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Abstract 
After the nation-wide study of EthioSIS which discovered the deficiency of nutrients 

such as Iron (Fe), Zinc (Zn), Boron (B), Sulphur (S) and Potassium (K), fertilizer 

recommendation in Ethiopia switched to zinc, boron and the zinc-boron blends. 

Nevertheless, there were no specifications for soil and crop types in this latest 

fertilizer recommendation. To address this, Capacity Building for Scaling up of 

Evidence-based Best Practices in Agricultural Production in Ethiopia (CASCAPE) 

had been conducting farm trials on blend types and rates on various crops and soil 

types in various parts of the country; among which tef in Vertisols is one of the trials 

conducted in central highlands of Ethiopia. The trial was conducted in two cropping 

seasons (2017 and 2018). In the first trial season, there were eight treatments (five 

levels of NPSZnB, Di-ammonium Phosphate (DAP), NPS and QUEFTS) whereas in 

the second, one treatment from the previous year (DAP) was dropped and two new 

ones (NPSKB and NPSKZn) were added. The experimental layout was randomized 

complete block with three replications. Soil sample, agronomic and economic data 

were collected following standard procedures. In 2017, the yield benefit of the 

different rates of NPSZnB blend did not significantly differ from that of 150 kgha-1 

DAP and 100 kgha-1 NPS, which, in order of time, were the blanket recommendations 

before the introduction of micronutrient containing fertilizer blends. In 2018, grain 

yield for 300 NPSZnB kgha-1 was significantly higher than 100 NPS. Moreover, both 

of the K-containing treatments, 300 NPKSB kgha-1 and 300 NPKSZn kgha-1 exhibited 

higher yield than the maximum rate of NPSZnB. The combined over years analysis 

revealed insignificant yield variation between most rates of NPSZnB, and only 300 

NPSZnB kgha-1 was found to be significantly higher than 100 NPS kgha-1. In light of 

Pearson correlation coefficients, there was a positive and significant correlation 

between grain and straw yield with available P and Mn. In contrast, there was a 

negative and significant correlation between grain and straw yield with K and OM. 

However, the correlation of micronutrients Zn and B with grain and straw yield were 

insignificant. The marginal rate of return (MRR%) of all the three high rates, 300 

NPSZnB kgha-1, 300 NPSKB kgha-1 and 300 NPSKZn kgha-1, were above the 

minimum acceptable rate of return (MARR) of 100%. Regardless of their actual 
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nutrient composition, the insignificant but lower yield of the respective equivalent 

rates of the blend with NPS (100 kgha-1) and DAP (150 kgha-1) raises a question on 

the worth of adding Zn and B at the expense of N and P. If and when their importance 

in the formulation is conclusive, the current study suggests for the substantial raising 

of the rate as only the maximum rate increased yield significantly. Considering the 

addition of K and reducing N and P from NPS greater than the addition of B and Zn, 

irrespective of how much to add, the highest yield by NPSKB and NPSKZn suggests 

the merit of K in the blend.  

Keywords: Blended fertilizers, Vertisol, Tef, CASCAPE, Becho, Central 

highlands, Ethiopia  

1. Introduction 
Agriculture is the mainstay of the majority of the Ethiopia population and 

the main driving force for the country’s economy. The sector accounts for 

43% of GDP, 90% of exports and 85% of all employment (FAO, 2011). 

Crop production takes the highest portion of the farming sector; cereals, 

pulses, and oilseeds covering up to 80.71%, 12.61% and 6.68 %, 

respectively, of the cultivated land in the 2018 Meher cropping season 

(CSA, 2018). Among cereals, tef stood first in terms of percentage area 

coverage, which is 23.85 % (CSA, 2018). However, relative to the potential 

yield of the crop, the productivity of the crop is as low as 1.74 tha-1 (CSA, 

2018). From the extensive list of production constraints, low availability of 

nutrients is thought to be a significant limiting factor, mainly due to soil 

erosion, unbalanced nutrient supply, low organic matter input and absence 

of nutrient cycling (Tekalign et al., 2001).  

Considering the fact that soil fertility is one of the biggest challenges in the 

farming sector, the government of Ethiopia (GoE) has been pushing to 

increase fertilizer application along with good agronomic practices. As a 

result, the national annual fertilizer use grew from 3,500 tons in the early 

1970s to about 140,000 tons by the early 1990s and reached about 200,000; 

400,000; 550,000; 1,000,000 tons in 1994, 2005, 2010, and 2015, 

respectively (Rashid et al., 2013; Eyasu et al., 2019). Despite the significant 

leap in fertilizer import over the years, the national average fertilizer 

application rate remains low. The application dominantly stands at 43 kg/ha 

Urea (46 % N) and 65 kg/ha DAP (Di-ammonium phosphate: 18% N, 46% 

P2O5). These fertilizers together supply 32 kg N and 30 kg P2O5 /ha, which 



Ethiopian Journal of Development Research (EJDR)                                          Volume 42 Number 1 April 2020  

3 

is far below the blanket recommendation (100 kg urea and 150 kg DAP/ha, 

together supplies 73 kg N and 69 kg P2O5/ha) (Eyasu, 2016; Eyasu, 2017; 

Lulseged et al., 2017a). In addition to the low level of fertilizer use, the 

ongoing trend of adopting the blanket and unbalanced application of 

nutrients, irrespective of soil and crop types, crop varieties and agro-

ecological zones, is resulting in wide gap between the potential and the 

actual crop yields and is creating farm nutrient imbalances (Hailu et 

al.,1991; Workneh and Mwangi,1992; Nandwa and Bekunda,1998; Abay 

and Mulugeta, 2017).  

The macronutrient depletion rate of Ethiopian soils for the year 2000 was 

forecasted to have been -122 kg N, -13 kg P and -82 kg K/ha (Stoorvogel et 

al., 1993).  In the past, nitrogen (N) and phosphorus (P) were thought to be 

deficient in Vertisols of Ethiopia (Tekalign et al., 2001). Nonetheless, recent 

studies unveiled that all micronutrients and most macronutrients were 

depleting and their deficiency symptoms started to appear in major crops 

and growing regions of the country (Asgelil et al., 2007; Wassie and 

Shiferaw 2011; Lulseged et al., 2017b). Likewise, the recent national soil 

fertility mapping initiative (Ethiopian soil information system /EthioSIS/) 

led by the Ethiopian agricultural transformation agency (ATA) revealed the 

deficiency of nutrients such as Fe, Zn, B, S and K (EthioSIS, 2015). This 

result is believed to have served as a waking call for the Ethiopian 

government to adopt a balanced nutrient recommendation. Subsequently, 

using the EthioSIS soil fertility atlas of 2015 as a reference, kebele level 

blend fertilizer recommendations were made for the four main regions of the 

country, Amhara, Oromia, SNNPR and Tigray. To that end, two blend 

formulas were formulated using NPS as base fertilizer, namely, zinc blend 

(14% N, 23% P2O5, 8.2% S, and 1.2% Zn) and zinc-boron blend (14% N, 

21% P2O5, 15% K2O, 6.5% S, 1.3% Zn and 0.5% B) (Karltun et al., 2013). 

Five blending plants were established to be operated by selected cooperative 

unions, namely, Enderta (Tigray), Merkeb (Amhara), Becho Woliso 

(Central Oromiya) and Nekemt (West Oromiya). 

Even if the change from blanket rates at the national level to kebele level is 

a substantial transformation to the sector, the recommendations of the blend 

formulations still remained blanket. There was no specification for different 
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crop and soil types. In addition, the recommendations do not provide clear 

advice on how much blend to use; if the amount is indicated it has never 

been validated in field research. Therefore, since the past few years, 

CASCAPE has been undertaking numerous on-farm trials in most parts of 

the country on different soil and crop types. Among these, blended fertilizer 

trial on tef in Vertisols of Becho District was one of the experiments 

undertaken by the project. The objectives of the trial were to evaluate the 

efficacy of blended fertilizer (BF) rates on yield attributes of tef (Eragrostis 

tef) in Vertisols of central Ethiopia; to identify economically feasible BF 

rate; and to weigh the relationship between soil parameters and tef yield. 

