to this, Brhane and Teka (2018) 

reported that balanced fertilization with an optimum application rate is necessary to improve soil 

fertility and thus increasing the productivity of crops including barley.  

mailto:hagosb7@gmail.com
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Among the key strategies that were identified to help increase agricultural production and 

productivity in Growth and Transformation Plan (GTP) period was the soil fertility mapping of 

the country's agricultural lands. The necessity to transform agricultural sector with respect to soil 

fertility requires application of proper amounts of balanced fertilizers for different crops. Inline 

to this, blended fertilizers containing N, P, S, boron (B), iron (Fe) and Zn in blended form have 

been recommended to solve site specific nutrient deficiencies and thereby to increase crop 

production and productivity. The major recommended blended fertilizers for Tigray region were 

NPS, NPSB, NPSZn, NPSZnB, NPSFeZn and NPSFeZnB [Ethiopian Soil Information System 

(EthioSIS), 2014]. Though potassium (K) was part of the previous blended fertilizer, recently it 

was suggested to be applied based on soil test result.  

Although the type of required blended fertilizers are identified for the region, optimum rates of 

the major recommended blended fertilizer types for different crops, agro ecologies and soil types 

are not yet determined. Besides, verifying the soil fertility map for major crops grown in the 

region in different agro ecologies and on different soil types is urgently needed to increase crop 

yields and to improve quality of major crops grown in Tigray. Therefore, this experiment was  

conducted with the aim of investigating the effects of NPSZn blended fertilizer on yield and 

yield components of barley among the recommended blended fertilizers for Tigray. 

Materials and Methods 

Description of study area 

The studies were conducted on Cambisols of Edna Mokeni WoredaWoredas in southern zone of 

Tigray region, northern Ethiopia (Figure 1). The Woreda is extended between 39
0
 18‟ 10‟‟ E to 

39
0
 39‟ 50‟‟ E and 12

0
 33‟ 20‟‟ N to 12

0
 55‟ 0‟‟ N with an average altitude of 2250 meters above 

sea level. The area is characterized by bimodal rainfall pattern and receives a mean annual 

rainfall of 68.87 mm. The average minimum and maximum temperatures were 22.5 and 10.4 
O
C, 

respectively. Barley, wheat, faba bean, field pea and maize are the major crops grown in the area. 
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Figure1. Location of the study area at Enda Mekhoni, Southern Tigray, Ethiopia 

 

Experimental design and procedures 

The experiments were conducted for two years (2017 and 2018) with two sites in each year. The 

experiments consisted of 7 level of NPSZn (0, 50, 100, 150, 200, 250 and 300 kg ha
-1

 and 

blanket recommendation (64 kg N ha
-1

, 46 kg P2O5 ha
-1

) as 8
th 

treatment. Nitrogen was adjusted 

to 64 N in all of the treatments except in the control. The experiments were laid out in RCBD 

with three replications. The blended fertilizer was applied at planting, while the N fertilizers 

were applied twice during the crop growth stage that is 1/3 of the full dose at planting and the 

other 2/3 at the full tillering stage. In the trial, Shedeho barley variety was used as test crop. 

The initial soils of the experimental fields were analyzed for texture, pH, organic carbon (OC), 

cation exchange capacity (CEC), total N, available P, available S and available Zn. The methods 

used for soil physical and chemical analysis were: Soil pH (Rhoades 1982), OC % (Walkley & 

Black 1934), soil texture by hydrometer (Bouyoucos 1962), available P (Olsen 1954), total N by 

Kjeldhal method (Bremner & Mulvaney 1982), Neutral Ammonium acetate method (Chapman 

1965) for cation exchange. In addition to these, partial budget analysis was made to investigate 

the economic feasibility of the treatments. Marginal rate of return, which refers to net income 

obtained by incurring a unit cost of fertilizer, was calculated as the change in net revenue divided 
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by the change in total variable cost levels [International Center for Maize and Wheat Research 

(CIMMYT) (1988)] 

Data collection 

Data on growth and yield related crop parameters were collected on plot bases. Data such as 

plant height, spike length, biomass yield and grain yield were measured and collected. Data 

related to input and output costs for partial budget analysis were also recorded. 

Data analysis 

Analysis of variance (ANOVA) was carried out using Statistical Analysis System (SAS) version 

9.Whenever treatment effects were significant, mean separations were made using the least 

significant difference (LSD) test at the 5% level of probability. 

Result and Discussion 

Initial soil properties of the study sites  

The texture classes of the study sites were loam and clay loam. Moreover, based on Tadesse 

(1991) rating ,the soils pH  were neutral, no saline (Ec<2ds/m), and  low in total  N and  OC % 

.The available P status of the three study sites were high, while the remaining one site were 

medium  (Olsen et al 1954). The CEC of the soils in the study sites were high according to 

Landon (1991) CEC ratings. On the other hand, deficiencies of S and Zn were reported in the 

study sites (EthioSIS 2014). 

Effect of NPSZn levels on yield and yield components of barley  

There were no interaction effects among year, site and fertilizer treatments on yield and yield 

components of barley response. The main effect of year significantly affected plant height, HI, 

grain yield and straw yields of barley. Based on the data presented in Table 2 below, all 

parameters were significantly affected by main effect of year and site. In line to this, year II were 

significantly better year than year I for the yield and yield components of barley except plant 

height. This might be due to the climatic variability especially the rainfall and temperature 

variation between the two years. Similarly, significantly highest grain and straw yields of barley 
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were recorded at site 4. This might be due to the initial combined soil characteristics of the site 

which was better in CEC, OC%, available P and total N content. 

Table 1: Selected physio- chemical properties of surface (0-20cm) fields before sowing 

Parameters 

Experimental sites 

Year 2017 

Site1 Site2 

Year 2018 

Site 3 Site 4 

pH 6.86 7.27 6.62 6.74 

EC (ds/m) 0.1 0.15 0.11 0.1 

OC (%) 0.9 1.2 1.1 1.5 

TN (%) 0.07 0.09 0.06 0.12 

Av.P(ppm) 20.06 9.62 15.44 23.60 

CEC(meq/100gsoil) 25 26.5 35.40 36.17 

% Sand 38 20 28 46 

% Silt 36 42 34 28 

% Clay 26 38 38 26 

Textural class Loam Clay loam Clay loam Loam 

Blended NPSZn level had significantly affected all the measured agronomic parameters of 

barley. Thus, mean plant height, grain and straw yield of barley had increased with increasing 

NPSZn application levels even though the trend was not consistent. In line to this, the highest 

grain and straw yields of barley were recorded at the highest rate of 300 kg ha
-1

 NPSZn blended 

fertilizer. The recorded yield at this rate is statistically similar with 100 and 250 kg/ha in grain 

yield and 150,200 and 250 kg ha
-1 

NPSZn blended fertilizer rates in straw yields of barley. The N 

level in all of the treatments except control was similar, which was adjusted to 64 N. 

The blended NPSZn fertilizer levels starting from 100 kg ha
-1

 to 250 kg ha
-1

 gave statically 

similar grain as well as straw yields of barley with the blanket recommendation of N and P (64 

kg ha
-1 

N and 46 kg ha
-1 

P2O5). However, the level P in this blended fertilizer ranges from 35 kg 

ha
-1 

P2O5 at 100 kg ha
-1 

to 87.5 at 250 kg ha
-1 

which is higher than the blanket recommendation of 

N and P. Hence, from this point of view we might say that, the incorporation of S and Zn in the 

blended fertilizer had no significance on the yield and yield components of barley rather it 

decreased P efficiency. Had the yield difference been due to the level of S or Zn, significantly 

higher yields of barley would have been recorded at a rate of NPSZn which has equivalent or 

lower level of P as compared to the blanket N and P. 

Therefore, it is difficult to differentiate the significant grain and straw yields of barley were 

resulted from which nutrient in the blended NPSZn. Hence, formulation of the blending might be 

contributed to these random effects since it was not developed through crop response trials. 
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Table 2. Main effects of year, site and fertilizer treatments (blended NPSZn) on yield and yield 

components of barley 
Year Plant height (cm) Spike length(cm) Grain yield (kg ha

-1
) Straw  yield (kg ha

-1
) Harvest index 

I 70.56B 6.65A 3105.99B 3830.1B 0.45B 

II 90.88A 5.67B 4224.27A 4706.3A 0.47A 

LSD 1.89 0.24 196.93 225.96 0.0109 

P value <.0000 <.0000 <.0000 <.0000 <.0000 

Site 

     Site 1 70.48C 6.19B 3500.6B 4317.5B 0.45CB 

Site 2 70.64C 7.11A 2711.4C 3342.8C 0.45CB 

Site 3 92.59A 5.57C 4207.4A 4487B 0.48A 

Site 4 89.16B 5.77C 4241.1A 4925.6A 0.46B 

LSD 2.67 0.334 278.5 319.56 0.02 

P value 0.04 <.0001 <.0001 <.0001 0.031 

Treatment      

0  67.73D 5.4B 2227.1C 2847.9D 0.43D 

50 78.02C 6.38A 3717.1B 3892.6C 0.49A 

100 81.07BC 6.23A 3900.6BA 4289.7BC 0.47BA 

150 83.27BA 6.28A 3836.1B 4486.1BA 0.46BC 

200 85.08A 6.45A 3839.4B 4603.7BA 0.46BC 

250 84.03BA 6.1A 3870.3BA 4690.8BA 0.451CD 

300 85.73A 6.17A 4243.2A 4941.6A 0.46BC 

Rec.NP 80.82BC 6.26A 3687.4B 4393.2B 0.454BCD 

LSD(0.05) 3.72 0.46 393.73 456.24 0.214 

P value <0.0001 0.0008 <0.0001 <0.0001 0.0002 

Cv (%) 5.68 9.19 13.23 13.16 5.72 

Partial budget analysis  

A dominance analysis was conducted to eliminate negative values between succeeding 

treatments in calculating the marginal rate of return (MRR). The partial budget analysis of the 

study indicated that NPSZn fertilization gave promoting benefit over the control on barley yield.  

Results revealed that the marginal rate of return was increasing up to 300 kg ha
-1

 NPSZn. The 

recorded yield at this rate was statistically similar with 100 and 250 kg ha
-1

 in grain yield and 

150, 200 and 250 kg ha
-1

 NPSZn blended fertilizer rates in straw yields. Considering grain yield, 

100 kg ha
-1 

 NPSZn fertilizers rates would be recommended for optimum barley production and 

it is statistically at par with the blanket recommendation of N and P. However, both grain and 

straw yields are economically important in the livelihood of the farmers. As a result, from total 

biomass perspective, significantly higher yield of barley was obtained at 300 kg ha
-1

 NPSZn rate. 

The marginal rate of return obtained upto 300 kg ha
-1

 NPSZn showed that further earnings could 

be obtained beyond application of this level. Among the treatments thus, 300 kg ha
-1

 NPSZn is 

economically profitable in the current study. This is based on CIMMYT (1988) economic 

analysis recommendations which stated that application of fertilizer with the marginal rate of 

return above the minimum level (100%) is economical.  
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Table 3. Partial budget analysis of barley response to NPSZn fertilizer levels 
Fertilizer 

(kg ha
-1

) 

Fertilizer 

Cost(ETB) 

FA and 

TC (ETB) 

TVC 

(ETB) 

GY 

(kg/ha) 

SY 

(kg ha
-1

) 

GR 

*14 

SR 

*3.2 

TR 

(ETB) 

NR 

(ETB) 

MRR 

(ratio) 

 

MRR(%) 

0 0.0 0.0 0.0 2004.4 2563.1 28061.46 8201.95 36263.41 36263.41   

50 2316.9 254.8 2571.7 3345.4 3503.3 46835.46 11210.69 58046.15 55474.45 7.47 747.02 

100 2791.6 301.0 3092.6 3510.5 3860.7 49147.56 12354.34 61501.9 58409.28 5.63 563.40 

150 3266.4 347.1 3613.5 3452.5 4037.5 48334.86 12919.97 61254.83 57641.3 D D 

Rec NP 3695.1 358.7 4053.8 3318.7 3953.9 46461.24 12652.42 59113.66 55059.87 D D 

200 3741.2 393.3 4134.4 3455.5 4143.3 48376.44 13258.66 61635.1 57500.65 D D 

250 4216.0 439.4 4655.4 3483.3 4221.7 48765.78 13509.50 62275.28 57619.93 D D 

300 4690.7 485.5 5176.3 3818.9 4447.4 53464.32 14231.81 67696.13 62519.85 1.97 197.28 
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Conclusion and Recommendation 

Results indicated that NPSZn fertilization had significantly influenced yield and yield 

components of barley in the study sites. Hence, the highest plant height, grain and straw yield of 

barley were obtained at the highest level of NPSZn (300 kg ha
-1

) even though, it is statistically 

similar with 100 and 250  kg ha
-1

 NPSZn in grain yield and 150, 200 and 250 kg ha
-1

 in straw 

yield.  However, it is difficult to differentiate whether the yield difference were due to S and Zn 

in the blended or due to other random factors. Besides, partial budget analysis result also 

revealed that application of 300 kg ha
-1

 NPSZn fertilizer is economically optimum rate for the 

area. Therefore, based on the results of the study and the above summary the following 

recommendations were set. Application of NPSZn fertilizer at a rate of 100 kg ha
-1

 with 100 kg 

of urea ha
-1 

is economically feasible to improve the productivity of barley in Edna Mokeni. 

Further research should be conducted to evaluate the interaction effect of N and P with other 

nutrients in the blend such as S and Zn in elemental bases not as a blended form to gain optimum 

interaction formulations. 
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Abstract 

Yield and economic response of microdosing of blended, di-ammonium phosphate (DAP) and 

urea fertilizers were investigated on maize (Zea mays L.) production at Hintalo-Wajerat Woreda, 

Tigray, Northern Ethiopia. The field experiment was conducted under irrigation condition in 

2017. Randomized complete block design (RCBD) was used to arrange 11 treatments with three 

replication. The treatments were: blended fertilizer at a rate of 100%, 50%, 25% and 10% of the 

recommended rate applied in microdosing, microdosing of DAP and urea at the corresponding 

rates, broadcasting of blended fertilizer, DAP and urea at a rate of 100%, and control (without 

fertilizers). All agronomic data were collected and subjected to statistical analysis. The 

profitability of microdosing was evaluated using partial budget analysis. The results revealed that 

microdosing of blended, DAP and urea fertilizers at different rates were significantly different (P 

≤ 0.01) from broadcasting of the same fertilizers on days to 75% flowering, silking, 90% 

maturity, yield and yield components of maize. Early flowering and silking were recorded from 

microdosing of blended fertilizer at a rate of 100% followed by 50% compared with control. 

Similarly, microdosing of blended fertilizer at a rate of 100% and 50% increased plant height by 

34.86% and 35.32%, respectively as compared to DAP and urea (100%) applied in broadcasting. 

Likewise, the 1000 seed weight (0.45 kg), aboveground biomass (12.3 t/ha), cob length (19.3 

cm) and grain yield (8.42 t ha
-1

) were higher in microdosing of blended fertilizer at a rate of 

100%. With regard to the cost-effectiveness, the highest marginal rate of return (100.35%) was 

obtained from microdosing of blended fertilizer at a rate of 50%, which could be recommended 

as best practice to the farmers. However, this experiment needs to be further repeated across 

locations.  

Key words: Blended, Broadcasting, Maize, Microdosing  

Introduction 

Maize (Zea mays L.) cultivated all over the globe is belonging to family Poaceae and is the third 

most important cereal crop next to rice and wheat. Although the introduction of the crop to 

Ethiopia is a recent phenomenon as compared to the indigenous cereal crops, it is believed that it 

is introduced between 1600s and 1700s (Huffnagel 1961) and produced as one of the major 

cereal crops in the country. The crop is used in the traditional diets in the form of Injera, Kitta, 

Kollo, Nifro and local beverage called Tella and accounts for 16.7% of the national calorie intake 

mailto:alemtsehay.tsegay@gmail.com
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followed by sorghum (14.1%) and wheat (12.6%) among the major cereals (Berhane et al 2011). 

Furthermore, it is also an important component of animal feed (40%) in tropical areas and up to 

85% in developed countries (McCutcheon 2007). 

According to Ethiopian Agricultural Sample Survey of 2017/2018 [Central Statistical Agency 

(CSA), 2018], maize stood 2
nd

 in area coverage (16.8%) following tef and 1
st
 in production 

(17.26%) among cereal crops. Although the crop grows from moisture stress areas to high 

rainfall areas and from lowlands to the highlands (Wondesen and Sheleme 2011). The report of 

CSA indicated that the average yield of maize in Ethiopia is low (3.94 tha
-1

) as compared to 

world average (6.7 t ha
-1

) production ( Khalily et al 2010). In Tigray, wherein  this research was 

conducted, maize is widely grown with an area of 62,161.8 ha of land accounting 6
th

 in area 

coverage and 2
nd

 in production compared with the major cereals grown in the region. The 

average yield is 2.56 t ha
-1

 which is below the national average (CSA 2018). This could be 

among others, as a result of declining soil nutrient availability especially nitrogen (N) and 

phosphorus (P), poor agronomic practice (like inappropriate fertilizer rate and method of 

application, use of poor seed quality), insect and disease problems.  

The most common fertilizers used in Ethiopia in general and particularly in Tigray region were 

DAP and urea as source of P and N, respectively. However, currently blended fertilizers that 

contain both macro and micro nutrients are introduced and are under use (Ministry of Agriculture 

and Ethiopian Agricultural Transformation Agency 2014). As per this document, a blended 

fertilizer that contains N, P, Sulphur (S), Potassium (K) and Zinc (Zn) is recommended to 

Village Andi-Weyane, situated in Hintalo-Wajerat Woreda, wherein this study was conducted but 

the optimal rate of this fertilizer is not yet validated. Additionally, these fertilizers are commonly 

applied in broadcasting for broadcasted crops and banding for row-planted crops. These have 

been therefore a growing interest to find alternative interventions (microdosing), which promotes 

efficient and sustainable use of fertilizers tailored to smallholder farmers. 

Microdosing is localized application of small quantities of fertilizer during planting or three to 

four weeks after emergency as top dressing (Camara et al 2013, Hayashi et al 2008; Tabo et al 

2007). Thus, knowledge on the roles of microdose fertilizer application and their optimal rate is 

important to maximize grain yield and protect the residual effect of fertilizes on the environment. 

Therefore, the objective of this study was to evaluate the agronomic and economic advantage of 
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microdosing of blended fertilizer at different rates as compared to DAP and urea fertilizers on 

yield and yield components of maize. 

Materials and Methods  

Description of the study area 

The experiment was conducted at village Andi-weyane, which is located in Hintalo-wejerat 

Woreda, Tigray region, Northern Ethiopia (Figure 1). The site is situated at 39
o
17'39''-

39
o
22'50''E and 13

o
15'50''-13

o
19'35''N and has an altitude of 2300 m a.s.l. The mean total annual 

rainfall of the study area ranged 450 to 600 mm (BoARD 2015). This area is characterized by 

high irrigation potential where different crops including maize are growing. 

 

Figure 1. Location map of the study area at Hintalo Wejerat, Tigray, Ethiopia 

Experimental design and treatments 

The field experiment was conducted under irrigation in 2017. The experimental plots were 

arranged in a RCBD with three replications. The treatments included were: blended fertilizer at a 

rate of 100%, 50%, 25% and 10% of the recommended rate applied in microdosing, microdosing 

of DAP and urea fertilizers at the corresponding rates, broadcasting of blended fertilizer at the 

rate of 100%, broadcasting of DAP and urea at 100% and Control (without fertilizers). The 

blended fertilizer contains NPKSZn with 15, 31, 8, 7 and 2.2 kg ha
-1

 of the respective nutrients 

and was used as a base for the different rates. However, additionally, 100, 50, 25 and 10 kg ha
-

1
of urea were applied to the four levels of the corresponding blended fertilizer rates to full fill the 

recommended dose of N for the crop. The recommended rate of DAP and urea for the crop was 



 

180 
 

100 kg ha
-1

each that accounts 64 kg ha
-1

 of N and 46 kg ha
-1

 of P2O5.The full dose of blended 

fertilizer and DAP were applied at sowing while urea was applied in split (50% at sowing and 

50% top dressing at the knee stage of the crop). 

Maize, variety Melkasa 2 was used as a test crop. Melkasa 2 is an early maturing maize variety 

released in 2003 and is recommended to the dryland ecology of the country (EARO 2004). A 

plot size of 2 m by 3.75 m was used with a spacing of 1m and 0.5m between blocks and plots, 

respectively. Distance of 75 cm between rows and 25 cm between plants were used. The land 

was ploughed three times (using oxen) before sowing as per the practice of the farmers in the 

study area. Other agronomic practices like weeding and inter row cultivation were done 

uniformly to all plots. Irrigation was done at seven days interval based on the observation of the 

soil wetness as per the practice of the farmers.  

Data collection and analysis 

Crop data 

Phenological crop data recorded includes days to 75% tasseling, 75% silking, 75% flowering and 

90% maturity. Days to 75% tasseling, silking and flowering dates were recorded by visual 

observation from planting to 75% get tasselled, extrusion of silks and anther shown, respectively. 

Similarly, days to 90% maturity was recorded when 90% of the plants reached physiological 

maturity. The data for plant height, cob length, cob number per plant were recorded from five 

randomly sampled plants of central rows per plot. Dry aboveground biomass and grain yield (kg 

ha
-1

) were recorded after the plants were harvested from the central three rows and extrapolated 

on hectare bases. Thousand grainsweight was measured by counting 1000 seeds and weighed 

using sensitive balance after the grain seeds get constant moisture content. All collected data 

were subjected to statistical analysis using Genstat software (Payne et al 2011). Significantly 

different treatment means were separated using the Duncan‟s Multiple Range Test at 5% level of 

probability. Pearson‟s correlation coefficient was used determined the association among the 

different growth, yield and yield component of maize. 

Economic analysis 

To assess the costs and benefits associated with different treatments, the partial budget technique 

of International Center for Maize and Wheat Research (CIMMYT) (1988) was applied. Total 
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gross benefit was computed based on the average grain yield of maize and market price of the 

grains at the time of harvest. However, grain yield was adjusted downward by 10% to account 

for the effect of researcher-managed small plots as compared to the farmers managed plots as per 

the recommendation of CIMMYT (1988).Costs that vary (total variable cost) in the treatments 

include the fertilizers cost and labour cost for fertilizer application.The fertilizer prices were 

obtained from the official supply sources in the region (Enderta Union). The net benefit was 

computed by subtracting the total variable cost from the total gross benefit. The dominance 

analysis procedure as detailed in CIMMYT (1988) was used to select potentially profitable 

treatments from the range tested. The marginal rate of return (MMR) was obtained as a quotient 

of marginal increase in net benefit to marginal increase in cost and was calculated by considering 

a pair of non-dominated treatments listed in the order of increasing net benefit. As the 

combination of field management treatments tested in this study were new to the farmers, a 

minimum of 100% rate of return was assumed acceptable by farmers and any management 

practice with a return higher than this was considered worthy of investment (CIMMYT, 1988). 

All costs and benefits were calculated on hectare basis in Ethiopian Birr. 

Results and Discussions 

Effect on phenological growth  

The ANOVA result revealed a significant difference (p<0.05) among method of fertilizer 

application and the different fertilizer rates on days to 75% flowering, silking and 90% 

physiological maturity but not on days to 75% tasseling (Table 1). Early flowering (104 days) 

was observed in the treatments with miscrodose application of 100% and 50% blended fertilizers 

and the longest flowering period was found in treatments of 10% blended fertilizer and 100% 

DAP and urea with the same application method, and 100% blended fertilizer with broadcast 

application and the control (106 days). As to silking, the result paint similar picture as that of the 

flowering where the shortest days were observed on microdosing of 100% and 50% blended 

fertilizer and the longest in the control treatment. The relative shorter days to flowering and 

silking observed in the aforementioned treatments could be attributed to the presence of macro 

and micro nutrients in the blended fertilizers and efficient utilization of the nutrients applied by 
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microdosing. Efficient and sufficient nutrients result in rapid growth and hastened tasseling 

(Cock and Ellis 1992).  

Table 1. Phenological growth stage of maize as affected by microdosing and fertilizer rates of blended 

fertilizer and Dap and urea 
Treatment Days to 75% 

Flowering 

Days to 75% Silking Days to 90% physiological 

maturity 

Microdosing of 100% blended  104e 105e 141a 

Microdosing of 25% blended  105d 108.3cd 139abc 

Microdosing of 50% blended  104e 107de 140ab 

Microdosing of 10% blended  106.3ab 110.7abc 137.3cd 

Broadcasting of 100% blended  106.3ab 112.3ab 135d 

Broadcasting of 100% DAP and Urea   106.3abc 112.7ab 135d 

Microdosing of 100% DAP and Urea 105.3 bd 110bcd 139.3abc 

Microdosing of 50% DAP and Urea 105.7abcd 110bcd 138.7ab 

Microdosing of 25% DAP and Urea  106.7a 112.3ab 138bc 

Microdosing of 10% DAP and Urea 105.7abcd 112.3ab 137cd 

Control 106.3abc 113.7a 137cd 

CV (%) 5 15 9 
Where 100%= 100% of the recommended rate, 50%= 50% of the recommended rate, 25% = 25% of the recommended rate and 10%= 10% of the 

recommended rate. Treatments with the same letters aren‟t statistically significantly different. 

Mean values of days to physiological maturity delayed by six days in microdosing of 100% 

blended fertilizer compared with broadcast application of the same fertilizer rate and by five days 

when the rate is reduced by half and applied in microdosing. Compared with the control 

treatment, the days to physiological maturity was delayed in three and four days in the treatments 

with microdosing of 50% and 100% blended fertilizer, respectively. However, the control 

treatment showed similar days to physiological maturity with the smallest rate (10%) of both 

fertilizers applied in either of the application methods (Table 1). 

The delay in maturity in microdosing of 50% and 100% blended fertilizer could be attributed to 

the relaxed time of vigorousity growth at vegetative stage due to the presence of adequate 

fertilizers in the blended fertilizer. This result was in line with Brady and Weil (2002) who 

pointed out that abundant supply of nutrients promoted vegetative growth and delays maturity 

and with Akbar et al (2002) who reported that the maturity days of maize increased as fertilizer 

rate increased.  

Effect on morphological growth  

All the different rates of the two fertilizers applied in either of the application methods showed 

non-significant effect on plant height except in broadcasting of 100% DAP and urea and the 
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control treatments (Table 2). Cop length of maize exhibited significant variation (p ≤ 0.05) 

among the different treatments. On the other hand, the number of cops per plant was not affected 

neither by application method nor by rates of the fertilizer types. The highest plant height (174 

cm) was measured in microdosing of 100% and 50% blended fertilizers that accounts 34.9% and 

46% increment compared with the broadcasting of 100% DAP and urea, and the control 

treatments, respectively. This result was similar to that of Kubheka (2015) who found greater 

maize stalk height with the treatments that received a microdose of NPK fertilizer. Similarly, 

maximum cob length (19 cm) was recorded from microdosing of 100% blended fertilizer 

followed by microdosing of 50% and 100% DAP and urea (17 cm) and the lowest was measured 

in the control treatment (10 cm). The increment in plant height and cob lengths might be due to 

increase in cell elongation and more vegetative growth attributed to different nutrient content of 

blended fertilizer (NPKSZn).  

Effect on yield and yield related traits  

Dry aboveground biomass, grain yield and thousand seed weight were significantly affected 

(p<0.01) by the tested factors (Table 2). The highest dry aboveground biomass of maize (12.53 t 

ha
-1

) was obtained by microdosing of the recommended rate of blended fertilizer (100%) 

followed by microdosing of 10%, 25% and 50% blended fertilizer and 100% DAP and urea. The 

increment was by 44.8% and 106% as compared to the control and broadcasting of DAP and 

urea at 100% rate, respectively While the lowest (4.7 t ha
-1

) was recorded by broadcasting of 

blended fertilizer at a rate of 100%. 

Thousand seed weight is an important indicator which directly affects the ultimate grain yield of 

a crop. The highest (0.45 kg) and lowest (0.28 kg) average thousand kernel weight were obtained 

from microdosing and broadcasting of 100% blended fertilizers, correspondingly. On the other 

hand non-significant difference was observed in treatments with microdosing of 25%, 50% and 

100% of DAP and urea as well as microdosing of blended fertilizer at the rate of 10%, 25% and 

50%. The more grain weight from microdosing of blended fertilizer might be attributed to 

positive interaction of nutrients in the blended fertilizers. The final weight of the grains is thus a 

result of the rate at which the kernel accumulates dry matter and the duration over which this 

occurs (Housely et al 1982). 
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Table 2. Morphological growth, yield and yield components of maize as affected by microdosing and 

fertilizer rates of blended fertilizer and DAP and Urea  

Treatment TSW (kg) B (t ha
-1

) PH CL GY (kg ha
-1

) 

Microdosing of 100% blended       0.453a 12.53a 173.7a 19.33a 8415a 

Microdosing of 25% blended  0.372b 11.17ab 169.3a 14.13def 7470ab 

Microdosing of 50% blended  0.37b 11.53ab 174.3a 17abc 7867ab 

Microdosing of 100% DAP and Urea  0.364bc 11.30ab 168.3a 17.4ab 7170ab 

Microdosing of 50% DAP and Urea  0.358bc 10.89b 163.7a 15.53bcd 7037ab 

Microdosing of 10% blended  0.348bc 11.19ab 163a 13.8def 6456ab 

Microdosing of 25% DAP and Urea 0.342bcd 10.71bc 156.8a 14.5cde 7070ab 

Control 0.33cd 8.65d 119.3c 10.03def 5978b 

Broadcasting of 100% DAP and Urea  0.308de 6.08e 128.8b 12.2ef 4204c 

Microdosing of 10% DAP and Urea 0.283e 9.45cd 160a 14.07def 6448ab 

Broadcasting of 100% blended  0.277e 4.71f 154.7a 11.33f 3007c 

CV (%) 6 16 8 10.1 15.8 

Where TSW= thousand seed weight, B=Dry aboveground biomass, PH=plant height, CL=cob length, GY=grain yield 

Yield, which is the marketable harvested product of maize was highest (8.4 t ha
-1

) in the 

treatment that received 100% blended fertilizer applied by microdosing, while significantly 

lowest grain yields (3.0 t ha
-1

) was obtained by broadcasting of 100% blended fertilizer. Mean 

grain yield by microdosing of blended fertilizer at a rate of 100% significantly increased by 

100% and 40.8%, respectively, as compared with broadcasting of the recommended rate of DAP 

and urea (100 kg 
-1

) and control (Table 2). The increase in grain yield could be attributed to 

beneficial influence of yield contributing characters (cob length and seed weight) and positive 

effect of nutrients found in the blended fertilizer. This result agrees with Ousman and Aune 

(2011) and Camara et al (2013) who both found that microdosing of fertilizers increases 

productivity and yields of maize. Similarly, Tabo et al. (2007) showed that the average grain 

yields of millet and sorghum were greater by 44 to 120% while the farmers‟ income increased by 

52 to 134% when using hill application of fertilizer compared to the earlier recommended 

fertilizer application-broadcasting method (farmers‟ practice).  

It is a known fact that a grain yield is an aggregate of total performance of various growth and 

yield components of a given crop and this was confirmed by the correlation analysis result that 

indicated the positive and significant correlation of the yield with days to physiological maturity, 

plant height, cob length, above ground biomass, number of cob per plant, number of seed per cob 

and thousand seed weights (data not shown). This indicates that these parameters are important 

determinants of grain yieldas compared to days to flowering and days to silking which were 

negatively and significantly correlated with the yield. This result is in line with the finding of 

Pearl (2012) who reported a significant correlation between grain yield and 1000 seed weight, 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=yield+components
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=grain+yield
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days to maturity, cob aspects and cob length, ears per plant, plant height and shelling percentage 

of maize. 

