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Abstract
Enset(Ensete ventricosuifWelw.) Cheesman) is a perennial staple food evinely cultivated
in the south and southwestern Ethiopia. It suppbedives of approximately 20 million people.
However, its cultivation is impeded by enset baatewilt (EBW). Therefore, the aim of the
study was to evaluate the antibacterial activityngdicinal plant extracts and antibiotics against
Xanthomonas campestris pv. musaceafdem); to study induction of resistance in enset by
leaf extract and evaluate its contribution in collitng enset bacterial wilt disease and to
investigate growth and metabolic responses of eokstes under different treatments.The
antibacterial activities of methanol leaf extradis Achyranthes asperaAgarista salicifolia,
Datura stramonium, Melia azedarach, PycnostachygsaimicaandVernonia amygdalinand
some antibiotics; amoxicillin, cephalexin, chlordmpicol, streptomycin sulphate and
tetracyclinewere evaluatedn vitro. Qualitative analysis of leaf extracts was carmed using
standard methods. Total phenolics content was asomwith Folin Ciocalteau method. The
antibacterial activity of methanol leaf extractssvevaluated by disc diffusion method. Minimum
inhibitory concentration was determined using agjaution method. The potential role @.
salicifolia leaf extract to trigger induced resistance, mdiabohanges in resistant and

susceptible enset clones and the subsequent ssigoresf EBW was evaluated. Growth,



photosynthetic and biochemical responses of theetwget clones, Viz., resista@éntichg and
susceptible Nlidashg were evaluated 120, 270 and 360 days after tesdtrapplication. The
phytochemical screening results revealed the exdsteof alkaloids, phenols, terpenoids,
saponnins, tannins and glycosides in extradi.afalicifoliain abundant amount. Similar result
was observed iR.abyssinicaextract. However, glycosides were abséfdreover,A. salicifolia
leaf extract had the highest total phenolics cantéshowed a 100, 85.7, 100, 61.2 and 12.3 %
increment fromA. asperaA. salicifolia, D. stramonium, M. azedarach, P. sfipicaandV.
amygdalina.The widest inhibition zone diameter was recorded.isalicifolia extract followed

by P. abyssinica.A statistically significant difference in inhibith zone diameter was seen
between species and among serial concentratiofsnwét species extract. The two species
extracts also showed the lowest minimum inhibitdiIC) and minimum bactericidal
concentrations (MBC). Similarly, antibiotics showeahtibacterial activity against Xcm.
However, the inhibition zone diameters of antilmstiwere significantly higher fivefold times
than leaf extracts. The highest anti-Xcm activwys shown by streptomycin sulphate (50.3 mm
at 50 mg/mL) followed by amoxicillin (49.7 mm at B5@y/mL). However, the lowest MIC (0.02
mg/mL) and MBC (0.049 mg/mL) values of antibiotiegere recorded by tetracycline. In
addition, extract treated and Xcm inoculated plaritboth clones had an increased activity of
phenylalanine ammonia lyase (PAL), peroxidase, gdudyol oxidase and greater amount of total
phenolics content (TPC) and total soluble suga&S{T Induced plants of the resistant clone
showed an 8, 4.6, 3, 13 and 4.6 fold incremen®Ah activity compared to controls at 24, 48,
72, 96 and 120 h post treatment, respectiviifjected control plants on the other hand
demonstrated a 7, 3.6, 2.3, 10.6 and 2.4 fold mergs compared to controls. Similarly, induced

plants of the susceptible clone exhibited 1.5, 1.4, 4.2 and 4.4 fold increments in PAL activity



compared to controls at 24, 48, 72, 96 and 120 dt weatment, respectively. While infected
control plants showed a 0, 1.3, 1.4, 3 and 2 fotdements in PAL activity compared to controls
at similar sampling time. The activity of testedzgmes and amounts of TPC and TSS were
significantly increased in plants of the resistaline treated with leaf extract and Xcm as
compared to plants of the susceptible clone. Thelteof the study suggested that the difference
between the two clones was partially caused byatiaris in biochemical responses. Extract
induced resistance brought a 33.33 % and 3.1% s#seeidence reduction in plants of the
susceptible and resistant clones, respectively,peped to infected controls. Plants of the two
enset clones also showed variations in growth dngiplogical responses among themselves
and between treatments at different measuring tpeeods. Nine months after treatment
application, induced plants of the resistant clbad significantly lower pseudostem (22.2%),
total leaf area (6.8%) and leaf area index (32%) tbontrol plants. Similarly, infected control
plants of the susceptible clone showed lower psstedo girth (29.4%), total leaf area (37.3%)
and leaf area index (37.3%) as compared to coni@®#serally, the results suggest that extracts
of A. salicifolia andP. abyssinicahave high potency and the potential for furthemolation
development as biocides with broad spectrum agtivietracycline with the lowest MIC and
MBC values is also a potential alternative in collitig EBW. Moreover, the results also suggest
the feasibility of induced resistance to control VEBHowever, further research should be
conducted to formulate the extracts, identify thetive compounds responsible for the
antibacterial activity of extracts, and evaluate ferformance of other application methods

under field conditions.
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CHAPTER ONE

1. INTRODUCTION

1.1. Background

Some crop species which have been cultivated femnia and contributing to the livelihoods
of local communities are rarely known outside thgions of their cultivation and use. Crops
with such localized cultivation and uses are mamgigwn in subsistence farming systems in
many developing countries. They substantially dbaote to food security of small-holder
farmers (Danset al, 2012; Temesgen Maguit al, 2014). One among such crops in Ethiopia is
Enseteventricosur(Welw.) Cheesman), a crop commonly known by itm&eular name enset.

It is @ monocarpic perennial crop widely cultivatedhe south and southwestern Ethiopia. Enset
is a traditional crop that makes up the Edsseted farming system (Desalegn Rahmato, 1996). It
serves as a staple/co-staple food nourishing appet&ly 20 million people in the country

(Temesgen Addis, 2005; Temesgen Magatlel, 2014).

Enset is a multi-purpose crop cultivated for thouisaof years only in Ethiopia, where it was
domesticated. As a food crop, enset offers seveeaits. First, the plant can be harvested at any
time during the year and the corm can be harvestteshy stage over a period of several years.
Second, enset foods can be stored for long pe(iDdseje Fekadu, 2009; Abay Ayalew and
Mikias Yeshitila, 2011). Third, compared to cerealsgives a high food yield per unit area.
Enset growing regions of Ethiopia are well known tleeir high population density which may
not be supported by any other type of land use@od (Admasu Tsegaye and Struik, 2001).
Because of this, the land holding of each farmeery small and yet the population rarely faces

food shortage, because of the high productiviterdet. Fourth, enset grows in a wide range of



environments from about 1200 to 3100 meters abeadesel (Taye Bezuneh and Asrat Feleke,
1966; Temesgen Addis, 2005). This allows farmergrtov the plant in all parts of the country
including areas not suitable for cereal cultivatibifth, enset is considered tolerant to drought,
heavy rains, flooding and other stress factors é[@efFekadu, 2009). Moreover, research results
suggest that “those populations depending on emset¢ never suffered from famine, even
during Ethiopia’s tragic drought and famine prorecaties of the 1970s and 1980s” (Shigeta,
1991; Brandet al, 1997). This shows the potential role of ensedrtsure national food security

(Admasu Tsegaye and Struik, 2002; AlImaz Negash\aaklof, 2004).

In spite of its merits, enset agriculture has neeisurprisingly little extension, development, or
research attention. This perhaps is because: lindjerity of enset farmers live in one of the
least developed regions of Ethiopia, making aceess logistics difficult in the past; 2) the
system is unique when compared to cereal farmipgr@&luction processes are complex; and 4)
there is the perception that it is eminently susftéssustainable, and trouble-free (Braatltl,
1997; MacEnteet al, 2013). It was only in 1997 that the Ethiopiarvgmment declared enset
as a national crop implying the start of researttnéion to the crop (Branddt al., 1997).
Nowadays, enset cultivation is threatened by variabiotic and biotic environmental factors
such as diseases, insect pests, vertebrate pesightl declining soil fertility and an increasing
human population (Admasu Tsegaye and Struik, 208&)esgen Addis, 2005; Temesgen Addis

et al, 2008).

Of all the aforementioned environmental factasset bacterial wilt, also calleXanthomonas
wilt is the major constraint to ensetltivation followed by drought (Solomon Zewdie, ().

Enset bacterial wilt is caused by the Gram negativgopathogenic bacteriuddanthomonas
campestrispv musacearun{Dagnachew Yirgou and Bradbury, 1968; Dereje Aahiad 985;
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Temesgen Addis, 2005). The disease is affectinglites of millions of people in Ethiopia
(Gizachew Welde-Michaedt al, 2008). In addition to enset, the disease alferisf otheMMusa
species such as banana which is the main stapiesimarce in east Africa region thus, posing a
serious threat in the entire region (Mwamgial, 2007). Unlike other diseases, enset bacterial
wilt is both extreme and rapid causing graduallgré@sing losses over years. The economic
impact of bacterial wilt is due to death of the heatplant that would otherwise contribute to the
continuation of enset production cycles. Fieldsestéd with Xanthomonas campestrigv
musacearuntannot be replanted for at least 6 months due tiymaer of soil borne inoculum

(Tripathiet al, 2009).

The major transmission means of the disease aorogsthin fields are insects, contaminated
tools and infected plant materials (Mwamgial, 2007). Therefore, the spread of the disease can
be prevented by implementing cultural disease mamagt practices such as burying infected
plants, restricting movement of infected plant mats, sterilizing tools and raising awareness
about the disease (Mwangt al, 2007; Tripathiet al, 2009; Temesgen Addet al, 2010).
However, these methods are not effective as farmersnconsistent and reluctant to employ
labor-intensive disease controlling measures (imipat al, 2009). Moreover, the disease is
systemic and hence surface application of chemitadslittle or no use to control the disease
(Smith et al, 2008). Thus, investigations for alternative di& controlling strategies that are

effective, eco-friendly, long-lasting, low-cost,cheasy to prepare have prime importance.

In recent years, much interest has been developdlde antimicrobial effects of medicinal
plants for plant disease control. Plant extractsimportant sources of new agrochemicals for the
control of plant diseases. They are used to cobtytit pre and postharvest pests of plants. There

are several research results in this area. Thdtsesinowed that crude extracts of plants are

3



effective in inhibiting the growth of pathogens Ibanh vitro andin vivo and the consequent
development of disease in plants. For instance, |#a extracts ofOcimum basilicum,
Azadirachta indica Eucalyptus chamadulonsiDatura stramonium Nerium oleanderand
Allium sativum showed high antimicrobial activity againgtiternaria solani at different
concentrations botim vitro andin vivo (Nashwa and Abo-Elyousr, 201Related to this, leaf
extracts oD. stramoniumandA. sativumat 5 % concentration (W/V) increased the fruit ¢fief
tomato by 76.2 % and 66.7 %, respectively, comptorabe infected control (Nashwa and Abo-
Elyousr, 2012). Similarly, crude extracts of Nee&dhjli and Pong-pong showed high inhibition
against the mycelial growth &enicillium digitatunon the surface of fruits in storage conditions
at 2512 °C(Al-Samarraiet al, 2012).Furthermore, biocides of plant origin are non-phyxa,
systemic and easily biodegradable (Kagetl@l. 2004; Guleria and Tiku, 2009). It is now well
known that various plant extracts can reduce pajous of foliar pathogens and control disease
development. Thus, they have the potential as enwientally safe alternatives and components
in integrated disease management programs (BowwdsLacke, 2004). In addition, plant
extracts are rich sources of elicitors; compouinds activate chemical defense in planihey
act as signal compounds at low concentrations, igir@y information for the plant to trigger

defense (Thakur and Sohal, 2013).

The ability of plants to express induced resistaticgathogens has been known for over a
century and the issue was first reviewed by Che$1€&33). These early observations were
referring to the ability of a plant to become r&mi$ to subsequent inoculations after the
occurrence of an initial infection. Induced remsiste was named as systemic acquired resistance
by Ross, (1961) who showed that inoculation of loweer leaf of tobacco with tobacco mosaic

virus (TMV) increased the resistance of the upmavés on the same plant to subsequent
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infection with TMV. Nowadays, resistance inductioy biotic and abiotic agents in plants has
attracted the attention of researchers worldwida psssible strategy for integrated plant disease
management (Ghazanfar al, 2011). Biotic inducers (elicitors) include infex by necrotizing
pathogens and plant growth promoting rhizobactema treatment with nonpathogens or cell
wall fragments. Abiotic inducers include chemicadsich act at various points in the signaling
pathways involved in disease resistance (Waletral, 2005). Resistance induced by these
agents (resistance elicitors) is broad spectrum lang lasting, but rarely provides complete
control of infection, with many resistance elicgoproviding between 20 and 85% disease
control (Walterset al, 2005). Results of several studies revealedttbating plants with extracts
induces systemic resistance. Cucumber plants gprayigh aqueous extracts dDcimum
gratissimumeaves developed systemic resistanc€abetotrichum lagenariunthis is reflected

by reduction in disease incidence and an increasieei activity defense enzymes (Colgasl,
2009). Likewise, incidence of bacterial leaf blighsease of rice was reduced when seeds are
pretreated with leaf extracts dfdathoda vasica(Govindappa etal., 2011). Physiological
observation ofA. vasicatreated plants indicates that control of diseasesldpment in plant
tissue was correlated with the marked increaseinjydase, phenylalanine ammonia lyd%4,
3-glucanase, polyphenol oxidase and phenol actafigr challenge inoculation with the target
pathogen (Govindappet al, 2011). Evidences show that induction of systeragistance can
lead to the direct activation of defense-relatedegeand primingf cells, resulting in stronger

elicitation of defense responses (Conedthl, 2001; Hammerschmidt, 2014).

Moreover, antibiotics have been used to controlagerbacterial diseases of high-value fruits,
vegetables and ornamental plants since 1950s ire steveloped countries (McManes al,

2002). Several antibiotics such as neomycin (®baal, 2011), streptomycin, tetracycline,
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chloramphenicol and gentamycin (Pawar, 2015) haenhised to control different species of
phytopathogenicXanthomonas Therefore, the aim of the present study was @uate the

antibacterial activity of medicinal plant extraetsd their potential to induce resistance in enset
and investigate growth, physiological and bioch@hiesponses of enset clones grown in the

field and subjected to various treatments.



1.2. Research questions, hypotheses and objectives

1.2.1. Research questions

Do thein vitro test of medicinal plant extracts and antibioticevg antibacterial activity
against Xcm? Do medicinal plant extracts and &tids have the potential to be used as
alternative strategies to control enset bacternPw

Do pretreating enset plants with medicinal plaat Extract induce systemic resistance and
reduce disease incidence in the two enk®tes? Is there a significant difference in diseas
incidence between the two enset clones?

Are there clear and significant differences betwigeatments in plant height, leaf number,
leaf area, leaf area index, leaf relative watet@oinand photosynthetic performance among
the studied enset clones?

Which clone and treatment exhibit remarkable vemmin biochemical concentration such as
total carbohydrate, phenols, total nitrogen andlenorotein as compared to the control?

Which measured parameters are recorded high anbeciken as indicators of resistance
under infection and induction? Is it possible teritify mechanisms of resistance/tolerance

in the resistant enset clone?

1.2.2. Hypotheses

Methanolic leaf extracts of the different speciesvg variations in their antibacterial activity.
Treating plants of the two enset clones with medikcplant leaf extracts induces disease
resistance/tolerance and improves crop performance.

Growth, physiological and biochemical responsey batween resistant and susceptible

enset clones under the different treatments



Maximum activity of induced enzymes such as phdaglae ammonia lyase, peroxidase and
polyphenol oxidase after induction with leaf extraed inoculation with the pathogen
indicates the degree of tolerance and suscepyibilit

Enset bacterial wilt affects the growth, leaf rel@atwater content, physiology and other
metabolic activities of enset clones

Inducing enset’s natural immunity with leaf extraetiuces disease incidence in the

susceptible than the resistant clone

1.3. Objectives

General objectives

To evaluate the antibacterial activity of some rogdil plant leaf extracts and commercially
available antibiotics against Xcm.

To study induction of resistance in enset by led@faet and evaluate its contribution in
controlling enset bacterial wilt disease

To investigate growth, leaf relative water contand metabolic responses of enset clones

treated with different treatments under field coiodi

Specific objectives

In this study, the under mentioned specific obyadiwere achieved.

To assess the chemical composition of crude leafets, and evaluate the antibacterial

activity of these extracts and commercially avddadmtibioticsin vitro.



To examine the activity of induced enzymes andabyaic changes in enset clones under
different treatments

To evaluate the contribution of induced resistanaeducing disease incidence and compare
the contribution between resistant and susceptibdetclones

To study the photosynthetic and leaf relative watertent responses of the two enset clones
under the different treatments

To study metabolic changes in control, inducediafetted control plants of the two enset
clones under field condition.

To evaluate growth responses of the two enset sland compare the differences between

treatments



CHAPTER TWO
2. LITERATURE REVIEW

2.1. Origin and distribution

Enset is an old genus first described by Paul Fedtsch Horaninow in 1862 (Cheesman,
1947). According to Deckerst al (2001), it originated in south-east Asia. Contréo this,
Peregrine (1992) claimed that the centre of ormfirenset is in south west Uganda. The wild
representatives of the genus enset are found thomtighfrica and southern Asia (Lye and Sue
Edwards, 1997; Kresst al, 2001). In Africa, it occurs widely across thentinent in the
western, central, eastern and southern parts (Peeed 992; Brandt, 1996; Jones, 2000). In
Asia, some species of the genus are present ih radtern India, Burma, Maynamar, Thailand,
Philippines, Papua New Guinea, Indonesia and Qieakerset al, 2001). The greatest genetic
diversity occurs in the Assam (northeast India)fBaregion. From there it spread into Africa
(Peregrine, 1992; Brandt, 1996; Decketsal, 2001; Jones, 2000). Although the geBinsete
has a wide distribution in Africa and Asia, mosidewces show that it was domesticated only in
Ethiopia. Even within Ethiopiagnsetis confined to a relatively small region of theigavest, in
areas inhabited by speakers of Semitic, Cushitec @motic languages (Brandt, 1996; Blench,

2007).

Nevertheless, evidences about where the first diocaéien of the plant took place are
controversial. Few scholars argued tEaisete ventricosurwas first domesticated in ancient
Egypt while the overwhelming consensus is thatdpecies was domesticated in Ethiopia in
prehistoric times (Brandt, 1996). In addition, Plaumist (1996) suggested that enset cultivation in

Ethiopia may have started around thé" t&ntury, south of Ghibe river. However, historical
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evidence regarding the origin and domesticatiorcrofps is seldom completely dependable

(Pankhurst, 1996).

2.2. Biology of Enset

Ensete ventricosuris a perennial, monocarpic, herbaceous and moyledonous crop (Lye
and Sue Edwards, 1997; Kressal, 2001). It has a diploid chromosome number with 8
(Cheesman, 1947; Simmonds, 1962; Decladrsal, 2001). The crop has a genome size of
approximately 547 megabases, similar to the 523af@se genome of the closely related
banana Musa acuminata)Additionally, enset contains genes that are abisebanana. These
include reverse transcriptases, virus-like sequemrel a homolog of the RPP8-like resistance
gene (Harrisoret al, 2014). This indicates the large gene pool in gpecies that could be

utilized for improvement of the crop (Genet Birme2804).

Research results suggest high enset clone diveidibyever, there is greater disparity in
research reports in terms of number and type afiedoIn a baseline survey, SARI, (2014)
disclosed a total of 440 cultivar names in eiglgetrgrowing administrative zones in Ethiopia.
The number of cultivars in each zone was 75 (Daya®)Gedeo), 63 (Gurage), 51 (Hadiya), 66
(Kembata-Tembaro), 62 (Sidama), 69 (Silte) and @®léita). However, this number was
reduced to 312 after known synonyms were replaaéu distinct names. Zerihun Yemataat

al. (2014) reported a total of 278 clones with didtinames from seven enset growing zones.
Hadiya is the richest zone with a total of 59 clrellowed by Kembata (43), Dawro (42),
Wolaita (39), Gamo Gofa (34), Gurage (31) and S&l&B0). In other studies, Admasu Tsegaye,
(2002) described 146 different enset clones froda®ia, Wolaita and Hadiya zones. Similarly,
Almaz Negash, (2001) recorded ldBferent enset clones from four zones (65 from &ef

Sheka, 30 clones from Sidama, 45 from Hadiya afridré Wolaita). Moreover, Genet Birmeta,
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(2004) studied 11®nset clones from nine enset growing areas of Ridnidn all the studies,
duplication of names is reported. The same eneatdk given different names in different areas

and different enset clones are given the same mandi#ferent localities.

Based on genetical studies, Genet Birmeta, (200d)Genet Birmetat al (2004) suggest that
the current cultivated enselbnes have been introduced to domestication fréimised number

of wild progenitors. However, subsequent gene flsstween wild and cultivated enseay
have been inhibited by differences in modes of agapion and harvesting time. In cultivated
enset, genetic diversity within populations is hi@agmawit Chombe and Endashaw Bekele,
2011). Despite the large variation in agroecoldgmanditions among ensgrowing areas,
amplified fragment length polymorphism (AFLPs) sagdreveal that only 4.8 % of the total
genetic variation is found between regions and 95.%vithin regions or populations (Almaz
Negasthet al, 2002). This may be explained by regular longatise exchange of clones and the
existence of substantial levels of phenotypic magtin enset due to changing weather and soil
conditions (Almaz Negasht al, 2002; Zippel, 2005). Random Amplified PolymompidNA
(RAPD) results show that the genetic diversity utticated enset in a particular area appears to
be related to the extent of enset cultivation, ¢dhlture and distribution pattern of the different

ethnic groups than geographical distance (Genetda, 2004).

Enset is a tall plant reaching up to 13 meters. [Ba@esare large, basal, spiral with long

sheathing leaf bases overlapping and forming admsstem. They are 4-6 m long and 60-90 cm
wide with prominent midrib. Unlike the genddusg a petiole is lacking in enset (Simpson,
2005).The stem has three parts. The upper most tharppseudostem is made of a system of
tightly clasping leaf bases or leaf sheaths (Fig2uz1). It is shorter and thicker than the

pseudostem of banana. The pseudostem may be 2&l mnt contains an edible pulp and
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quality fiber. The corm is the second part foundenground. It is the enlarged lower portion of
the stem. It may be up to 0.7 meters in lengthdiatheter. A short section of stem near the soill
line, between the pseudostem and corm, is thebiotenical stem. Leaves and the single flower
head start from the true stem at its center, grpwhuough the middle of the pseudostem, and

emerge at the whorl in the middle of the leaf bgBeandtet al, 1997).

Enset has a fibrous root system that grows oum filee corm. It is a shallow root system that
extends 2-3 m around the plant (Peregrine, 1992k&set al, 2001). As compared to banana,
ensethas a larger root system with thicker main rootd Emver shoot-root ratio. It is also true
that the root density in enset sharply decreast#singreasing soil depth (Blomnes al, 2008).
Furthermore, more than 70 % of the fine root madsund in the above 0-20 cm depth and live

fine root mass shows a seasonal variation (Soladeovdieet al., 2008).

The wild relatives oE. ventricosungrow in Ethiopia in close proximity with cultivateorms

and are morphologically discrete. Enset farmersroake a distinction between the two forms.
Wild forms reproduce sexually and have a thick destem base but unpalatable corm while the
cultivated enset plants reproduce vegetatively lzane a smaller pseudostem base. They also
have a more palatable corm and a prominent epidatievax on abaxial leaf surfaces (Blench,

2007; Hildebrand, 2007).

As a monocarpic cropnset has a single flowering period throughoutifisstime. The flowers
are hermaphrodite with a single petal protectec bgrge dark purple bract that does not drop
after withering. Five stamens produce sticky poll€he flowers form a massive and hanging
spike inflorescence (Figure 2.2.1) 2-3 m in len(®Bregrine, 1992; Deckeet al, 2001). The

flowers form leathery fruits that are about 9 cmmdand look like rounded banana. They have a
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thin layer of orange colored pulp containin-12 brownish black hard seeds of about 2 cr
diameter. The fruits are édible due to the hard seeds and little pulp (Decet al, 2001,
Hildebrand, 2007). During the time of developmehtadlower and fruits, most of the plan
carbohydrate is translocated to these parts, usedtlzen the plant dies altogether. Tt
harvesting, either for food and fiber or propagat® done before owering (Taye Bezuneh ai

Asrat Feleke, 1966; Brandt al., 1997).

Pseudostem

Corm

Figure 2.2.1: Morphology of cuultivated en(Source: Sirawdink Fikreyesiet al.,, 2013)
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2.3. Taxonomy of Enset

Ensete ventricosurWelw.) Cheesman) belongs to order Zingiberalasjilfy Musaceaeand
GenusEnsete(Lye and Sue Edwards, 1997; Kredsal, 2001; Simpson, 2005Musaceass a
paleotropical family, forming the basal lineagesoader Zingiberales. The family comprises of
three genera, nameMusg EnseteandMusella (Simpson, 2005; De Langlet al, 2009). The
third monotypic genus consists Miisella lasiocarpgGolden Lotus Bananagd species endemic
to southwest China. The genbgsetewas first described by Paul Fedorowitsch Horanimow
hisProdomus Monographiae Scitaminarum 1862 in which he included a single
speciesEnsete eduleHowever, the genus was not recognized untilgtgval in the first series
of papers in the Kew Bulletin in 1947 by Cheesmarthe classification of bananas, with a total

of 25 species (Cheesman, 1947).

According to the most recent revision of the geopSimmonds (1962Ensetecomprises of six
species. The species have wide distribution andbt®tspecies are African members. These are
Ensete ventricosur(Ethiopia),E. homblei(south east Zaire to north ZambiB), gilletti (west
Tropical Africa to Malawi) E. glaucum(east central Nepal to Papuasia) &nduperbun{west
India, Assam to north Thailand). Endemic speciefamerrieri (Madagascar) and. wilsonii
(Yunnan, China). Most of thEnsetespecies excep&. ventricosumare well known for
ornanmental usek. ventricosungrows wild in Eritrea, Ethiopia and Sudan in thathpin

Angola, South Africa and Mozambique in the southd€man, 1947).

