Assessment of Genetic Diversity and Farmers associated indigenous Knowledge of Enset (Ensete ventricosum (Welw.) Cheesman) Landraces in the Keffa Zone, Ethiopia



ABSTRACT 
[bookmark: _Hlk191726745]Ensete ventricosum (Welw.) Cheesman) is a widely cultivated food crop in southern parts of Ethiopia. This highly valuable crop is only domesticated in Ethiopia and adapted to the high-altitude areas, of Ethiopia. The overall objective of this study is to document the diversity of enset (Ensete ventricosum) landraces and associated indigenous knowledge of farmers in the selected sites in the Kefa Zone (Gesha, Saylem, Decha, and Adiyio) districts in southwestern Ethiopia. The selections of study districts were made purposefully uniform method based on their agroecology and accessibility; three kebeles were made from each district bringing the total number of sampled households to 120. In the study data on enset landraces and farmers' indigenous methods of naming, classification, and identification of landraces were gathered using semi-structured interviews, field observation, and focus group discussion. A total of 72 enset landraces were recorded from household’s survey and among these, landraces locally called Bejo, Shelako, Nobo, Boco, Gushiro, Yeko, and Areko were found to be the most dominant, widely distributed and highly preferred landraces in the             area. The highest number of landraces,44 was recorded from Gesha districts, and the least number of landraces 31 was recorded from Adiyio district with the relative, Simpson’s Diversity index values ranging between 0.939 (Gesha) to 0.908 (Adiyio) while H′ ranged between 3.27 (Gesha) to 2.91 in Adiyio. On the other hand, Sorenson’s similarity index value indicated the existence of high similarity between the Sylem and Gesha districts, and the least similarity value was obtained between Adiyio and Gesha districts. For identification of different enset landraces farmers used morphological descriptors such as leaf color, pseudo stem color, midrib color, Plant size, and circumference of the Plant. Although there is a high diversity of enset landraces in the area, the production and productivity of the crop are reported to be under significant stress due to various environmental     problems such as bacterial wilt and animal pests. Thus, there is a need for a multidisciplinary approach to resolve the problems, maintain the diversity of enset landraces, and ensure the long-term sustainability of the system.
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1. INTRODUCTION
Agriculture is the cornerstone of Ethiopia's economy, characterized by diverse farming practices shaped by the country's wide-ranging agroecological zones. Farmers from various ethnic and cultural backgrounds have developed rich and resilient agricultural systems that reflect an exceptional degree of species diversity. Ethiopia is recognized as a center of origin for several cultivated plant species [1], including tef (Eragrostis tef), noug (Guizotia abyssinica), Ethiopian mustard (Brassica carinata), enset (Ensete ventricosum), anchote (Coccinia abyssinica), Ethiopian potato (Plectranthus edulis), and coffee (Coffea arabica). In addition to its pivotal role in the domestication of crop plants, Ethiopia is also recognized as a center of genetic diversity for several economically and agronomically important species, including durum wheat (Triticum turgidum var. durum), barley (Hordeum vulgare), sorghum (Sorghum bicolor), pea (Pisum sativum), cowpea (Vigna unguiculata), chickpea (Cicer arietinum), and lentil (Lens culinaris) [2].

Enset (Ensete ventricosum (Welw.) Cheesman), a member of the Musaceae family and the Ensete genus, is commonly known as "false banana.  It serves as a staple crop in Ethiopia, especially in the Southern and Southwestern regions of Ethiopia [3, 4, 5, 6 and 7].  Wild species of enset are found across much of central, eastern, and southern Africa, as well as parts of Asia.  Ensete ventricosum is primarily confined to the indigenous farming systems of South and Southwestern Ethiopia, where it serves as a source of food, medicine and fiber crop [8] and [9]. Enset has been grown and utilized as a source of food and fiber in Ethiopia for many years [10].
As noted in [11], enset is arguably the most significant root crop in Ethiopia. Primarily suited for highland regions, enset plays a crucial role in food security, with over 25 million rural Ethiopians relying on it [12]. This accounts for approximately 65% of the nation's total crop production [13]. Its adaptability to various altitudes, soils, and climates has facilitated its extensive cultivation in areas such as western Bale and southwestern Oromia, including South and East Shewa, Jimma, Illubabor, and Welega [14].
In southern regions where enset serves as a staple food, communities typically experience less impact during periods of drought [4] and [15]. Additionally, enset is well-suited for sustainable agricultural practices because it enhances soil fertility. Furthermore, enset can be easily stored without refrigeration and is available year-round [16] and [17]. It can be accessed at any time when there is a food shortage and other crops fail as a result of drought, diseases, or other factors. However, Enset has been harvested so intensively during droughts that some important clones have become extinct, thereby, reducing the genetic diversity of the crop. The plant's starchy pseudo stems and corms are rich in carbohydrates and are processed into various food products. In addition, it is a multipurpose crop that contributes to realizing soil fertility by controlling soil erosion, provide a shade for intercropping, as an ornamental crop, and support for animal feed during drought season [8]. The indigenous people of the southern and southwestern Ethiopia have a rich knowledge on preparing different food types that obtained from enset like kocho (uto), bulla (ethino), and amicho (Gej- menja). Kocho is fermented starch obtained from decorticated (scraped) leaf sheaths and grated corms. Bulla (Ethino) is a liquid that is obtained when corms are pulverized, the liquid containing starch is squeezed out from scraped leaf sheathes and grated corm and the resultant starch is allowed to concentrate into a white powder. Amicho (Gej- menja) is cooked enset corm pieces that are prepared and consumed similarly to other root and tuber crops [10]. In addition to being a food source, enset by-products hold significant importance for local communities, to generate income, serve as medicine, provide animal feed, and have potential as biofuel and also contributes to soil improvement and is used in local construction and crafts, adding aesthetic value [ 18,19,20]

 Furthermore, it has deep cultural significance. These diverse applications make enset an essential crop for food security and cultural identity in Ethiopia [21] and [22]. In Ethiopia, particularly in the south west regions enset is highly diversified and distributed [23]. The productivity of enset is influenced by several factors, including various diseases such as fungi, bacteria, and viruses [3] and [24]. Additionally, climate change and soil degradation—driven by increasing population pressure result in intensified cultivation practices and fluctuating environmental temperatures [25] and [26]. However, despite the recognized importance of Ensete ventricosum as a staple food crop and cultural asset in Ethiopia, there remains limited systematic documentation concerning its on-farm conservation practices, ethnobotanical applications, and intra-specific diversity. The crop's diverse cultural uses—particularly in traditional medicine, the preparation of regionally distinct food products, and its integration into local agroecosystems—are not yet fully understood or recorded across the various zones and ethnic groups that cultivate it. This lack of comprehensive, localized knowledge hinders efforts to preserve both the genetic diversity of enset and the indigenous knowledge systems that sustain its cultivation and utilization.
Due to this reason, the present study helps to fill the knowledge gap concerning farmers’ traditional practices on farming enset cultivation management, and different use values of enset in Kefa Zone (Gesha, Saylem, Decha, and Adiyio) district of south western Ethiopia the major enset production areas. Therefore, this study aimed to document the traditional and cultural uses of enset, to identify which enset diversity is preferred to prepare different local foods and medicine, tradition, and practices regarding the diversity and distribution of enset landraces on the farm level and the naming and selection criteria for different purposes concerning the production, utilization, and conservation of genetic resources.


