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Abstract 

Maize is the primary staple crop in Ethiopia and plays an important role in the livelihood of the people of Ethiopia. 

However, its productivity is very low mainly due to low soil fertility and use approved maize varieties. After three 

years on farm field study of NP Fertilizer Rates on medium maturing maize varieties further evaluation and 

validation was conducted to determine optimum NP fertilizer rates and best medium maturing maize variety at 

Jimma Zone, Southwestern Ethiopia during 2019 main cropping season. The experiment had two N/P2O5; 92/69 

and 115/86 kg ha-1 and two medium maturing maize varieties. Each treatment was assigned to each plot in 

Randomized Complete Block Design (RCBD) in factorial arrangement. Data on the yield and yield components 

were subjected to ANOVA using SAS version 9.3. The highest grain yield 7350 kg ha-1 and above ground biomass 

14.53 ton ha-1 were recorded from BH547 with application of 115/86 kg ha-1  N/P2O5 fertilizer rate which was 

statistically at par with planting BH546 maize variety and application of 92/69 kg ha-1  N/P2O5 fertilizer rate with 

the highest net benefit 41,855 Ethiopian Birr ha-1. Therefore, a medium maturing maize variety BH546 with the 

application of 92/69 kg ha-1 N/P2O5 fertilizer rates can be taken as optimal and recommended for farmers under 

rain fed condition in Omonada woreda of Jimma zone and other similar humid agro-ecologies of the southwestern 

Ethiopia. 
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1. Introduction  

Maize is the primary staple crop in Ethiopia and plays an important role in the livelihood of the people of Ethiopia. 

In Ethiopia, future increases in maize production to meet domestic demand will have to rely on improvements in 

yield per hectare rather than on the expansion of maize production area. Enhanced maize productivity can be 

achieved by increased use of modern production techniques such as the adoption of hybrid maize varieties in line 

with the use of fertilizer application and appropriate crop management practices.  

Declining soil fertility and management of plant nutrients aggravate the challenge of agriculture to meet the 

world increasing demand for food in a sustainable way. Insufficient application of nutrients and poor soil 

management, along with harsh climatic conditions and other factors, have contributed to the degradation of soils 

including soil fertility depletion in developing countries, especially in SSA (Goulding et al., 2008). Poor soil 

fertility is one of the principal factors that limit maize productivity in maize growing areas of Ethiopia (Abebayehu 

et al., 2011). Degradation of soil physico-chemical properties, soil acidity with high P sorption and soil nutrient 

depletion due to low chemical fertilizer use by most small-holder farmers who cannot afford the expensive 

fertilizers leads to declining in maize production in SSA (Vanlauwe et al., 2010).  

Among plant nutrients nitrogen is a vitally important, a major yield determining nutrient and its availability 

in sufficient quantity throughout the growing season is essential for optimum maize growth (Kogbe and Adediran, 

2003). It is a component of protein, nucleic acids and other compounds essential for plant growth process 

(Onasanya et al., 2009). Whereas phosphorus is the second most important nutrient element (after nitrogen) 

limiting agricultural production (Kogbe and Adediran, 2003). It is used for growth, utilization of sugar and starch, 

photosynthesis, metabolic process which leads to higher yield of the crop (Ayub et al., 2002). 

Some soil types in Ethiopia contain enough amounts of essential nutrients for the plant's development. But 

the majority of soils in the country contains low to medium total N and found inherently low in available P. This 

could be due to long term cultivation practice that depletes plant nutrients and soil resource degradation as a result 

of soil erosion and run-off and this becomes a threat to agricultural productivity in Ethiopia. Current observation 

in maize production field show multi-nutrient deficiencies even in plots where farmer attempted to apply fertilizers 

at rates they claim optimal for expected yield levels. Thus, NP fertilizers must be applied at rates that can provide 

better yield advantage and economical that coincides with peak need by the crop. 

Therefore, it is an appropriate to know how fertilizer studies on recently released medium maturing maize 

varieties that have been developed for use in different agro-ecologies of Ethiopia. Hence, the experiment was done 

with the objective to validate the effect of NP fertilizer rates on medium maturing maize varieties at Jimma Zone; 

and to identify the economic optimum rate of NP fertilizer rate. 
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2. Materials and Methods 

2.1. Description of the Study Area 

Field farm experiment was conducted in three sites of Jimma Zone Omonada woreda, Southwestern Ethiopia 

during main cropping season of 2019. The sites were located on 7º46' N and 36º 00'E and laid at an altitude of 

1753 m.a.s.l. with soil type of the area is Upland: Chromic Nitosol and Combisol. The average maximum and 

minimum temperature are 9ºC and 28ºC respectively and reliably receive good rains 1561 mm per annum cropping 

season. 