This paper reports results of the trial regarding the efficacy of BF rates on 

yield attributes of tef in Vertisols, economically feasible BF rate, and the 

relationship between soil parameters and tef yield. 

2. The Study Sites and Methods 

2.1. Study Area Description  

Becho is a district located in the central part of the country under South 

West Shewa Zone of Oromia Region. It is divided into 21 Kebeles (the 

lowest administrative units in Ethiopia composed of one or more villages) 

and two towns. Tulu Bolo, the Woreda capital town, is found 80 kms away 

in the west of Addis Ababa, the capital city of the country. Geographically, 

the woreda lies between 8°34'59.99" N and 38°14'60.00" E. The Woreda has 

an altitude ranging from 1850 to 2200 m.a.s.l. The woreda experiences 

mean annual rainfall of about 1300 mm; with a unimodal rainfall pattern in 

which the main rainy season runs from May to September. The mean annual 

temperature ranges between 160C to 250C. The land is moderately fertile 

and Vertisol dominates the soil of the woreda. The topography is generally 

plain with undulating and hilly land. Mixed farming (crop and livestock 

production) is the dominant livelihood of the rural residents. The major 

crops produced in the woreda are tef, wheat, and chickpea. Tef and wheat 

are grown from July to November whereas chickpea is grown September - 

December. 
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Figure 1: Map of Becho Woreda (District) 

2.2. Site Selection, Treatments, Agronomic Management and Design  

Due to the fact that Vertisol is one of the dominant soils in Ethiopia and tef 

is mostly cultivated in this soil, Becho woreda was selected for the 

experimental study since it fulfills the two conditions; dominance in Vertisol 

and tef cultivation in the soil type. Accordingly, Vertisol farms were selected 

as experimental sites based on soil classification system of FAO (1994). The 

farmer's standard land preparation and planting method for tef, i.e., plowing 

three times before and once at planting and broadcasting 15 kg/ha seed, 

were followed. The experimental design was randomized complete block 

with three replications; farmers’ fields were used as replication on 10x5 m 

plot for each treatment. Kuncho tef variety (Dz-Cr-387) was used as a test 

crop in both years of the experimental period. Apart from DAP 

(Diammonium phosphate; 18N-38P2O5-2.3S) and NPS (19N-38P2O5-7S), 

the recently adopted fertilizer blends, namely, NPSZnB (17N-34P2O5-6.5S-

2.2Zn-0.6B), NPKSB (13.7N-27.4P2O5-13.74k2O-5.1S-2.2Zn), and 

NPKSZn (13.7N-27.4P205-14.4k2O-5.98S-2.2Zn) were considered for 

studying and field experiments were conducted in 2017 and 2018 cropping 

seasons. The treatments with the respective actual nutrient composition are 



Amha, B., Mohammed, A., Abate, M., Eyasu, E., and Eric, S.     Effect of Fertilizer Trends on Yield …of Tef  

6 

 

specified in Table 1 below. Treatment combination T1-T8 had been part of 

the 2017 experimentation. In 2018, due to unavailability of DAP, T7 was not 

part of study, whereas T9 and T10 were added to evaluate NPKSB and 

NPKSZn blends. T8 is the QUEFTS (Quantitative Evaluation of the Fertility 

of Tropical Soils) model generated rate (Smalling and Janssen, 1993). It 

predicts nutrient uptake and yields from chemical soil fertility indices. All 

phosphorous-containing blends were applied once at planting, whereas urea 

was applied two times; half at planting and half at tillage stage of the crop. 

All the recommended agronomic management practices for tef were 

followed.  

Table 1. Fertilizer rate and actual nutrient composition (kgha-1) 

Treatments Fertilizer application level 

(kgha-1) 

Actual nutrient content (kgha-1) 

N P S Zn B K 

T1 50NPSZnB +100 Urea 55.0 7.4 3.5 1.1 0.4 0.0 

T2 100NPSZnB +100 Urea 63.0 15.0 7.0 2.2 0.7 0.0 

T3 150NPSZnB +100 Urea 72.0 22.0 11.0 3.3 1.1 0.0 

T4 200NPSZnB +100 Urea 80.0 30.0 14.0 4.4 1.4 0.0 

T5 300NPSZnB +100 Urea 97.0 44.0 21.0 6.6 2.1 0.0 

T6 100 NPS +100 Urea 65.0 17.0 7.0 0.0 0.0 0.0 

T7 150 DAP +100 Urea 73.00 30.0 2.3 0.0 0.0 0.0 

T8 QUEFTS   54.0 12.3 5.2 0.0 0.0 0.0 

T9 300NPSKB+100 Urea 87.1 35.9 15.3 0.0 1.6 35.9 

T10 300 NPKSZn+100 Urea 87.1 35.9 18.0 6.6 0.0 36.4 

2.3. Soil Sampling and Laboratory Procedures  

Composite soil samples were collected from each experimental unit after 

harvest. Samples were taken from five cross-sectional areas of the plot with 

an augur depth of 0-30 cm. An equal volume of the auger dug soil from each 

area of the plot were mixed to make the composite for each plot. Lab 

analysis was done by Horticoop soil fertility lab, located on the outskirts of 

Debre Zeit town, Ethiopia. The determined soil parameters were: soil acidity 

(soil pH-H2O), organic carbon (OC), organic matter (OM), total nitrogen 

(TN), cation exchange capacity (CEC), available phosphorus (AP), Calcium 

(Ca), Potassium (K), Sodium (Na), Sulphur (S), Magnesium (Mg), Copper 

(Cu), Iron (Fe), Manganese (Mn), Zinc (Zn) and Boron (B). Soil samples 

were analyzed following standard procedures as described in Van Reeuwijk 



Ethiopian Journal of Development Research (EJDR)                                          Volume 42 Number 1 April 2020  

7 

(2006). The pH-H2O was measured using 1:2.5 soil to solution suspension 

using a pH meter. The Walkley and Black method was applied to determine 

the OC content while TN was determined using the Kjeldahl method 

(Bremner and Mulvaney, 1982). The AP (Olsen) was measured using a 

sodium bicarbonate extraction solution. Exchangeable cations and CEC 

were determined by the Ammonium Acetate method using an Atomic 

Absorption. A spectrophotometer was used for exchangeable Ca2+and Mg2+ 

and flame photometer was used for Na+ and K+ determination. The DTPA 

extraction method was used for available micronutrients, Copper (Cu), Iron 

(Fe), Manganese (Mn), Zinc (Zn) and Boron (B) (Tan, 1996).  

2.4. Data Collected and Measurements  

Agronomic measurements on plant height (cm), panicle length (cm), days to 

50% maturity, biomass yield (kgha-1) and grain yield (kgha-1) had been 

made. Plant height was measured at physiological maturity from the ground 

to the tip of the panicle from ten randomly selected plants from each plot. 

Panicle length was measured as the length of the panicle from the node for 

ten randomly selected plants. Both plant height and panicle length were 

measured at harvest using a measuring tape. Days to 50% maturity was 

taken as the number of days from planting to 50% of plants in the plot 

physiologically matured. Biomass and grain yield were taken using a 0.5m2 

quadrant from 2m2 area. After threshing, grain yield was measured using an 

electronic balance. Biomass and grain yield were converted to yield/ha. The 

straw yield was calculated by subtracting grain yield from biomass yield. 

The harvest index was calculated by dividing grain yield by biomass yield. 

Soil sampling and analysis were made following standard procedures 

described above. Following the procedure of CIMMIYT (1988) partial 

budget analysis, prices of each fertilizer blend, field value of tef grain and 

straw were collected. 

2.5. Statistical and Economic Analysis  

Analysis of variance (ANOVA) was carried out independently for each 

season and parameter and the Duncan multiple range test (DMRT) of mean 

separation was employed in case of a significant difference between 

treatment effects at P<0.05. Homogeneity of error variance was checked 
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using Bartlett chi-square test before making the analysis of variance for the 

over year’s treatment effect. The Pearson correlation test was carried out to 

determine the relationship between soil parameters and grain and straw yield 

of the crop. The SAS statistical software university edition, SAS 9.4m6 

(2018), was used for all statistical procedures.  