2. MATERIALS AND METHODS
2.1. Description of the study area
 This study was conducted at Keffa zone which is found in the South west region of Ethiopia. Geographically the study area is located about 7°, 3 N, and 36°2 E south of the Gojeb River. The administrative center of the Keffa zone is Bonga, it is 725km away from Hawassa and 460 k.m away from Addis Abeba. Keffa Zone is divided into 12 Woreda and 2 administrative cities such as (Bonga and Chena) the total land area of the zone is 10,602.7 square km (Census 2007). These studies were conducted in selected four districts of keffa zone (Gesha, Saylem, Decha, and Adiyo) (Figure. 1). The selected districts have a total of 107 rural             kebeles and six urban kebeles in which they were situated in different agroecology ranging 1179 – 2529 masl.
[image: ]
Figure 1: Map of the study area




2.2. Sampling design
The sample area was selected using multistage sampling techniques first; the kefa zone was selected purposively due to the presence of the good natural resource of Enset. After conducting a reconnaissance survey     of the study area, four districts were selected namely Gesha, Saylem, Decha, and Adiyio based on the high production of enset landraces, which play economic and cultural roles. Twelve kebeles were selected for the study, comprising three kebeles from each of the four districts. From each kebele, 10 households were selected and yielding a total of 120 sampled households. 
2.3. Selection of Informants
A total of 120 informant 30 informants from per district were selected and used for the study. Of these 120 informants, 108 of the informants selected randomly (Table, 1). The remaining 12 informants were purposefully selected as key informants by using information and recommendations from the local healers, kebeles administrator, and kebeles developmental agents (DAs) to gather the details of use, methods of cultivation, and uses of enset plants. 
The ethnobotanical survey employed both open-ended and close-ended questionnaires. To ensure clarity and cultural relevance, all questions were initially developed in English and subsequently translated into the local language by a fluent native speaker. Semi-structured interviews were conducted in close collaboration with informants, with translations administered in real-time during the interviews.
Table 1. Informant's information
	Zone
	Districts
	Kebeles
	General Informant
	Key Informants

	Keffa
	Adiyio
	Alare – geta
	9
	1

	
	
	Boka
	9
	1

	
	
	Muduta
	9
	1

	
	Decha
	Awerada
	9
	1

	
	
	Ermo
	9
	1

	
	
	Ufa
	9
	1

	
	Gesha
	Ayt
	9
	1

	
	
	Abbate
	9
	1

	
	
	Kicho
	9
	1

	
	   Saylem
	Dino
	9
	1

	
	
	Miso
	9
	1

	
	
	Kochi
	9
	1

	Total
	4
	12
	108
	12




2.4. Data Analysis Method
The Ethnobotanical data were analyzed using quantitative and qualitative methods of data analysis. Descriptive statistics such as percentage, frequency distribution, and graphs were used to analyze the data collected through semi-structured, open-ended, and some close-ended questions. 
2.4.1. Preference ranking: - In this study, preference ranking was conducted to assess the relative importance of selected enset landraces based on the quality of their kocho, bulla, amicho, fiber, and medicinal value. Informants ranked the different use values of enset species following the procedure described by [27]. Priority ranking was then used to compare the results of preference rankings for local food preparations and medicinal uses. This approach helped identify commonalities in the perceived diversity of enset—categorized as high, medium, or low—and to rank the types of challenges associated with each landrace based on their perceived significance.
[bookmark: _Hlk202645488]2.4.2. Diversity Analysis
The assessment of Enset (Ensete ventricosum) landrace diversity is essential for understanding the genetic resources maintained by farming communities and guiding conservation strategies. To evaluate the diversity of Enset landraces across different sites, Simpson’s Diversity Index (D) was employed as a quantitative measure of diversity. This index evaluates the likelihood that two individuals randomly selected from a given population (in this case, different Enset landraces) will belong to the same landrace group [28]. As the value of D increases, it indicates a higher probability that individuals are from the same landrace, reflecting lower overall diversity due to dominance by one or a few landraces.
The formula for calculating D is presented as. 
[image: ]
Where:
 D = Simpson’s Diversity Index
 = the number of individuals (or counts) of the iᵗʰ species/landrace
 = the total number of all individuals of all species/landraces
 = total number of species (or landraces)
In addition to Simpson’s Index, the analysis also incorporated species (landrace) richness and evenness to offer a more comprehensive view of Enset diversity. Richness refers to the total number of distinct landraces identified in a given area, while evenness reflects how uniformly individuals are distributed among these landraces. Both parameters were calculated following the approach outlined in [29], allowing for a multidimensional analysis of diversity that accounts for not just the number of landraces, but also their relative abundance and Sorenson similarity index was employed to assess differentiation or beta (b) diversity [30] and it compares the similarity of species (landrace) diversity among the study districts. The expected variation in landrace composition that exists between the study districts was computed using Sorenson’s similarity coefficient (Cs) [8]. Cs = 2a/2a + b+cb Sorenson’s similarity coefficient ranges in value from (0) (no similarity) and (1) (complete similarity).

3. RESULTS AND DISCUSSION
3.1. General Household and landrace Information
A total of 120 households were surveyed, of which 90 (75%) were male-headed and 30 (25%) were female-headed, indicating an uneven gender distribution across the study sites. In terms of education, 44 respondents (36.7%) had no formal education, 39 (32.5%) had completed grades 1–4, 24 (20%) had completed grades 5–8, and 13 (10.8%) had attained education above grade 9. The majority of respondents were aged between 30 and 45 years (68 individuals, 56.6%), followed by those aged 46–60 years (34 individuals, 28.3%), and those above 60 years (18 individuals, 15%).
In terms of landholding, the majority (63 households, 52.5%) owned 3–4 hectares, 15 (12.5%) owned 2 hectares, 38 (31.6%) had 5–6 hectares, and only 4 (3.3%) owned 7–8 hectares, including home gardens (see Table 2). Enset farming was found to occupy less land compared to other crops, with the largest enset farm recorded at 2 hectares.
[bookmark: _Toc167471550]Table 2.  General Household and landrace Information
	           Characteristics
	Number 
	Percentage (%)