Economic return  

As indicated in Table 3, the highest net benefit (33,788 ETB) was observed from microdosing of 

100% blended fertilizer followed by microdosing of 50% blended fertilizer, which are two of the 

non-dominated treatments while the lowest net benefit was obtained from broadcasting of DAP 

and urea at 100% rate. This indicated that blended fertilizers do have better benefit than the urea 

and DAP if they are applied by microdosing. Tabo et al (2007) also reported similar result who 

indicated that microdosing of fertilizers increased yields by 44% to 120% and farmers‟ income 

by 52% to 134% compared to traditional application methods. Similarly, research results in Mali 

and Sudan by Aune and Bationo (2008) indicated microdosing as an effective fertilizer 

application method for sorghum, maize and pearl millet production.  

In the dominance analysis, seven of the treatments were dominated due to less net return at 

higher cost. Thus, the marginal rate of return (MRR) was computed from the remaining four 

non-dominated treatments namely control, microdosing of 25%, 50% and 100% of blended 

fertilizers (Table 4). The MRR shows how net benefit from a unit investment increases as the 

amount invested increases. In the given experiment, changing of the practice from control (no 

fertilizer) to microdosing of 25% of the recommended rate of blended fertilizer returned 43.1% 

MRR, which is below the 100% minimum rate of return. While changing the rate of the blended 

fertilizer from 25% rate to 50% using the same application method (microdosing) returned 

100.35% MRR which was above the minimum rate of return. However, the MRR was 92% when 

microdosing of 50% blended fertilizer was changed to 100% blended microdose which was also 

below the minimum rate of return (100%). This implies that microdosing of 50% blended 

fertilizer would be the best recommendation for farmers as a farmer can have an extra gain of 

1.0035 Ethiopian birr while recovering the initial investment of one ETB in the system. 

According to Camara et al (2013) microdosing is a successful method of fertilizer application 

that increased the agricultural yields and household incomes. Similarly, research in Mali, Niger 

and Burkina Faso with experience in microdosing have also shown microdosing as more 

profitable, more efficient use of the input than other forms of application (Tabo et al 2007). 
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Table 3. Partial budget analysis for microdosing and the different rates of fertilizers on maize 
Treatments  Average 

yield (kg 

ha
-1

) 

Adjusted 

yield (kg 

ha
-1

) 

Gross field 

benefits. 

(ETB ha
-1

) 

Total  

variable 

cost (ETB 

ha
-1

) 

Net 

Benefit 

(ETB ha
-

1
) 

Dominance  

Control 5978 4782.4 43041.6 15813.3 27228.3 ND  

Broadcasting of 100% DAP & urea 4204 3363.2 30268.8 18466.7 11802.1 D 

Broadcasting of 100% blended 3007 2405.6 21650.4 18706.7 2943.73 D 

Microdosing of 25% blended 7470 5976 53784 23320 30464 ND 

Microdosing of 10% DAP & urea 6448 5158.4 46425.6 23453.3 22972.3 D 

Microdosing of 10% blended 6456 5164.8 46483.2 23746.7 22736.5 D 

Microdosing of 25% DAP & urea 7070 5656 50904 23973.3 26930.7 D 

Microdosing of 50%DAP & urea 7037 5629.6 50666.4 24413.3 26253.1 D 

Microdosing of 50% blended 7867 6293.6 56642.4 24746.7 31895.7 ND 

Microdosing of 100%DAP & urea 7170 5736 51624 26480 25144 D 

Microdosing of 100% blended 8415 6732 60588 26800 33788 ND 
ND: Non dominated; D: Dominated 

Table 4. Marginal Rate of Return (MRR) analysis for the non-dominated treatments 
Treatments Total Cost (ETB ha

-1
) Net Benefit (ETB ha

-1
) MRR (%) 

Control 15813.3 27228.3 ----- 

Microdosing of 25% Blended 23320 30464 43.10473 

Microdosing of 50% Blended 24746.7 31895.7 100.3547 

Microdosing of 100% Blended 26800 33788 92.15616 

Conclusions and Recommendations 

The result of this study revealed that growth and yield performance of maize was significantly 

affected not only by the rates of the commonly used DAP and urea fertilizers and the newly 

introduced blended fertilizers but also by the method of application of these fertilizers. The use 

of blended fertilizer showed a significant variation in yield and yield components of maize as 

compared to DAP and urea due to the presence of other essential nutrients like K, S, Zn in 

addition to the N and P. However, these fertilizers would increase their efficiency if they are 

applied near to the roots of the crop by microdosing unlike the commonly used method of 

application called broadcasting. The result of this study also showed that microdosing of blended 

fertilizer has an economic benefit to the farmers as it reduces the cost of production mainly the 

cost of the fertilizer. In this study,  it was found that microdosing of the blended fertilizer 

reduced the rate by half and minimized the cost of production and as a result returned higher 

marginal rate of return. From this experiment, we recommend that using blended fertilizer that 

contain both macro and micro nutrients and applied to the right place by microdosing is not an 

alternative rather is a compulsory since the soil fertility problem in the region cannot be solved 

by applying a single nutrient containing fertilizer. Further research on more years and locations 

however is also recommended. 
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Abstract 

Use of right types and amounts of fertilizers utilization based on definite limiting nutrients and 

crop requirement for a given crop is economic and judicious for sustainable crop production. 

Accordingly, the current study was conducted at Laelay Adyabo and Medebay Zana Woredas on 

farmers‟ fields, located at North Western Zone of Tigray region in the years of 2017 and 2018 to 

investigate the effects of NPSZnB fertilizer for maize yield production. Seven treatments used 

for the field experiments were without fertilizer, blanket recommended NP (64 kg N ha
-1

 and  69 

kg P2O5 ha
-1

) and five NPSZnB fertilizer rates (150, 200, 250, 300 and 350 kg ha
-1

). The 

treatments were laid out in Randomized Complete Block Design (RCBD) with three replications. 

The results of the study revealed that fertilizer rates showed significant differences (P ≤ 0.05) on 

almost all the maize traits tested except in 50% days to tasseling, 50% days to silking and 90% 

days to maturity in Laelay Adyabo Woreda. However, in Medebay Zana Woreda, except 50% 

days to tasseling, 50% days to silking and 90% days to maturity, plant height and thousand seeds 

weight, the rest parameters [above ground biomass yield, stover yield grain yield and harvest 

index (HI)] were significantly affected. In both Laelay Adyabo and Medebay Zana Woredas, the 

highest grain yield of 3.20 and 2.97 t ha
-1

 was obtained, respectively from application of 

NPSZnB fertilizer at the rate of 300 kg ha
-1

. To evaluate the feasibility of the treatments, partial 

budget analysis was conducted and accordingly the highest marginal rate of return (217.62%) 

was obtained from application of 150 kg NPSZnB ha
-1

. Therefore, based on the partial budget 

analysis, application of 150 kg NPSZnB ha
-1

 can be recommended as profitable for the 

production of maize in both Woredas, Laelay Adyabo and Medebay Zana, on similar soil type 

with the experimental areas. 

Keywords: Blended fertilizer, Maize, Grain yield, Stover yield 

Introduction 

Soil fertility depletion, shallow, high run-off and low infiltration capacity of the soil is the major 

constraint to sustainable agricultural production in Tigray. Declining soil fertility is particularly 

severe in Tigray because of high nutrient losses through soil erosion, and extremely low use of 

external nutrient inputs and extreme exhaustion of plant nutrients from the soil are the major 

factors limiting crop production in both rain-fed and irrigated farms in the different agro-

ecological zones of Tigray (Mitiku 1996; Virgo and Munro 1978). Nutrient mining due to sub 
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optimal fertilizer use coupled with agronomically unblended fertilizer uses have favored the 

emergence of multi nutrient deficiency in Ethiopian soils (Wassie and Shiferaw 2011; Wassie 

2010; Asgelil et al 2007; Abiye et al 2003) which results in decline and stagnant crop 

productivity conditions encountered despite continued use the blanket recommendation. To 

avoid soil nutrient mining and low crop productivity key strategies were identified to help 

increase agricultural production and productivity in Growth and Transformation Program (GTP 

I) period with development of soil fertility mapping of the country's agricultural lands. Based on 

this soil fertility map of Tigray region was also developed in 2014 year and published by 

Ministry of Agriculture (MOA) and Ethiopian Agricultural Transformation Agency (ATA) 

(2014) as part of the strategy. The necessity to transform agricultural sector with respect to soil 

fertility requires application of proper amounts of blended fertilizers for different crops. 

Blended fertilizers containing nitrogen (N), phosphorus (P), sulfur (S), boron (B), iron (Fe) and 

zinc (Zn) have been recommended to site specific nutrient deficiencies and thereby increase crop 

production and productivity. The major recently recommended blended fertilizers for Tigray 

region by MOA and ATA are NPS, NPSB, NPSZn, NPSZnB, NPSFeZn and NPSFeZnB. 

Though potassium (K) was part of the previous recommended blend fertilizer, recently it was 

suggested to be applied based on soil test result. Because K is major nutrient and the amount of 

K in the previous blend fertilizers might not be sufficient for crop requirement. Experimentations 

of blend fertilizers were carried out for the last few years in Tigray. However, in many of the 

study sites there was no significance difference among the different blend fertilizers as compared 

with the conventional N and P recommendation. The probable reason could be due to 

comparison of the blended fertilizers to each other.  

Although the type of required blended fertilizers are identified for the region, optimum rates of 

the major recommended blended fertilizer types for different crops, agro ecologies and soil types 

is not yet determined for the region. Besides, verifying the soil fertility map for major crops 

grown in the region in different agro ecologies and on different soil types in Tigray is urgently 

needed to increase crop yields and to improve quality of major crops grown in the region. 

Therefore, the main objective of the study was to evaluate the effects of NPSZnB fertilizer rates 

on yield, yield component of maize on different soil types under rain-fed condition at Laelay 

Adyabo and Medebay Zana Woredas. 
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Materials and Methods 

Area description 

A field experiment was conducted for two consecutive years during 2017 and 2018 main 

cropping season under rain fed conditions in Laelay Adyabo and Medebay Zana Woredas, North 

western Zone of Tigray Regional State. The altitudes of the Woredas vary between1783 and 

2093 meter above sea level for Laelay Adyabo and Medebay Zana, respectively. Cambisols and 

Vertisols are the dominant soil types in the Laelay Adyabo and Medebay Zana Woredas, 

respectively. In both Woredas, crop-dominated mixed crop-livestock farming system is 

practiced. Laelay Adyabo Woreda received annual rainfall of 563.5 and 975.7 mm during 

growing season of 2017 and 2018, respectively while Medebay Zana Woreda received annual 

rainfall of 1013 and 1208 mm during growing season of 2017 and 2018, respectively (Figure 2). 

The rainfall distribution of these Woredas is a mono-modal with an erratic distribution. Laelay 

Adyabo Woreda had 31.4 and 12.1
o
c , respectively maximum and minimum monthly 

temperature during 2017 and 31.6 and 11.9
o
c maximum and minimum monthly temperature, 

respectively during 2018 (Figure 3) whereas Medebay Zana Woreda had 27.5 and 9.4
o
c 

maximum and minimum monthly temperature of, respectively during 2017 and had 26.4 and 

9.3
o
c. maximum and minimum monthly temperature of, respectively during 2018 (Figure 3). 

Both study areas are found in a semiarid climatic zone.  

 

Figure 1. Location of the study area showing Ethiopia, Tigray region, Laelay Adiyabo and Medebay  

Zana Woredas and specific experimental sites of Adi Abagie and Hibret 
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Figure 2. Ten years (2011-2018) annual rainfall measured in Laelay Adyabo and Medebay Zana Woredas 

Experimental design and treatment 

The experiments were laid out in RCBD in three replications each replicated four times and two 

times in different Tabias across farmers in Laelay Adyabo and Medebay Zana, respectively. The 

experiments had seven treatments [0, 150, 200, 250, 300 and 350 kg  NPKSZnB ha
-1

 and 

recommended NP]. Sixty four  kg ha
-1

 adjusted N was used for all treatments except control and 

recommended NP treatments. The rate of blanket recommended NP fertilizers were 64 kg N ha
-1

 

and 69 kg P2O5 ha
-1

. Urea was used as source of N and triple super phosphate (TSP) was used as 

source P2O5 for the treatment of NP fertilizers. Blended fertilizers and half of N were initially 

applied at planting while the rest N was top dressed 45 days after planting. The test crop was also 

planted in rows with 75 and 40 cm spacing between rows, and plants, respectively. Plot size was 

3.75 m by 4 m and net harvested plot area was 9.375 m
2 

.Recommended seed rate of 30 kg ha
-1

 

was used. All recommended crop management practices were applied. 
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Figure 3. Monthly rainfall, maximum and minimum temperatures recorded in Laelay Adyabo (a) and Medebay Zana (b) Woredas during 

experimental years of 2017 and 2018. 
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Soil sampling and analysis  

Before planting, surface composite soil samples were collected from each experimental site for 

site characterization and the soil samples were taken at a depth of 0-20 cm using auger for 

collecting the disturbed samples. The collected samples were properly labeled, packed and 

transported to Shire Soil Research Center and prepared for analysis according to the standard 

procedures. 

Soil texture was determined using the Bouyoucos hydrometer method (Bouyoucos 1962). The 

pH of the soil was measured in the supernatant suspension of  1: 2.5 soil to water ratio using a 

pH meter (Rhoades 1982). Eelectrical conductivity (EC) was measured at 1:2.5 soil to water 

suspension according to the method described by (Jakson 1967). Organic carbon (OC) was 

determined by the method adescribed by Walkely and Black (1934). Available P (mg kg
-1

) was 

analyzed by employing the Olsen method (Olsen et al 1954) using ascorbic acid as the reducing 

agent. Total N was measured using Kjedahl method as described by (Bremner and Mulvaney 

1982). Cation exchange capacity (CEC) in cmol (+) kg
-1

 soil was determined by ammonium 

acetate method.  

Table 1. Physico-chemical properties of soils of Laelay Adyabo experimental site before sowing  
Parameters  Experimental sites 

Site 1 Site 2 Site 3 Site 4  Site 1 Site 2 Site 3 Site 4 

 
Year one  Year two 

pHwater (1:2.5) 5.41 5.00 5.23 5.37  6.04 5.70 5.00 6.05 

EC (mmh) 0.68 0.12 0.24 0.14  0.54 0.34 0.61 0.43 

Ava. P (ppm) 21.04 4.23 23.24 15.45  17.00 20.00 12.00 24.00 

% OM 3.11 1.20 2.50 1.50  2.76 3.00 1.56 3.45 

TN (%) 0.13 0.06 0.14 0.08  0.15 0.16 0.09 0.19 

CEC 30.20 21.20 63.21 61.46  45.00 57.00 20.43 56.00 

% Sand 40.00 53.00 18.00 23.00  46.00 37.00 53.00 43.00 

% Silt 43.00 44.00 33.00 33.00  53.00 33.00 35.00 22.00 

% Clay 17.00 23.00 49.00 44.00  12.00 30.00 12.00 35.00 

Tex. Class loam Sandy clay loam Clay Clay  loam clay loam sandy loam Clay loam 
Where, pH-power of Hydrogen, EC-Electrical Conductivity, OC-Organic Carbon, OM-Organic Matter, TN-Total Nitrogen, Av.P-Available 
Phosphorus, CEC-Cation Exchange Capacity, Tex-texture 

Data collection 

Data were collected on growth, yield and yield component related parameters on plot basis. Data 

such as days to 50% teaseling, days to 50% silking, days to 90% maturity, plant height (cm), 

biomass yield (kg ha
-1

), stover yield (kg ha
-1

), thousand seeds weight (g), grain yield (kg ha
-1

) 

and harvest index (HI) were measured and calculated. 
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Table 2. Physico-chemical properties of soils of Medebay Zana experimental site before sowing  

Parameters   Experimental sites 

 Site 1   Site 2    Site 1   Site 2  

2017  2018 

pHwater (1:2.5) 6.13 6.83   6.02  5.43 

EC (mmh)  0.111 0.191  0.333 0.188  

Ava. P  8.675 3.855  17.108 4.659 

% OC  0.511 0.623  0.702 1.157  

TN (%) 0.051 0.056  0.035 0.058 

CEC  47.  46.5   40.00 31.40 

% Sand  44 34  40  29  

% Silt  44 30  40  22  

% Clay  18 36  20  49  

Tex. Class  loam  Clay loam   loam  Clay  
Where, pH-power of Hydrogen, EC-Electrical Conductivity, OC-Organic Carbon, OM-Organic Matter, TN-Total Nitrogen, Av.P-Available 

Phosphorus, CEC-Cation Exchange Capacity, Tex-texture 

Data analysis 

The data were subjected to statistical analysis of variance (ANOVA) using SAS version 9.0 

(SAS 2002).  Significance differences among treatments means were assessed using the least 

significance difference (LSD) at 0.05 level of probability (Gomez and Gomez 1984). 

Partial budget analysis 

To evaluate the feasibility of the different treatments, partial budget analysis technique of 

International Center for Maize and Wheat Research (CIMMYT) (1988) was applied to stover 

and grain yield results which revealed significance difference. The partial budget analysis was 

performed based on the field price of the crop. Based on the CIMMYT manuscript, it is expected 

that experimental yields are often higher than the yields that farmers could expect using the same 

treatments. Hence, in economic calculations, the grain yield has been adjusted 10% lower than 

the actual yield obtained from the experimental plots to make the representative yield at the 

farmers' fields (CIMMYT 1988). It also included all the costs that vary for each treatment.  

Result and Discussion  

Crop phenology and growth parameters 

Crop phenology 

In both study Woredas, tasseling, silking and maturity of maize crop were not significantly 

affected by application of blended fertilizer rates (Table 3). This is may be due to effect of 



 

196 
 

fertilizers on tasseling, silking and maturity of a single variety is not significantly varied. It was 

known that blend fertilizers in different rates of N, P, S Zn and B might have encouraged early 

establishment, rapid growth and development of crop thus shorten the day to tasseling silking 

and maturity but the current result is in reverse of that. In opposite to the current study by Dagne 

(2016), silking days were found significantly higher with the application of blended fertilizer. 

Contrary to the current study by,  Bakala (2018) reported that days to 50% silking, tasseling and 

maturity were significantly affected by application of blended fertilizer rates.  

Table 3. Days to 50% tasseling, days to 50% silking, Days to 50% maturity and plant height of maize 

crop under effect of NPSZnB fertilizer rates 
Treatments 

 (kg ha
-1

) 

Two years combined result 

DT (days) DS 

(days) 

DM 

(days) 

PH  

(cm) 

DT (days) DS 

(days) 

DM 

(days) 

PH (cm) 

Laelay Adyabo Woreda Medebay Zana Woreda 

0 77.50 82.75 127.88 177.62
B
 85.73 94.00 129.93 212.18 

150 NPSZnB 75.70 79.71 127.33 207.18
A
 82.40 89.53 129.27 221.12 

200 NPSZnB 67.00 79.96 127.38 209.83
A
 82.40 89.87 129.67 220.13 

250 NPSZnB 75.80 79.92 127.42 215.10
A
 82.13 89.07 129.00 225.00 

300 NPSZnB 75.40 79.25 127.38 219.74
A
 82.73 89.00 128.93 229.93 

350 NPSZnB 75.80 80.25 127.83 215.32
A
 81.87 88.93 129.13 222.68 

64 N, 69 P2O5 75.90 80.54 127.58 200.29
AB

 83.67 90.53 129.53 217.37 

Mean 117.58 80.34 127.54 206.44 82.99 90.13 129.35 221.20 

LSD (P≤0.05) NS NS NS 23.82 NS NS NS NS 

CV (%) 11.64 13.90 7.49 20.24 17.71 18.01 6.28 14.22 
Where, means followed by the same letters are not significantly different (P≤0.05) according to Fishery Test,  DT-Days to 50% tasseling, DS- 

days to 50% silking, DM-Days to 50% maturity, PH- plant height, kg-kilogram, ha-hectare, cm-centimeter N-nitrogen, P-phosphorus, S-sulfur, 

Zn-zinc, B-boron, P2O5-di phosphorus penta oxide, LSD-least significance different, NS-non-significance and CV-coefficient of variation. 

Growth parameters 

Plant height of maize crop was significantly affected by the application of blended fertilizer rates 

in Laelay Adyabo Woreda but it was not significantly affected in Medebay Zana Woreda (Table 

3). Here the shortest plant height was measured in the plot treated with no application of 

fertilizers. However, there was no significant difference among the plots treated with blended 

fertilizer rates (150, 200, 250, 300, and 350 kg ha
-1

) and the blanket recommendation of N and P 

fertilizers in Laelay Adyabo Woreda. This increment in plant height might be due to increment in 

cell elongation and more vegetative growth attributed to different nutrient contents of NPSZnB 

blended fertilizer. However, which of the nutrients in the blended fertilizer caused the variation 

was not clear. On the other hand, shortest plant height in unfertilized plots might have been due 

to low soil fertility level in the study area. Plant growth and development may be retarded if any 

nutrient element is less than its critical value in the soil or not adequately balanced with 
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fertilization. In orthodoxy with the results obtained from this study, plant growth and 

development may be retarded significantly if any of nutrient elements is less than its threshold 

value in the soil or not adequately balanced with other nutrient elements (Landon 1991). This 

result is similar to that of Dagne (2016), and Tekle and Wassie (2018) who found that 

application of blended fertilizers and blanket NP recommendation significantly increased plant 

height as compared to the control. Unlike this findings, Bakala (2018) found that blended 

fertilizers had significantly influenced plant height. 

Yield and yield components 

Biomass yield 

Application of blended fertilizers to maize crop brought significance effect on total above ground 

biomass yield in all study sites of the Woredas. In Laelay Adyabo Woreda, the highest biomass 

yield was recorded from application of blended fertilizer at the rate of 300 kg ha
-1

. However, in 

Laelay Adyabo Woreda, there were no significance differennces among the NPSZnB blended 

fertilizer rates of 150, 200, 250, 300 and 350 kg ha
-1

 on biomass yield. These rates had 

significantly higher yields as compared to the control plot and standard checks. However, in 

Medebay Zana Woreda, the highest biomass yield was recorded from fertilization of blended 

fertilizer at the rate of 250 kg ha
-1

. In this  Woreda, the result among the four positive levels of 

blended fertilizers (200, 250, 300 and 350 kg ha
-1

) and the recommended NP fertilizers did not 

revealed significance difference, but, the only difference was over the 150 kg NPSZnB ha
-1

 and 

control treatment. The lowest yield was recorded from the untreated checks. However, in the 

study Woredas there was no increase of yield consistently among the blended fertilizer levels. 

The smallest biomass yield was measured from the unfertilized plots in all study areas. This 

could be due to N effect in all treatments adjusted to the same amount of 64 kg N ha
-1

 except in 

control treatment. It was known that plants required huge amount of N nutrient as compared to 

all essential nutrients. The low yield in unfertilized plots might have been due to reduced leaf 

area development resulting in smaller radiation interception and this result in low efficiency in 

the conversion of solar radiation to prepare their food during photosynthesis. The result of this 

experiment was in agreement with that of Sharma et al (2011) who stated that fertilization of 

macronutrients integrated with micronutrients gave highest biomass yield of crops might be due 

to the additional supply of nutrients. 
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Stover yield 

Stover yield was significantly affected by the treatments in both Woredas (Table 4). In Laelay 

Adyabo Woreda significantly highest yield was obtained from fertilization of maize plots with 

150 kg NPSZnB ha
-1

. There were no significant differences among blended fertilizers in this 

Woreda. The lowest yields were obtained from the negative control and positive control 

(standard checks). In Medebay Zana, the highest yield was recorded from application of 250 kg 

NPSZnB ha
-1

 blended fertilizer. In this Woreda, there was no significance differences in stover 

yields among 200, 250, 300 and 350 kg ha
-1 

levels of NPSZnB and the recommended NP 

fertilizers. The smallest yield was recorded from the control treatment. However, in both 

Woredas, there was no consistent increment in stover yield among the blended fertilizer levels. 

This could be due to N effect because N was adjusted to the same amount of 64 kg N ha
-1 

in all 

treatments except in the control treatment. It was known that plants require huge amount of N 

nutrient as compared to all essential nutrients. The low yield in unfertilized plots might have 

been due to reduced leaf area development resulting in reduced radiation interception and, 

consequently, low efficiency in the conversion of solar radiation. Contrary to this finding, Tekle 

and Wassie (2018) found that straw of tef was found highest in blended fertilizers as compared to 

control treatment and blanket NP recommendation. 

Thousand seed weight  

In Laelay Adyabo, thousand seeds weight of maize crop was found significantly affected by 

blended fertilizer rates only as compared to the negative contro. However, in Medebay Zana it 

was found non-significant. The five levels of NPSZnB blended fertilizer (150, 200, 250, 300 and 

350 kg ha
-1

) didn‟t indicate significance variations on thousand seeds weight of maize among 

each other. The standard check was also in par with the the blended fertilizer rates. The result in 

Laelay Adyabo was similar with that of Dagne (2016) and Tekle and Wassie (2018) who found 

that application of blended fertilizer significantly increased thousand seeds weight as compared 

to the control.  

Grain yield  

The result indicated that grain yield of maize crop was significantly affected by blended fertilizer 

rates in Laelay Adyabo and Medebay Zana Woredas (Table 5). In Laelay Adyabo, plots without 
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fertilizer had significantly lower yield as compared to the five blended fertilizer rates (150, 200, 

250, 300, 350 kg ha
-1

) and standard check. However, there was no significant variation among 

the four rates of NPSZnB rates (150, 200, 250, and 300 kg ha
-1

). Accordingly the highest grain 

yield was obtained from application of 300 kg NPSZnB ha
-1

. In Medebay Zana, significance 

highest yield was obtained from application of 300 kg NPSZnB ha
-1

 as compared  to that of 

NPSZnB  levels (200, 350 kg ha
-1

), recommended NP fertilizes and the control treatment. In the 

two Woredas, the highest yield was obtained from 300 kg NPSZnB ha
-1

.
 
However, in both 

Woredas, there was no consistent increment of grain yield among the blended fertilizer levels. 

This could be due to equal N treatments since N was adjusted to the same amount of 64 kg N ha
-1

 

in all treatments except in control treatment. It was known that plants require huge amount of N 

nutrient as compared to all essential nutrients. 

Table 4. Biomass yield, straw yield and thousand seeds weight of maize crop under effect of NPSZnB 

fertilizer rates combined over years (2017/2018) 
Treatment (kg ha

-1
) BY  

(kg ha
-1) 

SY 

 (kg ha
-1

) 

TSW 

 (g) 

BY 

 (kg ha
-1) 

SY  

(kg ha
-1

) 

TSW (g) 

Laelay Adyabo Woreda Medebay Zana Woreda 

0 8434.20
C 

6339.60
C 

210.48
B
 9692.90

C 
8171.50

C 
198.39 

150 NPSZnB 14146.70
A 

11118.20
A 

225.70
AB

 12526.20
B 

9759.20
BC 

218.51 

200 NPSZnB 12945.10
A 

9948.10
A 

233.37
AB

 13783.20
AB 

11214.80
AB 

217.13 

250 NPSZnB 12664.40
AB 

9678.00
AB 

229.61
AB

 14554.80
A 

11762.50
A 

217.69 

300 NPSZnB 12917.30
A 

9863.30
AB 

241.81
A
 14280.10

A 
11307.10

AB 
224.99 

350 NPSZnB 12835.20
AB 

10016.50
A 

239.25
A
 13659.70

AB 
11223.30

AB 
213.35 

64 N, 69 P2O5 11166.10
B 

8426.10
B 

223.46
AB

 13059.40
AB 

10352.60
AB 

217.09 

Mean 12158.42 9341.42 229.10 13079.48
 

10541.58
 

215.31 

LSD (P≤0.05) 1681.10 1510.80 24.57 1747.50 1642.80 NS 

CV (%) 24.25 28.37 18.81 16.43 19.17 15.74 
Where, means followed by the same letters are not significantly different (P≤0.05), BY- biomass yield, SY- stover yield, TSW-thousand seeds 

weight, NS-non-significance, CV-coefficient of variance 

These results were similar to the findings of Benti (1993) who stated that although adoption of 

new varieties especially maize hybrid is moving fast in Ethiopia, fertilizer management 

techniques need to supplement the existing potential of the varieties. This showed that low soil 

fertility is among the greatest constraints to maize production in Ethiopia (Kelsa et al 1992). The 

increment in grain yield could be attributed to nutrients in the blended fertilizer. The association 

of grain yield with thousand seeds weight observed in this study is in line with Khatun et al 

(1999) findings who concluded that increasing thousand seeds weight yield attribute was the 

most important component directly related to grain yield in maize. Similarly, Tekle and Wassie 

(2018) found that grain yield of tef was found highest in blended fertilizers as compared to 

control treatment and recommended NP fertilizers. 
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Table 5. Grain yield and harvest index of maize crop under effect of NPSZnB fertilizer rates combined 

over years (2017/2018) 
Treatment (kg ha

-1
) GY (kg ha

-1
)

 
HI (%)   GY (kg ha

-1
)

 
HI (%) 

Laelay Adyabo Woreda   Medebay Zana Woreda 

0 2058.40
D
 24.52

ABC 
  1521.40

D 
15.94

E 

150 NPSZnB 3021.40
AB

 22.08
C 

  2767.00
AB 

22.34
A 

200 NPSZnB 3034.50
AB

 24.26
ABC

   2568.40
BC

 18.81
CD 

250 NPSZnB 2945.40
AB

 24.25
ABC

   2792.30
AB 

19.56
BDC 

300 NPSZnB 3200.00
A
 26.52

A 
  2973.00

A 
21.25

AB 

350 NPSZnB 2922.30
B
 23.45

BC 
  2436.40

C 
18.20

DE 

64 N, 69 P2O5 2751.20
C
 25.81

AB 
  2706.90

B 
21.04

ABC 

Mean 2847.60 24.41   1521.40
D 

19.59
 

LSD (P≤0.05) 255.65 3.10   249.40 2.44 

CV (%) 15.75 21.98   12.09 15.33 
Where, means followed by the same letters are not significantly different (P≤0.05), GY- grain yield, HI-harvest index, CV-coefficient of variance 

Harvest index  

In Medebay Zana and Laelay Adyabo, results of the investigation revealed that application of 

blended fertilizer rates had brought significant effect on HI of maize crop.  In Medebay Zana the 

highest HI was measured from application of 300 kg NPSZnB ha
-1

 as compared to that of 150 

and 350 kg NPSZnB ha
-1

. However, this was not significantly different from control treatment, 

standard check and NPSZnB fertilizer rates of 200 and 250 kg ha
-1

. Like the current findings in 

Laelay Adyabo, Tekle and Wassie (2018) found that HI of tef was found highest in blended 

fertilizers. In the second Woreda HI was found significantly highest from application of NPSZnB 

blended fertilizer of 150 kg ha
-1

 as contrasted to control treatment and NPSZnB blended fertilizer 

levels (200, 250 and 350 kg ha
-1

) but, it was significantly in par with 300 kg NPSZnB ha
-1

 and 

recommended NP fertilizers.  

Partial budget analysis 

As it is shown in table 6 and 7, the net farm benefit was calculated taking possible field variable 

costs and all benefits (stover and grain yield) for Laelay Adyabo and Medebay Zana Woredas. 

