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Abstract 

Recently acquired soil inventory data from EthioSIS indicated multi-nutrient deficiencies 

including nitrogen (N), phosphorus (P), sulfur (S), potassium (K), boron (B) and zinc (Zn) in 

most Ethiopian cultivated soils. Thus, a field study was conducted in Jamma and Wereillu 

districts in 2014 and 2015 to evaluate the comparative advantage of the recommended 

blended fertilizers for the districts over the recommended NP fertilizers and validate the soil 

fertility map-based fertilizer recommendations. The study comprised five blended fertilizer 

formulations (F): F1: NPS (100 kg ha
-1

), F2: NPSB (100 kg ha
-1

), F4: NPSBZn (100 kg ha
-1

), 
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Introduction 

The use of chemical fertilizers, particularly nitrogen (N) and phosphorus (P), in Ethiopia has 

made a contribution to crop yield growth to date (Asnakew et. al., 1991; Tekalign et. al., 

2001) although there is a potential for further improvement. Nitrogen (N) and phosphorus (P) 

based location-specific fertilizer recommendation (69/46 N/P2O5 kg ha
-1

) for wheat crop was 

made so far for Jamma and Wereillu districts of South Wollo Zone of Amhara Region (Yared 

et. al., 2003 unpublished). However, recently acquired soil inventory data from EthioSIS 

(Ethiopian Soil Information System) revealed that sulfur (S), potassium (K), born (B) and 

zinc (Zn) deficiencies are widespread in the country which all potentially limit crop 

productivity despite the continued use of high analysis N and P fertilizers (EthiosSIS, 2014). 

Different research findings also showed that nutrients like K, S, calcium (Ca), magnesium 

(Mg) and all micro-nutrients except iron (Fe) are becoming depleted and deficiency 

symptoms are observed on major crops grown in different areas of the country (Wassie and 

Shiferaw, 2011; Asgelil et al., 2009; Abyie et. al., 2003).  

Based to the EthioSIS soil fertility maps for Jamma and Wreillu districts, in addition to N and 

P, S, Zn and B are deficient in major areas of the districts and K is deficient in some pocket 

areas of the districts (Figure 1 and 2). Accordingly, EthioSIS has made site-specific blended 

fertilizer recommendations which is Kebele-based balanced-nutrient recommendations. Six 

fertilizer blends have been recommended in the country that when targeted to deficient soils 

can dramatically improve fertilizer-use efficiency and crop profitability. Hence, NPSB and 

NPSZnB blended fertilizers were recommended for the entire area of the two study districts 

except for some pocket areas where NPKSB and NPKSZnB blends were recommended 

(Figure 1 and 2).   
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Figure 1: Recommended fertilizer blend types for Jamma district  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Recommended fertilizer blend types for Wereillu district  

 

However, the new fertilizer blends have not been explicitly examined and understood under 

various production environments and nutrient response studies involving multi-nutrient 

blends that include micronutrients were rare in the present study areas. This research was 

therefore initiated to evaluate the comparative advantage of the recommended blended 
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fertilizers for the two study districts over the recommended NP fertilizers and validate the 

new soil fertility map-based fertilizer recommendations made by EthioSIS (EthioSIS, 2014).  

Materials and methods 

Study site description 

The study was carried out in 2014 and 2015 main cropping seasons in Jamma and Wereillu 

Districts of South Wollo Zone of Amhara Region. Jamma district is situated within the 

geographical boundaries of 10
o 

06‘ 24‘‘ - 10
o
35‘ 45‘‘ N latitudes and 39

o
04‘ 04‘‘ - 39

o
23‘ 

03‘‘ E longitudes and altitudinal ranges of 1428 - 2752 meters above sea level. It receives a 

mean annual rainfall of 1130 mm, while the mean minimum and maximum temperatures of 

the district are 9 and 21 
o
C, respectively. Wereillu district is located within the geographical 

coordinates of 10
o
50‘ N - 10

o
33‘ N latitudes and 39

o
10‘E - 39

o
16‘E longitudes and with 

altitudinal ranges of 1700 to 3200 m.a.s.l. The dominant soil type in both Districts is Pellic 

Vertisols with physico-chemical characteristics as described in Table 1 and the cropping 

lands of the districts are characterized by poor drainage and intense water-logging 

(Getachew, 1991). 

