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ABSTRACT 
 

Optimum nitrogen fertilization with appropriate variety is the most important production factors for higher grain yield 

of durum wheat. Study on the interaction effect of N fertilizer levels and Durum wheat varieties was conducted in 2015 

and 2016 cropping season on vertisols of Ofla (Adi-golo) and Emba-Alaje (Ayba) districts of Tigray, northern Ethiopia 

with the objective of determining the optimum nitrogen fertilizer for different durum wheat genotypes. The experiment 

was laid out in split plot design; on which three recently released durum wheat varieties (Mangudo, Mukuye and Yerer) 

were assigned as a main plot and four level of nitrogen fertilizer (0, 23, 46, 69, 92, 115 and 138 kg N ha-1) levels arranged 
in a sub plot factor and replicated three times. The analysis of variance (ANOVA) for grain yield indicate that main 

effects of treatments (variety, nitrogen, location) and interaction effects (nitrogen fertilizer x variety, nitrogen fertilizer 

x location, location x variety, and nitrogen fertilizer x variety x location) were significantly (P<0.05) different. Grain 

yield of the durum wheat varieties linearly increase with increasing nitrogen fertilizer at both locations. More grain (8.5 

and 6.97 t ha-1) for Adi-golo and Ayba, respectively was recorded from the interaction effects of 138 kg of N ha-1 for 

variety Mukuye, however 69 kg of N ha-1 witch reached higher economical return (MRR=8.56).  
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INTRODUCTION 

 

Durum wheat (Triticum turgidum L. var. durum) is the 

second most important wheat species grown in the world 

next to bread wheat (Triticum aestivum L.) and it occupy 
about 40% of wheat area in Ethiopia (Peṅa et al., 2002). It 

is the best wheat for pasta products due to its strong gluten, 

excellent amber color and superior cooking quality (Abaye 

et al., 1997); however, it has been gradually replaced by 

bread wheat. Low volumes and poor quality of the national 

wheat production compels Ethiopia pasta industries to 

import the required raw material (Maria 2012). As a result, 

the pasta factories annually import about 0.2 million tons 

of durum wheat. In Tigray region there is potential of 

durum wheat production, however almost all factories are 

importing.  
Though numerous factors are responsible for low 

crop yields, low soil fertility is a major problem that 

affects crop production in the Ethiopian highlands. The 

decline in crop yields in the country primarily results from 

loss of nutrients through soil erosion, cultivation of 

marginal lands, continuous cultivation with limited 

external inputs, less manure use and overgrazing (Atakilte 

et al., 2006). Soils of the study district are one of the most 

degraded soils in the Ethiopia highlands, which are low in 

soil organic matter content, nitrogen, phosphorus (Mamo 
et al., 2014). 

In Ethiopia, durum wheat is largely grown on central 

highland vertisols. Vertisols in Ethiopia and other part of 

Africa generally have soil pH ranging between 7.5-8.5 in 

the soil profile (Virman et al., 1982). This high pH content 

of the vertisols favors gaseous loss of ammonia when urea 

or ammonium fertilizers are applied to the soil surface 

(Terman, 1979; Sahrawat, 1980). On the other hand, the 

low infiltration rates of vertisols could also create 

environment favorable for denitrification since oxygen 

diffusion rate in water is very low (Russel, 1977). Thus, 
nitrogen fertilization of durum wheat in vertisols is 

therefore important to mitigate the risk of N losses and to 

improve the productivity of grain. Increasing domestic  

produce could mitigate the shortage and substitute for the 

import of huge industrial raw materials.
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Choice of variety and N fertilization is one of the 

recognized cultivation techniques that have large influence 

on grain yield and quality in wheat grain production 

(Gooding and Davies, 1997). Currently, there is a high 

demand by both commercial and small-scale farmers for 

durum wheat with high grain yield and better end-use 

quality to meet the increasing demand of durum wheat 

grain processors in Ethiopia. 