 

2.2 Soil Physico-chemical Properties  

The soil of the experimental field was characterized by selected physico-chemical properties before the application 

of the treatments (Table 1). The average soil pH was 4.97 which was strongly acidic (Batjes, 1995) and ideal for 

the production of most field crops. The pH of the soil affects maize growth by suppressing the root development 

and reducing availability of macronutrients to plants especially phosphorus (Brady and Weil, 2008). The soil total 

N (0.174%) and SOM (3.53%) was medium for crop growth and development (Berhanu, 1980). For all locations 

the Bray II extractable available P was 17.9 mg kg-1 which was above the critical level (8 mg kg-1) for most crops 

as described by Tekalign and Haque (1991). 

Table 1 Selected physico-chemical properties of the soil of the experimental sites before planting at Omonada 

woreda 

Soil characters Value      Rating Reference 

pH(1:2.5) 4.97 Strongly acidic Batjes(1995) 

Av P(mg kg-1) 17.9 High Olsen et al., 1954 

TN (%) 0.174 Medium Berhanu (1980) 

OC (%) 2.05 High Tekalign(1991) 

SOM (%) 3.53 Medium Berhanu (1980) 

C:N ratio 11.78 Low Brady and Weil, 2002 

Where pH= hydrogen power, TN=Total Nitrogen, Av P=Available Phosphorous, OC=Organic Carbon, SOM=Soil 

Organic Carbon. Values are the means of duplicated samples. 

Source: Jimma Agricultural Research Center soil and plant laboratory 

 

2.3. Experimental treatment and procedures 

The experimental field was ploughed and prepared following the conventional tillage practice before planting at 

all locations. The land was leveled using manual power before the field layout was made. The maize was planted 

during 18 up to 22 May at different locations. Two maize seeds were planted per hill and then thinned to one plant 

per hill after good establishment of seedlings so as to maintain a single healthy plant per hill. This experiment had 

four treatments with farmers replications which were two NP2O5; 92/69 and 115/86 kg ha-1 and two medium 

maturing maize varieties; BH546 and BH547 which were storage pest resistant and are well adapted to low-mid 

altitude (1000-1800 m.a.s.l) areas. They were white-colored and used for experiment to maximize yield potential 

of smallholder farmers. Totally 4 treatments were laid out in a factorial randomized complete block design. The 

plot size 45m2 (4.5 m x 10 m) was used for each treatment.  

Nitrogen and phosphorus fertilizers were applied, respectively per stand or hill base. Nitrogen fertilizer rates 

were applied during planting and knee height stage to increase the nitrogen use efficiency. All other agronomic 

practices were applied uniformly to all experimental plots in the study area. 

The experimental field was prepared following the conventional tillage practice and furrow opened by using 

oxen. Two maize seeds were planted per hill and thinned after establishment to maintain a single healthy plant per 

hill. All other agronomic practices like three times hand weeding were applied uniformly to both experimental 

plots as per their respective recommendations for maize in the study area. 

 

2.4 Data collected  

2.4.1 Plant height (cm): it was measured at ground level to terminal stem using measuring stick at the point where 

the tassel starts branching from six randomly selected plants. 

2.4.2 Number of ear per plant: it was obtained by counting total number of ears in each plot and divided to total 

number of plant stand harvested. 

2.4.3 Stem diameter (girth): it was measured at 50cm from the ground level on six randomly selected plants 

using caliper. 

2.4.4 Grain yield (kg ha-1): grain yield per plot was recorded using electronic balance and then adjusted to 12.5% 

moisture and converted to hectare basis. 

2.4.5 Above ground biomass (kg ha-1): all above ground biomass was harvested from net plot and weighted, ears 

were removed and weighted separately, six plants were selected, chopped and oven dried till get uniform weight.  

2.4.6 Lodging percent: it was obtained by counting the total number of stalk and root lodging in each plot and 
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divided to the total number of plant stand at harvesting.  

