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Abstract 

Enset (Ensete ventricosum) is a vital food security crop cultivated in South 

and South-western parts of Ethiopia. However, enset production and the 

farming families have been threatened by Xanthomonas wilt and its spread 

in the farming system. Thus, this study was conducted to investigate the 

soil fertility and plant management practices association on the incidence of 

Enset Xanthomonas wilt. Data on soils fertility and diseases from enset 

based farming clustered into inner, outer and outfield farm zone were sam-

pled and surveyed. The result indicated that soil chemical properties signif-

icantly (p≤0.05) varied from inner to outfield farm zone. Significantly max-

imum nutrients store revealed in inner enset farm zones. Disease incidence 

reduced from inner to the outfield enset farm zone. Disease prevalence and 

disease incidence scored 28.5% and 11.6%, respectively depending on alti-

tude and genotypes. Soil fertility levels in the enset inner and outfield plots 

were varied purposely to cultivate enset products as kocho, bulla or amicho 

(cooking type). The variations in soil fertility and Xanthomonas wilt      

incidence was associated with management practices applied for desired 

enset products. Therefore, management practices in enset based farming, 

soil fertility and location of enset planting zones found to be major indica-

tors for disease incidence addressing to device control interventions.  

Introduction  

Enset (Ensete ventricosum) is a multi-purpose perennial plant mainly culti-

vated in southern and southwest highlands of Ethiopia for food, feed, medi-

cine, fiber, construction material and many cultural practices [1,2,3,4,5,6]. 

The plant belongs to order Scitamineae, family Musaceae and genus Ensete 

[7]. It is a staple food security crop recognized for its higher productivity, 
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environmental sustainability and adaptability than most cultivated cereal crops in Ethiopia [8,9].  Enset 

supports more than 20 million people in Ethiopia [10]. Enset based farming is a sustainable traditional 

agricultural system predominantly as home gardens and the outfields are used for annual crops. It is 

one of the most reliable and strategic crop resisting transient droughts, heavy rain and flooding that 

would typically destroy other crops especially during adverse climatic conditions [11]. The crop is 

grown and distributed at altitudes between 1500 and 3100 m.a.s.l, but best suited between 2000 and 

2750 m.a.s.l., with an average annual rainfall of 1100 to 1500 mm (Brandt et al., 1997). It grows well 

in areas with fertile soils, temperatures between 16 and 20°C, relative humidity 63% and 80%, pH 

range between 5.6 and 7.3.  

Enset based farming is solely reliant on nutrient supply from animal manure and household waste with-

out application of inorganic fertilizer. Soils of enset near to home gardens were more fertile when com-

pared to other farm enterprises due to frequent provision of manures and household [12,13,14]. Hence, 

there exists a change in soil nutrient content. Gradients in soil fertility within the enset home garden as 

a result of difference in management practices with distance from the house were reported by Sabura et 

al. (2021).  

A reconnaissance survey at highlands of Chencha, Gamo zone showed that farmers dominantly practice 

enset cultivation in home gardens but annual crops surround the enset home gardens or outfields [14]. 

The home garden were perceived cultivating enset landraces mainly for processing types while the out-

field, which is found at a distance from the home garden, is presumed as being planted with cooking 

type enset landraces locally called ‘Cheero’ ([14]. Planting location (distance from homestead) also 

differ depending on enset product preferred for food type and soil fertility of the garden [14]. As Shara 

et al. (2021) report, soil fertility status of a garden was related with farmer’ management practices ap-

plied for a preferred enset product within the enset home garden and altitude which in turn linked to 

Xanthomonas wilt (EXW) incidence. Studies in banana, family of enset, show that fine tuning disease 

management strategies on-farm has helped to reduce EXW [15,16]. This indicates that exploring farm 

management practices in enset still remains very important strategy to reduce disease spread. It also 

prevent new infections, as an immediate disease control option, suggesting need for thorough under-

standing of the status of farm management tactics in enset systems and the association with disease 

incidence at various distances from the house.  

