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Abstract 

Durum wheat is one of the industrial crops mainly required for the manufacturing of pasta products; macaroni, spaghetti and 

semolina. Improved durum wheat varieties suitable for irrigated lowland areas of Ethiopia including Afar and Oromia regions are 

limited. To overcome this constraint, the recently released 12 durum wheat varieties for rainfed conditions were evaluated across 

four different locations to confirm their environmental adaptation under irrigation during 2021. Grain yield and yield 

components, and environmental data were collected and analyzed using R-software. The combined analysis of variance indicated 

that the varieties differed significantly for all traits except for numbers of kernels per spike. There were highly significant 

differences among durum wheat varieties in their performances in yield and yield related traits across locations. D2018 (D2018), 

Toltu and Fetan varieties gave higher grain yield at Werer and Arage (middle Awash) while Denbi, Bullala and Werer1 at Jeju and 

Merti (upper Awash). Therefore, D2018 could be recommended for middle Awash while Denbi and Bullala for upper Awash 

areas for large scale cultivation. 
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1. Introduction 

Wheat is one of the most important cereal crops in terms of 

production and consumption in Ethiopia. Wheat contributes 

substantially to food security, poverty reduction, raw materi-

als for food industries and employment creation. The national 

demand for wheat and wheat products is growing faster than 

for any other food crops, partly due to the high population 

growth, increased urbanization, and related changing trends in 

food consumption patterns and preferences. [4] Reported that 

Ethiopia has irrigable potential of 3.7 million hectares dis-

tributed across high rainfall zone (8.1%), low rainfall zone 

(32.4%) and pastoralist zone (59.5%). The lowland areas 

include most of the country's potentially irrigable land, which 
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is estimated to be between 1.0 and 4.3 million hectares [6]. 

Irrigated agriculture is dominated by Afar and Oromia, which 

account for 45 and 31 percent of the total irrigated land, re-

spectively [3]. This area is endowed fertile with fresh water 

that can be utilized for wheat production. 

Wheat variety development activities for lowland irrigated 

areas were started with adaptation trials which were con-

ducted from 1969/70 up to 1986/87 at Werer Agricultural 

Research Center [9]. The two wheat species dominantly 

grown in Ethiopia are durum wheat (Triticum turgidum ssp. 

durum) and bread wheat (Triticum aestivum L.). Durum wheat 

is derived from a tetra-ploid hybrid of the diploid T. mono-

coccum (einkorn) and a diploid wild grass of unknown origin 

[12]. Durum wheat holds significant economic and agricul-

tural importance in Ethiopia, known for its wide genetic di-

versity and resilience compared to bread wheat. It is one of the 

industrial crops; the grain of durum wheat is mainly required 

for the manufacturing of pasta products; macaroni, spaghetti 

and semolina [2]. 

The variety development activities of durum wheat for the 

lowland irrigated areas of Ethiopia, is recent and new. As a 

result, two durum wheat varieties were officially released for 

irrigated lowland areas of Ethiopia [7]. Despite its huge po-

tential, the average yield of durum wheat in the lowland irri-

gated areas is low [13]. One the reason for the low yield is due 

to shortage of improved varieties and suitable agronomic 

practices [1]. Therefore, this study aims at identifying 

adaptable and high-yielding durum wheat varieties for low-

land irrigated areas of Afar and Oromia regions. 

2. Materials and Methods 

2.1. Study Areas 

This study was conducted at Werer Agricultural Research 

Center and Arage farm (Afar regions) and at Merti and Jeju 

districts (Oromia region) during the 2021/22 cropping season 

(Figure 1). 

 
Figure 1. Map of the study area. 

2.2. Experimental Design and Crop 

Management 

The minimum and maximum temperatures of the experi-

mental sites are presented in Figure 2. Twelve recently re-

leased durum wheat varieties for rainfed highland, mid-land 

and lowland areas were selected for this study (Table 1). The 

field experiment was laid out in RCBD design with four rep-

lications. The total plot area was 15m2 (3m width x 5m length) 

and two rows per ridge with 30 cm spacing between rows 

were used. Each plot was planted using a seed rate of 150 kg 

ha-1. NPS fertilizer was applied at the rate of 100 kg ha-1 at 

sowing while 150 kg ha-1 Urea was used twice in split appli-

cation; half at tillering and the remaining at booting stages. 