	 
Sex
	Male
	90
	75

	
	Female
	30
	25

	Age
	30 – 45
	68
	56.6

	
	46 – 60
	34
	28.3

	
	Above 60
	18
	15

	 
Education status
 
 
	Uneducated
	44
	36.6

	
	1 – 4
	39
	32.5

	
	5 – 8
	24
	20

	
	Above 9
	13
	10.8

	 
Total farm size
 
 
	2 Hectare
	15
	12

	
	3-4 Hectare
	63
	52.5

	
	5 -6 Hectare
	38
	31.6

	
	7 – 8 Hectare
	4
	3.3

	 
Enset farm size
 
	2 Hectare
	2
	1.6

	
	1 Hectare
	5
	4.16

	
	< 1 hectare
	113
	94.1

	 
Number of enset growing 
 
	4 – 6 
	42
	35

	
	7 – 13 
	54
	45

	
	14 – 18 
	24
	20





     3.2.  Diversity of Enset Landraces
A total of 72 Enset landraces were identified and recorded across 12 kebeles distributed among four districts. The maximum diversity observed on a single farm included 18 distinct landraces. Among participating households, 20% cultivated between 14 and 18 landraces, 45% maintained 7 to 13 landraces, and 35% grew 4 to 6 landraces within their home gardens. The study sites were located across varying altitudinal ranges: Gesha District (1,179–2,338 masl), Decha District (1,617–2,220 masl), Sylem District (2,222–2,387 masl), and Adiyio District (2,393–2,529 masl).
The Simpson diversity index indicated that enset landrace diversity was highest in the Gesha district, followed by Decha. Saylem and Adiyio also maintained relatively high levels of diversity, though both were slightly lower than Gesha and Decha. Evenness values exceeded 0.85 across all districts, demonstrating a relatively uniform distribution of landraces among farmers. However, certain landraces, particularly Nobo, Bejo, and Boco, were found to be more dominant. The number of landraces recorded varied across the four districts, which also differed in altitude and agroecological conditions (Table 3.). Specifically, the highest number of landraces was documented in Gesha district (44 enset landraces), followed by Decha district (43), Saylem (35), and Adiyio (31). This variation likely reflects both altitudinal differences and localized cultivation preferences or practices. 
In the presence study wild Enset, locally known as “Epo,” was confirmed in the Awraada kebele of Decha District and the Alari-Geta kebele of Adiyio District. These areas are characterized by relatively undisturbed natural forest ecosystems, which provide favorable conditions for the growth of wild Enset. Farmers in these kebeles were able to distinguish wild from cultivated Enset based on specific morphological traits and uses, though wild Enset is generally not used for food due to its low palatability. Its presence, however, may have ecological and genetic importance, potentially serving as a reservoir of genetic diversity for future breeding or conservation programs. In general, 72 distinct Enset landraces were recorded across the four study districts, highlighting the rich agrobiodiversity maintained by local farming communities (Table 4.).
similar research conducted by [2]  report wild enset to be widely distributed in Sheka Forest and occurs mainly around the city of Bonga, and other studies by [3] identified wild enset in a more limited region along the omo river. The altitudes in these areas range from 1,963 to 2,460 meters above sea level. The number of landraces identified in this study aligns with the findings of [6] who reported 86 enset landraces from Hadiya, 73 from Kembata-Tembaro, 66 from Gurage, and 57 from Silte. Additionally, [31] documented 33 landraces across three districts in the Gurage Zone, recorded a total of 146 landraces from three zones in SNNPR, specifically 52 from Sidama, 55 from Wolaita, and 59 from Hadiya while similar studies conducted by [32].
Table 3. Enset landrace expressed richness, evenness, and unique clones to each district concerning their elevation.
	Study districts
	S
	Shannon (H)
	E
	Simpson (1-D) 
	Altitude

	Gesha
	44
	3.27
	0.87
	0.939
	1179 – 2338

	Decha
	43
	3.16
	0.86
	0.927
	1617 – 2220

	Sylem
	35
	3.05
	0.87
	0.921
	2222 – 2387

	Adiyio
	31
	2.91
	0.85
	0.908
	2393 – 2529



Table 4.  Total Enset Landraces Identified by Farmers in the Study Area
	1
	Achacho

	2
	Adyo

	3
	Ageno

	4
	Akbaro

	5
	Areko

	6
	Ataro

	7
	Bano

	8
	Bedado

	9
	Bejo

	10
	Benesho

	11
	Bergecho

	12
	Boco

	13
	Bongo

	14
	Botecho

	15
	Bumbo

	16
	Buri

	17
	Bushiro

	18
	But

	19
	Chamero

	20
	Chara -Kosho

	21
	Chella- Bejo

	22
	Chikaro

	23
	Chongo

	24
	Choro

	25
	Debiyo

	26
	Dolli

	27
	Eno

	28
	Epecho

	29
	Epo

	30
	Genji

	31
	Geno

	32
	Geto

	33
	Geyo

	34
	Gunji

	35
	Gushiro

	36
	Kechi

	37
	Kekero

	38
	Kello

	39
	Ketanno

	40
	Kochitato

	41
	Korendo

	42
	Maratichi

	43
	Matecho

	44
	Mechadami

	45
	Mecho

	46
	Menjecha

	47
	Menjio

	48
	Muchaye

	49
	Nech -bejo

	50
	Necha -bocho

	51
	Nobo

	52
	Shede

	53
	Shelako

	54
	Shikmari

	55
	Shiko

	56
	Shime

	57
	Shishemo

	58
	Shitalli

	59
	Shuri

	60
	Tafaro

	61
	Tambo

	62
	Tayo

	63
	Tebeno

	64
	Tuli

	65
	Uchabo

	66
	Uchafo

	67
	Uturo

	68
	Wango

	69
	Wuiro

	70
	Wuo

	71
	Yah – bejo

	72
	Yeko



3.3. Distribution and Abundance of Enset Landraces
The distribution of some enset landraces was found to be irregular, with certain landraces showing high local abundance in specific locations while being nearly absent in others. For example, the Nobo landrace exhibited considerable variation across the study districts: it was cultivated by 30 farmers in Gesha, 28 in Saylem, and 27 in Decha, but by only one farmer in Adiyio (Table 5). Some landraces, such as Tambo and Mecho, were recorded exclusively in two kebeles, Awurada and Boka. Additionally, some enset landraces were found to be uniquely cultivated within specific districts, reflecting localized diversity and potential region-specific adaptations or cultural preferences. For example, 12 landraces were exclusive to Decha, 5 to Saylem, 7 to Adiyio, and 11 to Gesha. This district-level uniqueness underscores the importance of local knowledge in maintaining genetic diversity and highlights the need for targeted, site-specific conservation strategies.

The limited distribution of certain enset landraces across the study area may be primarily influenced by the altitudinal variability among the districts, which affects the ecological suitability for specific landraces. Despite this, several landraces exhibit a broad geographic distribution and are notably dominant across multiple districts. These include Bejo, Shelako, Bocho, Areko, Gushiro, Chella-Bejo, Eno, Adyo, Necha-Bocho, and Menjio. Among these, the first six landraces are particularly well-known and highly esteemed by local communities for their multipurpose use. Landraces with the widest distribution and greatest abundance are preferentially cultivated due to their superior agronomic and functional attributes—most notably their high yield and quality in producing kocho (fermented starch), bulla (starchy extract), amicho (boiled corm), and strong, durable fiber.