2.4. Ethnobotanical and ecological uses of enset

Characteristics oE. ventricosunthat affected prehistoric strategies for huntimgl @athering

and set the foundation for human-plant interachiefore food production include size, timing of
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availability, environmental requirements and thalitgbto survive and reproduce around

intensive use by humans (Blench, 2007; Hildebr&0@,7). Enseis large in size as compared to

other plants and available throughout the yeanoiild therefore be more likely to be eaten by
hunter-gatherers in seasons when other resoureescéravailable. Moreover, the plant is an
important year round source of fibre and sheltetenms to hunter-gatherers. It is also visible
from a distance, which could make it an easy tafgetuse by people new to an area
(Hildebrand, 2007). Such long time interaction shdke level of cultural entrenchment between
enset and a particular people. An Ari (ethnic granpsouthern Ethiopia) ritual specialist

explained the cultural entrenchment as: “We anctehave a long history of relatedness. We
rely on it and it relies on us for survival. Thigams we cannot live without it and it cannot live

without us either; we are created to support edlcbro(Gebre Yintiso, 1996).

The type and number of enset clones cultivatedouthsvestern Ethiopia vary from place to
place. A large number of clones are cultivatedrfoitiple purposes, different requirements of
site and climate. In each area, different clonesgaown for different purposes (Zippel, 2005).
Therefore, the different livelihood requirementsaofarmer are partially or wholly covered by
enset products. As such the crop has several wiesh can be categorized as nutritional,

material, ecological, aesthetic, and medicinal @al(Brandet al, 1997).

In areas where enset is an indigenous crop, hdsrajor source of human food supplemented
with legumes and animal products. The main foothsteorepared from enset dechq Bulla
and Amicho.Kochois the fermented product obtained from the cormh pseudostenBulla is
made by dehydrating the juice collected duringdkeortication of the pseudostem and grating
of corm while, Amichois the stripped corm of younger plants of ensetled and consumed

(Liyuwork Zewdie, 1996; Sirawdink Fikreyesasal, 2013).
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Enset is processed annually from November to MamH processing enset is an entirely
women’s task. The methods used in enset proceasegngore or less similar among the various
enset growing areas (Liyuwork Zewdie, 1996). Ttect deposits in the corm and pseudostem
are extracted through fermentation. At harvesteepsants are uprooted, the pseudostem and
other edible parts are cut, sliced and torn. Befdacing into the fermentation pit, the processed
parts are squeezed by trampling and the liquiddbaés out, known &ulla and it is collected

in a small side pit lined with enset leaves. Theipiusually shallow but the depth can be
increased by constructing above ground, a welldikacture with stick supports and enset leaves
(Kelbessa Urgat al, 1996). The content is left to ferment for a pdrof time ranging from a
few months to several years. The product is constiezady for consumption after 90 days from
the initial processing day, but can also be kepbfee or more years (Kelbessa Uegal, 1996;
Deckerset al, 2001). The fermented produstcooked into pancake-like flat bread and locally
calledKocha It is eaten with cabbage leaves and minced nmeabine areas. Corms with few
fibres are especially valued as they yi#ldcho of high quality. Corm chunks of certain enset
clones are not fermented but eaten as a boiled @@iled Amicho (Liyuwork Zewdie, 1996;

Deckerset al, 2001).

The quality of enset products depends on the gge, af clone and method of processing. The
best qualityKochois white in color and less fibrous produced wherBudla is extracted from
ensetplants of four to eight years old. The lowest grikdehois darker and more fibrous and is
the end product dBulla extraction (Liyuwork Zewdie, 1996). LikewisBulla is white in color
and relatively small in production quantity as camga toKochq but it still fetches a much

higher price thaocho(Liyuwork Zewdie, 1996).
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Enset is a strategic food reserve as it can besktad at any time of the year and ideally suited
to bridge food shortage that is common in EthiofB@andt et al, 1997; Deckerset al,
2001).Outside Ethiopia, the inflorescence is eatean enjoyment in Malawi and the flower bud
is consumed as a boiled vegetable in many partsooth-east Asia (Deckeest al, 2001).
Furthermore, most part of enseta good fodder for livestock. Enset leaves aselidostem are
cut down and used for cattle feeding especiallthendry season when grass is scarce. It is the
best fodder during the dry season due to the Fedtthe plant contains much water in the thick

leaves and pseudostem (Shigeta, 1990; Deeheaals, 2001).

The nutritive value of enset products is evaludatederms of its chemical composition. The
chemical composition of enset dry matter as whedatgs 90.87 % organic matter, 9.13 % ash
of which 5.98 % is crude protein, 0.84 % is crudg 9.48 % is crude fibre, 74.57 % is soluble
carbohydrates and 60.62 % is starch (Mohameteal, 2013). This shows that enset is a rich
source of carbohydrate (Solomon Zewsdieal, 2008). The unprocessed corm of enset is also
rich in calcium (Ca), magnesium (Mg), potassium, (&hc (Zn), and iron (Fe) (Ayalew Debebe
et al, 2012; Sirawdink Fikreyesust al, 2013). Processed forms suchkasxho andBulla are
rich in calcium (Ca) and zinc (Zn) compared to othienilar food stuffs and contain comparable
concentration of copper (Cu), iron (Fe) and magsar({®In). These products are free of heavy
metal contaminants such as cadmium (Cd) and lelayl ((Binaleshewa Atlabachew, 2007). In
addition, Amicho (boiled corm) has higher total phenolics conteektnto teff and corn

(Sirawdink Fikreyesust al., 2013).

Industrially, enset starch is used for various @ggibns. Several studies reveal that enset starch
has amylose content whereby granule size, X-rayradifion pattern and gelatinization

temperature comparable to potato starch, which asmanconly used in pharmaceutical
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applications (Abraham Wondimet al, 2014). Research results of Tsige Gebre-Mariaoh an
Nikolayev (1993) illustrate that enset starch carubed both as a tablet binder and disintegrant
possessing a better binding ability and less dignatting power than potato starch. It is also used
as gelling agent. The cross-linked and acetylabewnh fof ensestarch shows the potential use as
a novel drug delivery system (Abrham Wondietual, 2014). Furthermore, the squeezed and
dehydrated product of ens@ulla) is used as a gelling agent substituting agamirvitro
propagationBulla as a gelling agent is capable of producing anvedgmt number of shoots,
roots, leaves, shoot height and associated fresghtvef the plantlets in pineapple (Biruk

Ayenewet al, 2012).

The ecological role of enset emanates from its tatige organs morphology. Enset with deep
roots and leaf canopies of long duration improve tiydrological dynamics of an area,
increasing infiltration and decreasing surface fltizat results in more water in the soil and
aquifers (Tadesse Kippie, 2001). Moreover, the Varge leaf area and perennial canopy of the
leaf provide protection to the soil from erodindeet of rain drops. Its extensive root system and
leaf litter mulched beneath the plant protect §@mim runoff (Brandtet al, 1997; Asnaketch
Welde-Tensayeet al, 1998; Deckerst al., 2001). Enset also serves the same role as trees,
providing people, other plants such as coffee tlestd only moderate sunshine, and animals,
protection from wind and sunshine (Shigeta, 198@sthetically, enset beautifies the Ethiopian

landscape by its thick, dark green foliage (Braetdil, 1997).

Enset plays an important role in local medicinertiBalar clones and parts of enset are used
medicinally for both humans and livestock to cumné fractures, broken bones, childbirth
problems (i.e., assisting to discharge the plagediarrhea, and birth control (Peregrine, 1992;

Brandtet al, 1997). For instancémichoandBulla from certain ensetlones such afstara
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Gariyeng and Sabaraare considered to have medicinal value in speedmdpealing of bone
fractures (Liyuwork Zewdie, 1996). In Uganda, thanp sap is also said to encourage the flow
of milk in nursing mothers. Moreover, the Chagherin the Kilimanjaro region uses the floury

endosperm of the seeds as an aid to divinatioraagdry (Deckerst al, 2001).

Furthermore, enset has numerous material uses.le€@ues of enset are indispensable for
wrappingKochoandBulla during fermentation, storage and transport to etatiemporary roof
covering, umbrella, baking bread, as a lunch-béot, serving food (Liyuwork Zewdie, 1996),
thatching (Deckergt al., 2001), sheeting to sit, making containers, dressing as evsrskirts
and personal ornaments for funeral and wedding @eies (Shigeta, 1990)n rural areas, the
pseudostem and leaf fibers are economically impbrta make sacks, bags, ropes, cordage,
mats, construction materials such as tying mateiialplace of nails and sieves (Bramdtal,
1997; Decker®t al.,200]). Additionally, the seeds are often made into ativamecklaces and

as a component of various rituals (Peregrine, 1992)

2.5. Ecology and cultivation of enset

The genus enset is found throughout Africa andhsat Asia (Lye and Sue Edwards, 1997;
Kresset al,, 2001). Enset flourishes in the cool tropics with temperature range of 18 t0°28

It requires a relative humidity of 60 to 80 % amu annual rainfall of 1100 to 1500 mm. In
Ethiopia, these conditions are met in the ensdtdiedltitudes between 1700 to 2450 m above
sea level (Deckerst al, 2001). The crop is mostly grown on soils of \awiic origin such as the
deep, well drained red soils (Nitisols, Luvisols) lWack soils (Phaeozems) with pH values
between 5.6 and 7.3. Many enset soils are cultivatel enriched with organic matter to a depth
of 60 cm (Deckeregt al, 2001). Unlike banana, enset is more toleramtébconditions. This is

because enset survives in the swampy areas of dgamdl northern Tanazania where bananas
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die. It also competes well with grasses and othesds to a degree that is exceptional in the
Musaceae(Deckerset al, 2001). Enset can also survive short periodsrastfand withstand
prolonged drought periods (Decketsal, 2001). In spite of its extensive distributiontire wild,
ensethas been domesticated only in Ethiopia. Wild epsepagates naturally by seed, and is
restricted taaltitudes of approximately 1200 to 1600 meters abesdevel. However, farmers
almost always propagate domesticated enset vegdtatind expanded its cultivation area from

1100 to 3000 m above sea level (Shigeta, 1991,;etid995; Brandet al, 1997).

Wild enset grows in a number of countries in cédnéiad eastern Africa including Congo,
Mozambique, Uganda, Tanzania and Zambia. In Ethjothe distribution of wild enses
restricted. It grows mainly around the city of Bargnd in a smaller area around the Omo river,
inhabiting areas ranging from dense forests to offeib land, or along riverbanks (Genet
Birmetaet al, 2004). There are usually about 10-200 wild epsatts in a population and the
areas where these eng@ants grow are often not suitable for human gsetlets. On the
riverbank side, wild ensgtlants are sometimes cut down by the Ari peoplennd@ghum and
other crops are cultivated since monkeys like tis of the wild enset and damage nearby
crops (Shigeta, 1990). In contrast, cultivated egsaws in a wider area comprising the central,
south and southwestern parts of Ethiopia, but malhigher altitudes ranging from 1500 to

3100 m (Genet Birmetat al, 2004).

Enset farming is believed to be indigenous to Ffisicand is a common feature of the farming
systems in the south and southwestern parts afdbetry. It constitutes what is often termed as
the ‘Enset system’ (Desalegn Rahmato, 1996). Afitical land dedicated to enset has been
increasing through the years and recent reporteatetl that 263 890 ha of land are covered

with enset (CSA, 2009)Moreover, according to Shank and Cherenet Eritr@96), enset
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accounts for 65 % of the total crop production omut® Nations Nationalities Peoples State
(SNNPS) and 9 % of the total in Oromiya. In the &rsased agricultural system, enset growing
areas are categorized into four sub-systems bas#teaextent to which people depend on enset
as a staple crop; i) Sidama and Gurage: in thissgatem, ensetis grown as a staple food and
main crop. It is a sub-system where enset is griowdense plantations and highly dependent on
cattle manure for fertilizing enset fields. The manset product in this sub-systenkasho.ii)

The Gamo, Hadiya, Wolaita, and Ari people who usseeas a co-staple crop with cereals and
tuber crops; iii) Oromo farmers of southwesterni@ita who rely upon cereals as the most
important crops and grow enset and root crops esnsary crops. Enset is grown largely for
security reasons and eaten in the fornrKoe€hoandAmicho;iv) Sheko in southwestern Ethiopia
growing root and cereal crops as primary and sesryndietary importance, respectively. Enset
has a minor importance (Brandt al, 1997). The permanent enset-based farming sysem
closely linked to livestock. Dung is collected imetenclosures where the animals are kept at

night and applied to ensplantations to enrich the soil in organic mattee¢kerset al, 2001).

Naturally, enset can be multiplied by seed. Nore#s farmers multiply enset exclusively by
vegetative propagation. One reason is scarcityeefls since enset is harvested prior to seed
production. Other reason is to maintain the spedifiaracteristics of each landrace. However,
changing weather and soil causes phenotypic vétialBoth increasing as well as decreasing
number of landraces have been observed over the yethe different regions due to changing
food preferences, climate, pests and diseasesyatidh systems, and infrastructure. Thus,
farmers tend to increase the number of cultivaéeddaces to broaden its use, and to respond to
annual climate fluctuations (Zippel, 2005). Enseivwgng areas are characterized by diverse

ethnic groups with distinct culture and cultivatipractices. Thus, vegetative propagation of nset
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varies from place to place. Generally, three apgres have been identified: i) uprooting of
parent corm and use of half corm planting; a commapproach in the Wolaita, the Gamo, the
Gofa, and the Sidama areas; ii) sucker initiatiboraginal place of parent corm and uprooting
followed by transplanting after suckers emergedesn{em, Gedeo, Sidama, and some areas of
Gofa); iii) uprooting and whole corm planting commhpused in Kambata-Hadiya and Chebo-
Gurage (Mulugeta Diro and Endale Tabogie, 19921diteMulgeta Diroet al, 1996). According

to these authors, half corm planting is more prtéidadhan whole and quarter corm planting. In
this approach, corm of 3-years old enset with sguogion of pseudostem is cut off and

vertically split into two and used as a startingenal for vegetative propagation.

Enset farms are established from vegetatively myate suckers and these are usually produced
from 2-4 years old corm (10 to 20 cm in diameter)l #he true stem. To initiate suckering, a
mother plant is cut out and its pseudostem cuabtibout 25 cm above the corm. The apical
meristem and the roots are removed. The remov#iefpical meristem eliminates the apical
dominance and allows the development of side-shaossickers on the corm (Teketel Makiso,
1996; Brandtet al, 1997; Decker®t al, 2001). By using one of the propagation approache
mentioned above, the corms are buried in dung 20below the soil surface. Suckers start
emerging after 4 to 6 weeks and 40 to 200 suckergproduced per plant within a couple of
months. When approximately 75 cm tall, at about éekg after emergence, the suckers are
separated from the corm and transplanted into semuiwhere they remain for one year. They
are then transplanted at close spacing (25 x 25mrcm)veed free plot. As they grow taller, they
are transplanted a few more times to optimally exphe limited land area per farmer. The final
spacing is 3 x 3 m, which seems adequate for smaskties but too close for larger ones. After

the last transplanting, enset is intercropped ¥atd crops (vegetables, maize, and beans) and
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cash crops (chat, coffee) for two years (Teketekista 1996; Brandet al, 1997; Deckerst al,
2001). Thereafter, the heavy enset canopy preveriter intercropping. Maintenance is simple
and only consists of removing old leaves from tl@pand mulching the field (Deckees al,

2001).

2.6. Ensetdiseases

Diseases are collectively the most severe biolbgigablems facing enset. They affect enset at
any growth stage such as suckers, seedlings, yolangs and mature plants. It is particularly a
serious loss when diseases kill an enset planinaits life cycle. This is because farmers have
already invested several years of land, labor,rasadurces into the plant’s production. In some
Enset-growing areas, such situations have causetkfa to abandon their enset farming and
replace it with annual crops (Brarelt al, 1997; Deckergt al, 2001). The lack of knowledge

about implementation of preventive strategies doutes to the severity of enset plant diseases.

Enset diseases are caused by bacteria, nematodgs,adnd viruses. Enset foliar diseases caused
by fungi are numerous and widespread. Leaf sp@adis that commonly affect enset suckers,
seedlings, and young plants are causedPlllosticta Sp Piricularia sp. andDrechslera sp
Leaf spots due tdCladosporium sp.and to some extenDeightoniella sp are frequently
encountered in older plants (Quimio and Mesfin €e5s1996). Little is known about the fungal
diseases affecting enset roots, corm and pseudoktewever, severe cases $¢lerotiumwilt

and root rot caused [&clerotium rolfion young seedlings and transplants are reportadniQ

and Mesfin Tessera, 1996).

Enset roots can also be affected by nematodespttdesion nematodd®ratylenchus goodeyi

the root knot nematoddjeloidogyne spThese are commonly found and widely distributed i
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enset farmsP. goodeyiis often found in large numbers associated witttdyaal wilt affected
plants and is, therefore, suspected to play airoleacterial wilt development and severiB.
goodeyi induces extensive lesions on roots which normaliyte and give way to other
microorganisms to form a complex root rot (Quimmul&esfin Tessera, 1996; Mesfin Bogate

al., 2004). Root knot galls due kdeloidogyne spusually develop at tips or near the tips of small
rootlets. Galled rootlets are severely stunted,adié turn black presumably due to invasion by
other microorganisms (Quimio and Mesfin Tesser&6)9Moreover, insect pests such as enset
root mealybugs is nonspecific and resulted in sfant growth, lack of vigor, dried lateral
leaves and subsequent death especially underfatressditions (Temesgen Addis, 2005). With
respect to viral diseases, mosaic and chlorotaktdiseases of enset are known. Mosaic is more
destructive than chlorotic streak as it causesrsestinting of affected plants. According to

Quimio and Mesfin Tessera, (1996) mosaic streadadis is the potential threat to enset farming.

The most devastating enset disease is caused bpattteriumXanthomonas campestris pv.
musacearum Enset bacterial wilt was first reported in Etheopn 1968 and described as
Xanthomonas musacearum sp.by. Dagnachew Yirgou and Bradbury, (1968). Later e
bacterium was renamed using accepted nomenclatareXamthomonas campestris pv.
musacearun{Younget al, 1991). The bacterium also infects banana underral conditions
and a natural epidemic of the disease emerged panbain 1974 (Dagnachew Yirgou and
Bradbury, 1974). In Uganda, the disease was fepbnted on bananas in the Mukono and
Kayunga districts in 2001, from where it spreadidgpand gained economic importance
(Tushemereirwet al, 2003). The disease subsequently spread to Rav&®mocratic Republic
of Congo, Tanzania, Kenya, and Burundi (Nduegal., 2006). The disease is commonly known

as Xanthomonawilt or enset bacterial wilt (EBW). It damages enat any growth stage. The
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disease starts from the root and damages the vhahe Infected plants exhibit symptoms first
on the heartleaf or on one of the inner leaves av/hieir tips become limp and hang down. The
inner fold of a dropping heartleaf has grayish bwpwotting patches covered with a slimy
secretion. In a more advanced stage of the disebb®psis develops and the leaf breaks at the
petiole. In cross section, yellowish mass of baateozes out from the vascular bundles of the
leaf. Finally, all the leaves wilt, bend over andher. Internal symptoms in cross-sections
include yellow-orange discoloration of vasculastis (vascular streaking) with some bacterial
ooze in the psuedostems and grayish or yellowisttebal exudates, brownish to bluish-black
buckets in the corm. Eventually, the plant dies eotd to the ground (Dagnachew Yirgou and

Bradbury, 1968; 1974; Dereje Ashagari, 1985; Termesiddis, 2005; Birumaet al,, 2007).

2.6.1. Disease control strategies

Disease controlling strategies go with the causthe disease. In view of that, the traditional
methods used to control fungal diseases of ensktde establishing nursery in an open space,
planting corms in well tilled and manured soil winoper spacing, thinning, removing and
properly disposing old leaves, carryout regular dieg of nursery and avoid intercropping with
tall plants (Quimio and Mesfin Tessera, 1996). @a dther hand, root nematode diseases of
enset could be controlled; a) using nematode flaatipg materials. This may be accomplished
by i) dipping the corm in nematocides; ii) packic@rms in mud mixed with nematocides; and
iii) water treatment; b) reducing or eliminatingnm&tode inocula in the soil before planting; and
€) maintaining the plant in good health during ialtion (Quimio and Mesfin Tessera, 1996;

Mesfin Bogaleet al, 2004; Temesgen Addis, 2005).

Enset bacterial wilt is a systemic disease in matlihe major transmission means of the disease

are infected planting materials and farming todiattare used to manage infested farms
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(Gizachew Wolde-Michaeét al, 2008; Temesgen Addist al, 2010). There are no known
commercial bactericides to control the diseaseréfbes, the only controlling option is to take
sanitary measures that would prevent, reduce onr@ie the spread of Xcm in the field. These
include; a) flaming the enset cutting tools afteing them in infected plants; b) deep tillage and
turning over the soil to expose it under the surinduthe dry period prior to planting; c) spot
rotations of infested sites in the field with noosh plants of Xcm; and d) replacing wilt
susceptible enset and banana with resistant orescdltivation of different enset clones with
varying levels of resistance in a plot also presehe rapid spread of bacterial wilt (Quimio and

Mesfin Tessera, 1996).

2.6.2. Epidemology of enset bacterial wilt

2.6.2.1. Xanthomonas campestris pv musacearum

The pathogen)Xanthomonas campestris pv Musacear(¥om) belongs to a group of bacteria
that are found only in association with plants lamnp materials callekanthomonadacea&cm

is a soil borne pathogen. It is straight rod inpghabout 0.4 - 0.7 x 0.7 - 1uén, motile by means
of a single polar flagellum. The bacterium is cheonganotrophic and obligately aerobic
(Birumaet al, 2007). Metabolically, the bacterium is charaetst as Gram negative, KOH and
catalase positive; negative for nitrate reductamnot denitrify or reduce nitrate; produce small
amounts of acid from various carbohydrates andrathebon sources, but not from rhamnose,
adonitol, sorbitol, dulcitol, meso-inositol, inulior salicin. Gluconate is not immediately
metabolized and asparagine is not used as a sateesof carbon and nitrogen simultaneously.
Moreover, most isolates are insensitive to 2 % Nsdlition (Befekadu Hailet al, 2014). As a
typical member oXanthomonadacea¢he bacterium producesllow, circular, mucoid, slimy

colonies on nutrient agar and semi-selective medMdWSA-CC (Tripath et al, 2007).
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Phylogenetic relationship studies of 20 Xcm is@ateing different techniques reveal limited (<
2 %) nucleotide divergence among the isolates lnsl the isolates are found to be homogenous
The isolates are collected from Ethiopia, UgandanbDcratic Republic of Congo, Tanzania, and

Rwanda for a period of four decades (1968-2005ufBaet al, 2007; Arituaet al, 2008).

Xcm grows slowly on synthetic media and can be gnesvn easily by contaminants during
culturing. Thus, to precisely diagnose the pathpgem semi-selective media have been
developed. These are cellobiose-cephalexin agah 6 Mwangi et al (2007) and yeast
extract, tryptone, sucrose, agar- cellobiose cepitgl YTSA-CC by Tripathet al (2007). On
these media, Xcris easily identified as yellowish, mucoid, circutalonies, and the bacterium
can be easily isolated from infected plant tissared infested soil. The yellow colored colonies
of the pathogen are due to the abundant produaifoextracellular polysaccharide, called
xanthan gum which contributes to significant blagkeaof vessels in infected plant tissues
(Dagnatchew Yirgou and Bradbury, 1968; 1974; Biruetaal, 2007). Xcmis known to
systemically invade all tissues of the hosts dfterction. When infection starts from the lower
parts of the hosts, the bacteria moves upward gffirdlie vascular tissues and the reverse occurs

if infection occurs in the upper parts of the ptag@sekiwokeet al, 2006; Blommeet al,, 2008).

2.6.2.1.1. Hosts of X. campestris pv. musacearum

Natural hosts of Xcnare cultivated enset and banana (Thwaatesl., 2000; Dagnachew Yirgou
and Bradbury, 1968; 1974Although there are no studies on the sensitivigpomse of wild

Ensete ventricosuno the pathogen, it is presumed to be suscepdibtl potential hostJones,

2000). Artificial inoculation studies have showrathihe ornamentaCanna orchoidegDejene

Ashagari, 1985) and maize are found to be hostgug@et al, 2007a). Moreover, atrtificial

inoculation of wild relatives of banand(sa zebrina and M. ornateand Canna indica an
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ornamental/wild weed in Uganda witXcm causes infection and produces symptoms
(Ssekiwokoet al, 2006). However, there are inconsistencies onhib& status of maize in
research results. Dagnachew Yirgou and Bradbu874) inoculated aubergine, barley, bean,
broadbean, castor oil, lettuce, lucerne, maizenyegelargonium, potato, sorghum, sunflower,
sweet pepper, tobacco, tomato, and wheat with Xethcanfirms them as non-hosts. Likewise,
Dereje Ashagari (1985) inoculated plants commomynfl in enset growing areas such as
Chenopodium albumColocasia antiquorium, Commelingp., Guizotia scabra Kalanchoe
guartinia, Snowdenia polystachya&olanum nigrum,and Tagetes minutaand found to be

unaffected after 10 weeks.

2.6.2. Mode of transmission

EnsetXanthomonasvilt is a transmissible plant disease. The magorrses of Xcm inoculum are
infected host plant parts, infested soil and traol@ds of the hosts such as suckkis;hg Bulla

and Amichoin enset, and seedlings, fruits, leaves and fileisanana. The mode of disease
spread varies depending on the agroecology, typeuliivation and cultivar. Garden tools,
infected plant materials, infested soil, wind drivain and insects are the means by which the
pathogen spreads within and across fields (GizadWewde-Michaelet al, 2008; Tripathet al,

2009; Temesgen Addet al, 2010).