The maximum farm net benefit were 31941.05 and 26276.60 birr ha
-1

 at the application of 150 

and 300 kg NPSZnB ha
-1

 for Laelay Adyabo and Medebay Zana, respectively. In both Woredas 

the partial budget analysis revealed that application of 150 kg NPSZnB ha
-1

 resulted highest 

MRR% with values of 400 and 418 for Laelay Adyabo and Medebay Zana, respectively. These 

values implied that with one birr cost it was attained 4 and 4.18 birr profit. Therefore, for both 

Woredas NPSZnB at a rate of 150 kg ha
-1

 is recommended. 
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Table 6. Partial budget analysis of stover and grain yield of maize under NPSZnB fertilizer rates for Laelay Adyabo Woreda 
Treatments (kg ha

-1
) TVC SY ADSY GY ADGY TSGR TGGR TSGGR NB MRR (%) 

0 0.00 6339.60 5705.64 1852.56 1862.64 2282.256 20584 22866.26 22866.26   

150 NPSZnB 2275.50 11118.20 10006.38 2719.26 2686.95 4002.552 30214 34216.55 31941.05 400 

200 NPSZnB 3034.00 9948.10 8953.29 2731.05 2699.28 3581.316 30345 33926.32 30892.32 D 

250 NPSZnB 3792.50 9678.00 8710.20 2666.70 2666.70 3484.08 29630 33114.08 29321.58 D 

64 N, 69 P2O5 4524.80 8426.10 7583.49 2476.08 2469.42 3033.396 27512 30545.40 26020.60 D 

300 NPSZnB 4551.00 9863.30 8876.97 2880 2783.61 3550.788 32000 35550.79 30999.79 D 

350 NPSZnB 5309.50 10016.50 9014.85 2630.07 2600.91 3605.94 29223 32828.94 27519.44 D 

 

Table 7. Partial budget analysis of stover and grain yield of maize under NPSZnB fertilizer rates for Medebay Zana Woreda 
Treatments (kg ha

-1
) TVC SY ADSY GY ADGY TSGR TGGR TSGGR NB MRR (%) 

0 0.00 8171.50 7354.35 1521.40 1369.26 2941.74 13692.60 16634.30 16634.30  - 

150 NPSZnB 2275.50 9759.20 8783.28 2767.00 2490.30 3513.31 24903.00 28416.30 26140.80 418.00 

200 NPSZnB 3034.00 11214.80 10093.30 2568.40 2311.56 4037.33 23115.60 27152.90 24118.90 D 

250 NPSZnB 3792.50 11762.50 10586.30 2792.30 2513.07 4234.50 25130.70 29365.20 25572.70 D 

64 N, 69 P2O5 4524.80 10352.60 9317.34 2706.90 2436.21 3726.94 24362.10 28089.00 23564.20 D 

300 NPSZnB 4551.00 11307.10 10176.40 2973.00 2675.70 4070.56 26757.00 30827.60 26276.60 6.00 

350 NPSZnB 5309.50 11223.30 10101.00 2436.40 2192.76 4040.39 21927.60 25968.00 20658.50 D 
Where, TVC=total variable cost, SY=stover yield, ADSY= adjusted stover yield, GY=grain yield, ADGY= adjusted grain yield, TSGR=total stover yield gross return, TGGR, =total grain yield gross 
return, TSGGR=total stover and grain yield gross return, NB=net benefit, MRR=marginal rate of return, TSP=18.55 birr/1kg, urea=12.52 birr/1kg, NPSZnB=15.17 birr/1kg, maize grain=10 birr/1kg, 

maize stover=0.4 birr /1kg 
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Conclusions and Recommendation 

Blended fertilizers had brought significant difference in all parameters except in days to 50% 

tasseling, days to 50% silking and days to 90% maturity in Laelay Adyabo. However, in 

Medebay Zana days to 50% tasseling, days to 50% silking and days to 90% maturity, plant 

height and thousand seeds weight were found non-significance. In Laelay Adyabo  application of 

blended fertilizer had significantly affected the plant height as compared to N and P supply and 

the control. The analysis of variance of treatment on 1000 kernels weight revealed significance 

difference among fertilizer rates and types. The fertilizer rates and types in  both Woredas 

revealed significance difference on above ground biomass yield, grain yield,  stover yield and 

harvest index. In both Woredas, maximum and minimum grain yields were recorded with 

application of 300 kg NPSZnB ha
-1

 and control treatment, respectively.  

In Laelay Adyabo, the maximum maize stover (11118.2kg ha
-1

) was recorded with fertilization 

of 150 kg NPSZnB ha
-1

, whereas in Medebay Zana, the maximum stover yield was found from 

application of 250 kg ha
-1

, but in both Woredas,  the minimum stover yield was obtained from 

the control treatment. According to the partial budget analysis the highest marginal rate of return 

was attained from application of 150 kg NPSZnB ha
-1

 as the best rates recommended for maize 

production in Laelay Adyabo and Medebay Zana Woredas with similar soil types with that of the 

study areas. Therefore, NPSZnB fertilizer at a rate of 150 kg ha
-1

 could be recommended  to 

improve maize (Melkasa 6Q)  production. However, it was not possible to identify the type (s)  

of nutrient (s) in the blend that caused the differences. Further study should be carried out to 

identify the nutrien element (s) that caused the variation. 
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Abstract 

A study was conducted during 2017 and 2018 main cropping seasons to evaluate different levels 

of blended (NPSB) fertilizer on yield and yield component of sorghum at two Tabias (Serako 

and Sekota Slasie) of Tselemti Woreda. The experiment had eight treatments including  six 

levels of blended (NPSB) fertilizer (50 kg NPSB ha
-1

, 100 kg NPSB ha
-1

, 150 kg NPSB ha
-1

, 200 

kg NPSB ha
-1

, 250kg NPSB ha
-1

 and 300kg NPSB ha
-1

) and control plots (no fertilizer 

application) and recommended NP (46 kg N and 46 kg P2O5). The treatments were arranged in 

randomized complete blockdesign (RCBD) with three replications. The result indicated that the 

application of different levels of blended (NPSB) fertilizer significantly affected days to 50% 

heading, head length, plant height, above ground biomass yield and grain yield. Thus, the highest 

grain yield (2519.5 kg ha
-1

) was observed from plots that received 300kg NPSB ha
-1

 whereas the 

lowest grain yield (1688.4 kg ha
-1

) was recorded from plots with no fertilizer application. To 

separate the economically feasible treatment for farmers, partial budget analysis was performed. 

Based on the partial budget analysis, the highest net benefit (24,943.05) was obtained from a 

treatment with 300 kg ha
-1

 NPSB with percentage marginal rate return of 115.5.  This indicates 

additional earning advantage in percent of birr 115.5 over the advantage earning birr of the 

preceding treatments.  Therefore, 300 kg ha
-1

 NPSB is economically profitable and is 

recommended for farmers in Tselemti Woreda and other areas with similar soil and agro-

ecological conditions. 

Key word: Blended fertilizers, sorghum, marginal rate of return, Tselemti   

Introduction 

Sorghum (Sorghum bicolor (L.) Moench) belongs to the family Poaceae which is the fifth most 

important world cereal, following wheat, maize, rice and barley. It is one of the most important 

cereal crops grown in arid and semi-arid parts of the world, evolved in semi-arid tropical Africa, 

mailto:gidenatasew@yahoo.com


 

206 
 

India and China where it is still used as a major food grain (Taye, 2013). Sorghum, because of its 

drought resistance, is the crop of choice for dry regions and areas with unreliable rainfall (Taye 

2013).  

Sorghum is one of the major staple crops grown in the poorest and most food insecure regions of 

Ethiopia. The crop is typically produced under adverse conditions such as low input use and 

marginal lands. It is well adapted to a wide range of precipitation and temperature levels and is 

produced from sea level to above 2000m.a.s.l (Fetene 2011). Its drought tolerance and adaptation 

attributes have made it the favorite crop in drier and marginal areas. Ethiopia is often regarded as 

the center of domestication of sorghum because of the greatest genetic diversity in the country 

for both cultivated and wide forms (Fetene 2011). Ethiopia is the 7th most important producer of 

sorghum in the world, with a share of 5% world average annual production and the third largest 

Africa sorghum producers. Most of the sorghum is consumed domestically.  Sorghum producers 

and rural populations are estimated to consume about 87% of the total sorghum production in 

Ethiopia (FAO 2014). 

Soil fertility is considered to be the major bottleneck constraint in crop production in Ethiopia 

which is due to continuous cultivation of the soils without adequate replenishment for many 

years (FAO, 1999). The major plant nutrients are N and P that added to the soil in the form of 

Di-Ammonium phosphate (DAP) and urea fertilizer (Henry 1990). Application of urea and DAP 

fertilizers has been adapted through extension program in Ethiopia. The blanket 

recommendations are applied regardless of considering the physical and chemical properties of 

the soil as well without considering climatic condition and available nutrient present in the soil 

(Taye et al 2000).  

Fertilizer usage is one instrument implemented as a means of raising production and income of 

farm and households. However, the extent to which fertilizers are used still differs considerably 

between various regions of the world. In Ethiopia, DAP and urea are the only chemical fertilizers 

for crop production with initial understanding that nitrogen (N) and phosphorus (P) are the major 

limiting nutrients of Ethiopian soils Ethiosis (2013). There are many studies to improve 

agricultural productivity using urea and DAP in Ethiopia. Plant growth and crop production 

require an adequate supply and balanced amounts of all nutrients but the use of urea and DAP 
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totally neglected the use of micronutrients. Since deficiency of micronutrients is reported in 

tropical soils, the application of nutrient sources that reduce such deficiencies is necessary. 

Balanced fertilizers containing N, P, potassium (K), sulfur (S), boron (B) and zinc (Zn) in blend 

form have been recommended to ameliorate site specific nutrient deficiencies and thereby 

increase land, water and labor productivity. The need for site-specific fertilizer prescriptions is 

increasingly apparent, however, fertilizer trials involving multi-nutrient blends that include 

micronutrients are rare in Ethiopian context. Although there is general perception that the new 

fertilizer blends are better than the traditional fertilizer recommendation (urea and DAP), their 

comparative advantages were not explicitly examined and understood under various production 

environment. Hence, this study was aimed to determine the optimum blended fertilizer rate  

Materials and Methods 

Description of the study area 

The field experiment was conducted during 2017 and 2018 main cropping season under rain fed 

conditions at farmer‟s field in Tselemti Woreda, North West Zone of Tigray Regional State. 

Tselemti Woreda which is one of the six Woredas of the Northwestern Tigray, is located 13
0
 55‟ 

53‟‟ N and 38
0
 12‟ 19‟‟ E (Figure1). The Woreda altitude varies between 1242 and 1410 meter 

above sea level. Vertisols were the dominant soil types in the study area. The area has mono 

modal rain fall distribution (Figure2) with the mean annual rainfall of 1249.9mm and maximum 

and minimum temperature of 32. °C and 18.6°C, respectively. 

Experimental design, procedures and treatments 

The experiments were conducted at four farmer‟s field and the experiment had eight treatments 

including control (no fertilizer application) and recommended NP (46 kg N ha
-1

, 46 kg P2O5 ha
-1 

) and six levels of blended (NPSB) fertilizer (50kg NPSB ha
-1

, 100kg NPSB ha
-1

, 150kg NPSB 

ha
-1

, 200kg NPSB ha
-1

, 250kg NPSB ha
-1

, and 300kg NPSB ha
-1

). A full dose of blended 

fertilizer were applied at planting time close to seed, while N fertilizer was applied in split 

application, half at planting time and the rest was three weeks after planting. Dekeba was used as 

a test crop and source of the fertilizers for N, P and blended fertilizers were urea, triple super 

phosphate (TSP) and NPSB, respectively. The treatments were laid out in RCBD with three 

replications. The plot size was 3.75 m by 4 m (15m
2
), the spacing between rows and plots were 
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75 cm and 1 m, respectively. All recommended cultural practices for the test crop were done as 

per the recommendation.   

Table 1.  Treatment set up of the experiment in kg ha
-1

 
T1 T2 T3 T4 T5 T6 T7 T8 

Control 50 100 150 200 250 3000 Recommended NP 

 
Figure 1.  Location map of the study area at Tselemti Woreda north western Tigray, Ethiopia 

 

 

Figure 2.  Rainfall, maximum and minimum temperatures recorded in the study area during the 

cropping season 
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Figure 3. Ten years annual rainfall recorded in the study area 

Soil sampling and analysis   

Soil sampling  

Pre planting, disturbed 15 sub samples (0-20cm) were collected using soil auger following 

diagonal sampling techniques within the experimental area and bulk in to one composite sample 

for physical and chemical analysis [soil reaction (pH), Electrical conductivity (EC), organic 

carbon (OC), organic matter (OM), (total nitrogen (TN), (available P (Av. P) and cation 

exchange capacity (CEC)] and after harvesting eight composite soil samples were collected from 

each experimental site. The collected soil samples were properly labeled, packed and transported 

to Shire Soil Research Center. 

Soil analysis 

All samples were analyzed following standard laboratory procedures as outlined by Sahlemedhin 

and Taye (2000). The pH and EC of the soil samples were measured in the supernatant 

suspension of 1: 2.5 soil to water ratio using a bench pH meter and EC meter, respectively. 

Organic carbon and total N of the soil were determined following the wet combustion method of 

walkley and Black (1934), and wet digestion procedure of Kjeldahl method (Bremner and 

Mulvaney 1982), respectively. The available P content of the soil was determined following 

Olsen method (Olsen et al., 1954). Soil texture was analyzed by Bouyoucos hydrometer method 

(Bouyoucos, 1962), (FAO, 2008). The CEC of the soil was determined following the 1N 

ammonium acetate (pH 7) method.  

Physico-chemical properties of the soil samples before planting  
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Table 2. Pre sowing selected soil physicochemical property of surface soil samples (0-20cm) collected 

from the experimental sites 

Soil Property  Site 1  Site 2  Site 3  Site 4  

pH (H2O)  5.93  5.70  6.21  5.65  

EC (ds/m)  0.110  0.172  0.252  0.210  

Av. P (PPm)  5.600  6.71  3.74  6.86  

% OC  1.352  1.320  0.966  1.20  

% OM  2.331  2.276  1.665  2.069  

% TN  0.117  0.114  0.083  0.103  

CEC (meq per /100g soil)  41.51  46.75  58.40  41.00  

% Sand 37 36 35                        34 

% Silt 45 47 47 45 

% Clay 18 16 18 12 

Textural Class loam loam loam loam 

Agronomic data collection  

Data on plant basis was recorded from the three central rows (6.75m2) out of the five rows per 

plot. The crop data collected were days to 50% heading, days to 90% physiological maturity, 

head length, plant height, stand count, total above ground biomass yield and grain yield and were 

subjected to statistical analysis using Statistical Analysis System (SAS) version 9.1 statistical 

software program (SAS 2004).  

Result and Discussion 

Effect of NPSB fertilizer on crop phenology of sorghum  

Days to 50% heading and 90% physiological maturity 

Analysis of variance revealed that the application of different fertilizer treatments significantly 

affected (p< 0.05) days to 50% heading (Table 3). However, the significant differences were 

only with the control (there were no statistically significant differences among the other 

treatments except with control).The maximum days to heading (89 days) were observed in 

control plots and the minimum days to heading (81days) were found in plants that received 300 

kg NPSB ha
-1

. The application of blended fertilizer (300kg NPSB ha-1) hastened by six days 

from recommended NP (46kg N and 46kg P2O5) and eight days from the control plots. This 

result is in agreement with that of Amare et al (2013) and Mebratu et al (2014) who reported that 

when the application rate of nitrogen fertilizer increased from 0 kg ha
-1

 to 150kg ha
-1 

there was a 

prolonged time required by the hot pepper to reach 50% flowering, 50% fruit set and 50% fruit 

maturity.      
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Application of the treatments did not significantly influence the treatments on days to 90 % 

physiological maturity (Table 3), but numerically there is a difference among the treatments. 

Hence, the longest days to 90% physiological maturity (124 days) was recorded in control plots 

and plots that received 200kg NPSB ha
-1

 and 250kg NPSB ha
-1

 matured 121days earlier than the 

other treatments.  

Effect of NPSB fertilizer on crop growth parameters  

The analysis of variance showed no significant differences among the treatments in head length, 

and plant height under the application of blended fertilizers (Table 4). However, the significant 

differences were only with the control (there were no statistically significant differences among 

the other treatments except with control) in plant height. There were no differences among plots 

treated with T1- T8 showing no signifecant difference between recommended NP and most of 

the NPSB rates in head length. 

 Table 3. Means of days to 50% heading and days to 90 % physiological maturity 
Treatments   DH DM 

T1=control 88.97
a
 123.96 

T2= 50kg ha
-1

NPSB 83.71
b
 122.17 

T3= 100kg ha
-1

NPSB 82.79
b
 121.71 

T4= 150kg ha
-1

NPSB 81.42
b
 121.25 

T5= 200kg ha
-1

NPSB 81.63
b
 121.08 

T6= 250kg ha
-1

NPSB 81.17
b
 121.08 

T7= 300kg ha
-1

NPSB 80.92
b
 121.21 

T8= Rec. NP (100 and 100 ) 82.17
b
 121.29 

    Mean 82.84 121.72 

    LSD 3.28 NS 

    CV 6.94 5.49 
Where; DH = Days to 50% Heading, DM =  Days to 90% physiological Maturity 

The tallest (22.16cm) head length and plant height (145.383cm) were observed in plots that were 

treated with 300kg NPSB ha
-1

 and 150kg NPSB ha
-1

, respectively while the shortest head length 

and plant height were found in unfertilized plots. The increment of head length might be due to 

increase in cell elongation and more vegetative growth attributed to different nutrient content of 

blended fertilizer. Gebrelibanos and Dereje (2015) reported that application of optimum amount 

of balanced fertilizer have significance variation on yield per panicle of sorghum. Contrary to 

this result, Dagne (2016) reported that a significant variation was obtained in plant height of 

maize due to the effect of blended fertilizer types. 
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Table 4. Means of Head Length, Plant Height and Stand Count 
Treatments   Head length (cm)   Plant height (cm) 

Control 19.1250
d
 138.292

b
                     

50 kg ha
-1 

NPSB 20.2750
c 
 142.267

ab
                    

100 kg ha
-1 

NPSB 20.9083
bc

 142.342
ab

                   

150 kg ha
-1 

NPSB 21.75
ab 

 145.383
a 
                        

200 kg ha
-1 

NPSB 21.00
bc

 144.358
ab

 

250 kg ha
-1 

NPSB 21.98
ab 

 144.783
a  

                   

300 kg ha
-1 

NPSB 22.16
a 
                       144.833

a
                    

Rec. NP (100 and 100) 21.30
abc

                        141.775
ab  

                

   Mean 21.06                     143.004 

   LSD   1.10   6.11 

   CV 9.17 7.49 

Yield and yield components of sorghum  

Biomass yield and grain yield 

The ANOVA result indicated that the application of different NPSB fertilizer rates affected the 

biomass yield of sorghum significantly at (P< 0.05) (Table 5). The highest biomass yield (8219.9 

kg ha
-1

) was found in plots that received 150kg ha
-1

 and the lowest biomass yield (6397.0kg ha
-1

) 

was observed in control plots. However, there were no significant differences in biomass yield 

among plots treated with the NPSB fertilizer levels. Similar with this result Gebremeskel, (2017) 

reported highest biomass yield (12672 kg ha
-1

) from the application of blended fertilizer 

amended with N and P which was statistically at par with the application of blended fertilizer 

NPKSZn.   Related to this finding, Piri (2012) found that highest biological yield was obtained 

from treatment of 200 kg ha
-1

 of P and the lowest belonged to 50 kg ha
-1

 of P that showed 

increment of 77.16 percent in the biological yield of sorghum as compared with the 50 kg ha
-1

 P 

treatment.  

Table 5. Means of biomass yield; grain yield and Harvest index 
Treatments  Biomass yield (kg ha

-1
)   Grain yield (kg ha

-1
)     Harvest index (%) 

Control 6397.0
b
 1688.4

d                            
     28.64 

50 kg ha
-1

NPSB 7003.5
ab

 2053.5
c
     30.97 

100 kg ha
-1

NPSB 7322.9
ab

 2103.9
bc

     30.89 

150 kg ha
-1

NPSB 8219.9
a
 2266.4

abc
    30.18 

200 kg ha
-1

NPSB 7503.5
ab

 2156.5
bc

    30.33 

250 kg ha
-1

NPSB 7857.6
ab

 2380.9
ab

    31.53 

300 kg ha
-1

NPSB 7971.1
a
 2519.5

a
    33.20 

Rec. NP (100 and 100) 6452.5
b
 1996.6

c
    32.63 

Mean 7341.0 2145.7                                31.1 

LSD 1291.2 222.4    NS  

CV 30.9 18.2   25.98      
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Application of different rates of NPSB fertilizer was statistically significant (P< 0.05) on the 

grain yield of sorghum (Table 5). Plants that were treated with 300 kg NPSB ha
-1

 showed 

significantly higher grain yield as compared to the recommended NP fertilizer and control plot. 

Thus, the lowest grain yield (1688.4 kg ha
-1

) was found in plants with no fertilizer application 

and the highest (2519.5 kg ha
-1

) was recorded in plants that treated with 300 kg NPSB ha
-1

. Plots 

that were treated with 300 kg NPSB ha
-1 

had an
 
increment in grain yield by 41.17%

 
and 25.89%

 

from the control plots and recommended NP fertilizer, respectively. Brhan (2012) also reported 

that high total yield was obtained from treatments that receive blended fertilizers compared with 

plots that receive DAP and urea and control plots in tef. In addition to this, Sujathamma et al 

(2015) found that application of high amount of blended fertilizer resulted in maximum grain 

yield of sorghum as compared with the small amount of blended fertilizers. 

The ANOVA result showed that application of NPSB fertilizer did not significantly affect the 

harvest index (Table 5). However, numerically the highest (33.20) harvest index was found in 

plots that received 300 kg NPSB ha
-1

 and the lowest (28.64) was observed in control plots. The 

analyzed result also indicated that as the amount of NPSB fertilizer increase the harvest index of 

the crop also increased. This finding was similar with that of Birhanu (2012) who reported that 

plots that were treated with blended fertilizer had higher harvest index compared  to unfertilized 

plots.  

Partial budget analysis 

To assess the costs and benefits associated with the different treatments, the partial budget 

technique of International Maize and Wheat Improvement Center (CIMMYT) (1988) was 

applied. According to this manual, experimental yields are often higher than the yields that 

farmers could expect using the same treatments; hence in economic calculations researchers have 

judged that farmers using the same technologies would obtain yields adjusted by 10% lower than 

those obtained by the researchers if the experiments are planted on representative farmers' fields, 

(CIMMYT 1988).  

To separate the economically feasible treatment for farmers, partial budget analysis was 

performed. Based on the partial budget analysis, the highest net benefit (24,943 ETB) was 

obtained from a treatment with 300 kg ha
-1

 NPSB with percentage marginal rate return of 115%.  
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According to the manual for economic analysis of CIMMYT (1988) the recommendation is not 

necessarily based on the treatment with the highest marginal rate of return compared to that of 

neither next lowest cost, the treatment with the highest net benefit, and nor the treatment with the 

highest yield. The identification of a recommendation is based on a change from one treatment to 

another if the marginal rate of return of that change is greater than the minimum rate of return 

(100%). Thus, application of 300 kg ha
-1

NPSB fertilizer rate with percentage of marginal rate of 

return (115.5) for sorghum grain yield was economically beneficial compared to the other 

blended fertilizer rates (Table 6). 
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Table 6. Partial budget analysis 
Treatments Fertilizer cost Transport 

and labor 

cost 

Total 

Variable 

cost 

Adj. Grain 

yield 

Total 

revenue 

Net 

revenue 

MRR 

(Ratio) 

MRR 

(%) 

00 kg ha-1NPSB 0 0 0 1,519.56 18,234.72 16,715.16 0.00 0 

50kg ha-1NPSB 1980.25 140 2120.25 1,848.15 22,177.80 20,329.65 1.70 170 

100kg ha-1NPSB 2708.85 210 2918.85 1,893.51 22,722.12 20,828.61 0.624 62.4 

Rec. NP (100 and 100) 2918.75 210 3128.75 2,039.76 24,477.12 22,437.36 0.478 47.8 

150kg ha-1NPSB 3437.45 280 3717.45 1,940.85 23,290.20 21,349.35 D D 

200kg ha-1NPSB 4166.05 350 4516.05 1796.94 21,563.28 19,766.34 D D 

250kg ha-1NPSB 4894.65 420 5314.65 2,142.81 25,713.72 23,570.91 1.0146 101.46 

300kg ha-1NPSB 5623.25 490 6113.25 2,267.55 27,210.60 24,943.05 1.155 115.5 
  Adj. Grain yield = Adjusted grain yield    MRR= marginal rate of return D= dominated  
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Conclusion and Recommendations 

Application of different rates of blended fertilizer significantly (p<0.05) affected 50% days to 

heading. The lowest (80.9) days were observed from plants that were treated with 300 kg NPSB 

ha
-1

 followed by those plants that received 250 kg NPSB ha
-1

which is (81.2 days). Head length, 

of sorghum was also statistically (p<0.05) affected due to the application of the blended fertilizer 

but there were no significant differences in plant height among the plots treated with fertilizers 

except with the control plot. The tallest (22.16cm) head length and plant height (145.383cm) were 

observed in plots that were treated with 300 kg NPSB ha
-1

 and 150 kg NPSB ha
-1

 respectively. 

Blended fertilizer application significantly (p<0.05) affected the above ground biomass of 

sorghum. The highest biomass (8219.9 kg ha
-1

) was obtained from plots that were treated with 

150 kg NPSB ha
-1

 followed by 7971.1kg ha
-1

 which was found from plants that received 300 kg 

NPSB ha
-1

. Similarly, grain yield was significantly (p<0.05) affected through the application of 

the blended fertilizer. Therefore, higher grain (2519.5 kg ha
-1

) was observed from plots that were 

treated with 300kg NPSB ha
-1

 followed by 1880.9 kg ha
-1

 from plants that received 250 kg 

NPSB ha
-1

.  

According the partial budget analysis, the highest net benefit (24,943.05) was obtained from plots 

treated with 300 kg ha
-1

 NPSB with percentage marginal rate return of 115.5. This indicates 

additional earning advantage in percent of birr 115.5 over the advantage earning birr of the 

preceding treatments.  Therefore, 300 kg ha
-1

 NPSB is economically profitable and is 

recommended for farmers in Tselemti Woreda and other areas with similar soil and agro-

ecological conditions.   

Based on the results of the study, the following recommendations are forwarded. 

 Impacts of the additional nutrients (S and B) in the blended fertilizer seem to significantly 

increased the biomass production of sorghum. Thus, further study across different 

locations is very important. 

 Blended NPSB fertilizer at a rate of 300 kg ha
-1 

NPSB could be recommended for 

sorghum grown on Vertisols  

 Additional studies are also needed on the impact of these blended fertilizers on straw and 

grain quality of sorghum. 
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Abstract 

Rice is recently introduced, produced and consumed in Tigray with the potential to contribute for 

food security. However, its productivity is limited mainly due to lack of improved varieties, poor 

agronomic practice and low soil fertility. Thus, study was initiated to determine an appropriate 

sowing method and blended fertilizer rate to improve rice productivity. A field experiment was 

conducted in 2017 cropping season at Tselemti Woreda with two factors: (i) three sowing 

methods (broadcast, dibbling and drilling); and (ii) five level of blended fertilizer rates NPSB 

(18.1, 38.1, 6.7, 0.71, (64, 46, 6.7, 0.71), (69, 60, 6.7, 0.71), (64, 46, 0, 0) and a control 

treatment. The experimental design was split plot with three replications where the sowing 

methods were used as main plots and the fertilizer rates as subplot. Composite soil samples were 

analyzed before sowing. Besides, data on crop phenology, growth, yield and yield components 

were collected and analyzed. The physicochemical properties of the study area is categorized as 

clay with low content of soil organic carbon, total nitrogen and available phosphorous. Sowing 

methods significantly affected plant height, panicle length, number of fertile tiller per panicle, 

thousand seed weight, biomass and grain yield. Blended fertilizer rate showed significant 

difference (p<0.05) on crop phenology, growth parameters, yield and yield components of rice. 

The interaction effect of fertilizer rate and sowing methods was significant on grain yield (P ≤ 

0.001), biomass and straw yield (P ≤ 0.01). Maximum 5708 and 11496 kg ha
-1

 grain and biomass 

yield, respectively were obtained from the application of NPSB (69, 60, 6.7.0.71) kg ha
-1

 

combined with dibbling method. The partial budget analysis revealed that the highest MRR 

1698.3 and 1647.4 % were obtained from plots treated with NPSB (18.1, 38.1, 6.7, 0.71) and (64, 

46, 6.7, 0.71) kg ha
-1

 under the dibbling sowing method, respectively. Based on the results it 

could be concluded that application of NPSB (64, 46, 6.7.0.71) kg ha
-1

 under the dibbling sowing 

method is better in terms of both biological and economical yield in the area.  

Keywords: Blended fertilizer, Sowing method, upland rice, Marginal rate of return 

Introduction 

Rice has become a commodity of strategic significance and rapidly growing source of food 

across many African countries (Hegde and Hegde 2013). The total milled rice grain production 

in sub suhran Africa increased from 2 million tons in 1961 to 16 million tons in 2009. About 

mailto:welatg2002@gmail.com
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80% of rice in Africa is produced by small–scale farmers for their own utilization and local 

market (Africa Rice Center, 2011).  

Rice was introduced to Ethiopia in the 1970s and has been cultivated in small pockets of the 

country (Zenna et al 2008). Even though rice is not a traditional staple food in Ethiopia but its 

feeding system is rapidly adopted by the farmers and preparing different recipes from rice. 

Currently, Ethiopia is fast emerging as one of the rice-producing countries in sub-Saharan Africa 

[National Rice Research and Development Strategy of Ethiopia (RRDSE) 2010]. In Ethiopia, 

three rice ecosystems were identified, (1) Rain fed upland rice, (2) Rain fed lowland rice, (3) 

Irrigated lowland rice growing under full irrigation access [Ethiopian Institute of Agricultural 

Research (EIAR) 2011]. Having the different agro ecology the potential for rice production area 

in Ethiopia is estimated to be about 30 million ha; from this potential 5 million ha is highly 

suitable [Ministry of Agricuture and Rural Development (MoARD) 2010]. Despite its relatively 

recent history of cultivation, rice in Tigray is considered to be one of the strategic crops of the 

region in alleviating poverty mainly due to its better yield and versatile uses (Alem and Feten 

2015).  

Rice has got wider adoption by Ethiopian farmers due mainly to social, economical, and 

environmental perspectives (Alem and Feten 2015). However, the productivity and 

competitiveness of the crop under farmers‟ field conditions is low. The average regional and 

notional yield is about 2.8 and 2.9 t/ha, respectively [Cental Statistical Agency (CSA) 2016], 

which is much lower than the world‟s average rice yield of 4.54 t/ha [Food and Agriculture 

Organization (FAO) 2012]. Several factors are generally known as the major constraints in 

upland rice production in the country. However, inadequate nutrient management, poor 

agronomic practices, pre and post harvest handling are some of research and development gaps 

given priorities under the current situation of rice production in Ethiopia (Taddesse 2009). 

Fertilization, particularly of the macro-nutrients such as nitrogen, phosphorus and potassium are 

a major input in rice production and then affect rice yield and quality due to the micro-nutrients 

like zinc, boron and cupper are depleted from the soils of major crop producing area of the 

country [Ethiopian Soil Information System (EthioSIS) 2013].  
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Other important factors which affect the yield of rice are poor agronomic practice like broadcast 

sowing method as a major yield limiting factor due to high and uneven population distribution 

leads to high competition for sunlight, moisture and nutrients. Broadcast sowing method cause 

nutrient loss from the soil plant system through leaching, NH3 volatilization, de-nitrification and 

immobilization thereby reduce both yields and nutrient use efficiency of the crops. Nutrient use 

efficiency in rice under broadcast sowing method is 30 to 50% (Savant and Stangel 1990) which 

is very low. Based on the Ethiopian soil information system analysis report, NPSB is among the 

fertilizer types recommended for Tselemti Wereda. More ever there is no a comprehensive study 

made so far to understand rice sowing method and about the new NPSB blended rate for rice in 

the study area. Thus, this calls to investigate appropriate sowing method and blended fertilizer 

rate in the potential rice production area of Tselemti Woreda.  