Nitrogen fertilizer is considered as the most limiting 

factor in the crop production and limits yield in non-

fertilized agriculture (Alam et al., 2007; Gooding and 

Davies, 1997). It is applied in order to increase yield and 

improve crop quality. Nitrogen fertilization contributes 

significantly to protein content, especially when fertilizer 

rates satisfy the requirements of both yield and protein 

formation. Suitable durum wheat grain features for pasta 

and macaroni products are amber (yellow) color, vitreous 

endosperm, hardest grain texture and unique combination 

of grain protein that favors good pasta cooking quality 

(Bushuk,1998). 

However, farmers use blanket recommendations of 

100 kg NPS (19%N + 38% P2O5 + 7% S) and 100 kg urea 

(46% N) fertilizer per hectare. Information on yield and 

yield related traits under different nitrogen rates for most of 

the recently released and advanced durum wheat lines in 

Ethiopia are limited. Therefore, this study was aimed to 

evaluate effects of nitrogen fertilizer application rates on 

agronomic trait of durum wheat variety. 

 

MATERIALS AND METHODS 

 

Description of the study area 

This study was conducted in 2015 and 2016 main 

cropping season at Ofla (Adi-golo) and Emba-Alaje (Ayba) 

districts of south Tigray, northern Ethiopia. The study 

districts are characterized by a bimodal rainfall pattern with 

the main wet season (‘kiremt’) extending from July to 

September and the small wet season (‘Belg’) which extends 

from March to May. The area is characterized by heavy and 

erratic rainfall distribution. Ofla is located on the 

geographic coordinates of 13089’85’’-13097’50’’ north 

latitude and 51094’00’’- 56021’36’’ east longitude and an 

altitude of 2450m above sea level. The long-term (1997-

2016) mean annual rainfall was 1008 mm while the total 

rainfall of the 2015 and 2016 growing season was 1031 and 

1148 mm respectively with daily temperature ranged 5-

250C (Figure 1). While Emba- Alaje is located on the 

geographic coordinates of 14022’71’’- 14039’17’’north 

latitude and 53005’15’’- 56001’42’’ East longitude and 

altitude of 2350 m.a.s.l. The long-term (2000-2016) mean 

annual rainfall was 571 mm while the total rainfall of the 

2015 and 2016 growing season was 529 and 734 mm 

respectively with daily temperature ranged 7-250C (Figure 

1). 

Both E/Alaje and Ofla areas have mixed farming 

system (crop and livestock) with crop dominating The main 

crops growing around the experimental areas are Wheat 

(Triticum aestivum L.), Faba bean (Vicia faba L.) Maize 

(Zea mays L.), barley (Hordeum vulgare), Tef  (Eragrostis 

tef) and some oil and vegetable crops. 

Experimental design, treatment and procedure 

The experimental design was split plot design 

replicated three times. The main plot treatments were three 

recently released durum wheat varieties (Yerer, Mukuye 

and Mangudo); while the sub plot treatments were nitrogen 

fertilizer rates (0, 23, 46, 69, 115 and 138 kg N ha-1). All 

experimental units were treated with a uniform rate of 46 

kg P2O5 ha-1 in the form of triple super phosphate (TSP), 60 

kg K2O ha-1 from murite of potash (KCl) and 15 kg S ha-1 

from CaSO4 at planting time.  Nitrogen fertilizer was 

applied in splits, 33% at planting and 67% after 40 days of 

planting. Seed rates of 150 kg ha-1 were used at row spacing 

of 30cm for all the tested varieties.  

 

Data collection  

Grain yield (kg/plot) was taken from each plots by 

excluding the border rows and adjusting to 12.5% moisture 

level and then converted to hectare basis.  

 

Soil sampling, sample preparation and analysis 

Composite surface soil samples were collected using 

standard Auger from five spots from each experimental 

block (0-20 cm depth)) to form one composite soil sample 

per block for initial soil fertility evaluation of the 

experimental fields. Particle-size distribution was 

determined using hydrometer method (Pawluk et al. 1992). 