Table 5. List of Enset landraces grown by farmers and their richness at four administrative districts.
	Gesha   district
	Decha district

	No
	Enset landrace
	No respondent grown
	No.
	Enset landrace
	No of respondent grown

	1
	Achacho
	2
	1
	Achacho
	6

	2
	Adyo
	10
	2
	Adyo
	2

	3
	Areko
	12
	3
	Akbaro
	1

	4
	Ataro
	5
	4
	Areko
	13

	5
	Bejo
	28
	5
	Bano
	1

	6
	Benesho
	1
	6
	Bejo
	19

	7
	Boco
	19
	7
	Boco
	21

	8
	Bumbo
	7
	8
	Bongo
	7

	9
	Buri
	1
	9
	Bumbo
	4

	10
	Bushiro
	4
	10
	Buri
	1

	11
	But
	4
	11
	Chamero
	4

	12
	Chara -Kosho
	1
	12
	Chela-bejo
	1

	13
	Chella- Bejo
	3
	13
	Chongo
	5

	14
	Chikaro
	3
	14
	Choro
	4

	15
	Eno
	12
	15
	Debiyo
	1

	16
	Epecho
	5
	16
	Eno
	2

	17
	Epo
	1
	17
	Epecho
	1

	18
	Genji
	1
	18
	Epo
	1

	19
	Geyo
	1
	19
	Genji
	4

	20
	Gushiro
	10
	20
	Geno
	7

	21
	Kechi
	3
	21
	Geyo
	4

	22
	Kekero
	1
	22
	Gunji
	2

	23
	Maratichi
	1
	23
	Gushiro
	9

	24
	Mechadami
	2
	24
	Kochitato
	5

	25
	Mecho
	5
	25
	Mechadami
	1

	26
	Menjecha
	1
	26
	Mecho
	2

	27
	Muchaye
	1
	27
	Necha -bocho
	3

	28
	Necha-Bejo
	4
	28
	Nech-bejo
	1

	29
	Necha-Bocho
	1
	29
	Nobo
	27

	30
	Nobo
	30
	30
	Shede
	3

	31
	Shelako
	20
	31
	Shelako
	10

	32
	Shikmari
	1
	32
	Shime
	2

	33
	Shime
	1
	33
	Shishemo
	2

	34
	Shitalli
	1
	34
	Shuri
	1

	35
	Tafaro
	1
	35
	Tambo
	1

	36
	Tayo
	21
	36
	Tayo
	2

	37
	Tebeno
	2
	37
	Tebeno
	1

	38
	Uchabo
	3
	38
	Tuli
	1

	39
	Uturo
	8
	39
	Uchcafo
	1

	40
	Wango
	2
	40
	Uturo
	13

	41
	Wuiro
	3
	41
	Wango
	2

	42
	Wuo
	1
	42
	Wuiro
	8

	43
	Yeko
	12
	43
	Yeko
	4

	44
	Uchafo
	1
	
	
	


	Saylem district
	Adiyio district

	No.
	Enset landraces
	no respondent grown
	No.
	Enset landraces
	no. respondent grown

	1
	Adyo
	16
	1
	Achacho
	3

	2
	Areko
	3
	2
	Adyo
	3

	3
	Ataro
	1
	3
	Ageno
	5

	4
	Bedado
	3
	4
	Areko
	19

	5
	Bejo
	16
	5
	Bedado
	13

	6
	Bergecho
	5
	6
	Bejo
	13

	7
	Boco
	11
	7
	Boco
	18

	8
	Bumbo
	4
	8
	Botecho
	1

	9
	Bushiro
	2
	9
	Chikaro
	9

	10
	But
	3
	10
	Choro
	4

	11
	Chella- Bejo
	1
	11
	Epecho
	1

	12
	Chikaro
	7
	12
	Epo
	1

	13
	Dolli
	9
	13
	Genji
	1

	14
	Eno
	17
	14
	Geno
	1

	15
	Epecho
	2
	15
	Geyo
	5

	16
	Genji
	1
	16
	Gushiro
	11

	17
	Geno
	9
	17
	Kello
	2

	18
	Geto
	1
	18
	Korendo
	2

	19
	Gushiro
	14
	19
	Matecho
	3

	20
	Kechi
	1
	20
	Menjio
	24

	21
	Kekero
	5
	21
	Nobo
	1

	22
	Kello
	1
	22
	Shede
	3

	23
	Ketanno
	12
	23
	Shelako
	1

	24
	Mechadami
	3
	24
	Shiko
	1

	25
	Mecho
	13
	25
	Shuri
	3

	26
	Nech -bejo
	2
	26
	Tambo
	7

	27
	Necha -bocho
	6
	27
	Wuiro
	6

	28
	Nobo
	28
	28
	Wuo
	3

	29
	Shelako
	19
	29
	Yah – bejo
	7

	30
	Shuri
	2
	30
	Yeko
	2

	31
	Tayo
	6
	31
	Kochitato
	2

	32
	Uchabo
	1
	
	
	

	33
	Wango
	4
	
	
	

	34
	Wuiro
	1
	
	
	

	35
	Yeko
	18
	
	
	



Depending on this classification, the landraces in the study area showed variation in distribution and abundance (figure 2). From the total landraces recorded (64.4%) of them were common. Of these common enset landraces, (56.6%) of them were widespread, (5.3%) were sporadic and (2.6%) were localized. In the second category, the rare landraces comprised 31 (35.5%). Of these rare landraces (9.2%) were widespread, (10.6%) were sporadic and (15.7%) were localized. This study was in line with [4] identified that there was a significant association between the distribution and abundance of enset landraces in the Aleta Chuko district.
Figure 2: Classification of enset landraces based on distribution range and population size
3.4. Identification, Naming, and Classification of Enset Landraces by Farmers

Farmers identified their landraces using various morphological characteristics, including the colors of the pseudo stem, midrib, and leaves, as well as factors such as time to maturity, disease resistance, yield, and number of leaves, corm size, and the circumference of the pseudo stem (lower leaf sheath). During field observations in farmers’ home gardens, the most commonly used morphological traits for identifying Enset (Ensete ventricosum) landraces included the color of the pseudo stem and midrib, leaf color, plant height, pseudostem circumference, and the presence of white spots on the leaves and pseudo stem (Fig. 3). In the identification and naming of Enset (Ensete ventricosum) landraces, women demonstrated greater proficiency than men, primarily due to their continuous involvement in home gardening and Enset-related processing activities. Women excelled in both naming and identifying the landraces, while men had a stronger understanding of cultivation techniques and the transplanting of enset suckers. A similar study conducted by [33], indicated that farmers to identify distinct enset landraces in Wolaita used morphological characteristics of enset.