Furthermore, experimental evidence showed that deficiencies in certain nutrients such as phosphorus 

hasten susceptibility to EXW in Gamo highlands [17]. However, information on disease incidence over 

the farming zones within an enset farm linked with farm management per enset product type is not 

available. Although the disease has been observed in entire enset belt, the extent of disease incidence 

and spread varies from region to region at landscape level. The variation observed was linked with en-

vironment that favors disease development or plant susceptibility, mainly altitude driven moisture and 

temperature as well as management practices such as soil fertility [18,19,14]. The knowledge of such 

management practices and the link to disease spread may help to develop management measures for 

EXW. Therefore, studying crop management practices related to growing enset for processing type 

(kocho and bulla) and direct cooking (amicho), quantifying soil fertility, characterizing landraces in 

inner, outer and outfield or ‘Cheero’ zones (plots) and the association with xanthomonas wilt incidence 

may help to understand the EXW pathogen niche in a complex traditional enset farming systems and to 

devise context specific options for disease management.  

Materials and methods  
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Study area description  

The study was carried out at Chencha, South Ethiopia Regional State, geographically located at 370 29' 

57'' to 370 39' 36'' E longitude and 60 8' 55'' to 60 25' 30'' N latitude during March 2022 to February 

2023 (Figure 1). The area is attributed with quite marked topographic variation (rolling mountains, 

steep slops, flat to undulating plateaus [20,14] and soil types of reddish, deeply weathered Nitisols and 

Luvisols [21]. 

Sampling design and treatments 

Enset farm established in farmers’ field within 2500 to 3000 altitudinal range of the study area was 

purposively selected consisting four randomly selected villages namely Doko yoyira, Tsida, Lakana 

maldo and Dorze holo. Three housholds were randomly selected in each village. Each household enset 

farm clustered into three farm zones [inner (IR), outer (OR) and outfield (OF) i.e. cheero plots].  

The altitudinal range used for the study was selected due to dominance of enset based farming system 

and uniformity of households over the range for sampling. The inner home garden (IR) is enset farm 

within 4 to 6 m of homestead that receives more solid and liquid manure, organic waste, ashes and 

house residues, the outer home garden (OR) is enset farm that receive less amount of manure, organic 

wastes and house residues and the outfield or locally called cheero is enset farm which receives organic 

manure only at transplanting time and used for enset plant cultivated only amicho production.   

The total list of 1450 households was collected from the agricultural extension office. Accordingly, a 

sample size of 35, 48, 31, 65 households from the respective villages were selected with the procedure 

suggested by Yemane (1967). The selected households were used for interview with open structured 

questionnaire and focus group discussion.  

      

Where,    

N= is the population size               e= is the level of precision (5% to 10%) 

n= is sample size                              K= is the interval the sample would be taken 

Figure 1. Geographical location of the study area. 
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Data collection 

Soil physical and chemical analysis   

Soils of the upper 25cm depth in which most of the plant roots typically distributed (Zewdie et al., 

2008),[14]  was sampled in each farm zone from five spots by using auger and a composite sample per 

farm zone used for analysis. One composite soils for each farm zone (IR, OR and OF) were collected 

replicated in three household farm per village/kebele. The total of 36 composite soil sample size were 

air dried at room temperature, grounded and sieved with 2 mm size and used to analyze pH, EC, soil 

texture, available phosphorus, OC and OM at the Arba Minch University botany and environmental 

science laboratory. The measures of OM and available phosphorus were used as indicators for soil 

quality and to compare the amount of soil nutrients at enset garden and to infer the relationship be-

tween inner, outer and outfield home garden.  

The OM content was extracted by the dichromate oxidation method (Walkey and Black, 1934). Availa-

ble phosphorus was estimated by Olsen´s procedure [22]. The soil EC and pH was measured using dis-

infected digital EC and pH meter, respectively. Soil texture was determined by the hydrometer method 

[23]. 

Farm management practices and Enset Xanthomonas wilt 

Farm management practices such as manure application, cultivation, leaf pruning, enset landraces and 

reaction to EXW and Enset Xanthomonas wilt (EXW) incidence at inner, outer and outfield enset farm 

plots were interviewed on sampled households with semi-structured questionnaire. The characteristic 

visual symptoms such as yellowing and wilting of leaf, yellowish or creamy bacterial ooze at cut leaf 

petiole/ edge of pseudostem for claimed disease presence were visually observed, Bacterial ooze col-

lected from petiole or pseudostem of suspected plant was cultured in a semis elective media for further 

confirmation (Thwaites et al., 2000) [24].  