Material and Methods 

Description of the study area  

The field experiment was conducted at the research station of Shire Maitsebri Agricultural 

Research Center located in Tselemtiy distinct (Figure 1). Tselemtiy Woreda is found in the North 

western part of Tigray region, located 400 km away from the capital city of Tigray Mekelle. It is 

situated at 38
o
15‟ E longitude and 13

o
48‟ N latitude. The research station lies at 13

o 
05‟N latitude 

and 30
o 

08‟ E longitude and has an altitude of 1350 meter above sea level. Tselemti Woreda has 

an altitudnale range of 800 to 2,870 meter above sea level and its agro-ecological zone is hot to 

warm-moist lowlands (78.35%), cool-moist mid highlands (19 %) and (2.65%) cool highland. 

The average (10 years) annual rainfall of the area is 1254.89 mm with a mean maximum and 

minimum temperature of 33.87 and 17.68
o 

C, respectively. The total monthly rainfall in the area 

during the 2017 growing season of the crop was 1293.0 mm characterized by bimodal rainfall 

pattern. The mean maximum and minimum monthly temperature during the growing season 

were 36.5 and 15.54
o 
C, respectively. 
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Figure 1. Location map of Tselemti wereda including the study area and Tigray region in Ethiopia 

(Source: Alem et al 2018). 

Experimental design, treatments and procedures 

The experimental design was split plot with three replications, where the sowing methods were 

used as main plot and blended fertilizer rates as a subplot (Table 1). The spacing between plot 

and blocks were 1 m and 1.5 m, respectively. Experimental plots were prepared 3 m by 2.4 m. 

Full dose of di-ammonium phosphate (DAP), NPSB and triple super phosphate (TSP)  were 

applied at the time of planting, the combined nitrogen level found on both DAP and NPSB were 

used as a starter at the time of sowing  and the full dose of Urea was side dressed at tillering and 

panicle initiation stage of the crop. Maitsebri 2, recently released rice variety with 80 kg ha
-1

 of 

seed rate was used for all sowing methods. All other cultural practices were applied uniformly to 

all plots as per standard recommendations for the crop. Sowing was done as per the on-set of the 

main growing season. 

Table 1. Treatment Combinations used in the Experiment details are presented in table below 

Trt Treatment combinations 

A. Main plot (type of sowing methods) 

  1. Broadcast Sowing Method  

     2. Dibbling Sowing Method 

     3. Drilling Sowing Method 

 B. Subplot (Blended fertilizer rate kg/ha) 

  1. Control it has (0N, 0P, 0S, 0B) 

  2.  100 NPSB it has (18.1N, 38.1P, 6.7S, 0.71B)  

  3.   100 DAP and 100 UREA it has (64N, 46P, 0S, 0B)  

  4.  100NPSB+100UREA+17.4TSP it has (64N, 46P, 6.7S, 0.71B) 

  5.  100NPSB+111UREA+48TSP it has (69N,60P,6.7S,0.71B) 

Soil sampling and analysis procedure   

Before planting one composite soil sample was collected from (0 - 20 cm) depth with an auger. 

Soil samples were air dried, crushed and passed through a 2 mm mesh sieve for physicochemical 
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analysis. The collected soil before planting were subjected to texture, soil reaction (pH), organic 

carbon (OC), total nitrogen (N), available P, electric conductivity (EC) and cation exchange 

capacity (CEC) analysis. Soil texture was determined using the Bouyoucos hydrometer method 

(Bouyoucos 1962). The pH of the soil was measured in the supernatant suspension of a 1: 2.5 

soil to water ratio using a pH meter by potentiometer method (Rhoades 1982). Available P was 

determined by Olsen et al (1954) method. Total N was determined using Kjedahl method as 

described by Bremner and Mulvaney (1982). Ammonium acetate method was used to determine 

CEC as described by Black et al (1965). Electrical conductivity meter was used to measure EC in 

1:5 soils to water saturation extract referenced to a standard temperature of 25
o
C (Jackson 1967). 

Organic carbon was based on the Walkley-Black chromic acid wet oxidation method by titrating 

with ferrous sulfate solution, using diphenylamine indicator to detect the appearance of 

unoxidized ferrous iron (Walkley and Black 1934). 

 

Result and Discussion 

Soil physical properties of the study site 

The physical analysis results of the composite soil sample collected from the experimental area 

before sowing is presented in (Table 2). The proportion of the soil particle was found to be 34 % 

sand, 48 % clay and 18 % silt. Accordingly the soil textural class classified as clay. 

Table 2: Chemical and physical properties of soil in the experimental site before sowing 

 Soil characters Values Rating Reference 

 Sand (%) 34   

 Silt (%) 18   

 Clay (%) 48   

 Texture Class Clay   

 pH  5.59 Moderately acidic Horneck et al. (2011). 

 Organic carbon (%) 1.159 Deficient  Defoer et al. (2000). 

 Total nitrogen (%) 0.069 Low Bashour (2007). 

 Available P (mg kg
-1

) 5.351 Low Jones (2003). 

 EC (mmhos/cm) 0.45 Low Marx et al. (1999). 

 CEC (cmol (+) kg
-1

) 53.1 High  Metson (1961). 

Crop phenology and growth parameters  

Days to panicle heading and maturity  

Days to 50% panicle heading was significantly (P < 0.001) affected by the main effect of 

blended fertilizer rate (Table 3). Increasing rates of N and P in the amended blended fertilizer 
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rate significantly affected days to 50 % panicle heading, while the main effect of sowing method 

andits interaction with blended fertilizer rates showed no significant effect. The highest mean 

number of days (90.6) to 50 % panicle heading was recorded from the control treatment followed 

by treatments that received lowest blended rate which is NPSB (18.1, 38.1, 6.7, and 0.71) kg ha
-1

 

with a mean value of 79.2 days. The lowest 76.7 days to 50 % panicle heading was recorded 

from plots treated with the highest blended fertilizer which is NPSB (69, 60, 6.7, and 0.71) kg ha
-

1
. The results to 50 % panicle heading showed that increasing level of NP in the blended fertilizer 

rates had shorter days to panicle heading while decreasing level of N and P in the blended 

fertilizer rates delayed days to 50 % panicle heading. This might be attributed to high level of N 

and P fertilizer rate that enhanced the vegetative growth and hence reproductive stage of crop. In 

line with this result, Bahmanyar and Mashaee (2010) reported that rice plants that received no N 

and low N rates (N0 and N50) showed some N deficiency symptoms such as chlorosis, few 

numbers of tillers, delayed panicle heading and maturity. 

Table 3. Mean of days to 50% heading (DH), days to 90% maturity (DM) as affected by sowing methods 

and blended fertilizer rates. 
Trt. Combination DH DM 

A. Sowing Methods   

     (Broadcast) 80.47 107.4 

    (Dibbling) 80.00 107.2 

    (Drilling) 79.87 106.9 

    LSD (0.05) 2.418 1.3 

    P-Value 0.782 0. 543 

B. Fertilizer rates kg ha
-1

    

    Control 90.67
c
 112.7

c
 

    NPSB (18.1, 38.1, 6.7, 0.7) 79.22
b
 107.3

b
 

    NPSB (64, 46, 6.7, 0.7) 76.89
a
 105.4

a
 

   NPSB (69, 60, 6.7, 0.7) 76.78
a
 105.6a 

   NPSB (64,46, 0, 0) 77.00
a
 104.8

a
 

   LSD (0.05) 1.355 1.0 

   P-Value <0.001 <0.001 

   CV (%) 1.3 0.5 
 Means with the same letter in a column are not significantly different, CV = Coefficient of Variation;  

A statistically significant (p<0.001) difference was observed on days to 90% maturity due to the 

different blended fertilizer rates over the control and the lowest blended fertilizer rates (Table 3). 

Delayed physiological maturity was observed on control treatment with a mean value of 112.7 

days, followed by the lowest blended rate NPSB (18.1, 38.1, 6.7, and 0.71) kg ha
-1

 with a mean 

value of 107 days. While, the shortest number of days to physiological maturity were recorded 

from the plot treated with blanket recommendation. From the analytical results it was  observed 

that increasing N and P rates in the blended fertilizer rate triggerred quicker reproductive phase 
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responses and vice versa. This finding is in line with Halima et al (2017) who reported that rice 

plants that received no N and low N rates (N0 and N50) kg ha
-1

 showed some N deficiency 

symptoms such as chlorosis, few numbers of tillers and finally delayed maturity.  

Plant height and panicle length  

Plant height 

Both sowing methods and blended fertilizer rates significantly affected (p<0.05) the development 

of plant height. The highest plant height (79.6 cm) was recorded from the dibbling sowing 

method followed by drilling sowing method (75.68 cm) and the lowest plant height (71.72 cm) 

was recorded in the broadcast sowing method (Table 4). The variation in plant height could be 

due to plants sown at a specific distance leads to less competition for nutrients, space, light and 

moisture among the plants. This is in lines with the finding of Oyewole et al (2010) who reported 

that dibbling sowing methods had the highest establishment of plants than broadcasting and 

drilling sowing methods. Likewise, Awan et al (2007) also reported that the difference in plant 

height was due to better plant establishment and less competition among the plants in dibbling 

sowing methods. This also corresponds with the finding of Berhe et al (2011) on tef and planted 

by drilling method that resulted in taller plants than the broadcasted seed. 

In the dibbling sowing method, the root penetration to the soil becomes high due to making a 

row with 2-3 cm depths at sowing and resulting in efficient nutrient uptake from the soil and 

minimizes nutrient loss easily soluble fertilizer such as urea through volatilization, run off and 

de-nitrification. The other possible reason could be that in dibbling and drilling sowing methods 

the loss of nutrients may be lower than broadcasting method as the fertilizers placed and covered 

side by side with the rice seed. Most of the yield reduction from urea left on the soil surface 

without incorporation in broadcast sowing method has been attributed to ammonia volatilization. 

This result supports  the finding of Bautista et al (2000) who  concluded that placement of any N 

source fertilizer with simultaneous soil cover was effective in minimizing its loss by flood water 

ammonium-N losses and ammonia volatilization.   

Plant height was also significantly (p<0.01) affected by the different blended fertilizer rates. 

Plant height increased with increasing rates of N and P in the blended fertilizer rates. It is evident 

from Table 4 that, significantly higher mean plant height (81.47 cm)  was found on treatments 
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that received the higher level of blended fertilizer rates which was NPSB (69, 60, 6.7, 0.71) kg 

ha
-1

 and this blended fertilizer rate was amended by urea and TSP to increase N and P content 

from 18.1 and 38.1 to 69 and 60, respectively, followed by treatments fertilized with NPSB (64, 

46, 6.7, 0.71) kg ha
-1

 having the average value of   80.2 cm, While the lowest 69.38 cm was 

recorded from the control NPSB (0, 0, 0, 0) kg ha
-1

, followed by the lowest blended rate which 

was NPSB (18.1,38.1, 6.7, 0.71) kg ha
-1

 with the average value 69.9 cm. The promotion of rice 

plant height in the highest rates might be due to applications of NP is apparent as N is an 

essential nutrient for plant growth since it is a constituent of all proteins and nucleic acids, 

whereas P is essential for production and transfer of energy in plants. The result obtained from 

this study were in line with the finding of Dereje et al (2017) who found a significant increased 

rice plant height from 68.7 cm to 79.1 cm with application of 138 N kg ha
-1

, when the level of N 

increased up to N 138 kg ha
-1

 significantly (p< 0.001).The same author also reported that the 

promotion of rice plant height was due to the fact that N is an essential nutrient for plant growth 

since it is constituent of all protein and nucleic acids.  

Panicle length  

Panicle length is one of the growth parameters in rice and was significantly affected by both 

sowing methods and blended fertilizer rates but not by their interaction (Table 4). The analysis of 

variance result showed that the taller panicle length was recorded from dibbling sowing method 

followed by drilling sowing method with a mean value of 19.63 cm and 18.68 cm, respectively 

where as the lowest 17.41 cm mean panicle length was recorded under the broad cast sowing 

methods. The difference in panicle length could be due to more space, sunlight and nutrients 

availability in dibbling and drilling sowing methods, whereas in broadcasting sowing method 

there was no specific space between the rows and the crops that increased competition of 

resources and that hindered the development of panicle length and other yield attributes. 

Similarly, panicle length was significantly (p<0.001%) influenced by the different blended 

fertilizer rates (Table 4). The higher mean panicle length was obtained from NPSB (69, 60, 6.7, 

0.71) kg ha
-1

 followed by NPSB (64, 46, 6.7, 0.71) kg ha
-1

 with a mean value of 20.04 cm and 

19.44 cm, respectively. The shortest mean panicle length was recorded from the lowest blended 

fertilizer rate which was NPSB (18.1, 38.1, 6.7, and 0.71) kg ha
-1

 and the control with a mean 

value of 17.06 cm and 17.40 cm, respectively.  
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Table 4. Main effects of sowing methods and blended fertilizer rate on plant height and panicle length of 

rain fed upland rice. 

Treatments Phenological parameters 

A. Sowing Methods Plant height (cm)  Panicle length (cm) 

    (Broadcast) 71.72
c
 17.41

b
 

    (Dibbling) 79.65
a
 19.63

a
 

    (Drilling) 75.68
b
 18.68

a
 

    LSD (0.05) 

    P- Value 

3.441 

<0. 008 

1.00 

<0. 009 

B. Blended rate (kg ha
-1

)   

     (Control) 69.38
c
 17.40

c
 

    NPSB (18.1, 38.1, 6.7, 0.7) 69.94
c
 17.06

c
 

    NPSB (64, 46, 6.7, 0.7) 80.2
ab

 19.44
ab

 

   NPSB (69, 60, 6.7, 0.7) 81.47
a
 20.04

a
 

    NPSB (64,46, 0, 0) 77.42
b
 18.92

b
 

    LSD (0.05) 

    P- Value 

3.416 

<0. 001 

0.95 

<0. 001 

    CV (%) 2.0  2.4 
CV = Coefficient of Variation; Means in column followed by the same letters are not significantly different at 5% level of Significance 

Yield and yield components 

Number of fertile tillers per plant  

The analysis of variance for the number of fertile tillers per plant revealed significant (P < 0.001) 

differences for the main effect of blended fertilizer rates and at 5% probability level for sowing 

methods among the treatments, although it was not influenced by their interactions. The highest 

(5.45)  number  of effective total tillers per plant  was recorded in dibbling sowing method 

followed by the drilling sowing methods (4.1), while the lowest (3.16) was recorded from the 

broad cast sowing methods (Table 5). This might be attributed due to the low competition for 

resources in both dibbling and drilling sowing methods than broadcasting method. This finding is 

in line with Oyewole et al (2010) who reported that dibbling sowing method had the highest 

establishment of plants than the drilling and broad casting methods.  

Likewise for the main effect of blended fertilizer rates the maximum number of fertile tillers per 

plant was 5.3 followed by 4.7  and were recorded from the highest rate of blended fertilizer 

NPSB (69, 60, 6.7, 0.71) kg ha
-1

 and NPSB (64, 46, 6.7, 0.71) kg ha
-1

, respectively. While the 

lowest number of fertile tillers was obtained from the lowest blended rate and the control 

treatment with a mean value of 3.7 and 3.08, respectively. The reasons for that might be due to 

the application of different N and P nutrients which simulate vegetative growth, development 

and accelerate tillering capacity of the crop. In addition to this, P also reduces tiller sterility. The 

result is similat to that of Fairhurst et al (2007) who found increased number of fertile tillers, 
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panicle length and number of spikelets which consequently increased grain yield in kg ha
-1

 by 

the application of N and P nutrients. 

Number of fertile grain per panicle 

The analysis of variance showed significant difference (P<0.01) in number of fertile grain per 

panicle due to the effects of different blended fertilizer rates and different sowing methods. 

However, their interaction effect was not significantly different (Table 5). With regard to the 

main effect of sowing methods, the highest number of fertile grains per panicle (100.12) were 

found from the dibbling sowing method followed by drilling method (86.92) and the lowest 

7(9.55) number of fertile grain per panicle from the broadcast method (Table 5).The variation in 

the methods of planting could be due to better crop establishment or growth of rice plants as a 

result of lesser competition for water, sunlight and nutrients. This is similar to the report by 

International Rice Research Institute (2008) which stated that dibbling and line sowing methods 

enables optimal spacing, and can increase number of effective tillers, grain per panicle and 

finally paddy yield over poor spacing and/or broadcast methods. 

There was an increasing trend in the number of fertile grain per panicle across the increasing 

rates of N and P2O5 in the blended fertilizer rates. The highest number of grains per panicle was 

recorded from the highest level of blended rate which is NPSB (69, 60, 6.7, 0.71) kg ha
-1

 

followed by NPSB (64, 46, 6.7, 0.71) kg ha
-1

 with a mean value of 103.60 and 95.9, respectively. 

The lowest number of fertile grain per panicle was observed from the lowest blended fertilizer 

rate of NPSB (18.1, 38.1, 6.7, and 0.71) kg ha
-1

 and the control treatment with the mean value of 

71.96 and 81.62, respectively. These results may have been influenced by the application of the 

additional NP from other sources of inorganic fertilizers.  As described by Mattson et al (2009) 

increasing levels of ammonium and nitrate in the soil can facilitate plant growth and 

development and then increase the yield components of rice.  

Thousand Seed weight  

Analysis of variance on this parameter showed significant effect due to blended fertilizer rates 

(p<0.01) and sowing method (p<0.05), while the interaction effect of both factors did not show 

significance difference for thousand seed weight (Table 5). For the main effect of sowing 

methods, the highest thousand seed weight was recorded from the dibbling sowing method while 
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the other two sowing methods did not show statistically significance difference among each 

other. This might be due to the wider spacing in dibbling sowing method that encouraged proper 

crop growth and development and assimilate synthesis in the grains.  

The highest thousand seed weight (35.71 g)  was recorded for treatments that received NPSB 

(64, 46, 6.7, 0.71) kg ha
-1

 blended fertilizer  followed by NPSB (64, 46, 6.7, 0.71) with a mean 

value of 34.98 g, while the lowest (33.2 g) thousand seed weights were recorded from the control 

and the previously used rate in the area. The significance difference in thousand seed weight with 

the blended fertilizers might be due to the presence of substantial difference among treatments in 

the major NP nutrients which play the major role in growth and development of a crop and 

accelerate photosynthesis activity. This result is like that of the Fageria et al (2011) who 

indicated that use of organic and inorganic sources of plant nutrients significantly reduced grain 

sterility which were positively and directly associated with grain yield. 

Table 5. The yield and yield parameters of rice under the main effect of sowing methods and blended 

fertilizer rates. 
Treatments Phenological parameters 

FTPP FGPP TSW HI 

A. Sowing Methods     

    (Broadcast) 3.160
c
 79.55

b
 33.88

b
 0.46 

    (Dibbling) 5.453
a
 100.12

a
 34.97 

a
 0.48 

    (Drilling) 4.107
b
 86.92

b
 34.14

b
 0.47 

    LSD (0.05) 0.8642 11.41 0.56 4.1 

    P-Value < 0. 005 < 0. 018 < 0. 012 <0. 379 

B. Fertilizer rates kg ha
-1

      

    NPSB (0, 0, 0, 0) 3.089 
d
 81.62

c
 33.2

c
 0.48 

    NPSB (18.1, 38.1, 6.7, 0.7) 3.778 
c
 71.96

d
 34.09

bc
 0.47 

    NPSB (64, 46, 6.7, 0.7) 4.689 
b
 95.9

ab
 34.98

a
 0.47 

    NPSB (69, 60, 6.7, 0.7) 5.289 
a
 103.60

a
 35.71

a
 0.49 

    NPSB (64,46, 0, 0) 4.356 
b
 91.22

bc
 33.65 

c
 0.47 

    LSD (0.05) 0.5053 8.41 0.98 1.8 

    P-Value < 0. 001 < 0. 001 < 0. 001 <0. 471 

    CV (%)  9.0  5.7  0.7  3.8 
LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; FTPP= of fertile tillers per plant; FGPP = fertile grain per 

panicle; TSW=thousand seed weight; HI= Harvest index, Means in column followed by the same letters are not significantly different at 5% level 

of Significance. 

Grain yield  

The analysis of variance for the grain yield revealed significant (p<0.001), (p<0.05) and  

(p<0.001) difference for blended fertilizer rates, sowing methods and their interaction effect, 

respectively (Table 6). Increased trends of NP in the blended rate under different sowing 

methods for each and every interaction treatment produced significantly higher grain yield over 
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the lowest rate and the control treatment. The highest mean grain yield (5708 kg ha
-1

) was 

recorded from the blended fertilizer rate that contain high level of NP, which was NPSB (69, 60, 

6.7, 0.71) kg ha
-1

 under dibbling sowing method and this was followed by the same sowing 

method with NPSB (64, 46, 6.7, 0.71) kg ha
-1

 blended fertilizer rate with a mean grain yield of 

5196 kg ha
-1

. Whereas, the lower (2504) and  (2528 kg ha
-1

) gain yields were recorded from the 

interaction effect of control treatment and the lowest blended fertilizer rate NPSB (18.1, 38.1, 

6.7, 0.71) kg ha
-1

 combined with broadcast and dibbling sowing methods, respectively. 

Significance difference was also observed between the previously used blanket recommendations 

NP (64, 46) kg ha
-1

 without changing the level of NP in both treatments. The significance 

variation in mean grain yield might be due to the availability of S and B in the blended rate, S 

involves in plant protein synthesis and improve N uptake by the plant and B is associated with 

cell division, flowering and fruiting and then finally increases grain yield of rice. The results 

clearly showed that the yield of rice could be maximized by the combined effect of increased 

blended fertilizer rate under dibbling sowing methods. This could be attributed to the availability 

essential macro and micro nutrients that enhance the productivity of rice. This result confirms the 

finding of Anbessa et al. (2016) who indicated that the yield of rice was significantly (P < 0.001) 

increased by high level of N applied up to a rate 138 kg P ha
-1

 and the grain yield can be 

achieved by 47 %. The author also reported that by applying 92 kg P ha
-1

 and 46 kg P ha
-1

 36.2 

and 32.5 % grain yield of rice can be achieved, respectively compared to the control that 

received no NP at all. Similar result was reported by Bereket et al. (2014) who reported that P 

application of 46 kg P ha
-1

 increased significantly grain and straw yields by 38 % and 46 %, 

respectively than control in wheat. 

Likewise the yield increment in the combined effect of dibbling sowing method with increased 

rates of blended fertilizer might be due to readymade availability of NP from the blended rate 

and better nutrient use efficiency. Not only in the dibbling but also in the drilling sowing 

methods, there might be low nutrient loss for highly soluble source of nutrients like urea through 

volatilization, immobilization, run off and nitrification due to placement of fertilizer in row side 

by side with the rice seed can be easily uptake by the roots system. This finding is similar to that 

of Rehm and Lamb (2009) who found that placement of fertilizer near the maize seed at the time 

of sowing increased early growth, P uptake and yield which can be an effective management 

practice with minimal risk nutrient loss. Similar finding wos reported by Bautista et al (2000) 
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who concluded that placement of any N source fertilizers with simultaneous soil cover was 

effective in minimizing N losses through different mechanisims and increased N use efficiency 

in rice production. From the above results, it may be concluded that use of amended blended 

fertilizer rates for N and P under dibbling sowing method was better for both improving crop 

growth and increased crop productivity in rice production systems. 

Table 6.  Grain yield as influenced by the interaction effect of blended fertilizer rate and sowing methods. 

Sowing 

methods 

Fertilizer rate kg ha
-1

 

Control  (0, 

0, 0, 0) 

NPSB  (18.1, 

38.1, 6.7,0.7) 

NPSB (64, 46, 

6.7, 0.7) 

NPSB  (69, 60, 

6.7, 0.7) 

NPSB (64,46, 

0, 0) 

(Broadcast) 2504
h
 2653

gh
 3936

f
 4503

de
 4000

f
 

(Dibbling) 2528
h
 3668

f
 5196

b
 5708

a
 4524

d
 

(Drilling ) 2682
h
 3053

g
 4675

cd
 5032

bc
 4086

ef
 

LSD (0.05) 

P- Value         

421.61 

< 0. 001 

    

CV (%)   5.5     
LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means in column followed by the same letters are not 

significantly different at 5% level of Significance. 

Straw yield  

Straw yield is obtained by subtracting the grain yield from the above ground biomass. Straw 

yield of rice varied significantly (P <0 .01) among the treatments of sowing method and blended 

fertilizer rates. The increasing level of NP in the blended fertilizer rates combined with the 

dibbling sowing method positively increased the straw yield of rice. The maximum mean straw 

yield (5812 kg ha
-1

) followed by (5788 kg ha
-1

) was recorded from the treatments fertilized with 

NPSB (64, 46, 6.7, 0.71) and (69, 60, 6.7, 0.7) kg ha
-1

 under the dibbling sowing method (Table 

7). Whereas the minimum 2767 and 2646 kg ha
-1

 mean straw yield was recorded from the 

control treatment combined with broadcast and dibbling sowing methods, respectively. 

Generally, each and every treatment interaction effect produced higher straw yield than the 

control. These results indicated that under the given experimental conditions, combined 

application of blended fertilizer rate amended with urea and TSP and under dibbling and drilling 

sowing method significantly improved straw yield of rice.  

The increase in straw yield might be attributed to application of increased amended rates of NP 

in blended fertilizer that enhanced vigorous vegetative growth and increased dry matter 

accumulation as a result of increased vegetative growth favored by enhanced nutrient uptake by 

rice plants. This result is like the findings of Dereje et al (2017) who reported an increasing 

levels of applied N up to 138 kg ha
−1

 increased straw yield of rice significantly (P ≤ 0.01) from 
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4544.8 kg ha
-1

 in the control treatment to 7002.1 kg ha
−1

 with application of 138 kg P ha
-1

 and 

similar to that increasing the levels of applied P also increased straw yield of rice significantly (P 

≤ 0.05) up to 60 kg P ha
-1

.  

 

Table 7. Straw yields as influenced by the interaction effect of blended fertilizer rate and sowing methods. 

Sowing 

methods 

Blended fertilizer rate kg ha
-1

 

Control  (0, 

0, 0, 0) 

NPSB  (18.1, 

38.1, 6.7,0.7) 

NPSB (64, 46, 

6.7, 0.7) 

NPSB  (69, 60, 

6.7, 0.7) 

NPSB (64,46, 

0, 0) 

(Broadcast) 2767 3441
g
 4259

def
 4856

bc
 4488

cde
 

(Dibbling) 2646 4106
ef
 5812

a
 5788

a
 4780

bcd
 

(Drilling) 2805 3838
fg

 5014
bc

 5072
b
 4486

cde
 

LSD (0.05) 559.751     

P- Value < 0. 016     

CV (%)  7.6     
LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means in column followed by the same letters are not 

significantly different at 5% level of Significance 

Partial budget analysis  

The partial budget analysis showed that net benefit increase with increasing variable costs across 

all treatments except treatments 2, 3 and 4 under broadcast sowing method and 10 and 11, 15 

under dibbling and drilling, respectively. All these treatments are dominated and finally not 

considered for further analysis of MRR.  

Table 8.  Dominance analysis for the treatment combination of different blended rates and sowing 

methods 

Trt Treatment Combinations sowing  

method + NPSB rate (kg ha
-1

) 

TVC 

(birr) 

Net Benefit 

(birr) 

DA Rank 

Trt1 (0, 0, 0, 0) + Broadcast 833.3 21312.5 ND    1 

Trt12 (0, 0, 0, 0) + Drilling  1388.9 22156.4 ND    2 

Trt10 (0, 0, 0, 0) + Dibbling  1527.8 20671.8 D  

Trt2 (18.1, 38.1, 6.7,0.7) + Broadcast 2472.2 21536.1 D  

Trt13 (18.1, 38.1, 6.7,0.7) + Drilling  3027.8 24473.3 ND    3 

Trt6 (18.1, 36.1, 6.7,0.7) + Dibbling  3305.6 29191.1 ND    4 

Trt5 (64,46, 0, 0)+ Broadcast 3754.2 31696.4 ND    5 

Trt3 (64, 46, 6.7, 0.7)+ Broadcast 4154.1 30558.1 D  

Trt15 (64,46, 0, 0)+ Drilling  4448.7 31651.9 D  

Trt8 (64,46, 0, 0)+ Dibbling 4726.4 35043.1 ND    6 

Trt4 (69, 60, 6.7, 0.7)+ Broadcast 4752 34941.7 D  

Trt14 (64, 46, 6.7, 0.7)+ Drilling  4848.6 36328.2 ND    7 

Trt9 (64, 46, 6.7, 0.7)+ Dibbling  5126.3 40902.9 ND    8 

Trt11 (69, 60, 6.7, 0.7)+ Drilling  5307.6 38662.1 D  

Trt7 (69, 60, 6.7, 0.7)+ Dibbling  5585.3 44331.1 ND    9 

DA= Dominance analysis, D = Dominated treatments, ND = non dominated treatments, TVS = Total variable cost, MRR = Marginal rate of 

return. 
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Finally, MRR was calculated for the treatments that showed no dominance to compare the 

increments in cost and benefits between pairs of the treatments. The higher (1698.3   and 1647.4) 

% MRR were obtained from treatments fertilized with NPSB (18.1, 38.1, 6.7, 0.71) kg ha
-1

 

followed by NPSB (64, 60, 6.7, 0.7) kg ha
-1

 both under dibbling sowing method, respectively 

and thus treatments could be considered to have an economic advantage over the use of other 

alternative combinations.  Considering the assumption of minimum acceptable MRR by farmers 

as 100% to adopt a new technology in this study, all except treatments 2, 3 and 4 under broadcast 

sowing method and 10 and 11, 15 under dibbling and drilling method, respectively were non 

dominated and then acceptable. However, the most profitable treatments were blended fertilizer 

at the rates of NPSB (18.1, 38.1, 6.7, and 0.71) and NPSB (64, 60, 6.7, 0.7) kg ha
-1

 both under 

the dibbling sowing method. Therefore, though the net return of blended rate under dibbling 

sowing method seemed inferior to the broadcast and drilling planting methods. Considering the 

best planting method, fertilizer type to be applied and rate on rice cultivation is economically 

profitable since rice producers can gain income to cover the total costs of production from the 

straw and grain yield. 

Table 9.  Marginal rate of return analysis for non dominated treatments  

Selected 

treatments   

Treatment 

Combination 

TVC 

(birr/ha) 

Margina

l costs 

(birr/ha) 

Net 

benefit 

(birr/ha) 

Marginal 

net benefit 

(birr/ha) 

MRR in 

(%) 

Trt1 (0, 0, 0, 0) + Broadcast 833.3  21312.5 - - 

Trt12 (0, 0, 0, 0) + Drilling  1388.9 555.6 22156.4 843.9 151.9 

Trt13 (18.1, 36.1, 6.7,0.7) + Drilling  3027.8 1638.9 24473.3 2316.9 141.4 

Trt6 (18.1, 36.1, 6.7,0.7) + Dibbling  3305.6 277.8 29191.1 4717.8 1698.3 

Trt5 (64,46, 0, 0)+ Broadcast 3754.2 448.6 31696.4 2505.3 558.5 

Trt8 (64,46, 0, 0)+ Dibbling 4726.4 972.2 35043.1 3346.7 344.2 

Trt14 (64, 46, 6.7, 0.7)+ Drilling  4848.6 122.2 36328.2 1285.1 1051.6 

Trt9 (64, 46, 6.7, 0.7)+ Dibbling  5126.3 277.7 40902.9 4574.7 1647.4 

Trt7 (69, 60, 6.7, 0.7)+ Dibbling  5585.3 459 44331.1 3428.2 746.9 

Conculuation and Recommendation 

Agronomic practices like nutrient management and method of sowing are the important yield 

limiting factors for rice production and productivity. Therefore, rice is a highly nutrient feeder 

crop and positively affected by both N and P levels. Dibbling and drilling sowing methods 

integrated with amended blended fertilizer rate appreciably affect all the studied crop phenology, 

growth parameters, yield and yield components of rice and resulted in a significant variation, 

with low to high magnitude of variability. The significant effects observed were increased 
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application of amended blended fertilizer rates positively affected grain yield and yield 

components when rice was planted under dibbling and drilling sowing methods than the control 

and the lower blended rate under broadcast sowing method. The current research showed the 

interaction effect of sowing methods and blended fertilizer rates significantly affected the grain 

yield, biomass yield and straw yield. The maximum 5,708 and 11,496 kg ha
-1

 grain and biomass 

yield were recorded from plots treated with amended blended rates NPSB (69, 60. 6.7, 0.71) kg 

ha
-1

 under dibbling sowing method.  

