


Performance Evaluation and Adaptability of Food Barley Varieties in Gedeo Zone of South Ethiopia


ABSTRACT
Barley is one of the principal cereal crops grown in diverse agro-ecologies in Ethiopia. Six food barley varieties and the local check were laid out in RCBD with three replications at Bule and Gedeb Research Sub Centers. The experiment was done at Bule in 2022 and 2023, whereas at Gedeb in 2022 only. The objective of this study was to evaluate and select better-adapted food barley varieties tested at selected districts of Gedeo Zone of South Ethiopia. In this study, three wide and one specific adaptable variety were identified, and the evaluated barley varieties showed variation in phenology, agronomic, and yield, and yield component traits. Generally, mean grain yield across locations indicated that three varieties were significantly out-yielding the local check, viz, variety Walashe, HB 1965, and HB 1966, which gave better grain yield 3817.06, 3780.42, 3589.58 kg ha-1, respectively, than the studied varieties. These adapted and top-yielding varieties gave a yield advantage of 21.3, 20.1, and 14.0 percent, respectively, compared to the local check. Therefore, those high-yielding and wide-adaptable varieties across locations would be recommended for production in the tested areas and similar agro-ecologies of South Ethiopia highlands. For a specific adaptation variety, Abdane was one of the high-yielding varieties at Gedeb areas but not high high-yielding variety across locations, and can be recommended for production in its specific niche where it is best-suited. Promotions of recently released barley varieties those were high-yielding and adapted to the tested locations are important for barley-growing farmers to easily access them and to increase the production and productivity of barley. Based on the observed yield performance, the three widely adaptable barley varieties, viz Walashe, HB 1965, and HB 1966, would be popularized and scaled up in the tested areas and barley growing agro-ecologies of South Ethiopia.
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1. INTRODUCTION
“Barley (Hordeum vulgare L.) is one of the principal cereal crops grown in Ethiopian highlands for centuries” (Derbew, 2023).  “In Ethiopia, it is the fifth most important crop after tef, maize, sorghum, and wheat, both in area coverage and total production” (CSA, 2021). “Barley is the source of food, homemade drinks, animal feed, and cash in highland areas. Barley productivity is limited by poor soil fertility, frost, waterlogging, insect pests, diseases, moisture stress, low-yielding varieties, and inadequate agronomic practices” (Tilahun et al., 2015; Shimelis et al., 2022; Fekadu et al., 2023). “These produce poor yields and have been practiced for many years. Despite releasing many barley varieties in the country, few have been accessed by farmers with their improved agronomic practices, which is accompanied by low productivity in barley-growing areas. Studies on barley adaptability have been carried out in Ethiopia” (Tilahun et al., 2015; Maggo, 2017; Lemma et al., 2022; Shimelis et al., 2022; Derbew, 2023). However, the locations and varieties covered by these authors were varied.  For this study, six food barley varieties were collected from Holetta and Sinana Agricultural Research Centers, and the local checks collected from the farmers’ stock around the experimental sites were evaluated in the main rainy season (July to January). The objective of this study was to evaluate and select better food barley varieties tested at selected districts of Gedeo Zone of South Ethiopia.
[bookmark: _Toc255332519]2. MATERIALS AND METHODS 
[bookmark: _Toc255332520]2.1. Description of the Experimental Area 
The study was conducted for two years (2022 - 2023) at Bule Agricultural Research Sub Center (06°18'02.5''N, 38°24'18.2''E, Elevation 2842 meters above sea level), one year (2022) at Gedeb (06°57'41.5''N, 38°15'35.56''E, Elevation 2302 meters above sea level) in the main cropping season (July–January). 
2.2 Experimental Design and Cultural Practices
Six food barley types and a local control (Table 1) were evaluated over two years, in 2022 and 2023, through RCBD with three replications. The experiment was planted with a seed rate of 100 kg ha-1 during the primary growing season (July – January) at the Bule and Gedeb sub-centers. Every plot comprised six rows, each measuring 2.5 m in length, with a distance of 20 cm between the rows. The neighboring plots were divided by an empty row in each of the two years. Nitrogen and phosphorus fertilizers were used at a rate of 107 N and 37 P during planting, utilizing urea and NPS for N and P. A third of the total nitrogen was applied as urea at planting, with two-thirds applied after the initial weeding. The entire NPS was utilized during planting as a source for phosphorus and nitrogen. Based on the intensity of the weeds in each area, three to four manual weedings were employed for control








Table 1. Description of barley varieties 
	Varieties
	Year of Release
	Releasing Center
	Altitudes (m) above sea level