Figure 3: Identification criteria of landraces enset by respondents
3.5. Naming of Landraces
Farmers in the study area assigned specific local names to each landrace found in their locality. These names often reflect particular characteristics of the enset, including unique morphological traits, agronomic qualities, and their place of origin or special uses (Table 6). Some landrace names carry significant meaning within the community. The naming conventions and classification systems employed by farmers provide valuable insights for selecting appropriate and more detailed characterization methods. This study aligns with previous research [33], which highlighted that farmers possess indigenous knowledge in naming enset landraces. It also noted that these names derive from various sources, such as place of origin, distinct morphological features, and agroecological conditions.
Table 6. Naming sources of a few enset landraces in the study area
	No
	Names
	Sources

	1
	Necha –bocho
	Bocho Presence of the white spot on its leaf and the color of kocho are white.

	2
	Adyo
	Place of origin from Adiyio district.

	3
	Chella- Bejo
	The red color of the pseudo stem and the kocho color are like red.

	4
	Kochitato
	It is known as the king of kocho and high yield of kocho.

	5
	Shiko
	Known as neighboring, the origin is from Sheka zone.

	6
	Shuri
	Because of medicinal value and the red part of both the Leaf and pseudo stem.

	7
	Tuli
	Known as very thin, Grows as thin and less production.

	8
	Shelako
	In terms of length, corm size, and duration of maturation time.

	9
	Nobo
	Late maturation, Hard in processing, and resistant to disease.

	10
	Bejo
	White kocho and Bulla color.

	11
	Epo (Wild)
	Known as enset of the devil, found in the forest and the black color of kocho.

	12
	Ketanno
	This means wider, by looking at lower Pseudo stem circumference and corm.



3.6. Classification of enset 
Farmers employed various criteria to classify the different enset landraces as either female or male; some criteria used for classification are indicated in (Table 7). They classify enset as male and female based on above-the-ground plant size, corm size, early maturating, late maturating, and response to disease, processing work. Farmers considered early maturing landraces with sweet corn and easy to harvest as female (Mache) and that late maturing, hard for decortications scraping were grouped as males (Anamo). Based on the above criteria enset landraces like Gushiro, Yeko, Wango, Epecho, Mecho, Achacho, Dolli, But, Eno, Tuli, Wuo, and Choro were considered as female landraces while Chella - Bejo, Shelako, Nobo, Boco, Ketanno, Geno, Uchafo, Chongo, Genji, Tambo, and Matecho were considered as males. However, certain landraces, such as Tafaro, Tuli, and Wuo, were classified as males by some farmers and as females by others. This indicated that classifying enset landraces based on their sex made an ambiguity for designation. This study was similar to [12] who described that Sideman people classify enset landraces as female (Meyate) and male (Labbaahu) depending on criteria such as maturation time, plant size, and its hardness to process and a similar report was described by [34] in Gurage. The outcome of this study was consistent with findings reported by [35], and [36] reported three categories of enset local varieties; male, female, and intermediate categories.
Table 7. Farmer’s Folk classification of enset based on farmer’s perception of sex (Not biological)

	Characteristics
	Female (Mache)
	Male (Anamo)

	Aerial plant size
	Smaller
	Larger

	Corm size
	Smaller
	Larger

	Processing work
	Easy
	Difficult

	Texture
	Softer
	Tougher

	Response to disease
	Vulnerable
	Strong

	Fermenting time
	Short
	Long

	Vulnerable to predators
	Yes
	No

	Maturity
	Early maturing
	Late maturing

	Average yield
	Lower
	High


3.7. Similarities of Landraces between the Study Sites
The proportion of landraces shared between the study sites varied between 0.43 and 0.63 (Table 8). The highest similarity was observed between Sylem and Gesha (0.63), indicating that nearly two-thirds of their landraces are common. In contrast, the lowest similarity occurred between Gesha and Adiyio (0.43), reflecting more distinct landrace compositions. The high degree of similarity between Sylem and Gesha may be attributed to a combination of ecological and socio-economic factors. Both sites share comparable altitudinal ranges, temperature regimes, and soil characteristics, which create similar ecological niches favoring the same set of landraces. In addition, their geographic proximity and market interactions likely facilitate frequent exchange of planting materials, further homogenizing their crop diversity.
On the other hand, the relatively low similarity between Gesha and Adiyio could be explained by differences in environmental conditions (altitude, rainfall, soil fertility) as well as limited seed exchange due to physical distance, cultural differences, or weaker marketplace connectivity. These factors restrict the overlap of landrace pools and lead to greater site-specific diversity.
Similar patterns of landrace distribution have been reported in other regions. A related study by [37] documented significant sharing of landraces among neighboring Woredas in the Kembata zone, which underscores the role of geographic proximity and cultural exchange networks in shaping the similarity of crop diversity across sites. Likewise, a study by [38] that examined the diversity and regeneration of enset in Sidama also supports the findings of this research.
 Table 8. Sorenson’s similarity index values for enset landraces composition in the study district.

	Study districts
	Gesha
	Decha 
	Saylem 
	Adiyio

	Gesha
	-
	0.55
	0.63
	0.43

	Decha 
	0.55
	-
	0.51
	0.54

	Saylem 
	0.63
	0.51
	       -
	0.48

	Adiyio
	0.43
	0.54
	0.48
	     -


4. Enset as a Food Value
Enset holds immense significance in the daily lives of the farmers who cultivate it.  Enset is highly resilient to climate variability, able to withstand drought and recover from environmental stresses more effectively than many conventional staples and enset remains one of the world’s underutilized crops, with its cultivation and use largely restricted to Ethiopia. Given these traits, enset is increasingly recognized as a promising crop for the future, particularly in the context of global climate change and rising food insecurity.  Every part of the plant is utilized, serving not only as a vital source of food and animal fodder but also for a wide range of non-food purposes. All farmers in the study area reported that enset leaves are commonly used for baking bread, wrapping food items, providing shade or protection from heat and rain, and producing strings and ropes. Additionally, the leaves are used for tying, making mats, and as bedding or sitting material. They also play an important role in house and fence construction, as well as in the production of mattresses. The findings were similar to studies done by [4] and additionally the research conducted by [39] have showed farmers uses enset as an ornamental plant in and around their compounds. During enset harvesting; enset leaves were used to line the ground where processing and fermentation took place. Enset   fibers were used to make sacks, bags, ropes, mats, construction materials, sheets, and sieves, in addition to this enset was green every time. This is consistent with the [39] report that enset is ornamental, used as a windbreak that protects the house from strong wind, giving pleasure to the household and visitors. For its multipurpose use, farmers cultivated in their gardens for its food advantage. Almost all the farmers in the area produce many enset clones that are used for different purposes. A similar study conducted by [34] reported that some landraces were best for Kocho   while others were selected for Bulla, Amicho, and fiber. In general, the study by [7] described that enset was produced mainly for food consumption throughout enset cultivated part of Ethiopia and this was consistent with the present study in which farmers in the study area including key informants stated that enset was used for food     consumption. kocho (Uto), bulla (Ethino), amicho (Gej -menja) were food products of enset, and Fiber (Gyio) was the by-product.
4.1. Kocho (Uto)
Enset was a staple food that served the entire household, being prepared for breakfast, lunch, and dinner. Depending on a household's wealth, this diet could be enhanced with additional foods like dairy products, meat, and vegetables. Factors influencing the quality of kocho included the age of the landrace, harvesting season, type of landrace, fermentation period, and the hygiene practices of processors. In our study area, we identified twelve key informants to assess their preferences for enset landraces used in kocho preparation. Shelako, Nobo, and Areko emerged as the most preferred landraces due to their high-quality and quantity of kocho production, as well as their ability to generate income for farmers (Table 9). In contrast, shuri and choro were the least favored landrace types for making kocho.