 

Table 1. Range of physico-chemical properties of surface soil (0-30 cm) of the study sites 

Soil Properties Values Rating* 

pH (H2O) 6.5-6.8 Slightly acidic to neutral 

Organic matter (OM) (%) 1.36-1.75 Low 

Total N (TN) (%) 0.10-0.11 Low 

Available P (mg kg
-1

 soil) 3.08-5.20 Low 

Exchangeable Ca (cmolC kg
-1

) 30.6-46.3 Very high 

Exchangeable Mg (cmolC kg
-1

) 9.9-12.9 Very high 

Exchangeable K (cmolC kg
-1

) 0.6-0.7 High 

Cation exchange capacity (CEC) (cmolC kg
-1

) 52.0-61.7 Very high 

Percent acid saturation (PAS) % 82.5-97.6 Very weakly leached 

Sand % 

Silt % 

Clay % 

Textural class 

16.3-17.5 

20.0-21.3 

62.5 

Clayey 

 

Source: Abebe et. al,. 2013. *Ratings are based on pH (Jones, 2003), OM and TN (Tekalign, 1991), Available P  

(Cottenie,1980), Exchangeable Ca, Mg and K (FAO, 2006), CEC and PAS (Hazelton, Murphy, 2007) 

Experimental procedures 

Table 2 below shows the description and formulations used to prepare each blended fertilizer 

formulas. Six treatments composed of five different blended fertilizers and the recommended 

NP fertilizer were used in the study (Table 3). 
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Table 2. Blended fertilizer descriptions, formulations and their source  

 

 

 

 

 

Formula Blended fertilizer formulations Source of each nutrient for blending 

1:NPS 19 N + 38 P2O5 + 0.0 k2O + 7 S + 0.0 Zn + 0.0 B  19 kg N + 38 kg P2O5 +7 kg S 

2:NPSB 18. 1 N + 36.1 P2O5 + 6.7 S +  0.71 B    95 kg NPS + 4.9 kg Borax 

3:NPSKB 13.7 N + 27.4 P2O5 + 14.4 k2O  + 5.1 S +  0.54 B 72.2 kg NPS + 24.1 kg KCl + 3.7 kg Borax  

4:NPSZnB 16.9 N + 33.8 P2O5 + 7.3 S  +  2.23 Zn  +  0.67 B 86 kg NPS +  6.4 kg ZnSO4 + 4.6 Kg Borax 

5:NPKSZnB 13.0 N + 26.1 P2O5 + 13.7 K2O + 5.6 S+ 1.72 Zn  +  0.51 B    68.7 kg NPS + 22.9 kg KCl + 4.9 kg ZnSO4 + 3.56 kg Borax 

6:FORMULA 4 

MODIFIED 

17.5 N + 34.9 P2O5 + 0.0 k2O + 7.6 S + 2.23 Zn + 0.25 B +1.22 kg Borax 

7:FORMULA 5 

MODIFIED 

13 N + 26.1 P2O5 + 14.8 k2O + 5.6 S + 1.72 Zn + 0.25 B 68.7 kg NPS + 24.7 kg KCl + 4.9 kg ZnSO4 + 1.75 kg Borax 
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Table 3. Treatments used at both Jamma and Wereillu Districts 

Treatments N P2O5 K2O S Zn B 

T1= Rec. NP (111 kg ha
-1

 urea + 100 kg ha
-1

 DAP) 69 46 0 0 0 0 

T2= 100 kg ha
-1

 F1 + 109 kg ha
-1

 urea top dressed 69 38 0 7 0 0 

T3= 100 kg ha
-1

 F2 + 111 kg/ha urea top dressed 69 36 0 6.7 0 0.71 

T4= 100 kg ha
-1

 F4 + 115 kg/ha urea top dressed 69 34 0 7.3 2.23 0.67 

T5= 150 kg ha
-1

 F6 + 109 kg/ha urea top dressed 69 52 0 11.4 3.34 0.38 

T6= 150 kg ha
-1

 F7 + 108 kg/ha urea top dressed 69 39 21 7.5 2.23 0.38 

 

