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 Summary

Introduction  –  Xanthomonas wilt (XW) of enset 

is a major biotic constraint to enset cultivation in 

Ethiopia. Materials and methods  –  Three enset culti-

vars, namely, ‘Mazia’ (tolerant), ‘Arkiya’ (susceptible) 

and ‘Kelisa’ (susceptible) were inoculated with Xan-

  pv.  (Xvm), the causal 

agent of XW at Hosanna (2,177 m a.s.l.) in Southern 

Ethiopia. The treatments included inoculation of one 

or three outer leaves, and subsequent removal or 

non-removal of symptomatic leaves and leaf sheaths. 

This study explored the potential effect of singly re-

moving symptomatic outer enset leaves on the re-

covery of enset plants from XW disease. Removal of 

symptomatic outer leaves was postulated to remove 

a large percentage of inoculum from a plant, thus 

preventing further symptom development on more 

inner/adjacent/younger leaves, eventually leading to 

the recovery of infected enset plants. Results and dis-

cussion  –  The ‘Mazia’ enset cultivar was tolerant as it 

recovered fully irrespective of the number of leaves 

inoculated and whether single symptomatic leaves 

were removed or not. Singly removing symptomat-

ic leaves in this tolerant enset cultivar however sig-

-

proximately two months. This practice could thus be 

promoted for hastening the recovery of tolerant enset 

cultivars. For the susceptible cultivars ‘Arkiya’ and 

‘Kelisa’, leaf removal only improved recovery when 

single leaves were inoculated. However, infection lev-

els still remained high by the close of the experiment, 

suggesting that the practice may not be suitable in 

the susceptible cultivars. Conclusion  –  This study was 

conducted on young enset plants; cutting symptomat-

ic leaves on susceptible but more mature plants could 

be explored. For the tolerant cultivars, the practice 

needs validation through studies on a wider range of 

cultivars.
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What is already known on this subject?
• Diseased enset plant uprooting and destruction is 

currently advocated to reduce Xanthomonas wilt in-

cidence on farms and across enset-based landscapes. 

Completely uprooting a diseased mature enset plant is 

tedious and time consuming.

• Singly removing symptomatic outer leaves of Xan-

-

ly hastened plant recovery by approximately two 

months. This practice may however not be suitable 

in susceptible enset cultivars, as infection levels re-

mained high throughout the experiment.

What is the expected impact on horticulture?
• The timely removal of outer symptomatic leaves (and 

not the whole plant) could thus be promoted for 

hastening the recovery of Xanthomonas wilt-tolerant 

enset cultivars.

Introduction
Enset (Ensete ventricosum (Welw.) Cheesman) and ba-

nana (Musa spp.) belong to the Musaceae family (Janssens 

et al., 2016). Whereas banana is cultivated in most tropical 

and subtropical regions of the world, enset has only been 

domesticated in Ethiopia (Brandt et al., 1997; Borrell et al., 

2018). Enset is a staple food for about 20% of the Ethiopian 

population, hence over 20 million people, living in the south 

and south-western parts of the country (Borrell et al., 2018). 

It is estimated that around 60 mature plants are needed an-

-

ple (Demeke, 1986). Enset-derived food is mainly consumed 

with other dietary components; typically, vegetables ( , 

carrots, onions, tomatoes, cabbage, green leafy vegetables), 

legumes, cereals, meat and dairy products (Demeke, 1986). 

Enset and banana have similarities in plant morphology and 

are easily affected by a number of pests and diseases which 

et 

al., 2017b; Dita et al., 2018). For example, Xanthomonas wilt 

(XW) caused by the bacteria Xanthomonas vasicola pv. mu-

sacearum (Xvm) is a major constraint to the cultivation of 

both enset and banana in east and central Africa (Blomme 

et al., 2017b; Blomme and Ocimati, 2018). In highly suscep-

tible cultivars, XW causes severe yield loss (sometimes up to 
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100%) under poor tool management practices (Blomme et al., 

2017b; Blomme and Ocimati, 2018; Borrell et al., 2018). In ba-

nanas, infection also spreads through insect vector transmis-

et al., 2017b). For enset, insect-vectored 

transmission does not occur due to the presence of persistent 

et al., 2017b).