Economic analysis was done according to the CIMMIYT (1988) partial 

budget analysis technique. Partial budgeting is a method of organizing 

experimental data and information about the costs and benefits of various 

alternative treatments. It considers variable input costs and the field prices 

of the produce between treatments. In our case, except for the cost of 

fertilizer, the cost of other inputs, including seed and labor costs, were 

uniform or insignificant between treatments. Therefore, the cost associated 

with the type of the fertilizer blend and the difference in the rate of 

application determined the total variable cost (TVC). The field price of tef 

grain and straw were used to compute gross field benefits (GB), and hence, 

the change in average grain and straw yield and the difference in the cost of 

fertilizer across treatments were the factors that determined the net benefit 

(NB) and the marginal rate of return (MRR). To compensate for the possible 

inflated estimation of average grain and straw yield, mainly because of the 

cautious application of inputs and the small plot effect, the mean grain and 

straw yields were adjusted downwards by 10%. Gross field benefit (GB) 

was calculated as average adjusted grain and straw yield (kgha-1) multiplied 

by field price of the tef grain and straw. Total variable cost (TVC) was 

calculated as the sum of all costs that were variable across treatments, in this 

case, the cost of fertilizer equated TVC. The net benefit (NB) per hectare for 

each treatment was the difference between the gross benefit and the total 

variable cost. The marginal rate of return (MRR) was calculated between 

non- dominated (D) treatments. Any treatment that has a net benefit which is 

less than or equal to a net benefit that can be obtained with a lower-cost 

treatment is considered dominated and left out of the marginal rate of return 

(MRR) calculation. The marginal rate of return for each non-dominated 

treatment was calculated by using the following formula: 

MRR = ∆ NB ∗ 100/∆ TVC 
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Where: MRR is marginal rate of return in percentage; ∆NB is change in net 

benefit; and ∆TVC stands for change in total variable cost. Upon arranging 

treatments in ascending order of TVC, the minimum acceptable rate of 

return (MARR) of 100 % was employed to select the economically feasible 

treatment (CIMMIYT, 1988).   

2.6.  Limitations of the Study  

Although the research proposal was developed centrally by senior soil 

researchers, there was no ‘0 rate’ (control rate); and because of budget 

limitation, laboratory analysis for the before-planting soil, grain and plant 

tissue had not been carried out. This made it impossible to calculate the 

common measures of nutrient use efficiency such as agronomic efficiency, 

apparent recovery efficiency, and physiological efficiency. In addition, 

treatments were not consistent over the years so that it was not possible to 

see the over-season effect of all treatments; as also because the data 

presented for some treatments were single-year data. Furthermore, the over-

years inconsistency of the treatments may have to do with the recent 

introduction of fertilizer blends to the farming system, on which there were 

only a handful of published studies. Consequently, it was not possible to 

make any reasonable comparisons.   

3. Results and Discussion 
3.1 Soil Physicochemical Properties after Harvest 

The effect of the different BF rates on the chemical properties of the soil is 

described in Table 2 below. Except for Boron, at p< 0.05, there was no 

statistically significant difference between BF rates on the measured soil 

physicochemical parameters. Soil pH ranged from 6.74 to 7.19, which fell 

under the neutral pH range; an optimal range for the availability of essential 

crop nutrients (Brady, 1990; Liu et al., 2014; 2006; Abebe, 2007). Cation 

exchange capacity (CEC) of BF rates was in very close proximity, the 

highest and the lowest being 49.69 cmol/kg and 47.24 cmol/kg, respectively, 

which, according to Landon (1991), was considered as very high, and, thus, 

favorable for crop growth. Moreover, soil with CEC higher than 20 cmol (+) 

Kg-1 is generally considered as one with very strong nutrient retention 

ability (Liu et al., 2014). Organic matter (OM), organic carbon (OC) and the 
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carbon-to-nitrogen ratio between BF rates were not significantly different. 

Nevertheless, the % OC and % OM of all treatment means were in the low 

range (Troeh and Thompson, 2005; Liu et al., 2014). This was because the 

result was from the after-harvest soil, and the low organic matter addition 

and substantial removal of crop biomass from the arable lands in Ethiopia 

(Yihenew, 2002). The C:N (carbon-to-nitrogen ratio) of 9.97% to 13.04% 

even for the after harvest soil, were between the normal range for cultivated 

tropical soils (Landon, 1991; Hazelton and Murphy, 2007). 

The mean TN (total nitrogen) and AP (available phosphorus) between BF 

rates were almost the same. TN was between 0.06 and 0.09, which 

according to Takalign et al. (1991) is classified as soil with poor nitrogen 

content. This was due to the crop nutrient use and low addition of organic 

matter to the soil (Yihenew, 2002) and leaching (Lin et al., 2001). The 

amount of AP varied between 6.46 and 15.93 Mg Kg-1, which, according to 

Horneck et al., (2011), was within low to medium range. It is in agreement 

with the studies by Tekalign and Haque, (1991), Tamrat (1992), and 

Yihenew (2002). Even though the data was from the after-harvest soil, as 

reported by many authors (Murphy, 1968; Tekalign et al., 2002; Abebe and 

Endalkachew, 2012), the availability of phosphorus under most soils of 

Ethiopia was on the decline, largely by the impacts of fixation, abundant 

crop harvest and erosion. The addition of K (Potassium)-containing blend, 

NPKSB, and NPKSZn did not seem to significantly affect the amount of K 

in the after-harvest soil. Treatments, with no K in them, exhibited identical 

amounts of phosphorous with those containing K (Table 2). K ranged from 

1.29 to 1.36 cmol (+) Kg-1, which, according to Hillette et al. (2015), was in 

a very wide range and it was in agreement with previous findings by Beyene 

(1982), Kamara et al. (1989), and Lemma and Smit (2008). S (Sulphur) 

content was between 6.48 and 7.46 Mg Kg-1, which, even after crop harvest, 

was above the critical level, which is 5 Mg Kg-1 (Lewis, 1999).  

Micronutrients such as Fe (Iron), Mn (Manganese) and Zn (Zinc) were not 

different between treatments. After crop nutrient use, Fe and Mn were well 

above the critical level established by Soltanpour (1985) and Jones (2003), 

which was 5 Mg Kg-1 for Fe and 1 Mg Kg-1 for Mn. The result was similar 

to the findings of Fisseha (1992) who reported the adequate amount of Fe 
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and Mn in Ethiopian Vertisols. Nevertheless, except for the treatment with 

300NPKSZn +100 Urea kgha-1(1.42 mg Kg-1), Zn was below the critical 

level established by Soltanpour (1985) and Jones (2003), which is 1.5 mg 

Kg-1. As Zinc is generally considered deficient in most Ethiopian soils 

(Ethiosis, 2015; Eyob et al.,2016; Ashenafi et al., 2016), and in the central 

highlands of the country (Hillette et al., 2015) where this study area is 

located, it is understandable that the soil after-harvest exhibited Zn 

deficiency. Boron (B) was significantly different between treatments 

(p<0.05) and it varied between 0.35 to 2.57 Mg Kg-1, which, according to 

Horneck et al. (2011), was between low to excessive. The highest Boron 

amount was recorded in treatment with 300NPKSB +100 kgha-1. Although 

there was a treatment with equal amount of B as NPKSB blend (Table 1), 

we found it very difficult to explain the very excessive amount of B in the 

soil where NPKSB was applied. The result was consistent across 

replications as well. 