Five representative farmers‘ fields in each district were randomly selected for the study. The 

farmers‘ fields were divided into six experimental plots each of which had an area of 4.8 m x 

4.0 m. Four raised beds with a width of 0.80 m and length of 4.00 m and furrow width of 0.40 

m, as shown in Fig 3 below, were prepared in each plot to drain excess water, as the soil type 

of the sites is Vertisols with heavy clay texture. The treatments were randomly assigned to the 

six experimental plots in a randomized complete block design (RCBD) using the five farmers‘ 

fields as replications.  

 

 

 

 

 

 

 

Figure 3. Raised bed preparation to drain excess water and reduce waterlogging problem 

Planting and fertilizer applications  

Bread wheat, improved variety - Dinknesh, was planted in rows with 20 cm spacing and seed 

rate of 150 kg ha
-1 

on the raised beds. In the first experimental year, P and S fertilizers were 

applied at basal by drilling as triple superphosphate (TSP) and calcium sulfate (CaSO4), 

respectively. Potassium was applied as muriate of potash (KCl) in a row 5 cm away from the 

seeding rows to avoid possible solute-stress effect during germination, while N was applied as 

urea in split, half at planting and half side dressed 45 days after planting. Zinc sulfate (ZnSO4) 

and borax, which were used as a source of Zn and B, respectively, were dissolved in water 

separately and sprayed as foliar application at 45 and 60 days after planting, respectively 

(Figure 4). In the second experimental year, different formulas of blended fertilizers containing 

N, P, S, Zn and B were used and K was applied as a straight fertilizer in KCl form. The 
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blended fertilizer and KCl were applied all at planting, while, N was applied in split at half 

planting and half side-dressed 45 days after planting.       

 

 

 

 

 

 

 

Figure 4. Foliar applications of Zn and B micronutrients in the first experimental year 

Data collection and statistical analysis 

Grain yield was measured at maturity from the innermost 2 rows in the four raised beds in each 

plot and was adjusted to a moisture content of 12.5%. Fresh biomass weight was measured by 

weighing the fresh total above-ground biomass of the harvested rows. The dry biomass weight 

was measured by taking a straw sample with the seed spikes, drying in an oven at 105
o
C for 12 

hours and adjusting the fresh biomass weight on to dry basis by using the moisture content 

measured after drying.  

All recorded relevant agronomic data were subjected to analysis of variance (GLM procedure) 

using SAS software version 9.00 (SAS Institute, 2004). The LSD method at 5% probability 

level was used to separate the significant treatment mean differences.  

Results and Discussion 

Effect of blended fertilizers on the yields of wheat  

There was no statistically significant (P>0.05) influence of the blended fertilizers both on the 

grain and dry biomass yields of wheat as compared to the recommended NP fertilizers in both 

experimental years and at both districts (Table 4 and 5). Application of S, Zn, B and K 

fertilizers were not found to significantly affect the yield of wheat as compared to the 

recommended NP fertilizers. At Jamma district, the maximum grain (2.7 t ha
-1

) and dry 

biomass (7.5 t ha
-1

) yields in 2014 were obtained from F6 (Modified NPSBZn) but with 

insignificant difference with the recommended NP and other treatments. While, in 2015, the 

maximum grain (3.4 t ha
-1

) and dry biomass (10.6 t ha
-1

) yields were recorded from F7 

(modified NPSBZnK) treatment and F6 (Modified NPSBZn), respectively with non-significant 

difference from the yields recorded from recommended NP treatment (Table 4).  
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Table 4. Effect of the blended and recommended NP on the grain and dry biomass yields (kg ha
-1

) of 

wheat at Jamma district 

Treatment/Formula
*
 

2014 2015 Combined 

Grain  

Yield 

Dry  

Biomass 

Grain  

Yield 

Dry  

biomass 

Grain  

yield 

Dry  

biomass 

Rec. NP 2583.8 7250.0 3082.1 9570.3 2774.6 8281.3
ab

 