According to Gizachew Wolde-Michaet al (2008) and Temesgen Adds al (2010) cutting

of healthy green leaves, pseudostem and brokeedeaith contaminated knife caused infection

at various levels. In this experiment, cutting oéen leaves and broken leaves results in high
level of disese incidence both in enset and banaltee other means of Xcm transmission is

through infected plant debris. In enset leaf sheAtm can survive for at least 3 months in

infected samples kept in the laboratory, 2 monihthe samples used as soil surface mulch and a
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month in the samples buried 15 cm deep in the Saihilarly, viable cells of Xcm in infected
banana samples are stable in the laboratory fa@etmmonths. Unlike enset, Xcm survives in
banana debris for 21 days in the field (Eden-Gr@&@6; Mwebazeet al, 2006; Gizachew

Wolde-Michaelet al., 2008).

Moreover, the survival of Xcm in the soil variestlwithe amount of soil moisture and soil
treatment. As soil moisture increases, the surviaté of Xcm increases. Also, soil treatment
increases the survival rate of Xcm. In untreated] Xcm isolates can survive up to 9 days.
Thenafter, the population of the bacteria reduaesatlevel that cannot initiate infection
(Gizachew Wolde-Michaedt al, 2008). In sterile soil, the pathogen can lived0 and 45 days
under high and low soil moisture, respectively (\baeeet al, 2006). Therefore, to be safe
fields infested with Xcrshould not be replanted for at least 6 months dusatryover of soil
borne inoculum (Gizachew Wolde-Michaed al., 2008: Tripathiet al, 2009). Xcm exists in
Kocho processed from bacterial wilt infected ens&cho samples examined up to 105 days
from the time the pulverized pseudostem and corde@do the fermentation pit shows Xcm
colonies at varying levels. This shows tKaichois also another means of pathogen transmission

(Fikre Handoro, 2014).

In enset, plants are harvested before floweringthod transmission of the pathogen by insects
is not a problem. However, Xcm has been isolatethfthe nectar and ooze exuding from the
fresh opening made by fallen bracts of male andafenfiowers of banana (Tinzaaet al,
2006). Insects visit the banana inflorescence aokl yp Xcm and then transmit it to healthy
plants. The most common insects visiting banankriegcence and potentially transmit the
pathogen include stingless bees (Famiijyidag, fruit flies (Family Drosophilidag and grass

flies (Family Chloropidag. This has been confirmed by isolating the pathofyjem stingless
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bees, honeybees, fruit flies and grass flies cltedrom male flowers of symptomatic and
asymptomatic plants (Tinzaamt al, 2006; Gold and Bandyopadhyay, 2005). Moreover,
animals that feed on leaves and pseudostems at@dfenset are found to be potential means of

disease transmission (Thwaitgsal, 2000).

2.7. Plant reactions to pathogens

In the course of their development, plants faceidewange of potential pathogens, including
bacteria, viruses, fungi, nematodes, and insecthogens use different strategies to invade a
plant, as well as to feed on and reproduce in thetpBiotrophic pathogens propagate in living
plant tissue and generally do not cause necrosasrasult of infection. They use various means
such as haustoria production to extract nutriemasnfhost (Agrois, 2005). Opposite to this,
necrotrophic pathogens actively induce necrosisfected tissues often through the production
of toxins and obtain nutrients from the dead hissiue. Others called hemibiotrophic pathogens
that incorporate aspects of both biotrophic andateaphic infection strategieanthomonas
campestris pv. musacearusmhemibiotrophic (Endakt al, 2010). This strategy often involves
an initial biotrophic infection phase during whittte pathogen spreads in host tissue followed by
a necrotrophic phase during which host cell desimduced (Thommat al, 2001; Dodds and

Rathjen, 2010).

Plants are resistant to the majority of micro-orgars based on preformed and induced defense
mechanisms (Bergeat al, 2007). Preformed physical and chemical barrsersh as cuticles,
cell walls and constitutively produced antimicrdbi@mpounds that protect the plant against
most attempted invasions (non-host interactionswéver, when a putative pathogen is able to
pass over these barriers (host interaction) andgrezed by the plant, a rapid induction of

defense responses occur by the resistant plantamgrevent the bioagressor from developing
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and causing infection. Disease spreads only inemide plants (compatible interaction) which

are unable to recognize the pathogen or responsloady (Garcia-Bruggeet al, 2006).

The recognition of the pathogen is the first stepthe initiation of defense responses. Firstly,
basal resistance response which is induced earipglthe invasion process and mediated by
pathogen associated molecular patterns (PAMP). eTi®SMPs can arise from either non
pathogenic or pathogenic organisms (Bergéral, 2007). They include elicitors such as
glycoproteins from oomycetes, lipopolysaccharigegptodoglucans, bacterial flagellin, chitins,
which are essential for the survival of the pathmo@®nes and Dangl, 2006; Dodds and Rathjen,
2010). Plants in turn have evolved pattern recagmiteceptors (PRR) to sense and prevent the
establishment of the pathogens. PRRs are mostlybmsama localized proteins that counteract
the effects of PAMPs. Secondly, pathogens that liweloped ways of bypassing the plant’s
innate immunity (basal resistance) provoke thetpgl@amount an additional response known as
hypersensitive response (HR). It is a form of vtduy suicide of plant cells at the site of
invasion limiting access to nutrients and minefaishe pathogen and progression to other cells
(Jones and Dangl, 2006). Thirdly, HR is not alwaffective in providing ample resistance and
blocking pathogens from penetrating the interiorcefls (Bergeret al, 2007). However, it
triggers an intensified state of readiness in wiplemt resources are assembled in preparation for
future attack resulting in systemic acquired resisé (SAR), which leads to the activation of a

chain of defense components in distal uninfectetspd the plant (Dodds and Rathjen, 2010).

In general, pathogen or elicitor-induced signalnsduction pathways lead to; i) the
reinforcement of cell walls; ii) the production ahtimicrobial metabolites (phytoalexins),
production of pathogenesis-related (PR) proteirtsearzymes of oxidative stress protection; iii)

lignification; and often, iv) the hypersensitivespense (HR), a form of programmed host cell
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death at the infection site associated with lingitpathogen development (Lorrash al, 2003;
Garcia-Bruggert al, 2006). This shows that, in the course of reststadevelopment, plants
undergo tremendous changes in secondary metabalisrto induction of defense responses and
alterations in primary metabolism which, in turrieat growth and development of the plant.
Therefore, pathogen attack causes crop yield losges in interactions which do not end up

with disease or death of the plant.

The contact with pathogens alters plant primaryatmatism. Because; i) the induction of defense
is cost-intensive causing an increased demandskimdates in the plant; ii) the pathogen tries
to manipulate plant carbohydrate metabolism fooug need and withdrawal of nutrients that
will further increase the demand for assimilateég; pathogen infection often leads to the
development of chlorotic and necrotic areas thasequently decrease photosynthetic assimilate
production (Guoeet al, 2005; Bergeeet al, 2007; Beroveet al, 2007; Hookset al, 2008).
These changes result in decline in photosynthesisaa increase in respiration, photorespiration,
and cell wall invertases activity. Invertases ateaeellular enzymes which cleave sucrose in the
apoplast where pathogens are available into gluemsk fructose, increasing the amount of
soluble carbohydrates (Loba&t al, 2009). Sugars are not only nutrients neededyfowth,
respiration, and storage compounds but also signdlich can regulate gene expression,
suppressing photosynthetic genes (Bergeal, 2007). This down-regulation of photosynthesis
and the simultaneous increased demand for assesilegry often leads to a transition of source

tissue into sink tissue during plant-pathogen adgons (Roitsclet al, 2003).
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2.8. Botanicals as crop disease controlling agents

Plants, as long-lived stationary organisms intesaith environmental variables over their
lifetime and overcome attackers by producing seapndmetabolites. This shows that
metabolites play an important role in defense meisinas and chemical communication. The
secondary metabolites of plants are a vast stossh@fi compounds with a wide range of
biological activities. Secondary compounds fromnfdaare virtually guaranteed to have
biological activity and that activity is likely tiunction in protecting the producing plant from a
pathogen, herbivore, or competitor (Dubstyal, 2011). These natural plant products can be
extracted through different techniques and theaei#d chemicals are referred to as botanicals or

phytochemicals (Guleria and Tiku, 2009).

Botanicals have wide applications in the field gfieulture and health. They have been used as
curative drugs for both human and animal ailmerdmftime immemorial (Dubegt al, 2011).
Botanicals namely, nicotine and alkaloids, rotenaneé rotenoids, pyrethrum and pyrethrins, and
vegetable oils were used in plant protection frown énd of the 1®century to the beginning of
Second World War. After this war, botanicals weeplaced by synthetic organic pesticides.
Researches on biopesticides of plant origin weteedg pursued again throughout the second
half of the 28' century (Dubeyet al, 2011; Ntalli and Menkissoglu, 2011). The deveiept of
botanicals as biopesticides resulted from two parahethods: i) the observation of the
traditional uses of plants and extracts for caitdd crop protection, followed by checking the
efficiency of these practices and identification tbe active molecules; ii) the systematic
screening of botanical families followed by biolcgi tests in order to discover the active

molecules (Ntalli and Menkissoglu, 2011).
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Pest controlling strategies using botanicals afer $a the user and the environment because they
break down into harmless compounds within hourdays in the presence of sunlight and have
no any residual effect. Due to their close chemieaémblance to those plants from which they
are derived, a variety of microbes common in mastsscan easily decompose botanicals
(Kagaleet al. 2004; Guleria and Tiku, 2009; Dubey al, 2011). Also, the use of botanicals
maintains the biological diversity of predators.t@uocal pesticides tend to have broad-spectrum
activity, stimulatory effect to the host immunitpdhavoid the emergence of resistant races of
pest species (Guleria and Tiku, 2009; Isman, 2008 occurrence of several bioactive
constituents in botanicals creates difficulty iarstardizing the product and is an asset as it
avoids the development of resistance among the p@stieria and Tiku, 2009). Moreover, many
of the botanicals are environmentally friendly, @dsss risk to humans and animals and have a
selective mode of action (Isman, 2006). This isiradicator that botanicals effectively meet
criteria of sustainable agriculture and have enasotential to influence modern agrochemical

research in the future (Guleria and Tiku, 2009).

In the developing world, the uses of botanicalsehawlved enormous problems of farmers
caused by an array of pests that reduce yield aiderfarming a harder process. They are used
as alternatives to synthetic pesticides (Ismang2@man, 2008; Ofuya, 2009) and attributes of
botanicals as alternative pest control strategielside easy to use and formulate, availability and
accessibility of raw materials at all times of tyear particularly in tropical regions, minimum
demand for application equipment, nontoxic to otirganisms, less costly and environmentally
friendly. These attributes contribute to the prdauc of cheap and safe food. Therefore,
botanicals are assets to developing countries #odseshould be maximized for their large-

scale usage (Isman, 2006; Isman, 2008; GuleriaTand 2009; Dubeyet al, 2011; Olufolaji,
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2011). As a matter of this fact, the future of Imatals is bright and most of the researches on
pest control in both developed and developing atesitare now geared towards the use of
botanicals as alternatives to synthetic pestici@deria and Tiku, 2009; Ofuya, 2009). Thus,
the use of botanicals is how emerging as one ofptitae means to protect crops and their
products, and the environment from pesticide plfu{Bowers and Locke, 2004; Guleria and

Tiku, 2009).

2.9. Induction of resistance in plants

In addition to pre-existing defense barriers tohpgens, plants possess an inducible immune
system that controls the activation of defence rapidms after recognition of a pathogen. One
of the strategies to overcome crop production moisl caused by plant diseases is through the
targeted use of inducible defense mechanism tpa¢sents plant’'s inherent and own resistance.
Induced resistance is a physiological “state ofaeickd defensive capacity” elicited by specific
environmental stimuli, whereby the plant’s innatfethses are potentiated against subsequent
biotic challenges (Edreva, 2004; Vallad and Goodn2004). Induced resistance is a novel
technology in the management of plant diseases iangracticing it, plant defenses are
preconditioned by prior treatment that results @sistance or tolerance against subsequent
challenge by a pathogen (Vallad and Goodman, 200dliced resistance offers the prospect of
durable, broad-spectrum, eco-friendly and costesiffe disease controlling approach using the
plant’'s own resistance (Abd El-Rahmanal, 2012; Jadeshet al, 2012; Walterst al, 2013;
Walters and Fountaine, 2009). It also increasesatiiity of susceptible plants to withstand

pathogens in a non-genetic way (Ma and Cui, 2002).
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Nowadays, resistance induction in plants througttibiand abiotic agents has attracted the
attention of researchers worldwide as a possiblategly for integrated plant disease
management. This in addition, minimizes the enwvitental impact of chemical pesticides
(Ghazanfaret al, 2011). Plants can be induced locally and systeitgi and become more
resistant to diseases. To this end, various chésniwve been discovered that seem to act at
various points in this defense, activating netwoak&l mimic all or parts of the biological
activation of resistance. For instance, acibenZolarethyl at low rate activates resistance in
many crops against a broad spectrum of diseasefyding fungi, bacteria and viruses.
Similarly, extracts from plants and microorganisimeve also been described as resistance
inducers (Oostendom al.,2001; Zeller, 2006). Plant extracts are widelyduak over the world
and found to be effective and feasible means aftplssease management (Govindagpal,

2011; Negashet al, 2011).

Plants undergo both biochemical and enzymatic ademdhen infected or induced with abiotic
agents (Misrat al, 2008). These physiological/biochemical changesaasociated with induced
resistance as the basis of resistance in planggsatbogens. Moreover, most researches on
resistance mechanisms have shown that plants deesds that are activated after infection to
stop pathogen development. Many biochemical chaagesr in plants after infection and some
of these have been associated with the expresdiatefense as they have activity against

pathogensn vitro (Hammerschmidt, 1999).

The activity of various defense related enzymese®es during plant-pathogen interaction or
when treated with elicitor chemicals. Some of theseymes are pathogenesis related (PR)
proteins. These are plant protiens produced inorespto infection by pathogens. They are also

found in infected plants showing induced resistataca second infection and are produced in
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response to chemical elicitor application (Edre2@05). Peroxidases are among the PR proteins.
They are heme-containing glycoprotiens that catatye oxidation by bD, of a wide range of
organic and inorganic substances (Chittetoal,, 1999). Moreover, peroxidase production is also
correlated to systemic acquired resistance (Chitetcal, 1999). The function of peroxidase
during infection and induction is the strengtheniofgplant cell walls by catalyzing lignin
deposition and generating monolignol radicals folymerization (Edreva, 2005). Polyphenol
oxidases (PPO) are other types of defense relategrees. They are enzymes catalyzing the
oxygen dependent oxidation of phenols to quinohearfd Steeffens, 2002). By doing this, the
anti-pathogen effects of polyphenol oxidase incjugjegeneral toxicity of PPO produced
guinones to pathogens and plant cells resultingcoelerated cell death; ii) alkylation and low
bioavailability of cellular proteins to pathogens) cross-linking of quinones with protein or
other phenolics and iv) the conversion of the eedogs phenolic pool to quinones further
triggers an intricate series of non-enzymatic sdaonreactions that might directly or indirectly

affect the ability of plants to resist diseasesahd Steffens, 2002).

Furthermore, phenylalanine ammonia lyase (PAL) ikey enzyme of phenylpropanoid
metabolism. Phenylpropanoid pathway is one of thstiimportant plant secondary metabolism
pathways involved in the synthesis of a wide vgra@tphenolic compounds such as flavonoids,
lignins, coumarins, and stilbenes (Osakabel, 2007; Luet al, 2012). The transcriptional
activation of PAL genes is controlled during plgnowth and development and by abiotic and
biotic stresses. PAL catalyses the first step éndbnversion of primary metabolism to secondary
metabolism (Osakabet al.,2007). It diverts the central flux of carbon frgmmary metabolism

to the synthesis of countless phenolics (Zhanglamd2015). Phenolics are aromatic benzene
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ring compounds with one or more hydroxyl groupsdpiced by plants mainly for protection
against stress. Plants need phenolic compoundspigmentation, growth, reproduction,
resistance to pathogens and for many other furstidmportantly, phenolic phytoalexins
secreted by wounded or otherwise perturbed plagpelror kill many microorganisms.
Therefore, they represent adaptive characterdhthet been subjected to natural selection during
evolution (Lattanzicet al, 2006; Bhattacharyat al, 2010). Overall, inducible defense related
enzymes possess antimicrobial activities througtrdiytic activities on pathogen cell wall,
contact toxicity of their products, cell wall ligidation and involvement in defense signaling

(van Loopet al.,, 2006).

The changes in carbohydrate metabolism during jgatitogen interactions are also relevant
because; first, the carbohydrate status affectsiéiense as well as general metabolism of the
plant. Secondsugars are not only nutrients and signals forplaat partner but also for the
microbial partner. Therefore, changes in assimilatels may influence the spreading of the
pathogen and might regulate gene expression gbdtieogen. Third, certain pathogens possess
extracellular sucrolytic enzymes such as invertafegtoexohydrolases, and levansucrases.
With the expression of these enzymes, the pathegmrd be able to alter the hexose and
sucrose levels in the apoplast (Bergeanl, 2007; Lobateet al, 2009). The cumulative changes
undergone in the primary and secondary metabolisith® plant consequently results in a
significant reduction in growth parameters sucheas area, leaf number, psuedostem diameter,
plant height and others. It may be plausible taagsthat the low productivity of infected plants
is partly attributed to physiological stress asatsd with low photosynthetic rate of chlorotic

leaves (Hooket al., 2008).
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Besides, the use of resistant clones is anothernalive and a cost-effective method of
managing diseases. In enset, all clones show @ssasptoms at various intensity levels during
the first 45 days after inoculation. However, s@neet clones revive from infection and become
healthy after 4 - 6 months depending on locatidie susceptible enset clones die altogether
(Fikre Handoro and Gizachew Wolde-Michael, 2007uBia, et al, 2007; Gizachew Welde-
Michael et al, 2008). These reports show differential respodesnset clones to the pathogen
both in the field and greenhouse conditions. Howetvee mechanisms leading to these
differential responses of enset clones, the rolplaft extracts and induction of resistance as

possible enset bacterial wilt management toolsiatget known and need to be investigated.
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CHAPTER THREE

3. MATERIALS AND METHODS
3.1. Evaluation of the Antibacterial Activity of Some Medicinal Plant Leaf Extracts and
Antibiotics against Xanthomonas campestris pv. musacearum

3.1.1. Medicinal plant material collection

Fresh leaves of medicinal plants ViAchyranthes aspera L. (Amaranthacgadégarista
salicifolia (Com.ex Lamb.) Don (Ericaceae), Datura stramonium (&olanaceae), Melia
azedarach L. (Meliaceae), Pycnostachys abyssinieeesen) (Lamiaceae)and Vernonia
amygdalina Del. (Asteraceaw)ere collected from different areas (Fig. 3.1.1)eBtudy species
were selected on the basis of follow-up of antiwical activity reports and ethnomedical or
traditional uses against diseases (Fabricant anagsWwarth, 2001). Specimens of each species
were freshly pressed, mounted and identified usixumerts and authenticated specimens in the
National Herbarium, Department of Plant Biology a@iddiversity Management, Addis Ababa
University. A voucher specimen of each species I@sn made available in the National

Herbarium.
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A. salicifolia

M azedarach P. abyssinica V amygalina

Figure 3.1.1: Medicinal plant species used in tlesent study

The leaves were washed with running tap water nowoxe dust and other debris, and air dried
under shade at room temperature to constant weidtg. dried leaves were ground to fine
powder using mechanical grinder. The powder was ieved through 0.6 mm wide mesh,

homogenized and stored in an air tight containeleunoom temperature until extraction.
3.1.2. Extraction

Extraction of crude leaf extracts were performeidgisnaceration method. Leaf powder and the
solvent (methanol) were added into conical flagksefach species separately in the ratio of 1:10
(W/V). Methanol was used because it is an all psepsolvent that dissolves most of the
secondary metabolites and enhances the releasesd themicals from cellular matrix (Visht

and Chaturvedi, 2012). The flasks were tightly etband the mixture was shaken for 72 h using
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orbital shaker at a speed of 250 rpm under roonpéeature. After 72 h, the extract was filtered
first by four layer of cheesecloth and cotton foledl by Whatman’'s No 1 filter paper. The
extracts were dried and concentrated by evaporatiethanol using rotary evaporator. The

concentrated extracts were stored°& dntil used for antibacterial testing.

Extraction yield

The percentage yield of the extract was determgnadimetrically using the dry weight of

extract and the initial weight of the leaf powdsrfallows:

% extract yield = dry weight of extratt00

initial powder weight

3.1.3. Infected enset material collection and isolationfaXanthomonas campestris pv.

musacearum

Pseudostems and midribs of newly infected ensettphlaere collected from a homegarden in
Wondo Genet College of Forestry and Natural Resourbhe samples were cut into small pieces
approximately 2-5 mfin size using sterilized knife. Each piece was@thin separate plastic
bags and kept as cool as possible in an ice bgtdaweent drying, microbial degradation and
avoid tissue decomposition. The specimens were lthamght to the laboratory to isolate Xcm;

causal agent of enset bacterial wilt.
Isolation

In the laboratory, the infected pseudostem and imisipecimens were further cut into smaller
pieces using sterile scalpel. The pieces were ceirthsinfected by dipping in 5 % sodium

hypochlorite solution for one minute and immedmiehmersed in distilled water three times to
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remove the disinfectant. Then after, the cut pieeexe placed in a test tube containing 5 mL of
distilled water and allowed to stand for 5 minutesil the bacterial population diffuses out of

the cut tissue into the distilled water.

Loopful of bacterial suspension was streaked toiliged semi-selective growth medium
composed of yeast extract (10 &)L peptone (10 g 1), sucrose (10 g 1), agar (15 g ),
cephalexin (50 mg 1) and amphotericin (150 mg™). (Tripathi et al, 2007). Cephalexin and
amphotericin were used to inhibit the growth of msaprophytes and fungal contaminants,
respectively. The streaked Petri dishes were irtedb@a an inverted position at 28 for 72 h.
Isolated colonies were selected and streaked cewdyrprepared growth medium of the same
type. The subculturing of the bacterium was carmed using streak plate method. In this
method, loopful of bacteria was directly taken frgnowth plates that contain uniform colonies
of Xcm using wire loop. Subculturing was done saléimes until uniform yellow colored
colonies were produced. The pure culture was stated’C (Fig.3.1.3.1) and every time
activated at 28 before usageldentification was made based on colony charatiesis
Accordingly, yellowish, mucoid and circular colosigvere identified as Xcm. The identity of the

pathogen was confirmed by pathogenicity test.
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Figure 3.1.3.1: Pure culture of Xcm

3.1.4. Pathogenicity test

Nine suckers of a susceptible enset clone weregbtaiwo Addis Ababa University, College of
Natural Science and transplanted in plastic bucketie glasshouse. During transportation, all
the leaves were removed and the root part was edvhy dried enset pseudostem. Plastic
buckets were 33 cm high and 30 cm wide. The buackets filled with soil, sand and manure in
the ratio of 2:1:1. After establishment, individiadset plants were inoculated with 10 ml of
Xcm suspension adjusted to 1.58X0FU/mL (0.5 McFarland standard) at the base ofitmiith
three replications. The negative control was ina@d with the same amount of distilled water
using syringes with metal needle. Three individsatkers were not treated for comparison
purpose. A week after inoculation, symptom develepimwvas monitored for every other day.
Yellowing of the inoculated leaf was seen aftereéhweeks (Fig. 3.1.4.1). Pseudostem (leaf
sheath) of the infected plants was taken and tlogebam was re-isolated using the previous

isolation procedure.
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Figure3.1.4.1: Pathogenicity test showing inoculatiorenéet with Xcm (a) and yellowing

leaves of the inoculated enset plant (b) afterethveek

3.1.5. Hypersensitivity testing

Seeds of tobaccdN(cotiana tabacut L.) were sown in the same type of bucket with sinslail

composition as used for pathogenicity tSeveral seeds were sown and after germination

seedling was left for the experiment and othersewemoved. The experiment was carried ol

three replicationsThe ability of plant pathogenic bacteria to indinggersensitive reaction in

non-host plant provides a useful test for pathocity. Bacterial suspension (10 1) containing
1.5 x 16 CFU/mLwas infiltrated into the intercellular spacestobacco lez using syringes with
metal needleTobacco plants were used due to the easy ofratfilg the fleshy leaves and t
convenience of growing and maintaining the plamden greenhouse condition. Death of c
around the infiltrating area ohe leaf, typical characteristics of hypersensitiggponse wa
observed three days after inoculation during momgpperiod that was checked for every ot

day.
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3.1.6. Antibacterial susceptibility testing of leaf extracts and antibiotics

The antibacterial potential of crude leaf extraatsl antibiotics against Xcmvas evaluated by
disc diffusion method (EUCAST, 2012). This methodswchosen due to the fact that it is
suitable for testing the majority of bacterial pagens and requires no special equipment. Petri
dishes, paper discs, cotton swabs, forceps, tesistand other materials used during the test
were autoclaved every time before usage. All thestavere performed in three or more

replications repeated for at least three times.

Extract preparation

Extracts of each species were dissolved in methamiblserial test concentrations were prepared.
Approximately 1.2, 0.9, 0.6, 0.3, 0.15, 0.075, 0&%d 0.02 g of each species extract was
separately dissolved in 3 mL of methanol produeig, 200, 100, 50, 25, 12.5, 6.25 and 3.12
mg/mL serial concentrations. Similarly, test cortcations of antibiotics that range from 50 —
0.02 mg/mL of distilled water were also preparedcB with a size of 5 mm in diameter were
prepared from Whatman’s_Nb filter paper using paper borer. The discs weeglized and
impregnated in each serial concentration of eaelgisp and antibiotics for 12 h. Subsequently,

the discs were taken out and dried before appdinati

Inoculum preparation and inoculation

The inoculum was prepared from 72 h old bacteroavgrin YPSA medium. The upper surfaces
of several pure colonies were swabbed with cotteabsand dissolved in distilled water in a test
tube. The content of the test tube was thoroughlgken in a vortex until a homogenous
suspension was formed. The absorbance of the cgerspension was measured with a
spectrophotometer (NV202, Sunny) at 600 nm andséeljuto 0.132, which is equivalent to the
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density of 0.5 McFarland standards (Sutton, 20Thg bacterial population at 0.5 McFarland

standards is approximately equal to 1.5 ¥@BU/mL.