Xanthomonas wilt bacteria entering the corm, roots, 

pseudostem and leaves of a banana or enset plant, , 

-

lowing and wilting of the leaves (Tushemereirwe et al., 2004; 

Ocimati et al., 2013a, b, c; Nakato et al., 2014). In addition, an 

internal cross-section of a pseudostem shows yellow bacte-

rial ooze from the vascular bundles. For banana, visible Xan-

thomonas wilt symptoms after an insect-mediated infection 

bracts, followed by drying of the rachis coupled with bacteri-

al exudation, often followed by premature ripening of some 

or all of the fruits, and eventually wilting and death of the 

entire plant (Tushemereirwe et al., 2003; Biruma et al., 2007; 

Ocimati et al., 2013a, b, c; Nakato et al., 2014).

Control of the disease is mainly through improved cultur-

al practices that prevents the introduction of the pathogen 

et al., 

2017b). The recommended cultural practices for banana in-

clude the use of clean planting materials, complete uprooting 

of diseased banana plants/mats (a mat is a cluster of phys-

ically interconnected shoots) and single diseased stem re-

moval (SDSR), coupled with early male bud removal using a 

forked stick and sterilization of metal farm tools (Blomme et 

al., 2017a, b; Blomme and Ocimati, 2018). The SDSR practice 

occurs in banana, i.e., Xvm bacteria do not invade all physical-

ly attached shoots in a mat, when one plant in that mat gets 

infected (Ocimati et al., 2015; Blomme et al., 2017a). SDSR 

rapidly lowers disease incidence levels leading to full recov-

et al., 2017a).

Similar to SDSR, though not experimented upon to date, 

recovery of banana plants has been reported by banana 

farmers after detaching single symptomatic (i.e., yellowing 

and wilting) banana leaves (Ocimati Walter, pers. commun., 

2012, in Nakato et al., 2014).

The removal of all infected stems in a banana mat, 

through cutting at soil level, as soon as symptoms are ob-

reduce the level of inoculum in infected mats or plots. This is 

further postulated to prevent Xvm from infecting other phys-

ically attached shoots or delaying Xvm from attaining a crit-

ical mass to cause infection, thus leading to a gradual recov-

et al., 2014; Blomme 

et al., 2017a). For example, Ntamwira et al. (2019) reported 

yield losses varying between 10% when cutting single dis-

ease plants (i.e., SDSR application) is delayed by two weeks 

are left to rot in situ.

Enset plants unlike banana do not produce lateral shoots 

-

ed. Current management of XW in enset is by complete re-

moval of all infected enset plants (Yemataw et al., 2012), as 

it is assumed that Xvm will invade the whole plant and even-

tually destroy the infected plant. Current control messages 

advise farmers to remove/destroy all infected enset plants, 

regardless of how many leaves are symptomatic or if these 

are outer, middle or inner leaves.

Numerous research questions linked to Xvm movements 

within enset plants remain, , do Xvm bacteria easily move 

in between leaves or leaf sheaths of an infected enset plant? 

Could the removal of symptomatic enset leaves as reported 

-

mun., 2012, in Nakato et al., 2014) lead to full plant recov-

ery (i.e., prevent symptom expression in other leaves)? Xvm 

bacteria need to pass via the hard corm tissue (at the base 

of leaf sheaths) when invading adjacent leaf sheaths. Could 

this hard corm tissue constitute a barrier for bacterial move-

ments from one to another leaf sheath within an enset plant?

-

vent the complete loss of affected enset plants is thus recom-

mended. Uprooting a mature plant is also tedious and labor 

demanding.