Soil pH and electrical conductivity (EC) were measured in 

soil: water extracts (1:2.5) (Rhoades, 1982). Soil organic 

matter (SOM) content was determined by the Walkley and 

Black method (Walkley and Black, 1934). Total nitrogen 

content (TN) of the soil was analyzed by Kjeldhal method 

(Bremner, et al., 1982). Available phosphorus (Av.p.) was 

analyzed using Olsen method (Olsen et al., 1954). One 

molar neutral ammonium acetate (pH = 7) was used to 

determine the exchangeable cations (Ca, Mg, K and Na) 

(Cottenie, 1980). 

 

Data analysis 

The analysis of variance (ANOVA) for the studied 

variables was computed using the GLM procedure of SAS 

software version 9.3 (SAS, 2011) following the standard 

procedures of ANOVA for RCB design (Gomez and 

Gomez, 1984). The differences between variety and 

fertilizer were considered significant if the P-values were ≤ 

0.05. Least significance test (LSD) was used to compare 

among treatments at 5% probability level.  Grain yield data 

for the fertilizer effect was subjected to economic analysis 

using the CIMMYT (1988) partial budget techniques to 

evaluate the economic profitability of fertilizer and variety 

for determination of the economic optimum rate. Wheat 

grain yields were adjusted downwards by 10% to more 

closely approximate yields. Wheat variety and Nitrogen 

fertilizer rates were analyzed separately by calculating 

Gross Benefit (GB), Total Costs that Vary (TCV), Net 

Benefit (NB), and the Marginal Rate of Return (MRR) for 

each treatment (that is, relative to the next lowest cost or 

non-dominated treatment for the Nitrogen fertilizer 

analysis). Dominance analysis was used to screen 

treatments that have higher variable cost and lower net 

return and dominated treatment removed from further 

consideration. 
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RESULTS AND DISCUSSION 

 

Soil physic chemical properties of the study districts 

The mean pH values of the composite surface soil 

samples of the experimental sites were falls under the 

slightly neutral soil reaction class (Tekalign ,1991). The 

soil organic matter contents were in the ranges of 1.45–

1.99 % on the surface soils (Table 1) thus, these values fall 

under low to moderate range based on the ratings of soil 

test values established by Tekalign (1991). Total nitrogen 
(TN) levels of the study sites ranged between 0.101 and 

0.13 % and taken as low for tropical soils (Beyene, 1988). 

Moreover, according to Phosphorus rating developed by 

Olsen et al. (1954), the available phosphorus contents of 

the soil of the experimental sites fall under the medium 

phosphorus status. This indicate the low level of fertility 

status of the soil aggravated by long term cereal based 

cultivation, lack of incorporation of organic materials in to 

the soils through mulching or crop residues retention after 

harvest and frequent tillage. Mono-cropping and 

inadequate replacement of nutrients removed in harvested 
materials or loses through erosion and leaching has been 

the major causes of soil fertility decline (Matson et al., 

1998). The electrical conductivity ranged from 0.11 to 

0.19 ds/m indicating that these soils have a low content of 

soluble salts and that there is no danger of salinity in the 

study areas (Table 1). 

 

Response of durum wheat variety to different nitrogen 

fertilizer level 

The analysis of variance (ANOVA) revealed that main 

effects of treatments were significant (P<0.05) for grain 

yield (Table 2). Moreover, Nitrogen fertilizer x Variety, 
Nitrogen fertilizer x location, Location x Variety, and 

Nitrogen fertilizer x Variety x location were significant 

(P<0.05) for responsive variable of grain yield. 