Cotton swab was used for inoculation. The stedlizavab was dipped into the bacterial
suspension and the excess fluid was removed bintuthe swab against the inside of the test
tube. This avoids over inoculation of the Petrhéis. The inoculum was spread evenly over the
entire surface of the Petri dishes by swabbindniad directions. The dried discs were applied to
the inoculated Petri dishes within 15 minutes aicudation. During application, the discs were
pressed downward and the Petri dishes were keptniarmal position until the discs get wet.
Discs rinsed in methanol were used as negativeasnihen, all the Petri dishes were inverted
and incubated at 28 for 72 h. Inhibition zone was measured after # iImcubation. Zones of
complete inhibition were measured using transpareldr at the widest possible diameter

including the disc (NCCLS, 1997).
3.1.7. Minimum inhibitory concentration

The minimum inhibitory concentrations (MICs) of fextracts and antibiotics were determined
using agar dilution method as described in (EUCARD0Q0). One mL of each serial

concentration of each species leaf extract andiatit was thoroughly mixed with 19 mL of

molten growth medium and poured into Petri disfiée medium was then allowed to solidify at
room temperature. Bacterial suspension adjusted.fo McFarland standards (0.3ul) was
inoculated at three spots in each Petri dishy{Odf bacterial suspension at each spot). The
inoculated Petri dishes were incubated &tC28r 72 h. Parallel to this, control Petri dishes

without extract and antibiotic were used and tlselltevas compared against these controls

3.1.8. Minimum bactericidal concentration (MBC)
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Minimum bactericidal concentrations (MBC) of leaftracts and antibiotics were determined as
described in Njingaet al (2014). Bacterial growth medium composed of yeadtact (1%),
peptone (1%), sucrose (1%) and agar (1.5%) (YPS#9 prepared and autoclaved at 12 for

15 minutes. The medium was poured into sterileifdethes and allowed to cool and solidify.
The contents of the MIC Petri-dishes that did nodve growth were sub-cultured onto the
prepared Petri-dishes. The Petri-dishes were thembated at 2& for 72 h. Then after, the
Petri-dishes were observed for growth. The Pesftels without growth represent the minimum

bactericidal concentration (MBC). After 72 h, tlesults were recorded and taken as MBC.

3.1.9. Preliminary phytochemical screening of crude leaéxtracts

Qualitative analysis was performed to confirm thespnce or absence of major secondary
metabolites in the methanol crude leaf extractaifhespecies. The screening was carried out
following standard chemical methods as describe#ianborne, (1998), Tiwaret al (2011),

Jones and Kinghorn, (2006), Wadastcal (2013), Kumaet al (2013) and Ragét al (2013).

Test for alkaloids

Wagner’s test: Extract of each species (20 mg) was dissolvedratgg in 2 % HCI and
filtered. The filtrate was used for the detectidralixaloids. Wagner’s reagent was prepared by
dissolving 1.27 g of iodine and 2 g of potassiurdide (PI) in 100 mL of distilled water.
Wagner’s reagent (1 mL) was added to 2 mL of fiétrarhe formation of redish or brown

solution was an indication for the presence oflaikia.
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Test for flavonoids

Sample from each plant extract (0.5 g) was takeseparate test tubes and 10 mL of distilled
water was added, shaken and filtered. Five mLlafetl ammonia solution (10 %) was added to
a portion of the aqueous filtrate (3 mL) of eachnplextract followed by addition of 1 mL

concentrated sulphuric acid. Yellow color formatigas taken as a positive test for flavonoids.

Test for phenolic compounds

Ferric Chloride (FeCl3): To 2 mL of the above filtrate, 3-4 drops of 5 %rieeChloride

solution were added. Bluish black color produciiticated the presence of phenols.

Test for terpenoids

Leaf powder (0.5 g) of each species and 10 mL ethanol were added in separate test tubes.
The content was shaken well, centrifuged and &tler An aliquot of extract or filtrate (5 mL)
was taken and mixed with 2 mL of chloroform. Inte tsolution, 3 mL of sulphuric acid was
added. Reddish brown layer production between ofdom and sulphuric acid was used as an
indicator for the presence of terpenoids.

Test for saponins

Froth test: One gram of each extract was boiled with 5 mLisfiked water and filtered. To 1

mL of the filtrate, 3 mL of distilled water was agttland shaken vigorously for about 5 minutes.
Frothing that persisted for 15 minutes was takeanasvidence for the presence of saponins.
Test for tannins

Crude leaf extracts were taken separately in tbstst and 5 mL of distilled water was added,
warmed and filtered. To 1 mL of the filtrate, 2 rat.5 % (W/V) Ferric chloride solution

prepared in distilled water was added. The appearahdeep blue color was used to confirm

the presence of tannins.
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Test for glycosides

Approximately 20 mg of extract was dissolved in 2H%I and filtered. The filtrate (1 mL) was
treated with five drops of glacial acetic acid an drops of 5 % Ferric Chloride solution and
thoroughly mixed. Subsequently, 2 mL of concenttagelfuric acid was added and two layers
were formed; the lower white layer and upper adetyer which turned bluish green indicated a

positive test for glycosides

3.1.10. Estimation of total phenolics content of extracts

Extract of each species (0.5 g) and 10 mL of d¢kstilvater were added in separate test tubes,
shaken and centrifuged. An aliquot of (0.1 mL)ué supernatant was taken and diluted to 3 mL
with distilled water. Consecutively, 0.25 mL of FolCiocalteau reagent was added. After 3
minutes, 1 mL of 20 % (w/v) sodium carbonate wadeadand thoroughly mixed. The tubes
were placed in boiling water for 1 min and cool&le absorbance of the resulting solution was
measured at 650 nm against a reagent blank usingpectrophotometer (NV202
Spectrophotometer, Sunny). The blank was compos&droL of distilled water, 0.25 mL of
Folin Ciocalteau and 1 mL of 20 % sodium carbondtee absorbance of the blank was
subtracted from each reading. Catechol was usedefmare the standard calibration curve from
which the amount of total phenols in the sample eadsulated. The amount of total phenols was

expressed in mg catechol equivalent of phenolgpaiple (Zieslin and Ben-Zaken, 1993).

A calibration curve was prepared by dissolving@®& dry catechol in 100 mL of distilled water
as a stock solution (Fig. 3.1.10.1). Zero (0), 13,25, and 10 mL of the catechol stock solution
were added into 100 mL separate volumetric flagksl then diluted to volume with distilled
water. These solutions had 0, 0.05, 0.1, 0.15, @2% 0.5 mg/mL of catechol. From each
calibration solution, sample, or blank, 0.2 uL walsen into separate test tubes, and to each 2.8
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mL of distilled water and 0.25 pL Folin-Ciocaltesiagent were added, and mixed thoroughly.
After 3 minutes, 1mL of 20 % sodium carbonate sotutvas added, well mixed and warmed in
a boiling water for one minute, cooled and absocbamas determined against the blank at 650

nm.

y =4.6869x + 0.4789
R?2=0.9984

2.7
2.4 4
2.1+
1.8 -
1.5 1
1.2 1
0.9 4
0.6
0.3 -

Absorbance

0 0.2 0.4 0.6
Catechol concentration (mg/ml)

Figure 3.1.10.1: Calibration curve of total pheosicontent using catechol
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3.2. Induction of Systemic Defense Responses in endehgete ventricosum (Welw.)
Cheesman) Clones by the Leaf Extract ofAgarista Salicifolia againstXanthomonas

campestris pv. Musacearum

3.2.1. Description of the field study area

The field study was conducted in Wondo Genet CellefgForestry and Natural Resources, 263
kms far from the capital, Addis Ababa (Fig. 3.2)1I1is located in the SNNPS at 7° 06’ N to 7°
11' N and 38° 5’ E to 38° 07’ E), southeast of Steasene town. The altitude of the place ranges
between 1700 - 2100 m above sea level (a.s.l). fiban annual temperature varies between
17°C and 19C and it receives a mean annual precipitatain about 1200 mm on a
bimodal distribution pattern. The main rainy seasccurs between June and September and
the short rainy season that contributes almmé third of the annual rainfall occurs between
March and April. The soil is well drained loam asmhdy loam, shallow at steep convex slopes

but deep at low altitude (Eriksson and Stern, 1987)

Figure 3.2.1.1: Map of the study area (Source &ssDessie and Kleman, 2007)
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3.2.2. Enset clones

The study enset clones were selected based ongleseports about their sensitivity to Xcm and
the preference of enset growing farmers in termguntity and quality of products such as
Bulla, KochoandAmicha Accordingly, Gentichais known as resistant/tolerant allidashoas
susceptible clones (Gizachew Wolde-Micheeél, 2008). In addition, the two enset clones and
Xcm isolate were collected from the farmers’ fieddSidamazone, Wondo Genet district where
the study was conducted. This zone was selectedsagirce of enset clones and Xcm isolate
since research reports of Fikre Handoro and GizacWelde-Michael, (2007) revealed that
natural epidemic of enset bacterial wilt is highttie zone and Xcm isolates from infected enset
clones in this zone are more virulent.

3.2.3. Growing conditions

The study area was ploughed using tractor. Thehsoiiowed into small particles and the land
was irrigated before plot preparation. The fielpekment was conducted on an area of 1224 m
partitioned into three blocks, each consistingiof&m X 6 m (36 ) plots (Fig. 3.2.3.2). There
were 2 m and 3 m spacing between blocks and plgpectively. In each plot, nine 33 cm deep
and wide holes with 2 m spacing were preparedriseesucker plantation. Each hole was 0.5 m
far from the edge of the plot to avoid edge eff@#fore transplanting the enset suckers, the
perimeter of the site was tightly fenced aroundngsivooden logs. One year old and
approximately equal sized enset suckers of theystliohes Ganticha and Midashg were
bought from farmers who had suckers developed foom corm for each clone. Transplanting
was carried out at the beginning of the rainy seadone, 2013. Each enséine was randomly
assigned to each plot in a completely randomizethden three replications (Fig. 3.2.3.2). Nine

individual enset suckers were transplanted in galoh After two weeks, equal amount of
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undecayed cattle manure was added around each srdetr. Enset management techniques

such as tilling and weeding commonly practicedh®yeénset farmers were carried out as needed.

Midasho Midasho Midasho
OGO (induced) | (infected) (Control)
Midasho Midasho Midasho
(induced) (control) (infected)
Rep. Il
Midasho Midasho Midasho
(infected (induced) (control)
Rep. llI

control)

Figure 3.2.3.1: Layout of the field experimentabtpkhowing the random distribution of

treatments

3.2.4. Agaristasalicifolia

Fresh leaves oRgarista salicifolia(Com.ex Lamb.) G. Don (Ericaceaejs collected from
Amaro district, southerrEthiopia. The species waselected on the basis of follow-up of
antimicrobial activity reports and traditional ue€ the plant against diseases (Fabricant and
Farnsworth, 2001). It is a tree that grows on steeqky slopes iduniperus-Ericascrub, open
grassland withCombretum, Protea, Ericand Helichrysum bamboo forest, evergreen forest
relict in valleys at altitude ranging 2050 -2900afove sea level. It is found widespread in
Africa (Hedberg and Hedberg, 2003). The leaf samplere collected from a tree grown at 2131
m above sea level. The leaf of this species idtioaelly used to treat gastrointestinal diseases
such as diarrhea in humans (Sharegadl, 2008). The bark and the root are used to treass
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(external boil) and toothache, respectively (Shaegal, 2008). The shoot is also used to treat
cattle disease such as Babesiosis (Engedasew Avetaaly, 2015). Specimen of the species was
freshly pressed, mounted and identified by expiertdhhe National Herbarium, Department of
Plant Biology and Biodiversity Management, Addisaidl University. A voucher specimen of

the species has been made available in the Nattterdlarium.

3.2.5. Application of treatments

The treatments were applied after one year fromspianting. In each block, there were six
plots; three for each enset clone. The treatmemi® &ssigned randomly in plots. All plants
grown in a plot received the respective treatmeht® three treatments were; 1) enset plants
inoculated with 10 mL of Xcm suspension adjusted . ®x 1§ CFU/mL (Fig. 3.2.5.1A). Xcm
inoculated plants were taken as infected contqmdsifive controls); 2) ensglants treated with
10 mL of 12.5 mg/mlA. salicifoliacrude leaf extract dissolved in methanol (Fig.818B). The
leaf extract was applied using mid vein injectioethod. The value 12.5 mg/mL was the
minimum inhibitory concentration of the leaf extralants pretreated with the leaf extract were
inoculated with Xcm suspension after 30 days whgnpsoms of infected control plants fully
develop. Both inoculants were thoroughly shakemidgeinoculation; 3) enset plants treated with
10 mL of methanol, the solvent of the leaf extrastre taken as theontrols (negative controls)
of the experiment. Separate 5 mL capacity hypodeswinges with metal needles were used
for application of the three treatments and appboas were made at the base of the midrib of a
newly expanding youngest leaf (Fig. 3.2.5.1A andR) protect transmission of the pathogen,

separate management tools were used for each &edriter inoculation.
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Figure 3.2.5.1: Inoculation of enset with Xcm susgen (A) and treating with A. salicifolia le

extract (B) one year after transplan

3.2.6. Leaf sample collectiol

Leaf samples were collectsdon after treatment applicaticLeaf discs approximately equal
10 cm x 10 cm in size were collected from middle of the %' leaf from the torexcluding the
midrib at Q 24, 48, 48, 72, 96 and 12rs after treatment agphtion. The leaf discs were tak
from three to five randomly selected plants in epldht. The leaf samples were stored in lig
nitrogen and transported to Addis Ababa Universitye leaf discs of each clone were sortec
blocks and treatments, andgrther cut into small pieces. The leaf pieces aheaeatment wer
homogenized block wise and used for biochemicallyaisa separately. All assays we
performed independently a minimum of two times &achensetclone, replication (block’
treatmentand sample collection time. Similar trends wereeobsd between replicate samp

under trail times during each bioas
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3.2.7. Bioassay

3.2.7.1. Assay for the detection of phenylalanine ammonilyase (PAL)

The activity of PAL was estimated according to [@idonet al (1984) as described in Eisa

al. (2013). One gram (1 g) of leaf sample from eaehttent was crushed and homogenized in
10 mL of borate buffer (pH 8.8) using pre-chilledmar and pestle. This was carried out in the
presence of 0.4 mL of 5 mM mercaptoethandl The homogenate was centrifuged at 12, 000

rpm at £C for 10 minutes and the supernatant was collesmeldused as an enzyme extract.

An aliquot (0.2 mL) of enzyme extract was trans#drinto a separate tube containing 2.5 mL of
borate buffer and 1 mL of 0.1 mM L-phenylalaninél (8.8). This was done for each treatment
and clone for every sampling time. The mixture viasubated for 30 minutes at 32%2
Enzyme reaction was stopped by the addition ofn@L50f 2N HCI. Enzyme extract (0.2 mL)
along with 0.5 mL of borate buffer, 1.3 mL of ditd water, 0.5 mL of 2N HCl and 1 mL of L-
phenylalanine were added into a test tube in seguand used as a blank. The PAL activity
was determined from the production of cinnamaten(@id Tian, 2005) and absorbance was
measured at 290 nm with a spectrophotometer (N\&ittrophotometer, Sunny). The amount
of cinnamic acid produced was determined from ammpaacid calibration curve and PAL

activity was expressed as pmoles of cinnamic acdyced miftg™ of FW.

Dry cinnamic acid (0.5 g) was dissolved in ethafaddsolute) and made to 100 ml by adding
ethanol. This was used as a stock solution. Du¢héolower absorbance readings at low
concentrations, higher volumes were taken fromdioek (5mg/ml) solution as compared to
other calibration curves in the thesis. Serialtdbhs of 1, 4, 10, and 20 mL were taken from the

stock solution and added into separate 100 mL vettimflasks, each diluted to volume with
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distilled water producing serial concentrations0d5, 0.2, 0.5 and 1 mg/ml, respectively. The
absorbance of the stock solution (5mg/ml) was alsasured. Absorbance was measured at 290
nm using a spectrophotometer and the standard owage constructed as concentration of

cinnamic acid versus absorbance (Fig. 3.2.7.1.1).
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Figure 3.2.7.1.1: Calibration curve for phenylalnammonia lyase activity

3.2.7.2. Peroxidase assay

In the presence of hydrogen donor, pyrogallol pelase converts ¥, to H,O and Q. The
oxidation of pyrogallol to a coloured product cdllepurpurogalli can be followed
spectrophotometrically at 470 nm. One gram of efesdtsample was weighed and crushed in
pre-chilled (cooled) mortar and pestle in the pneseof 0.1M sodium phosphate buffer (pH 7) in
the ratio of 1:4 (W/V). The extract was allowedptss through a funnel to exclude fibers and the
filtrate was centrifuged at 4000 rpm for 20 minuféBe supernatant was used for estimation of

peroxidase activity.
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Two sets of tests were run representing the expeetizhtest and the control. To all the test tubes
of the two sets, 2.5 mL of sodium phosphate bujfét 7) and 0.2 mL of the enzyme extract
were added. To the experimental set, 0.2 mL ofM.pgrogallol solution was added and mixed.
Then 0.1 mL of 1% kD, was added to all the test tubes. Contents weredrixoroughly and
left at room temperature for 20 minutes. A solutaamsisted of 0.2 mL of distilled water, 2.5

mL of phosphate buffer (pH 7) and 0.1 mL of 1% was used as a blank.

Absorbance of the experimental and control tests waeasured at 470 nm using a
spectrophotometer (NV202, Sunny). Each measuremast replicated six times to ensure
maximum conformity of results. Optical density (O&f)all the tests was taken against the blank.
Peroxidase activity was estimated according to Argti al. (2012) using the formula as follows:

Units mg-1 fresh wt. = O.D of test — O.D of control
O.D of controltof plant sample

3.2.7.3. Polyphenol oxidase assay

Polyphenol oxidase activity was determined accagrdinthe method described by Esterbaater
al. (1977). Using a pre-chilled mortar and pestle,d¥d&m of leaf sample was homogenized in 2
mL of the extracting solvent containing 50 mM THE&! (pH 7.2), 0.4 M sorbitol and 10 mM
NaCl in the ratio of 3:1:1. The homogenate wasrdeged at 2000 rpm for 10 minutes &4

and the supernatant was used for the assay.

An aliquot of 2.5 mL of phosphate buffer, 0.3 mLaaftechol solution and 0.2 mL of enzyme
extract were added in a cuvette and the absorlzritbe mixture was measured at 495 nm using

a spectrophotometer (NV202, Sunny). Change in dbsoe was recorded every 30 seconds
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interval for 3 minutes. However, absorbance waslyesable approximately after 2 minutes.
One unit of polyphenol oxidase is defined as thewm of enzyme that transforms gm@ole of
dihydrophenol to ongamole of quinone per minute per FW. The activitypofyphenol oxidase

was calculated using the formula:

Enzyme unit in the gder= K x (AA/min)

Where, K for catecbgldase (polyphenol oxidase) = 0.272

3.2.7.4. Estimation of total phenolics content

Enset leaf sample (1 g) from each treatment wasolgemized with mortar and pestle in 10 mL
of 80 % methanol (w/v). The homogenate was filtared funnel and centrifuged at 10,000 rpm
for 10 min. The supernatant was used for total phes content determination. An aliquot of
(0.2 mL) of the supernatant was taken and dilute@ tnL with distilled water. Consecutively,

0.25 mL of Folin Ciocalteau reagent was added. rA3teninutes, 1 mL of 20 % (w/v) sodium

carbonate was added and thoroughly mixed. Thetubsts were placed in boiling water for 1

min and cooled.

A blue color was developed in each test tube bec#ius phenols undergo a complex redox
reaction with phosphomolibdic acid in Folin Cioeati reagent in alkaline medium. This blue
colored complex was molybdenum blue. The absorbava® measured at 650 nm against a
reagent blank using a spectrophotometer (NV202 t8pg#wtometer, Sunny).The blank was
composed of 3 mL of distilled water, 0.25 mL of iRoCiocalteau and 1 mL of 20 % sodium
carbonate. The absorbance of the blank was subdtrficim each reading. Catechol was used to

prepare the standard calibration curve (Fig. 3.1)1dom which the amount of total phenols in
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the samples was calculated. The amount of totahqglkewas expressed in mg catechol

equivalent of phenol/g FW (Zieslin and Ben-Zake®93).

3.2.7.5. Estimation of total soluble sugars

The amount of total soluble sugars was estimatadguphenol—sulfuric acid method as
mentioned in Nielsen, (2010freeze dried ensétaf sample (0.5 g) was homogenized with 10
mL of 80 % ethanol as described in Saltal. (1988). The solution was poured in a funnel and
the filtrate was centrifuged at 2000 rpm for 20 at@s. The supernatant was collected separately
for each clone, treatment and sampling time. Iasa tube, 0.1 mL alcoholic leaf extract and 1
mL of 2 % phenol solution were added. This coneitn of phenol solution was chosen due to
the smallest difference in the absorbance readingsng the three sugars (glucose, fructose and
galactose). Moreover, measuring absorbance at #R@ith the use of 2 % phenol in the sugar
assay gives the closest match to the absorptioifi@ests of the three basic monomers without
compromising the sensitivity of the assay (Chow haddhausser, 2004). To the extract-phenol
solution, 5 mL of concentrated sulphuric acid wddel. Each tube was gently agitated during

the addition of the acid and allowed to stand wader bath adjusted to 3D for 20 minutes.

The absorbance of the yellow orange color thus Idped was measured at 490 nm in a
spectrophotomete(NV202 Spectrophotometer, Sunnyljhe blank was composed of all the
constituents of the test without the enzyme extradthe amount of total soluble sugars was
determined from a standard curve prepared by ugiiogvn concentration of glucose followed
by the addition of equal amounts of phenol soludod sulfuric acid. The amount of sugar was

expressed as mg/g fresh weight of leaf tissue.
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A calibration curve was prepared by dissolving §.6f dry D-glucose in 100 mL of distilled
water as a stock solution (Fig. 3.2.8.5.1). Satikltions of 1, 2, 3, 5, and 10 mL of the stock
solution were added into separate 100 mL volumélaigks, and then diluted to volume with
distilled water. These solutions had 0.05, 0.1500125 and 0.5 mg/mL of glucose, respectively.
From each calibration solution 0.2 pL was takeo sgparate test tubes, and to each 1 mL of 2
% phenol solution and 5 mL concentrated sulfuriil agere added and mixed thoroughly. A
solution composed 0.2 pL of distilled water, 1 mtL 2 % phenol solution and 5 mL of
concentrated sulfuric acid was used as a blank.alserbance of the resulting yellow orange
colored solution was measured at 490 nm using actgphotometer (NV202

Spectrophotometer, Sunny)
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Figure 3.2.8.5.1: Calibration curve of glucosedaantification of TSS of enset leaves

3.2.7.6. Disease incidence

Disease incidence (DI) was evaluated 4 and 9 matftbsinoculation with Xcm suspension and
treated withA. salicifolialeaf extract. DI was calculated separately fahetaeatment and clone

under each plot and the average values were .tdRercentage of disease incidence was
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calculated according to Haggag and El-Gamal, (20d®) little modification using the formula

as follows:

Disease incidence (%) = number ofiddantsX 100

total number of plants inoculated

3.3. Growth, Physiological and Biochemical Responses &f Ventricosum Clones Induced

by Leaf Extract and Infected With X. campestris pv. musacearum

3.3.1. Growth and physiological measurements

In the field experiment, growth and physiologicatalwere collected from 3-5 individual plants
per plot. Plants under each treatment were randamlgcted and tagged for data collection.
When tagged plants were lost (missed), equivalaritp of the same treatment were used for
data collection. Growth data of the study ensehetowere collected beginning a year after
transplanting and before the application of treati:ieGrowth and physiological data, and leaf
samples for biochemical assay were gathered 4, 1&h months after the application of

treatments.

3.3.1.1. Growth measurements

The effects of treatments on the growth of ensmted were evaluated in terms of plant height,
psuedostem girth, leaf number, total leaf arealeatlarea index. Plant height was measured
from the soil surface to the tip of fully expandgoungest leaf (Fig. 3.3.1.1.1A). Pseudostem
girth was measured at the widest region alongdtei length. Green leaf number was counted
and recorded. Leaf width and length of tH& I8af counted from the top were measured and

values were used to calculate total leaf area @8)1.1.1B and C).
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Figure 3.3.1.1.1: Measurements of plant height (#gf width (B) and leaf length (C) of en:

oneyear after transplanting and just before treatrappticatior

3.3.1.1.1. Total leaf area

Leaf area is one of the parameters used to deteranplant’s photosynthesis. Total leaf are:
ensetwas determined according to Kurmret al (2002) used for banana Icounting the total
number of leaves (N), measuring the length (L) larehdth (B) of the third leaf from the top &

calculating the total leaf area (TLA)

TLA=LxBx0.83xNx0.66

Where 0.83 is a correction factor for leaf shafffedincesand 0.662 is a correction factor f

leaf size differences amongse plant leaves.

3.3.1.1.2. Leaf area index
Leaf area index (LAI) is the total area of greeaf lger unit area of land and this was meas

as follows: LAl = TLA/A 4
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Where LAl is leaf area index, TLA is total leaf arand A is the ground area occupied by each

plant which was computed from the spacing betwedividual plants.