2.4.7 Harvest index: was calculated as the ratio of grain yield to above ground biomass yield on dry weight basis 

(Donald, 1962). ��(%) =
��	
	���	�����	(��/��)

�	���	��	�	�����	�����	(��/��)
�100 

 

2.5. Data analysis 

Analysis of variance (ANOVA) for all collected data was computed using SAS version 9.3 statistical software. 

Whenever the ANOVA results showed the significant differences between sources of variation, the means were 

compared using least significant difference. The homogeneity test was done as suggested by Gomez and Gomez, 

(1984).  

 

2.6 Partial budget analysis 

Partial budget analysis was performed to investigate the economic feasibility of the treatments and assess the costs 

and benefits associated with different treatments of chemical fertilizers and the seed rates. The partial budget 

technique as described by CIMMYT (1988) was applied. The partial budget analysis was done using the prevailing 

market prices for inputs at planting and for outputs at the time the crop was harvested. All costs and benefits were 

calculated on hectare basis in Ethiopian Birr (ETB). The inputs and/or concepts used in the partial budget analysis 

were the mean grain yield of each treatment, the gross field benefit (GFB) ha-1 (the product of field price and the 

mean yield for each treatment), the field price of chemical fertilizers and urea kg-1 (the nutrient cost plus the cost 

of transportation from the point of sale to the farm), cost of labor spent on seed purchase and planting, the total 

costs that varied (TVC) which included the sum of field costs of fertilizers and their application, and seed purchase 

and planting. 

 

3. Results and Discussions 

After three years experiment of NP fertilizer effect on medium maturing maize varieties, further evaluation and 

validation was done at three farmers’ sites during 2019 main cropping season at Jimma zone Omonada woreda.  

The statistical analysis results indicates the interaction and main effect of NP fertilizer rates and maize 

varieties didn’t show significant (P >0.05) difference on plant height, number of ear per plant, stem diameter (girth), 

lodging percent and HI. However grain yield and above ground biomass were significantly (P <0.01) affected by 

interaction effect of NP fertilizer rates and maize varieties. But, both grain yield and above ground biomass were 

not significantly (P >0.05) influenced by main effect of NP fertilizer rates and maize varieties (Table 2). 

Table 2 Mean square values of NP fertilizer rates on growth, yield components and yield of medium maturing 

maize varieties 

 

Parameter 

 

Mean square for source of variation 

NP (1) Maize Varieties (1) NP x Maize 

varieties (1) 

Error  

(6) 

Plant height(cm) 0.08ns
 90.75ns

 2.08ns
 79.14 

Ears per plant 0.003ns
 0.003ns

 0.000001ns
 0.016 

Girth(cm) 0.001 ns
 0.029ns

 0.001ns
 0.024 

Lodging (%) 0.18ns
 36.999ns

 26.19ns
 10.88 

Grain yield (kg ha-1) 278678.6ns
 91577.7ns

 1451091.2*
 169579.4 

AGB (t ha-1) 0.273ns
 0.01 ns

 1.928*
 0.302 

Harvest index 0.0001ns
 0.003ns

 0.00003ns
 0.00039 

*Numbers in parenthesis = Degrees of freedom; *= Significant (P < 0.05); NS= non significant; AGB= Above 

ground biomass; ha = Hectare 

Grain yield 

Numerically the highest grain yield 7350 kg ha-1 was recorded from BH547 maize variety with application of 

115/86 kg ha-1 NP2O5 fertilizer rate which was statistically at par with application of 92/69 kg ha-1 NP2O5 fertilizer 

and BH546 maize variety. While, the lowest grain yield 6350 kg ha-1 was recorded from BH547 maize variety with 

application of 92/69 kg ha-1 NP2O5 fertilizer rate (Table 3). The data also showed that by application of 92/69 kg 

ha-1 NP2O5 fertilizer and planting BH546 maize variety there was 13.7% grain yield increase over planting BH547 

maize variety with application of 92/69 kg ha-1 NP2O5 fertilizer rate. Such reduction of grain yield might be due to 

nutritional imbalance and deficiency of certain important plant growth elements at various important growth stages 

and also due to reduced leaf area development, stem diameter, number of ear plant, high lodging percent and also 

plant height of maize varieties resulting in lesser radiation interception and, consequently, low efficiency in the 

conversion of solar radiation. The higher doses of chemical fertilizers increased grain yield as nutrients are the 

main driving force to produce high yield of maize (Nivong et al., 2007). These results were in line with findings 

of Ghimire et al. (2016) who reported that grain yield was significantly affected by crop varieties sown. Also Udoh 

(2005) reported that some hybrid maize varieties have a yield advantage over other maize varieties because they 
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possess high grain yield uniformity in flowering and ear placement.  