Table 9. Preference ranking of enset landrace on Kocho quality

	Enset
Landrace
	Key informants

	
	K.1
	K.2
	K.3
	K.4
	K.5
	K.6
	K.7
	K.8
	K.9
	K.10
	K.11
	K.12
	Total
	Rank

	Boco
	3
	3
	4
	4
	5
	3
	4
	4
	5
	5
	4
	3
	47
	7 th

	Bejo
	5
	4
	4
	3
	5
	3
	4
	5
	5
	3
	5
	5
	51
	4th

	Nobo
	5
	5
	2
	5
	4
	5
	5
	5
	5
	4
	4
	4
	53
	2nd

	Areko
	4
	5
	4
	5
	4
	5
	4
	4
	5
	4
	5
	5
	54
	3rd

	Gushiro
	4
	4
	4
	3
	3
	3
	3
	3
	3
	3
	3
	4
	40
	9 th

	Shelako
	5
	5
	5
	4
	4
	5
	5
	4
	5
	5
	5
	4
	56
	1 St

	Adyo
	3
	4
	3
	4
	5
	3
	3
	2
	4
	4
	4
	4
	43
	8 th

	Eno
	4
	4
	4
	5
	3
	3
	3
	2
	3
	2
	2
	3
	38
	10 th

	Menjio
	4
	4
	4
	4
	5
	5
	4
	4
	4
	4
	4
	3
	49
	5 th

	Yeko
	2
	5
	2
	5
	5
	4
	5
	2
	5
	3
	5
	5
	48
	6 th

	Shuri
	3
	2
	4
	3
	4
	3
	3
	2
	1
	1
	4
	3
	33
	12 th

	Choro
	5
	1
	3
	1
	4
	4
	4
	2
	2
	2
	3
	3
	34
	11 th



4.2. Bulla: -
Was ranked as the most preferred food product derived from enset and is locally known as Ethno. It is regarded as the highest quality enset-based food and is primarily extracted from fully matured enset plants. Bulla is traditionally prepared in the form of pancakes. To identify the enset landraces with the best quality for bulla production, twelve key informants participated in a preference ranking exercise. Informants evaluated various landraces based on predefined criteria, including color, texture, taste, and perceived medicinal value. Based on their assessments, the landraces Yeko, Boco, and Areko were ranked highest for bulla preparation. These landraces are characterized by their white color and are traditionally believed to have medicinal benefits when consumed either as food or in liquid form (Atmit, in Amharic). Conversely, landraces such as eno and choro received lower preference ratings for bulla preparation among the farmers (see Table 10).
Table 10. Preference ranking of enset landraces on Bulla quality.

	Enset Landrace
	                                                  Key informants

	
	K.1
	K.2
	K.3
	K.4
	K.5
	K.6
	K.7
	K.8
	K.9
	K.10
	K.11
	K.12
	T
	Rank

	Boco
	3
	3
	4
	4
	5
	4
	3
	4
	5
	5
	4
	4
	48
	2nd

	Bejo
	5
	4
	4
	4
	3
	4
	3
	4
	3
	3
	3
	5
	45
	5 th

	Nobo
	5
	4
	4
	4
	2
	4
	3
	3
	3
	4
	4
	4
	44
	6 th

	Areko
	4
	5
	2
	2
	5
	5
	4
	4
	2
	5
	5
	4
	47
	3rd

	Gushiro
	3
	4
	2
	5
	4
	4
	5
	5
	1
	1
	5
	1
	40
	8 th

	Shelako
	5
	3
	3
	1
	5
	3
	5
	5
	5
	1
	4
	3
	43
	7 th

	Adyo
	2
	3
	3
	5
	3
	3
	1
	4
	3
	3
	4
	3
	37
	10 th

	Eno
	1
	3
	3
	4
	2
	2
	3
	4
	3
	2
	2
	2
	31
	12 th

	Menjio
	4
	4
	2
	4
	5
	4
	5
	5
	3
	3
	4
	3
	46
	4th

	Yeko
	3
	5
	3
	5
	3
	5
	5
	5
	5
	4
	5
	5
	53
	1 St

	Shuri
	3
	4
	4
	4
	4
	4
	3
	4
	1
	1
	4
	3
	39
	9 th

	Choro
	4
	2
	2
	2
	4
	3
	4
	3
	2
	3
	3
	4
	36
	11 th



4.3. Amicho (Gej - menja). 
The fleshy inner portion of the enset corm, known as amicho (Gej-menja), can be cooked and consumed separately. Its taste is similar to that of potatoes. The preparation method is straightforward—much like other root and tuber crops, the corm is simply boiled and eaten without any further processing. However, not all enset landraces yield amicho of the same quality. Among the 12 commonly cultivated landraces, Areko and Gushiro are notable for producing superior amicho, characterized by a pleasant sweetness (see Table 11). In contrast, Boco, Eno, and Yeko, is less preferred due to their comparatively inferior taste.
	
Table 11. Preference ranking of Enset landraces for Amicho quality.

	Enset Landrace 
	                                                Key informants
	 

	
	K.1
	K.2
	K.3
	K.4
	K.5
	K.6
	K.7
	K.8
	K.9
	K.10
	K.11
	K.12
	Total
	Rank 

	Boco
	2
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	14
	12 th

	Bejo
	1
	1
	1
	1
	5
	1
	1
	1
	5
	1
	5
	1
	24
	5 th

	Nobo
	1
	1
	5
	1
	1
	1
	1
	1
	4
	1
	1
	1
	19
	9 th

	Areko
	5
	5
	3
	4
	5
	5
	5
	5
	2
	5
	5
	5
	54
	1 St

	Gushiro
	5
	3
	1
	4
	1
	5
	1
	2
	3
	5
	5
	5
	40
	2nd

	Shelako
	1
	1
	5
	1
	1
	1
	3
	1
	3
	3
	1
	1
	22
	6 th

	Adyo
	1
	1
	1
	1
	5
	5
	5
	5
	2
	1
	2
	1
	30
	3rd

	Eno
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	5
	1
	16
	11 th

	Menjio
	1
	5
	3
	1
	3
	1
	2
	1
	1
	1
	1
	1
	21
	7 th

	Yeko
	3
	5
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	18
	10 th

	Shuri
	1
	3
	3
	3
	4
	4
	4
	1
	1
	1
	1
	1
	27
	4th

	Choro
	1
	5
	1
	5
	1
	1
	1
	1
	1
	1
	1
	1
	20
	8 th



5.  Medicinal and other uses of Enset
Certain enset landraces are valued not only for their nutritional and agronomic traits but also for their medicinal properties. In the study area, farmers reported that specific enset varieties were traditionally used to treat various ailments in both humans and livestock. These medicinal landraces are typically cultivated in home gardens, where they are easily accessible for household use. Notably, landraces such as Shuri, Choro, and Areko were consistently highlighted by local farmers for their therapeutic applications. These varieties are believed to possess healing properties that aid in the treatment of digestive disorders, wound healing, and livestock ailments, among other uses. Their cultivation reflects a deep-rooted ethnobotanical knowledge passed down through generations, underscoring the multifaceted value of enset beyond its role as a staple food crop (Table 12).
 Similarly, studies by [34] reported that enset landraces such as Astara and Qibnar in the Gurage region are traditionally used to treat both human and animal diseases. Further research by [40] noted that specific enset clones and plant parts are employed medicinally to address conditions such as bone fractures, broken limbs, and complications during childbirth. In particular, the corm, leaves, and pseudostem of landraces like Shuri, Choro, Areko, and Gushiro are utilized in traditional remedies for various ailments affecting both humans and livestock. Additionally, landraces such as Nobo, Menjio, Shelako, and Boco are highly valued by farmers for their medicinal properties and are commonly cultivated in home gardens for easy access to their therapeutic benefits.
Table 12. Preference ranking of enset landraces for Medicinal uses.