Although claiming economic benefits based on data obtained from small plots of one year 

experiment is doubtful, from this preliminary study in one growing season at one location 

application of NPSB (64, 46, 6.7, 0.71) kg ha
-1 

blended fertilizer rate under the dibbling sowing 

method is most profitable to producers considering all the agronomic performance.  

Therefore, based on the results of the study and the above summary, it can be recommended that; 

1. Supplemented NP level from other source on the site specific blended fertilizer used in the 

area up to the rate of NPSB (69, 60, 6.7.0.71) kg ha
-1

 under dibbling sowing method improve 

growth parameters and yield traits, optimum grain yield and straw yield rice under rain fed 

condition in Tselemti Woreda and in areas where the rainfall distribution and soil type is similar 

with the study Woreda.  

2. In terms of both economic and biological yield dibbling sowing method at the rate of NPSB 

(64, 46, 6.7.0.71) kg ha
-1

 amended rate gives highest benefit to producers in the area. 

3. Since the finding was based on one season and one location experiment further research over 

years and in multiple locations should be needed  
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Abstract  

An experiment was conducted on Mehoni Agricultural Research Center testing site at 

Fachagama site in 2018 cropping season to determine optimum blended fertilizer rate and to 

assess economic feasibility of blended fertilizers for onion yield. The treatments were laid out in 

randomized complete block design (RCBD) in factorial arrangement with three replications. The 

treatments were: four rates of blend fertilizer (NPSZnFe) i.e.150, 200, 250 and 300 kg ha
-1

; three 

rates of nitrogen (N) (69, 92 and 115 kg ha
-1

); blanket recommended rate and absolute control. 

Analysis of the data showed no significance difference on bulb height, bulb diameter, bulb 

weight and unmarketable bulb yield. There were significance differences on marketable bulb 

yield and total bulb yield.The highest bulb height, bulb diameter and bulb weight were recorded 

from the combination of 200 kg ha
-1

 NPSZnFe and 69 kg ha
-1

 N. The highest marketable bulb 

yield (32.44 t ha 
-1

) and highest total bulb yield (34.79 t ha 
-1

) were recorded at the combination 

of 200 kg /ha NPSZnFe blended fertilizer and 69 kg ha
-1

N. Partial budget analysis revealed that   

the maximum net benefit, (154490 ETB ha
-1

) was obtained from the combination of 200 kgha
-1

 

blended fertilizer and 69 kg ha
-1

 N.  

Keywords: Blended fertilizer, onion, yield, economic feasibility. 

Introduction  

Onion (Allium cepa L.)  is the most important bulb crop cultivated commercially in most parts of 

the world. Onion belongs to the genus Allium of the family Alliaceae (Hanelt 1990; Griffiths et 

al 2002). The crop is grown for consumption both in the green state as well as in mature bulbs.  

Onions exhibit particular diversity in the eastern Mediterranean countries, through Turkmenistan, 

Tajikistan to Pakistan and India, which are the most important sources of genetic diversity and 

believed to be center of origin (Brewster 2008). Onion is one of the most popular and the most 

cultivated vegetables in Ethiopia in general and in Tigray region in particular (Hailu et al 2015).  

Low soil fertility is one of the most important constraints limiting onion production. Nitrogen 

(N) and phosphorus (P) are often referred to as the primary macronutrients because of the 

probability of plants being deficient in these nutrients and because of the large quantities taken 

up from the soil relative to other essential nutrients (Marschner 1995).  Since the starting of 

mailto:gebremeskel12@gmail.com
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application in the early 1970's, fertilizer use in Ethiopia had focused mainly on the use of N and 

P fertilizers in the form of blanket recommendation where urea and di-ammonium phosphate 

(DAP) were being applied for almost all crops. Such unbalanced application of plant nutrients 

may aggravate the depletion of other important nutrient elements in soils (Fayera et al 2014). In 

the study area (southern zone of Tigray), field experimentations have not been conducted on 

fertilizer rates and fertilizer types, particularly for blended fertilizers on onion. The soils of Raya 

Azabo Wereda lack the essential elements such as sulfur (S), iron (Fe) and zinc (Zn) in addition 

to N and P (ATA and MoA 2014). Balanced fertilizers that contain macro and micronutrients are 

crucial to increase the production of crops in the study area. Hence, in Southern Zone of Tigray, 

particularly in the Raya Azebo Wereda, ten most common blended fertilizers were 

recommended.  From these ten blended fertilizers, NPSFeZn is the most dominant blended 

fertilizer recommended for the area. Optimize the production of onion by applying the 

appropriate blended fertilizer rate is important in the study area, Raya Azebo. This study was 

initiated to determine optimum blended fertilizer rate onion production at Raya Azebo 

WoredaWoredas and to assess economic feasibility of blended fertilizer rate for onion 

production.  

Material and Methods  

Study site description  

The experiment was carried out in Southern Zone of of Tigray Regional State, especially at 

Mehoni Agricultural Research Center (MhARC) testing station under irrigation conditions in 

2018 cropping season. It is located at  668 km from the capital Addis Ababa and about 120 km 

from Mekelle, the capital city of Tigray Regional State. Geographically, the experimental site is 

located at 12.70° N latitude and 39.70° E longitude with an altitude of 1578 m.a.s.l. The site 

receives a mean annual rainfall of 539 mm with an average minimum and maximum temperature 

of 12.81 and 23.24°C, respectively (MhARC 2016). The major cultivated cereal crop in the study 

area includes tef, sorghum and maize. The major cultivated vegetable crops are also onion, 

tomato and pepper.  

Experimental design and treatments 
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The treatments were laid out in RCBD in factorial arrangement with three replications. Four 

rates of blend fertilizer (150, 200, 250 and 300 kg ha
-1

), three rates of N (69,92 and 115 kg ha
-1

), 

blanket recommended rate and absolute control were included as treatments as displayed in Table 

1.  

        Fachagama    

Figure 1. Map of the study area at Raya Azebo, Tigray, Ethiopia 

The gross size of the experimental plot was 3m by3.2m (9.6m
2
) with spacing of 40, 20 and 10 

cm between furrow, row and plants, respectively. Bombay red variety was used as test crop for 

all experimental units.   

Table 1. Treatment Combinations  
Treatments  NPSZnFe Urea  

1 0 0 

2 150 150 

3 200 150 

4 250 150 

5 300 150 

6 150 200 

7 200 200 

8 250 200 

9 300 200 

10 150 250 

11 200 250 

12 250 250 

13 300 250 

14  Recommended NP (DAP and urea ) 

Field management 
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Land preparation was done at the beginning with tractor and leveled before planting. Urea and 

DAP were used as the sources of N and P, respectively. Di-ammonium phosphate and bended 

fertilizer were applied at transplanting time whereas urea was applied in two splits i.e. 20 days 

after transplanting and 30 days after the first urea applied. Onion was transplanted when 3-4 true 

leaves emerged that was after 55 days from the time of sowing. The transplanting time was in the 

morning in order to decrease the shocking of the plant. Ridomil and karate wereapplied to protect 

the fungal disease and insect at recommended rate, respectively and other cultural management 

practices were done according to the national recommendation for all experimental units. 

Data collection  

Soil data  

Soil samples were taken before planting from the experimental site were sent to Werer and 

Debrezeit Agricultural Research Centers for analysis of some physical and chemical properties 

of the soil.  

Morphological traits, Bulb yield and yield components  

Ten plants from the net plot area were pre tagged to collect data of plant height. It was measured 

using meter from the soil surface up to the tip of the leaves at bulb development stage. Ten plants 

from the net plot area were pre tagged to collect data of average bulb weight and expressed in 

gram. Ten plants from the net plot area were pre tagged to collect data of average bulb diameter 

and expressed in centimeter. Ten plants from the net plot area were pre tagged to collect data of 

average bulb diameter and expressed in centimeter.  

 

Marketable bulb yield was estimated by weighing total clean, healthy and undamaged bulbs per 

net plot and converted to t ha
-1

, while unmarketable bulb yield by weighing total decay, 

physiological disorder such as thick necked, split and bolters per net plot and converted to t ha
-1

. 

Total bulb yield was obtained from summation of marketable and unmarketable bulbs. The data 

were collected from middle rows of a net plot area where the two outer most rows of each 

treatment were left as border effects. 
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Statistical analysis  

All data were subjected to the analysis of variance (ANOVA) using the Statistical Analysis 

System (SAS) (9.1) software computer package (SAS Institute 2004) and significance difference 

among the treatment means was computed with Duncan's Multiple Range Test (DMRT) at 5% 

probability level (Gomez and Gomez 1984). 

Economic analysis  

Economic analysis was performed to investigate the economic feasibility of the treatments by 

using partial and marginal analyses. The gross income was obtained by multiplying average 

marketable bulb yield by the average open market price (Birr kg
-1

). Total variable cost was the 

cost of fertilizers, cost of fertilizer application and seed cost. Labor costs to apply fertilizer were 

calculated considering 75 ETB per person per day: Net benefit = Gross income - total variable 

cost [International Maize and Wheat Improvement Centre (CIMMYT) 1988].    

Dominance analysis was conducted by listing the treatments according to increasing order of 

costs that vary and comparing the net benefit of the treatments. Treatments found with 

decreasing net benefit while, total cost that vary increases were eliminated (Dominated). 

Marginal rate of return was computed for those which were non dominated. Marginal rate of 

return (MRR) was calculated as the change in net benefit (NB) divided by the change in total 

variable cost (TVC) of the successive net benefit and total variable cost levels (CIMMYT 1988). 

                                Marginal increase in net benefit    
Marginal rate of return (MRR) =        Marginal increase in cost 

                               

Result and Discussion 

Soil before planting  

Analysis of soil samples for texture, soil reaction (pH) and electrical conductivity of soil extract 

(ECe) for samples collected before planting is presented in Table 2.  The soil of the experimental 

site has a proportion of 30% sand, 44% silt and 26% clay and according to the soil textural 

triangle, it is texturally classified as loam (Table 2). As described in Table 2, the EC of the 

experimental site was 0.75 dS/m. According to Hazelton and Murphy (2007) soils having the EC 
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less than 4 are considered as non saline and suitable for agriculture production. According to 

Tekalign (1991), a soil of the experimental site is strongly alkaline.   

 

Table 2 .Soil texture, pH and EC of the experimental field before planting. 
Soil parameters  Unit  Value  

Sand  % 30 

Silt  % 44 

Clay  % 26 

Textural class   Loam  

pH - 8.04 

ECe  0.75 

Morphological, bulb yield and yield components  

As indicated in Table 3, the analysis of variance showed no significance difference on bulb 

height, bulb diameter, bulb weight, plant height and unmarket bulb yield. The highest bulb 

height, bulb diameter and bulb weight were recorded from the combination of 200 kgha
-1

 

blended fertilizer and 69 N kgha-1 (Table 4). 

Table 3. Analysis of variance (ANOVA) for Days to maturity, Plant height, Bulb weight, Bulb height, 

Bulb diameter, Marketable bulb yield, unmarketable yield and Total Bulb yield of onion 
SOV  BH BD BW PH MY Un Tot 

Treatment  0.12 0.09 17.58 9.22 29.77** 0.18 28.63** 

Replication  0.19 0.02 149.21 56.73 72.17 0.44 81.47 

Eror 0.07 0.065 33.93 15.50 5.52 0.23 4.74 

CV  6.15 5.43 10.32 9.65 8.12 21.38 6.98 
SOV= source of variation,BH= bulb height ,  BD= bulb diameter , BW= bulb weight , PH= plant height ,MY = Marketable bulb yield , Un = 

unmarketable yield , Tot = total bulb yield. 

Marketable bulb yield  

Application of NPSZnFe blended fertilizer rate and N affected the marketable yield of onion. 

Marketable bulb yield showed significant (p<0.01) variation due to the effect of the fertilizers 

(Table 3). As indicated in Table 4, the maximum marketable bulb yield (32.44 t ha
-1

) was 

obtained from the combined application of 200 kg ha
-1

 NPSZnFe and 69 N kg ha
-1

.  While, the 

lowest marketable bulb yield (19.86 t ha
-1

) was obtained from unfertilized plots. The lowest yield 

obtained in unfertilized plots which might be due to poor fertility of the soil. This increment in 

marketable bulb yield with the fertilizer which contained both macro and micro plant nutrients as 

compared to the control is an indicator of low soil fertility level. This is in line with Nimona et al 

(2018) who reported that blended fertilizer NPSZnB and urea brought highly significant 

difference on the marketable pod yield of pepper. Similarly, Solomon et al (2019) reported that 

application of blended fertilizers significantly affects tuber yield of potato.  
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Table 4. Effect of fertilizers on days to maturity, plant height, bulb weight, bulb height, bulb diameter, marketable bulb yield, unmarketable yield 

and total bulb yield of onion 
TRT NPSZnFe 

(kg ha
-1

) 

Urea (kg ha
-1

) PH (cm) BW (g) BH (cm) BD (cm) MBY (t ha
-1

) Un MBY 

(t ha
-1

) 

TBY 

(t ha
-1

) 

1 0 0 37.53 49.40 4.08 4.24 19.86 d 2.47 22.33 f 

2 150 150 43.63 57.67 4.56 4.77 30.39ab 2.73 33.12ab 

3 200 150 43.53 59.63 4.95 5.02 32.44 a 2.35 34.79 a 

4 250 150 40.47 55.00 4.25 4.63 30.68 ab 2.08 32.76 ab 

5 300 150 40.67 57.07 4.37 4.80 31.61ab 2.35 33.95 a 

6 150 200 39.07 57.00 4.52 4.84 29.25abc 2.14 31.39abcde 

7 200 200 39.93 55.53 4.49 4.81 29.33abc  2.04 31.37abcde 

8 250 200 40.90 55.73 4.50 4.63 29.92ab 1.97 31.89abcd 

9 300 200 40.13 59.40 4.32 4.71 28.34abc 2.65 30.99abcde 

10 150 250 39.87 56.67 4.42 4.55 29.72 abc 2.19 31.92abc 

11 200 250 42.53 56.63 4.40 4.64 30.85ab 1.89 32.74ab 

12 250 250 39.00 56.47 4.32 4.81 27.36 bc 2.27 29.63bcde 

13 300 250 42.2 58.07 4.23 4.67 30.12ab 2.12 32.24 ab 

14 Rec. NP (100kg DAP and 100 

kg urea) 

41.40 56.37 4.50 4.73 25.43c 2.35 27.78 de 

Cv  9.65 10.32 6.15 5.43 8.1 21.4 7.0 
BH= bulb height, BD= bulb diameter, BW= bulb weight, PH= plant height, MY = Marketable bulb yield, Un=unmarketable yield Tot = total bulb yield 
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Total bulb yield  

Similar to the marketable bulb yield, analysis of the data showed significant (P<0.01) difference 

on the total bulb yield due to the effect of fertilizers (Table 3). The maximum total bulb yield 

(34.79 t ha
-1) was recorded from the application of 200 kgha

-1
 NPSZnFe and 69 kgha

-1
 of N 

(Table 4). 

Economic analysis  

As indicated in Table 5, except for  the combined treatments  (0 with 0, 100 kg DAP with 100 kg 

urea , 150 NPSZnFe with 150 urea , 200 NPSZnFe with 150 urea),  all other treatments were 

dominated. This means the net benefits that were obtained from these treatments were lower than 

the net benefit obtained from the treatments with lower variable cost and there were no 

proportional increments in the net benefits with increment in variable cost. The partial budget 

analysis indicated that application of the blended fertilizer combined with urea gave higher gross 

profit, net return and marginal rate of return compared to the control.  

Table 5. Partial budget and dominance analysis of fertilizers   
 

NPSZnFe (kg ha
-1

) 

Urea 

(kg ha
-1

) 

Total 

cost  

Gross 

benefit  

NET 

benefit  

Dominat

ion rank  

Marginal 

cost  

Mariginal 

benefit  

MRR 

0 0 2500 99300 96800 - - - - 

100 DAP 100 5490 127150 121660 ND 2990 24860 831.44 

150 150 6985 151950 144965 ND 1495 23305 1558.86 

200 150 7710 162200 154490 ND 725 9525 1313.79 

150 200 7840 146250 138410 D    

150 250 8335 148600 140265 D    

200 200 8430 146650 138220 D    

200 250 8430 154250 145820 D    

250 150 8425 153400 144975 D    

250 200 9200 149600 140400 D    

300 150 9330 158050 148720 D    

250 250 9875 136800 126925 D    

300 200 9920 141700 131780 D    

300 250 10645 150600 139955 D    
Where; D= dominated treatment; ND = Non dominated treatment 

Data presented in Table 5 indicated the economic analysis of bulb yield affected by fertilizer 

rates. It is clear from the data that the maximum (154490 ETB ha
-1

) net benefit was obtained 

from the combination of 200 kg ha
-1

 NPSZnFe and 150 kg ha
-1

 urea, while the minimum (96800 

ETB ha
-1

) net benefit was noted from the unfertilized treatment. The result showed general 

decrease in benefit cost ratio with increasing levels of the fertilizers. According to CIMMYT 
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(1988), application of fertilizer with the marginal rate of return above the minimum level (100%) 

is economical. Similarly, Solomon et al. (2019) reported maximum net benefit and marginal rate 

of return (4453.6%) from the application of blended fertilizer NPS on potato. In line with this 

result, Nimona  et al (2018) reported that application of 150kgha
-1

 NPSZnB +44 kg N ha
-1

 

generated the highest net benefit (168,070 ETB ha
-1

) with 5365% marginal rate of return (MRR) 

on pepper yield . 

Conclusion and Recommendation  

Production and productivity of onion in the study area and in similar soil and climatic conditions 

in Raya valley can be increased by using the combined application of blended fertilizers and 

urea. The combined application of different rates of the blended fertilizer and urea did not 

significantly affect bulb height, bulb diameter, bulb weight, plant height and unmarkatable bulb 

yield. Maximum bulb height, bulb diameter and bulb weight were obtained from the combined 

application of 200 kg/ha blended fertilizer and 150 kg/ha urea. With regard to the marketable 

bulb yield and total bulb yield, there were highly significant difference due to the application of 

different rates of blended fertilizer and urea. Maximum marketable bulb yield (32.44 t ha
-1

) and 

maximum total bulb yield (34.79 t ha
-1

) were obtained from the combined application of 200 kg 

ha
-1

 NPSZnFe blended fertilizer and 69 N kg ha
-1

. The minimum marketable (19.86 t ha
-
1) and 

total (22.33 t ha
-1

) yields were obtained from the unfertilized treatment. The maximum net 

benefit (154490 ETB ha
-1

) was obtained from the combined of 200 kg/ha blended fertilizer and 

150 kg /ha urea, while the minimum (96800 ETB ha
-1

) net benefit was noted from the 

unfertilized treatment. Based on the result of the study and the above summary, it can be 

recommended that: 

 Application of 200 kg/ha blended fertilizer (NPSZnFe) combined with 150 kg /ha urea 

was tentatively recommended for onion production in the study area  

 Soil test based application of fertilizer should be done on site specific conditions because 

the recently introduced fertilizer has made change in yield and the availability of the 

element may vary depending  on the nature of the soil.  

 Further research experiments on different blended fertilizer types and on rate to validate 

these results in multiple locations and seasons should be carried out to identify best 

blended fertilizer rate for sustainable onion production. 
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Abstract 

Among the factors constraining crop production, applying unbalanced and suboptimal levels of 

mineral fertilizers are the foremost in the study area. Hence, field experiment was conducted at 

Mereb lekhe Woreda of Tigray Regional State, Northern Ethiopia under irrigation condition to 

examine the effect of blended NPSZnB fertilizer on onion during 2017 and 2018. The 

experiment comprised of eight blended NPSZnB fertilizer rates (0, 25, 50, 100, 150, 200, 250 

and 300 kg NPSZnB ha
-1

) and one blanket recommended NP rate (96 kg ha
-1

 N, 69 kg ha
-1

 P). 

The treatments were set in a randomized complete block design (RCBD) with three replications 

on 3 by 3m plot size. Accordingly, almost all the onion agronomic parameters were statistically 

influenced by the different blended NPSZnB fertilizer rates. Consequently, blended fertilizer 

comprising appropriate rates of all the deficient nutrients in the study area gave highest onion 

yield. Application of 100 kg ha
-1 

blended NPSZnB fertilizer was agronomicaly and economicaly 

profitable for onion production with 18.5% increment over the blanket recommendation. 

Therefore, application of blended NPSZnB fertilizer at a rate of 100 kg ha
-1

 plus 64 kg N ha
-1

 for 

onion is economically beneficial compared to the other blended fertilizer rates and that of blanket 

recommendation. 

Keywords: Blended fertilizer, economic analysis, onion, marketable yield 

Introduction  

The Ethiopian agricultural sector employs about 80% of the population and generates over 42% 

of GDP and 70% of export earnings in 2014 (African Economic outlook 2015). It plays a 

significant role in improving food security in the near to mid-term [International Food Policy 

Research Institute (IFPRI), 2010]. The majority of Ethiopian farmers are small-scale producers 

and about 94% of them are estimated to rely on less than 5 ha of land, of which 55% cultivate 

less than 2 ha (Lulit et al 2016). Furthermore, only 5% of the country‟s agricultural land is 

irrigated, largely leaving agriculture to the fate of variable and poorly distributed rains (World 

Bank 2014). 

mailto:gidenatasew@yahoo.com
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Crop production is rapidly reducing due to the negative impact of various environmental stresses. 

More than 50% average yields of major crops are reducing primarily by abiotic stresses, whereby 

causes losses worth hundreds of millions of dollars each year (Mahajan and Tuteja 2005), and 

are becoming the major limiting factors for crop production especially under globally changing 

climatic conditions (Wang et al 2012). Continuous cropping, intensive land use (Corsky and 

Ndikwo 2008) and shortening of fallow periods, which are needed to restore and maintain soil 

productivity (Nweke 2016) reduced soil fertility and crop productivity. Between 2010 and 2014, 

crop productivity in Ethiopia remained very low relative to its potential yields, only averaged to 

2.21 t ha
-1

(World Bank 2014). This low productivity might be due to many factors including land 

degradation, small farm size, recurrent drought, poor farming technologies [Central Statistical 

Agency (CSA), 2014], weather, input price, changes in farming practices, amounts of fertilizers 

used, seed quality and use of irrigation (CSA 2018). 

Cereals and vegetables are the major agricultural commodities on which Ethiopians depend for 

their daily consumption. Onion is the most widely consumed and indispensable to improve the 

taste and scent of the food we eat (CSA 2018). Despite its importance, onion yield and quality 

are affected by various factors, among which is low/excess mineral nutrition, poor irrigation 

schedule or rainfall (Jaleel et al 2007; Cheruth et al 2008). Improper utilization of fertilizers and 

growing unsuitable varieties under the different agro climatic conditions might also have 

contributed for low productivity of onion (Ghaffoor et al 2003). Fertilizer application is among 

the major practices to improve crop production and farm and households income. However, the 

extent to which fertilizers are used still differs considerably between various regions of the 

country.  

Urea and di-ammonium phosphate (DAP) were the most commonly used chemical fertilizers 

considering that nitrogen (N) and phosphorus (P) were the major limiting nutrients for Ethiopian 

soils. Researchers have been conducting many studies on different agro-ecologies towards 

improvement of agricultural productivity using urea and DAP in Ethiopia. However, the 

Ethiopian Soil Information System (EthioSIS) indicated that Ethiopian soils lack about seven 

nutrients (N, P, potassium (K), sulfur (S),cupper (Cu), Zinc (Zn) and boron (B) in soil fertility 

assessment study conducted in different Woredas and Kebeles (EthioSIS 2013). According, the 

current study area soils were reported to be deficient in S, Zn, B nutrients besides N and P. 
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Different fertilizer materials would be required containing all or most of the nutrients required by 

crops to ensure balanced fertilizer use (Habte and Boke 2017). Therefore, applying blended 

fertilizers containing these deficient essential nutrients to the soil may resolve the problem that 

limit crop productivity. Onion growth and maximum bulb and dry matter yield were obtained 

with the application of NPK (Madan and Sandhu 1985; Singh 2000). Maize N use efficiency 

raised by providing S, Zn, B, and K which also increased yields by 40% over the standard N-P 

recommendation alone (Jhon 2000). 

Based on the studies conducted on field conditions to fine-tune one best rate of N, P, K, and S, 

various blended fertilizers including micronutrients (NPS, NPSB, NPSZn, NPSZnB, NPKSZnB 

etc.) were formulated by EthioSIS (2014) for diverse agro-ecologies and soils. Afterwards, these 

blended fertilizers were verified for different Woredas according to their deficiency to 

recommend an area and crop specific blended fertilizer. However, the rates of blended fertilizers 

were not studied and identified for various crops. Hence, this study was conducted to determine 

and recommend site and crop specific blended NPSZnB fertilizer rates for optimum onion 

production under irrigation condition at Mereb Lekhe Woreda, Central Tigray, Northern 

Ethiopia. 

Materials and Methods 

Study area description  

Study was carried out for two successive years at Hamedo irrigation scheme, Mereb Lekhe 

Woreda, Central Tigray, northern Ethiopia on two farmers‟ fields per year based on the soil 

fertility map developed by EthioSIS for the Woreda and Kebele. Hamedo irrigation scheme is 

found at around 50 km away to the north of Adwa town and 5 km away to the south of Rama 

town. Mereb Lekhe is surrounded by Tahtay Maichew, Laelay Maichew, Adwa and Ahferom 

Woredas and Eritrea on the west, southwest, southeast, east and northern, respectively. The study 

area is located between 14˚20‟0” N and 38
o
40‟0” E to 14

o
25'0'' N and 38

o
50' 0'' E (Figure 1). 

The major soil textural class of the study is characterized as sandy loam and loam. The study 

area mainly lies under semi-arid tropical belt of Ethiopia with a hot to warm agro-climatic zone 

with a mono-modal and erratic rainfall pattern. The moist growing period of the study area is laid 

in to three months of June to September. 
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                       Figure 1: Location map of study area at Mereb Lekhe Woreda, Tigray, Ethiopia 

Experimental design and treatments  

The experiment consisted of  seven treatments of which six treatments were blend (0, 25, 50, 

100, 150, 200, 250 and 300 kg NPSZnB ha
-1

) and while one treatment was blanket recommended 

fertilizer (96 kg ha
-1

 N, 69 kg ha
-1

 P) from DAP and urea. The 100 kg blended NPSZnB fertilizer 

contained 17N: 34 P2O5: 7S: 2.2Zn and 0.67 kg B ha
-1

. The different blended NPSZnB fertilizer 

rates were compared among each other and against the blanket recommended NP fertilizer. The 

blended fertilizer rates and DAP were basal applied during transplanting the onion plants while 

the same amount of (64 kg N ha
-1

) was top dressed 45 days after planting for all except the 

blanket recommended treatment. The test crop was also planted in rows. The other onion 

management practices were performed as per the recommendation. 

The treatments were set in RCBD in three replications. The plot sizes was 3 m by 3 m (9 m
2
) and 

the spacing between blocks, plots, ridges, plant rows and plants were also 1, 0.5, 0.4, 0.2 and 0.1 

m, respectively. Improved onion variety (Bombay red) was used. This experiment was conducted 

for two consecutive seasons on two sites per year (2017/2018). 
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Soil data collection and analysis 

One representative composite soil sample was taken at 0 to 30 cm depth before planting, from 

each farmer‟s fields using an auger. The collected samples were properly labeled, packed and 

transported to Shire Soil Research Center. Particle size distribution was determined using the 

Bouyoucos hydrometer method (Bouyoucos 1962). The pH of the soil was measured in the 

supernatant suspension of a 1: 2.5 soil to water ratio using a pH meter (Rhoades 1982). Electrical 

conductivity (EC) (1:25 soil to water suspension) was measured according to the method 

described by Jakson (1967). Ammonium acetate method was used to determine Cation exchange 

capacity (CEC) was Organic carbon (OC) was determined by the Walkely and Black (1934) 

method. Total N was determined using the Kjeldahl method as described by Bremner and 

Mulvaney (1982). Available P was determined following the Olsen method (Olsen et al 1954) 

using ascorbic acid as reducing agent. 

Crop data collection and analysis  

Agronomic data like marketable yield, single bulb weight, bulb diameter, bulb length, leaf 

length, leaf number per plant, plant height and days to 90% maturity and planting date were 

collected. The collected data were subjected to statistical analysis. Analysis of variance 

(ANOVA) was carried out using Statistical Analysis System (SAS). Significant difference 

between and among treatment means were assessed using the least significant difference (LSD) 

at 0.05 level of probability (Gomez and Gomez 1984).  

Partial budget analysis 

Partial budget analysis was performed to investigate the economic feasibility of the treatments. 

Partial budget, dominance, marginal and sensitivity analysis was used to test. The average yield 

was adjusted downwards to reflect the difference between the experimental plot yield and the 

yield farmers would expect from the same treatment. The average open market price (Birr kg
-1

) 

for onion and the official prices of the balanced fertilizers were used for analysis. For a treatment 

to be considered a worthwhile option to farmers, the minimum acceptable rate of return (MRR) 

was considered to be greater than or equal to 100% [International Center for Maize and Wheat 

Research  (CIMMYT), 1988], which is suggested to be realistic. The daily labor cost was 
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supposed to be 60 ETB per person and revenue was estimated by considering the prevailing 

market price which was 18 ETB per kg of yield. Fertilizer cost for NPSZnB, urea and triple 

super phosphate (TSP) were also 1781.64, 1252 and 1855 ETB per 100 kg, respectively. The 

following formulas were used for the economic analysis:  

Average marketable yield (MY) (kg ha
-1

): is an average yield onion on each treatment   

Adjusted yield (AjY): is the average yield adjusted downward by a 10% to reflect the difference 

between the experimental yield and yield of farmers‟ field.  

AjY = MY - (MY * 0.1) 

Gross field benefit (GFB) or Total revenue (TR): was computed by multiplying field/farm gate 

price that farmers receive for the crop when they sale it as adjusted yield.   

TR = AjY * field or farm gate price of a crop 

Total variable cost (TC): is the cost of inputs that were used for the experiment as mean current 

prices of the blended NPSZnB and other fertilizers, wage for fertilizers application and transport 

of fertilizers, and were considered per hectare.   

Net revenue (NR): was calculated by subtracting the total costs from the total revenue (gross 

field benefit) for each treatment.       

NR = TR – TC 

Marginal rate of return: percent marginal rate of return was calculated as changes in net benefit 

(raised benefit) divided by changes in cost (raised cost).    

MRR (%) = (MB/MC)*100 

Where; Marginal cost (MC) = change in costs between treatments and Marginal benefit (MB) = 

change in net benefits between treatments. 