F1: NPS 2371.3 6625.0 3017.2 8945.3 2632.2 7656.3
b
 

F2: NPSB 2316.6 6562.5 3342.3 9453.1 2806.6 7847.2
b
 

F4: NPSBZn 2358.4 6718.8 3299.7 9531.3 2798.3 7968.8
b
 

F6: Modified NPSBZn 2734.2 7531.3 3387.1 10625.0 2982.5 8906.3
a
 

F7: Modified NPSBZnK 2612.8 7281.3 3473.1 9687.5 2974.5 8350.7
ab

 

LSD (5%) Ns Ns Ns Ns Ns 700.4 

CV (%) 8.7 8.3 11.5 9.9 10.6 9.0 

Treatment*Year - - - - Ns Ns 
*
Means within a column followed by the same letter are not significantly different at p = 0.05; Ns - non significant 

at p = 0.05.  

 

At Wereillu district, in 2014, the maximum grain (2.7 t ha
-1

) and dry biomass (7.6 t ha
-1

) yields 

were recorded from F6 (modified NPSBZn) statistically at par with the recommended NP 

fertilizers. While, in 2015, the maximum grain (2.1 t ha
-1

) and dry biomass (7.7 t ha
-1

) yields 

were obtained from F4 (NPSBZn) and recommended NP, respectively (Table 5).  

 

Table 5. Effect of the blended and recommended N and P on the grain and dry biomass yields (kg ha
-1

) 

of wheat at Wereillu district 

Treatment/Formula
*
 

2014 2015 Combined 

Grain  

Yield 

Dry  

biomass 

Grain  

Yield 

Dry 

biomass 

Grain 

Yield 

Dry  

Biomass 

Rec. NP 2320.4
c
 6687.5 2059.6 7734.4 2204.5 7152.8 

F1: NPS 2559.4
ab

 7093.8 2130.2 7656.3 2368.7 7343.8 

F2: NPSB 2523.1
abc

 7406.3 1801.3 6679.7 2202.3 7083.3 

F4: NPSBZn 2415.4
bc

 7000.0 2130.5 7187.5 2308.6 7083.3 

F6: Modified NPSBZn 2737.6
a
 7656.3 1751.4 7695.3 2299.3 7673.6 

F7: Modified NPSBZnK 2565.8
ab

 7468.8 2043.3 7656.3 2333.6 7552.1 

LSD (5%) 237.1 Ns Ns Ns Ns Ns 

CV (%) 7.1 8.8 11.0 9.0 9.9 9.3 

Treatment*Year - - - - Ns Ns 
*
Means within a column followed by the same letter are not significantly different at p = 0.05. Ns - non significant 

at p = 0.05.  

 

However, in contrast to the results from this study, different studies indicated Zn deficiency in 

the central highland Vertisols of Ethiopia (Amsal et. al., 2000; Asgelil et. al., 2007; Hailu et. 

al., 2015). Though the present study showed insignificant yield response to the application of 

Zn and B, Abera and Kebede (2013) reported deficiency of Zn in 98% of the soil samples 
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collected from central highland Vertisols of Ethiopia. A finding by Bereket et. al. (2011) also 

indicated Zn deficiency on Ethiopian Vertisols. In contrary to this finding, Fayera et. al. (2014) 

carried out a study on tef crop on clay loam soil of Didessa District, Southwestern Ethiopia and 

revealed that application of blended fertilizer at a rate of 200 kg ha
-1 

of Zn + B blended (14N 

21P2O5 15K2O 6.5S 1.3Zn 0.5B) + 23 kg N ha
-1

 gave a statistically significant and higher yield 

than the recommended NP fertilizer. Moreover, Graham and Welch (1995) reported that Zn 

deficiency is one major micronutrient deficiency in humans particularly in developing 

countries where cereals contain very low levels of Zn are the primary staple foods for human 

consumption.  

According to Ranjbar and Bahmaniar (2007), soil or  foliar applications of Zn fertilizer alone 

were not found as effective as soil + foliar applications to increase yield. Thus, the insignificant 

yield response of wheat to Zn and B micro-nutrients in the present study might be attributed to 

the low recovery efficiencies of Zn and B fertilizers applied. In the first year, Zn and B 

fertilizer were applied on foliage, while in the second year they were applied at basal with the 

blended fertilizer. It could have been effective if the fertilizers were applied as basal + foliar 

application in both experimental years as this is supported by Ranjbar and Bahmaniar (2007).   

