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Abstract
Fusarium wilt (Fusarium oxysporum f. sp ciceris) is one of the most important root diseases affecting chickpea. Development of Fusarium wilt of chickpea can be influenced by the aggressiveness of pathogenic races, inoculum density of the pathogen in soil, environmental conditions and cultivar susceptibility. Resistance to the pathogen is the most practical and cost efficient individual disease measure for management of Fusarium wilt of chickpea. The varietal resistance level was not consistent based on seasons and variety. This work was designed to identify the improved varieties of chick peas their level of resistance for selection of production. The experiment was carried out under field conditions for two consecutive years in 2022 and 2023 cropping seasons. Randomized Complete Block Design (RCBD) was used. Twelve improved chickpea variety were evaluated. The highest percentage of disease incidence 58.59% was recorded at seedling and 61.27% at flowering stage from the Natoli variety, while the lowest incidence 10.49-19.02% was recorded from the Arerti variety. At seedling stage more varieties had low incidence and at flowering stage a number of varieties which had low incidence were decreased. Arerti variety was observed as moderately resistant and can be used for production.
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Introduction
Chickpea is attacked by a number of soil-borne and foliar diseases as well as field and storage insect pests. Among the soil-borne diseases Fusarium wilt (Fusarium oxysporum f. sp ciceris) is one of the most important root diseases affecting chickpea and wide spread in chickpea growing areas such as Asia, Africa and Southern Europe, where the chickpea-growing season is dry and warm (Meki et al., 2008; Sharma and Muehlbauer, 2007; Rafael et al., 2015) and one the most destructive vascular disease of chickpea (Asrat and Tolesa., 2019). It is widely distributed and has been reported from at least 33 countries (Singh and Sharma, 2002; Dubey et al., 2007). 
The average yield reduction of chickpea due to Fusarium wilt globally varies from 10 to15% and can reach as high as 100% in some countries (Navas-Cortes et al., 2000; Sharma et al., 2005). Early wilting is reported to cause 77-94% yield loss (Haware and Nene., 1980). In Ethiopia, about 30% yield loss of chickpea due to chickpea wilt has been reported (Meki et al., 2008).
It is one of the major soil or seed borne disease of chickpea worldwide (Jalali and Chand, 1992). However, evolution of new races poses a serious threat to deployment of wilt resistance in chickpea. Wilt is more severe on sandy soil and less severe on clay loam soil. The pathogen appears to be highly variable (Jimenez Diaz et al., 1993). This fungus is pathogenic only on Cicer spp. (Kaiser et al., 1994) of which chickpea is the only cultivated species. However, F. oxysporum f. sp. ciceris can also invade root tissues of other grain legumes such as bean, faba bean (Vicia faba), lentil (Lens culinaris), pea (Pisum sativum), and pigeon pea (Cajanus cajans) without causing external symptoms, thus serving as symptomless carriers of the pathogen. Other crops and dicotyledonous weeds can also serve as symptomless carriers (Haware and Nene, 1982; Trapero-Casas and Jimenez-Díaz, 1985).
Development of Fusarium wilt of chickpea can be influenced by the aggressiveness of pathogenic races, inoculum density of the pathogen in soil, environmental conditions and cultivar susceptibility (Rafael et al., 2015).The fungus can survive in soil and chickpea debris by means of chlamydospores for at least 6 years (Haware et al., 1996) but infection of symptomless dicotyledonous weeds can enhance survival of the pathogen in fallow soils.
Resistance to the pathogen is the most practical and cost efficient individual disease control measure for management of Fusarium wilt of chickpea. Moreover, use of resistant cultivars would enhance the efficacy of other disease control measures in an integrated management strategy (Rafael et al., 2015).Releasing one or two resistant varieties at a time and growing them in wider areas for long periods can cause new race development due to directional selection (Keller et al., 2000). Thus, it may be necessary to expand breeding work and increase varietal diversity to prevent development of new races through practicing different resistant gene management systems (Asrat and Tolesa, 2018).
Chickpea yield potential was constrained due to fusarium wilt disease. The varietal resistance level was not consistent based on seasons and variety. But, high varieties through phenotyping with different races in major affected areas and additional sick plot by fusarium wilt and exploring source resistance for non-race specific varieties may be highly useful (Asrat and Tolesa, 2018). Thus, screening for source resistance is continued as chickpea materials have narrow genetic base for breeding materials and introgression from wild types of chickpea (Asrat and Tolesa, 2018). Therefore, in West Hararghe agro-ecology their level of resistance of improved variety released for productions were not evaluated for resistance of this disease. Therefore, the objective of this work designed to identify the improved varieties of chick pea their level of resistance for selection of production in West Hararghe.
Materials and Methods 
Description of experimental sites 
The experiment was carried out under field conditions during the year 2022 and 2023 cropping seasons, at the Bareda farmer training center of the Oda Bultum University Research Site and Ethiopian biodiversity institute Badessa field gene bank. Oda Bultum is one of the districts found in west Hararghe zone. It is located 362 km to the east of Addis Ababa; it is located at 80'54, 31'80N, 40'21E, at 1703 meters above sea level (m.a.s.l) in West Hararghe. The mean annual rainfall amount is 1053 mm. It has a mean annual temperature 20°C and a mean maximum and mean minimum temperature of  28°C and 13°C; respectively.
Experimental Materials: Treatments, Experimental procedures, design and field management 
The experiment was arranged in Randomized Block Design (RBD) with three replications. In this experiment twelve improved chickpea variety were evaluated. The test materials were collected from Bishoftu Agricultural Research Center. All Varieties were sown in four rows and all the cultural practices were followed uniformly as per the local recommendation except insecticide application. The experimental units (with the total area allocated for the experiment being 41.5 m*5.6 m = 232.4 m2) were divided into blocks with spacing between blocks of 1 m and between adjacent plots of 0.5 m. Each plot had a size of 3 × 1.2 m and contained four rows; spacing between rows was 0.3m. Planting was done by drilling in rows in each plot at a recommended seed rate. Weeding was done manually after planting.
Improved chickpea varieties used in this evaluation
	Variety
	Pedigree