	Abdane
	2011
	Sinana ARC
	2300-2600

	Walashe
	2021
	Sinana ARC
	2100-2600

	Adoshe
	2018
	Sinana ARC
	2400-2600

	HB 1965
	2017
	Holetta
	2000-2800

	HB1966
	2017
	Holetta
	>2400

	Robera
	2016
	Sinana ARC
	2300-2600

	Local checks
	
	
	


ARC- Agricultural Research Center
2.3. Data Collection and Data Analysis
Days to heading and maturity, grain filling period, plant height (cm), spike length (cm), number of kernels per spike, thousand kernel weights (g), and grain yield (kg) were collected from the four central rows. Days to heading were recorded as when the spikes of 50% of the culms in a plot had fully extruded out. Physiological maturity was recorded when the plants had almost lost their green color from both vegetative and reproductive tissues. Plant height was measured from the ground to the tip of the spike, excluding the awns, when it attained physiological maturity. Grain yield was estimated after adjusting at 12.5% seed moisture content. Analysis of variance (ANOVA) was conducted using SAS (2016), and mean separation was done using Least Significant Difference (LSD).
 3. RESULTS AND DISCUSSION
Combined analysis of variance showed that there was a significant difference (P<0.001) for all agronomic, yield, and yield component traits (Table 2). On the other hand, the ANOVA exhibited the presence of significant interaction of location by treatment for days to maturity, grain filling period, and grain yield only, but the other traits were not significant.
Table 2. Combined analysis of variance for food barley varieties
	

Source of Variation
	

DF
	Mean Square

	
	
	DH
	DM
	GFP
	PH (cm)
	SL (cm)
	NKS
	TKW (g)
	GY (kg ha-1)

	Loc
	2
	41.6**
	1567.7***
	1192.6***
	3527.4***
	8.2***
	399.6***
	1271.1***
	26862433.7***

	Rep(Loc)
	6
	1.4 ns
	9.4 ns
	5.3ns
	54.0 ns
	0.3 ns
	32.2ns
	3.2ns
	150055.2ns

	Trt
	6
	42.9***
	226.9 ***
	113.1 ***
	1170.6 ***
	3.6 **
	438.9***
	84.1***
	2295749.2***

	Loc*Trt
	12
	3.3 ns
	33.8 **
	24.2*
	60.8 ns
	0.8 ns
	81.6ns
	3.8ns
	1608217.3***

	Error
	36
	5.7
	12.0
	9.6
	47.6
	0.8
	42.2
	3.2
	402990.0


***= Significant at p<0.001, DF= Degree of freedom, ns= not significant, DH= Days to heading, DM= Days to maturity, GFP= Grain filling period, PH= Plant height, SL= Spike length, NKS = number of kernels per spike, TKW= Thousand kernel weight, GY= Grain yield kg ha -1
Agronomic traits
The food barley varieties have differed for days to heading, maturity, grain-filling period, and plant height, ranging from 76 to 83 days, 129 to 142 days, 53 to 77 days, and 70.1 to 97.8 cm for days to heading, maturity, grain-filling period, and plant height, respectively (Table 3). In this study, the improved variety HB1966 took longer days to head (83) and was significantly different from the other varieties, while variety Robera was earlier to head than the local check and the other improved varieties (Table 3). In line with this finding, Abera et al. (2019) and Chala et al. (2021) found “varietal differences in phenology and agronomic characters at West and Kelem Wellega Zone and West Harage Zone, respectively”. In agreement with this study, Lema et al. (2022), and Tolesa et al. (2019) also reported that the barley varieties differed in phenology and agronomic traits. In disagreement with this finding, Tolesa et al. (2019) found the local cultivar matured later (141 days) compared to other varieties, while Lema et al. (2022) and Maggo (2017) reported that” variety HB 42 was late to reach physiological maturity, 126 and 144 days, respectively, than the rest of barley varieties and the local checks”. Derbew (2023) reported that “two improved varieties, Ardu 1260B, HB 42, and the local check, took longer days to head 88, 87, and 87 days, respectively, and were significantly different from the other varieties, while variety Harbu was 17 days earlier to head than the local check. Regarding grain filling period variety, HB 1965 had a longer grain filling period (77 days) than the check, and the other improved varieties by 15 more days from the local check”. “In disagreement with this result, an experiment done in West Shewa showed the local check had more grain filling periods than improved varieties” (Tolesa et al., 2019). A Long grain filling period allows accumulation of more energy than varieties with a short grain filling period. Food barley varieties HB 1966, local checks, and Abdane were the tallest of all the rest of the varieties, which had 97.8, 96.4, and 96.1 cm, respectively.  
Yield and yield components
Regarding spike length variety, Walashe exhibited a longer spike length (9.5 cm) than the local checks and all the other improved varieties (Table 3). In agreement with this, Derbew (2023) found variety Dimitu showed a longer spike length (7.3 cm) than the local checks. Lema et al. (2022) reported that variety Tiret had the longest spike length (9.8 cm) than both the improved and local checks. This indicates that food barley varieties are variable in spike length.  The improved variety HB 1965 had a heavier and significantly higher thousand-seed weight than the local check other improved varieties. This result was supported by Maggo (2017), who found the highest mean value of a thousand kernel weight recorded from HB 42 (47.7 g). Derbew (2023) found that the older improved variety Shege had a heavier and significant thousand seed weight than the local check, but at par with HB 1307, HB 42, and Ardu 1260B. The mean grain yield across locations indicated that variety Walashe, HB 1965, and HB 1966 gave better grain yield, 3817.06, 3780.42 3589.58 kg ha-1, respectively, than the studied varieties.  This result was supported by Lema et al. (2022), Derbew (2023) Maggo (2017), who reported that the highest mean grain yield was recorded from HB 1307 (2427.8), (6273.1) kg ha-1, respectively, while Maggo (2017) reported that the “highest mean grain yield was exhibited from Dirbe (4600 kg ha-1)”. In agreement with this study, Shibeshi and Mekiso (2022) found high mean grain yield for varieties Adosha and Robera, which gave 3206.8 and 3279.2 kg ha-1, respectively, in the experiment done at selected districts of Gurage highlands. Generally, mean grain yield across locations indicated that three varieties were significantly outyielding the local check, viz, varieties Walashe, HB 1965, and HB 1966. Regarding individual locations, high mean grain yield was recorded from Bule 2022, Gedeb 2022, and Bule 2023, respectively (Tables 4, 5, and 6). The location variability was exhibited in barley varieties that differ in phenology, agronomic traits, and yield and yield components. 