This study was carried out to determine the response of 

various enset cultivars to inoculation of varying numbers of 

outer leaf sheaths (i.e., mimicking a tool-mediated infection) 

with Xvm and to determine if the removal of outer symptom-

atic leaves (hence removing a large percentage of inoculum 

from a plant) will prevent further symptom development on 

adjoining younger leaves and eventually lead to the recov-

ery of infected enset plants. In case full plant recovery is ob-

served (for one or more enset cultivars), XW of enset control 

Materials and methods

Study area

An Xvm inoculation trial was established at Hosanna 

(7°33’N, 37°51’E; 2,177 m a.s.l.) in Southern Ethiopia. Ho-

sanna is characterized by an average annual minimum tem-

perature of 10.5 °C and a mean annual maximum tempera-

ture of 22.5 °C, while the average annual rainfall ranges from 

1,001–1,200 mm (Mukerem and Shimelis, 2019).

Planting materials

Three enset cultivars, namely ‘Mazia’, ‘Kelisa’, and ‘Arkiya’, 

were selected based on their level of susceptibility to Xvm in-

fections. The cultivar ‘Mazia’ (sourced from Dawro) is known 

to be tolerant to Xvm and recovery after infection has been 

and Said, 2016). The ‘Arkiya’ variety from Dawro (with red 

leaf midrib) is highly susceptible to Xvm, while the variety 

‘Kelisa’, originally sourced from the Kembatta Tembaro zone, 

is intermediately susceptible to Xvm (Yemataw et al., 2012; 

farmers as a male cultivar, while ‘Arkiya’ and ‘Kelisa’ are clas-

et al., 2014). The male 

cultivars are characterized by a harder corm (hence more dif-

i.e., fermented starch 

obtained from scraping the pseudostem and corm tissues), 

and a higher level of XW tolerance. In contrast, the female 

cultivars are characterized by softer, more easily processed 

corms, higher palatability of Kocho/starch and a higher sus-

ceptibility to XW (Yemataw et al., 2014).

Experimental design

The three enset cultivars were allocated to four plots 

each (giving an overall total of 12 plots) in a completely ran-

domized design (CRD). The CRD was chosen because the ex-

-

scape. More still, soil conditions have so far not been report-
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plot consisted of eight enset plants, giving an overall total of 

32 plants per cultivar. Enset plants were planted at a spacing 

of 1.5 m × 3 m in April 2015.

Treatments

on September 22, 2017 when the plants were 29 months 

-

rial suspension in the under-side of upper petiole sections 

of outer functional leaves. Bacterial ooze for inoculations 

was obtained from pseudostems of diseased enset plants 

sourced from the Southern Region/Hadiya zone. Fifty mL of 

the bacterial ooze was mixed with 950 mL of distilled and 

sterilized water to obtain a bacterial suspension. Ten mL of 

this bacterial suspension was injected per leaf. The bacterial 

suspension was thoroughly stirred before sucking up a new 

suspension in the syringe between inoculated leaves, this in 

order to have a more or less equal amount of bacteria in each 

injection. All inoculated enset plants were clearly marked 

and numbered with a plastic ribbon attached to each inoc-

ulated leaf petiole.

In each of the 12 plots, four plants were inoculated in 

one outer leaf, while the other four plants were inoculated in 

three outer leaves. Hence, thirty-two plants were inoculated 

per enset variety (4 sets of 8 plants). For 16 enset plants one 

leaf, the oldest (outer) green standing leaf was inoculated 

per plant, while for the other set of 16 plants, the oldest 3 

standing green leaves were inoculated per plant. Plant height 

(cm), pseudostem height (m), pseudostem circumference at 

1 meter height (m), number of functional leaves (with at 

least 50% green leaf lamina) and leaf width of the largest leaf 

(cm) at the widest point was measured for all plants at time 

of Xvm inoculation (Table 1). The average plant height at 

the time of inoculation ranged from 3.21–3.43 m in ‘Arkiya’, 

2.23–2.63 m in ‘Kelisa’, and 2.90–3.45 m for ‘Mazia’ (Table 1).