	Landrace of enset
	                                               Key informants

	
	K.1
	K.2
	K.3
	K.4
	K5
	K.6
	K.7
	K.8
	K.9
	K.10
	K.11
	K.12
	Total
	Rank

	Boco
	1
	2
	1
	2
	1
	2
	2
	1
	3
	1
	1
	2
	19
	5 th

	Bejo
	2
	1
	1
	1
	1
	1
	2
	2
	1
	1
	1
	1
	15
	10 th

	Nobo
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	1
	1
	14
	11 th

	Areko
	3
	4
	3
	4
	2
	2
	4
	2
	4
	3
	4
	4
	39
	3rd

	Gushiro
	2
	3
	1
	1
	2
	3
	2
	1
	3
	1
	1
	1
	21
	4th

	shelako
	1
	2
	3
	2
	3
	2
	1
	1
	1
	1
	1
	1
	19
	5 th

	Adyo
	1
	3
	2
	2
	1
	1
	1
	1
	1
	1
	1
	1
	16
	9 th

	Eno
	1
	1
	2
	3
	2
	3
	1
	1
	1
	1
	1
	1
	18
	7 th

	Menjio
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	12 th

	Yeko
	1
	4
	2
	1
	1
	1
	1
	1
	1
	1
	2
	1
	17
	8 th

	Shuri
	5
	5
	5
	4
	5
	3
	5
	5
	3
	4
	4
	5
	53
	1 St

	Choro
	3
	3
	4
	3
	4
	5
	3
	4
	4
	2
	1
	4
	40
	2nd



5.1. Use of Enset as Fiber
The pseudo-stem is the most valuable component, as its basal part contains starch, while the remaining fiber is used to produce strong ropes, twines, and sacks. In the study area, the quality of fiber from different enset landraces varied. According to respondent preferences, the enset landraces Nobo, Menjio, Shelako, Boco, and Adyo were identified to have the best fiber quality respectively (Table. 13). These landraces are characterized by long, strong fibers suitable for making strings and ropes.
[bookmark: _Toc167471558]Table 13. Preference ranking of enset landraces for fiber quality.
	Landrace 
of enset
	Key informants

	
	K.1
	K.2
	K.3
	K.4
	K.5
	K.6
	K.7
	K.8
	K.9
	K.10
	K.11
	K.12
	Total
	Rank

	Boco
	3
	2
	5
	4
	5
	5
	4
	5
	5
	4
	4
	4
	50
	4th

	Bejo
	2
	4
	5
	3
	2
	4
	2
	2
	2
	4
	2
	3
	35
	8 th

	Nobo
	5
	5
	4
	5
	5
	5
	5
	5
	5
	5
	5
	5
	59
	1 St

	Areko
	2
	1
	4
	3
	4
	4
	3
	3
	3
	4
	4
	4
	39
	6 th

	Gushiro
	4
	4
	3
	4
	4
	4
	3
	3
	1
	1
	4
	1
	36
	7 th

	Shelako
	5
	5
	3
	5
	5
	5
	5
	5
	5
	1
	4
	3
	51
	3rd

	Adyo
	2
	4
	3
	3
	2
	4
	3
	4
	5
	5
	2
	3
	40
	5 th

	Eno
	1
	3
	2
	4
	3
	3
	1
	3
	1
	3
	4
	3
	31
	9 th

	Menjio
	5
	5
	5
	5
	3
	3
	5
	5
	5
	5
	5
	5
	56
	2nd

	Yeko
	2
	3
	1
	1
	3
	4
	1
	2
	2
	1
	3
	3
	26
	10 th

	Shuri
	2
	1
	4
	4
	4
	1
	2
	1
	1
	1
	1
	2
	24
	12 th

	Choro
	2
	1
	3
	2
	2
	1
	4
	4
	1
	2
	1
	2
	25
	11 th



6. Constraints of Enset Production
Based on the information of informants in the study area enset productivity was significantly reduced by serval diseases caused by bacteria, fungi, and nematodes, frost as well as by pests such as mole-rats and porcupines. Among these, mole-rat infestation, and bacterial wilt were the most prevalent, responsible for 47% and 40% of observed cases, respectively (Figure 4).
The respondents, particularly those dealing with mole-rats and bacterial wilt in their enset farms, reported that these issues posed a significant threat to their landraces. Similar causes reported by [24] and [34] due to this cause most farmers shift for other plant production. However, certain enset landraces, such as Nobo, Yeko, Boco, Bejo, and Gushiro, have been identified as having good resistance to bacterial wilt, while many other enset landraces are susceptible to the bacterial wilt disease. The research conducted by [34] identified different enset landraces that resists various disease. All Farmers in the study area reported that way of poor land management and climate change caused a great problem of enset productivity. During the survey, Farmers identified different enset diseases but, the most common widespread enset diseases identified are yellow leaves, and entire leaves wilted caused by bacteria (Figure 5a and b). Similar findings were reported by [41], where one of the earliest and most characteristic symptoms of enset bacterial wilt was identified as wilting of the heart-leaf. This was subsequently followed by the progressive wilting of adjacent upper leaves, eventually resulting in the collapse of all foliage and the death of the entire enset plant [42,43], as illustrated in Figure 5a.
Traditionally farmers have different practices for avoiding and minimizing the transmission enset disease from infected enset to the other healthy enset landraces by stopping of sharing of sharp materials this research finding in line with [44] field tools are the main vectors of enset bacterial wilt, critical role of proper sanitation practices is needed to mitigate the spread and impact of the disease. In addition to these farmers remove infected enset landraces from the farm, and burning infected enset landrace to minimize the spread of bacterial wilt similar research conducted [30,45]. Some farmers reported that they lost several landraces due to this problem. A similar study conducted in Gurage by [46] revealed that the most constraints of   enset in Gurage were a shortage of land and climatic change. The result of this finding was similar to [34] described that almost all farmers reported that Enset Xanthomonas wilt (EXW) had the greatest impact on enset production in the Kembata Tembaro zone.