3.3.1.2. Physiological measurements

3.3.1.2.1. Leaf relative water content

Midday leaf relative water content (NRWC) was dsieed from 6-9 plants by punching out 3
cm x 3 cm (9 crf) leaf pieces from the mid region of the leaf bladbese pieces were
immediately weighed to obtain fresh weight (FW)eTgieces were placed in Petri dishes filled
with distilled water for 24 hours, reweighed (TWjdathen oven dried at 70 for 24 hrs to get

dry weight (DW) of the sample leaf pieces. Relatiager content of the leaf was calculated as:

RWC = (FW — DW) / (TW — DW) x 100

3.3.1.2.2. Gas exchange

Net assimilation rate (A), stomatal conductancg, (gtercellular CQ concentration (¢ and
transpiration rate (E) were measured simultaneonislthe & fully expanded leaf from the top
(Fig. 3.3.1.2.2.1), using LCPro+ portable photdbgsis system (ADC, Bioscientific, Ltd. UK).
This infrared gas analysis system is equipped witeaf chamber covering 6.25 tieaf area
and measurements were taken under field enviroraheahditions. Measurements were taken
from 3-4 plants between 9:00 and 11:30 AM. Fiveordings were taken from each plant at

different positions when the G@Qptake was steady.
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Water use efficiency(WUE) defined as mmol of net (; uptale per mole of water transpirwas

calculated by dividing instantaneous valueA by E.

WUE = A/E
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Figure 3.3.1.2.2.1: The simultaneous measuremeggMmilation rate, stomatal conductar

intercellular CQ and transpiration rate of th’ enset leaf from the top
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3.3.2. Biochemical responses

3.3.2.1. Leaf chlorophyll and carotenoid contents

The leaf samples were subjected to chlorophylls @rdtenoids concentrations analysis. The
amount of each pigment was quantified according Ltohtenthaler (1987) with little
modification. Leaf samples were dried to constaaigivt and ground using mortar and pestle.
The fine powder was sieved through 0.6 mm in di@ametesh and 20 mg from each treatment
was taken in separate test tubes. The contentdn st tube was moistened with 0.1mL of
distilled water and left approximately for 10 miast Into each test tube, 8 mL of 96 % ethanol
was added and thoroughly mixed in a vortex. Thettdses were wrapped in aluminum foil and
incubated at room temperature overnight. The nayt the content of each test tube was mixed
and centrifuged at 4000 rpm for 10 minutes. Thedizsce of the extract was measured at 470,
649, and 664 nm using a spectrophotometer (NV2@2tsgphotometer, Sunny). The absorbance
of 96 % ethanol was used as a blank. The concemtsadf chlorophylls and total carotenoids

were calculated as follows:

C a= (13.36A64-5.19A49*8.1 [mg g* DW]
DW
Cp = (27.43A49— 8.12A44)*8.1 md g* DW]
DW
C a+b = (5.24A54+ 22.24A49*8.1 [mg BW]
DW
C xrc = (4.785A70+ 3.657 Aga— 12.76/49*8.1 [mg gOwW]
DW
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Where: A649 =Absorbance at 649 nm
A664 =Absorbance at 664 nm
AA470 = Absorbance at 470 nm

DW = dry weight of plant tissue extrat{eng) and 8.1 is volume of the solvent

3.3.2.2. Total nitrogen

Enset leaf samples were oven dried a&tC/@or 24 hrs. These were milled, sieved in 0.6 mm
mesh and subjected to total nitrogen analysisalTotrogen of leaf samples was estimated using

kjeldahl method as described in (Baker and Thomps892).
Principle of the method

Kjeldahl method involves the transformation of arigaN to ammonium (Ni™) by digesting

the sample with concentrated sulfuric acib$8;) and then measuring the amount of H
produced. Potassium sulfate,80,) was used to increase the boiling point, and #gpeed up

the conversion reaction. The rate of organic matkéation was also increased by the addition
of copper sulphate pentahydrate (Cyu58,0) and selenium (Se) that serve as catalysts (Baker

and Thompson, 1992).

Organic nitrogen +,804 KoSOy (NH)2SO, + H.0.

CuSQ@Q5H,0

The NH’ N created during the digestion procedure was ohtexd by making the digest
strongly alkaline with sodium hydroxide (NaOH), acallecting the volatilized ammonia (NH

into a boric acid indicator solution by steam dlistion.
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2(NB)2SOs +4NaOH ——»  NgBO;, + 4NH; + 4H,0

The ammonia liberated was trapped by boric acidtiéwaded using HCI

NH+ HsBO; ———» NHH,BO;3

NHH,BO; +HCI —— NHCI + H3BO3

Procedure

Leaf powder from each treatment, 0.3 g as describeldrew Kebede, (2012) for enset was
weighed and added to Kjeldahl flasks containing &f gatalyst mixture composed of 100 g
K2SOy, 10 g of CuS@and 1 g of selenium powder. Into each flask, 7ahtoncentrated 5O,

and 3 ml of 30 % b, were added sequentially and immediately placeterdigestion block to
initiate digestion. Similarly, the blank (withoutapt sample) was passed through all the steps
like that of the samples to compensate for anyrdmriton from the reagents used. Digestion
was run for about 2 hrs. The digested samples distdled with 40 % sodium hydroxide and
received in 20 ml of 2 % boric acid containing a6 of bromocresol green-methyl red mixed
indicator solution per litre of boric acid solutiohhe indicator solution was prepared from 0.01
g of bromocresol green and 0.07 g of methyl redah&ed in 100 mL of 90 % ethanol (Baker
and Thompson, 1992). The distillate was then &ttavith 0.1N HCI until the green color of the
distillate changed to pink. Total percent (%) rgea present in the plant samples was calculated

as follows:

Where, T = Titration volume of the sample
Total % N = (T-B) x N x 0.014 200

Weight of sample in gram B = Titration volume of the blank

N -ohhality of the titrating acid
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3.3.2.3. Total protein

The total protein of the leaf sample was determinedectly from the total nitrogen content of

the leaf sample as:

Total protein = percent nitrogen * 6.25 (6.25 is conversion factor for most vegetables)

3.4. Statistical analysis

All data collected were subjected to analysis ofavece using SPSS (Statistical Package for Social
Sciences, version 20). This was done after carmyuidest of homogeneity and normal distribution
for each measured parameter. Means were compar&dKkay's Honestly Significant Difference

(HSD) test at 95 % confidence interval.
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CHAPTER FOUR

4. RESULTS

4.1. Evaluation of the Antibacterial Activity of Sane Medicinal Plant Leaf Extracts and
Antibiotics against Xanthomonas campestris pv. musacearum

4.1.1. Extract yield (%)

The result of the present study showed a wideatian inextract yield between medicinal plant

species (Table 4.1.1.1). The highest extract ywedd obtained from the leaves A&f salicifolia

(55.3%) followed byP. abyssinica(45.2 %), while the lowest was obtained fraxnaspera

(7.8%) andM. azedarach(10.6%). The remaining species had an intermegiateent extract

yield.

Table 4.1.1.1: Powder weight, extract weight antlaex yield (%) of medicinal plant species (

dry weight of methanol extract as % of powder wemfithe leaf)

Medicinal plant Powder weight (g) Extract weight (g) Extract yield (%)
species

A. aspera 120 9.3 7.75

A. salicifolia 90 49.8 55.3

D. stramonium 120 21.73 18.11

M. azedarach 100 10.55 10.55

P. abyssinica 85 38.4 45.2

V. amygdalina 60 20.16 33.6
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4.1.2. Antibacterial activity of leaf extracts

The identity of the pathogen was confirmed prioratatibacterial testing of plant extracts.
Accordingly, results of the pathogenicity test skdvdevelopment of bacterial wilt symptoms in
inoculated plants of enset three weeks after iratmd (Fig. 3.1.1 and Appendex 1). The
antibacterial activities of methanol crude leafragts ofA. salicifolia P. abyssinicaA. aspera

D. stramoniumM. azedaraclandV. amygdalinaagainst Xcmwere testedn vitro. The test was
carried out at 50, 100, 200 and 400 mg/mL conc&atra The extracts showed a wide variation
in mean inhibition zone diameter of the test organ{Fig. 4.1.2.1). The inhibition zone between
the test concentrations in extractsfofsalicifoliaandP. abyssinicavas significantlydifferent at

P < 0.01. Compared to others, extracts of theseespproduced the widest inhibition zone at all
test concentrations. The inhibition zone decreasebbwer test concentrations. l aspera
bacterial growth inhibition zone was significantiyder at 400 mg/mL as compared to 100
mg/mL. However, the antibacterial activity Bt stramoniumandV. amygdalinaleaf extracts
was not significant among test concentrations (Eif.2.1). Moreover, the result revealed that
the leaf extract ofA. salicifolia created the widest bacterial growth inhibition et all test
concentrations. Extract of this species produceathaificantly wider inhibition zone at all test
concentrations as compared to other species (P0%).OLikewise, the leaf extract dP.
abyssinica produced significantly higher inhibition zone thaxtracts of A. aspera, D.
stramoniumand V. amygdalinaat 200 and 50 mg/mL test concentrations. At théndsg) test
concentration (400 mg/mL), extract Af asperaproduced significantly wider inhibition zone
than extract ofV. amygdalina. However, the difference between extractsPofaspera, D.

stramoniumandV. amygdalinaat 200, 100 and 50 mg/mL test concentrations wasigoificant
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(Fig. 4.1.2.1). The antibacterial susceptibilitgtseeofM. azedarachextracts against Xcm didn’t

show inhibition at all test concentrations.
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Figure 4.1.2.1: Growth inhibition diameters Xcmrbgdicinal plant leaf extracts at different test
concentrations. Bars at each test concentratidowet by different letters are significantly

different at P < 0.01 (n = 6).

4.1.3. Antibacterial activity of antibiotics

The in vitro anti-Xcm activities of some commercially availalaetibiotics were qualitatively

and quantitatively assessed by the presence onabsé inhibition zones, MICs and (MBCs).
Visible variations were noticed between the testeiibiotics and test concentrations both within
and between antibiotics (Table 4.1.3.1and Appe@dliX he differences between amoxicillin test
concentrations (50, 25, 12.5 and 6.25 mg/mL) inbiiing the growth of Xcm were insignificant

at P < 0.05. The inhibition zone diameters of thiest concentrations were significantly (P <
0.05) wider than lower test concentrations (0.78900.195, 0.098, 0.049 and 0.02 mg/mL)

except between 12.5 and 3.12 mg/mL. At lower tesicentrations of amoxicillin below 0.195
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mg/mL, the inhibition zone diameters became nilb{€a4.1.3.1). Unlike others, cephalexin
inhibited the growth of Xcm only at higher concetions (50, 25, 12.5 and 6.25 mg/mL) (Table
4.1.3.1). Besides, the differences between thetsectacentrations were insignificant (P < 0.05)
except between 6.25 mg/mL and others. Chlorampbkemo the other hand, inhibited the
growth of Xcm at lower concentrations that extewd 156 mg/mL. In chloramphenicol,
significant (P < 0.05) differences were observedm@gntest concentrations except between two
consecutive concentrations in the serial dilutibf, (25, 12.5, 6.25, 3.12 and 1.56 mg/ml) test

concentrations (Table 4.1.3.1).

Similar to amoxicillin, higher test concentratiom$ streptomycin sulphate showed wider
inhibition zone diameter. However, the differene@song these (50, 25, 12.5 and 6.25 mg/mL)
test concentrations were insignificant at P < ((D&ble 4.1.3.1). The higher two (50 and 25
mg/ml) test concentrations had significantly (P.85) wider inhibition zone diameter than the
lower test concentrations (1.56, 0.78, 0.39, 0.10698, 0.049 and 0.02 mg/mL). The various
test concentrations of tetracycline also inhibited growth of Xcm at different levels. The

highest inhibition zone diameter was recorded i@ fighest test concentration (50 mg/mL)
followed by 25 mg/mL (Table 4.1.3.1). The differenoetween these two was insignificant at P
< 0.05. Tetracycline showed inhibition up to thevést test concentration (0.02 mg/mL) and
significant differences were recorded between tighdr (50, 25 and 12.5 mg/mL) and lower

(3.12, 1.56, 0.78, 0.39, 0.098, 0.049 and 0.02 raptast concentrations (Table 4.1.3.1).

Comparison of tested antibiotics revealed the erist of marked variation in potency against
Xcm; a plant pathogen. Accordingly, amoxicillin astteptomycin showed significantly (P <

0.05) wider inhibition zone diameter than cephaleghloramphenicol and tetracycline at 50, 25,
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12.5 and 6.25 mg/mL test concentrations (Table34L). The difference between tetracycline
and amoxicillin was insignificant in some of thevier (1.56 and 0.39 mg/ml) test concentrations.
The significant variation between tetracycline ati@ptomycin was not restricted to the higher
test concentrations. They also showed significé#férénces at lower (1.56, 0.78, 0.39 and 0.098
mg/mL) test concentrations. Cephalexin and chlotengol showed relatively narrow

inhibition zone diameter as compared to others I@&bl.3.1). In general, the antibacterial

activity of all antibiotics increased with increagiconcentration.

Table 4.1.3.1: The antibacterial activity of ariiiés against Xcm showing inhibition zone

diameters (mm) at various test concentrations §h =

Test Amoxicillin  Cephalexin Chloramphenicol Streptomycin Tetracycline
concentrations sulphate
(mg/mL)
0.02 0.0+0.0f 0.0+0.0c 0.0+0.0d 12.0+1.5e 6.2+0.3fgh
0.049 0.0+0.0f 0.0+0.0c 0.0+0.0d 24.7+4.7d 7.2+0.2fgh
0.098 0.0+0.0f 0.0+0.0c 0.0+0.0d 22.0t+1.7e 7.6+0.5fgh
0.195 6.0£0.0f 0.0+0.0c 0.0+0.0d 23.310.7de  13.2+0.3efg
0.39 23.740.9e  0.0+0.0c 0.0+0.0d 29.740.9d 14.1+0.7e
0.78 25.310.9e  0.0+0.0c 5.3+0.0d 33.0+0.6d 13.740.2e
1.56 31.7+2.7d  0.0£0.0c 5.4+0.0cd 35.0£0.6bcd  21.3+0.5d
3.12 41.0+£0.6bc  0.0£0.0c 5.7+0.3cd 34.7+£1.2bd  25.1+0.8d
6.25 38.7+2.4c  5.5+2.0b 16.7£0.9bc 43.3t1.7ac  28.2+1.5cd
12.5 46.3+0.9ab 13.7%1.2a 20.31+2.2b 43.7+1.9ab  31.5+1.9bc
25 48.0+1.0a 12.3fl1.2a 25.7+3.2ab 46.0+0.6a  35.3+2.4ab
50 49.7+0.3a 15.7£1.8a 32.2+3.4a 50.3+3.2a 38.7+2.6a

Mean values in each column followed by similardettare not significantly different at P < 0.05.



4.1.4. Minimum inhibitory and bactericidal concentrations of extracts and antibiotics
Minimum inhibitory and bactericidal concentratiomlC and MBC) values indicated that the
effect of extracts on the growth of Xcm was vamabmong species (Fig.4.1.4.1). The highest
MIC and MBC values were recorded by extracté&.olsperaD. stramoniumandV. amygdalina
(Fig. 4.1.4.1). Extracts &&. salicifoliaandP. abyssinicavere potent that inhibited the growth of
the test bacterium even at low concentrations agpeced to others. The MIC and MBC values
of the other extracts were 87.5 mg/mL higher tAasalicifoliaandP. abyssinica The extract of

M. azedarachdidn't exhibit any growth inhibition at400, 200, 100 and 50 mg/mL

concentrations and thus, MIC and MBC were not detesd (Fig.4.1.4.1).
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Figure 4.1.4.1: Minimum inhibitory concentration &) and minimum bactericidal

concentration (MBC) of leaf extracts from medicip&dnt leaves against Xcm.

Figure 4.1.4.2 shows the MIC and minimum bacteakiconcentration (MBC) of antibiotics
against Xcm. There was variation in both tests betwantibiotics. In the assay, tetracycline

showed the lowest MIC and MBC values as compareattiers antibiotics (Fig. 4.1.4.2). The
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highest MIC and MBC were recorded by test concéintreof cephalexin, while the remaining

antibiotics had moderate MIC and MBC (Fig. 4.1.4.2)
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Figure 4.1.4.2: Minimum inhibitory concentration &) and minimum bactericidal

concentration (MBC) of antibiotics against Xcm

4.1.5. Phytochemical screening and total phenolics contenf extracts

Phytochemical screening of extracts

The preliminary phytochemical screening resultseaded that the chemical constituents of
extracts vary between species (Table 4.1.5.1). Altagly, extracts ofA. salicifolia and P.
abyssinicahad abundant amount of the tested secondary nigggbélowever, glycosides were

absent in the extract &f. abyssinicaExtract ofV. amygdalinaon the other hand had abundant
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amount of phenols, terpenoids and tannins, and ratel@mount of alkaloids, flavonoids and

saponningTable 4.1.5.1).

Table 4.1.5.1: Results of the qualitative testemfondary metabolites in medicinal plant extracts

Medicinal Phytochemicals

plant species Alkaloids Flavonoids Phenols Terpenoids Saponnins annins Glycosides

A. aspera - + - - - - -
A salicifolia ++ ++ ++ ++ ++ ++ ++
D. stramonium - + + + + ++ -
M. azedarach - - - + - - -
P. abyssinica ++ ++ ++ ++ ++ ++ -
V. amygdalina + + ++ ++ + ++ -

++ = abundant; + = moderate; - = absent

Total phenolics contentof extracts

The result of the quantitative chemical analysiextracts showed that total phenolics content
was significantly different between the studiednplapecies (Fig. 4.1.5.1). The highest total
phenolics content was recorded by the leaf extwhét. salicifolia. It showed a 100, 85.7, 100,
61.2 and 12.3 %ncrement fromA. aspera, D. stramonium, M. azedarach, P. abysajaindV.
amygdalina,respectively. Extract o¥/. amygdalinaranked secon@nd that of P. abyssinica
ranked third in terms of total phenolics contentteTiotal phenolics content of tliemaining
extracts was negligible (lower than the minimum cantration used tgonstruct the standard

calibration curve).

79



© oo oo o
N W b 01 OO
1 1 1 1 1 )

o

[EEN
1

l O
o

a
0 T T T T T

o
p.ab

Total phenolics content in mg catechol
eg. phenol/g FW

a olid L ind
A asp®’ Saliclfoh montdard gda““

ssinic®
strd M. az Y

V. amy

Medicinal plant species
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medicinal plant leaf extracts. Bars followed bifetient letters are significantly different at P <

0.01. Values represent means of six replicates
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4.2. Induction of Systemic Defense Responses in enf&nsete ventricosum (Welw.)
Cheesman) Clones by the Leaf Extract ofAgarista Salicifolia againstXanthomonas

campestris pv. musacearum

4.2.1. Phenylalanine ammonia lyase activity

Analysis of variance revealed that the activity RAL was quickly elevated in leaf extract
induced and infected control plants (Fig. 4.2.1dmd B and Appendix 3). The activity of this
enzyme measured at various time courses aftentezdtapplication was significantly higher (P
< 0.01) in treated plants than untreated (0 h) gRis 4.2.1.1A and B). The difference between
treatments in each clone was also statisticallyiogint (P < 0.05). In the resistant clone,
induced plants showed an 8, 4.6, 3, 13 and 4.6 ifadckments in PAL activity compared to
controls at 24, 48, 72, 96 and 120 h post treatmespectively. Infected control plants on the
other hand demonstrated a 7, 3.6, 2.3, 10.6 antbRl4ncrements compared to controls. In this
study, the resistant clone treated withsalicifolialeaf extract showed the highest PAL activity
120 h followed by 96 and 72 h post treatment (Big.1.1A). Similarly, induced plants of the
susceptible clone exhibited 1.5, 1.7, 1.4, 4.24ddold increments in PAL activity compared to
controls at 24, 48, 72, 96 and 120 h post treatprespectively. While infected control plants
showed a 0, 1.3, 1.4, 3 and 2 fold increments ih Rativity compared to controls at similar
sampling time. In this clone, the highest PAL atyiwas observed in leaf extract treated plants
120 and 96 h after treatment application. The agtof PAL declined after 96 h from treatment
application in infected control plants of both asn(Fig. 4.2.1.1A and B). Higher PAL activity
was recorded in induced plants of both clones coetpto other treatments. Furthermore, PAL

activity was increased
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progressively up to 120 h post treatment (Fig. 1412 and B). Induced and infected plants of thdstast clone illustrated
significantly (P < 0.01) higher PAL activity thanet corresponding plants of the susceptible clorge 4-2.1.1A and B).
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Figure 4.2.1.1: Time course activity of PAL in leavof resistant (A) and susceptible (B) enset done

Values represent means of six replicates. Bargatelimean + SE.

82



4.2.2. Peroxidase activity

The Post Hoc test for multiple comparisons of trestts revealed that the activity of peroxidase
in treated resistant and susceptiplents were significantly (P < 0.01) increased whpect to
untreated plants (Fig. 4.2.2.1A and B and AppemdixIn the resistant clone, it showed a
significant variation between treatments (Fig.42A. In control plants, peroxidase activity was
boosted up 24 h and increased linearly till 1200kt greatment, but this activity of the enzyme
was significantly lower than values of others tneaits (Fig.4.2.2.1A). Infected control plants of
the resistant clone attained the highest peroxidatieity 72 and 48 h post treatment followed
by induced plants 96 and 120 h after treatmentiegtpmn, respectively (Fig.4.2.2.1A). The
differences between the aforementioned values wigreficant (P < 0.01). Peroxidase activity
measurements at the remaining sampling periods ethostatistically significant variation
between treatments (Fig.4.2.2.1A). In the susckptilone, the activity of peroxidase in infected
control plants was the highest at 48 and 72 h fpeatment and these values were significantly
(P < 0.01) different from the others measuremefits.4.2 2.1B) . Besides, induced plants had
also higher enzyme activity at 96 and 120 h pasttinent as compared to others treatments

(Fig.4.2. 2.1B).

Moreover, there were no significant differenceswaein untreated plants of the resistant and
susceptible enset clones (Fig.4.2.2.1A and B). Wineated, the clones showed a significant
variation in peroxidase activity between treatmektsder the control treatment, the resistant
clonehad significantly higher peroxidase activity th&ae susceptible at 120 h post treatment. In
addition, induced plants of the resistant clonailagtd significantly higher peroxidase activity

than the susceptible orst 48 and 72 h post treatment. Conversely, indydadts of the
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susceptible clone had significantly (P < 0.01) leighctivity than the resistant clone at 96 and
120 h after treatment application (Fig. 4.2.2.1A &). In both enset clones, peroxidase activity
was elevated earlier and dropped lately in infeatedtrol plants than induced ones (Fig.

4.2.2.1A and B).
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Figure 4.2.2.1: Peroxidase activity in leaves sfgtant (A) and susceptible (B) enset clones.

Values represent means of six replicates. Bargatelimean + SE.
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4.2.3. Polyphenol oxidase activity

The studied enset (resistant and susceptible) slshewed an increased polyphenol oxidase
activity post treatment with methanol, leaf extrastd Xcm suspension (Fig. 4.2.3.1 and
Appendix 5). The activity of the enzyme was sigmafitly (P < 0.05) higher in treated plants of
the resistant clone 24, 48, 72, 96 and 120 h a#atment application compared to untreated (0O
h) plants (Fig. 4.2.3.1A). The highest polypheoridase activity was recorded 72 and 120 h
post treatment in induced and infected control tslasf the resistant clone, respectively (Fig.
4.2.3.1A). In the susceptible clone, the actieityhe enzyme in induced plants was higher than
untreated (0 h) ones at 24, 48 and 96 h post tesdtifFig. 4.2.3.1B). However, significant
differences were observed between induced andatattglants 96 h after treatment application.
The activity of the enzyme drastically declinedt®@ost treatment in infected control plants of
the susceptible clone (Fig. 4.2.3.1B). The actioityolyphenol oxidase in induced plants of the
resistant and susceptible clones showed an inagea®nd up to 72 and 96 h post treatment,
respectively (Fig. 4.2.3.1A and B). The activityethafter declined. On the other hand, the
activity of polyphenol oxidase under untreated d¢bow was insignificantly different between
the two enset clones. Nonetheless, clear and signif (P < 0.05) differences were observed

between the two clones after the application dttrents.
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4.2.4. Total phenolics content

The analysis of variance showed that the total ples content (TPC) of enselones was
significantly (P < 0.05) higher in treated plartsut untreated ones (Fig. 4.2.4.1 and Appendix
6). Statistically significant (P < 0.05) differerscevere recorded in the amount of TPC between
the different sampling periods within treatment$oth clones. The highest TPC in both clones
was recorded at 120 days after treatment applicgftag.4.2.4.1A and B). Moreover, higher
values of TPC were recorded in infected controhfdaf the resistant clone 3 and 4 days post
treatment followed by induced plants of the sanmel4 days after treatment (Fig.4.2.4.1A).
These values of TPC were significantly (P < 0.0ghér than others treatments (Fig.4.2.4.1A
and B). Similarly, higher amount of TPC was produd®y infected control plants of the

susceptible clone as compared to other treatmettiswthe clone (Fig.4.2.4.1B).

The difference in TPC between untreated plants ath lzlones was not significant. Control

plants of the susceptible clone had higher TPC duantrol plants of the resistant clone at 2 and
3 days after treatment application (Fig. 4.2.4.04 8). On the other hand, the TPC of infected
control and induced plants of the resistant clomeewsignificantly higher than the susceptible
clone. The amount of TPC in the resistant clone tmadold greater than the susceptible (Fig.
4.2.4.1A and B). TPC was drastically boosted up dag post treatment and then increased

slowly in infected control and induced plants of tlesistant clone (Fig. 4.2.4.1A).
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The TPC of control plants was the lowest in bottnes 9 months after treatment application.
Induced and infected control plants of both clohad significantly higher TPC as compared to
their respective controls (Fig. 4.2.4.1). Twelventis post treatment application, the effect of
treatments on the TPC responses of the two ermg<hwas minimized. In this sampling period,
the amount of total phenolic compounds in inducéants of the susceptible clone was
significantly greater than control and infected tcohplants. Unlike others sampling periods,
induced and infected control plants of the resistéone had significantly lower total phenolic

content than control plants (Fig. 4.2.4.1).