Focus group discussion  

Association of farm management practices with enset production type, soil fertility gradient, xanthomo-

nas wilt disease incidence, transmission and indigenous practices of control was carried out with 

groups of participants comprised of  four elder groups, four women, four development agents, two ex-

pert, four village leaders and four model farmers. Semi structured questions and open ended subjects 

were used to initiate free discussion among the focus group participants and to minimize subjective 

responses.  

Disease incidence (DI%):  Disease incidence was calculated by counting the number of infected enset 

plants assessed in each farm zones and dividing to the total number of enset plants in each garden plot 

of the sampled households (HHs) [25]. 

 

 

Disease prevalence (DP %): Disease prevalence was determined as the presence and absence of EXW 

in enset fields assessed, and calculated using the formula: 
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Data analysis 

Data for normality were tested with normal probability plot (P-P and Q-Q) and histogram. The soil 

physical and chemical properties  indicating the gradient in soil fertility between IR, OR and OF was 

determined with a one-way ANOVA analysis data with SAS version 9.0. The mean difference between 

the soil fertility records was tested with least significant difference (LSD) at 5% probability level. For 

every sample analysis, the mean and standard deviation was computed for the three replications of each 

sample. The strength and weakness of purpose of enset production with enset management practices, 

soil fertility levels and enset xanthomonas wilt disease incidences was tested with simple correlation 

analysis. Data collected during interview and focus group discussion analyzed using SPSS version 20. 

Results and discussion  

Enset management practices across farming zones  

Indigenous management practices varied across enset farm zones, with the intensity of management 

decreasing from the homestead towards the outfield (Tables 1). Household surveys and group discus-

sions revealed a consistent trend: the frequency of hoeing, weeding, leaf pruning, and manure applica-

tion diminished from the inner farm zone outwards. Specifically, hoeing/weeding and leaf pruning 

were performed twice per year in the inner farm zone by 83.24% of respondents, compared to 76.54% 

in the outer zone (Table 1). Notably, 97.21% of respondents reported hoeing their outfield enset plots 

and pruning leaves only at the time of transplanting. This suggests that enset home gardens (homestead 

and closer gardens) receive more intensive management and care. This finding aligns with Tsegaye and 

Struik (2002), who reported that enset home gardens are weeded periodically, 2-3 times a season, and 

Kebede et al. (2021), who noted weeding frequencies ranging from once every 1–5 years depending on 

elevation. 

Regarding manure application, 91.06% and 74.86% of respondents reported frequent annual applica-

tion in the inner and outer farm zones, respectively. In contrast, nearly all respondents (almost 100%) 

applied manure in the outfield only at the time of transplanting (Table 2). This perceived fertility gradi-

ent across enset farm zones, acknowledged by 82.7% of respondents (Table 3), suggests the impact of 

varying soil management practices by farming families. The frequent application of manure and house-

hold waste management around the homestead likely contribute significantly to the soil fertility gradi-

ent observed in enset home gardens [14]. This aligns with Tsegaye and Struik (2002), who also report-

ed that the rate, timing, and method of manure application result in soil fertility differences between 

home gardens and the wider enset farm. 

Enset landrace and enset product type alignment with planting farm zone 

Interviews and field observations revealed that enset landraces selected for kocho production exhibited 

vigorous growth and high yields when cultivated in the inner farm zones. As shown in Table 4, 69.3% 

of informants employed specific enset landraces and clustered planting arrangements based on the in-

tended food product. Respondents consistently identified kocho, bulla, and amicho as the primary enset 

food products. Particularly, 60.03% reported cultivating varieties for kocho and bulla in both inner and 

outer farm zones, while 87.15% grew enset for amicho production further away from home gardens 

(OF) (Table 4). This suggests that enset plants grown for kocho production benefit from close supervi-

sion, fertile soil, and frequent management. Supporting this, Sabura et al. (2021) observed that manure, 

organic wastes, ashes, and household refuse were frequently applied in enset farm zones closer to the 

homestead but not in the outfield zones. 

http://www.openaccesspub.org/
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Table 1. Hoeing/weeding and leaf pruning frequency per enset farm zone per year 

 Hoeing/Weeding and Leaf Pruning by Farm Zone  

Farm zone 3×  2×  1×  

 Frequency Percent Frequency Percent Frequency Percent 

IR 23 12.85 149 83.24 7 3.91 

OR 9 5.03 137 76.54 33 18.44 

OF   5 2.79 174 97.21 

Key: 3x, 2x, 1x is farmers practicing the hoeing/weeding three times, two times, one time per  year per farm zone; IR = 

inner farm zone, OR= outer farm zone, OF= out field farm zone. 