For half of the inoculated plants (i.e., a total of 48 plants 

leaves were cut at the base of the leaf sheath within four days 

was always in the inoculated leaf/leaves) (Figure 1A, B). 

During this process, any outer dried leaf sheaths or leaf 

sheaths without a functional leaf were also removed. Cutting 

of outer symptomatic leaves was carried out once per plant. 

This leaf sheath removal process often led to thin and fragile 

pseudostems, composed of softer inner/middle leaf sheaths 

and leaves (Figure 2A, B). These thin stems were very fragile 

to wind damage.

For the other half (control plants, a total of 48 plants 

across the three enset cultivars), all symptomatic leaves were 

left in place and no diseased leaf cutting was carried out.

In case symptomatic middle or inner leaves appeared 

in the leaf cutting treatment, the whole pseudostem was re-

moved at soil level, leaving only the intact corm in the ground, 

in the hope that re-emerging young leaves would develop 

into a healthy plant. It was assumed that the Xvm bacteria 

would have invaded the whole plant once middle or inner 

leaves show symptoms following inoculation of outer leaves. 

As it is impossible to remove the leaf sheaths of symptomatic 

inner or middle leaves, it was opted for a complete cut of the 

pseudostem at soil level, in order to remove as much of the 

inoculum as possible, and as an ultimate measure for possi-

ble plant recovery.

Data collection

symptomatic leaf. The visible symptoms of XW can easily be 

leaf yellowing and wilting. In addition, there is only one bac-

terial wilt of enset in Ethiopia, so any mix-up with other pos-

sible disease symptoms cannot occur.

Disease symptom expression was regularly monitored 

(DAI). At each assessment time, the percentage of symptom-

atic leaves was calculated as: number of symptomatic leaves 

 1. Plant growth traits at time of inoculation with Xanthomonas vasicola pv. musacearum according to enset cultivar, 

number of inoculated leaves, leaf removal or non-leaf removal treatment.

Enset 

cultivar

Treatments Initial agronomic parameters

Number of 

inoculated 

leaves

Symptomatic 

leaves

Plant 

height 

(m)

Pseudostem 

height 

(m)

Pseudostem 

girth at 1 m 

height (m)

Number 

of 

leaves

Leaf lamina 

widest width 

(cm)

Arkiya 1 Not removed 3.21ab 0.85abc 1.14ab 7.43a 55.57abcd

1 Removed 3.22ab 0.88ab 1.02ab 6.63ab 55.50abcd

3 Not removed 3.43a 1.02a 1.05ab 6.78ab 61.11ab

3 Removed 3.21ab 0.85abc 0.95ab 7.14a 53.86bcd

Kelisa 1 Not removed 2.44c 0.63bcde 0.99ab 6.75ab 47.63d

1 Removed 2.36c 0.55de 0.97ab 6.75ab 49.00cd

3 Not removed 2.63b 0.58cde 1.30a 6.50ab 48.75cd

3 Removed 2.23c 0.50e 0.85b 6.25b 48.50cd

Mazia 1 Not removed 3.38a 0.92a 1.13ab 6.75ab 63.25ab

1 Removed 2.90abc 0.81abcd 1.02ab 6.63ab 57.75abc

3 Not removed 3.30ab 0.95a 1.12ab 7.38a 65.13a

3 Removed 3.45a 0.98a 1.12ab 6.88ab 64.88a

Lsd (5%) 0.70 0.28 0.39 0.81 9.89

P value (interaction) 0.363 0.524 0.380 0.123 0.487

P value (cultivars) <.001 <.001 0.764 0.123 <.001

Cv% 24.2 36.3 38.6 12.3 18.3
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over total number of functional leaves on a plant × 100.