 

12 

 

Table 2. Means for selected soil properties after harvest, 2018 

 

BF rate (Kgha-1) 

Soil Physicochemical Properties 

PH K CEC AP S B Fe Mn Zn OC OM TN C:N 

(cmol (+) Kg-1) (Mg Kg-1) (%) 

50 NPSZnB+100 Urea 6.74 1.29 48.04 6.46 6.48 0.40b 21.22 8.06 0.82 0.80 1.39 0.06 12.64 

100 NPSZnB+100Urea 7.15 1.36 49.69 8.96 6.66 0.49b 21.02 7.89 0.47 0.84 1.46 0.06 13.21 

150 NPSZnB+100 Urea 7.19 1.30 47.25 9.48 6.54 0.41b 22.95 10.44 0.61 0.89 1.54 0.07 13.02 

200 NPSZnB+100 Urea 7.12 1.33 47.33 8.12 6.84 0.41b 19.70 9.15 0.75 0.78 1.35 0.07 11.36 

300 NPSZnB+100 Urea 7.13 1.32 47.55 14.01 7.46 0.40b 21.80 9.29 1.42 0.92 1.59 0.07 13.64 

100 NPS+100 Urea 7.16 1.31 47.24 10.04 7.13 0.35b 21.01 8.81 0.42 0.83 1.44 0.06 13.06 

QUEFTS  7.15 1.31 47.68 8.08 6.91 0.57b 21.01 7.18 0.37 0.85 1.47 0.08 11.26 

300 NPKSB +100 Urea  7.06 1.30 48.67 9.48 6.69 2.57a 22.62 8.92 0.32 0.86 1.49 0.09 9.79 

300 NPKSZn +100 Urea 7.09 1.33 48.82 15.93 7.10 0.37b 22.24 9.04 2.51 0.85 1.48 0.06 13.64 

Mean 7.09 1.32 47.68 10.09 6.87 0.59 21.28 8.79 1.01 0.85 1.47 0.07 12.47 

   CV (%) 4.04 4.36 4.79 50.73 6.77 59.97 69.90 27.80 120.0 8.50 8.50 21.4 15.04 

SEM 0.05 0.01 0.44 0.98 0.09 0.07 0.49 0.47 0.28 0.01 0.02 0.00 0.36 

R2 0.35 0.74 0.56 0.50 0.51 0.52 0.69 0.44 0.33 0.38 0.38 0.45 0.42 

      Sig (P <0.05) ns ns ns ns ns ** ns ns ns ns ns ns ns 

Notes: 1) PH: potential Hydrogen; Ca: Calcium; K: Potassium; CEC: cation exchange capacity; AP: available Phosphorous; S: Sulphur; B: 

Boron; Fe: Iron; Mn: Manganous; Zn: Zinc; OC: organic Carbon; OM: organic matter; TN:  total nitrogen; C:N: Carbon to 

Nitrogen ratio; cmol (+) Kg-1: centimoles of positive charge per kilogram of soil; Mg Kg-1: milligram per kilogram of soil;  CV: 

Coefficient of variation; SEM: Standard error of the mean, R2: Coefficient of determination 

2) Sig: * symbolizes significance at P>0.01 but less than 0.05; 

  3) Means within a column followed by the same letter are not significantly different from each other. 
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3.2. Effect of BF on Yield and Yield Components of Tef  

In the 2017 trial, analysis of variance at P<0.05 revealed almost no 

difference between treatments for all parameters except for plant height 

(PH) (Table 3). The grain yield of 300 NPSZnB +100 kgha-1 Urea was only 

100 kg higher than the next high yielding treatment, 150 NPSZnB +100 

kgha-1 Urea. The treatment with a higher rate of the blend resulted in 

significant increase only in plant height. ANOVA for the 2018 trial, on the 

other hand, revealed that all parameters, except panicle length (PL), were 

significantly different between fertilizer rates (Table 3). Significantly higher 

grain yield was recorded for K-containing treatments. The highest for 300 

NPKSB +100 kgha-1 Urea, followed by 300 NPKSZn +100 kgha-1 Urea. 

Comparing the amount of N and P reduction from what would be in NPS by 

the different blending formulations, adding B, Zn and K into to NPS, the N 

and P depressing influence of adding K into NPS was greater than adding 

Zn and B. For instance, 300 NPSZnB +100 kgha-1 urea in T5 had 97 N and 

44 P, whereas the equivalent K-containing rate 300 NPKSB +100 urea kgha-

1 in T9 contains 87.1 and 35.9 P (Table 1). Nevertheless, with considerably 

lower N and P, the K containing blend recorded higher grain yield. This was 

similar to other studies which reported the significance of K on tef 

productivity (Feyera et al., 2014; Gashu, 2017) and the positive effect of 

supplementing NPS with K on tef yield (Yohannes et al., 2019). Prior 

studies on potato reported significant increase in yield following the 

application of K (Wassie et al. 2009; Gizaw et al. 2010). 
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Figure 2. Mean grain yield (kgha-1) for all treatments of the two-year experimental period; 

data for T7, T9 and T10 are one-year data (see Table 1 for treatment description) 

Consistent to the previous study year (2017), 300 NPSZnB +100 kgha-1 was 

the high yielding non-K containing treatment in 2018. In 2017, the yield 

benefit of the different rates of NPSZnB blend did not significantly differ 

with 150 kgha-1 DAP and 100 kgha-1 NPS, which were the blanket 

recommendations before the introduction of micronutrient containing 

fertilizer blends. In 2018, from the NPSZnB blend, 300 kgha-1 was the only 

rate significantly differing with 100 kgha-1 NPS. Moreover, the mean grain 

yield for most rates of NPSZnB was not significantly different from each 

other. 

The combined over years analysis of variance is presented in Table 4. It 

shows a significant difference for all measured parameters except for DM 

(days to 50% maturity). Grain yield for 300 NPSZnB +100 Urea kgha-1 is 

the highest with 2450.00 kgha-1, and is significantly higher than the former 

blanket recommendation 100 NPS +100 kgha-1; bearing in mind the 

substantial rate difference between the two. Grain yield of 100 NPS +100 

kgha-1 urea was higher than 100 NPSZnB+100 kgha-1 urea. This might have 

to do with the change in N and P amount between the two treatments. 100 

NPS + 100kgha-1 urea in T6 has 65 and 17 kg of N and P respectively, 

whereas 100 NPSZnB+100 kgha-1 urea in T2 has 63 and 15 kg of N and P, 

respectively. The same was true in the case of 150 kg DAP and 150 Kg 

NPSZnB in 2017. The difference between DAP and blend fertilizer was 
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particularly large for P; from 73 and 30 kg N and P in DAP in T7 to 72 and 

22 kg N and P in NPSZnB in T3 (also see Table 1). 
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Table 3. Mean for yield and yield components of tef, 2017 and 2018 trials 

Notes: 1) BM: Biomass yield (kgha-1), GY: Grain yield (kgha-1), PH: Plant height (cm), PL: Panicle length (cm), DM: days to 50 % maturity, StY: Straw 

yield (kgha-1), HI: harvest index, CV: Coefficient of variation, SEM: Standard error of the mean, R2: Coefficient of determination,  

2) **significant at P>0.01 but <0.05; *Significant at P<0.01; ns stands for not significant; Means within a column followed by the same letter are not 

significantly different from each other.   

Year   BF rate (kgha-1) BM GY  PH PL DM StY HI 

2017 50 NPSZnB +100 Urea 9000.00 1950.00 101.33bc 34.33 115.66 7050.00 0.25 

100 NPSZnB +100 Urea 8667.00 1966.70 104.00bc 35.00 110.33 6700.00 0.26 

150 NPSZnB +100 Urea 11667.00 2316.70 110.33ab 36.66 113.66 9350.00 0.20 

200 NPSZnB +100 Urea 10000.00 2253.30 111.33ab 37.66 114.33 7747.00 0.24 

300 NPSZnB +100 Urea 12333.00 2410.00 115.67a 38.00 112.33 9923.00 0.19 

100 NPS +100 Urea 12000.00 2133.30 109.33abc 35.33 113.66 9867.00 0.18 

150 DAP + 100 Urea 9333.00 2016.70 106.33abc 28.33 113.67 7317.00 0.26 

QUEFTS  8000.00 2083.30 99.33c 34.67 113.33 59.17 0.28 

  Mean 10125.00 2141.25 107.20 35.00 113.67  7985.75 0.23 

    CV (%) 25.23 9.95 5.12 11.09 3.85 30.90 25.65 

SEM 521.61 43.51 1.12 0.79 0.89 503.71 0.01 

R2 0.59 0.59 0.94 0.82 0.29 0.58 0.62 

Sig (P < 0.05) ns ns * ns ns ns ns 

2018 50 NPSZnB +100 Urea 7666.70de 2090.00bc 111.13bc 36.30 117.00ab 5576.70dc 0.28 