 Manure application frequency per year 

 Frequently 3x 2x 1x 

Farm zone Frequency Percent Frequency Percent Frequency Percent Frequency Percent 

IR 163 91.06 9 5.03 7 3.91 0 0 

OR 134 74.86 39 21.79 6 3.35 0 0 

OF       179 100 

Table 2. Manure application frequency per enset farm zone per year. 

Management questions Category Frequency Percentage 

Soil fertility gradient in inner, outer and 
cheero plots 

Yes 148 82.7 

No 31 17.3 

Enset plants and leaves most frequently 
harvested for home use from farm zone 

IR 169 94.4 

OR 10 5.6 

OF 0 0 

Enset plants and leaves not harvested for 
home use from farm zone 

IR 12 6.7 

OR 18 10.05 

OF 149 83.2 

Table 3. Soil fertility and leaf harvesting practices per enset farm zone. 
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Soil fertility gradient over enset farm zone related to enset product types  

Soil particle size distribution in enset farm zones 

Analysis of soil particle size distribution in the IR, OR, and OF (cheero plot) farm zones revealed no 

significant differences. The soil texture across all farm zones was classified as clay loam (Table 5). The 

consistent percentage of silt content suggests that the dominant mineral particle in the enset farm zone 

is relatively uniform. However, despite the uniform particle size distribution, the results also indicated 

that soil management practices and the type of enset cultivars grown across the farm zones do have a 

significant influence on particle size distribution. Similarly, the consistent percentage of silt content in 

enset farm zones was also documented by Kebede et al. (2021). 

Soil chemical properties gradient across farm zone and enset food product  

Analysis of soil chemical properties revealed significant differences (p ≤ 0.05) among the farming 

zones, with mean values generally decreasing from the inner/home garden (IR) to the outfield (OF) 

zones (Table 6). Specifically, the IR farm zone exhibited significantly higher values for available phos-

Management questions Category Frequency Percent 

Major food products from enset 

Kocho 179 100 

Bulla 179 100 

Amicho 179 100 

Enset planting clustered spatially per enset food type 
Yes 124 69.3 

No 55 30.7 

Planting zone of Enset landraces for kocho production 

IR 49 27.4 

OR 22 12.3 

OF 0  

Both IR and OR 108 60.3 

Enset food type preferred planting at cheero plots (outfield 
zones) 

Kocho   

Amicho 156 87.15 

Both 23 12.85 

Table 4. Enset landraces per enset food/product types allocation per farm zone  

Farm zones Sand (%) Silt (%) Clay (%) Textural 

IR 39.27 32 28.73 Clay loam 

OR 36.27 32 31.73 Clay loam 

OF 29.27 32 38.73 Clay loam 

LSD (0.05) 16.24 7.89 12.25  

p-value 0.4249 1 0.2355  

Table 5. The effects of farm zones on soil texture in chencha districts 
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phorus (28.52 mg/kg), electrical conductivity (EC) (2.11 dS/m), pH (6.63), organic matter (OM) 

(3.66%), and organic carbon (OC) (2.12%) compared to the OF zone, which recorded minimum values 

of 3.29 mg/kg for available phosphorus, 0.69 dS/m for EC, 5.78 for pH, 2.69% for OM, and 1.56% for 

OC. The higher phosphorus availability in the IR zone is likely related to its optimal pH range for phos-

phorus solubility, while the lower availability in the OF zone may be attributed to aluminum fixation at 

its lower pH values. The significantly lower pH observed in the outfield enset farm zone (5.78) com-

pared to the inner farm zone (home garden) (6.63) and outer home garden (6.08) aligns with findings 

by Sabura et al. (2021) regarding soil fertility status and nutrient distribution between the inner and 

outfield farm zones. 

These results highlight the impact of household waste and frequent manure application practices by the 

farming community, consistent with farmer responses during the survey. Enset plants in the OF zone 

typically receive manure only at the time of transplanting (sucker stage). The observed gradient in soil 

fertility levels across farm zones likely arises from variations in farmers' management practices, which 

are also linked to preferred enset products. Field surveys indicated that landraces for kocho production 

are primarily cultivated in the IR farm zone, while those for amicho production are grown in the out-

field zone. This finding is supported by Sabura et al. (2021), who reported significantly higher soil 

chemical properties in the inner zone compared to the outer zone, with the exception of available      

aluminum. 