Figure 4: Percentages of enset constraints identified by local farmers in the study area 
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Figure 5a. Entire leaf wilted by bacterial 	             Figure 5b. yellow leaf by bacterial wilt 
6.1. Status of Enset Cultivation in the Study Area: - Enset has traditionally been the staple food crop in the study area; however, its richness and diversity of landraces have declined over time due to multiple factors, including bacterial wilt, wildlife pests such as porcupines and mole-rats, and climate change. Results from group discussions revealed that farmers perceive a decreasing trend in enset cultivation, with 55.5% reporting a decline, 48.4% noting an increase, and 17.1% indicating no change. These findings highlight both the ongoing threats to enset diversity and the shifting perceptions of farmers regarding its cultivation.
 This data suggests that the overall response to enset cultivation is decreased due to the aforementioned challenges. A similar study conducted in the Gedebano Gutazer Welene district [34] also reported a decline in enset cultivation over time. Additionally, research by [24] found that the status of enset landraces is decreasing at the household level in the Gurage zone.
7. Cultivation and Management Practice of enset by Local Farmers
Our survey revealed that farmers employ comparable methods for enset management, despite variations in farm sizes among them. Nearly all farmers concurred that the planting or propagation of enset occurs during the rainy season. They indicated that the land designated for new enset landraces is prepared prior to transplantation. Throughout the survey period, we observed various practices, including land preparation, propagation, weeding, transplanting, and the application of manure. The cultivation of enset is labor-intensive and demands significant human effort. The majority of farmers engaged in dense mono-cropping across four districts, emphasizing that enset cultivation necessitates considerable expertise. However, only a small number practiced intercropping during the initial (ukko) and second (Acho) years, where they cultivated maize, cabbage, and taro alongside enset. This observation aligns with the findings of [26], which highlighted the need for meticulous care in enset cultivation. All farmers indicated that they utilize manure in the production of enset, applying it consistently throughout the year. They transport the waste products from cattle, horses, and donkeys to their home gardens, where enset is cultivated, and distribute it by hand around the bases of two adjacent enset plants. The application of manure is most prevalent during the rainy season compared to the dry season. A significant majority of respondents (98%) affirmed that manure is essential for enset cultivation, which is crucial for their sustenance, as enset serves as their staple food crop. Weeding occurs somewhat later in the rainy season due to the difficulty of removing all weeds when the soil is moist; additionally, the weeding process itself is labor-intensive and requires considerable human effort. Farmers employ both hand and tool methods for weed control, yet they concur that the frequency of weeding diminishes as the plants mature and grow larger. Most farmers (90%) reported that weeding is typically performed three to four times a year, primarily from December to September, influenced by rainfall and the development of the enset canopy. In households led by men, these activities are predominantly carried out by men, while the application of manure is often the responsibility of women in the region. Cultivation occurs once annually during the rainy season, a practice common across all areas where enset is the primary food crop. In general, the cultivation and management of enset require close monitoring and are highly labor-intensive, which is consistent with findings reported in other studies [41,42 and 43].
8. Harvesting and Processing of Enset
In the present study area harvesting of enset took place at any time depending on the presence and absence of food for consumption as well as the presence of mature enset plantation in their home yard. Almost all farmers in sampled kebeles agreed that the quality of kocho and bulla became high when enset with inflorescence was used in its full maturation. These maturities did not work for the usage of Amicho (Gej- menja), the enset landrace used for Amicho could be uprooted in its early stage. During the survey we observed that the method of storing kocho and bulla squeezing practices throughout four districts were similar, Processing of enset was mainly done by women and it needs long time [2] and [32]. The duty of men during the time of processing was cutting the upper part of the leaf, uprooting the corm, and transporting it to the place of processing when necessary. According to the information from the women, enset could be harvested at any time of the year, but for quality, it was better to harvest it in the dry season. Women also claimed that in the rainy season, the quality of kocho (uto) and bulla (ethino) became less due to the high content of water inside the pseudo stem of the landraces. According to [33], food loss implies a decrease in the quantity or quality of food that was originally intended for human consumption. Farmers in the study area reported that different cultural instruments can be used during processing some of them were, a wooden plate to hold the pseudo stem firmed, a scraper which was made from metal and serrated as a sickle used to decorticate or scrape the pseudo stem to separate the pulp from the fiber and the other material used was cattle bone to grate the corm which is similar to the study [24]. As it was seen in the survey from 72 enset landraces 12 of them were highly dominant or cosmopolitan present almost in the majority of households. From our group discussion with farmers and key informants on the selection criteria of enset landraces, they categorized their use value as kocho, bulla, amicho, and fiber and Medicinal value. This study was previously released as a preprint on Research Square by Mikias and Mengistu (2023) [47] to invite comments and suggestions from experts before formal publication.


9. CONCLUSIONS
The findings of this study showed the presence of high enset landrace diversity in the study area practiced by all             the farmers. Based on identification, naming, and classification farmers used different descriptors of morphological characteristics to identify one landrace from the other. All farmers correlate this identification with its local name. In the case of classification, enset landraces were classified based on their gender locally given to them as female (Mache) and male (Anamo) by local farmers. From the total surveyed households 72 enset landraces were recorded in four districts in this study area indicating that the district has high enset landrace distribution as a whole. The variation of enset landraces at the household level was 4 – 18 enset landraces. Farmers were selective during enset cultivation for different purposes in this district. Due to this some landraces were highly dominant and widely distributed throughout the district the leading ones could Bejo, Shelako, Bocho, Areko, Nobo, Gushiro, Chella - bejo, Eno, Adyo, and Necha–bocho. The first six landraces were highly cosmopolitan and preferred in the community in the study area. The study also showed that nowadays the richness and diversity of enset landraces in the study area was decreasing from time to time due to enset diseases caused by Bacteria, Fungi, Nematodes, as well as pests such as the attack from Mole-rats and Porcupines among the many other factors causing less productivity. The results of the present study also confirmed that farmers in the study area have potential indigenous knowledge on the cultivation, propagation, transplantation, harvesting, and processing activities of enset landraces. Farmers have their planting material, including its propagation and management system. Dense plantation of enset and wide mono-cropping practice was observed in the study area but few farmers used inter- cropping of enset during the first year (ukko) and second year (Acho) stage to cultivate maize cabbage and taro with enset. Enset is one of the staple food crops for farmers in Gesha, Saylem, Decha, and Adiyio districts even though the other cereal crops and tuber crops were used at a minimum in the study area. Therefore, this manuscript makes a valuable contribution by documenting the diversity and indigenous management practices of Ensete ventricosum landraces in the Kaffa Zone of Ethiopia. The integration of traditional knowledge with quantitative diversity analyses provides essential baseline data for genetic conservation and sustainable crop management. The findings are relevant for researchers focusing on agrobiodiversity, food security, and climate-resilient agriculture. 


Supplementary data information
High enset diversity recorded from the study area some representative images illustrating the diversity of Enset landraces are provided in Supplementary (Appendix Figure 1). 

Supplementary (Appendix Figure 2). The relationship between varietal diversity and food processing in enset cultivation. This figure illustrates the central role of women in enset processing, highlighting how their practices contribute to maintaining varietal diversity within traditional cultivation systems.

Different numbers of enset landraces were recorded across the surveyed districts. Comprehensive data summarizing the distribution and diversity of Enset (Ensete ventricosum) landraces documented from all twelve selected kebeles (small administrative units) are provided in Supplementary (Appendix Table 1)  
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