100 NPSZnB +100 Urea 9000.00dc 2186.70bc 110.80bc 37.67 119.67ab 6813.30bc 0.24 

150 NPSZnB +100 Urea 9000.00dc 2263.30ab 116.67ab 40.83 117.00b 6736.70bc 0.26 

200 NPSZnB +100 Urea 10000.00abc 2176.70bc 118.33ab 39.73 119.00ab 7823.30ab 0.22 

300 NPSZnB +100 Urea 11000.00ab 2490.00ab 127.60a 38.90 121.00ab 8510.00ab 0.23 

100 NPS +100 Urea 9333.33bcd 2200.00bc 111.00bc 39.53 118.33ab 7133.30bc 0.24 

QUEFTS  6000.00e 1730.00c 100.33c 35.53 110.33c 4270.00d 0.29 

300 NPKSB +100 Urea  10333.30abc 2760.00a 118.33ab 39.00 120.33ab 7573.30ab 0.27 

300 NPKSZn +100 Urea 11666.70a 2563.30ab 121.86ab 37.40 121.33a 9103.30a 0.22 

  Mean 9333.33 2273.33 115.08 38.42 118.29 7060.00 0.25 

    CV (%) 10.71 11.74 8.38 6.41 1.84 14.55 15.22 

SEM 192.45 51.36 1.40 0.47 0.42 135.87 0.01 

R2 0.83 0.68 0.64 0.67 0.78 77.71 0.55 

Sig (P < 0.05) ** * * ns ** ** ns 
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Table 4. Mean for yield and yield components of tef, combined over the years. 

Notes: 1) BM: Biomass yield (kgha-1), GY: Grain yield (kgha-1), PH: Plant height (cm), PL: Panicle 

length (cm), DM: days to 50 % maturity, StY: Straw yield (kgha-1), HI: harvest index, CV: 

Coefficient of variation, SEM: Standard error of the mean, R2: Coefficient of determination, 

Sig: Statistical significance (P<0.05), whereby (*) symbolizes significance at P>0.01 but less 

than 0.05. 

2) Means within a column followed by the same letter are not significantly different from each other.   

Considering only higher rates of blends, our finding was consistent with that 

of Eyasu et al., (2019), who reported that blend fertilizers containing Zn and 

B had almost no difference over NPS and DAP from an agronomic 

viewpoint on the yield of bread wheat in different soils and sites of the 

country. The difference between most blend rates with each other was also 

non-significant. This is in agreement with the account of Teshome et al., 

(2019) for the statistically similar effect of many rates of NPSZnB on yield 

of tef on Vertisols of the central highlands of the country. It also 

corresponded to EIAR (2017) report which compared the responses of 

wheat, maize, and barley to DAP and urea top-dressing with seven NPS-

based fertilizers. In almost all crops, there was no statistically significant 

difference in grain yield. In conformity to the conclusion by Amare and 

Abebe (2015) and Anteneh and Angaw (2015), this study accepted N, P and 

K as the most limiting nutrients. In contrast, other studies (Bereket et al., 

2011; Hillette et al., 2015; Alemu et al., 2016) reported the importance of 

using secondary nutrients and micronutrients with N and P.  

BF rate (kgha-1) BM GY  PH PL DM StY HI 

50 NPSZnB +100 Urea 8333.33bc 2020.00bc 106.23bc 35.31b 116.67 6313.00bc 0.26 

100 NPSZnB +100 Urea 8833.00bc 2076.70bc 107.40bc 36.33ab 115.00 6757.00bc 0.25 

150 NPSZnB +100 Urea 10333.00ab 2290.00ab 113.50ab 38.75a 115.33 8043.00ab 0.23 

200 NPSZnB +100 Urea 10000.00ab 2215.00abc 114.83ab 38.70a 116.67 7785.00ab 0.23 

300 NPSZnB +100 Urea 11667.00a 2450.00a 121.63a 38.45a 116.67 9217.00a 0.21 

100 NPS +100 Urea 10667.00ab 2166.70abc 110.16b 37.43ab 117.17 8500.00ab 0.21 

QUEFTS  7000.00c 1906.70c 99.83c 35.10b 111.83 5093.00c 0.28 

Mean 9547.61 2160.71 110.51 37.15 115.61 7386.90 0.24 

   CV (%) 19.47 11.31 6.55 6.09 3.20 24.39 19.58 

SEM 286.87 37.72 1.12 0.35 0.57 278.03 0.01 

R2 0.69 0.59 0.85 0.89 0.59 0.67 0.61 

Sig (P < 0.05) ** * * * ns ** ns 

Year* BF rate ns ns ns ns ns ns ns 
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Biomass and plant height for the highest nutrient containing treatment was 

higher and statistically dissimilar with most treatments. Apart from the 

effect of secondary nutrients and micronutrients, this might be possibly 

linked with the higher quantity of macronutrients. For instance, Fissehaye et 

al., (2009) and Haftamu et al., (2009) reported higher plant height of tef for 

high amount of N fertilizer. That is attributable to N favoring plant growth, 

internode elongation, photosynthesis and metabolism and assimilated 

production (Metwally et al., 2011) which result in higher stature of tef 

plants, the effect of year on the efficiency BF rates (Year*BF rate) was 

insignificant for all parameters considered. 

3.2 Soil Physicochemical Properties and Tef Yield Correlation  

Pearson’s r correlation between tef grain and straw yield with soil properties 

revealed that there was a positive and statistically significant correlation 

between grain and straw yield with available P and Mn. In contrast, there 

was a negative and significant correlation between grain and straw yield 

with K and organic matter (OM). Moreover, micronutrients Zn and B are 

positively correlated with grain and straw yield. The addition of K revealed 

insignificant positive correlation with yield. In addition, TN (total nitrogen) 

was to some extent negatively correlated with yield (Table 5). 
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Table 5. Correlation between soil physicochemical properties and tef yield, 2018 

 GY StY pH Ca Mg K Na CEC AP S B Fe Mn Cu Zn OC OM TN C:N 

GY 1.00                   

StY 0.87** 1.00                  

pH 0.15 0.24 1.00                 

Ca -0.31 -0.02 0.18 1.00                

Mg 0.43 -0.00 -027 -0.74* 1.00               

K -0.67* -0.72* 0.14 -0.01 0.04 1.00              

Na 0.35 -0.05 0.08 -0.35 0.75* 0.09 1.00             

CEC 0.19 0.14 -0.09  0.57 0.04 -0.13 0.24 1.00            

AP 0.85* 0.78* 0.35 -0.24 0.38 -0.28 0.22 0.20 1.00           

S 0.49 0.55 0.41 -0.23 -0.23 -0.01 -0.01 -0.14 0.74* 1.00          

B 0.57  0.18 0.12 -0.56 0.85** -0.07 0.92** 0.11 0.45 0.24 1.00         

Fe 0.66 0.30 0.16 -0.51 0.63 -0.19 0.52 0.09 0.63 0.17 0.63 1.00        

Mn 0.77* 0.62 0.21 -0.50 0.30 -0.58 0.34 -0.28 0.54 0.22 0.52 0.67* 1.00       

Cu 0.13 0.14 -0.05 -0.08 -0.21 -0.44 -0.47 -0.05 0.03 -0.22 -0.34 0.32 0.23 1.00      

Zn 0.38 0.62 0.01 -0.02 -0.18 -0.33 -0.58 0.05 0.55 0.49 -0.33 0.02 0.06 0.40 1.00     