Irrigation was applied at every 10 days interval using furrow 

method. All other agronomic activities were applied accord-

ing to the recommendations. 
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Figure 2. Monthly maximum and minimum temperature and Rainfall of the three resting sites. 

Table 1. Nationally released durum wheat varieties used in the experiment. 

S/N Variety Name Genotype Name Year of release  

1 Alemtena 43IDSNMeh 2011-130) 2015 

2 Bullalla Durum ICARDA/Ethiopia PDYT 322 2018 

3 Denbi AJAIA/ BUASHEN 2009 

4 Dire CHEN/E3/BUSHEN4/3/AC089CD SS92B 1ZO Z 2012 

5 D2018 D2018 2018 

6 Fetan CDSS02B00643S 0Y-0M-1Y4M-04Y-0B-2Y 2018 

7 Mukiye STJ3 //BCR /LKS4/3/TER-3 2012 

8 Toltu 4/B/R9096#21001(980SN Patho) 2010 

9 Ude CD 95294-2Y 2002 

10 Utuba IDON-MD- off/53/2009 2015 

11 Werer1 Mamouri 1 2009 

12 Yerer CD 94026-4Y 2002 

 

2.3. Data Collection 

Data were collected for days to heading, days to maturity, 

number of kernels per spike, plant height, thousand seed 

weight and grain yield. 

Days to heading was recorded as number of days from 

planting to half (50%) of the plants in the plot flower (shade 

pollen). Days to physiological maturity was recorded as 

number of days from planting to the date of 90% of the plants 

reached at physiological maturity (lose their pigmentation and 

the straw turned yellow). Height of five randomly selected 

plants was measured from the ground level to the tip of the 

spike (excluding awns) at physiological maturity and the 

average expressed as plant height in cm. Spike length was 

measured in cm from the bottom of the spike to the tip of the 

spike (excluding the awns) of five randomly selected plants. 

The following data were collected from five plants randomly 

selected from the middle four rows of the plot at physiological 

maturity and the average values of five plants used in analysis. 

Number of spikelet per spike (NSPS) was recorded on the 

main tiller. Number of kernels per spike (NKPS) was recorded 

from each genotype per plot. 

Thousand kernel weight (TSW) was recorded as the weight 

of thousand seeds sampled randomly from the bulk of har-

vested grain and adjusted to 12.5% moisture content. Grain 

yield was the weight of grain from a plot adjusted to 12.5% 

moisture content and converted to kilogram per hectare for 

analysis. 

Statical Analysis 

The data were subjected to analysis of variance (ANOVA) 

using R-software. Combined analysis of variance over loca-

tion was carried out and Least Significant Difference (LSD) 

test was used to compare the mean separations at (P<0.05) 
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using Fishery’s least significant difference for comparison 

test. 

3. Results and Discussion 

Mean squares analysis of variance for yield and yield re-

lated characters of nationally released durum wheat varieties 

tested across four locations is shown in (Table 2). 

The effect of replication within location was not significant 

for most traits, indicating consistent measurements within 

each location for traits like days to heading (DH), days to 

maturity (DM), plant height (PH), spike length (SPL), number 

of spikelet per spike (NSPS), number of kernels per spike 

(NKPS), and thousand seed weight (TSW). However, grain 

yield (GYD) showed a significant effect per replication within 

location (P<0.01), suggesting that grain yield may be more 

sensitive to variation within each location and linked with 

factors such as soil and temperature variation. 

Location had a highly significant effect (P< 0.01) on all 

traits, demonstrating the strong influence of environmental 

differences among locations on agronomic performance. The 

effect of variety was also highly significant (p < 0.01) for all 

traits, which highlights the genetic differences between the 

varieties in terms of agronomic and yield traits [11]. 

The interaction between location and variety was signifi-

cant for most traits, including DH, DM, NSPS, NKPS, TSW, 

and GYD (P<0.0 exhibit for PLH and SPL. Hence, significant 

interaction implies that varieties respond differently per loca-

tions. Similarly, [14] reported a significant yield difference 

among wheat varieties indicating that durum wheat varieties 

exhibits tremendous genetic variability. This suggested that 

the magnitude of differences in varieties was adequate to 

selecting adaptable and high yielding varieties for the lowland 

irrigated areas. 

Table 2. Mean squares analysis of variance for yield and yield related characters of nationally released durum wheat varieties tested across 

four locations during 2021. 