4.2.5. Total soluble sugars

Unlike other measured parameters, the amount af $otuble sugar (TSS) showed a significant
(P < 0.01) difference between the two clones unoidreated condition (Fig.4.2.5.1A and B).
The resistant clone had higher TSS than the subteptione at most sampling periods
(Fig.4.2.5.1A and B). Besides, resistant plantthancontrol treatment had significantly higher
TSS in comparison to the susceptible and thesdsplshieved the successive maximum TSS
values at 3, 4, 2 and 5 days post treatment, résplc(Fig. 4.2.5.1A and B). Infected control
plants of the resistant clone produced lower TS the other treatments 3, 4 and 5 days after
treatment application (Fig.4.2.5.1A). On the othand, induced plants of the susceptible clone
attained significantly higher TSS at 3, 4 and 5sdafter treatment than other treatments (Fig.

4.2.5.1A and B).

Four months post treatment (120 days), controltplar the resistant clone had the highest

concentration of total soluble sugars of all otltezatments and the variation was significant at P
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< 0.05. The variation between induced and infectadrol plants was also significant. Likewise,

significant differences were also recorded amoegtinents in plants of the susceptible clone
(Fig.4.2.5.1A). Nine months after treatment appiag the highest total soluble sugar was
recorded in control plants of the resistant cloné this value was significantly (P < 0.05) higher

as compared to others treatments (Fig.4.2.5.1B).

90



2.2

2.0
1.8
1.6
14

1.2
—e— Control

1.0 —=&— |nduced -
—4— Infected control

0.8

0.6
0.4

Total soluble sugar in mg/g of leaf F

0-2 T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 120 270 360 O 1 2 3 4 5 120 270 360

Days after treatment application

Figure 4.2.5.1: TSS content of leaves of resigi@htind susceptible (B) enset clones under differ@atments

Values represent means of six replicates. Bargatelimean + SE.
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Twelve months post treatment application, the aunté total soluble sugars in infected control
plants of both clones was significantly higher ticamtrol plants (Fig.4.2.5.1A and B). Induced
plants of the susceptible clone had higher totallde sugars than infected control and control
plants. The difference between induced and infectedrol plants of the resistant clone was not
significant (Fig.4.2.5.1A and B). In addition, tlhemical analysis result showed that the
concentration of free proline under the variougttreents in both enset clones at all sampling
periods was negligible (data not shown). Over&leé performance of the resistant clone was

better than the susceptihlader most treatments.

The Pearson correlation analysis confirmed thabsatipe correlation exists between measured
parameters (Table 4.2.5.1). The amount of TPC staavsignificant positive correlation with
PAL and peroxidase activities in the control plantghe resistant clone. It had also a positive
correlation with TSS and polyphenol oxidase agti{itable 4.2.5.1). In induced resistant plants,
PAL activity had a significant positive correlatianth peroxidase, TPC and polyphenol oxidase.
The TPC of infected control plants had a signiftcpositive correlation with PAL, peroxidase
and polyphenol oxidase activities. In the same wlag,amount of TSS of control plards the
susceptible clone had positive correlation with PAkroxidase, polyphenol oxidase and TPC
(Table 4.2.5.2). PAL activity revealed a signifit@ositive correlation with peroxidase activity,
TPC and TSS in induced plants (Table 4.2.5.1). Rativity in infected control plants had a

significant positive correlation with peroxidaseiaties and TSS (Table 4.2.5.1).
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Table 4.2.5.1: The bivariate relationship betwemchemical responses of the resistant and suséeptilset clones

Resistant clone

Control Induced Infected control
T
o v
g &
25
g 2 PAL POX PPO TPC TSS PAL POX PPO  TPC TSS PAL POX PPO  TPC TSS
m 9
PAL 1 713 551 845 752 1 .936 915 954 485 1 .804 835 99T 536
POX 713 1 .580 905 .927" .936" 1 758 .862 .281 .804 1 .803 830 534
PPO 551 .580 1 .367 829 915 .758 1 915 525 .835 .803 1 .848 .340
TPC .845  .905 .367 1 772 .954 862 .915 1 673 .9971 .830 .849 1 492
TSS 752 927 829 772 1 485 .281 525 673 1 536 534 .340 492

Susceptible clone

PAL 1 758 .242 .670 787 1 .939  .629 .899 967" 1 977 776 .693 .957
POX .758 1 724 857 .754 .93§ 1 542 792 811 972 1 .879 757 .930
PPO 242 724 1 .800 .584 .629 542 1 .691 682 6 .77 .879 1 .866 .648
TPC .670 857  .800 1 904  .899 792 .691 1 911  .693 757 .866 1 .594
TSS 787 754 .584 .904 1 967" 811 .682 911 1 957" .930" .648 594 1

*, Correlation is significant at the 0.05 level;.*€orrelation is significant at the 0.01 level

PAL = Phenylalanine ammonia lyase; POX = PeroxidB&© = Polyphenol oxidase; TPC = Total phenolargent; TSS = Total

soluble sugars
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4.2.6. Disease incidence

The disease incidence assessment showed varigioedn treatments and clones (Fig. 4.2.6.1A
and B and Appendix 7). Infected control plants loé susceptible clone showed the highest
disease incidence at both assessment periods4Ri@¢.1A and B). Induced susceptilpkants
showed 33.3 % and 33.5 % disease incidence reduetiod and 9 MAT, respectively, as
compared to infected control plants (Fig. 4.2.6d#d B). All Xcm inoculated plants showed
symptoms. Higher numbers of plants were died iadtgd control plants of the susceptible clone
as compared to induced and the resistant clone g@gip 8). However, most plants of the
resistant clone endure the pathogen and contingairidve. In the resistant clone, induction
prior to Xcm inoculation minimized disease incidemanly by 3.2 % and 10.6 % at 4 and 9

months after treatment application, respectively.
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Figure 4.2.6.1: Percent disease incidence of esdisind susceptible enset clones estimated as
number of dead plants divided by total number ahtd treated multiplied by 100. Bars followed
by different letters are significantly differentRi< 0.05. Values represent means of three

replicates. Bars indicate mean + SE.
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4.3. Growth, Physiological and Biochemical Respons@®fE. ventricosum Clones Induced by
Leaf Extract and Infected With X. campestris pv. musacearum
4.3.1. Growth responses
The growth responses of the resistant and suste@iitset clones treated with methanol, leaf
extract and Xcm suspension under field conditionewevaluated 4 and 9 months after treatment
application. Growth data were also taken beforattnent application. From field observations,
visible differences were seen in plant height, pgsstem girth, leaf length, width, total leaf area
and leaf area index between plants of the two enbkmtes before treatment application.
However, the differences were insignificant at P05 (Table 4.3.1.1 and Appendix 9).
Similarly, insignificant differences in growth respses were recorded between treatments in the
two ensetclones four months post treatment application (@ahB.1.1). The only significant
difference was recorded in plant height betweentrobmplants of the resistant and infected
control plants of the susceptible clones. Nine tserdfter treatment application, a significant
difference was recorded in plant height betweentrobrand infected control plants of the
susceptible clone. Control plants were longer thdiacted control plants by 26.7 % (Table
4.3.1.1). A significant difference was also obsdnetween infected control plants of both
clones. Infected control plants of the susceptiiene were shorter by 22.8 % than the
corresponding plants of the resistant clone (Tdl#e1.1). In plants of the resistant clone, there

was an insignificant (P < 0.05) difference betwgeatments (Table 4.3.1.1).

Pseudostem girth, total leaf area and leaf areaxistiowed a statistically significant (P < 0.05)
difference between treatments nine months aftatrtrent application (Table 4.3.1.1). Induced

plants of the resistant clone had significantly éoywseudostem girth, total leaf area and leaf area
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index than control plants. These growth responkesved a 22.2, 6.8 and 32 % reduction as
compared to controls, respectively. However, tHéedinces in the above growth parameters
between control and infected control plants of tasistant clone were insignificant (Table
4.3.1.1). In the susceptible clone, control andugedl plants had significantly (P < 0.05) larger
pseudostem girth than infected control plants.dig@ control plants showed a 29.4 % reduction
in pseudostem girth when compared to the contrabl@ 4.3.1.1). On the other hand, control
plants of the susceptible clone had significanBy<( 0.05) greater total leaf area and leaf area
index than induced and infected control plants. Téuction in total leaf area was 6.9 and
37.3% in induced and infected control plants, respely. Similarly, leaf area index was
reduced by 29.9 and 37.3% in induced and infectedral plants, respectively (Table 4.3.1.1).
The lowest value for all growth responses was sxbrby infected control plants of the
susceptible clone. When infected control planttheftwo clones are compared in terms of plant
height, pseudostem girth, total leaf area anddea# index, the resistant clone had significantly
higher value than the susceptible clone. The nurob@reen leaves before the treatments was
greater than after the treatments. At all dataectibn periods, there was an insignificant (P <
0.05) difference between treatments and clonesim teaf length and width (Table 4.3.1.1).
Plants of the resistant clone outperformed plahtB@susceptible one in most measured growth

parameters at all time courses (Table 4.3.1.1).
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Table 3.1.1: Growth features of resistant and qugde enset clones before treatment, four and mopths post treatment with

methanol, leaf extract and Xcm. Mean = SE (n = 9).

Growth parameters

Time ensetclones TLL TLW
Treatments PH(m) PSG(m) GLN (m) (m) TLA (m?) LAI (m?)
Before Resistant 3.4+0.2 1.2+0.0 25.1+1.0.5+0.1 0.7+0.1 2403.7+237.4 600.9159.4
treatment  Susceptible 3.240.1 1.0+0.0 24.6£1.2.240.1 0.7£0.0 2133.5+165.5 533.4+41.4
4 months control 5.2+0.2a 1.8+#0.1 11.3+0.3.3£0.1 0.7£0.0 1720.2+90.8ab  430.1+22.7ab
post Resistant  induced 4.840.2ab1.940.1 11.3+0.4 3.1+0.1 0.7+0.0 1744.7+125.6a 436.2+31.4a
treatment infected control 4.9+0.4ab1.8+0.1 9.4+0.5 3.24#0.20.7+£0.0 1414.9+157.6ab 353.7+£39.4ab
control 4.940.2ab 1.840.1  11.3#0.9 3.2+0.1 0.7+0.0 1436.3+185.3ab 359.1+46.3ab
Susceptible induced 4.3+0.3ab1.610.1 11.0+£0.8 2.8+0.2 0.7+0.0 1244.2+189.1ab 311.0+47.3ab
infected control 4.1+0.1b 1.7+0.2 9.8+£0.7 2.8+0@27+0.0 1062.0£171.6b 265.4+43.0b
9 months control 6.2+0.2a 1.8+#0.1a 9.2#0.2 3.7+0.0.9+0.0 2043.7+113.7a 510.7+28.4a
post Resistant  induced 5.1+0.2ab1.4+0.1bc 8.4+0.2 3.240.1 0.8+0.0 1389.1+87.7b  347.3+21.9b
treatment infected control 5.7+0.3a  1.6x0.lac 7.93+0.4 3.5:(2+0.0 1608.1+159.5a 401.9+39.8a
control 6.0+0.3a 1.74#0.1a 11.0+0.3.5+0.1 0.9+0.0 1861.4+56.8a 465.4+14 .3a
Susceptible induced 5.6+0.3ab1.6+0.lac 9.2+0.3 3.1+0.20.8+0.0 1287.1+112.4b 321.8+28.1b
infected control 4.4+0.4b  1.2+0.1b 7.7+0.5 2.6x0@7+0.1 694.8+149.5b 173.84£37.3c
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PH = Plant height, PSG = Pseudostem girth, GLN ee@ieaf number, TLL = Third leaf length,
TLW = Third leaf width, TLA = Total leaf area andAL = Leaf area index. At each data
collection period, the differences between meangeaaitments within a clone in a column that
share the same letter (s) are statistically sicguifi at P < 0.05.

4.3.2. Physiological responses

Xcm is a xylem limited pathogen that produces abmbh@mount of xanthan which in turn clogs
xylem and causes wilting. The effect of infectiomddreating enset clones with leaf extract and
methanol on leaf relative water content was evebtliat different time courses. The relative
water content of the leaf of both clones underdtiierent treatments during the three periods

was greater or equal to 90 %. The differences bmtvieeatments and clones were insignificant

at P <0.05 (Fig. 4.3.2.1).

110 mmm Resistant ~ 4MAT 9 MAT 12 MAT
1001 &= Susceptible

Control Induced Infected control Control  Induced Infected control Control Induced Infected control
Treatments

Figure 4.3.2.1: The relative water content of e lof resistant and susceptible clones. Bars

indicate means = SE, (n = 9).
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The photosynthetic assimilation rate, transpiratrate, intercellular C® concentration ((,
stomatal conductanceggnd water use efficiency of the two enset clomese measured 4, 9
and 12 MAT. Four MAT, control plants of both clonglsowed significantly (P < 0.05) higher
assimilation rate than infected controls (Fig. 23.and Appendix 10). Moreover, induced plants
of the resistant clone had significantly (P < 0.8&her assimilation rate than infected control
plants (Fig. 4.3.2.2). The lowest assimilation nates recorded in infected control plants of the
resistant clone. In others treatments, plants efrésistant clone recorded a higher assimilation
rate than plants of the susceptible clone. Simhgilatomatal conductance was significantly (P <
0.05) higher in control plants of the susceptiblene than infected control plants (Table
4.3.2.1A). Although the differences were insigrafit, higher water use efficiency was recorded
in infected control plants of both clones as coragao other treatments followed by induced
plants. There were insignificant differences inngpairation rate and intercellular GO
concentration responses between treatments aneésclanthis data collection period (Table

4.3.2.1A).

Nine months after treatments application, indudedtp of the resistant cload a significantly

(P < 0.05) higher assimilation rate than infectestol plants (Fig.4.3.2.2). However, the

variation with control plants was insignificant. tlre same way, the variation in assimilation rate
between treatments was not significant in plantshef susceptible clone (Fig.4.3.2.2). Unlike

four months post treatment, infected control plaoitghe resistant clone were revived nine
months after treatment application and recordedhdrigassimilation rate than plants of the
susceptible clone. Concerning, @e concentration in control plants of the resistclone was

significantly lower compared to induced and infdctontrol plants (Table 4.3.2.2B). In the

99



susceptible clone, the concentration of intercetl@Q in controlplants was significantly lower
than induced plants (Table 4.3.2.2B). Stomatal gotahce was also significantly (P < 0.05)
different between control and infected control pdaof both the resistant and susceptible clones

(Table 4.3.2.2B).
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Figure 4.3.2.2: Time course change of assimilat&e of control, induced and infected control

plants of two enset clones. Values are means eétteplicates. Bars indicate SE

Twelve months after treatment application, the stainconductance of the two enset clones was
almost similar between treatments and thus sigmficdifferences in assimilation rate,
transpiration rate and water use efficiency werd pooduced (Table 4.3.2.2C). The
concentration of intercellular GQOin infected control plants of the susceptible elowas
significantly greater than control and induced parHowever, it was not used to increase
assimilation rate. This was evident from the lowassimilation rate of photosynthesis (Table

4.3.2.2C). On the other hand, the stomatal conduetaf induced plants of the susceptible clone
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was the slowest of all plants of others treatmants$ clones. Nonetheless, this was not directly

related to photosynthetic assimilation rate (Tab&2.2C).

The photosynthetic assimilation rate of the twoetiméones exhibited an increasing pattern from
the period of treatments application (Fig. 4.3.2.2he rate of photosynthesis was comparatively
lower 4 MAT than after 9 and 12 months. In plantshe resistant clone subjected to the three
treatments, assimilation rate sharply increasedr Mnd declined 12 MAT and went closer

between treatments. In the susceptible clone,dteeaf assimilation augmented sequentially up
to 12 MAT. At this time, control and induced plaatshieved almost similar assimilation rate. In
both clones, the rate of assimilation was the sébweinfected control plants. Induced plants of

the susceptible clone had an intermediate assiomlaate
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Table 4.3.2.2: A physiological response of resisten susceptible enset clones 4(A), 9(B) and
12 (C) MAT. Mean values that share similar letiara column are not ssignificant at P < 0.05.

Values are means of 5 readings per plant and tepieates. Bars indicate SE

A

Enset clones

Treatments E (mmol Ci (umol CO, gs(mol H,O WUE

H,O0 m?s?)  mol™) m? s?)

Resistant control 3.310.4 355.0+7.7 0.1+0.1a 0.5+0.
induced 4.2+2 .4 292.0+25.9 0.1+0.0a 1.4+0.8
infected control 1.8+0.2 312.0+£30.7 0.1+0.0a 2.8+0.

Susceptible control 3.110.4 336.045.6 0.1+0.0a 0.5+
induced 1.5+0.2 305.0+11.1 0.1+0.0a 1.0+0.3
infected control 0.9+0.2 279.0£19.6 0.0+0.0b 1.6+0.

B

Enset clones Treatments E (molH,O Cij(umol CO,  gs(mol H,O WUE

m?sh) mol™Y) m?sh)

Resistant control 1.4+0.2 305.5+18.8a  0.05+0.01bc.6+@2a
induced 1.3#0.1 367.6+£3.7bc 0.09+0.01c  1.5#0.1ab
infected control 1.7+0.1 394.6+2.6C 0.13+0.01a +0.9ab

Susceptible control 1.4+0.2 286.6x17.3a 0.04+0.014.3+0.3ab
induced 1.9+0.2 356.916.7b 0.08+0.01c 0.8+0.1b

infected control 1.3+0.2 329.1+10.3ab  0.05+0.01b&.0+0.2ab
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Enset  Treatments E (molH,O Ci(umol CO,  gs(mol HO WUE
clones m? s mol ™) m?s?)
Resistant  control 0.71+0.1 276.0£29.9b 0.05+0.01ab5.4+2.1
induced 1.4+0.3 244.0£31.2b  0.07+0.02a 3.0£1.0
infected control 0.8+0.1 268.0+12.9b  0.03+0.0ab 2.2
Susceptible control 0.740.1 277.0£36.9b  0.07+0.01a 6.1+2.4
induced 1.4+0.3 201.0+22.0b  0.02+0.01b 5.4+3.2
infected control 0.9+0.1 360.0+26.7a  0.07+0.01a +2.8

E = Transpiration rate,;& Intercellular CQ concentration, g Stomatal conductance and

WUE = Water use efficiency

4.3.3. Biochemical responses of ensetones

Chlorophyll a, b, a+b, carotenoids x+c, total rgea and total protein content of leaf samples of
the two enset clones grown under three treatmeste estimated 4, 9 and 12 MAT. The
chemical analysis performed 4 months after treatrapplication revealed that the concentration
of chlorophyll a was significantly (P < 0.05) hgy in control plants than infected control plants
of the susceptible clon@able 4.3.3.1B). The lowest chlorophyll a concatién was recorded
in infected control plants. Leaves of induced mahad also significantly (P < 0.05) lower
amount of chlorophyll a than controls (Table 4.BB3. In the resistant clone, the concentration
of chlorophyll a showed insignificant variation Wween control and infected control plants.
However, the concentration in leaves of induceahtslavas significantly lower than control and
infected control plants (Table 4.3.3.1A). Sinijathe highest concentration of chlorophyll b

was recorded in control plants of the susceptildaecand it was significantly (P < 0.05) higher
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than others treatments (Table 4.3.3.1A). Inducedntpl had also significantly greater
concentration of chlorophyll b than infected cohtptants. Unlike the susceptible clone, the
difference between control and infected controintdaof the resistant clone in chlorophyll b
concentration was insignificant (Table 4.3.3.1AheTamount of chlorophyll b in induced plants
of the resistant clone was significantly lower thantrol and infected control plants (Table
4.3.3.1A). Regarding the concentration of chlogdph+b, control plants of the susceptible
clone had significantly (P < 0.05) greater concaian than induced and infected control plants.
The lowest concentration was recorded in infectaatrol plants (Table 4.3.3.1A). Inversely,
infected control plants of the resistant clone égher chlorophyll a+b concentration than

control and induced plants (Table 4.3.3.1A).

The concentration of total carotenoids in contdahps of the susceptible clone was significantly
(P < 0.05) higher than induced and infected conpfahts. The reverse was happened in the
resistant clone. Accordingly, the content of totakotenoids in infected control plants was
significantly (P < 0.05) higher than control andluced plants (Table 4.3.3.1A). Concerning
total nitrogen and protein, the highest concermrativas recorded in control plants of the
susceptible clone of all others treatments ((T&b83.1A), followed by infected control plants

of the resistant clone (Table 4.3.3.1A).
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Nine months after treatment application, the biocgical responses of the two clones under the
different treatments showed significant (P < 0.0&grences. In view of this, the concentrations
of chlorophyll a, b and a+b were significantly héghn control plants of the susceptible clase
compared to induced and infected control plantdl@4.3.3.1B). Nonetheless, the difference
between treatments in the resistant clone was igpifisant (Table 4.3.3.1B). Moreover,
significant differences in total carotenoids weog abserved between treatments in both clones
at this sampling period. The difference in totafogen and protein content between treatments
in both clones was insignificant (Table 4.3.3.1B¥ this sampling time, an increased amount of
total nitrogen and protein was recorded in infeaentrol plants of the susceptible clone (Table

4.3.3.1B).

Twelve months post treatment application, the ¢ftédreatments on the biochemical responses
of the two enset clones was minimized. Thus, thecentrations of chlorophyll a, b, a+b and
total carotenoids in infected control plants of susceptible clone were significantly higher than
induced plants (Table 4.3.3.1C). The results ofa@ve biochemical responses in control plants
of the resistant clone were higher than infectedtrob plants (Table 4.3.3.1C). However, the
amount of total nitrogen and total protein in ptamf both clones showed an insignificant

difference between treatments (Table 4.3.3.1C).
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Table 4.3.3.1: A biochemical response of two enk®tes 4 (A), nine (B) and 12 (C) MAT

Means are + SE (n =5).

A
Chl.a(mg/g) Chl.b Chl.a+tb TC
Clones Treatments (mg/qg) (mg/g) (mg/g) TN (%)
Resistant  control 7.2+0.0b 14.1+0.0c 8.6+0.0d 2.6+0.0a 8.2a0
induced 6.2+0.0c 11.4+0.1d 7.1+0.0b 2.5+0.0a 7.3&0
infected control  7.5+0.2ab 14.5+0.2c 8.9%#0.1ad +@.Ta 9.0+0.7a
Susceptible control 7.7+0.1a 15.3#0.2a 9.3+0.1a 2.5+0.1a 128
induced 6.3+0.0c 12.1+0.2b 7.5+0.1b  2.2+0.0b 8.3a0
infected control  5.3+0.1d 9.9+0.1c 6.2+0.1c  2.1#0. 7.7+0.2a
B
Chl.a(mg/g) Chl. b Chl.atb TC
Clones Treatments (mg/g) (mg/g) (mg/g) TN (%)
Resistant  control 8.1+0.4ab 15.6+0.9ab 9.6+0.5ab 3.0+0.1a.4#D4a
induced 7.8+0.2b 15.7+0.6ab 9.5+0.3ab 3.0+0.1a+M@9%A
infected control 8.1+0.1ab 16.1+0.5a 9.8+0.2ab +@Qa 8.9+0.2a
Susceptible control 9.4+0.4a 17.310.8a 10.8#0.5a 3.3x0.1a #AD%
induced 7.6+0.4b 13.6+0.8b 8.6+0.5b 2.9+0.2a 9.3a0
infected control  7.4+0.3b 12.9+0.4b 8.3#0.3b 3.1&0 11.1+1.5a
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Chl.a(mg/g) Chl. b Chl.atb TC

Clones Treatments (mg/g) (mg/g) (mg/g) TN (%)

Resistant  control 6.7+0.1c 17.5+0.4b 9.6+x0.2b 2.7+0.1a 7.Za0
induced 5.4+0.1d 12.9+0.1d 7.3x0.1d 2.2+0.1b D&Ba
infected control  6.3+0.1c 15.4+0.1d 8.6+0.1c 2.1#0 6.5+0.2a

Susceptible control 7.8+£0.1ab 18.0+0.1ab 10.3#0.1a 2.6+0.1a 5+®9a
induced 7.6x0.1a 16.9+0.2bc 9.9+0.1b  2.5+0.1ab +0/Xa
infected control  8.1+0.1b 18.6+0.3a  10.7#0.1a Q.6a 6.3+0.1la

Chl. b = chlorophyll b, Chl. a+b = chlorophyll a+bC = total carotenoids, TN = total nitrogen

and TP = total protein

Mean values within a column that do not share simidtters are significantly different ak 0.05.
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CHAPTER FIVE

5. DISCUSSION
5.1. Evaluation of the Antibacterial Activity of Sane Medicinal Plant Leaf Extracts and

Antibiotics against Xanthomonas campestris pv. musacearum

The exploitation of higher plant products as noste¢mical treatments in plant protection has
gained emphasis recently and some plant produetsbaing used globally as ecofriendly
biocontrol agents (Gurjaget al, 2012). The present study was conducted to hesint vitro
antibacterial activity of six medicinal plants aggti ensepathogen, Xcm. The tested plants are
used in traditional medicine for the treatment ainy diseases. Efficiency of extraction is an
important step in the discovery of bioactive comgrs from plant material. In the present
study,A. salicifoliaproduced the highest extract yield followedRyabyssinicaExtract yield of

V. amygdalinawas moderate. Similarly, Odest al. (2012) found out 13.6 and 12 % extract
yields of root and stem d¥. amygdalinarespectively which is twofold lower than the leaf
extract yield in the present study. The differenicethe extract yields might be ascribed to the
different availability of extractable componentssulting from the varied chemical composition
of plants (Sultanaet al, 2009). MoreoverZongo et al (2011) and Moteriyeet al (2014)
reported maximum percent extract yield when metheanosed as a solvent. Methanol is an all
purpose solvent that dissolves most secondary migegbin plants and enhances the release of

these chemicals from cellular matrix (Visht and @heedi, 2012; Moteriy&t al., 2014).