The effect of nitrogen fertilization rates and cultivars 

on durum wheat yields are given in able 3 and 4. The 

interactions between cultivars and nitrogen rates were 

significant (P < 0.05) for grain yield indicating that grain 

yield was influenced by N application rate differences. The 

cultivar Mukuye showed highest grain yield (8.5 and 6.97 

ton ha-1) performance at the highest rate of nitrogen (138 

kg ha-1) at Adi-golo and Ayba site respectively, this may 
probably due to the highest response by this cultivar to N 

and use efficiency. The lowest grain yield was recorded in 

three of the varieties under the control treatment in both 

locations (Table 4 and 6). Probably, this was due to genetic 

potential variation of the cultivars. The large grain yield 

variation among durum wheat under different nitrogen 

treatments could help in the selection of better cultivars for 

different N supply at different environments and similar 

results of genotypes variations in grain yield on nitrogen 

applications were also reported by Hassan et al. (1998) and 

Sial (2007). In this study, in contrast to varieties Mangudo 

and Mukuye, N application beyond 115 kg N ha−1 led to a 
reduction in grain yield of variety Yerer at Ayba. 

 

Partial budget analysis 

An increase in output will always raise profit as long 

as the marginal rate of return is higher than the minimum 

rate of return i.e. 100% (CIMMYT, 1988). The detail on 

cost  partial  budget  analysis  is  presented  in table 5.  Every 

Table 1: Soil physic-chemical properties of the study sites  

Soil properties  Ofla 
(Adi-
golo) 

E/Alaje 
(Ayba) 

pH (1:2.5 H2O) 6.74 7.04 
Available phosphorus (mg P2O5/kg soil) 11 15 
Total nitrogen (%) 0.101 0.13 
Soil organic matter (%) 1.99 1.45 
Electrical conductivity (ds/m)  0.11 0.19 
Cation exchange capacity (meq/100g of soil) 45 47 
Exchangeable k (meq k+/100g of soil) 1.40 1.19 
Exchangeable Na (meq Na+/100g of soil) 0.70 0.34 
Exchangeable Ca (meq Ca+2/100g of soil)  11.2 2.4 
Exchangeable Mg (meq Mg+2/100g of soil) 4.8 11.3 
Silt (%) 15 23 
Sand (%) 25 36 
Clay (%) 40 41 
Textural class Clay clay 

Source (MSRC and Amanuel et al., 2015). 
 

Table 2: Combined mean square values for the grain yields of 
durum wheat variety 

Source of variation D.f. MS 

Rep stratum 2 0.0093 
Nitrogen (N) 6 17.3384*** 
Variety (V) 2 35.6194*** 
Location (L) 1 4.8664*** 
Year (Y) 1 11.421*** 
Nitrogen x Variety (N*V) 12 1.0189*** 
Nitrogen x Location (N*L) 6 1.2808*** 
Variety x Location (V*L) 2 0.1387ns 
Nitrogen x Year (N*Y) 6 0.2394ns 
Variety x Year (V*Y) 2 2.5243*** 
Location xYear (L*Y) 1 63.4874*** 
Nitrogen x Variety x Location (N*V*L) 12 0.5638* 
Nitrogen x Variety x Year (N*V*Y) 12 0.9199*** 
Nitrogen x Location xYear (N*L*Y) 6 1.3899*** 
Variety x Location xYear (V*L*Y) 2 1.8841*** 
Nitrogen x Variety x Location xYear 
(N*V*L*Y) 

12 0.4275ns 

Residual 166 0.3034 
Total 251   

 

Table 3: Effect of main factor treatments on grain yield  
Main effect  Grain yield (ton ha-1) 

Nitrogen rate (kg/ha)  
0 3.82e 
23 4.28d 
46 4.39d 
69 4.95c 
92 5.20bc 
115 5.52ab 
138 5.68a 

LSD (5%) 0.256 
SEM 0.091 

Location   
Adi-golo 4.97 
Ayba  4.70 

LSD (5%) 0.137 
SEM 0.049 

Variety  
Mangudo 4.68b 
Mukuye 5.55a 
Yerer 4.28c 

LSD (5%) 0.167 
SEM 0.06 

 Year 
2016 4.62 
2017  5.04 

LSD (5%) 0.137 
SEM 0.049 

CV (%) 11.40 

file:///D:/AARC%20CROP%20FILES/s40066-015-0038-0.htm%23CR42
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Fig. 1: Mean monthly rainfall (mm), mean minimum (Min.T) and mean maximum (Max.T) temperature of the Adi-golo (right) and 
Ayba (left) in 2015 and 2016 cropping seasons. 