Traits 

Source of Variation 

Rep/Location 

df (4) 
Location df (3) Variety df (11) 

Location*Variety df 

(33) 
Error df (95) Mean R-2 CV% 

DH 21.69ns 245.29** 54.61** 18.86** 8.64 59.02 0.84 5.0 

DM 2.26ns 236.54** 107.37** 18.81** 3.33 96.80 0.94 2.0 

PH (cm) 15.74ns 31793** 50.24** 11.76ns 11.76 75.48 0.76 4.5 

SPL (cm) 0.14ns 17.82** 0.79** 0.32ns 0.22 5.15 0.88 9.2 

NSPS 1.79ns 58.4** 3.20** 2.1** 0.70 14.20 0.90 5.9 

NKPS 11.72ns 1014.19** 70.84** 31.32** 11.89 42.14 0.90 8.2 

TSW (gm) 2.6ns 149.8** 75.0** 4.20** 2.00 39.94 0.94 3.40 

GYD 425148.83** 13565596.52** 1005599.85** 315149.31** 72190.21 3278.92 0.95 8.20 

Note: *, **, indicate significance at the 0.05 and 0.01 probability levels while ns indicate non-significance. LSD = least Significance Differ-

ence, DH = Days to heading, DM = days to maturity, PLH = Plant height, SPL = Spike Length, NSPS = number of spikelet per spike, NKSP = 

number of kernels per spike, TSW = thousand seed weight, GYD = grain yield kg per ha. 

Mean Grain Yield performance of Varieties 

There was significant difference among Varieties, locations 

and their interaction on grain yield (Table 3). The yield dif-

ference across location may come from the adaptability of 

varieties in specific area and difference in soil, temperature 

and other factors of the study areas. Among the tested varie-

ties, D2018 and Toltu (5098.0 and 4705.9 kg ha-1) did perform 

well at Werer D2018 and Fetan (4266.7 and 4133.4 kg ha-1) at 

Arage, respectively. Denbi and Werer-1 (3294.2 and 2920.6 

kg ha-1) at Jeju and Bullalla and Denbi (4156.9 and 3686.3 kg 

ha-1) were well performed, respectively [14]. 

The performance of durum wheat varieties across the four 

locations reveals considerable variation in grain yield, re-

flecting the varieties’ differing responses to environmental 

conditions [11]. The average grain yield across locations 

ranged from 2768.9 for variety Utuba to 3827.2 kg ha-1 for 

Variety D2018 with grand mean 3278.9 Kg ha-1 across the 

four locations with grand mean 3278.92 Kg ha-1. Among the 

varieties, D2018 showed the highest mean yield across loca-

tions (3827.2 kg ha-1), indicating its adaptability and high 

yield potential across diverse conditions. Denbi, Bulala and 

ranked 2nd and 3rd, following D2018 with mean yields of 

(3713.7, 3673.8 and 3548 kg ha-1), respectively, placing them 

among the top performers and suggesting that, they also 
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possess good yield across different environments. [5] Found, 

despite the large E and GEI effects; it is possible to identify 

adaptable and high yielding genotypes in diverse environ-

ments. 

In contrast, Utuba and Ude exhibited the lowest mean 

yields of 2768.9 kg ha-1 and 2811.3 kg ha-1, respectively, 

which indicated that these varieties are less adaptable to the 

environmental factors within the tested locations. The effects 

of variety by location interactions showing that there were 

cross-over interaction among the wheat varieties (Figure 3). 

[8, 15] Found grain yield to be highly influenced by envi-

ronment and genotype. 

The results showed that durum wheat varieties performed 

well in yield in middle Awash (Werer and Arage) than upper 

Awash (Merti and Jeju) indicating there is more potential to 

produce durum wheat in the irrigated dry lowland areas. 

 
Figure 3. Variety by location cross over interaction for grain yield. 

Table 3. Performance of varieties over four locations (Werer, Arage, 

Jeju and Merti). 