At closure of the trial, corm hardness/compactness of the 

three enset cultivars was assessed using a fruit hardness me-

ter/penetrometer (Scale 2–15 kg (× 105 Pascal); Model GY-1; 

https://www.pinearts.nl/index.php/meettechniek/hard-

heidsmeter/fruit-hardheidsmeter-penetrometer-2-15-kg.

html). Corm tissue hardness was assessed in inner, middle 

and outer sections of corms. In addition, tissue hardness of 

leaf sheaths was assessed for inner, middle and outer leaves. 

Tissue hardness values were obtained by pushing the needle 

of the fruit hardness meter into corm and leaf sheath tissues.

During September 2018, tissue samples were aseptically 

collected from remaining/recovered/standing plants of all 

the three enset cultivars to check for the absence or presence 

of Xvm (i.e., latent infections). Samples were collected from 

inner, middle and outer leaf sheaths, leaf midribs of middle 

leaves, leaf lamina of middle leaves and outer, middle and 

central corm sections (Figure 1E). Collected samples were 

stored in separate sterilized polythene bags and taken to the 

SARI Hawassa laboratory for analysis.

The presence of bacterial colonies was assessed on cul-

ture media (i.e., a semi-selective medium YTSA-CC containing 

yeast extract (1%), tryptone (1%), sucrose (1%), agar (1.5%), 

cephalexin (50 mg L-1) and cycloheximide (150 mg L-1), 

pH 7.0) (Tripathi et al., 2007) at 24 and 48 hours after plat-

 of suspension. The suspension was obtained by 

putting macerated plant tissue in 10 mL of sterilized distilled 

water. Scoring was done using a subjective visual scale rang-

ing from low to high. A plate was scored high, medium, or 

low if, respectively, 31–50%, 20–30% and < 20% of the plate 

was covered with Xvm colonies. Petri plates with a smear of 

Statistical analysis

Analysis of variance obtained using the GenStat v. 11 sta-

tistical software (VSN International Ltd., 2009) was used to 

determine the effects of leaf removal and cultivar on enset 

growth parameters, time to symptom expression and symp-

-

ity level was used for separating means of the different de-

  Xanthomonas wilt of enset symptom development on inoculated outer ‘Arkiya’ leaves at 25 DAI (A); symptomatic 

outer ‘Arkiya’ leaf removal using a sterilized knife at 26 DAI (B); recovery of an ‘Arkiya’ plant at 69 days (C) and at one year 

after symptomatic outer leaf removal (D). Tissue sample collection, at 365 DAI, of a recovered ‘Arkiya’ plant to check for latent 

infections (E).
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pendent variables for varying levels of leaf removal and enset 

cultivars.

Results and discussion

Initial plant traits at inoculation

differences occurred for the pseudostem girth and the mean 

number of leaves across the enset cultivars irrespective of the 

treatments applied. The ‘Mazia’ and ‘Arkiya’ plants were in 

general taller and with wider leaves than the ‘Kelisa’ plants. 

-

tween the cultivars and two treatments were observed for all 

the parameters measured at inoculation.

Incidence of symptoms after inoculation

Initial symptoms indicative of Xvm infections were ob-

served on 84.4% of enset plants at 27 DAI. These leaf symp-

toms, which were the same for all three assessed cultivars, 

included chlorosis (yellowing) and gradual wilting of the 

outer inoculated leaves. XW symptoms were consistently 

three enset cultivars and treatments (Figure 1A). The mean 

time to symptom expression across the three enset cultivars 

varied between 19.5 and 27.4 days (Table 2). Leaf symptoms 

-

vars and ranged from 19.5–22.1, 24.0–26.4 and 25.3–27.4 

-

ferences were also observed between the plants in which a 

single leaf and three leaves were inoculated, with plants in 

which three leaves were inoculated succumbing earlier than 

those in which a single leaf was inoculated (Table 2).