	Arerti 
	FLIP-89-84c

	Habru
	FLIP-88-42c

	Ejere
	FLIP-97-263c

	Natoli
	ICCX-910112-6

	Minjar
	ICCV 03107

	Teketay
	CJG-74xICCL-83105

	Dalota
	ICCX–940002

	Asnake
	DZ-2012-CK-0272/FLIP09-156C

	Dimtu
	ICCV-93954 X ICC –5003

	Geletu
	(JG 11 × ICC 4958) × 3*JG 11

	Hora 
	X2000TH50FLIP98-52C X FLIP98-12C

	Koka
	ICCV 04305



Disease Assessment 
The disease incidences were assessed at different growth stage two times (at seedling and flowering stage) and the materials were graded as per ICRISAT rating scale that is Resistant (R) = 0-10% mortality; moderately resistant (MR) = 10.1-20% mortality; moderately susceptible (MS) = 20.1-30% mortality; Susceptible (S) = 30.1-50% mortality; and highly susceptible (HS) above 50% mortality.
To quantify the disease incidence, the percentage of wilted plants was calculated using the following formula as described by Shanmugam et al., (2011).
Disease incidence %X100
Data analysis 
Data on disease incidence were subjected to analysis of variance (ANOVA) using R software and least significant difference (LSD) was used for comparison.
Results and Discussions 
The result depicts that, in the highest percentage of disease incidence (58.59%-61.27%) was recorded at seedling and flowering stage, respectively from the Natoli variety, while the lowest incidence (10.49-19.02%) was recorded from the Arerti variety (Table 1). At seedling stage, out of 12 varieties, one was resistant (R), five were moderately susceptible (MS), four were susceptible(S) and two were highly susceptible (HS) in 2022 cropping season at the Bareda farmer training center of the Oda Bultum University Research Site. 
 Results of Flowering stage indicates, no complete resistant on all tested varieties, however, one variety showed moderately resistant (MR), the three varieties were showed moderately susceptible (MS), others seven varieties were susceptible(S) and one was highly susceptible (HS) (figure 1). 