Table 3 Interaction and main effects of NP fertilizer and medium maturing maize varieties on growth, yield and 

yield components at Omonada woreda during 2019 cropping season   

N/P2O5 

(Kg ha-1) 

Maize 

varieties 

Plant 

height 

(cm) 

Lodging (%) at 

harvesting 

Ears per 

plant 

Stem 

diameter(cm) 

Grain yield 

(ton ha-1) 

AGB (ton ha-

1) 

92/69 

BH546 256.0 72.30 1.0 2.48 7.22a 14.29a 

BH547 249.7 78.8 0.93 2.40 6.35b 13.43b 

115/86 
BH546 255.0 75.5 0.93 2.48 6.83ab 13.79ab 

BH547 250.3 76.06 0.90 2.36 7.35a 14.53a 

LSD (0.05) 26.03 37.63 0.266 0.31 0.58 0.776 

CV (%) 3.52 4.36 13.7 6.33 8.9 6.03 

F-test NS NS NS NS * * 

LSD= Least significant difference; CV=Coefficient of variation; NS=Non significant; AGB=Above ground 

biomass; Values followed by the same letter within a column are not significantly different at P< 0.05. 

Above Ground Biomass 

Numerically, the highest above ground biomass 14.29 t ha-1 was recorded from BH547 maize variety and 

application of 115/86 kg ha-1 NP2O5 fertilizer rate which was statically at par with application of 92/69 kg ha-1 

NP2O5 fertilizer rate on BH546 maize variety. On the contrary, the lowest 13.43 t ha-1 was obtained from the 

BH547 maize variety and application of 92/69 kg ha-1 NP2O5 fertilizer rate (Table 3). Above ground biomass yield 

advantage of 6.4% was obtained due to planting BH546 maize variety and application of 92/69 kg ha-1 NP2O5 

fertilizer rate when compared with the same fertilizer rate and use of BH547 maize variety.  

The result showed that the above ground biomass was increased due to higher number of ear per plant, plant 

height and grain yield. Adequate supply of nutrients to the crop helps in the synthesis of carbohydrates, which are 

required for the formation of protoplasm, thus resulting in higher cell division and cell elongation. Thus an increase 

in biomass yield might have been on account of overall improvement in the vegetative growth of the plant due to 

the application of NP fertilizer with the variety we use. These results were in agreement with Tariku et al., (2018) 

reported that application of higher chemical fertilizer increased the dry matter of plants.  

Harvest index 

Significantly higher harvest index of 0.50 was obtained from BH546 maize variety, while the lowest harvest index 

0.47 was recorded from BH547 maize variety (Figure 1). Harvest index obtained were in the acceptable range of 

0.4 - 0.6 for maize (Hay, 1995). 

Adequate supply of chemical fertilizer is essential for optimizing partitioning of dry matter between grain 

and other parts of the maize plant. Optimum utilization of solar radiation, higher assimilates production and its 

conversion to starch results in higher biomass, grain yield leading to higher harvest index.  

 

*LSD = Least Significant Difference; CV = Coefficient of Variation; Values followed by the same letter(s) within main 

treatment rates are not significantly different at 0.05 probability level. 

Figure 1 Effect of NP fertilizer rate and medium maturing maize varieties on harvest index  

Partial Budget Analysis 

Analysis of variance (Table 2) showed that maize verities and NP fertilizer rates had a significant (P< 0.05) 

interaction effect on the grain yield.  

The total variable cost of the open market price (7 birr kg-1), official prices of NP fertilizer (13.5 birr kg-1) 
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and urea (10 birr kg-1) were used for analysis. The cost of application and transport for fertilizer was taken to be 

15 birr 100 kg-1. Grain yield was adjusted by 10% for management difference to reflect the difference between the 

experimental yield and the yield that farmers could expect from the same treatment (Getachew and Taye, 2005, 

CIMMYT, 1988). 