OC 0.39 0.30 0.44 -0.07 0.11 0.02 0.02 -0.02 0.60 0.47 0.10 0.65 0.37 0.28 0.17 1.00    

OM -0.67* -0.72* 0.14 0.01 0.04 1.00** 0.09 -0.13 -0.28 -0.00 0.07 -0.19 -0.58 -0.44 -0.33 0.02 1.00   

TN -0.00 -0.23 0.37 -0.42 0.45 0.54 0.64 -0.35 0.13 0.23 0.57 0.31 0.25 -0.61 -0.54 0.26 0.12 1.00  

C:N 0.19 0.37 -0.04 0.38 -0.43 -0.47 -0.66 0.21 0.19 0.09 -0.55 0.06 -0.01 0.74 0.58 0.44 -0.47 -0.73* 1.00 

** Correlation significant at P<0.01; *significant at P<0.05. 
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3.3 Economic Analysis Using Partial Budget 

The partial budget analysis carried out for the 2018 yield data revealed the 

highest net benefit for the highest rate of the NPSZnB blend, 300 

NPSZnB+100 kgha-1 urea and for both of the K containing blends, 300 

NPKSB +100 kgha-1 Urea and 300 NPKSZn +100 kgha-1 urea. The former 

blanket recommendation (different sources), i.e., 100 NPS+100 urea kgha-1, 

was a profitable fertilizer rate with higher MRR (%) than the QUEFTS rate 

(Smaling and Janssen 1993) and 50 NPSZnB + 100 urea kgha-1 and it 

dominated 100 NPSZnB+100 urea kgha-1 and 150 NPSZnB+100 urea kgha-

1.  
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Table 6. Partial budget analysis, according to CIMMIYT (1988) 

    BF rate (Kgha-1) 
 

Crop yield (Kgha-1) 

Gross Field Benefits (GFB) 

(ETBha-1) 

Variable cost and 

Net Benefit (ETBha-1) 

D 

 

MRR 

(%) 

 Avg.GY Avg.StY Adj.GY Adj.StY Grain Straw Sum TVC NB   

QUEFTS rate  1730.00 4270.00 1557.00 3843.00 38925.00 15372.00 54297.00 1035.30 53261.70   

50 NPSZnB +100 Urea 2090.00 5576.70 1881.00 5019.03 47025.00 20076.12 67101.12 2003.00 65098.12  1223.15 

100 NPS+100 Urea 2200.00 7133.30 1980.00 6419.97 49500.00 25679.88 75179.88 2524.00 72655.88  1450.63 

100 NPSZnB+100 Urea 2186.70 6813.30 1968.03 6131.97 49200.75 24527.88 73728.63 2737.00 70991.63 D  

150 NPSZnB+100 Urea 2263.30 6736.70 2036.97 6063.03 50924.25 24252.12 75176.37 3471.00 71705.37 D  

200 NPSZnB+100 Urea 2176.70 7823.30 1959.03 7040.97 48975.75 28163.88 77139.63 4205.00 72934.63  16.58 

300 NPSZnB+100 Urea 2490.00 8510.00 2241.00 7659.00 56025.00 30636.00 86661.00 5673.00 80988.00  548.59 

300 NPKSB +100 Urea  2760.00 7573.30 2484.00 6815.97 62100.00 27263.88 89363.88 5893.27 83470.61  1127.08 

300 NPKSZn +100 Urea 2563.30 9103.30 2306.97 8192.97 57674.25 32771.88 90446.13 6134.00 84312.13  349.57 
 

Notes: Avg.GY= average grain yield of each treatment.  

Avg.StY= average biomass yield of each treatment.  

Adj.GY= average grain yield adjusted downwards by 10%. 

Adj.StY= average straw yield adjusted downwards by 10%.  

Gross field benefits (sum) = (Adjusted grain yield (kg/ha) * field price of the crop (ETB/kg) + (Adjusted biomass yield (kg/ha) * 

field price of the straw (ETB/kg).    

TVC = Total variable cost. 

NB= Net benefit for each treatment calculated as Gross field benefits (ETB/ha) - total costs that vary (ETB/ha).  

D= Dominance, any treatment that has net benefits that are less than or equal to those of treatment with lower costs that vary 

considered dominated and left out of calculating the marginal rate of return (MRR).  

MRR (%) = Marginal rate of return (i.e. the marginal net benefit between two non-dominated treatments arranged in ascending order of 

total variable cost (TVC); calculated by dividing the change in net benefit by the change in costs * 100. 
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The fertilizer rate, 200 NPSZnB+100 urea kgha-1 was below the 

minimum acceptable rate of return (MARR), which, in this case, was set at 

100% MRR between two non-dominated fertilizer treatments. Therefore, 

considering MARR from NPSZnB blend rates, 300kgha-1 was economically 

feasible and both of the K containing blends were somewhat better than the 

profitable NPSZnB rate (Table 6). Nevertheless, the profit might have to do 

with the relatively high amount of N and P in the high blend rates than the 

addition of micronutrients B and Zn; with that high rate, NPS and DAP 

might have produced comparable economic margins. For instance, Negash 

and Israel (2017), evaluating blend fertilizers, concluded that ‘the profit 

potential’ was generally much greater with the application of N and P 

compared with K and micronutrients. To maximize profit, they stressed that 

farmers should get adequate access to single nutrient and di-nutrient 

compound fertilizers. 

4. Conclusion  

From this study, we conclude that the application of blended fertilizers 

containing B and Zn on Vertisols of central highlands did not have 

significant yield benefits over the former DAP and NPS based 

recommendations on tef; only at a very high rate (300kgha-1) did NPSZnB 

significantly increase yield. The design of the experiment in which the 

maximum NPSZnB rate was applied had significant effect on crop yield, but 

the design did not enable us to differentiate whether the effect on yield was 

attributable solely to the higher N and P contents or to micronutrients or to 

both the higher N and P contents or to micronutrients. However, regardless 

of their nutrient composition, no significant yield difference was revealed by 

the application of equivalent rates of the blends with NPS (100 kgha-1) and 

DAP (150 kgha-1). This draws attention on the worth of adding Zn and B at 

the expense of N and P. The addition of K at higher rates than B and Zn 

reduced N and P from NPS. But the K containing blend gave higher yield 

than the B and Zn containing blend at equivalent rate. Therefore, 

irrespective of the amount, adding K seemed to improve yield.  

Former formulations of DAP and NPS would also produce equivalent 

economic margins when applied at a higher rate than 100 NPS and 150 
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DAP. The higher rate of both NPSZnB and K containing blends have a 

higher MRR than the set MARR of 100% between non-dominated 

treatments. But the environmental sustainability of the higher rates of 

blended fertilizers should be known before recommending for an improved 

financial return.  

Generally, additional studies should be carried out in order to arrive at 

conclusive results about the results of the application of micronutrient 

containing fertilizer blends at different rates. By conducting experiments 

with the same amount of N and P and different rates of each secondary 

nutrient and micronutrient, it may be possible to distinguish the yield 

attributes of every element. In addition, evaluating the financial return of the 

same blends but at higher rates, NPS and DAP would also make the 

financial return information conceivable.  

Acknowledgement 

CASCAPE project was supported by the Dutch Government through the 

Royal Netherlands Embassy in Addis Ababa. This research is part of this 

support. We would like to express our appreciation for the support and 

extend our gratitude to the College of Development Studies (CDS) of Addis 

Ababa University for hosting the project. Agricultural experts (subject 

matter specialists), development agents (DAs) and farmers in the project 

woredas played an essential role in the research process and we would like 

to express our appreciation to them as well.  

References  

Abay Ayalew and Mulugeta Habte. 2017. Use of Balanced Nutrients for Better 

Production of Teff (Eragrostis tef (zucc.) at Bensa in Southern Ethiopia. 

Journal of resources development and management, 32, pp. 46-50. 

Abebe Mesfin. 2007. Nature and management of acid soils in Ethiopia. Addis 

Ababa: Ethiopian Institute for Agricultural Research; 5-19. 

Abebe Negesse and Endalkachew Kebede. 2012. The contribution of coffee agro-

ecotype to soil fertility in southwestern Ethiopia. African journal of 

agricultural research, 7(1), pp. 74-81.  