Table 3. Combined means performance of agronomic, yield, and yield component traits of food barley varieties across locations 
	Variety 
	DH
	DM
	GFP
	PH (cm)
	SL (cm)
	NKS 
	TKW (g)
	GY (kg ha-1)
	Yield advantage %

	Abdane
	78
	133
	55
	96.1
	8.4
	39
	27.2
	2460.17
	-21.8

	HB 1965
	77
	134
	77
	83.7
	7.9
	23
	39.9
	3780.42
	20.1

	Walashe
	78
	140
	62
	73.3
	9.5
	39
	30.3
	3817.06
	21.3

	Adoshe
	80
	138
	58
	70.1
	8.2
	40
	24.4
	2316.09
	-26.4

	HB1966
	83
	142
	59
	97.8
	8.2
	43
	29.7
	3589.58
	14.0

	Robera
	76
	129
	53
	89.8
	8.5
	40
	28.4
	2569.53
	-18.4

	Local checks
	79
	141
	62
	96.4
	7.5
	39
	31.2
	3147.63
	0.0

	Mean
	78.9
	136.7
	57.8
	86.7
	8.3
	37.4
	29.3
	3097.21
	

	CV
	3.0
	2.5
	5.3
	8.0
	10.5
	17.4
	6.1
	20.5
	

	LSD (0.05)
	2.3
	3.3
	3.0
	6.6
	0.8
	6.2
	1.7
	606.92
	

	F-test
	***
	***
	***
	***
	**
	***
	***
	***
	


***, **= significant at p<0.001and p<0.01 respectively, DH= Days to heading, DM= Days to maturity, GFP= Grain filling period, PH= Plant height, SL= Spike length, NKS = number of kernels per spike, TKW= Thousand kernel weight, GY= Grain yield kg ha -1

Table 4. Mean performance of agronomic, yield, and yield component traits of food barley varieties at Bule 2022
	Variety 
	DH
	DM
	GFP
	PH (cm)
	SL (cm)
	NKS 
	TKW (g)
	GY (kg ha-1)