Results and Discussion  

Selected soil physical and chemical properties of the study sites 

Soils of the study areas at Mereb-Lekhe were characterized as sandy loam and sandy clay loam 

for 2017 and 2018 sites, respectively (Table 1). Soil bulk densities were 1.35 and 1.30 g cm
-3

 for 

the consecutive years. According to Hazelton and Murphy (2007), the soil of the study area was 

not restricting plant roots because a normal soil bulk density range is below 1.4 g cm
-3

. 
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Table 1. Pre sowing selected physical and chemical soil properties of the study area 
Soil 

properties 

Year I Year II 

Values Rating Values Rating 

Chemical properties 

pH (1:2.5 H2O) 6.16 Slightly acid 7.28 Neutral  

EC (dS m
-1

)  0.28 Low 0.85 Low 

CEC (cmol(+) kg
-1

)  10.7 Low 20.6 Moderate 

OC (%)  0.66 Low 0.94 Low 

TN (%)  0.07 Medium 0.10 Medium  

Olsen-P (mg kg
-1

)  4.21 Low 4.66 Low 

Exc. K (cmol(+) kg
-1

) 0.35 Medium 0.45 Medium 

Physical properties 

Clay (%) 19 

Sandy Loam  

27 

Sandy clay loam Silt (%)  21 21 

Sand (%) 60 52 

Bulk density (g cm
-3

) 1.35 Not restricting plant 

roots 

1.30  Not restricting plant 

roots 
Where; EC= Electrical conductivity, CEC= Cation exchange capacity, OC= Organic carbon, TN= Total nitrogen, Olsen-P = Available 

phosphorus, and Exc. K= Exchangeable potassium. 

 

The pH of the soils in the study area was observed to be slightly acidic and neutral for 2017 and 

2018, respectively (Table 1) according to the rating of Tekalign (1991) while the electrical 

conductivity of the soils of both years indicated non-saline (Marx et al 1999). Generally, the 

soluble salts concentration of the study sites soil were below the critical levels at which most 

agricultural crops can grow and produce yield (Landon 1991).  The soil OC and available P of 

the study sites for both years were low (Tekalign 1991; Olsen et al 1954). Total N and 

exchangeable K [Food and Agriculture Organization (FAO), 2006] were medium. This might be 

due to the addition of crop residues from the main season. The CECs were categorized as low 

and moderate for the year 2017 and 2018, respectively (Hazelton and Murphy, 2007). The 

moderate CEC of the soil for the II year site might be due relatively higher clay and OC contents 

than the year 2017.  

Effects of NPSZnB fertilizer on phenology, growth parameter and yield of onion 

Onion maturity was significantly (P ≤ 0.05) influenced by the different NPSZnB fertilizer rates 

(Table 2). Onion maturity was hastened on most of the plots except the 50 kg NPSZnB ha
-1 

application rate. Plant height of onion was also significantly affected (P ≤ 0.05) by blended 

NPSZnB fertilizer rates. The highest and lowest onion plant heights were 47.70 and 42.07cm, 

(Table 2) at the 0 NPSZnB and 250 NPSZnB kg ha
-1

 applications, respectively. These results are 

in line with the result of Faten et al (2010) who reported highest onion plant height due multi 
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nutrients application, which revealed that the positive cumulative effects of more than two 

nutrients available in the compound fertilizers than the fertilizer containing single/two elements. 

Table 2. Days to maturity, plant height, number of leaves per plant and leaf length of onion as influenced 

by blended NPSZnB fertilizer rate under irrigation condition, Mereb Lekhe Woreda 
Treatments DM (days) PH (cm) Leaf number LL (cm) 

Rec. NP (96 kg N ha
-1

, 69 kg P ha
-1

) 118.00a 42.07b 11.73 35.27 

0 NPSZnB (kg ha
-1

) 123.65c 40.33b 11.12 34.06 

25 NPSZnB (kg ha
-1

) 119.00a 43.93ab 12.33 36.67 

50 NPSZnB (kg ha
-1

) 121.00b 44.20ab 13.33 36.67 

100 NPSZnB (kg ha
-1

) 118.67a 44.60ab 12.20 36.80 

150 NPSZnB (kg ha
-1

) 118.33a 44.93ab 12.47 37.07 

200 NPSZnB (kg ha
-1

) 119.33ab 43.60ab 13.00 35.53 

250 NPSZnB (kg ha
-1

) 118.33a 47.47a 12.00 38.60 

300 NPSZnB kg ha
-1

) 121.22b 45.33a 12.67 39.70 

Mean 118.95 44.40 2.43 36.66 

LSD (0.05) 1.84 5.15 NS NS 

CV (%) 0.87 6.52 7.65 7.63 
Where; DM= Days to maturity, PH= Plant height, and LL= Leaf length.*Urea was top dressed at equal level (150 kg ha-1) for the blended 
fertilizer treatments. 

Number of leaves per plant and leaf length of onion were not significantly (P<0.05) affected by 

the different blended NPSZnB fertilizer rates. Although all rates were statistically at par, the 

highest number of leaves per plant and longest leaf were recorded from plots received 50 and 

300 kg ha
-1 

blended NPSZnB fertilizer rate, respectively. On the other way, the lowest number of 

leaves per plant and shortest leaf were recorded on plots received 0 NPSZnB (Table 2). 

According to the current study, further increase in the blended fertilizer dose resulted in 

declining onion leaves. The highly growing plant vegetative parts like the leaf length are mostly 

related to N concentration which is in line with Kumar et al (1998) who reported that application 

of N at 150 kg ha
-1 

gave the best results with regard to leaf length.  

Onion bulb length, bulb diameter and single onion bulb weight were not significantly (P ≤ 0.05) 

affected by the different rates of blended NPSZnB fertilizer (Table 3). Highest onion single bulb 

weight was obtained in response to the 250 kg blended NPSZnB ha
-1 

fertilizer rate which might 

be due to the sufficient supply of the major limiting nutrients in the area. This might be because 

onion is a heavy nutrient feeder vegetable crop that requires more mineral fertilizer than other 

vegetables (Yohannes et al 2013). On the other hand, the lowest onion single bulb weight was 

recorded from plots received 100 kg NPSZnB ha
-1 

for the study area. 

Yield of onion was significantly (P < 0.05) affected by the different rates of blended NPSZnB 

fertilizer. The result showed an increasing trend of onion yield with increased rate of applied 
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blended NPSZnB fertilizer (Table 3). In line with the current study, Tsadik et al (2019) also 

reported onion yield improvement with increasing rate of applied blended NPSKZnB fertilizer. 

The highest marketable yield was recorded in response to the application of 250 kg ha
-1 

blended 

fertilizer as compared to the other rates and blanket recommended NP fertilizer. Though, it was 

not significantly different from the application of 250 kg ha
-1

.
 
 In contrast, the lowest marketable 

yield was obtained in response to 0 kg ha
-1 

blended fertilizer. The finding of Assefa et al (2015) 

also revealed that using the optimum amount of fertilizer nutrients substantially increases the 

productivity of onion bulbs. The increased production of large dry matter and bulb weights of the 

crop that increased the total bulb yield might be due to interaction of the plant nutrients applied 

(Diriba Shiferaw 2017). 

Table 3. Bulb length, bulb diameter, single bulb weight and marketable yield of onion as influenced by 

blended NPSZnB fertilizer rate under irrigation condition, Mereb Lekhe Woreda 
Treatments(kg ha-

1
) BL (cm) BD (cm) SB Wt 

(kg bulb
-1

) 

MY 

(kg ha
-1

) 

Rec. NP (96 kg N ha
-1

, 69 kg P2O5 ha
-1

) 3.77 5.60 0.373 20767b 

0 NPSZnB  3.55 5.67 0.367 15634c 

25 NPSZnB  4.27 6.00 0.407 22481ab 

50 NPSZnB  4.07 6.00 0.383 24147ab 

100 NPSZnB  4.00 5.53 0.358 24612a 

150 NPSZnB  4.20 5.60 0.345 24884a 

200 NPSZnB  3.80 6.20 0.373 25000a 

250 NPSZnB  3.47 5.73 0.595 25698a 

300 NPSZnB  3.88 5.65 0.454 20767b 

Mean 3.94 5.81 4.04 23941.31 

LSD (0.05) 1.35 0.98 0.283 3415.30 

CV (%) 19.23 9.43 19.4 8.02 
Where; BL= Bulb length, BD= Bulb diameter, SB Wt= Single bulb weight, and MY= Marketable yield.*Urea was top dressed at equal level (150 

kg ha-1) for the blended fertilizer treatments 

Partial budget analysis 

The result of the current study showed that onion yield was significantly affected by the various 

rates of blended NPSZnB fertilizer. The maximum onion yield was recorded from plots treated 

with 250 kg NPSZnB ha
-1 

(Table 4). Likewise, economically profitable onion yield was also 

obtained in response to that specific rate according to the partial budget analysis (Table 4). Thus, 

application of 250 kg ha
-1 

blended NPSZnB fertilizer for onion is agronomical and economically 

beneficial compared to the other blended fertilizer rates and the blanket recommendation. 

 



 

256 
 

Conclusion and Recommendation 

Various blended NPSZnB fertilizer rates significantly affected some onion agronomic 

parameters. The onion marketable yield showed increasing trend with an increase in blended 

fertilizer rates. Compared to the blanket recommended NP fertilizer, onion yield is higher when 

blended fertilizer is applied.  

The highest mean marketable yield was obtained in response to 250 kg ha
-1 

blended application, 

though it was not significantly different from application of 100 kg ha
-1

. The 100 kg ha
-1

 showed 

18.5% and 57% onion yield improvement over the blanket fertilizer recommendation and control 

(0 kg ha
-1

)
 
blended fertilizer, respectively. In conclusion the blended NPSZnB fertilizer improves 

the yield and yield component of onion by supplying the deficient nutrients within the blending. 

The blended NPSZnB fertilizer rate of 100 kg ha
-1

 resulted in statistically higher onion yield and 

was also found to be economically profitable for optimum onion production at the Mereb-Leke 

Woreda. Therefore, based on the results of the study it can be recommended that farmers shall 

use the blended NPSZnB fertilizer in their cropping system since it improves onion production 

and productivity. This type of blended fertilizer shall be used at a rate of 100 kg ha
-1

 for onion 

production under irrigation condition at Mereb-Lekhe Woreda. For further study researchers can 

use the rate as a bench mark. Crop growth and production is affected by the most limiting 

nutrient. Therefore, similar studies shall be carried out based on deficient nutrients and crop 

specific conditions. 
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Table 4. Partial budget analysis of blended NPSZnB fertilizer for onion at Mereb-Lekhe Woreda 
Fertilizer rates (kg ha

-1
) FC  

(Birr) 

TLC 

[Birr] 

TVC [Birr] MY 

(kg/ha) 

AjY (kg/ha) TR 

[Birr] 

 NR 

[Birr] 

MRR 

(ratio) 

MRR (%) 

0 NPSZnB (kg ha-
1
) 0 0 0 15634 14070.6 253270.8 253271 0 0 

25 NPSZnB (kg ha-
1
) 445.41 30 475.41 22481 20233 364192 363717 232.32 23232 

50 NPSZnB (kg ha-
1
) 890.82 60 950.82 24147 21732 391181 390231 55.77 5577 

100 NPSZnB (kg ha-
1
) 1781.64 120 1901.64 24612 22151 398714 396813 6.92 692 

150 NPSZnB (kg ha-
1
) 2672.46 150 2822.46 24884 22396 403121 400268 3.63 363 

200 NPSZnB (kg ha-
1
) 3563.28 210 3773.28 25000 22500 405000 401197 0.98 98 

250 NPSZnB (kg ha-
1
) 4454.1 270 4724.1 25698 23128 416308 411554 10.89 1089 

Rec. NP (96 N, 69 P kg ha
-1

) 4660.5 330 4990.50 20767 18690 336425 331435 D D 

300 NPSZnB (kg ha-
1
) 5344.92 330 5674.92 20767 18690 336425 330750 D D 

Where; FC= Fertilizer cost, TLC= transport and labor cost, TVC= Total variable cost, MY= marketable yield, AjY= Adjusted yield, TR= Total Revenue, NR= Net revenue and MRR= marginal rate of 

return. 
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Abstract 

The declining soil fertility status; mostly essential nutrient deficiencies and applying low level of 

fertilizers might cause the yield reduction. Therefore, study was started at Hamedo irrigation scheme, 

Mereb lekhe Woreda to investigate the effect and to determine rate of blended NPSZnB fertilizer for 

optimum tomato production and to develop site and crop specific fertilizer recommendation. Seven 

blended NPSZnB fertilizer rates (25, 50, 100, 150, 200, 250, 300 kg NPSZnB ha
-1

) and blanket 

recommended NP fertilizer (96 kg ha
-1

 nitogen (N), 69 kg ha
-1

 P2O5) were tested in the experiment. All 

the treatments were set in a randomized complete block design (RCBD) replicated three times. Tomato 

yield responded to the blended NPSZnB fertilizer that is recommended for the study area compared to 

the blanket recommendation. Under irrigation condition, tomato total and marketable yield were high 

in plots that received 300 kg ha
-1 

blended NPSZnB fertilizer rate which might be due to the balanced 

nutrient levels in the blended fertlizer. Partial budget analysis revealed that, economically profitable 

tomato yield was also attained in response to 300 kg ha
-1 

NPSZnB. Thus, compared to the other 

blended fertilizer rates and the blanket recommendation, producers may apply 300 kg ha
-1

 blended 

NPSZnB fertilizer rate for tomato production.  

Keywords: Balanced fertilization, economic profitability, marketable yield, tomato  

Introduction  

Ethiopian agriculture is by large subsistence [Cental Statistical Agency, CSA 2018] in which crops and 

livestock represent an important means of survival for a significant part of the population (Alemayehu 

et al 2011). Within agriculture, cereals and other staple crops played a greater role in reducing poverty 

and increasing growth than other sectors in Ethiopia (Diao and Pratt 2007). The major agricultural 

commodities on which Ethiopians depend for their daily consumption are vegetables and cereal crops. 

Tomato is amongst the widely growing and promising freights in horticultural expansion and 

development in Ethiopia.  

Smallholder farmers have grown tomato for their livelihood needs since the start of its 

commercialization (Ketema et al 2015). Tomato has the potential for development to a high value crop 

(Karuku et al 2017) having its productivity which is estimated at 33.6 tons ha
-1

 (FAO 2006). Average 

mailto:gidenatasew@yahoo.com
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tomato yield in Ethiopia is however remained low ranging from 6.5-24 Mt ha
-1

 (Gemechis et al 2012) 

as compared with average yields of 51, 41, 36, and 34 Mg ha
-1

 in America, Europe, Asia and the whole 

world, respectively [FAOSTAT (FAO Statistical Databases) 2010]. This yield reduction might be due 

to a myriad barriers, like abiotic (high temperature, erratic rainfall, poor soils fertility, etc.) and biotic 

(pests, diseases etc.) factors (Willis et al 2019). 

Key among the constraints that prevent farmers from achieving potential tomato yield might be low 

soil fertility, post-harvest losses and the lack of appropriate cultural practices (Ogbomo 2011). 

Depletion of soil nutrients and soil degradation from erosion and soil compaction might also threatens 

crop yields (Hamza and Anderson 2005; Taddesse 2001). Therefore, soil fertility maintenance is a 

major concern in the region to improve agricultural production in order to feed the growing population. 

In intensive agricultural systems, soil fertility can be maintained through applications of organic 

materials, inorganic fertilizers, lime, and the inclusion of legumes in the cropping system, and 

combination of some of these (Pandey et al 2006; Singh et al 2007). 

In Ethiopia, farmers have been producing different crops using the blanket recommended fertilizers 

urea and di-ammonium phosphate (DAP) (Feyera et al 2014). Nevertheless, crop production remained 

low compared to their potential yields, which might be due to the deficiency of essential nutrients 

other than N and phosphorus (P) (EthioSIS 2013). This is because, crop growth, nutrient use 

efficiency, productivity and production is affected by the most limited nutrient. According to Feyera et 

al. (2014) crop nutrient uptake is high in plots with blended fertilizer. Haile and Boke (2011) also 

reported potato fertilizer use efficiency raised when NP fertilizers are combined with  potassium (K) 

whereby tuber yield was increased by 197% over the standard NP recommendation alone. Hence, 

applying blended fertilizers comprised of the different mineral elements like N, P, K, Zinc (Zn), sulfur 

(S) and boron (B) etc. that are deficient in the study area should be used than only DAP and urea 

(Feyera et al 2014). 

The previous fertilizer recommendation that was being practiced had to be revised according to the 

ground problems and nutrient deficiencies to solve the low crop productivity. Recently, different 

blended fertilizers consisting of the deficient macro and micronutrients were developed by EthioSIS 

(2014) in accordance to the results from various on farm studies conducted to refine optimum N, P, K, 

and S rates and soil fertility survey by EthioSIS (2013) for diverse agro-ecologies and soils. Then after, 

validations of the different blended fertilizers on different Woredas for which they were formulated 
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were conducted and a blended NPSZnB fertilizer was recommended for Mereb lekhe Woreda. 

However, the rates of these blended fertilizers required for an optimum crop yield were not yet 

determined. Therefore, the present study was initiated to investigate the effect and to determine site 

and crop specific blended NPSZnB fertilizer rate recommendation for tomato production at Mereb 

lekhe Woreda. 

Materials and Methods 

Study area description 

Field experiments were conducted during 2017 and 2018 at Hamedo irrigation scheme (Medhin 

kebelle), Mereb lekhe Woreda, Central Tigray Zone, Northern Ethiopia on two farmers‟ fields per year 

under irrigation condition following the soil fertility map developed by EthioSIS for the Woreda. The 

study area is mainly categorized under semi-arid with a hot to warm agro-climatic condition and a uni-

modal and erratic rainfall pattern. Hamedo irrigation scheme is found at around 50 km away to the 

north of Adwa town and 5 km away to the south of Rama town. Mereb lekhe is surrounded by Tahtay 

maichew, Laelay maichew, Adwa, and Ahferom Woredas and Eritrea on the west, southwest, 

southeast, east and northern, respectively. The study area is located between 14˚22‟25” N and 

038
o
47‟32” E to 14

o
38' 30'' N and 38

o
56' 0'' E (Figure 1). 

 
Figure 1.  Location map of the study area at Mereb lekhe, Tigray, Ethiopia 
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The area mainly lies under semi-arid tropical belt of Ethiopia with a hot to warm agro-climatic zone 

with a uni-modal and erratic rainfall pattern. The moist growing period of the area is laid in to three 

months of June and September. 

Experimental design and treatments  

The experiment had seven levels of NPSZnB (0, 25, 50, 100, 150, 200, 250 and 300 kg NPSZnB ha
-1

) 

and blanket recommended fertilizer (96 kg ha
-1

 N, 69 kg ha
-1

 P2O5) from DAP and urea. The blended 

fertilizer rates and DAP were applied when transplanting the tomato while the same amount of (64 kg 

N ha
-1

)
 
was top dressed 45 days after planting for all the treatments  except the blanket recommended 

treatment. The test crop was also planted in rows. Tomato agronomic management practices were 

performed as per the recommendation.  

The treatments were set in a randomized complete block design (RCBD) with three replications. The 

plot sizes was 3 by 3 m (9 m
2
) and the spacing between blocks, plots, rows and plants were also 100, 

50, 70, and 30cm, respectively. Improved onion variety (Melka sholla) was used. This experiment was 

conducted during 2017 and 2018 at two farmers‟ fields each year. 

Crop data collection 

Days to first maturity, plant height and yield (marketable, unmarketable and total yield) of the tomato 

were recorded and collected following standard procedures. 

Economic analysis 

Economic analysis was performed to investigate the economic feasibility of the treatments. Partial 

budget, dominance, marginal  were carried out. The average yield was also adjusted downwards to 

reflect the difference between the experimental plot yield and the yield farmers would expect from the 

same treatment. The average open market price (Birr kg
-1

) for different crops and the official prices of 

the balanced fertilizers were used for analysis. For a treatment to be considered a worthwhile option to 

farmers, the minimum acceptable rate of return (MRR) should be 100% [International Center for 

Maize and Wheat Research  (CIMMYT), 1988] which is suggested to be realistic. This enables to 

make farmer recommendations from marginal analysis. 

Result and Discussion 
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Growth parameters 

Days to physiological maturity 

Days to physiological maturity of tomato under irrigation condition was not statistically significantly 

(P.> 0.05) affected by different NPSZnB fertilizer rates at Mereb lekhe Woreda. The first tomato 

maturity was delayed equally for the plots received 250 and 300 kg NPSZnB ha
-1 

rates in the study 

area (Table 1). The delayed tomato maturity in plots with high fertilizer rates might be due to the 

sufficient irrigation water and nutrient supply throughout the growing period which helped it to grow.  

Table 1. Days to first maturity and plant height of tomato as influenced by blended NPSZnB fertilizer rates 

under irrigation condition 
Treatments DM (days) PH (cm) 

Rec. NP (96 kg N ha
-1

, 69 kg P ha
-1

) 69.67 45.77
bc

 

25 NPSZnB (kg ha
-1

) 68.00 43.90
c
 

50 NPSZnB (kg ha
-1

) 68.50 50.17
abc

 

100 NPSZnB (kg ha
-1

) 67.83 51.63
ab

 

150 NPSZnB (kg ha
-1

) 68.67 53.43
a
 

200 NPSZnB (kg ha
-1

) 70.33 51.23
abc

 

250 NPSZnB (kg ha
-1

) 69.00 51.13
abc

 

300 NPSZnB (kg ha
-1

) 70.33 51.47
ab

 

Mean 69.04 49.84 

LSD (0.05) NS 7.39 

CV (%) 22.38 12.69 

Where; Where; DM= days to maturity, PH= Plant height, and LSD= Least significant difference and CV= coefficient of variance.  

Plant height  

The analysis of variance revealed that tomato plant height was statically significantly affected (P<0.05) 

by the different rates of NPSZnB blended fertilizer in the study area. This result is in consistent with 

that of Edossa et al (2013) who reported that application of N and P fertilizers had significant effect on 

plant height of tomato. The highest tomato plant height was 53.43 cm, whereas the shortest was 43.90 

cm (Table 1). Though in statistical parity with some of the treatments, highest plant height was 

recorded from the application of 150 kg ha
-1 

blended NPSZnB fertilizer, while the shortest plant height 

was recorded on plots received 25 kg ha
-1 

NPSZnB. 

Marketable yield  

Tomato yield was statically significantly (P < 0.05) affected by the different rates of blended NPSZnB 

fertilizer at Mereb lekhe Woreda. The current study was in line with the report of (Singh 1978; Ahmad 

and Butt 1999) who indicated that significant yield increase was observed in tomato grown on NK and 
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NP treated soils, respectively. With some inconsistent trends, yield improvement was observed with 

increasing rate of applied blended fertilizer (Table 2). The highest marketable yield was recorded in 

response to the application of 300 kg ha
-1 

NPSZnB blended fertilizer. Lowest marketable yield (20194 

kg ha
-1

)
 
was also obtained in response to the 25 kg ha

-1 
NPSZnB, which is the lowest blended fertilizer 

rate. 

Table 2. Marketable, unmarketable and total yields of tomato as influenced by blended NPSZnB fertilizer rates 

under irrigation condition  
Treatments MY (kg ha

-1
) UMY (kg ha

-1
) TY (kg ha

-1
) 

Rec. NP (96 kg N ha
-1

, 69 kg P ha
-1

) 24241
bc

 1556
ab

 25796
bc

 

25 NPSZnB (kg ha-
1
) 20194

c
 1328

b
 21522

c
 

50 NPSZnB (kg ha-
1
) 32593

ac
 2459

ab
 35052

ab
 

100 NPSZnB (kg ha-
1
) 27056

abc
 1909

ab
 28965

abc
 

150 NPSZnB (kg ha-
1
) 30306

ab
 2696

a
 33002

ab
 

200 NPSZnB (kg ha-
1
) 31944

ab
 2143

ab
 34087

ab
 

250 NPSZnB (kg ha-
1
) 26778

abc
 1991

ab
 28769

ab
 

300 NPSZnB (kg ha-
1
) 33963

a
 2626

a
 36589

a
 

Mean 28384.26 2088.43 30472.69 

LSD (0.05) 9109.2 1171.20 9744.80 

CV (%) 27.46 47.98 27.36 
Where; MY= marketable yield, UMY= unmarketable yield, TY= total yield, and LSD= Least significant difference and CV= coefficient of variance.  

Unmarketable yield  

The analysis of variance showed that tomato unmarketable yield was significantly (P < 0.05) affected 

by the varying rates of NPSZnB fertilizer under irrigation condition. The highest unmarketable yield 

(2696 kg ha
-1

) was obtained in response to the NPSZnB blended fertilizer rate of 150 kg ha
-1

 whereas, 

the lowest (1328 kg ha
-1

) was from plots received 25 kg NPSZnB ha
-1

 rate (Table 2).  

Total yield  

According to the analysis of variance tomato total yield was statically significantly (P < 0.05) affected 

by the different NPSZnB fertilizer rates at the study area. Similar to the marketable yield highest total 

yield (36589 kg ha
-1

)
 
was obtained in response to the 300 kg NPSZnB ha

-1 
fertilizer rate (Table 2).  

Economic analysis  

According to the undertaken marginal rate of return analysis, 300 kg NPSZnB ha
-1 

was economically 

profitable rate at Mereb lekhe Woreda (Table 3). Thus, producers may apply 300 kg ha
-1

 NPSZnB 

fertilizer rate for optimum tomato yield compared to the other rates and blanket recommendation.  
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Table 3. Partial budget analysis of blended NPKSZnB fertilizer for tomato in Mereb lekhe Woreda 
Fertilizer rate (kg ha

-1
) FC 

(Birr) 

TLC 

[Birr] 

TVC [Birr] MY    (kg 

ha
-1

) 

AjY      (kg 

ha
-1

) 

TR 

[Birr] 

NR 

[Birr] 

MRR 

(ratio) 

MRR (%) 

25 NPSZnB (kg ha
-1

) 445.41 30 475.41 20194 18175 327143 326667 0 0 

50 NPSZnB (kg ha-
1
) 890.82 60 950.82 32593 29334 528007 527056 421.506 42150.6 

100 NPSZnB (kg ha-
1
) 1781.64 120 1901.64 27056 24350 438307 436406 D D 

150 NPSZnB (kg ha-
1
) 2672.46 150 2822.46 30306 27275 490957 488105 D D 

200 NPSZnB (kg ha-
1
) 3563.28 210 3773.28 31944 28750 517493 513690 D D 

250 NPSZnB (kg ha-
1
) 4454.1 270 4724.1 26778 24100 433804 429050 D D 

Rec. NP (96 N, 69 P kg ha
-1

) 4660.5 330 4990.50 24241 21817 392704 387714 D D 

300 NPSZnB (kg ha-
1
) 5344.92 330 5674.92 33963 30567 550201 544526 3.69804 369.804 

Where; FC= Fertilizer cost, TLC= transport and labor cost, TVC= Total variable cost, MY= marketable yield, AjY= Adjusted yield, TR= Total Revenue, NR= Net revenue and MRR= marginal rate of 

return. 
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Conclusion and Recommendation 

Farmers in the study area have been applying fertilizers for their vegetable crops which were the 

blanket recommendation containing only N and P. The blanket recommended fertilizers were 

developed for the whole country regardless of the difference in agro-ecologies, soil and crop 

types.  From the newly introduced blended fertilizers to the Woreda NPSZnB is one of them. 

This study revealed that the blended NPSZnB fertilizer improved the yield and yield component 

of tomato due to the fulfillment of the deficient nutrients in the blending. The 300 kg NPSZnB 

ha
-1

 rate resulted in higher tomato yields. However, economically the blended NPSZnB fertilizer 

at rates of 50 kg ha
-1

 was found to be profitable for tomato. Since the blended NPSZnB fertilizer 

improved tomato production and productivity farmers should use in their cropping system. 

Similar studies should be carried out based on deficient nutrients and crop specific conditions 

because crop growth and production is affected by the most limiting nutrient. 
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Abstract 

A field experiment was carried out in 2016 off-season at Medhin Kebele in Merb-Lekhe Woreda 

in Tigray Regional State, Ethiopia. The experiment was arranged in a randomized complete 

block design (RCBD) with three replications at two farmers‟ fields. Treatments used were seven 

levels of NPKSZnB (25, 50, 100, 150, 200, 250 and 300 kg ha
-1

)  and one standard check or 

blanket recommended NP fertilizer (96 kg N ha
-1

and 69 kg P ha
-1

). All the NPKSZnB treatments 

were evaluated to each other and against the blanket recommended NP fertilizer. Except the urea 

fertilizer which was applied as top dress 45 days after planting, all the blended fertilizer rates and 

DAP were spread over during hot pepper transplanting. Application of different rates of blended 

fertilizer did not significantly affect most of the crop parameters tested. The maximum plant 

height (64.87 cm) and pod diameter (0.91 cm) were obtained from plots treated with 250 and 150 

kg NPKSZnB ha
-1

, respectively. On the other hand, the result revealed that hot pepper yield 

increased with increased application of blended NPKSZnB fertilizer, though the difference was 

economically insignificant. Thus effect of the various rates and blanket recommended NP 

fertilizers were not statistically different as a result the least cost economically feasible rate was 

25 kg ha-
1
 NPKSZnB ha

-1
.  

Keywords: Blended fertilizer, hot pepper, marginal rate of return, marketable yield 

Introduction 

Pepper encompasses about 30 species, but hot Pepper Capsicum annuum L. is the most 

cultivated species in both tropical and temperate zones (Grubben and El Tahir 2004). Hot pepper 

(Capsicum annum L.) belongs to the Solanaceae family. It is an important spice and vegetable 

crop in tropical areas of the world. It is the second most vital vegetable crop of the family after 

tomato in the world (Rubatzky and Yamaguchi 1997; Berhanu et al 2011). It is an important 

crop, not only because of its economic importance, but also due to the nutritional and medicinal 

value of its fruit (Nimona 2018). In Ethiopia, hot pepper is commonly cultivated within an 

altitude ranges of 1400 to 1900 meter above sea level  [Ministry of Agriculture and Rural 

mailto:gidenatasew@yahoo.com
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Development (MoARD 2009); (Ethiopian Agricultural Research Institute (EIAR 2007)], which 

receives mean annual rainfall of 600 to 1200 mm, and has mean annual temperature of 25 to 

28°C (EIAR 2007). 

In terms of total production, the share of hot pepper in Ethiopia is high as compared with other 

vegetables such as lettuce, tomatoes, head cabbage, onion and others [Central Statistical Agency 

(CSA 2016)]. In Tigray Regional State, the total area under hot pepper for dry pod (Berbere) and 

for green pepper (Karia) in 2016 were estimated to be 1712.48 ha and 362.89 ha, respectively, 

while in Central Zone of Tigray the total area covered with hot pepper was 359.98 ha (CSA 

2016). However, in the region the productivity is still low attributed to lack of proper nursery and 

field agronomic management practices (in adequate and/or unbalanced nutrient supply, diseases, 

poor aeration and lack of high yielding cultivars).  

Nutrient deficiency is the major yield limiting factor on vegetable production in Ethiopia; N, P 

and other nutrients as S, B and Zn deficiencies are the foremost constraints for production of 

vegetables and other crops (Alemu and Ermias 2000). Fertilizers are efficient exogenous source 

of plant nutrients (Akram et al 2007). Plant growth and production necessitates sufficient and 

balanced nutrient supply as well as optimum uptake in order to maximize productivity (Mengel 

and Kirkby 2001). Application of mineral NPK fertilizers enhanced yield and yield contributors 

through better nutrient uptake, growth and development (Obidiebube et al 2012). Supply of 

micronutrients along with NPK fertilizer can also increase nutrient use efficiency of crops 

(Malakouti 2008).  

Farmers, produce vegetable crops including hot pepper using blanket fertilizer recommendation 

in Ethiopia (EIAR 2007) such as (96 N + 64 P kg) ha
-1 

in Mereb-Lekhe Woreda.  Increasing crop 

yields through application of N and P alone can deplete other nutrients Food and Agriculture 

Organization (FAO), 2000]. The depletion of important nutrient elements in soils such as K, 

magnesium (Mg), calcium (Ca), S and micronutrients might be aggravated due to unbalanced 

application of plant nutrients (Wassie et al 2011). As a result, the current productivity of hot 

pepper is very low compared to the potential yield of the crop, in all parts of the country 

(Nimona 2018). Continuous intensive cropping of hot pepper and other crops with inadequate 
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fertilizer use has resulted in depletion of the soil‟s macro and micronutrients which in turn 

reduces yield (Gerstenmier 2015). 