Alemu Lelago, Tekalign Mamo, Wassie Haile and HailuShiferaw. 2016. Soil 

micronutrients status assessment, mapping and spatial distribution of 



Amha, B., Mohammed, A., Abate, M., Eyasu, E., and Eric, S.     Effect of Fertilizer Trends on Yield …of Tef  

24 

 

Damboya, Kedida Gamela and Kecha Bira Districts, Kambata Tambaro zone, 

Southern Ethiopia. African Journal of Agricultural Research, 11 (44), pp. 

4504–4516. 

Amare Aleminew and Abebe Legas. 2015. Grain quality and yield response of malt 

barley varieties to nitrogen fertilizer on brown soils of Amhara Region, 

Ethiopia. World journal of agricultural research, 11(3), pp. 135–143. 

Anteneh Aragaw and Angaw Tsigie. 2015. Indigenous rhizobia population 

influences the effectiveness of Rhizobium inoculation and need of inorganic N 

for common bean (Phaseolus vulgaris L.) production in eastern Ethiopia. 

Chemical and Biological Technologies in Agriculture, 19, pp. 1-13. 

Asgelil Debebe, Taye Bekele and Yesuf Assen. 2007. The status of Micro-nutrients 

in Nitisols, Vertisols, Cambisols, and Fluvisols in major maize, wheat, teff 

and citrus growing areas of Ethiopia. In: Proceedings of Agricultural 

Research Fund; Research Projects Completion Workshop held on 1-2 

February 2007 at Ethiopian Institute of Agricultural Research, pp. 77-96. 

Ashenafi Worku, Bobe Bedadi and Muktar Mohammed. 2016. Assessment on the 

Status of Some Micronutrients of Salt Affected Soils in Amibara Area, 

Central Rift Valley of Ethiopia.  Academia Journal of Agricultural Research 

4(8), pp. 534-542.   

Bereket Haileselassie., Stomph, T.J., Hoffland, E. 2011. Tef (Eragrostis tef) 

production constraints on Vertisols in Ethiopia: farmers' perceptions and 

evaluation of low soil zinc as yield-limiting factor. Soil Science and Plant 

Nutrition, 57:4, pp. 587–596. 

Beyene Desta. 1982. Diagnosis of phosphorus deficiency in Ethiopian soils. In: 

Soil Science Bulletin No.3. IAR (Institute of Agriculture), Addis Ababa, 

Ethiopia. pp. 1–23. 

Brady, N. 1990. The nature and properties of soils. 10th Ed., Macmillan Publishing 

Company, Cranbury. 

Bremner, J.M. and Mulvaney, C.S. 1982. Nitrogen-Total. In: Page, A.L., Miller, 

R.H., Keeney, D.R. (Eds.), Methods of Soil Analysis II. Chemical and 

Microbiological Properties, American Society of Agronomy, Soil Science 

Society of America, Madison, Wisconsin, USA, pp. 595–642. 

CIMMYT. 1988. From agronomic data to farmer’s recommendations: economics 

training manual. Completely revised edition, CIMMYT, Mexico. 

CSA. 2018. Agricultural sample survey report 2017/18 (2010 E.C), Vol. 1. Report 

on area and Production of major crops (private peasant holdings, meher 

season). Statistical bulletin 586, Addis Ababa, Ethiopia. 

EIAR. 2017. Technical Report on Evaluation of Balanced Fertilizer Types and 

Validation of Soil Fertility Map-based Fertilizer Recommendation for Major 

Crops. Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia.  



Ethiopian Journal of Development Research (EJDR)                                          Volume 42 Number 1 April 2020  

25 

EthioSIS (Ethiopian Soil Information System). 2015. Fertilizer Recommendation 

Atlas. Agricultural Transformation Agency (ATA). 

Eyasu Elias, Okoth, P.F., and Smaling, E.M.A. 2019. Explaining bread wheat 

(Triticum aestivum) yield differences by soil properties and fertilizer rates in 

the highlands of Ethiopia. Geoderma, 339, pp. 126-133. 

Eyasu Elias. 2016. Soils of the Ethiopian Highlands: Geomorphology and 

Properties. ALTERA, Wageingen University and Research Centre, The 

Netherlands. 

Eyasu Elias. 2017. Characteristics of nitisol profiles as affected by land use type 

and slope class in some Ethiopian highlands. Environmental Systems 

Research, 6 (20), pp. 1-15. 

Eyob Tilahun, Kibebew Kibret, Tekalign Mamo and Hailu Shiferaw. 2016.  

Assessment and Mapping of Some Soil Micronutrients Status in Agricultural 

Land of Alicho-Woriro Woreda, Siltie Zone, Southern Ethiopia. American 

Journal of Plant Nutrition and Fertilization Technology, 5, pp. 16-25. 

FAO. 2011. Ethiopia Country Programming Framework 2012-2015. Food and 

Agriculture Organization of the United Nations, Office of the FAO 

Representative in Ethiopia to AU and ECA, Addis Ababa, Ethiopia.  

Feyera Assefa, Adugna Debela and Muktar Mohammed. 2014. Evaluation of Teff 

[Eragrostis tef (Zucc.) Trotter] Responses to Different Rates NPK along with 

Zn and B in Didessa district, southwestern Ethiopia. World Applied Sciences 

Journal, 32, pp. 2245-2249. 

Fisseha Itana. 1992. Macro and micro-nutrient distributions in Ethiopian Vertisol 

landscapes. PhD thesis. University of Hohenheim, Germany.  

Fissehaye Mirutse, Mitiku Haile, Fasil Kebede, Alemtsehay Tsegay and Charles, 

Y. 2009. Response of Tef (Eragrostis tef (Zucc) Trotter) to phosphorous and 

Nitrogen on a Vertisol at North Ethiopia. Journal of the drylands 2(1), pp. 8-

14. 

Gashu Kebede. 2017. Response of Teff (Eragrostis tef (Zucc.) Trotter) to Nitrogen, 

Phosphorus, and Potassium Fertilization. M.Sc. Thesis submitted to the Robert 

H. Smith Faculty of Agriculture, Food and Environment, The Hebrew 

University of Jerusalem, Israel. 

Gizaw Desta. 2010. Review of soil and water management technologies: The case 

of Amhara Region (ANRS). Amhara Region Agricultural Research Institute 

(ARARI), Ethiopia. 

Haftamu Gebretsadik, Mitiku Haile and Yamoah, F.Y. 2009. Tillage frequency, 

soil compaction and N-fertilizer rate effects on yield of Tef ((Eragrostis tef 

(Zucc) Trotter), in Central Zone of Tigray, Northern Ethiopia. Momona 

Ethiopian Journal of Science, Vol 1(1), pp. 82-94.  



Amha, B., Mohammed, A., Abate, M., Eyasu, E., and Eric, S.     Effect of Fertilizer Trends on Yield …of Tef  

26 

 

Hailu Gebremariam, Tunner, D.G. and Mengistu Huluka. 1991. Wheat research in 

Ethiopia: a historical perspective. Addis Ababa: IAR/CIMMYT. 

Hazelton, P. and Murphy, B. 2007. Interpreting soil test results: What to do all the 

numbers mean? Published by CSIRO Publishing. Collingwood Victoria, 

Australia.  

Hillette Hailu, Takalign Mamo, Keskinen, R., Karltun, E., Heluf Gebrekidan and 

Taye Bekele. 2015. Soil fertility status and wheat nutrient content in Vertisol 

cropping systems of central highlands of Ethiopia. Agriculture and Food 

Security 4:19. 

Horneck, D.A., Sullivan, D.M., Owen, J.S. and Hart, J.M. 2011. Soil Test 

Interpretation Guide. Oregon State University Extension Service EC 1478, 

Oregon State University, Corvallis, OR, USA. 

Jones, J.B, 2003. Agronomic Handbook: Management of crops, soils, and their 

fertility. CRC Press LLC, Boca Raton, Florida, USA. 

Kamara, C.S, Haque. I and Desta Beyene. 1989. Characteristics of soils at the IAR 

research sub-centers at Sheno and Ginchi. Plant Science Division Working 

Document B9, ILCA, Addis Ababa, Ethiopia. 