The in vitro results indicated that methanolic leaf extractsil@klantibacterial activity against
Xcm. Similar antibacterial activity of methanoligteacts of other plant species against different
plant and human pathogens have been reported Brike et al. 2011); Thippeswamgt al.
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(2011) and Okoyet al., (2014). Thippeswamgt al (2011) reported high antibacterial activity
of methanolic leaf extract ddamanea samaagainstXanthomonas campestréd other fungi
plant pathogens. Similarly, methanol leaf extradtécalypha indica, Aerva latana, phyllanthus
amarusat 10Qug/mL test concentration have shown more than 1linfmibition zone diameter
againstXanthomonas campestr{Be Brittoet al.,2011). Moreover, Okoyet al. (2014) found
out high antibacterial activity ohlchornea cordifolialeaf extract against human pathogens. In
another study, fruit extracts Blcalptus globulugound to have higher inhibition zone diameters

againstStaphylococcus aureandBacillus subtilis(Boulekbache-Makhlouét al, 2013).

In the present study, extracts of most plant sgeiciibited the growth of the test bacteriim
vitro, indicating the presence of antibacterial compauindthe extracts. These compounds are
secondary metabolites that belong to various chalnuategories in plant materials and work
either individually or in combination to produce antibacterial activity (Ghosht al, 2011).
This is evident from the results of the prelimingfyytochemical screening that shows the
presence of different secondary metabolites in |ga# extracts of the studied species. The
variation is both in type and amount of chemicakgaries. The high antibacterial activity of
methanolic extract oA. salicifoliaandP. abyssinicanay be due to the abundance of alkaloids,
flavonoids, phenols, tannins, saponins and terpisndn additionA. salicifolia extract contains
glycosides. Each bioactive constituent exert antéyaal activity through different mechanisms
(Kotzekidou et al., 2008). Accordingly, alkaloids intercalate into cellall and hinder its
formation (Gurjaret al, 2012). Flavonoids are antimicrobial substancgsrst a wide array of
microorganismsn vitro and have the ability to bind and complex with baateell walls and, to

complex with extracellular and soluble proteins.isTinactivates enzymes (Marjorie, 1999;
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Ghoshet al, 2011 Gurjaret al, 2012). Terpenoids on the other hand are reshlen$or
disbanding of the cell wall of microorganisms byet®rating the membranous tissue (Marjorie,
1999; Ghoslet al, 2011; Jasminet al, 2011; Gurjaet al, 2012). Similarly, saponins have the
ability to cause leakage of proteins and certainyeres from the cell (Marjorie, 1999).
Moreover, Taguret al (2006), Rodrigueet al (2009) and Boulekbache-Makhloeff al. (2013)
reported that hydrolysable tannins have potentbaoterial effects on various bacteria. They
bind and form irreversible complexes with prolimehrprotein and cause inhibition of cell wall
synthesis (Mamthat al, 2004; Igbinosat al 2009; Ghostlet al, 2011; Gurjaret al, 2012).
Overall, extracts that possess diversity of seconaaetabolites in relatively large amount
revealed high antibacterial activity against Xcihis is evident from the low antibacterial
activity of A. aspera, D. stramonium, M. azedaraahdV. amygdalindeaf extracts that have

less diverse and low amount of secondary metakolite

The quantitative analysis on the other hand redethlat the leaf extract &. salicifoliacontains
the highest amount of total phenolics content aspared to others and thus the maximum
potency against the test bacterium. This is evidi@mh the strong positive correlation between
total phenolics content and bacterial growth intiobi zone. Similar correlation was observed in
extracts ofP. abyssinicat all test concentrations. Therefore, the antéy&ad activity of the two
species may be explained by the total phenoliciecdnMany research reports reveal that
phenolic compounds contribute to the antimicrolpedperties of plant extracts whereby the
extent of inhibition depends on the concentratiérthese compounds (Tagueit al, 2006;
Rhoumaet al, 2009; Rodrigueet al, 2009; Tiaret al, 2009; Zongcet al, 2011; Moteriyaet

al., 2014). The biological activities of phenolic gomunds are associated to the presence of
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hydroxyl groups and phenolic ring in their molecus&ructure. Membrane proteins of bacteria
interact with hydroxyl groups of phenolics by hygem bonding. This interaction changes the
membrane permeability that in turn causes loss eflular constitutes and cell destruction
(Marcucciet al, 2001; Kanget al, 2011). They also bind to adhesins, complex wéh wall
and inactivate proteolytic macerating enzymes usgeglant pathogens (Gurjat al, 2012;
Mohantaet al, 2007). From this it can be presumed that phemaimpounds act at two different
points (cell membrane and cell wall) affecting grewth and metabolism of bacteria (Tageii
al., 2006; Stefanoviet al, 2012). Similar results have also been reporteadther studies
(Rajeshwaret al, 2005; Kueteet al, 2007). Extract oW/. amygdalinacontain high amount of
total phenolics next té\. salicifolia. However, the antibacterial activity of the extratiow.
This may be due to the moderate amount of flavanaidd saponins in the leaf extract\of

amygdalinaand weak synergistic effect of all kinds of phémebmpounds on Xcm

The minimum inhibitory concentration (MIC) is thewest concentration value that inhibits the
growth of microorganism®n the other handaninimum bactericidal concentration (MBC) is the
lowest concentration of an antibacterial agentireguto kill a particular bacterium. They are
measures of assaying the effectiveness of antitmalr@lant extracts and predictive of their
antibacterial potency. Methanolic extracts with lantibacterial activity against Xcigive high
MIC and MBC, Viz. A. aspera,D. stramonium, M. azedarach and V. amygdalifa. the
contrary, extracts with high antibacterial actiwigld low MIC and MBG Viz. A. salicifoliaand

P. abyssinica.Similarly, various MIC and MBC concentrations of tmenol extracts of

medicinal plants against both Gram positive ancatieg bacteria have been reported by Kahg
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al. (2011). Unlike the present studyl, azedarchshowed MIC against several human pathogens

(Sen and Batra, 2012).

The results of the present study showed the palense of antibiotics in controlling enset
bacterial wilt disease. Antibiotics have been ugedontrol certain bacterial diseases of high-
value fruits, vegetables and ornamental plantsesihe 1950s in some developed countries
(McManus et al, 2002). All antibiotics showed antibacterial aityi against Xcm, but with
varied potency. Streptomycin sulphate was foungetthe most effective antibiotic in inhibiting
the growth of Xcm. Similar effects of streptomydiave been reported ofylella fastidiosa
isolates that cause pierce’s disease of grapeWmeir{a et al, 2006) and citrus variegated
chlorosis in citrus fruits (Lacawet al, 2001). According to Pawar (2015), treatignthomonas
campestris pv. mangiferaeindicgg&cmi) inoculated mango fruits with streptomycialghate
inhibit the development of mango bacterial canksease (MBCD). Conversely, SARI, (2013)
reported streptomycin sulphate as the least effeentibiotic against Gurage and Hagere Selam
Xcm isolates as compared to amoxicillin, chlorampba and tetracycline. Amoxicillin was the
second effective antibiotic to inhibit the growthXcm at concentrations ranging from 50 — 0.39
mg/mL, which is in agreement with SARI, (2013) tmeported higher antibacterial activity of

amoxicillin against Gurage Xcm isolate.

Tetracycline on the other hand ranked third iraitibacterial activity against Xcm at higher test
concentrations ranging from 50 — 0.39 mg/mL andsécat lower concentrations below 0.39
mg/mL. It showed inhibition of Xcm growth at thealest concentration. This result agrees with

reports of Cooleyet al (1992), SARI, (2013) and Pawar, (2015). Oxytetcéine treatment; a
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member of tetracycline antibiotics (Christiamd al, 2010), has significantly reduced the
development of symptoms of X-disease caused by pigsma-like organism in peach and thus
significantly enhance fruit yield 1 year after treant (Cooleyet al, 1992). It is also used as a
foliar spray to controKkanthomonas arboricolav. pruni on stone fruits an&rwinia amylovora

on pome fruits (Christianet al, 2010). Similarly, SARI, (2013) found out thatreeycline
inhibits the growth of both Gurage and Hagere Se¥am isolatesn-vitro. However, it is the
most effective antibiotic on Hagere selam isol&teanin-vivo study of antibiotics, tetracycline
is found to be more effective to control mango baat canker disease than chloramphenicol,
gentamicin and streptomycin (Pawar, 2015). Compeartbthe present study, chloramphenicol
has moderate effect on the growth of Xcm (SARI,30Xylella fastidiosaKuzinaet al, 2006)

andXanthomonas campestris pv. mangiferaeind{&svar, 2015).

The MIC and MBC values of the present study esfigditracycline demonstrated the potential
to use this antibiotic in controlling enset backemvilt. Tetracycline showed the lowest MIC
(0.02 mg/ml) and MBC (0.049 mg/mL) against Xcm ampared to others. Similar results even
lower MICs and MBCs of tetracycline have been reggmbby Lacavat al (2001) againsXylella
fastidiosa Comparable result has been reported for streptmmsggainstXylella fastidiosa
(Lacavaet al, 2001). Tacet al (2011) also reported close MIC and MBCs of neamwgainst
Xanthomonas campesti. citri, Erwinia carotovorasubsp carotovorg Xanthomonas oryzae
pv. oryzae and Ralstonia solanacearumThese antibiotics therefore, after optimizing the
concentration and method of application, could $eduas possible alternative controlling agents
of enset bacterial wilt. This is because antibstiave been used in USA to control crop diseases
for more than 50 years without negative effectshaman health or persistent impacts on the

environment (Stockwell and Duffy, 2012). Moreowdirect toxic effects of antibiotics on plants,

113



soil microflora and fauna are improbable becausth@flow concentrations used in the process

(Kumaret al.,2005).

5.2. Induction of Systemic Defense Responses in enfEnsete ventricosum (Welw.)
Cheesman) Clones by the Leaf Extract ofAgarista salicifolia againstXanthomonas

campestris pv. musacearum

The results of our study demonstrate that the iagctiof defense related enzymes; PAL,
peroxidase, polyphenol oxidase and compounds sacliPL and TSS increased Ensete
ventricosunctlones upon inoculation with Xcm and treatmentwitite leaf extract and methanol.
The level of induction significantly varies betwetaatments and clones. Similar results have
been reported irHibiscus cannabinusnfected with mosaic disease (Chatterjee and Ghosh,
2008), Phaseolus vulgarideaves and pods infected Anthracnose(Gupta et al, 2010),
Solanum tuberosumattacked by soft rot pathogens (Ngadtral.,2012). The induction has been
also seen inArachis hypogaedissues infected with stem r¢gReddy and Sireesha, 2013),
Gossypium hirsuturmfected by cotton leaf curl Burewala virus (Smlaeet al, 2014) and/icia
fabatreated with plant growth promoting rhizobia intans andSalix albaextracts as folair and
seed applications (So#st al., 2014). It is a well established fact that induesdymes such as
PAL, peroxidase, polyphenol oxidase and compouikdstbtal phenolics play an important role
in crop disease resistance (Guetal, 2010; Ngadzet al, 2012; Reedy and Sireesha, 2013). In
the present study, the magnitude of induction eweated in terms of increased activity of PAL,

peroxidase and polyphenol oxidase, and elevatediainod TPC and TSS.
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The activity of PAL increased in both clones in tentrol, leaf extract induced and infected
control treatments as compared to the non-inoalllates. It increased in time in the two enset
clones. However, the increment in the resistanheclavas greater and progressive than the
susceptible clone. PAL activity was significantiglmer in induced and infected control plants of
the resistant clone at all time courses compareddrol, indicating a possible means to develop
disease resistance. In this respect, the works wkeiXal. (2011), Purwaret al. (2012) and
Punithavalliet al. (2013) are congruent to the results of the prestewty. According to Xt al
(2011), both resistant and susceptible lines afbocothowed an increased PAL enzyme activity
after inoculation withVerticillium dahliastrain V991, but the increase was greater anerfast
the resistant line. In wheat, the activity of PALresistant genotypes increased 2-3 folds higher
than susceptible genotypes when infected with KaBunt disease (Purwaet al, 2012).
Similarly, the activity of PAL has been increasedngicantly in the resistant and wild
genotypes of rice infested witGnaphalocrocis medinali@s compared to susceptible ones
(Punithavalli et al 2013). Moreover, application of leaf extracts Aflathoda vasica
Cymbopogen citruand Ocimium sanctunas seed treatment to control sheath blight disefse
rice increased the activity of PAL (Govindapgtaal.,2011; Pakt al.,2011). Several researches
demonstrate that challenge treatments of plants bwitic and abiotic agents raise the activity of
PAL earlier than other metaboilic changes (Kagdlal, 2004; Guleria and Kumar, 2006). The
increase in PAL activity indicates the activatidnpbienylpropanoid pathway since PAL is the
first key enzyme of the pathway that catalyzes deation of L-phenylalanine into trans-
cinnamic acid (Kagaleet al, 2004). This acid serves as a precursor of varieecondary

metabolites, including phenols, phenylpropanoids] enonomers of lignin and salicylic acid
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(SA), which might result in higher salicylic acignghesis leading to induction of resistance

(Basheet al.,2006; Guleria and Kumar, 2006; Nafie and Maze®820

The activity of peroxidase increased almost equallthe resistant and susceptible clones under
untreated conditions. Nonetheless, the activitytrd enzyme significantly increased under
induced and infected control plants of both clon8snilarly, Arun et al. (2010) reported
increased peroxidase activity in pearl millet inéetwith Sclerospora graminicolaCocoa plants
induced by acibenzolas-methyl (ASM) againsCrinipellis perniciosaandVerticillium dahlia
showed a significant increase in peroxidase agtiResendeet al., 2002). Azadirachta indica
leaf extract treated sesame plants agaitstnaria sesam{Guleria and Kumar, 2006) and rice
leaves treated wittDatura metelleaf extract and inoculated witRhizoctonia solanior
Xanthomonas oryza@v. oryzae (Kagale et al., 2004) showed a remarkable increase in
peroxidase activity. According to the research repaentioned above and others, increased
expression of peroxidase is involved in the bioclecaireaction necessary for lignification
(Punithavalliet al., 2013). It participates in the oxidative polynzation of cinnamyl alcohol, a
precursor for lignin synthesis, to yield lignin (¥alekar and Gandhe, 2010) and progressively
incorporates phenolic compounds and structuraleprstwithin the cell wall to produce cross-
linkings during incompatible plant-microbe intetiacts or elicitor treatment (Odjakova and
Hadjiivanova, 2001; Soylet al., 2003; Kagaleet al.,2004; Xuet al, 2011; Punithavallet al,
2013). Increase in the polymerization activity loé tenzymes can be taken as a response of the
host plant to pathogen challenge (Kuvalekar anddB@n2010). The cross-linking compounds
act as barriers against pathogens invasion. Funthrer, induction of peroxidase has been

associated with the increased production of supaeoradical and kD,, a common feature of
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defense responses in plants challenged by patha@geheglicitors and there is ample evidence
indicating that HO, performs several important functions in diseaséstasce (Odjakova and

Hadjiivanova, 2001; Govindapp al.,2011).

On the other hand, the response of polyphenol sridativity in the twde. ventricosuntlones
was linear under the various treatments and owee.tBesides, the difference across treatments
and between clones was insignificant. This resuilagainst the works of Govindappa al
(2011), Ngadzeet al. (2012) and Jadeslet al. (2012) who observed discernible increase of
polyphenol oxidase in rice induced wifilathoda vasicéeaf extract, in potato tubers inoculated
with various pathogen suspensions, and in banameh g@ed pulp dipped in leaf extract,
respectively. Although there are no clear and defiways about the potential anti-pathogen
effects of polyphenol oxidase, Li and Steffens @08uggest several possibilities, including
general toxicity of polyphenol oxidase-generatednguoes to pathogens and plant cells
accelerating cell death, alkylation and reducedavmdability of cellular proteins to the
pathogen, cross-linking of quinones with proterrother phenolics, forming a physical barrier
to pathogens in the cell wall, and quinone redogling leading to HO, and other reactive

oxygen species.

Associated with augmented activity of PAL and pédaze, the amount of TPC was significantly
increased upon treatment Bf ventricosuntlones with methanol, leaf extract and Xcm during
the different leaf sampling periods. In additionTPC of the resistant clone was significantly
higher than the susceptible one. Likewise, Amrial. (2010), Ngadzeet al. (2012) and
Punithavalliet al. (2013) reported similar TPC responses of resisgtadtsusceptible pearl millet,

potato and rice cultivars, respectively. In thispect, Guleria and Kumar, (2006) reported that
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sesame plants treated witlzadirachta indicdeaf extract produce significantly high content of
phenolic compounds. Likewise, rice leaves inocdateith Cnaphalocrocis medinalis, a
pathogen that causes rice leaffolder yield sigaifity high content of phenolic compounds
(Punithavalliet al, 2013). Abd El-Rahmaet al. (2012) reported greater accumulation of
phenolic compounds upon infection with the pathogemduced and infectedupinus albus
seedlings compared to healthy plants. Moreovergakeet al. (2004) reported an increase in the
level of phenols in rice leaves treated wilfatura metelleaf extract and inoculated with
Rhizoctonia solanor Xanthomonas oryzae pv. oryzdéese evidences might help us to infer
that TPC has a key role in disease resistance @@aweint. Thus, accumulation of phenolic
compounds after challenge inoculation has beeneladed with the restriction of pathogen
development, since such compounds are toxic tcogatis (Punithavallet al., 2013; Ojha and
Chatterjee, 2012). Also, phenolic compounds mayeibeppathogen infection by increasing the
mechanical strength of the host cell wall (Ojha &fdhtterjee, 2012). These results agree with
the general speculation that when plant cells a@eu infection, there is a switch from the
normal primary metabolism to a multitude of thes®tary defense pathway, and activation of

novel defense enzymes and genes @taal.,2004).

In the present study, total soluble sugar respoatE&s ventricosuntlones exhibited variations
between treatments. In both clones, significantyhér amounts of total soluble sugars were
produced by leaves of induced plants up to 5 dags eatment application compared to others
treatments. This corroborates with the results ballal, (2007) and Haet al. (2013) on
glucohexose treated tomato and arbuscular mycairiungi and/or jasmonic acid and salicylic
acid treated cucumber plants, respectively. Bodearechers reported increased production of

TSS in plants treated with elicitors than plant®eated with the respective pathogens. On the
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contrary, greater rates of total soluble sugar e#sw were noticed in cucumber and barley

infected leaves than in healthy ones (Abood anelL.@)03; Singlet al, 2009).

Four months after treatment application, the candémotal soluble sugars decreased in infected
control and induced plants of both clones. Simiksults have been reported in others studies.
For instance, leaves of infected tea cultivars sltblew contents of sugars (Ponmurugaral.,
2007). Scarpariet al (2005) reported a reduction in the accumulatidntatal soluble
carbohydrates iTheobroma cacaglants infected wittCrinipelis perniciosa.Faba bean plants
infected withBotrytis fabaegesulted in noticeable decrease in total solubfmsu(Aldesuquyet

al., 2014). Reduction in sugar content has beendaiserved in groundnut plants infectedRy
solani (Lakshmiet al, 2011). Similar to Ponmurugaet al (2007), the reduction was more
prominent in susceptible than tolerant enset clémfected control plants of the resistant clone
generated relatively higher amount of TSS thaneqtfde plants. Likewise, Misrat al. (2008)
reported comparable results between resistant asckptible taro genotypes. This shows that
total soluble sugar responses of plants seem tiependent on genotypes. The reduction might
be attributed to the increase in the rate of comdiom of sugars by the pathogen as respiratory
substrate during pathogenesis (Ponmurwegat, 2007). In addition, it could be due to increased
invertase expression and microbial sucrolytic agtithat degrade sucrose to hexoses in the
cells. These changes consequently cause activaifomlefence and down-regulation of

photosynthesis by delaying photosynthetic geneesgion (Bergeet al.,2007).

In contrast with the results of the present studgaaly stages, Ariast al. (2003), Schartet al.
(2005) and Lobatet al. (2009) reported increase in total soluble carboduigdr under infection

both in the susceptible and tolerant clones. Sumtoplants infected with sunflower chlorotic
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mottle virus showed an increase in total solublgassi (Ariaset al, 2003). The same was
observed in tobacco plants infected with tobaccgaimvirus (Schartet al, 2005). According

to Lobatoet al. (2009) both susceptible and resistant cultivarsv&aboan increase in total soluble
carbohydrate content in the pathogen-infected plavibreover, application of inducers slightly
increased the content of total soluble sugars wisich agreement with the results of El-Khallal,
(2007), Lakshmet al (2011), Aldesuquet al (2014) and Amiret al (2015). Pre-treating faba
bean plants with shikimic acid, salicylic acid aowr in combination could minimize the
negative effects dBotrytis fabaeon osmotic adjustment by increasing total solublgass that in
turn improve the osmotic pressure as well as redatiater content in leaves of infected plants
(Aldesuquyet al, 2014). At the later stages of bacterial wilt elepment (9 and 12 months after
treatment), the content of total soluble sugarseia®ed and reached to the same or greater level
as/than the controls under all treatments. Thigcatds that the adverse effect of the pathogen
decreased as the time passed. The accumulatiatabfsbluble sugars in bioagent or chemical
induced and infected plants signifies the relatigm¥etween sugar regulation and activation of
systemic resistance (Khallal, 2007). It is evideain several research reports that soluble sugars
are involved in the responses of plants to abiatid biotic stresses, and act as nutrient and
metabolite signaling molecules that activate specdr hormonal-crosstalk transduction
pathways, resulting in important modifications ehg expression (Couet al.,2006; Bergeet

al., 2007; Moghaddam and Ende, 2012).

There was a significant difference in disease ewod between the clones in infected controls.
Disease incidence was significantly higher in thgcgptible infected control plants as compared

to other treatments. However, in plants pre-treatg leaf extract and consequently inoculated
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by Xcm after 30 days, there were 33.3 % and 3.2 i%ade incidence reduction in the
susceptible and resistant clones, respectivelys Shows that inducing the natural resistance
increases the ability of susceptible plants to stéhd pathogens in a non-genetic way (Ma and
Cui, 2002). The result of the present study agweieh Resendet al. (2002) who reported 5-84
% reduction in disease incidence of witches’ bramaused byCrinipellis perniciosaon cocoa
seedlings sprayed with acibenzofamethyl (ASM) 30 days before inoculation. Moreover,
chemical inducing agents can cause disease in@desduction ranging between 20 — 80 %
(Soylu et al, 2003; Walters and Fountaine, 2009; Waltetsal, 2013) and arbuscular
mycorrhizal fungi plus jasmonic acid treatments pegfuce disease incidence by 92 % (Khallal,
2007). The resistant clone showed the lowest disemsdence both in the induced and infected
control plants. This might be related to the bionloal responses of the clone after treatment
with the leaf extract and Xcm. Under these treats)etme resistant clone showed the highest
PAL, peroxidase activity, and amount of TPC that hastrong positive correlation to each other.
These might affect the growth of the pathogen tiyeas a toxic product and indirectly by
strengthening the cell wall to hinder the furthgmesad of the disease in the plant. The
biochemical responses of the susceptible cloneategteinduction of resistance against Xcm
which was not as significant as the resistant cldies is reflected in the reduction of disease
incidence in induced plants as compared to infectdrol plants of the clone. Therefore, the
result of the present study reveals that the bimite changes occurring after application of the
leaf extract and the pathogen can act as markersytemic acquired resistance, triggering the
crops’ natural immunity. Exploiting systemic acepgrresistance is a feasible disease controlling

alternative strategy that diminishes the use attokemicals.
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5.3. Growth, Physiological and Biochemical Respons®fE. Ventricosum Clones Induced

by Leaf Extract and Infected With X. campestris pv. musacearum

Enset clones undertook changes in physiologicalamchemical processes after inoculated with
Xcm and treated with leaf extract. The changesedadiepending upon the length of exposure to
the treatments. Plant diseases that affect theopyathetic leaf area and the roots or clog the
xylem and phloem influence growth either by redgdie photosynthetic output or interfering
with the translocation of water and inorganic agaoric nutrients in the plant (Agrios, 2005). In
the present study, results of growth parametergaled that control, induced and infected
control plants kept growing as the experiment pgeged which resembles the reporZarania
latifolia, an aquatic plant infected with a smut fungustilago esculentgYan et al., 2013).
However, plant height, pseudostem diameter, leafbar, length, width and the consequent total
leaf area and leaf area index were highly affettgdhe infection. The effect of infection was
described by a clear reduction in plant heightudsstem girth, leaf number, leaf length, leaf
width, total leaf area and leaf area index in itédccontrol plants as compared to induced and
control plants of both clones. These findings aragreement with results of others studies on
stem mustardBrassica juncea var. tsatséuoet al, 2005), banandylusa acuminatgHooks

et al, 2008) and faba bea¥icia faba(Radwanet al, 2008). Stem mustard plants infected with
turnip mosaic virus showed a marked reduction anpheight and leaf area due to the primary
effect of the virus on the growth of leaves (Gaal, 2005). Similarly, plant height, pseudostem
diameter, canopy size and leaf area of bananasplafécted with banana bunchy top virus
(BBTV) were significantly smaller than those of tah plants (Hookset al, 2008). In faba
bean, significant reductions in plant height, leeda and leaf number were observed in response

to bean yellow mosaic virus (BYMV) infection (Radwat al, 2008). Moreover, Ahmest al
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(2009) reported thatleloidogyne javanicghat infectasmungbeanVigna radiatg plants affected
growth and the reduction was severe as comparedmivols. Similar reductions in plant height
and leaf area were also found@apsicum annuunaarieties infected with tomato mosaic virus

(Pazarlaet al, 2013).