Concerning S, in contrast to the finding in this study, available sulfur (SO4
2-

-S) in the Vertisols 

of the central highlands of Ethiopia ranged from 1.2 to 2.1 mg kg
-1

and it was found to be 

deficient assuming 5 mg kg
-1

 S as critical level (Hailu et. al., 2015). In line with this, a study 

conducted at six sites in Arsi, East Shewa and Oromia Liyuu zones indicated that about 50% of 

the studied fields showed highly significant response and 22% showed marginal-response to S 

(Assefa, 2016). Habitegebriel and Singh (2009)  conducted research on Cambisols and 

Andosols and also indicated that the application of S fertilizer along with N fertilizer 

significantly increased the yield and nitrogen use efficiency (NUE) of bread wheat. The 

insignificant (P>0.05) yield response to S in the present study districts might be due to the 

optimum level of available S (SO4
2-

-S) in the surface soil or due to the low level of S used in 

the study which might be insufficient to meet the crop‘s S requirement. 

The insignificant yield response to K in the present study might be attributed to the K-fixing 

characteristics of the pellic Vertisols in the study districts due to the expanding nature of the 

minerals that make up these soils (Getachew, 1991; Abunyewa et. al., 2004). The other reason 

might be accounted for the low level of K (21 kg K2O ha
-1

) used in the study, which might not 

be sufficient to satisfy the K hunger of the soil let alone to be available for the crop. This is 
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supported by Hagos et. al. (2017) who concluded that the level of K in the blended fertilizers 

was not sufficient to meet the yield requirement of wheat. Application of K did not receive due 

attention, as most Ethiopian soils were believed to be adequate in native supply. However, 

according to Stoorvogel and Smaling  (1990) and Scoones and Toulmin (1999), the neglect of 

K application in Ethiopia and the continuous crop removal from the soil without additions has 

resulted in continuous depletion and negative balance (-26 to -33.2 kg K ha
-1

 year
-1

) of the 

nutrient reserve. Moreover, the K: Mg ion ratio, 0.05 to 0.06, in the present study sites was in 

the range leading to Mg-induced K deficiency according to the rating by Loide (2004). Thus, a 

sufficiently higher dose of K than the rate used in the present study should have been tested on 

Vertisols with a high tendency of K-fixation. This is supported by Astatke et. al., (2004) who 

conducted a study in the highland Vertisols of central Ethiopia and revealed that application of 

potassium sulfate resulted in about 1 t ha
-1

of wheat yield advantage compared to untreated 

plots. Hailu et. al. (2017) also revealed the yield response of wheat to K and P fertilization in 

the central highland Vertisols of Ethiopia. In agreement with the result in this study, a study in 

the Sinana District of Bale Zone of Oromiya Region by Mulugeta et. al., (2018) revealed that 

wheat yield response to K fertilizer was not significant. 

Conclusion and Recommendation 

The result revealed that the use of blended fertilizers with micro and macro-nutrients did no 

provide a significant yield difference over the recommended NP fertilizers. However, there 

were some limitations in this study; 1. The rates of K and S fertilizers (21 kg K2O ha
-1

 and 14 

kg S ha
-1

) used in the study were too low to meet wheat nutrient requirements. Besides, the 

insignificant effect of Zn and B on the yield of wheat might be attributable to the low recovery 

efficiency of these nutrients. Therefore, further comprehensive study with sufficient rates K 

and S, with the right application method of micro-nutrients and with the support of soil 

analysis and plant nutrient uptake data should be done.  

 

 



Evaluation of blended fertilizers and validation of soil fertility map based fertilizer recommedations….. Abebe et al., 

 

Proceedings of the 11th Annual Regional Conference on Completed Research Activities of Soil and Water Management ResearchPage 
20 
 

References 

Abebe Getu, Heluf Gebrekidan and Tareke Berhe, 2013. Book on Evaluation of Slow  

Release Urea Fertilizer on the yields of Wheat and Teff on Vertisols in Ethiopia, 

Haramaya University, Haramaya, Lap Lambert Academic Publishing. pp 42-43. 