Association of EXW incidence, enset food product type based management and soil fertility gradient   

Prevalence and incidence of EXW disease in enset farm zones  

Of the 179 enset gardens surveyed (including the 12 households or 36 farm zones where soil properties 

were analyzed), 51 farms (28.49%) exhibited disease symptoms, while 128 gardens (71.51%) showed 

no symptoms (Table 7). The observed variation in disease prevalence across kebeles/villages could be 

due to differences in enset landrace tolerance or susceptibility to EXW, or variations in altitude influ-

encing disease incidence. Furthermore, disease incidence is linked to cropping history, particularly if 

the land previously hosted infected plants or if susceptible landraces were used for planting. Overall, 

Table 6. Soil chemical properties (means ± SD) across enset farm zones.  

Farm zone OC (%) OM (%) pH EC (dS/m) Pav (mgkg-1) 

IR 2.12±0.18a 3.66±0.32a 6.63±0.44a 2.11±0.52a 28.52±6.5a 

OR 1.89±0.27b 3.46±0.50a 6.08±0.41b 1.06±0.38b 12.32±6.39b 

OF 1.56±0.20c 2.69±0.34b 5.78±0.37b 0.69±0.23c 3.29±1.58c 

Mean 1.86±0.32 3.27±0.57 6.16±0.54 1.29±0.72 14.71±11.78 

LSD (0.05) 0.18 0.33 0.34 0.32 4.43 

CV% 11.96 12.1 6.73 30.44 36.29 

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Where means with the same letters within a column are not significantly different (p ≤  0.05); pH = pow-

er of hydrogen; EC = soil electrical conductivity; OC = organic carbon; OM = organic matter; 

Pav=available phosphorus; SD = standard deviation. 
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the results indicated a low distribution of the disease across the enset production zones, with higher 

severity observed in regions with a history of the disease. Similar results were presented by Muzemil et 

al. (2021) who reported considerable variation between enset land races towards xanthomonas wilt.  

EXW disease incidence and farm management practices  

The result indicated that disease incidence was observed in both inner and outer zones of the enset 

farms, with a consistent decrease from the inner to the outer zones across all surveyed kebeles. (Table 

8). No incidence of EXW disease was observed in the outer areas of the enset farms across all sampled 

study sites. This suggests a potential link between the disease and factors associated with the inner farm 

zones, such as the intensity of farm management practices and soil fertility gradients. The higher inci-

dence of the disease in inner farm zones, where frequent hoeing and leaf pruning are common along-

side higher soil fertility and plots dedicated to enset processing, further supports this association.  The 

result showed the association of disease incidence for soil attributes results presented in Table 6 where 

significant high score for OC, pH, EC and Pav content observed from inner to outfield farm zones. Re-

duced probability of disease spread on cooking type enset landraces planted in the outfields with less 

frequency of hoeing and leaf pruning also indicated importance of farm tools in spreading disease. In 

addition, outfield farm zones practiced with less manure application indicating the reduced incidence of 

EXW relation with low fertility status of the soil. The present findings are consistent with the work of 

Tsegaye and Struik (2000), which indicated that a single transplant and reduced field practices of enset 

suckers, accelerates maturity, ensures a reasonable yield, and diminishes susceptibility to diseases and 

pests. The findings indicate a correlation between increased plant contact during field operations and a 

higher incidence of disease.  

Growth stage and incidence of EXW disease   

Field observations, group discussions, interview data, and farmers' experiences consistently showed 

that enset plants are susceptible to EXW infection at all growth stages. However, the results indicated a 

higher susceptibility to Xanthomonas wilt disease during the middle growth stage (77.7%), compared 

to the younger (11.7%) and productive stages (10.6%) (Table 9). This suggests an inverse relationship 

between enset plant maturity and susceptibility to the disease, with susceptibility decreasing as the 

plant ages. This finding contrasts with Gizachew et al. (2008), who reported higher susceptibility in 

younger enset plants to infection via contaminated tools. In the IR farm zone, frequent harvesting and 

Sample kebeles 
Number of 
assessed 

Number of 
symptomatic 

Disease  
Prevalence (%) 

Disease 
Incidence (%) 