Before outer inoculated symptomatic leaves could be 

removed, all leaf sheaths of non-functional outer leaves (i.e., 

leaf sheaths with dried-up leaf laminas) also had to be re-

moved. This often resulted in plants with a very slim pseu-

dostem, consisting of less hardened inner and middle leaf 

sheaths, which were no longer resistant to strong winds 

(Figure 2A, B). The hardened sheaths of outer non-function-

al leaves strengthen the pseudostem. For example, after the 

removal of leaf sheaths of non-functional and symptomatic 

-

ing three plants which had three leaves inoculated and two 

plants which had one leaf inoculated) and two ‘Mazia’ plants 

(comprising plants which had one leaf inoculated) doubled/

broke due to strong winds (Figure 2C–E). Plants of which the 

pseudostem doubled were cut off above the apical meristem. 

One ‘Arkiya’ and both ‘Mazia’ plants recovered and emerging 

leaves were asymptomatic. A contributing factor to the poor 

recovery of ‘Arkiya’ plants was breakage at the level of the 

corm (Figure 2E), which prevented recovery as upper corm 

part with apical meristem had been detached.

In addition, two ‘Kelisa’ and two ‘Arkiya’ plants devel-

oped at, respectively, 65 and 67 days after inoculation, wilt 

symptoms on middle and inner leaves (Figure 3), and pseu-

  Enset plants of which outer symptomatic leaves have been removed are susceptible to wind damage. A plant with 

a very slim pseudostem, consisting of less hardened middle and inner leaf sheaths (A and B); breakage can occur above the 

corm tissues and apical meristem in which case regrowth could occur (C and D) or breakage can occur at the corm level but 

below the apical meristem preventing any regrowth (E).
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dostems of these plants were subsequently cut off at soil lev-

el (above the apical meristem). These plants were however 

unable to recover and died.

i.e., num-

ber of inoculated leaves and removal or non-removal of 

symptomatic leaves) effects were observed at all the assess-

ment dates. All inoculated ‘Mazia’ plants had recovered (i.e., 

new emerging leaves did not show any disease symptoms) 

by 101 DAI (Figure 4). Removal of visibly diseased leaves sig-

to 34 DAI compared to 101 DAI for those in which visibly 

diseased leaves were retained. This was irrespective of the 

number of leaves inoculated (Figure 4). ‘Mazia’ plants in 

which only one leaf was inoculated had a lower number of 

plants with visibly infected leaves (5.3–14.6) compared to 

7.2–19.4 for the three-leaf inoculations over the study period 

(Figure 4).

A higher percentage leaf symptom incidence (28–100%) 

was observed for the two susceptible enset cultivars (‘Arkiya’ 

and ‘Kelisa’) (Figure 4). In most cases, the early removal of 

-

tom incidence values. Lowest plant incidence values were ob-

served for plants of which only one leaf was inoculated and of 

which visibly diseased leaves were removed (Figure 4).

 2.

symptom expression for different enset cultivars and leaf 

treatment inoculation and removal combinations.

Enset 

cultivar

Treatments Number of 

days to 

 

symptom*

Number of 

inoculated 

leaves

Symptomatic 

leaves

Arkiya 1 Not removed 26.43

1 Removed 25.13

3 Not removed 24.67

3 Removed 24.00

Kelisa 1 Not removed 22.13

1 Removed 21.13

3 Not removed 20.25

3 Removed 19.50

Mazia 1 Not removed 27.38

1 Removed 25.87

3 Not removed 25.75

3 Removed 25.25

Lsd (5%) 2.93

P value (leaf removal) 0.139

P value (number of inoculated leaves) 0.025

P value (leaf inoculation × leaves removed) 0.695

P value (cultivar) <.001

P value (cultivar × leaves removed) 0.918

P value (cultivar × leaves inoculated) 0.996

P value (interaction of 3 treatments) 0.97

Cv% 12.65

* All initial symptoms were observed on the outer inoculated leaves.