Fertilizer research works in Ethiopia have been focused on N and P under different soil types and 

various climatic conditions, while very limited work has been reported with other essential 

macro and micro nutrients (Nimona 2018). According to the soil inventory data acquired from 

EthioSIS, other than N and P, essential nutrients such as K, S, Zn, B and copper (Cu) are 

deficient in Ethiopian soils and their deficiency symptoms were observed on major crops in 

different parts of the country [Agricultural Transformation Agency (ATA), 2013[. However, no 

information is available on blended fertilizers requirement of hot pepper. Therefore, the 

presented study was aimed to validate the soil fertility map based blended fertilizer 

recommendation under specific production environment and to determine an economically 

optimum blended NPKSZnB fertilizer rates for better hot pepper production in Mereb-Lekhe 

Woreda. 

Materials and Methods 

Description of the study area 

The experiment was conducted for two consecutive irrigation seasons (2016 and 2017) on 

farmers‟ fields at Hamedo scheme, Medhin Kebele of Mereb-Lekhe Woreda (Figure 1), 

following the map developed by EthioSIS for that specific area. The area mainly lies under semi-

arid tropical belt of Ethiopia with a hot to warm agro-climatic zone with a mono-modal and 

erratic rainfall pattern. Hamedo irrigation scheme is found at around 50 km away to the north of 

Adwa town and 5 km away to the south of Rama town. The soil texture of the study area is 

characterized as sandy loam and loam [Office of Agriculture and Rural Development (OoARD 

2019)]. 

The study area obtains a rainfall of 586.9 mm during the cropping season (January-December, 

2016) (Figure 2). Mean maximum and minimum temperatures during the cropping season were 

42.4
o
C and 11.5

o
C, respectively (Figures 2). The weather condition of the experimental site was 

suitable for hot pepper production according to the climatic data (OoARD 2019). 

Experimental design and treatments 
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The experiment was set in RCBD with three replications. The plot sizes was 3 m by 3 m (9 m
2
) 

and the spacing between blocks, plots, rows and plants were also 100, 50, 70, and 30 cm, 

respectively. Improved pepper variety (Melka shote) was used. This experiment was conducted 

in one season. 

 
Figure 1. Location map of the study area at Mereb-Lekhe, Tigray, Ethiopia 

A total of eight treatments; seven NPKSZnB rates (25, 50, 100, 150, 200, 250 and 300 kg ha
-1

) 

and one blanket recommended fertilizer (105 kg N ha
-1

 and  69 kg P ha
-1

) from DAP and urea 

were formulated and examined. All the NPKSZnB treatments were evaluated to each other and 

against the blanket recommended NP fertilizer. The same amount of urea fertilizer (64 kg N ha
-1

) 

was applied to all plots that received different NPKSZnB fertilizer rates. Except the urea 

fertilizer which is applied as top dress 45 days after planting all the blended fertilizer rates and 

DAP were spread over during onion transplanting. The test crop was also planted in rows. The 

other hot pepper management practices were performed as per the recommendation. 
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Figure 2. Ten years (2007-2016) annual rain fall (a) mean monthly rainfall, maximum and minimum 

temperature (b) in 2016 for Mereb Lekhe Woreda. Source: National Meteorological Services Agency, 

Tigray Branch office, 2019 

Soil data collection and analysis 

A representative composite soil sample was taken at 0 to 20 cm depth before planting, from each 

farmer‟s fields using an auger. The collected samples were properly labeled, packed and taken to 

Shire Soil Research Center. Particle size distribution was determined using the Bouyoucos 

hydrometer method (Bouyoucos, 1962). The pH and electrical conductivity (EC) (1:25 soil to 

water suspension) of the soil were measured using a pH meter (Rhoades, 1982) and the method 

described by Jakson (1967), respectively. Organic carbon (OC), total N and available P were also 

determined by the Walkely and Black (1934) method, Kjeldahl method as described by Bremner 

and Mulvaney (1982) and Olsen method (Olsen et al 1954), respectively. Results of the selected 

soil physicochemical properties of the experimental site are indicated in Table 1. 

Table 1. Initial physicochemical properties of soil 

Parameters Values Rating Reference 

pH 6.8 Neutral  Murphy (1968) 

ECe (ds m
-1

) 1.71 Low soil salinity Lamond and Whitney (1992) 

OC (%) 0.72 Low  Tekalign (1991) 

TN (%) 0.04 Low Berhanu (1980) 

Olsen-P (mg kg
-1

) 5.21 Medium  Olsen et al (1954) 

CEC (cmol (+) kg
-1

) 10.12 Low  Landon (1991) 

Ex. Ca (cmol (+) kg
-1

) 5.21 Medium FAO (2006) 

Ex. Mg (cmol (+) kg
-1

) 1.12 Medium FAO (2006) 

Ex. Na (cmol (+) kg
-1

) 0.18 Low  FAO (2006) 

Ex. K (cmol (+) kg
-1

) 0.13 Low  FAO (2006) 
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Crop data collection  

Agronomic data like planting date, flowering, and 50% pod setting, pod length, pod diameter, 

pod weight, plant height, days to maturity and yield were collected.  

Data analysis 

The collected data were subjected to statistical analysis. Analysis of variance (ANOVA) was 

carried out using Statistical Analysis System (SAS) software program (SAS 2002). Significant 

difference between and among treatment means were assessed using the least significant 

difference (LSD) at 0.05 level of probability (Gomez and Gomez 1984). 

 

Economic analysis 

Economic feasibility of the treatments was determined using economic analysis (partial budget, 

dominance, and marginal analyses). In partial budget analysis the yield has been adjusted 10% 

lower than the actual yield acquired from the experimental plots to make the representative yield 

at the farmers' fields. The average open market price (Birr kg
-1

) and the official prices of the 

balanced fertilizers were also used for analysis. For a treatment to be considered a worthwhile 

option to farmers, the minimum acceptable rate of return (MARR) should be 100% [International 

Center for Maize and Wheat Research (CIMMYT 1988], which is suggested to be realistic. This 

enables to make farmer recommendations from marginal analysis. The expenses for fertilizer 

(NPKSZnB) and daily labor were calculated by assuming 1781.64 ETB per 100 kg fertilizer and 

60 ETB per person, respectively. The revenue was also estimated by considering the prevailing 

market price of hot pepper which was 35 ETB per kg of yield.  

Average marketable yield (MY) (kg ha
-1

): is an average yield hot pepper on each treatment   

Adjusted yield (AjY): is the average yield adjusted downward by a 10% to reflect the difference 

between the experimental yield and yield of farmers‟ field.  

AjY = MY - (MY * 0.1) 

Gross field benefit (GFB) or Total revenue (TR): was computed by multiplying field/farm gate 

price that farmers receive for the crop when they sale it as adjusted yield.   

TR = AjY * field or farm gate price of a crop 
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Total variable cost (TC): is the cost of inputs that were used for the experiment as mean current 

prices of the blended NPSZnB and other fertilizers, wage for fertilizers application and transport 

of fertilizers, and were considered per hectare.   

Net revenue (NR): was calculated by subtracting the total costs from the total revenue (gross 

field benefit) for each treatment.       

NR = TR – TC 

Marginal rate of return: percent marginal rate of return was calculated as changes in net benefit 

(raised benefit) divided by changes in cost (raised cost).    

MRR (%) = (MB/MC)*100 

Where; Marginal cost (MC) = change in costs between treatments and Marginal benefit (MB) = 

change in net benefits between treatments. 

 

Results and Discussion 

Effects on days to first maturity, plant height, pod length and pod diameter  

According to the result presented in Table 2, days to first maturity of hot pepper was different as 

affected by the NPKSZnB blended fertilizer rates. However, there was no statistically significant 

difference among the treatments including with the blanket recommended NP fertilizer. In 

contrary to this finding, application N and P had a significance difference among the treatment of 

hot pepper (Tibebu and Bizuayehu 2014). Similarly, increasing NPS fertilizer level increased 

days to maturity of potato cultivars and duration of vegetative phase of potato also prolonged and 

in turn maturity date delayed (Alemayehu and Jemberie 2018 and Manoj et al 2013). 

Plant height of pepper was significantly affected by the different NPKSZnB blended fertilizer 

rates though it was in par with the blanket recommended NP fertilizer (Table 2). Inline to the 

current study, Nimona et al (2018) reported that application of different blended fertilizer rates 

significantly (P<0.05) increased plant height of hot pepper.  Although it is in parity with most of 

the treatments, longest plant height was recorded from plots that received 250 kg NPKSZnB ha
-1

,
 

whereas the shortest was from plots received 25 kg NPKSZnB ha
-1

. Hence, the results indicated 

that application of blended fertilizers had enhanced vegetative growth of hot pepper. This 

increment in plant height might be due to the increasing cell division and elongation (Wahocho 

et al 2016) caused by the availability of nutrients in the blended fertilizers, especially N and P. In 
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harmony to this finding, Bhuvaneswari et al (2014) also revealed that increment in plant height 

was obtained as the rate of blended fertilizer increased which might be attributed to  N which 

contributes for plant elongation and for initiating growth promoting hormones (Indole-3-acetic 

acid or IAA). 

Pod length was not significantly (P< 0.05) affected by the levels of blended NPKSZnB fertilizer 

(Table 2). Though, the longest pod length was recorded at 250 kg ha
-1 

NPKSZnB while the 

shortest pod was obtained from 25 kg ha
-1

NPKSZnB. In contrary to this finding Sultana et al 

(2016) obtained that blended fertilizer significantly affected pod length of hot pepper. Hot pepper 

pod diameter was statistically significantly (P < 0.05) affected by the blended NPKSZnB 

fertilizer rates (Table 2). Highest pod diameter was obtained from plots planted with 150 kg 

NPKSZnB ha
-1 

fertilizer rate. Inline to this finding, Sultana et al (2016) and Wakuma (2017) 

obtained that blended fertilizer significantly affected pod diameter of hot pepper. 

Table 2. Days to first maturity, plant height, pod length and pod diameter of hot pepper as influenced by 

blended NPKSZnB fertilizer rates under irrigation condition 
Treatments DMF (days) PH (cm) PL (cm) PD (cm) 

Rec. NP (119 kg N ha
-1

, 69 kg P ha
-1

) 63.33 61.33ab 10.02 0.80abc 

25 NPKSZnB (kg ha-
1
) 62.00 58.20b 9.47 0.67c 

50 NPKSZnB (kg ha-
1
) 63.67 59.73ab 9.91 0.69bc 

100 NPKSZnB (kg ha-
1
) 60.00 63.53ab 10.27 0.84ab 

150 NPKSZnB (kg ha-
1
) 60.00 60.00ab 10.23 0.91a 

200 NPKSZnB (kg ha-
1
) 63.00 59.67ab 10.31 0.72bc 

250 NPKSZnB (kg ha-
1
) 62.67 64.87a 10.53 0.73bc 

Mean 62.10 61.05 10.11 0.77 

LSD (0.05) NS 5.72 1.56 0.16 

CV (%) 3.56 5.27 8.49 11.95 
Means followed by the same letters are not significantly different (P≤0.05) according to Tukey Test; DMF=Day to First Maturity, PH=Plant 

Height, PD= Pod Diameter, PL= Pod Length, ha= hectare; kg= Kilo Gram, NS= Non significant, CV= Coefficient of variation, LSD = Least 
significant differences. 

Effects on yield component and yield 

Hot pepper pod weight was not significantly (P<0.05) affected by the different rates of blended 

NPKSZnB fertilizer (Table 3). Though, the highest green pod weight was recorded from plots 

that received 200 kg ha
-1 

blended NPKSZnB fertilizer rate, whereas the lowest was recorded 

from the 25 kg ha
-1

. In contrary to this finding, application N and P had  significance differences 

in pod weight among the treatment of hot pepper (Tibebuand Bizuayehu 2014). 

Blended NPKSZnB fertilizer rates did not significantly (P<0.05) influence number of pods 

(Table 3). Although all rates were statistically in par the highest pod number was obtained from 



 

279 
 

the blended NPKSZnB fertilizer rate of 250 kg ha
-1

, whereas the fewest was recorded from plots 

that received the 25 kg ha
-1

. Contrary to this finding, application N and P had significance 

differences in pod number among the treatment applied to hot pepper (Tibebuand Bizuayehu 

2014). 

The PDST of hot pepper was not significantly (P < 0.05) affected by the different rates of 

blended NPKSZnB fertilizer (Table 3). Though, the highest pepper PDST was recorded in 

response to NPKSZnB fertilizer applied at the rates of 50 kg ha
-1

 the lowest was obtained from 

plots that received 250 kg ha
-1 

NPKSZn fertilizer rate. Similarly, pepper PDMT was not 

significantly (P < 0.05) affected by the different rates of blended NPKSZnB fertilizer under 

irrigation condition. Though, highest PDMT was obtained in response to the 250 kg ha
-1 

rate of 

the blended NPKSZnB fertilizer, whereas the lowest was recorded from plots that received 50 kg 

NPKSZnB ha
-1

 rate (Table 3). Marketable yield of hot pepper was not significantly influenced by 

the different blended NPKSZnB fertilizer rates (Table 3). However, plots that received 250 kg 

ha
-1 

NPKSZnB gave higher marketable yield than the other treatments.  

Table 3 PDWT, PDN, PDST, and PDMT and marketable of pepper as influenced by blended NPKSZnB 

fertilizer rates under irrigation condition 
Treatments PDWT (g) PDN (unit) PDST 

(days) 

PDMT 

(days) 

MY (kg 

ha
-1

) 

Rec. NP (119 kg N ha
-1

, 69 kg P ha
-1

) 0.30 64.53 82.67 96.33 8246 

25 NPKSZnB (kg ha-
1
) 0.25 53.47 82.67 96.33 7237 

50 NPKSZnB (kg ha-
1
) 0.28 56.13 81.33 95.00 7719 

100 NPKSZnB (kg ha-
1
) 0.31 57.87 82.33 96.33 8246 

150 NPKSZnB (kg ha-
1
) 0.31 58.33 81.67 95.33 8333 

200 NPKSZnB (kg ha-
1
) 0.38 59.13 82.33 96.67 8333 

250 NPKSZnB (kg ha-
1
) 0.27 64.8 83.33 97.00 8597 

Mean 0.30 59.18 82.38 96.14 8102 

LSD (0.05) NS NS NS NS NS 

CV (%) 25.23 11.65 1.24 1.38 12.81 
Means followed by the same letters are not significantly different (P≤0.05) according to Tukey Test; PDWT=Pod weight, PDN=Pod  Number, 

PDST=Pod setting, PDMT=Pod maturity, MY=Marketable Yield, ha= hectare; Kg= Kilo Gram, NS= Non significant, CV= Coefficient of 
variation, LSD = Least significant differences. 

Pepper yield increased with an increasing NPKSZnB fertilizer rates at the study area. Therefore, 

the optimum blended NPKSZnB fertilizer rate might be beyond 250 kg ha
-1 

because the response 

curve is still showing an increasing trend. Inline to the current study Matta and Cotter (1994) 

reported that hot pepper yield increased in response to addition of nutrients in nutrient deficient 

soils which may increase vegetative growth, leaf area, photosynthetic capacity and may cause 

better partitioning of assimilate towards the pods.   
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Partial budget analysis 

According to this study, hot pepper yield increased with increased application of blended 

NPKSZnB fertilizer, though the difference was economically insignificant. Cost-benefit analysis 

was undertaken for the different fertilizer rates to determine the highest net benefit. The 

maximum pepper yield was obtained from plots that received highest rate of blended NPKSZnB 

fertilizer. However, since the effect of the various rates and blanket recommended NP fertilizer 

were not statistically different, the 25 kg ha-
1 

rate which is in this case the least cost 

economically feasible is recommended. 
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Table 3. Partial budget analysis of blended NPKSZnB fertilizer for pepper at Mereb-Lekhe Woreda 
Fertilizer rate (kg K/ha) FC  

(Birr) 

TLC 

[Birr] 

TVC [Birr] MY 

(kg/ha) 

AjY (kg/ha) TR 

[Birr] 

 NR 

[Birr] 

MRR 

(ratio) 

MRR (%) 

25 NPKSZnB (kg ha-
1
) 445.41 30 475.41 7237 6513 117239 116764 0.00 0.00 

50 NPKSZnB (kg ha-
1
) 890.82 60 950.82 7719 6947 125048 124097 15.42 1542.46 

100 NPKSZnB (kg ha-
1
) 1781.64 120 1901.64 8246 7421 133585 131684 7.98 797.90 

150 NPKSZnB (kg ha-
1
) 2672.46 150 2822.46 8333 7500 134995 132142 0.48 48.23 

200 NPKSZnB (kg ha-
1
) 3563.28 210 3773.28 8333 7500 134995 131191 D D 

250 NPKSZnB (kg ha-
1
) 4454.1 270 4724.1 8597 7737 139271 134517 1.25 124.90 

Rec. NP (105 N, 69 P kg ha
-1

) 4660.5 330 4990.50 8246 7421 133585 128595 D D 

Where; FC= Fertilizer cost, TLC= transport and labor cost, TVC= Total variable cost, MY= marketable yield, AjY= Adjusted yield, TR= Total Revenue, NR= Net revenue and MRR= marginal rate of 

return. 
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Conclusion  

Fertilizer application for vegetable crops under irrigation condition has been practiced since long 

time ago in Mereb-Lekhe Woreda. However, the yield and economic return have been reduced 

from time to time due to the use of a few fertilizer recommendations in all conditions for 

different crops. Furthermore, the blanket recommendations had caused unbalanced nutrient 

constituents which made it inefficient in agronomical point of view. Therefore, this study was 

initiated to improve sustainable hot-pepper production and productivity through development of 

crop and soil specific blended fertilizers. 

Marketable yield showed increasing trend with increasing the blended fertilizer rates. 

Additionally, the highest marketable yield (8597 kg ha
-1

) was recorded from the blended 

fertilizer rate of 250 kg ha
-1 

NPKSZnB + 64 kg N ha
-1 

urea top dress and the lowest (7237 kg ha
-

1
) from plots that received (25 kg ha

-1
NPKSZnB + 64 kg N ha

-1 
urea top dress. However, the 

yields of these rates were not statistically different to each other and with that of the previously 

recommended N and P fertilizers for hot pepper production in Ethiopia. Hence, the lowest 

NPKSZnB rate (25 kg ha
-1

NPKSZnB + 64 kg N ha
-1 

urea top dress) will be economically 

feasible. 
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Abstract  

Sesame is one of the most popular oil crops in Western Zone of Tigray, Ethiopia. Blended 

fertilizers containing nitrogen (N), phosphorus (P), sulfur (S), Zinc (Zn) and boron (B) have been 

recommended to ameliorate site specific nutrient deficiencies in different WoredaWoredas of 

Tigray. Field experiment was conducted in Kafta Humera on Vertisols during rainfall season of 

2018 to study the effect of NPSZnB fertilizer on sesame (Sesame indicum L.) nutrition. The 

experiment was laid out in randomized completely block design (RCBD) with three replication. 

The experiment consisted of seven treatments of which six levels were NPSZnB (0, 50, 100, 150, 

200 and 250 kg ha
-1

) and one blanket recommendation of NP. Data were recorded on sesame 

yield and yield components. The results revealed that addition of graded rate of NPSZnB 

significantly increased yield and yield attributes of sesame. Grain yield increased from 373.36 kg 

ha
-1

 to 508.78 kg ha
-1

 as NPSZnB increases from 0 to 200 kg ha
-1

 NPSZnB but it was not 

significantly different from the blanket recommendation of N and P (41 kg N and 46 kg P205 ha
-

1
). 

Keywords: NPSZnB, yield, sesame 

Introduction 

Soil fertility depletion is the major constraint to sustainable agricultural production in Tigray. 

Poor soil fertility and extreme exhaustion of plant nutrients from the soil are the major factors 

limiting crop production in both rain-fed and irrigated farms in the different agro-ecological 

zones of Tigray. Nutrient mining due to sub-optimal fertilizer use coupled with agronomical 

unblended fertilizer uses have favored the emergence of multi-nutrient deficiency in Ethiopian 

soils (Asgelil et al 2007; Abyie et al 2003). This in part explains fertilizer factor productivity 

decline and stagnant crop productivity conditions encountered despite continued use of the 

blanket recommendation. 

Among the key strategies that were identified to help increase agricultural production and 

productivity in Growth and Transformation Plan I (GTP I) period was the soil fertility mapping 

of the country's agricultural lands. The soil fertility map of Tigray region was completed in the 
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year 2014 and published by Ministry of Agriculture (MOA) and Ethiopian Agricultural 

Transformation Agency (ATA) (2014) as part of the strategy. The necessity to transform 

agricultural sector with respect to soil fertility requires application of proper amounts of blended 

fertilizers for different crops. Blended fertilizers containing N, P, S, B, iron (Fe) and Zn in blend 

form have been recommended to solve site specific nutrient deficiencies and thereby increase 

crop production and productivity. The major recently recommended blended fertilizers for 

Tigray Region by MOA and ATA are NPS, NPSB, NPSZn, NPSZnB, NPSFeZn and 

NPSFeZnB. Though potassium (K) was part of the previous blend fertilizer, recently it was 

suggested to be applied based on soil test result. Because K is major nutrient and the amount of 

K in the previous blend fertilizers might not be sufficient for crop requirement. 

Experimentations of blend fertilizers were carried out for the last few years in Tigray. However 

in most of the study sites, there were no significance difference among the different blend 

fertilizers as compared with the conventional N and P recommendation. The probable reasons 

could be blends were compared to each other and the formulation were containing insufficient 

amount of K. Although the type of required blended fertilizers are identified for the region, 

optimum rates of the major recommended blended fertilizer types for different crops, agro 

ecologies and soil types is not yet determined. Besides, verifying the soil fertility map for major 

crops grown in the region in different agro ecologies and on different soil types is urgently 

needed to increase crop yields and to improve quality of major crops. Therefore, it was 

imperative to investigate the effects of blended fertilizers recommended for Western Zone of 

Tigray in the fertilizer recommendation atlas for major crops grown under different agro 

ecologies on major soil types. Hence, experiment was conducted to evaluate NPSZnB fertilizer 

on yield and yield component of sesame. 

Materials and Methods 

Field experiment was conducted in the Western Zone of Tigray, Kafta Humera distrcit (13
0
10' 0'' 

to 14
0
 29' 0'' N latitude and 36

0 
31' 0'' to 37

0
34' 30'' E longitudes at an average altitude of 609 

m.a.s.l.) at Humera Agricultural Research Center site and Banat Tabia. The study was conducted 

to evaluate the effect of NPSZnB on sesame (Sesamum indicum L.). The experiment consisted of 

seven treatments of which six levels were NPSZnB (0, 50, 100, 150, 200 and 250 kg ha
-1

) and 

one blanket recommendation of NP (41 kg N ha
-1

, 46 kg P2O5 ha
-1

). The experiment was 
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conducted in RCBD. The N in the blended treatments was adjusted to the recommended N level. 

The amount of N was applied in split (one third at sowing and the remaining three weeks after 

sowing.  The field was prepared well before sowing by plough twice with tractor and well 

leveled for seed bed. Seeds of sesame were planted in rows of plot size 4 m by 2.8 m long with 

spacing of 0.4 m between rows. Plots and blocks were separated by 1 m and 1.5 m unplanted 

distances, respectively. All agronomic operations under study were kept normal and uniform for 

all treatments.The plants were harvested at maturity and traits such as number of branch, plant 

height, number of capsules per plant and number of seeds per capsule were recorded on 5 

randomly selected plants in each plot. Grain yield and biological yield were obtained by 

harvesting an area of 4 m
2
 from the middle of each plot, to avoid marginal effects. Data collected 

was subjected to analysis of variance (ANOVA). Duncan‟s Multiple Range Test (DMRT) was 

used for mean separation where differences were significant, at 5% level of probability.  

Results and Discussion  

Growth attributes of sesame  

Data presented in Tables 1 showed that application of different blended fertilizers had significant 

influenced (P < 0.0001) number of tiilers per plant, plant height, number of capsules per plant 

and number of seeds per capsule of sesame with increasing blended fertilizer application rates. 

The maximum number of tiilers per plant (3.62), plant height (137.69 cm) and number of seeds 

per capsule (69.16) were obtained from application of 200 NPSZnB kg ha
-1

 blended fertilizers. 

Several authors [Dewal and Pareek (2004), Arif et al (2006),  Gupta et al (2004),  Bereket et al 

(2014)] reported that macro and micro nutrients (N, P,S and B) fertilizers application can 

increase plant height, spike length, number of tillers and number of kernel of wheat with 

increasing doses and combination. 

Yield of sesame 

The maximum grain yield (508.78 kg ha
-1

) was obtained from 200 NPSZnB kg ha
-1

 of blended 

fertilizer application. Conversely, the lowest grains yield (373.36 kg ha
-1

) was observed in 

control plot. The grain yield increase from application of NPSZnB kg ha
-1 

was 36% more than 

the control. However, the recorded increase was not significantly different as compared to the 

previously recommended NP fertilizer.  
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Table 1. Response of yield and yield components of sesame to NPSZnB rates 
NPSZnB  fertilizer rates (kg ha

−1
) NB Ph (cm) LPBZ (cm) NCPP NSPC TSW (gm) Yield (kg ha

-1
) 

Control  2.58 127.24 56.69 40.20 63.84 2.66 373.36 

Rec. NP (41 kg N ha
-1

 and 46 kg P2O5 ha
-1

) 2.76 132.78 63.64 48.80 69.82 2.68 504.90 

50 2.76 133.44 62.71 43.80 64.84 2.64 449.11 

100 2.98 135.04 62.78 49.38 65.40 2.59 475.35 

150 3.22 142.58 63.02 53.53 66.69 2.64 477.94 

200 3.62 137.69 60.07 46.93 69.16 2.64 508.78 

250 3.00 137.22 58.98 43.80 69.42 2.66 502.67 

CV (%) 20.25 7.45 12.82 25.26 7.54 5.26 22.86 

LSD 0.57 6.6 NS 11.22 4.81 NS 102.46 

P-values (Treatment) 0.01 0.08 0.44 0.29 0.07 0.9 0.12 

P-values (Site) 0.0001 0.0001 0.0001 0.1 0.0001 0.0001 0.0001 

P-values (Tretment*Site) 0.02 0.2 0.15 0.09 0.063 0.78 0.51 
NB=number of branch, Ph= plant height, LPBZ=length of pod bearing zone, NCPP= number of capsules per plant, NSPC= number of seeds per capsule and TSW= thousand seed weight 
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This result agrees with the previous finding of Woubshet et al (2017) who reported that 

application of 150 kg ha
-1

 NPSB blended fertilizer with compost increased grain yield of barley 

by 4.8 t ha
-1

. Klikocka et al (2016) also reported positive interaction of N and S fertilization on 

grain yield of spring wheat.  

Conclusion and Recommendation  

One year result indicated that grain yield of sesame increased with an increase in rate of blended 

NPSZnB fertilizer.  Maximum grain yield (508.78 kg ha
-1

) was obtained from 200 NPSZnB kg 

ha
-1

 of blended fertilizer application. Conversely, the lowest grains yield (373.36 kg ha
-1

) was 

obtained in control plot. However, the difference in yield was not significantly different as 

compared to the previously recommended NP fertilizer. Hence the experiment should be 

repeated in one more year to bring conclusive recommendation by incorporating the economic 

analysis.  
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Abstract  

Field experiment was conducted to determine optimum rate of the newly introduced NPS 

fertilizer on yield and yield components of sesame on Vertisols of Western Zone of Tigray, 

Ethiopia in 2018 at the Research Farm, Banat and Kebabo Kafta Humera and Tsegede Wereda‟s. 

The treatments consisted of six levels of NPS (0, 50, 100, 150, 200 and 250 kg ha
-1

) and one 

blanket N and P recommendation. The experiment was laid out in a randomized block design 

(RCBD) with three replications. Application of different levels NPS fertilizer had significant 

effect (p < 0.05) on yield and yield components of sesame in the study areas. Analysis of 

variances showed that grain yield, plant height and thousand seed weight were significant at (P< 

0.05). Grain yield increased from 338.78 kg ha
-1

 to 522.42 kg ha
-1

 as NPS increases from 0 

(control) to 150 kg ha
-1

 NPS but it was not significant with blanket recommendation of N and P 

(41 kg N and 46 kg P205 ha
-1

).  

Keywords: NPS, yield, Sesame, yield components 

Introduction 

Sources of plant nutrients for Ethiopian agriculture over the past five decades have been limited 

to urea, and di-ammonium phosphate (DAP) fertilizers which contains only nitrogen (N) and 

phosphorus (P), respectively that may not satisfy the nutrient requirements of crops including 

sesame. In this regard, however, Shiferaw (2014) reported that Ethiopian soils lack most of the 

macro and micronutrients that are required to sustain optimal growth and development of crops. 

This is exacerbated especially by Ethiopian fertilizer rates that are below international and 

regional standards (Agriculture Growth Program, 2013). Consequently, the yield and 

productivity of crops becomes low. 

To avert the situation, the ministry of agriculture of Ethiopia has recently introduced a new 

compound fertilizer NPS containing N, P and sulfur (S) with the ratio of 19% N, 38% P2O5 and 

7% S. This fertilizer has been currently substituted DAP in Ethiopian crop production system as 

main source of phosphorous (Ministry of Agriculture and Natural Resource, 2013). The situation 

is even more challenging for the researchers and smallholder farmers to understand the effects 
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and identify the optimum rates of the newly introduced NPS fertilizer that contains S for 

economical production of crops including sesame. Most of the sesame producing farmers in the 

Western Zone of Tigray were advised to use the Blanket recommendation or national 

recommendation of P (64 kg P2O5 ha
-1

) and N (41 N ha
-1

), i.e. 50 kg of urea and 100 kg of DAP 

per hector, but the newly introduced NPS fertilizer also currently applied with the same trend of 

the blanket rate. 

Eventhough there is fertilizer type recommendation for sesame, there is recommended optimum 

rate of NPS fertilizer for sesame under rain fed condition the study area.  Even though, new 

blended fertilizer NPS are currently being used by farmer in the study area, some of the farmers 

informed that the blanket recommended fertilizer responded better than the NPS. Moreover, 

these agronomic practices vary depending on the physical and chemical properties of the soil, the 

soil moisture status; varieties grown etc. Thus, there is a need to develop area specific 

recommendation of blended NPS fertilizer rate in order to achieve maximum and higher yield of 

sesame ha
-1

.  Therefore, this study was initiated to assess the effect of blended NPS fertilizer rate 

on yield and yield components of sesame in the Kafta humera and Tsegedie Woredas of Western 

Zone of Tigray Ethiopia. 

Materials and Methods 

Experimental setup, treatments and procedures  

Field experiment was conducted in the Western Zone of Tigray, Kafta Humera (13
0
10' 0'' to 14

0
 

29' 0'' North latitude and 36
0 

31' 0'' to 37
0 

34' 30'' East longitudes at an average altitude of 609 

masl) and Tsegede (36
0
510‟29‟‟ - 37

0
05‟25‟‟E and 13

0
4‟25‟‟- 14

0
6‟55‟‟N with an elevation 

range of 700- 3000 masl.) Woreda.  The experiments had six rates of NPS (19N, 38 P2O5, 7S) (0, 

50, 100, 150, 200 and 250 kg ha
-1

) treatments adjusted with N to the recommended level. It had 

also blanket recommended of N and P fertilizers (41 kg N ha
-1

, 46 kg P2O5 ha
-1

) as seventh 

treatment. The amount of N was applied in split application of 1/3 at sowing and the remaining 

was applied applied 3 weeks after sowing. The experiment was laid out in RCBD with three 

replications.  
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The field was prepared before sowing by ploughing twice with tractor and well leveled for seed 

bed. Seeds of sesame were planted in plot sizes of 4 by 2.8 m with spacing of 0.4 m between 

rows. Plots were separated by 1m and blocks by 1.5 m.  