Lakana maldo  
Dorze holo   

31 9 29.03 11.6 

65 14 21.54 12.7 

Tsida Doko yoyira   
35 13 37.14 11.4 

48 15 31.25 10.6 

179 51 118.96 46.3 

Total Mean  
 12.75 29.74 11.6 

Table 7. Prevalence and incidence of EXW disease in the study area.  
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leaf pruning for home use likely contribute to disease transmission through farm tools. Furthermore, 

consistent with the soil fertility gradient across farm zones, the study also revealed that 88.3% of re-

spondents observed differences in the time it takes for enset plants to reach maturity for food produc-

tion across these zones (Table 9). 

Incidence of EXW disease and soil fertility   

Analysis of variance revealed significant differences (p ≤ 0.05) in available phosphorus (Pav) across 

farm zones. Specifically, the IR farm zone exhibited the highest Pav levels, while the OF farm zone 

showed the minimum, in both symptomatic and non-symptomatic plots (Table 10). Similarly, signifi-

cant differences (p ≤ 0.05) were observed for pH and electrical conductivity (EC), with the IR farm 

zones recording higher values in both symptomatic and non-symptomatic gardens. In contrast, the anal-

ysis showed no significant difference in organic carbon (OC) and organic matter (OM) between the IR 

and OR farm zones for both symptomatic and non-symptomatic gardens. Notably, the soil chemical 

properties did not differ significantly between symptomatic and non-symptomatic farm zones in this 

study. However, Sabura et al. (2021) reported higher levels of Pav and available calcium (Caav) in 

symptomatic gardens compared to non-symptomatic ones. Although specific recommendations for  

enset are lacking, existing literature suggests a link between variations in soil fertility management and 

plant susceptibility to Xanthomonas wilt disease in enset [14,19,26] and banana [27] 

Enset landraces and their reaction to Xanthomonas wilt disease  

Enset landraces under cultivation of the study area and their reaction for EXW disease was interviewed 

with local farmers. The study recorded about 27 types of enset landraces and the interaction with EXW 

disease as local farming community report (Table 11).  The result showed only two enset landraces 

(Masa maze and Maze) show less susceptibility to EXW disease while 25 landraces reported suscepti-

ble to the disease. The findings of  Abera (2017) from the south-western Ethiopia region, also showed 

Farm 

zones 

Total number of enset plants 

counted 

Total number of symptomatic 

plants 
DI% 

IR 560 119 21.5 

OR 725 97 13.4 

OF 809 0 0 

Mean     11.6 

Table 8. Incidence of EXW disease (DI %) across enset farm zones (N= 179) 

Management questions Category Frequency Percent 

Age difference in enset plants to 
reach for food at IR, OR and OF farm 
zone 

Yes 158 88.3 

No 21 11.7 

Stage the enset plants susceptible to 
enset xanthomonas wilt disease 

younger stage (1-2) year 21 11.7 

middle stage (2-4) year 139 77.7 

productive stage (≥ 4 years) 19 10.6 

Table 9. Age of enset and EXW disease susceptibility at IR, OR and OF farm zones  
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that over 82.5% of enset landraces were susceptible to EXW and enset landraces, ‘Mazziya and Shodo-

dinya’, were relatively better tolerance to EXW disease. Similarly, Fikre & Gizachew (2007) reported 

that enset variety, Mazia, was tolerant to EXW.   

The disease incidence also associated with planting zone of enset around homestead. According to the 

survey data, 93.3% of informants showed disease devastation at the inner farm zone and 88.3% re-

sponded the disease incidence at both inner and outer farm zones (Table 12) suggesting the association 

of disease with farm management and fertility of the garden (Table 6 and Table 8). Landraces of enset 

used for processed products (kocho and Bulla) were recommended planting at around homestead and 

amicho was used to plant at OF farm zone. 

The finding was similar with Sabura et al. (2021), who reported that enset varieties grown for the fer-

mented product of the pseudostem were transplanted to the fertile inner zone and varieties for eating 

the cooked corm remain in the outer, less fertile zone and receive manure only during their earlier 

growth stages. 