  ‘Kelisa’ plants of which outer symptomatic leaves were removed, and 

inner and middle leaves subsequently also showed Xanthomonas wilt symptoms 

(pictures 1 and 2). These plants eventually died. Pictures 3 and 4: some of the few 

recovered ‘Arkiya’ plants of which symptomatic leaf sheaths had been removed, 

at 70 days after leaf removal (B1 and C1). A diseased/wilting ‘Arkiya’ plant (A1) 

of which symptomatic leaves had not been removed. The same recovered ‘Arkiya’ 

plants at 260 days after leaf removal (B2 and C2). The ‘Arkiya’ plant of which 

symptomatic outer leaf sheaths had not been removed ultimately died (A2).
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 Progression (from 27 till 129 days after inoculation; DAI) of Xanthomonas wilt of enset leaf symptoms for the three 

enset cultivars (‘Mazia’, ‘Arkiya’ and ‘Kelisa’) according to number of inoculated outer leaves (1 or 3 leaves) and removal (R) or 

non-removal (NR) of visibly diseased outer leaves.

 3.  Xanthomonas vasicola pv. musacearum (Xvm) colony scores on media according to cultivar and treatments. Only 

samples from treatment combinations with remaining/standing/recovered plants were evaluated. ‘R’ and ‘NR’ denote 

removed and not removed, respectively.

Enset 

cultivar

Treatments Xvm colony score / plant part

Predominant 

score(s)
Number of 

inoculated 

leaves

Symptomatic 

leaves

Outer leaf 

sheath

Middle leaf 

sheath

Inner leaf 

sheath

Leaf midrib 

of middle 

leaf

Leaf 

lamina of 

middle leaf

Corm

Arkiya 1 R L*, M, M L, L, L L, L, L L, L, L L, L, L L, N, M L

3 NR M M M M M M M

3 R L L L M L L L

Kelisa 1 NR H, H, H H, H, H H, H, H H, H, H H, N, H M, M, M H

1 R L, L, L, H L, L, L, L L, L, L, M M, L, L, M L, M, L, L M, L, M, M L

Mazia 1 NR M, L, M, M M, L, N, L L, L, L, L M, M, L, L L, L, L, L M, M, L, M L and M

1 R L, L, M L, L, L L, L, L L, L, L L, L, L L, M, L L

3 NR M, M, M, M L, M, L, L L, M, L, L L, L, L, M L, L, N, L M, L, L, L L and M

3 R L, L, L, L L, L, L, M L, L, L, L L, L, L, M L, L, L, L M, M, L, M L

*: Colony score: H (high; 31–50% of the petri plate was covered with Xcm colonies); M (medium; 20–30%); L (low; <20%); N (no Xvm colonies). 

Each letter in the Table represents an observation on one plate.

 4.  Hardness properties for outer, middle and inner corm, and leaf sheath tissues of three enset cultivars measured with 

a fruit hardness/penetrometer.

Cultivar type Enset cultivar

Tissue hardness (value × 105 Pa)

Leaf sheath Corm

Outer Middle Inner Outer Middle Inner

Female Kelisa   9.6   8.2   7.0 >15 14 to >15 10.4 to >15

Arkiya   9.8   8.8   8.3 >15 14.5 12.8

Male Mazia 13.5 12.9 13.1 >15 12.2 to >15 10.0 to >15
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Bacterial colony score on media after isolation

Leaf removal affected Xvm load in recovered plants (Ta-

ble 3), as predominantly low Xvm scores were recorded for 

all leaf removal treatments across the three cultivars. The 

non-leaf removal treatments recorded low to medium, me-

dium and high Xvm colony scores. A predominantly medi-

um or high Xvm score was observed for ‘Arkiya’ and ‘Kelisa’ 

plants of which no visibly diseased leaves were removed. In 

contrast, predominantly low and low/medium scores were 

observed for ‘Mazia’ plants of which the symptomatic leaves 

were, respectively, removed or not removed. Predominantly 

low Xvm scores were observed for ‘Arkiya’ and ‘Kelisa’ plants 

of which the symptomatic leaves were removed.