Table 4. Partial budget analysis of NP fertilizer rates on grain yield of medium maturing maize varieties at 

Omonada woreda during 2019 cropping season 

N/P2O5 

(Kg ha-1) 

Maize varieties GY 

(kg ha-1) 

Adj.GY 

(kg ha-1) 

GFB 

(ETB ha-1) 

TVC 

(ETB ha-1) 

NB 

(ETB ha-1) 

92/69 
BH546 7220 6498.0 45486 3631 41855 

BH547 6350 5715.0 40005 3631 36374 

115/86 
BH546 6830 6147.0 43029 4530 38499 

BH547 7350 6615.0 46305 4530 41775 

*GY= Grain yield; GFB = Gross field benefit; TVC = Total Variable cost; NB = Net benefit; 

ETB = Ethiopian Birr; Price of chemical fertilizer = 13.5birr kg-1; Price of Urea = 10 birr kg-1; Wage rate = 40 Birr 

man-day-1; Retail price of grain = 7 birr kg-1. 

The data presented in Table 4 indicates that the highest net benefit (41,855 ETB ha-1) was obtained from 

fertilizer application of 92/69 kg ha-1 N/P2O5 and BH546 medium maturing maize variety. Whereas, the lowest net 

benefit (36374 ETB ha-1) was obtained from BH547 maize variety and application of 92/69 kg ha-1 N/P2O5 fertilizer. 

Due to application of 92/69 kg ha-1 N/P2O5 fertilizer and planting BH546 maize variety, there was net benefit 

increase by 15.1% (5484 ETB ha-1) when compared with planting BH547 maize variety with the application of the 

same fertilizer rate.  

The farmers’ perceptions were collected at the green ear stage and at harvest period. Six maize stand 

evaluation criteria were set by farmers to select best medium maturing maize variety and optimal fertilizer 

application. Accordingly, maize growth rate, probability of lodging, number of ears/plant and yield potential were 

found the most important for the maize stand evaluation criteria. Further, based on maize stand evaluation criteria’s 

that was set by farmers (Table 5) 29% of them chosen BH546 maize variety with application of 92/69 Kg ha-1 

N/P2O5 fertilizer rate.  

Table 5 Farmers perception on optimal NP fertilizer application and medium maturing maize varieties at Jimma 

zone during 2019 cropping  

Farmers Evaluation 

Criteria 

NP fertilizer rates 

92/69 NP2O5  (Kg ha-1) 115/86 NP2O5 (Kg ha-1) 

Medium maturing maize varieties 

BH546 BH547 BH546 BH547 

Weeding Frequency Medium Medium Medium Medium 

Growth rate Medium Medium High High 

Probability of lodging Low Medium Low Medium 

Number of ears/plant 1 1 1 1 

Cob size Bigger Medium Bigger Medium 

Number of ear rotting low low low low 

Yield potential Higher Medium Higher Medium 

choice in Percentage 29% 23% 22% 26% 

 

4. Summary and Conclusions 

Enhanced maize productivity can be achieved by increased use of modern production techniques such as the 

adoption of hybrid maize varieties in line with the use of optimum fertilizer application and appropriate crop 

management practices. In view of this, the study was conducted to validate the response of medium maturing 

maize varieties to different rates of NP fertilizer at Jimma zone Omonada Woreda, southwestern Ethiopia. 

Accordingly, the research efforts were made on farmer's fields of Jimma zone Omonada woredas in vicinity 

of the Jimma Agricultural research center for three cropping seasons (2016-2018) and validation of the experiment 

was performed in 2019 main cropping season. From all, the grain yield and above ground biomass was significant 
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(P <0.05) for interaction effect of NP fertilizer rate and maize varieties. The highest grain yield 7350 kg ha-1 and 

above ground biomass 14.53 t ha-1  was recorded from BH547 maize variety and 115/86 kg ha-1 N/P2O5 fertilizer 

rate which was statistically at par with application of 92/69 kg ha-1 N/P2O5 fertilizer application on BH546 maize 

variety for both grain yield and above ground biomass.  The partial budget analysis based on the field prices of 

inputs and maize grain yield showed that, the use of BH546 maize variety with application of 92/69 kg ha-1 N/P2O5 

fertilizer gave the highest net benefit (41,855 ETB ha-1). Therefore, from current on-farm input availability and 

economic feasibility, a medium maturing maize variety BH546 with the application of 92/69 kg ha-1 N/P2O5 

fertilizer rates can be taken as optimal and recommended for farmers under rain fed condition in Omonada woreda 

of Jimma zone and other similar humid agro-ecologies of the southwestern Ethiopia. 
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