  

Soil properties of 

symptomatic 

Farm zone pH EC (dS/m) OC (%) OM (%) Pav (mg/kg) 

IR 6.61±0.61a 2.06±0.54a 2.10±0.17a 3.62±0.30a 23.09±4.74a 

OR 6.06±0.41ab 1.05±0.44b 1.81±0.31a 3.35±0.60a 15.40±7.75b 

OF 5.62±0.46b 0.72±0.23b 1.47±0.23b 2.55±0.40b 3.11±1.66c 

Garden (n= 18) 

LSD (0.05) 0.62 0.52 0.30 0.55 6.56 

CV% 8.21 33.43 13.71 14.20 38.45 

Soil properties of 

non-symptomatic 

garden (n= 18) 

IR 6.66±0.26a 2.16±0.53a 2.14±0.21a 3.69±0.36a 27.12±4.47a 

OR 6.11±0.45b 1.07±0.34b 1.98±0.22a 3.58±0.41a 9.24±2.63b 

OF 
5.93±m0.24
b 

0.67±0.28b 1.65±0.14b 2.84±0.23b 3.48±1.64c 

LSD (0.05) 0.41 0.48 0.23 0.41 3.86 

CV% 5.28 30.16 9.9 9.98 23.66 

Table 10. Properties of soil (mean ± SD) among symptomatic and non-symptomatic enset farm zones (N=36). 
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No Enset landraces Uses 
Tolerant Susceptible 

Midrib color pseudostem color 
Frequency Percent Frequency Percent 

1 Alanga Kocho 94 52.5 85 47.5 Grey Green 

2 Beshera Kocho and amicho 42 23.46 137 76.54 Black Black 

3 Bodha Kocho and amicho 38 21.23 141 78.77 Brown Brown 

4 Booza Kocho 33 18.43 146 81.56 Red Red 

5 Cacao Amicho 21 11.7 158 88.3 Black Black 

6 Camise Kocho and amicho 17 9.5 162 90.5 Black brown Black brown 

7 Charga Kocho 83 46.4 96 53.6 Red Green 

8 Chamo Kocho 70 39.1 109 60.9 Red Green 

9 Cooce Amicho 24 13.4 155 86.6 Black brown Black 

10 Dokoze Kocho and amicho 66 36.9 113 63.1 Grey Green 

11 Falake Kocho 53 29.6 126 70.4 White White 

12 Gadha zinke Amicho 51 28.5 128 71.5 Deep red Black 

13 Gena Kocho 58 32.48 121 67.6 Red brown Red brown 

14 Geze zinke Amicho 88 49.2 91 50.8 Black Black 

15 Kalsa Kocho 75 41.9 104 58.1 Black Brown 

16 Katise Kocho 113 63.1 66 36.9 Green Grey 

17 Katane Kocho 43 24 136 76 Brown Black 

18 Kunka Amicho 39 21.8 140 78.2 Red Black red 

19 Lofe Amicho and medici- 26 14.5 153 85.5 Light red Light red 

20 Masa maze Kocho 179 100 0 0 Black Black 

21 Maze Kocho 179 100 0 0 Brown Black 

22 Orgozo Kocho and amicho 21 11.7 158 88.3 White White 

23 Phello Amicho 33 18.4 146 81.6 Brown Black 

24 Sorghe Kocho 126 70.4 53 29.6 Brown Grey 

25 Suyite Amicho and medici- 71 39.7 108 60.3 Wine Wine 

26 Wossa' ayfe Kocho 68 38 111 62 White White 

27 Zinke Amicho 41 22.9 138 77.1 Deep red Brown 

Table 11. Enset landraces, identity and reaction to EXW disease  
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Conclusion 

The study results revealed a soil fertility gradient across enset farming zones, decreasing towards the 

outfield, and variations in farm management practices (manure application, hoeing frequency, weed 

management, and leaf pruning) based on the preferred enset food type. Processed enset food products 

(Kocho, Bulla) were typically cultivated around the homestead and in plots receiving frequent manage-

ment to maintain soil fertility. In contrast, the cooking type (Amicho), which does not require fertile 

soil or intensive management, was predominantly grown in outfield farm zones. The spatial arrange-

ment of enset cultivars was also linked to the desired food product quality, with landraces for Kocho 

and Bulla being allocated to fertile plots to enhance pseudostem and corm production. Notably, the 

study showed a higher disease incidence in the IR farm zone compared to the OF farm zone, suggesting 

an association between disease, soil fertility gradients, and management practices. Furthermore, very 

few enset landraces exhibited complete resistance to EXW disease. 
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