	Abdane
	77
	134
	57
	104.2
	8.7
	37
	34.8
	1306.30

	HB 1965
	77
	135
	58
	86.8
	7.3
	19
	42.8
	2776.13

	Walashe
	78
	145
	67
	80.2
	9.1
	32
	38.7
	2441.90

	Adoshe
	80
	141
	61
	74.0
	8.0
	32
	32.1
	1793.33

	HB1966
	84
	148
	64
	106.4
	7.9
	39
	39.1
	1906.90

	Robera
	76
	133
	57
	94.4
	7.9
	38
	36.5
	1868.77

	Local checks
	79
	147
	68
	106.3
	7.4
	36
	40.1
	2422.13

	Mean
	78.5
	140.1
	61.7
	93.2
	8.1
	33.1
	37.7
	2073.64

	CV
	3.3
	2.5
	4.7
	7.6
	9.0
	14.1
	5.2
	13.2

	LSD (0.05)
	4.5
	6.1
	5.0
	12.5
	1.3
	8.2
	3.4
	477.9

	F-test
	*
	***
	***
	***
	ns
	**
	**
	***


***, **, *= significant at p<0.001and p<0.01 and p<0.05, respectively, ns= not significant, DH= Days to heading, DM= Days to maturity, GFP= Grain filling period, PH= Plant height, SL= Spike length, NKS = number of kernels per spike, TKW= Thousand kernel weight, GY= Grain yield kg ha -1
Table 5. Mean performance of agronomic, yield, and yield component traits of food barley varieties at Gedeb 2022
	Variety 
	DH
	DM
	GFP
	PH (cm)
	SL (cm)
	NKS 
	TKW (g)
	GY (kg ha-1)

	Abdane
	78
	128
	50
	77.8
	6.7
	38
	31.9
	3726.57

	HB 1965
	77
	129
	52
	75.4
	8.0
	22
	36.2
	2945.43

	Walashe
	77
	128
	51
	57.6
	9.3
	53
	33.5
	2956.30

	Adoshe
	79
	129
	50
	60.2
	7.5
	53
	28.8
	2645.03

	HB1966
	79
	128
	49
	78.7
	7.9
	46
	30.9
	2866.80

	Robera
	76
	118
	42
	78.6
	8.8
	39
	32.1
	2673.17

	Local checks
	79
	128
	49
	74.6
	6.7
	42
	33.4
	2305.53

	Mean
	77.8
	126.9
	49.1
	71.8
	7.9
	41.9
	22.4
	2874.1

	CV
	1.9
	2.6
	6.5
	9.3
	12.9
	11.5
	4.3
	12.9

	LSD (0.05)
	2.6
	5.8
	5.6
	11.7
	1.8
	8.4
	2.5
	650.1

	F-test
	ns
	*
	ns
	**
	ns
	***
	***
	*



Table 6. Mean performance of agronomic, yield, and yield component traits of food barley varieties at Bule 2023
	Variety 
	DH
	DM
	GFP
	PH (cm)
	SL (cm)
	NKS 
	TKW (g)
	GY (kg ha-1)

	Abdane
	79
	136
	57
	106.2
	9.7
	41
	44.8
	3414.30

	HB 1965
	79
	138
	59
	88.8
	8.3
	24
	52.8
	5121.70

	Walashe
	80
	148
	68
	82.3
	10.1
	35
	48.7
	5519.63

	Adoshe
	82
	144
	62
	76.0
	9.0
	36
	42.1
	2676.57

	HB1966
	86
	151
	65
	108.4
	8.9
	43
	49.1
	5761.70

	Robera
	78
	136
	58
	96.4
	8.0
	42
	46.5
	3500.00

	Local checks
	81
	149
	68
	108.3
	8.4
	40
	50.1
	4148.57

	Mean
	80.5
	143.1
	62.7
	95.2
	9.0
	37.1
	47.1
	4306.1

	CV
	3.2
	2.4
	4.6
	7.5
	8.0
	9.0
	4.1
	9.1

	LSD (0.05)
	4.5
	6.1
	5.0
	12.5
	1.3
	5.8
	3.4
	683.7

	F-test
	*
	***
	***
	***
	ns
	***
	***
	***



4. CONCLUSIONS
In this study, three wide and one specific adaptable variety were identified, and the evaluated barley varieties showed variation in phenology, agronomic, and yield, and yield component traits. Generally, mean grain yield across locations indicated that the local check significantly outyielded by three varieties, viz, varieties Walashe, HB 1965, and HB 1966, which gave better grain yield 3817.06, 3780.42, 3589.58 kg ha-1, respectively, than the studied varieties. These adapted and top-yielding varieties gave a yield advantage of 21.3, 20.1, and 14.0 percent, respectively, compared to the local check. In each location, high mean grain yield was recorded from Bule 2022, Gedeb 2022, and Bule 2023, respectively. Regarding the specific adaptation variety, Abdane was the top yielding at Gedeb 2022, which gave better grain yield (3726.57 kg ha-1) than the local checks and the other improved varieties. This variety can be recommended in the Gedeb area and similar barley-growing agro-ecologies. The location variability was exhibited by barley varieties that differ in phenology, agronomic traits, and yield and yield components. Based on the observed yield performance, the three widely adaptable barley varieties Walashe, HB 1965, and HB 1966 would be popularized and scaled up in the tested areas and barley growing agro-ecologies of South Ethiopia.
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