Variety 

Locations 

Werer Arage Jeju Merti Mean 

Alemten

a 
3843.2 3300 1960.8 3176.5 3070.1efg 

Bullalla 4156.9 3750 2631.4 4156.9 3673.8ab 

Denbi 4274.5 3600 3294.2 3686.3 3713.7ab 

Dire 4235.3 3700 2117.7 2902 3238.7def 

D2018 5098 4266.7 2885.3 3058.9 3827.2a 

Fetan 4196.1 4133.4 2156.9 2969.6 3364.0cd 

Mukiye 3921.6 3633.3 1971.6 2470.6 2999.3fgh 

Toltu 4705.9 3800 2627.5 3058.8 3548.0bc 

Ude 3725.5 3833.3 1882.4 1803.9 2811.3gh 

Utuba 2843.2 3333.4 2467.7 2431.4 2768.9h 

Variety 

Locations 

Werer Arage Jeju Merti Mean 

Werer1 4235.3 3466.7 2920.6 2529.4 3288.0cde 

Yerer 3764.7 3666.7 2274.5 2470.6 3044.1efg 

Mean 

CV 

3278.92 

8.2 

LSD (5%) 270.75 

Note: CV = coefficient of Variation. LSD = least Significance Dif-

ference, GYD = grain yield kg per ha. 

Agronomic Performance 

The analysis of variance for agronomic parameters among 

durum wheat varieties across four locations shows significant 

differences in days to heading (DH), days to maturity (DM), 

number of spikelet per spike (NSPS), number of kernels per 

spike (NKPS), and thousand seed weight (TSW). 

Yerer variety had the longest DH (65.1 days) and DM 

(104.0 days), while Bullala had the shortest DH (55.25 days) 

and DM (91.6 days); the latter is an early-maturing variety. 

NSPS varied significantly, with Yerer having the highest 

mean (15.6) and Ude the lowest (13.2), indicating variability 

in spikelet production potential across varieties. NKPS, which 

influences yield, was highest in Dire (47.07 kernels) and 

lowest in Ude (36.05 kernels), showing a significant range 

among varieties [10]. 

Thousand seed weight, a key yield component, also showed 

significant differences; varieties such as Donmateo (43.5 gm), 

Werer-1 (43.0 gm), and Utuba (43.5 g) had high TSW values, 

indicating a seed weight favorable for quality traits. In con-

trast, Dire had the lowest TSW (35.0 g), suggesting it may 

produce smaller seeds relative to other varieties. These sig-

nificant variations in agronomic traits emphasize the differ-

ential adaptation and yield potential of the varieties in diverse 

environmental conditions, with varieties like Yerer and Utuba 

shining in specific traits. 

Table 4. Combined mean of Agronomic parameters over four loca-

tions (Werer, Arage, Jeju and Merti). 

Variety 

Traits 

DH DM NSPS NKPS TSW 

Donmateo 

(D2018) 
59.0b-e 95.5d 14.6bc 42.8bcd 43.5a 

Denbi 59.1b-e 94.9d 14.1bcd 41.3cde 37.1c 

Bullalla 55.3f 91.6f 13.5de 42.2bcd 39.9b 

Toltu 57.4def 95.1d 13.7de 44.7abc 37.7c 
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Variety 

Traits 

DH DM NSPS NKPS TSW 

Fetan 56.3ef 93.5de 14.3bcd 43.8a-d 37.5c 

Werer-1 61.0bc 101.6b 14.0cde 38.3ef 43.0a 

Dire 58.4cde 96.1d 14.3bcd 47.1a 35.0d 

Almtena 57.3def 95.0d 14.0bcd 44.9ab 36.5c 

Yerer 65.1a 104.0a 15.6a 42.3bcd 40.6b 

Mukiye 58.8b-e 95.1d 14.0cde 40.4de 42.2a 

Ude 59.4bcd 98.0c 13.2e 36.1f 42.7a 

Utuba 61.4b 101.1b 14.8ab 42.0bcd 43.5a 

Mean 59.02 96.8 14.2 42.14 39.94 

CV 5 2 5.9 8.2 3.4 

LSD (5%) 3 1.8 0.9 3.5 1.4 

Note: *, **, and ns indicate significance at the 0.05 and 0.01 proba-

bility levels and non-significance, respectively. LSD = least Signif-

icance Difference, DH = Days to heading, DM = days to maturity, 

PLH = Plant height, SPL = Spike Length, NSPS = number of spikelet 

per spike, NKSP = number of kernels per spike, TSW = thousand 

seed weight 

4. Conclusion and Recommendations 

Shortage of improved durum wheat varieties suitable for 

the irrigated lowlands of Afar and Oromia regions are among 

the major constraints to increase and expand production. This 

study showed highly significant differences among durum 

wheat varieties for phenological, yield and yield related traits 

indicating differential performance across locations. D2018 

could be recommended for middle Awash while Denbi and 

Bullala for upper Awash areas for large scale. 
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