Abera Yifru, Kebede Mesfin, 2013. Assessment on the status of some micro nutrients in  

Vertisols of central highlands of Ethiopia. IRJAS.3:169–73. 

Abiye Astatke, Tekalign Mamo, Peden D. and Diedhiou M., 2003. Participatory On-farm  

conservation tillage trial in Ethiopian highland vertisols: The impact of potassium 

application on crop yield. Experimental Agriculture 40:369-379. 

Abunyewa A., Asiedu E.K., Ahenkorah Y., 2004. Fertilizer phosphorus fractionsand their  

availability to maize on different land forms on a Vertisol in thecoastal Savana zone of 

Ghana. West African J. Appl. Ecol. 5:63–73. 

Amsal T., Bennie A.T.P, Labuschagne M.T., 2000. Effects of soil waterlogging on the  

concentration and uptake of selected nutrients by wheat genotypes differing in 

tolerance. In: The Eleventh Regional Wheat Workshop for Eastern, Central and 

Southern Africa. Addis Ababa, Ethiopia: CIMMYT. pp 253-263 

Asgelil D.; Taye B.; Yesuf A., 2009. 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 EIAR, Addis Ababa, Ethiopia. pp 

77-96. 

Assefa Menna Sako, 2016. Sulphur Status of Soils and Wheat Plants in Three Representative  

Areas of the Central Highlands of Ethiopia. A Dissertation Submitted in Partial 

Fulfillment of the Requirements for The Degree of Doctor of Philosophy of Sokoine 

University of Agriculture. Morogoro, Tanzania.  

Asnakew Woldeab, Tekalign Mamo, Mengesha Bekele and Tefera Ajamo, 1991. Soil fertility  

management studies on wheat in Ethiopia. pp.137-172. In: Hailu Gebre Mariam, D.G. 

Tanner and Mengistu Hulluka (eds.). Wheat Research in Ethiopia: A historical 

perspective. Addis Ababa, IAR/CIMMYT. 

Astatke A., Mamo T., Peden D., Diedhiou M., 2004. Participatory on-farm conservation  

tillage trial in the Ethiopian highland Vertisols: The impact of potassium application on 

crop yields. Experimental Agriculture. 40:369-379. 

Bereket H., Tjeerd-Jan S., Ellis H., 2011. Teff (Eragrostistef) production constraints on  



Evaluation of blended fertilizers and validation of soil fertility map based fertilizer recommedations….. Abebe et al., 

 

Proceedings of the 11th Annual Regional Conference on Completed Research Activities of Soil and Water Management ResearchPage 
21 
 

Vertisols in Ethiopia: farmers‘ perceptions and evaluation of low soil zinc as yield-

limiting factor. Soil Sci Plant Nutr. 5:587–96. 

Cottenie A., 1980. Soil and plant testing as a basis of fertilizer recommendations. FAO Soil  

Bulletin 38/2. Food and Agriculture Organization of the United Nations, Rome, Italy. 

EthioSIS (Ethiopian Soil Information System), 2014. Soil fertility mapping and fertilizer  

 blending. Agricultural Transformation Agency (ATA) Report. EthioSIS, Ministry of 

Agriculture, Addis Ababa. 

FAO (Food and Agriculture Organization), 2006. Plant nutrition for food security: A guide  

for integrated nutrient management. FAO, Fertilizer and Plant Nutrition Bulletin 16, 

Rome, Italy. 

Fayera Asefa, Adugna Debela and Muktar Mohammed, 2014. Evaluation of Teff  

[Eragrostistef (Zuccagni) Trotter] Responses to Different Rates of NPK along with Zn 

and B in Didessa District, Southwestern Ethiopia. World Applied Sciences Journal 32 

(11):2245-2249. 

Getachew Asamenew, 1991. A study of the farming systems of some Ethiopian highland  

Vertisols areas (draft report). ILCA (International Livestock Centre for Africa), Addis 

Ababa, Ethiopia. 150p.  