Karltun, E. Tekalign Mamo, Taye Bekele, Samuel Gameda and Selamyihun 

Kidanu. 2013. Towards improved fertilizer recommendations in Ethiopia-

Nutrient indices for categorization of fertilizer blends from EthioSIS woreda 

soil inventory data. Addis Ababa, Ethiopia. 

Landon, J.R. 1991. Booker tropical soil manual: A handbook for soil survey and 

agricultural land evaluation in the tropics and subtropics. Routledge, London.  

Lemma Gizachew and Smit G.N. 2008. Relationships between plant and soil 

nutrient status and position in the landscape on Pellic Vertisols of Ethiopia. 

South African Journal of Plant and Soil, 25:2, pp. 119-126. 

Lewis DC, 1999. Sulfur. In: Peverill KI, Sparrow LA and Reuter DJ (Eds.), Soil 

analysis: An interpretation manual. Collingwood: CSIRO Publishing. pp. 

221-218. 

Lin, B.L. Sakoda, A., Shibasaki, R. and Suzuki, M. 2001. A modelling approach to 

global nitrate leaching caused by anthropogenic fertilization. Water 

Research, 35:8, pp. 1961-1968. 

Liu J., Zhang X., Li T., Wu Q and Jin Z. 2014. Soil characteristics and heavy metal 

accumulation by native plants in a Mn mining area of Guangxi, South China. 

Environmental Monitoring and Assessment, 186, pp. 2269-2279. 

Lulseged Tamene, Tilahun Amede, Kihara J, Degifie Tibebe and Schulz S. (eds.). 

2017a. A review of soil fertility management and crop response to fertilizer 

application in Ethiopia: towards development of site- and context-specific 

fertilizer recommendation. CIAT Publication No. 443, International Center for 

Tropical Agriculture (CIAT), Addis Ababa, Ethiopia.  



Ethiopian Journal of Development Research (EJDR)                                          Volume 42 Number 1 April 2020  

27 

Lulseged Tamene, Zenebe Adimassu, Ellison, J., Tesfaye Yaekob, Kifle 

Woldearegay, Kindu Mekonnen, Thorne, P. and Le, B. 2017b. Mapping soil 

erosion hotspots and assessing the potential impacts of land management 

practices in the highlands of Ethiopia. Geomorphology 292, pp. 153-163. 

Metwally T.F, Gewaily E.E, Naeem S.S. 2011. Nitrogen response curve and 

nitrogen use efficiency of Egyptian hybrid rice. Journal of Agriculture 

Research, 37, pp. 73-84. 

Murphy H. 1968. A report on fertility status and other data on some soils of 

Ethiopia. Experimental Station Bulletin No. 44, Collage of Agriculture, HSIU.  

Nandwa SM and Bekunda MA. 1998. Research on nutrient flows and balances in 

East and Southern Africa: state-of-the-art. Agriculture, Ecosystems and 

Environment 71, pp. 5-18. 

Negash Demisse and Israel Bekele. 2017. Optimizing fertilizer use within an 

integrated soil fertility. In: C. S. Wortmann and K. Sones (Eds.), Fertilizer 

Use Optimization in Sub-Saharan Africa. CABI, Nairobi, Kenya.  

Rashid, S., N. Nigussie Tefera, Minot, N and Gezahegn Ayele. 2013. Fertilizer in 

Ethiopia: An assessment of policies, value chain, and profitability. IFPRI 

Discussion Paper No. 01304, Markets, Trade and Institutions Division, The 

International Food Policy Research Institute (IFPRI). 

SAS (Statistical Analysis System Institute). 2018. SAS Version 9.4m6© 2002-2019. 

SAS Institute, Inc., Cary, North Carolina, USA. 

Smaling, E. M. A. and Janssen, B. H. 1993. Calibration of QUEFTS: a model 

predicting nutrient uptake and yields from chemical soil fertility 

indices. Geoderma 59, pp. 21-44. 

Soltanpour PN. 1985. Use of AB-DTPA soil test to evaluate elemental availability 

and toxicity. Communications in Soil Science and Plant Analysis, 16 (3), pp. 

323-338. 

Stoorvogel, J., Smaling, E. and Janssen, B. 1993. Calculating soil nutrient balances 

in Africa at different scales. Fertilizer Research, 35, pp. 227-235. 

Takalign Mamo and Haque, I. 1991. Phosphorus status of some Ethiopian soils, II. 

Forms and distribution of inorganic phosphates and their relation to available 

phosphorus. Tropical Agriculture, 68 (1), pp. 2-8. 

Tamrat Tsegaye. 1992. ‘Vertisols of central highlands of Ethiopia: Characterization 

and evaluation of the phosphorus status’. MSc Thesis Submitted to the School 

of Graduate Studies, Alemaya University of Agriculture, East Hararge, 

Ethiopia.  

Tan, K. 1996. Soil Sampling, Preparation, and Analysis. New York, USA. 

Tekalign Mamo, Haque, I. and Aduayi, E.A. 1991. Soil, plant, water fertilizer, 

animal manure, and compost analysis manual. Plant Science Division Working 

Document 13, ILCA, Addis Ababa, Ethiopia. 



Amha, B., Mohammed, A., Abate, M., Eyasu, E., and Eric, S.     Effect of Fertilizer Trends on Yield …of Tef  

28 

 

Tekalign Mamo, Kidanu Selamyihun, Abebe Mesfin, and Teklu Erksso. 2002. 

Review of the studies conducted on tef: Experience of the Alemaya University 

of Agriculture, Ethiopia. 

Tekalign Mamo, Teklu Erkosa and Balesh Tulema. 2001. Soil fertility and plant 

nutrition research on tef in Ethiopia. In: Hailu, T., Getachew, B. and Mark, S. 

(Eds.), ‘Narrowing the rift: Tef research and development’. Proceedings of the 

International Workshop on Tef Genetics and Improvement, 16-19 Oct 2000, 

Debre Zeit, Ethiopia, pp. 191-200. 

Teshome Mesfin, Wassie Haile and Sofiya Kassa. 2019. Effect of nitrogen and 

blended fertilizers on yield and yield components of tef [(Eragrostis Tef 

(Zucc.) Trotter)] in the Central Highlands of Ethiopia. International Journal 

of Advances in Agricultural Science and Technology, 6:8, pp. 15-64. 

Troeh, F. R. and Thompson, L. M. 2005. Soils and Soil Fertility. 6th ed., Blackwell 

Publisher, Ames, Iowa, USA. 

Van Reeuwijk, L. 2006. Procedures for Soil Analysis, 6th ed. International soil 

reference and information centre (ISRIC), Wageningen, The Netherlands. 

Wassie Haile and Shiferaw Boke. 2011. Response of Irish Potato (Solanum 

tuberosum) to the Application of Potassium at Acidic Soils of Chencha, 

Southern Ethiopia. International Journal of Agriculture and Biology, 13(4), 

pp. 595-598 

 Wassie Haile, Shiferaw Boke and Kelsa Kena. 2009. ‘Integrated Soil Fertility 

Management Options for Sustainable Crop Production: Review of Research 

Findings from Southern Regional State of Ethiopia’. Paper presented on the 

10th anniversary conference of Ethiopian Society of Soil Science (ESSS), pp. 

26-27. 

Workneh Nigatu and Mwangi, W. 1992. An Economic Analysis of the Response of 

durum wheat to fertilizer: Implications for sustainable wheat production in the 

Central Highlands of Ethiopia. In: D.G. Tanner (Ed.), ‘The Eighth Regional 

Wheat Workshop for Eastern, Central and Southern Africa’. CIMMYT. 

Yihenew Gebresilassie. 2002. Selected chemical and physical characteristics of 

soils of Adet Resaerch Centre and its testing sites in northwestern Ethiopia. 

Ethiopian Journal of Natural Resources, 4, pp. 199-215. 

Yohannes Misskire, Tekalign Mamo, Abi Tadesse and Uri, Y. 2019. The effect of 

potassium on yield, nutrient uptake and efficiency of teff (Eragrostis tef Zucc. 

Trotter) on Vertisols of North-Western Ethiopian Highlands. Journal of Plant 

Nutrition, 42:4, pp. 307-322. 