Data collection  

All agronomic operations were kept normal and uniform for all treatments. The plants were 

harvested at maturity and traits such as number of branch, plant height, number of capsules per 

plant and number of seeds per capsule were recorded on 5 randomly selected plants in each plot. 

Grain yield and biological yield were obtained by harvesting from an area of 4 m by 2.8 m from 

the middle of each plot, to avoid marginal effects.  

Data analysis  

The collected data collected were subjected to analysis of variance (ANOVA). Duncan‟s 

Multiple Range Test (DMRT) was used for mean separation where differences were significant, 

at 5% level of probability (Gomez and Gomez 1884).  

Results and Discussion  

Growth attributes of sesame  

The analysis of variance illustrated that the effect of NPS had significantly (P < 0.0001) 

influenced plant height. Similarly, the length of pod bearing zone and thousand seed weight were 

significantly affected (P ≤ 0.0001) at the different sites. While the NPS*site interaction had no 

significant effect on those parameters. On the other hand, number of branch, number of capsule 

per plant and number of seeds per capsule had no significant effect. Moreover, the NPS*site 

interaction had no significant effect on the number of tillers, number of capsule per plant and 

number of seeds per capsule. In addition to this, the analysis of variance illustrated that the NPS 

with blanket recommendation of N and P had no significant difference in all the parameters and 

sites.  

Grain yield 

The mean grain yield of the three locations is presented in Table 1. The effects of NPS 

significantly (P < 0.0001) influenced grain yield at all the sites. However, the NPS*Site 
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interaction had no significant effect on that parameter. Furthermore, the NPS with blanket 

recommendation of N and P had no significant effect on grain yield.  At all locations,  increasing 

the rate of NPS significantly increased grain yield over control. Thus, the highest grain yield was 

obtained at the rate of 150 kg NPS ha
-1

 at the three locations whereas the minimum were 

recorded for the control treatment. Thus, sesame plants grown at the rate of 150 kg NPS ha 
-1

 

produced about twice as much yield (additional increment of 35%) as compared to the grain 

yield produced in the plots treated with no fertilizer. 

The results were generally similar to the findings of different researchers who reported positive 

response of NPS fertilizer rates at different areas on potato (Abewa and Agumas 2012; Boke 

2014; Jemberie 2017; Mekashaw 2016). Positive influence of NPS fertilizer and other S-

containing fertilizers have been also recorded on various vegetable crops (Gebremeskel 2016 and 

Hariyappa 2003).  

Table 1. Response of yield and yield components of  sesame to NPS rates 
NPS fertilizer rates 

(kg ha
−1

) NB PH (cm) 

LPBZ 

(cm) NCPP NSPC TSW (gm) GY (kg ha
-1

) 

control (0) 3.11 118.56 57.82 40.38 64.42 2.48 338.78 

41 N and 46 p205 2.93 138.71 63.67 47.04 64.78 2.58 505.56 

50 NPS 3.09 134.78 65.89 47.60 61.00 2.60 445.42 

100 NPS 3.22 133.91 66.47 46.44 63.58 2.62 491.43 

150 NPS 3.04 137.47 61.49 45.91 62.96 2.62 522.42 

200 NPS 3.04 135.09 59.73 43.20 65.82 2.61 421.76 

250 NPS 3.07 131.60 57.42 41.67 66.38 2.64 441.85 

CV 26.64 25.42 11.21 29.18 9.28 6.12 25.42 

LSD NS 11.16 6.59 NS NS 0.15 109.58 

P-values (Trt) 0.99 0.017 0.03 0.85 0.54 0.38 0.03 

P-values (Site) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

P-values (Trt*Site) 0.105 0.69 0.83 0.35 0.015 0.26 0.28 
NB=number of branch, PH= plant height, LPBZ=length of pod bearing zone, NCPP= number of capsules per plant, NSPC= number seeds per 
capsule, TSW= thousand seed weight, GY= grain yield 

Conclusion  

In the present study, most growth parametrs and yield of sesame increased with increased 

application rates of NPS fertilizer. The highest sesame yield was recorded from plots treated with 

150 kg NPS ha
−1

 fertilizer. However, this result was statistically similar with the yield obtained 

from the blanket recommendation that was N and P fertilizer at the rate of 41N and 46 P2O5 kg 

ha
−1

. Based on the result, 150 NPS kg ha
-1

 fertilizer rate gave highest production of sesame, on 

Vertisols of the experimental fields. Nevertheless, since this result is one year data, the 

experiment should be repeated.  
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Abstract 

Low soil fertility is one of the limiting factors  for  low productivity of  chickpea in Central Zone 

of Tigray. Field experiment was therefore, conducted for two consecutive years (2016-2017) in 

Laelay Maichew (Hatsebo) to evaluate the effects of NPSB fertilizer and rhizobium inoculation 

on yield and yield components of chickpea. The experiment was laid out in a split plot design 

with three replications. Rhizobium inoculation was assigned  to the main plots with two levels 

(with and without rhizobium inoculation) and NPSB fertilizer rates in sub plot with seven levels 

(0, 25, 50, 75, 100, 125 and 150 kg ha
-1 

NPSB). Data collected were subjected to the analysis of 

variance (ANOVA) using SAS software. A combined analysis of variance showed a significant 

interaction effects of NPSB and rhizobium inoculation on chickpea yield and yield components 

(P<0.05) across the two years. The highest number of pods per plant (76.8) was recorded from  

from plots that received 125 kg ha
-1

NPSB when chickpea was inoculated  Highest grain yields 

(3609 kg ha
-1

) were obtained from the application of 150 kg ha
-1 

and 125 kg ha
-1 

NPSB (3514 kg 

ha
-1

) along with rhizobium inoculation. Maximum marginal rate of return (4106.68%) was 

gained when chickpea was inoculated with rhizobium along with 125 kg ha
-1 

NPSB application. 

From the present study, it canbe concluded that with the application of 125 kg ha
-1 

NPSB along 

with rhizobium inoculation would be the optimum treatment combination for enhancing chickpea 

yield and better profitability in soils with low level of available plant nutrients (NPSB). 

Keywords: Chickpea, marginal rate of return, NPSB, Rhizobium inoculation, yield 

Introduction 

In Ethiopia pulses are among the various crops produced in all the regions of the country after 

cereals [Central Statistical Agency (CSA), 2018]. In 2017/18 in Ethiopia, pulses were cultivated 

in about 1.6 x 10
6 

ha with annual estimated production of 2,978,588 tons (CSA 2018). Among 

the pulses crops, chickpea is an important annual crop. It is only cultivated species of genus 

Cicer. Chick pea is the world‟s third most important food legume next to haricot bean and 

soybean (Namvar and Sharifi 2011). Globally it was cultivated on area of 13.65 million ha with 

production of 13.10 million tons [Food and Agriculture Organization Statistical Datases 

(FAOSTAT), 2016]. It is grown in 35 countries of the world. India, Turkey, Pakistan, Iran, 

Mexico, Myanmar, Ethiopia, Australia, Spain, Canada and USA are top ten chickpea producing 
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countries. Ethiopia contributed around 3% of the global chickpea production. In Africa, Ethiopia 

is the leading chickpea producer and ranked third
 
in its production next to faba bean and haricot 

bean Food and Agruculture Data Bases (FAOSTAT) (2012).  

 

Chickpea is a relatively cheap source of protein (20–23% in the grain), energy (carbohydrates, 

40%), oil (3–6%) (Gil et al 1996) and minerals [Mg (magnesium, potassium (K), phosphorus (P), 

iron (Fe), Zinc (Zn) and manganese (Mn) (Ibrikci et al 2003) and β-carotene (Milan et al 2006)] 

in the developing world. Chickpea contributes significantly to sustainability of cereal-legume 

cropping systems, increasing the yield of cereals through enhancing the soil nitrogen (N) and 

breaking the disease cycles of important cereal pathogens (Pande et al  2011). However its 

productivity is low (1630 kg ha
-1

) in Tigray compared to the national average (2053 kg ha
-1

)  in 

Ethiopia  (CSA 2018) and very much below the potential of the crop.  

 

Moisture stress (drought) mainly terminal drought, decline in soil fertility, diseases (dry root rot, 

wilt) and insect pests (pod borer and cut worm) are the major constraints for low productivity of 

chickpea. Declining in soil fertility is one of the constraints contributing for low chickpea 

production and productivity. Many of the soils in Ethiopia are deficient in N, P, K, sulfur (S) 

[Ethiopian Soil Information System (EthioSIS), 2014]. Moreover, soil fertility declining is 

aggravetaed due to intensive cropping and unbalanced use of fertilizers by the farmers. 

Therefore, balanced fertilization is needed for optimum growth and production of crops 

including chickpea. 

In the study area, use of fertilizer was focused mainly on the use of N (urea) and phosphorous di-

ammonium phosphate (DAP) for almost all crops. Such  unbalanced  application  of  plant  

nutrients  might  have  aggravated  the depletion of nutrient elements in soils including the 

recently identified  S and micronutrient ( B). Hence, the yield gap in pulses in general and 

chickpea in particular could be fulfilled through combined application of biofertilizers 

(rhizobium inoculants) and blended fertilizers along with improved varieties. There is also a need 

to consider the relative cost and profitability of these technologies with the respect to their 

adoption by small-holder farmers. This study was therefore initiated to evaluate the sole and 

comined rhizobium and blended (NPSB) fertilizer application on yield and yield components of 
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chickpea. It was hypothesized that application of optimum NPSB fertilizer rates combined with 

rhizobium inoculation would improve yield and agronomic traits of chickpea in the study area. 

Materials and Methods 

Description of the study site 

The experiment was conducted on a Vertisol at Hatsebo experimental site of Axum Agricultural 

Research Center. The experimental site is located 5 at 14°6‟46”N and 38°46‟3” E and attitude of 

2084 meter above sea level. It is situated in the northern semi-arid tropical belt of Ethiopia where 

tef, chickpea, wheat and faba bean are commonly grown. Chickpea is an important crop in the 

area both economically and ecologically. The rainy season is mono modal concentrated in one 

season from July to September and receives from 400 to 800 mm rainfall per annum.   

Experimental design, treatments and procedures 

The experiment was carried out for two years (2016– 2017) during the rainy seasons. The 

experiment was conducted in a split plot design with three replications at Axum Agricultural 

Research Station (Hatsebo site) and sown at mid August. The main factor was Rhizobium 

inoculation with two levels (inoculated and uninoculated). The sub-plots factor was blended 

fertilizer rates with seven treatments (0, 25, 50, and 75,100,125,150 kg NPSB ha
-1

).  The 

experiment was conducted in a plot size of 3 m by 2.4 m with spacings of 0.10 m, 0.30 m, 0.50 

m, 1 m and 1.5 m between plants, rows, sub plots, main plots and replications, respectively. 

Popular and predominant grown improved chickpea variety (Arerti) was used for the trial. The 

recommended inoculantat500 g ha
-1

 was used for chickpea inoculation. Rhizobium chickpea 

strain CP-M-41 was obtained from Menagesha Biotech industry P.L.C, Addis Ababa, Ethiopia. It 

is popular strain across the country in enhancing chickpea yield and yield components. The 

inoculants were prepared based on the recommended rate of 10g kg
-1

 seeds for inoculation. 

Before planting, 1.5 kg of Chickpea (Arerti) seeds was prepared for inoculation. Seeds were 

soaked in water for 30 minutes. Then excess water was removed from the seeds by placing in a 

sack. There after, sugar was applied as adhesive material to stick the inoculums in to the seeds. 

Finally the inoculant was applied to the seeds and dressed until the seeds showed a black color in 

a shade to avoid direct sun light so as to maintain the viability of the inoculum. 
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Blended fertilizer (NPSB) at rates of 0, 25, 50, 75,100,125,150 kg ha
-1

 were applied at the center 

of the row and covered with soil to avoid contact with the inoculated seeds. At seed sowing, 

daily laborers were grouped into two before planting was started. One group planted the 

inoculated seed on the other hand the other group planted the non inoculated seeds. Finally, plots 

planted with inoculated seeds were immediately covered with soil to avoid direct sun light.  

Soil sampling, preparation and analysis 

Pre-sowing surface soil samples were collected at 0-30 cm depth diagonally from 20 spots in the 

experimental field using an Auger. Sub samples were composited and processed for soil analysis 

before sowing. Composite soil samples were analyzed for organic carbon (OC), total N (Kjeldahl 

method) and available soil P (Olsen method). Particle size was determined following the 

hydrometer method. Cation exchange capacity (CEC), electrical conducrivity (EC) and soil 

reaction (pH) were also measured using standard laboratory procedures followed by Shire Soil 

Research Center.  

Agronomic data collection 

Days to 90% maturity was recorded for all the plots when 90% of the plot was ready for 

harvesting when the foliage color becomes yellowish, lower pods starting shedding pods and 

seeds harden. At harvesting time, plant height and number of pods plant
-1 

were estimated from 

randomly tagged six plant samples in each plot. Harvesting was done from the central six rows. 

Threshing was done manually after a week.  Grain yield of the inner 6 rows was measured by 

using sensitive balance and converted to kg ha
-1

. Grain yield of each plot was adjusted to 12% 

seed moisture content. Finally, 100 seed data were weighed by counting 100 seeds from each 

plot by using electronic sensitive balance.   

Statistical analysis 

All collected data were subjected to the analysis of variance (ANOVA) using the Statistical 

Analysis System (SAS) computer program, version 9.1 (SAS 2002). Error variance of the 

individual years was tested for homogeneity. Treatment means were compared using least 

significant difference (LSD) at 5% probability level (Petersen 1994).  
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Partial budget analysis 

Partial budget analysis of the rhizobium and blended (NPSB) fertilizer treatments were 

performed on the basis of prevailing market prices and according to CIMMYT (1988]. The 

partial budget analysis was performed to assess treatment combinations that would give 

acceptable returns at low risk to farmers. All costs and benefits were calculated on hectare basis 

in Ethiopian Birr (ETB). Variable costs (fertilizer and rhizobium, application and transport costs) 

were considered for partial budget analysis. Mean grain yield of the two years result were used 

for partial budget analysis. The average grain yield was adjusted to 10% downwards to reflect 

the difference between the experimental yield and the yield farmers will expect from the same 

treatment.  

Results and Discussion 

Experimental soil selected physical and chemical properties  

Selected soil physical and chemical properties of the experimental site before planting are 

indicated in Table 1. The soil textural class is clay. The soil pH was neutral and non-saline 

(EthioSIS 2014). The soil pH is in optimal pH range for most plants. Soil OC and total N were 

low according to the rating of Tekalign et al (1991). Available P was in the marginal level while 

CEC was high according to the rating of Landon (1991).  

Table 1. Physico-chemical properties of the experimental site soil before planting (0-30cm) 
Soil characters Values 

Clay (%) 66 

Sand (%)  12 

Silt (%)  22 

Textural class                       Clay 

Soil pH 7.2  

OC (%) 0.67 

Total N (%) 0.06 

Available P (mg kg 
-1

) 10.28 

CEC (meq100 g
-1

 soil) 58.4 

EC (dS m
-1

) 0.986 
                Notes: CEC: cation exchange capacity; EC: electrical conductivity; N: nitrogen; P: phosphorus; OC: organic  
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Effect on yield and yield components 

The interaction effects of rhizobium inoculation and NPSB are presented in Tables 2, 3 and 4. 

Most of the parameters were significantly affected by the combined application of rhizobium and 

NPSB in chickpea. Analysis of variance result showed that significant differences were 

obsereved among the majority of yield and yield components of chickpea for the interaction 

effect of NPSB and rhizobium inoculation. There was significant (p<0.05) interaction effects of 

rhizobium inoculation along with NPSB application on 90% days to maturity in a separate year 

and combined over years. A significant and increasing trend was observed in 90% days to 

maturity with increasing NPSB and Rhizobium fertilizer levels. The shortest days to maturity 

(108.33) was recorded in the untreated check. On the contrary, the longest days to maturity (113) 

was observed in the maximum fertilizer doses and inoculation across the two years (Table 4). 

This could be attributed to the high N due to the increased N-in the higher fertilizer rates and 

able to fix of atmospheric N due to rhizobium inoculation. Abdula (2013) reported the delay in 

maturity recorded at the maximum fertilizer dose combined with rhizobium inoculation. 

Table 2. Effect of inoculation and NPSB application on chickpea yield and yield components   in 

Laelaymaichew (Hatsebo), in 2016 

Ino*NPSB (kg ha
-1

) 90% DTM PH (cm) NPPL GY (kg ha
-1

) HSW (g) 

0*0 104e 33.8e 52e 1625.7f 25e 

0*25 106bcd 35.93cde 55.2de 1779.8ef 25.5de 

0*50 105.67cde 36.53cde 53.5de 2075.8de 25.13e 

0*75 105de 37.2bcd 65.47b-d 1821.3ef 25.7cde 

0*100 106.67a-d 36.97bcd 73.33a-d 2653.8c 26.87ab 

0*125 106.33bcd 38.27abc 77.6abc 2256.9cd 27.07ab 

0*150 107.33abc 37.87b 75.2abc 2522.1c 26.73abc 

1*0 105de 34.47de 61.37cde 1670.2ef 25.8cde 

1*25 105de 36cde 63.6cde 2284.7cd 25.4e 

1*50 105.33de 37.07cd 69.4b-e 2397.9cd 26.53bcd 

1*75 106.67a-d 37.73bc 75.6abc 3349.8b 26.6bc 

1*100 107.67ab 38.73abc 92.7a 3210.9b 27.27ab 

1*125 107.33abc 39.07ab 85.2ab 3626.7ab 27.37ab 

1*150 108.33a 40.99a 78.6abc 3785.1a 27.67a 

Grand mean 106.17 37.19 69.91 10.01 26.33 

LSD (5%) 1.67 2.93 19.98 419.3 1.04 

CV (%) 0.94 4.7 17.09 10.01 2.96 
Ino indicates for Rhzobium inoculantion; 0= uninoculated, 1= inoculated with rhizobium; DM= days to maturity; PH= plant height; NPPL= 

number of pods per plant; GY=grain yield; HSW=hundred seed weight. Means followed by the same letter(s) with in a column are not 
significantly different at P = 0.05 

 

With regard to the plant height, the analysis of variance test showed a significant statistical 

difference (P<0.05) among the interaction effect of rhizobium inoculation and NPSB application 
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in the single year as well as over years. The highest  plant height (40.40 cm)  was  obtained  from  

the  interaction  effect of  rhizobium inoculation  and  NPSB  application  over the two years 

(Table 4) and  the shortest plant  height (32 cm)  was recorded  from the untreated check.  This 

could be attributed to the high N source obtained from the fixed N- due to inoculation of 

rhizobium inoculants as well as maximum vegetative growth of the plants under higher N 

availability from the higher NPSB levels.  

Number of pods per plant was significantly (P ≤ 0.05) influenced by combined effect of 

rhizobium inoculation and NPSB levels in the separate years as well as across the two years 

(Tables 2, 3 and 4). Significantly highest number of pods per plant was counted from the 

combined effect of rhizobium inoculation and 125 kg NPSB ha
-1 

(65.13) compared to the control 

(37.67) over the two years (Table 4). This result revealed that the combined application of 

rhizobium and NPSB could be the optimum levels to obtain the higher number of pods per plant.  

Table 3. Chickpea yield and yield components as influenced by inoculation and NPSB application in 

Laelay maichew (Hatsebo), 2017 

Ino*NPSB (kg  ha
-1

) DTM PH (cm) NPPL GY (kg ha
-1

) HSW (g) 

0*0 112.67a 32e 37.67d 1357.3f 24.97b 

0*25 113.33a 33.4de 44.27cd 1483.2ef 25.4ab 

0*50 114ab 34.33cde 45.9bcd 1851.7d 25.37ab 

0*75 115ab 34.87cde 47.8bcd 1937.6d 25.5ab 

0*100 114.67abc 34.27cde 46.6bcd 2013.9d 25.7ab 

0*125 113.67bc 37.2abc 55.33abc 2029d 25.3ab 

0*150 115bcd 36.8abc 53.33abc 2711.7c 25.17b 

1*0 114bcd 34.47cde 46.2bcd 1451.1ef 25.13b 

1*25 114bcd 36bcd 51.93bc 1729.4de 25.47ab 

1*50 115bcd 35.27cd 52.73abc 2980.7bc 25.83ab 

1*75 114cd 36.47bcd 56.3abc 3151.6ab 26.46a 

1*100 115.67bcd 38.4ab 57.9ab 3332.2a 26.03ab 

1*125 116.33bcd 38.6ab 65.13a 3401.9a 25.77ab 

1*150 117.67bcd 39.8a 57.2abc 3433.1a 25.97ab 

Grand .mean 114.64 35.84 51.31 2347.46 25.57 

LSD (5%) 2.62 3.08 13.19 308.07 1.18 

CV (%) 1.36 5.14 15.37 7.84 2.75 

Ino indicates for Rhzobium inoculantion; 0= uninoculated, 1= inoculated with rhizobium; DM= days to maturity; PH= plant height; NPPL= 

number of pods per plant; GY=grain yield; HSW=hundred seed weight. Means followed by the same letter(s) with in a column are not 

significantly different at P = 0.05 

 

In relation to grain yield, analysis of variance revealed significant difference (P<0.05) among the 

combined application of rhizobium and NPSB. Application of NPSB and rhizobium inoculants at 

the same time had synergistic effect on the yield of chickpe tha had increased the yield. All the 

treatments gave higher number of pods per plant over the control. Application of 125 kg/ha 

NPSB along with rhizobium inoculation showed 134% yield increment compared to the 
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untreated check (control). Synergetic and positive response of rhizobium inoculation and DAP 

was reported in Birhanu and Pant (2012) in chickpea grain yield at shoa robit area. 

Table 4. Combined mean value of chickpea yield and yield components as influenced by the application 

of rhizobium inoculation and NPSB in Laelay maichew (Hatsebo) 2016-2017 

        Ino*NPSB (kg ha
-1

) 90% DTM PH (cm) NPPL GY (kg ha
-1

) HSW (g) 

0 *0 108.33 32.9f 43.5f 1501e 24.98e 

0 *25 109.67 34.67ef 49.73ef 1631.5de 25.45cde 

0 *50 109.83 35.43cde 49.70c-f 1903.7cde 25.25de 

0 *75 110 36.03ed 56.63c-f 1956.7cd 25.6bcde 

0 *100 110.67 35.62de 59.97b-e 2191.8bc 26.28abc 

0 *125 110 37.73bc 66.47a-e 2261.3bc 26.18a-d 

0 *150 111.17 37.33bcd 64.27def 2616.9e 25.95a-d 

1 *0 109.5 34.47ef 51.95def 1517.6e 25.47cde 

1 *25 109.5 36cde 57.77c-f 1640.4de 25.43cde 

1 *50 110.17 36.17cde 58.73b-f 1910.7cde 26.18a-d 

1*75 110.33 37.1bcd 65.95a-d 2200.7c 26.53ab 

1*100 111.67 38.57ab 70.18abc 2489.9b 26.65a 

1*125 111.83 38.83ab 76.8a 3514.3a 26.57a 

1 *150 113 40.40a 73.83ab 3609.1a 26.82a 

Grand .mean 110.4 36.53 60.39 2210.39 25.95 

LSD (5%) NS 2.11 15.31 437.94 0.94 

CV (%) 4.4 5.01 22.2 17.21 3.16 
Ino indicates for Rhzobium inoculantion; 0= uninoculated, 1= inoculated with rhizobium; DM= days to maturity; PH= plant height; NPPL= 

number of pods per plant; GY=grain yield; HSW=hundred seed weight. Means followed by the same letter(s) with in a column are not 
significantly different at P = 0.05 

 

Table 5. Net benefit analysis of NPSB application and rhizobium inoculation on chickpea grain yield in 

Hatsebo (2016-2017) 
Ino*NPSB (kg ha

-1
) Yield (kg ha

-1
) adj yield Gross field benefit Total variable cost Net benefit 

 
0*0 1501 1350.9 29719.8 0 29719.8   

1*0 1517.6 1365.84 30048.48 40 30008.48   

0*25 1631.5 1468.35 32303.7 482.19 31821.5125   

1*25 1640.4 1476.36 32479.92 522.19 31957.7325   

0*50 1903.7 1713.33 37693.26 964.38 36728.885   

0*50 1910.7 1719.63 37831.86 1004.38 36827.485   

0*75 1956.7 1761.03 38742.66 1446.56 37296.0975 
 

1*75 2200.7 1980.63 43573.86 1486.56 42087.2975   

0*100 2191.8 1972.62 43397.64 1928.75 41468.89D 
 

1*100 2489.9 2240.91 49300.02 1968.75 47331.27   

0*125 2261.3 2035.17 44773.74 2410.94 42362.8025D 
 

1*125 3514.3 3162.87 69583.14 2450.94 67132.2025   

0*150 2616.9 2355.21 51814.62 2893.13 48921.495D 
 

1*150 3609.1 3248.19 71460.18 2933.13 68527.055   
0= inoculated; 1= inoculated; D = Dominated (any treatment that has net benefit less than or equal to that of a treatment with lower cost that vary 

is dominated) 

Hundred seed weight (HSW) analysis of variance test showed a significant statistical difference 

(P<0.05) in the interaction between rhizobium inoculation and NPSB application (Table 4). The 

highest hundred seed weight (26.46 g) was recorded with inoculation Rhizobium inoculants 
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along with 75 kg NPSB ha
-1

, followed by rhizobium inoculation along with 100 kg NPSB ha
-1

 

which was significantly higher than control. 

 

Partial budget  analysis of combine effects of Rhizobium inoculation and NPSB  fertilizer  

applied indicated that  inoculation with 125 kg NPSB ha
-1

 was the most economical with 

maximum marginal rate of return ( 4106.48%) followed by  inoculation along with 75  and 100 

kg NPSB ha
-1

 respectively (Table 5; Table 6). 

Table 6.Mariginal rate of analysis of NPSB application and rhizobium inoculation on chickpea grain yield 

in Hatsebo (2016-2017) 
Ino*NPSB (kg ha

-1
) Adjusted  yield Gross field benefit Total variable cost Net benefit MRR% 

0 *0 1350.9 29719.8 0 29719.8 _ 

1*0 1365.84 30048.48 40 30008.48 721.7 

0 *25 1468.35 32303.7 482.19 31821.5125 410.01 

1 *25 1476.36 32479.92 522.19 31957.7325 340.55 

0*50 1713.33 37693.26 964.38 36728.885 1078.99 

1*50 1719.63 37831.86 1004.38 36827.485 246.5 

1*75 1980.63 43573.86 1486.56 42087.2975 1090.82 

1 *100 2240.91 49300.02 1968.75 47331.27 1087.54 

1 *125 3162.87 69583.14 2450.94 67132.2025 4106.48 

1 *150 3248.19 71460.18 2933.13 68527.055 289.28 
0= inoculated; 1= inoculated; Marginal rate of return = Marginal net benefit x 100/Marginal cost; Current Price of chickpea= 22 birr/kg 

Conclusion and Recommendation 

The interaction effect of NPSB and inoculation for most of the parameters were significant in   

each year and across the two years. The highest grain yield of chickpea was recorded from the 

inoculated seed planted with the application of 125,150 and 100 kg ha
-1

 blended (NPSB) 

fertilizers, respectively in decreasing order over the two years at Hatsebo research site in Laelay 

maichew Woreda .However, maximum marginal rate of return were obtained from 125, 75 and 

100 kg ha
-1 

NPSB along with rhizobiaum inoculation. Therefore, 125 kg ha
-1

NPSB with 

rhizobiaum inoculation is recommended as optimum treatment combination for enhancing 

chickpea grain yield and profitability in soils having low NPSB availability. 
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Way-forward 

 A national workshop on blended fertilizer with a theme „The Role of Blended Fertilizers in 

Enhancing Productivity and Quality of Crops in Ethiopia‟ was convened by Tigray Agricultural 

Research Institute for two days in Mekelle. In the workshop, keynote address, two invited 

papers, eighteen oral paper, five posters and plenary discussion on the way forward were 

discussed. Bread wheat, tef, barley, maize, sorghum, upland rice, chickpea, onion, tomato, hot 

pepper and sesame were used as test crops in the blended fertilization studies as presented by 

researchers. The blended fertilizer effects were comparable with the previously recommended N 

and P for the various crops. In some of the studies, the blended fertilizers performed better than 

the previously recommended NP and control treatments. However, the specific nutrient effects in 

the blended fertilizer are difficult to elucidate. The following researchable and non-researchable 

ideas are identified as a way-forward for the blended fertilizer practice and management in 

Ethiopia.  

1. The blended fertilizer recommendations of Ethio-SIS were based on surface soil fertility 

assessments and didnot consider crop and soil types. The results of many blended 

fertilizer experiments indicated positive response to the applied fertilizers but it was not 

clear which element (s) in the blended fertilizer  had caused the increment in yield and 

other yield components which calls for further future nutrient based investigation. 

Besides, the reason for the non-significant differences among blended fertilizer rates 

should further be refined, because it might be due to sufficiency of either of the nutrient 

levels in the soils of experimental fields that were not assessed before planting for many 

of the studies. Further study should focus on single nutrient based research along major 

agro-ecologies, soil and crop types, and landscape position.  

2. The issue of blended fertilizer studies should not be considered separately but it should be 

taken as part of integrated soil fertility management i.e. including improved seed, other 

soil factors and management practices. 

3. Most of the papers presented in the blended fertilizer workshop were lacking soil and 

crop nutrient data. Therefore, in the future, issuing mandatory protocol that provides 

minimum standard requirements in soil fertilizer and fertility research including soil and 

crop data to be collected is necessary. 
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4. Socio-economic and environmental impacts should also be considered when dealing with 

blended fertilizers. Final recommendations and conclusions should consider preferences 

and suggestion of farmers after their observation during field days.  

5. Blended fertilizer quality assurance should be established and farmers should pay based 

on  the amounts of nutrients  available in the fertilizers. 

6. Soil fertility and fertilizer research should include the whole continuum starting from soil 

nutrient to human nutrition. 

7. Research in soil fertility and fertilizer should take into account improvement in forage 

production and nutrition.  

8. Soil fertility and fertilizer recommendations should consider problematic soils such as 

acidity, salinity, and sodicity and moisture deficit dry land area.  

9. International to local level platforms should be established to develop integrated soil 

fertility management for the different crops and soils. 

10. Capacity building particularly in fertilizer science is vital. Research capacity was not 

built on big data analysis. Hence, there is a need for capacity building of researchers on 

capturing data and converting it into valuable information. Strengthening the soil research 

centers (Mekelle Soil Research Center, Shire Soil Research Center and Humera Soil Sub-

Research Center) with budget, soil laboratory , human capacity, transportation  and other 

new technologies  is important in order to take the lead of soil fertility and fertilizer 

research 

11. Unorganized blended and other fertilizer studies are currently being carried out in 

different places by different professionals using different methods and procedures that led 

to resource wastage and erroneous conclusions based on insufficient data and 

information. Therefore, collaboration among different disciplines, organizations and 

professionals working on fertilizer studies is needed.  

12. Linkage between the research and development partners should be strengthen for the 

development of technologies and packages on fertilizers and integrated soil fertility 

management. Research should take a lead for adoption and generation of fertilizers and 

integrated soil fertility management technologies. Site-specific and wider area 

recommendation should also be packaged. 
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13. The contribution of the research findings presented on the workshop to the national 

initiatives is tremendous. Nationwide collaboration and working together is vital since the 

decision on fertilizers comes from the center. Next meeting on fertilizer should be based 

on the lesson learned from Tigray and the key issues identified during the workshop. 



 

308 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

309 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