Graham R.D. and Welch R.M., 1995. Breeding for staple food crops with high micronutrients  

density. In: Long-term Sustainable Agricultural Solutions to Hidden Hunger in 

Developing Countries. IFPRI (International Food Policy Research Institute) Workshop 

on Food Policy and Agricultural Technology to Improve Diet Quality and Nutrition, 

January 10-12, 1994. Annapolis, MD.  

Hagos Brhane, Tekalign Mamo and Kassa Teka, Manuel Tejada, 2017. Optimum potassium  

fertilization level for growth, yield and nutrient uptake of wheat (Triticum aestivum) in 

Vertisols of Northern Ethiopia, Cogent Food & Agriculture, 3:1, DOI: 

10.1080/23311932.2017.1347022. 

Hailu Hillette, Tekalign Mamo, Riikka Keskinen, Erik Karltun, Heluf Gebrekidan and Taye  

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

systems of central highlands of Ethiopia. Agric and Food Secur. 4:19. 

Hailu Hillette, Tekalign Mamo and Riikka Keskinen, 2017. Response of Wheat (Triticum  

aestivum L.) to Phosphorus and Potassium Fertilization on Vertisols in Ethiopia‘s 

Central Highlands. International Potash Institute. Research Findings, e-ifc No 49, June 

2017.  

https://doi.org/10.1080/23311932.2017.1347022


Evaluation of blended fertilizers and validation of soil fertility map based fertilizer recommedations….. Abebe et al., 

 

Proceedings of the 11th Annual Regional Conference on Completed Research Activities of Soil and Water Management ResearchPage 
22 
 

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

mean? 2
nd

 Edition. CSIRO Publishing. 152p. 

Jones J.B., 2003. Agronomic Handbook: Management of Crops, Soils, and Their Fertility.  

CRC Press LLC, Boca Raton, Florida, USA. 482p. 

Habtegebrial K., and Singh B. R., 2009. Response of Wheat Cultivars to Nitrogen and Sulfur  

for Crop Yield, Nitrogen Use Efficiency, and Protein Quality in the Semiarid Region, 

Journal of Plant Nutrition. 32(10):1768-1787. 

Loide V., 2004. About the effect of the contents and ratios of soil‘s available calcium,  

potassium and magnesium in liming of acid soils. Agron Res. 2:71–82. 

Mulugeta Eshetu, Shure Sebboka, Tilahun Chibsa, Chala Chimdessa, Negash Bedasso, 2017.  

Optimization of Fertilizer Recommendations forBread Wheat at Sinana District of  

Bale Zone, Southeastern Oromia, Ethiopia. Int. Journal of Sci and Qualit Anal. 3(6): 

55-60.  

Ranjbar G.A. and Bamaniar M.A., 2007. Effect of Soil and Foliar Applications of Zn  

Fertilizer on Yield and Growth Characterstics of Bread Wheat (Triticum aestivum L) 

Cultivars. Asian Journal of Plant Sciences. 6(6):1000-1005. 

SAS (Statistical Analysis System) Institute, 2004. SAS/STAT user‘s guide. Proprietary  

software version 9.00. SAS Institute, Inc., Cary, NC.  

Scoones I., Toulmin C., 1999. Soil nutrient budgets and balances: What use for policy?  

Managing Africa‘s Soils. No. 6.  

Stoorvogel J.J. and Smaling E.M.A., 1990. Assessment of Soil Nutrient Depletion in sub- 

Saharan Africa 1983-2000. Report 28. The Win and Staring Centre for Integrated Land, 

Soil and Water Research (SC-DLO), Wageningen.  

Tekalign Mamo and Mohamed-Saleem M.A., 2001. Joint Vertisols Project as A Model for  

Agricultural Research and Development. Proceedings of the international symposium 

on Vertisols management. In: Advances in Vertisol Management in the Ethiopian 

Highlands. pp. 13-18, Debre Zeit , Ethiopia. 

Tekalign Tadese, 1991. Soil, plant, water, fertilizer, animal manure and compost analysis.  

Working Document No. 13. International Livestock Research Center for Africa, Addis 

Ababa, Ethiopia.  

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 Agricultural Biology 13:595–598. 