Note: NVS=Number of variety at seedling, NVF=number of variety at flowering stage
Figure 1: Response of chick pea variety at seedling and flowering to the chick pea Fusarium wilt in 2022
In 2023 cropping season, at seedling stage, among twelve Chick Pea varieties, two varieties showed the moderately resistant (MR), four were moderately susceptible (MS), five were susceptible (S), and one was highly susceptible (HS). At flowering, one was moderately resistant (MR), three were moderately susceptible (MS), seven were susceptible(S), and one was highly susceptible (HS) in 2023 main cropping season at Badessa field gene bank (figure 2). This is in line with work of Maleki et al., (2024) showed that Wilt incidence data showed differences among the studied genotypes in their response to Fusarium wilt for each region over two years.

Note: NVS=Number of variety at seedling, NVF=number of variety at flowering stage
Figure 2: Response of chick pea variety at seedling and flowering Stage to chick pea fusarium wilt in 2023
Table 1.Mean incidence of chick pea fusarium wilt at seedling and flowering stage
	 
	2022
	2023

	Variety
	       DI.S
	          DI.F
	      DI.S
	                DI.F

	Arerti
	5.50
	18.39
	15.48
	19.66

	Asnake
	29.98
	32.22
	29.58
	33.82

	Dalota
	33.28
	40.84
	33.89
	39.76

	Dimtu
	25.80
	28.27
	24.53
	26.01

	Ejere
	20.68
	26.21
	20.02
	20.53

	Geletu
	22.44
	27.29
	22.37
	25.50

	Habru
	38.23
	42.98
	35.12
	44.94

	Hora
	31.78
	35.68
	32.63
	36.66

	Koka
	27.96
	30.34
	27.37
	30.32

	Minjar
	51.13
	49.74
	39.52
	49.89

	Natoli
	53.91
	67.48
	63.26
	55.07

	Teketay
	41.92
	43.93
	38.59
	47.55

	LSD (5%)
	12.04
	9.25
	15.85
	8.04

	CV (%)
	22.30
	14.78
	29.37
	4.88


DI.S=disease incidence at seedling stage, DI.F= disease incidence at flowering stage
Identification of high stable genotypes with low disease incidence is the prime source of resistant breeding programs. Multi-year screening for future selection of genotypes and identified genotypes could be the prime source in resistance breeding programs and varying response of the genotypes throughout the environment reflected the influence of environment toward instability of wilt incidence (Sharma et al., 2019). In our studies for two years conducted was revealed that, at seedling stage more varieties were had low incidence and at flowering stage a number of varieties which had low incidence were decreased. This is confirmed that, the resistances were related to plant age and growth stage which is a vital source of parental materials to identify slow wilting type. Development of disease is slow in resistant lines and fast in susceptible lines. At seedling stage majority of the genotypes were resistant whereas at reproductive stage majority of the genotypes appeared to be susceptible (Muhammad et al., 2010). 
The disease free lines, resistant lines and moderately resistant lines can be utilized in resistant breeding programme towards incorporation of resistant genes in releasing varieties / hybrids (Thaware et al., 2017). But in our study there were no disease free and resistant varieties and there was moderately resistant. 
Conclusion and Recommendation 
As the generally, of these twelve varieties evaluated over two years there is no resistant variety and only one variety was observed as moderately resistant. The moderately resistant variety (Arerti) can be used for production, and additionally for development of disease free materials in breeding program.
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