 
Table 4: Interaction effect of year, N rate and variety on grain yield (ton ha-1) of durum wheat at Adi-golo and Ayba  

  
  

 Adi-golo    Ayba  

 2016   2017   2016   2017   

N (kg/ha) Mangudo Mukuye Yerer Mangudo Mukuye Yerer Mangudo Mukuye Yerer Mangudo Mukuye Yerer 

0 4.08 4.41 3.65 3.76 4.27 3.21 3.09 3.68 2.92 4.07 4.73 3.92 

23 4.38 4.99 4.20 3.76 5.04 3.27 3.84 4.27 2.94 4.54 5.49 4.65 

46 4.61 4.79 4.92 4.25 4.51 4.01 3.51 4.80 2.96 4.64 4.88 4.77 

69 4.44 6.17 4.85 4.84 5.15 4.97 4.75 5.36 3.03 4.60 6.23 5.04 

92 5.66 6.50 4.76 5.23 5.42 3.97 3.49 5.17 3.54 6.35 6.21 6.13 

115 5.86 6.89 5.36 5.45 5.89 3.98 3.84 5.89 4.27 6.24 6.76 5.86 

138 6.01 8.56 5.44 5.65 6.45 5.31 4.31 5.94 2.01 5.79 6.97 5.76 

   N*V N*L N*Y V*Y L*Y V*L N*L*Y N*V*Y N*V*L V*L*Y N*V*L*Y 

 LSD (5 %) 0.44 0.36 ns 0.24 0.19 ns 0.51 0.63 0.63 0.34 ns 

 SEM 0.16 0.13 0.13 0.08 0.07 0.09 0.18 0.22 0.22 0.12 0.88 

  CV (%)      11.4      
 
Table 5: Partial budget analysis  

Nitrogen 
 rate (kg ha-1) 

Grain 
yield (ton ha-1) 

Total variable 
cost (birr ha-1) 

Gross benefit 
(birr ha-1) 

Net benefit 
(birr ha-1) 

Marginal rate of 
return MRR (%) 

0 3.82 0.00 57300.0 57300.0 - 
23 4.28 2095.0 64200.0 62105.0 2.2936 
46 4.52 2670.0 67800.0 65130.0 5.2609 
69 4.89 3245.0 73350.0 70105.0 8.6522 
92 5.20 3820.0 78000.0 74180.0 7.087 

115 5.52 4395.0 82800.0 78405.0 7.3478 
138 5.68 4970.0 85200.0 80230.0 3.1739 

 

shift in investment of nitrogen fertilizer from the lower 

selected treatments to higher resulted to more than 100% 

return. The marginal rate of return (MRR) generally varied 
from 2.26 to 8.65. The highest MRR was obtained from 

applications of 69 kg ha-1 N fertilizer. Further increases in 

fertilizer use of nutrient N, still held positive yield rewards. 

Sensitivity analysis was done based on data used in the MRR 

analysis and with treatment results above 100% minimum 

rate of return, except for the control. The if-analysis was 

done with the assumption of an average of 30% rises in all 

variable costs within 3 years, keeping the prices of the 

produce constant. The analysis showed that the 

recommended rates still hold positive benefit cost ratios. 

Conclusion and recommendations  

Generally, nitrogen fertilizer significantly affected 

grain yield at both locations for all the varieties tested. The 

highest yields 8.56 and 6.97 ton ha-1were obtained from 

applications of 138 kg N/ha using Mangudo variety at Adi-

golo and Ayba location respectively. The results are clearly 

indicative of the fact that durum wheat is more responsive 

to nitrogen fertilizer. Therefore, for those farmers with the 

good capacity to invest or with access to credit, application 

of 138 kg/ha N is recommended. Resource poor farmers 

can also alternatively use 69 kg/ha N kg/ha for the studied 

locations and similar agro ecology of Ethiopia.  
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