Leaf sheath and corm hardness

Leaf sheath tissue hardness assessed using a fruit hard-

ness meter/penetrometer (scale 2–15 kg (× 105 Pa)) showed 

the highest hardness values for the outer and oldest leaf 

sheaths. For the corm tissues, the corm hardness was also 

highest for the outer corm layer and least for the inner corm 

layer (Table 4). No differences in corm hardness were ob-

served for the outer layer of the corm tissues across the three 

cultivars. In contrast, the hardness scores of the inner and 

middle corm tissues of the susceptible cultivars ‘Kelisa’ and 

‘Arkiya’ were generally higher than that of ‘Mazia’, the toler-

ant cultivar (Table 4).

Conclusion
This study explored the potential of removing single 

symptomatic leaves to hasten the recovery of two XW sus-

ceptible enset cultivars and a XW tolerant enset cultivar 

following inoculation of outer functional leaves. Plant mea-

surements at inoculation showed that ‘Mazia’ and ‘Arkiya’ 

were more robust in size than the ‘Kelisa’ plants. However, 

the lack of interaction the plant measurements suggests a 

more random distribution of different enset sizes within the 

treatments, thus likely not affecting the outcome of the study.

Results from this study show that early removal of visibly 

diseased outer leaves from infected enset plants irrespective 

of cultivar reduced leaf symptom incidence and increased 

plant recovery (Figure 3), with quicker recoveries where a 

single leaf was inoculated (a good proxy for lower inoculum 

as it recovered fully from the XW infection irrespective of the 

number of leaves inoculated and whether single symptom-

atic leaves were removed or not. These observations are in 

agreement with previous reports that ‘Mazia’, a perceived 

male enset cultivar, was tolerant to XW disease (Yemataw et 

al., 2014). Removal of single symptomatic leaves in this tol-

-

covery of the plants (i.e., by approximately two months). This 

shortened time to recovery due to single leaf removal could 

be taken advantage of for enhancing the recovery of this and 

possibly other tolerant cultivars.

The observed recovery can be attributed to the reduced 

inoculum build up and movement of bacteria to adjacent 

leaf sheaths. In addition, the recovery of all ‘Mazia’ plants of 

which no visibly diseased leaves were removed might indi-

cate the presence of a resistance mechanism or incomplete 

bacterial movement/systemicity in this cultivar. Nakato et al. 

(2015) observed dead transverse tissues in the inoculated 

leaf sheaths of banana plants that recovered and suggested 

a possible limitation of bacterial colonization of some of the 

inoculated xylem/phloem tissues, preventing/minimizing 

further bacterial invasion and systemic spread.

be susceptible, though contrary to reports, ‘Kelisa’ turned 

out to be more susceptible than ‘Arkiya’. For these susceptible 

when single leaves were inoculated. However, the observed 

disease reduction (up to 72%) in the susceptible enset 

cultivars was not high enough to bring the single diseased 

leaf removal practice forward as an affective measure in 

combatting XW for these cultivars.

Outer symptomatic leaf removal often weakened the 

pseudostem, and stem snapping or doubling due to wind was 

observed. This needs to be taken into consideration when 

applying symptomatic outer leaf removal in landscapes or 

It had been postulated that the incomplete systemicity 

of Xvm might result from a harder corm tissue that prevents 

Xvm bacteria from moving from an infected leaf sheath into 

adjacent healthy leaf sheath tissues. Contrary to expectations, 

the ‘Mazia’ cultivar had some of the softest middle and inner 

corm tissues compared to the susceptible checks ‘Kelisa’ and 

‘Arkiya’, hence contradicting the hypothesis that the tolerance 

of the male cultivar is due to the hardness of the corms that 

hamper bacteria movement.

This study was conducted on young enset plants, cutting 

symptomatic leaves on susceptible but more mature plants 

could be further explored. For the tolerant cultivars, studies 

on a wider range of cultivars would be warranted for 

validation of the practice.
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