On the other hand, plant height was significanggduced in infected control plants of the
susceptible clone than the resistance clone bathdiod nine months after treatment application.
In agreement with this, plant height is reducedi§icantly more in susceptible cultivar TRI-
2024 than in the tolerant cultivar TRI-2025 @&mellia sinensisnfected with five pathogens
namely;Exobasidium vexans, Pestalotioptigae,Colletotrichumcamelliae, Capnodium theae
and Cephaleuros parasiticuonmurugaret al, 2007). In addition, growth responses such as
plant height, leaf number and leaf area of indydledts of the susceptible clone were increased
at both data collection periods compared to infecentrol plants. Similarly, spraying of high
concentration of salicylic acid (SA) concentrat{® or 100 mM SA) on infected and uninfected
faba bean leaves significantly increased planthigigaf area and leaf number (Radvedral,
2008). Furthermore, tomato plants sprayed withcglidi acid plus chitosan or chitosan alone 4
days prior to tomato mosaic virg§MV) inoculation produced moderate plant heightoieed

by salicylic acid application, while pathogen intation alone gave the lowest plant height (Abd
El-Gawad and Bondok, 2015). The moderate performaficnduced plants might be related to
the short lag period before systemic resistanexsessed and allocation costs arising from the
diversion of metabolites and energy from growth atiter processes toward defenses (Walters
et al, 2005). In general, induced resistance incredmeability of susceptible plants to withstand

pathogens in a non-genetic way (Ma and Cui, 2002).
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Pathogens affect the water balance of plants in @neore ways. Some interfere with the
function of the roots; others with the translocataf water through the stem by growing in the
xylem vessel and some others with the water economthe plant by causing excessive
transpiration through their effects on leaves atnata (Agrios, 2005). In vascular wilts, the
extent of reduction in water translocation variesf plant species to species and from pathogen
to pathogen. Vessels may be filled with the bodiethe pathogen and substances secreted by
the pathogen or by the host in response to theogath and become clogged. The affected
vessels cease to function properly and allow litteno water to pass through them (Agrios,
2005). In the present study, the relative waterteanof the leaf in plants of both clones under
the different treatments was relatively stable digfmut the assessment period. The difference in
relative water content between treatments was nifstggnt across all data collection periods.

This is supported by the research reports of Soloframlesset al. (2012) on grapevines.

In contrast to the present study, McElrateal. (2003), Perez-Donoseat al. (2007), Pazarlaet

al. (2013), Agamyet al. (2013) and Wangt al (2015) found a decreased leaf relative water
content in vine, grapevine, pepper, tomato and mbew infected plants, respectively. According
to McElroneet al. (2003), the effect of infection byylella fastidiosaon vine Parthenocissus
guinquefolig leaf relative water content occurs due to redungttaulic conductance caused by
clogging of the vessels. Similarly, the loss ofexy water transporting function in grapevines
(Vitis viniferg infected with Xylella fastidiosawas caused by a decrease in stem-specific
hydraulic conductivity and the presence of tylosethe lumens of obstructed water conduits,

produced by grapevine’s active responses to theogah (Perez-Donoset al., 2007). In
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infected cucumber plants, Wargg al (2015) reported a reduced stomatal conductanae th
resulted in a lower leaf transpiration rate. Howetlee leaf water content of infected plants was
significantly lower than that of the healthy cucieniplants. This was caused by non-stomatal
water loss induced by leaf cell membrane injuryt leads to uncontrolled water loss from
damaged cells to the apoplast (Wagigal, 2015). On the other hand, application of saiicyl
acid (SA) and Agrileen (AG) and bioactive materiaignificantly increased the leaf relative
water content of tomato plants infected wihernaria tenuissimgAgamy et al, 2013). This
might be attributed to absence of toxic productsnfrpathogens and increased production of
osmolytes such as total soluble sugars duringteesie induction (Agamgt al, 2013; Aminet

al., 2015).

Plant-pathogen interaction alters primary metabolesther due to the fact that the induction of
plant defence is cost-intensive that causes inededemand for assimilates in the plant or the
pathogen tries to manipulate plant carbohydrateabmdism for its own. As a result, plants
switch off photosynthesis and other assimilatorytaielism to initiate respiration and other
processes required for defence (Berggeal., 2007). In the present study, assimilation rate (A)
transpiration rate (E) and stomatal conductangewgre reduced in infected control plants of
both clones four months post treatment applicatidre level of reduction in assimilation rate
was twofold as compared to controls. The reduatias more prominent in the susceptible clone
than the resistant, which is in agreement with rémults of Ponmurugaet al (2007) on tea
cultivars infected with different diseases. Moregvénfection of rice genotypes with
Xanthomonas oryzagav. oryzae(Xoo0) has produced a significant reduction in assimifatiate,

transpiration and stomatal conductance in susdepgdnotype PB1 when compared to resistant
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IRBB21 and highly resistar®Dryza longistaminatgdKumar et al, 2013), which supports the

results of the present study.

Decrease in the gas exchange parameters such & ahd g are also evident in others
pathosystems. For instance, stem mustard planésted with turnip mosaic virus revealed
decreased photosynthetic rate, transpiration amehagl conductance. The net photosynthetic
rate was significantly reduced with the developmeinsymptoms (Guceet al, 2005). Similar
decreases are reported in grapevine plants infegitdesca (Petiet al, 2006) and bois noir
(Solomon Tadesset al, 2012). A significant reduction in A, E angdwas also found in infected
leaves of tea cultivars as compared to healthy ¢Resmurugaret al, 2007). Likewise, in
Bipolaris oryzaeinfected rice plants, gas exchange parameters meeteced by about 65 % at
144 h after inoculation compared to non-inoculapdahts (Dallagnolet al, 2011). Tomato
plants infected withiXanthomonas gardnealso showed reduction in gas exchange parameters
(Silveira et al, 2015). In infected control plants of the susit#tclone, the reduction in
assimilation rate was closely associated with theide in the concentrations of chlorophylls a
and b. Similar results are reported on grapevimit(€ al, 2006), tea cultivars (Ponmurugan
al., 2007) and rice plants under infection (Dallageblal, 2011). On the contrary, the low
assimilation rate in infected control plants of thesistant clone was not related to the
concentration of chlorophylls. It might be due tanthge to the photosynthetic cells or down
regulation of photosynthesis. Accordingly, Pegt al (2006) reported that the low
photosynthesis in esca infected grapevine couldugeto the low activity of enzymes such as
rubisco, carbonic anhydrase that catalyzes theersion of CQ to HCG; or other enzymes

involved in the utilization of photoassimilates. Mover, the pathogerBipolaris oryzae
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decreases photosynthesis of rice mainly throughddmmage to the cells basically the cell

membrane (Dallagnat al, 2011).

As mentioned earlier, leaf transpiration was lovwnifected control plants of both clones, but the
effect of infection was more severe in the susbépttione. The decrease in transpiration rate
was closely related to stomatal conductance. Oppadsiothers gas exchange parameters, the
variation in the concentration of intercellular £(;) was relatively stable, but higher ®as
recorded in infected control plants of the susé#ptclone. This is supported by the research
results of Gueet al. (2005) on mustard stem leaves, Pettial (2006) on infected grapevine and
Dallagnol et al (2011) on diseased rice leaves. The water useegify of infected control
plants of both enset clones was higher than ottieegments which might be due to the low
transpiration rate. In contrast, Kumetral. (2013) reported reduction of water use efficienty

infected susceptible rice genotypes as comparegststant or highly resistant genotypes.

During each measuring time, the net carbon asdionlaate of plants pre-treated with leaf
extract (induced) was significantly higher when gamed to infected control plants. This
indicates that in addition to inducing resistantehie plant, it may maintain the photosynthetic
activity, transpiration and stomatal conductancehat level of healthy plants. These in turn
increase the relative water content of the leafatigmented absorption of water and nutrients
from the solil. This is corroborated by the findil@Khanet al (2003), Cavalcantiat al (2006)
and Vazirimehr and Rigi, (2014). Vazirimehr and iRi014) reported higher amount of
pigments as well as enhanced photosynthesis inesoyplants treated with salicylic acid (SA).
Similarly, foliar application of SA, acetyl saligglacid (ASA) and gentisic acid (GTA) increased
photosynthetic rate, stomatal conductance and gnat®n in both soybean and maize plants
(Khan et al, 2003). Cavalcanti®@t al (2006) in their study found out that ‘St. Cruzdga
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susceptible tomato is better protected againsebatteaf spot caused B¥. vesicatoriaby pre-

treating the plant with acibenzolar-S-methyl (ASatd aqueous extract from dry necrotic tissue
flour (VLA) of ‘Lobeira’ (Solanum lycocarpujrbush. ASM and VLA treated tomato plants have
maintained the photosynthetic rate remarkably coaipa to healthy plants (Cavalcangtal,

2006). At the later stages of infection; 9 and lénths after treatment application, the rate of
carbon assimilation in infected control plants oftbclones was progressively increased. Twelve
months post treatment, the difference in assiroitatate between treatments was insignificant.
This contradicts with the result of Gab al (2005) who reported a more dramatic decrease in

net photosynthetic rate at the later times of itdecof stem mustard with turnip mosaic virus.

The chemical analysis of the leaf samples of the éwset clones revealed different results with
respect to the amount of photosynthetic pigmentection didn’t affect the content of pigments
in plants of the resistant clone. Unlike othersdss, the concentration of pigments in induced
plants of the resistant clone was lower than céaind infected control plants. In the susceptible
clone, the concentrations of chlorophyll a, b, @bl carotenoids were lower in infected control
plants than the control. The effect of the diseaspigments was minimized at the later stages of
development (9 and 12 months after treatment agtjic). Findings similar to responses of the
susceptible clone have been found by Tan and Whit{a001), Gucet al. (2005), Hookst al
(2008), Radwaret al (2008), Palanisamgt al. (2009), Labateet al (2010), Kobraet al. (2011)
and Pazarlaet al (2013). Lower chlorophyll content was recordedGCatharanthus roseus
plants infected with Ash yellow phytoplasms aftel tveeks (Tan and Whitlow, 2001).

According to Gucet al (2005) and Hookset al (2008), total chlorophyll, chlorophyll a and b
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contents were significantly decreased in mustaethsand banana plants infected with turnip

mosaic virus (TMV) and banana bunchy top virus (BB Trespectively.

Similarly, decreased concentrations of chloroplayland b have been found in yellow vein
mosaic virus infected genotypesAbelmoschus esculentleaves (Palanisamst al.,2009). In
tobacco mosaic virus (TMV) infected varieties ofpper, reduced chlorophyll content was
obtained compared to controls (Pazaetaal, 2013). However, TMV infection did not affect the
content of carotenoids (Pazarktral, 2013). In addition to reduced pigment contentbéan
yellow mosaic virus (BYMV) infectedVicia faba leaves, most chloroplasts had increased
stromal area, became spherical in shape and s@hth&r envelopes, either partially or totally.
Chloroplasts were also fewer in numbers (Radetaal, 2008). Diseased cotton plants had also
lower chlorophyll content than controls (Kobe& al, 2011). Moreover, 80, 100, and 97 %
reduction in chlorophyll a, b and carotenoids cotge respectively, have been observed in
Alternaria tenuissimainfected tomato plants (Agamgt al (2013). The concentration of
pigments in infected enset clones showed a prageessprovement at the later measuring
periods. In contrast to this, the reduction in ltatalorophyll has been progressive at the later

stages of disease development in infected comman plants (Labatet al, 2010).

In the studied enset clones, the effect of inectbn the concentration of chlorophyll a was
more pronounced than chlorophyll b which is in agnent with Lubaina and Murugan, (2013)
findings on the response aiternaria sesaminfected Thilarani sesame cultivar. This might be
due to higher degradation of chlorophyll a to bcsinchlorophyll b is synthesized from

chlorophyll a and is catabolized after it is recented to chlorophyll a (Tanaka and Tanaka,
2011). According to Roca and Minguez-Mosquera, 8@nhd Kariolaet al (2005), decreases in

chlorophyll content are caused by increased chloyitgse activity that participates in shaping
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the plant defense response by causing a rise ativeaxygen species that result in programmed
cell death (Karioleet al, 2005; Agamyet al, 2013). The low chlorophyll content in infected

plants might be also due to inhibition of chloroplsynthesis (Kariolat al, 2005).

Inducing plants of the resistant clone didn’t bremgy improvement on contents of chlorophylls
and carotenoids as compared to control and infectedrol. However, induced plants of the
susceptible clone had higher photosynthetic pigmeainpared to infected control plants at later
stages. In this regard, El-Khallal, (2007), Radwaal (2008), Agam\et al.(2013) and Amiret

al. (2015) have found improved contents of chloroplayltl carotenoids in plants treated with
different bioagents and elicitors before infectidfireating Fusarium oxysporuninoculated
tomato plantswith arbuscular mycorrhizal fungi, SA or Jasmonicida(JA) alone or in
combination, significantly decreases the effecindéction on the content of total chlorophyll
(El-Khallal, 2007). Similarly, foliar applicationfdl 00 mM SA prior to pathogen inoculation
restored the metabolism of infected faba bean kawehe levels of healthy controls. It also
increased plant resistance against bean yellow imesas (BYMV) as evident from higher
number and well developed chloroplasts with mararcst grains and well organized cell
organelles (Radwaet al, 2008). Comparable improvements in chlorophytiteats are reported
in Alternaria solaniinfected tomato plants treated wi8A (Faheecet al, 2005) and Headline
(Pyraclostrobin 20% WG) treated groundnut plantswgr on Sclerotium rolfsiinfested soil
(Amin et al, 2015). The high chlorophyll content in elicitand bioagent treated plants could be
attributed to their stimulatory effect on rubisactigity and absence of toxic products from the

pathogen due to prior application of the elicithgémyet al, 2013).
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The two ensefresistant and susceptible) clones showed varmitioriotal nitrogen and protein
content at the different sampling periods. Four @mdonths after treatment, an increased content
of total nitrogen and protein was observed in itddccontrol plants of the resistant and
susceptible clones, respectively, compared to omtSimilar results of total nitrogen have been
found in infected alfalfa leaves (Yardimei al, 2007). Moreover, roots of turmeri€rcuma
longa) inoculated withFusarium solanfound to have higher concentration of total nigoghan
healthy plants (Reddet al, 2005). In rice, inoculation witPyricularia oryzaeaffects the
overall nitrogen metabolism and resulted in aneased total nitrogen concentration compared
to non-inoculated plants (Katsantoeisal,, 2008). Decreased total nitrogen content wasdonn
infected control plants of both clones 12 montherafeatment. These results are in agreement
with reports of Kumar and Shishodia, (2012) onctee leaves o€icer arietinum According to
Etcbarian and Blackburn, (2000), greater conceantradf total nitrogen has been found in
Puccinia hordeiinfected leaves of barley especially in susceptihlltivars. This is consistent
with total nitrogen content of infected control s of the susceptible enset clone analyzed 9
months post treatment. Similar to infected conplaints of the resistant enset clone 9 and 12
months post treatment, a decrease in total nitrégesnbeen seen upon infection of the resistant

cultivar of barley (Etcbarian and Blackburn, 2000).

The changes in total protein content follow the sgattern to total nitrogen as it was derived
from percentage total nitrogen multiplied by coti@t factor for horticultural crops. Contrasting

results were recorded in both resistant and subtegnset clones at different sampling periods.
In some studies, infection had no effect on totatgin for instance in infected mung bean plants

(Ahmedet al., 2009). In others, higher total protein content hasn found in turmeric plants
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inoculated withFusarium solanandalfalfa plants infected with alfalfa mosaic viruRegddyet
al., 2005; Yardimckt al, 2007). Such increases are attributed to incteeatabolic reactions or
decrease in proteolytic degradation or both (Reeidgl, 2005). It might also be due to the
increased level of viral proteins in the infectddnp (Yardimciet al, 2007). To the contrary,
decreased concentration of total protein has beparted inFusarium graminearuninfected
wheat plants. This may be caused by denaturatigeraieolysis of proteins and bound amino
acids, resulting in an enhanced free amino acidecwrof the host tissue (Zhaat al., 2005).
Similar to the results of the present study, agpilon of inducers such as salicylic acid (SA),
Agrileen (AG), Headline and leaf extracts enhantdl protein content (Agamgt al, 2013;

Amin et al,, 2015).

132



6. CONCLUSION AND RECOMMENDATION

6.1. Conclusion

This study gives useful information about growthysiological and biochemical responses of
resistant and susceptible enskines pretreated withA. salicifolia leaf extract and inoculated
with Xcm including controls. In all the parameters studigm, resistant clone achieved better
than the susceptible clone. Moreover, the studywskothe potential role of medicinal plant
extracts, commercially available antibiotics anduced resistance to control enset bacterial wilt.
It also partially identified the types of respongesvhich resistant and susceptible enset clones
basically differ during infection and induction atfte inferred resistance mechanism of each

clone. The findings of the present study couldurarmarized as follows:

» The leaf extracts oA. salicifoliaandP. abyssinicashowed high potency against Xcm which
is attributed to the presence of abundant amouatkafoids, flavonoids, phenols, terpenoids,
saponins and tannins. The antibacterial activittheke extracts is positively correlated to the

concentration of total phenolic compounds.

* Amoxicillin and streptomycin sulphate showed thgheist anti-Xcm activity followed by
tetracycline. However, the lowest MIC and MBC vaueere recorded by the test
concentrations of tetracycline, indicating the ptid use of this antibiotic in the control of

ensetbacterial wilt.
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» A. salicifolia leaf extract induced-infected enset plants of bdtmes revealed augmented
activity of disease resistance related enzymes sisciPAL, peroxidase and polyphenol
oxidase. The activity of PAL was highly significantinduced plants of the resistant clone.
The resistant characteristics of the clone mightrddated to PAL as high PAL activity
indicates the initiation of secondary metabolisnor&bver, the high concentration of total
phenolic compounds post treatment is an evidenceahi® activation of phenylpropanoid

pathway.

» Treating enset with medicinal plant extract priorpgathogen inoculation reduced disease
incidence by about 33 % in plants of the susceptiibne and 3.2 % 4 MAT and 10.6 % 9
MAT in plants of the resistant clone. This impligst inducing innate immunity could be

used as an alternative enset bacterial wilt cdimigpiethod.

» Overall, infection and induction of enseibnes had no remarkable effect on growth and
physiological parameters. However, 4 months afteatiment application, the influence of
infection on net photosynthetic rate was significamhis might be due to the low
concentration of chlorophylls in plants of the sphle clone and the diversion of primary

metabolism to processes related to defense ingtdrihe resistant clone.

From these findings, it is possible to concludat tmedicinal plant extracts, antibiotics and
induction are feasible tools to control enset baatavilt in Ethiopia. Moreover, the biochemical
responses are the major indicator characteristicg @re responsible for the noticeable

differences between the two enset clones.
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6.2.Recommendations

We strongly believe that the results of the prestmdy can be of use in alleviating the major
constraint of enset cultivation; bacterial wilt ekse. Unearthing an effective enset bacterial wilt
controlling method will bring back the wide spreadtivation of enset in high bacterial wilt risk
areas and contributes to ensure food securitydrstiuth and southwestern Ethiopia. However, a
lot remains to be done to achieve the aforementiogeal and these are forwarded as

recommendations as follows:

» Ethiopia is the center for plant diversity. Thusany more screening researches should be
conducted on the anti-Xcm activity of medicinal rgka so that plant extracts with high

potency could be found.

« The maximum extract yield, high potency against Xamd low minimum inhibitory
concentration ofA. salicifoliaandP. abyssinicdeaf extracts could make the species better
candidates for further processes that lead to éodevelopment. Therefore, further research
on formulation development and commercializationthef extracts as biocides with broad

spectrum activity should be done.

» The leaf extracts and usage as natural productentrol plant diseases will minimize or
avoid environmental and health hazards caused hihelyc pesticides. However, further
researches into these extracts should be conductedentify the active compounds

responsible for such antibacterial activity.
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The in vitro tests revealed that extracts Af salicifolia and P. abyssinicaand antibiotics;
amoxicillin, streptomycin sulphate and tetracyclimed high anti-Xcmactivity. However,
their performance under field condition should haleated. In addition, the methods of
application of these tools should be evaluated #rel method in which the disease

controlling agents achieve better should be idiewutif

The leaf extract oA. salicifoliawas applied to enset plants using mid vein injectnethod.
This has induced systemic resistance in treatexdtgplddowever, the inducing and disease
controlling capacity of the leaf extract should &eluated in terms of other application

methods such as foliar and soil application.

Induction of resistance is a feasible alternativectntrol enset bacterial wilt. However,
further researches should be undertaken to fincother elicitors from various sources that

could result in high level of systemic resistanuduiction.

Medicinal plant extracts can be directly used axides and also as elicitors to induce
systemic resistance. This minimizes disease incielém enset to a certain level. However,
researches on the integrated use of leaf extraasiced resistance and other biocontrol

techniques should be conducted.

In general, the results of the present study showegteen light about the potential of
environmentally safe enset bacterial wilt contralitools. Thus, many more other studies
should be carried out on the potential of otherddgal control agents to control enset

bacterial wilt.
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Appendix 1: ANOVA result of antibacterial activiof medicinal plant extracts

Sum of
Squares df Mean Square F Sig.
400mg/mL  Between Groupy 341.800 4 85.450 423.719  0.000
Within Groups 5.042 25 0.202
Total 346.842 29
200 mg/mL Between Groupg 360.783 4 90.196 146.264  0.000
Within Groups | 15.417 25 0.617
Total 376.200 29
100 mg/mL Between Groupy 144.383 4 36.096 183.538  0.000
Within Groups 4.917 25 0.197
Total 149.300 29
50 mg/ML  Between Groupg 383.300 4 95.825 475.165  0.000
Within Groups 5.042 25 0.202
Total 388.342 29
Appendix 2: ANOVA result of anti-Xcm activity of &éibiotic
Sum of df Mean F Sig.
Squares Square
Between Group] 8651.122 11 786.466  76.817 0.000
Tetracycline  Within Groups | 614.292 60 10.238
Total 9265.413 71
Between Group] 4297.639 11 390.694  33.172 0.000
Streptomycine  Within Groups | 282.667 24 11.778
Total 4580.306 35
Between Group{ 6735.312 11 612.301  26.112 0.000
Chloramphenicol Within Groups | 844.167 36 23.449
Total 7579.479 47
Between Group] 1279.639 11 116.331  49.856 0.000
Cephalexin ~ Within Groups 56.000 24 2.333
Total 1335.639 35
Between Groupy 12926.306 11 1175.119 276.499  0.000
Amoxacillin Within Groups | 102.000 24 4.250
Total 13028.306 35
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Appendix 3: ANOVA result of PAL

Sum of Square df Mean Square F Sig.
Between Groups 75783.305 35 2165.237 251.171 0.000
Within Groups 1241.364 144 8.621
Total 77024.669 179
Appendix 4: ANOVA result of peroxidase activity
Sum of Squares df Mean Square F Sig.
Between 1829.54 35 52.27: 233.97C  0.000
Groups
Within Groups 32.172 144 0.223
Total 1861.71° 179
Appendix 5: ANOVA result of polyphenol oxidase &ty
Sum of Square: df Mean Square F Sig.
Between Groups 0.02C 35 0.001 7.39¢€ 0.000
Within Groups 0.011 144 0.00C
Total 0.032 179
Appendix 6: ANOVA result of TPC of enset clones
Sum of Square df Mean Square F Sig.
Between Groups 4.159 35 0.119 4235.81¢ 0.000
Within Groups .004 144 0.000
Total 4.163 179
Appendix 7:ANOVA result of disease incidence 9 MAT
Sum of df Mean F Sig.
Squares Square
Between Groups 739.696€ 2 369.848 4491 0.064
Resistant  Within Groups 494.147 6 82.358
Total 1233.842 8
Between Groups 4945.662 2 2472.831 20.623 0.002
Susceptible Within Groups 719.447 6 119.908
Total 5665.10¢ 8
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Appendix 8: Pictures showing the severity of elbacterial wilt

Susceptible- induced Susceptible- infected control
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Appendix 9: ANOVA of growth parameters 9 MAT

Sum of df Mean Squart F Sig.
Squares

Between Groups 66.315 5 13.263 13.202 0.000
numberofgreen \unin Groups 48,222 48 1.005
leaves

Total 114.537 53

Between Groups  6.139 5 1.228 6.840 0.000
leaf length Within Groups 8.617 48 0.180

Total 14.756 53

Between Groups .304 5 0.061 7.525 0.000
leaf width Within Groups .388 48 0.008

Total .693 53

Between Groups 19.838 5 3.968 5.254 0.001
plant height Within Groups 36.245 48 0.755

Total 56.083 53

Between Groups  1.904 5 0.381 10.856  0.000
Pseudostem girth  Within Groups 1.684 48 0.035

Total 3.588 53

Between Groups 102715;032'8 5 2055006.56: 16.257  0.000
Total leaf area Within Groups 6067228'44 48 126408.926

Total 163452661.2 53

Between Groups 641302.593 5 128260.519 16.276 0.000

. Within Groups  378248.222 48 7880.171

Leaf area index

Total 10195550.81 53
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Appendix 10: ANOVA results of photosynthetic respes of enset clones 9 MAT

Sum of Mean
Squares df Square F Sig.
assimilation rate Between 9.147 5 1.829 2663 0.000
Groups
Within Groups 20.053 84 0.239
Total 29.199 89
Transpiration rate Between 4164 5 0833 1794 0123
Groups
Within Groups 38.990 84 0.464
Total 43.154 89
internal COZ Between 122774722 5  24554.944 11.943 0.000
Groups
Within Groups  172712.000 84 2056.095
Total 295486.722 89
water use Between 8.257 5 1.651  3.343 0.008
efficiency Groups
Within Groups 41.497 84 0.494
Total 49.755 89
gas exchange  Between 0.091 5 0.018 12516 0.000
Groups
Within Groups 0.123 84 0.001
Total 0.214 89
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