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Survey of Ethiopian Pepper Mottle Viruses in the Cetral Rift Valley of
Ethiopia and Evaluation of Netting Duration as Managyement Option

By
Kumsa Dida
Major advisor: Alemayehu Chala (PhD)
Co-advisor: Ferdu Azerefegne (PhD)
ABSTRACT

Ethiopian pepper mottle virus is one of the majonstraints of pepper production in the
central rift valley region of Ethiopia. The presestudy was conducted to assess the
prevalence of Ethiopian pepper mottle virus in thgion and to determine optimum netting
duration for efficient protection of pepper fromct@ infestation and subsequent viral
infection. For this purpose, field survey and apexment was carried out in the central rift
valley of Ethiopia. The survey was conducted onp6fper fields in three districts i.e.
Butajira, Meki and Ziway districts. Data were called on the incidence of viral disease,
plant height and number of pods per plant. In additfield experiments were carried out at
Hawassa and Meki to assess the efficacy of nethimgtion against aphid vectors and viral
diseases. Data were collected on the number ofdaploipulations, virus incidence, and
pepper growth parameters and yield. Visual inspecif the surveyed fields revealed that
almost all the pepper fields (99.6%) had viral dises. Viral disease incidence ranged from
52.8% in Ziway district to 68.6% in Butajira distti Furthermore, significant variations at
(p<0.01) were observed between treatments of thlkel fexperiments in terms of aphid
infestation, virus incidence and pepper yield. Gmgeof plots with net for up to 60 or more
days after transplanting reduced aphids’ populatjger plant by a greater margin (61.8%-
76.9% in Hawassa; 52.4-67% in Meki) and virus imcide by 48%-60.8% in Hawassa and
38.6%-48.5% in Meki as compared to the control gldtotal and marketable yields were
significantly higher in plots protected by net fgp to 60 days or more after transplanting
while unmarketable yields were low in those pldisw virus incidence and aphids’
population in plots covered by net up to 60 daysratransplanting and longer resulted in
increased vyields by 44 %-55 % in Hawassa and 38%%-46 in Meki as compared to the
control plots. Unmarketable yield was positivelyretated (p<0.001) with aphids population
and virus incidence while total and marketable ggelvere negatively correlated with aphids
population and virus incidence. The current resutsggest the need to apply control
measures at early growth stages to effectively gatofpepper plants from aphids and
associated viruses.

Key words: aphid, Ethiopia, netting duration, pepper, visise
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1. INTRODUCTION

Hot pepper Capsicumsspp.) is one of the main crops belonging to tmeilfaSolanaceae and
used as fresh, dried or processed products, asabdge and spices or condiments grown in
different parts of the world (Acquaah, 2004). Thengs Capsicumis the second main
vegetable crop of the family after tomato Solanadeahe world (Rubatzky and Yamaguchi,
1997; Berhanwet al, 2011). Pepper is originated from Latin-Americal gmown all over the
world for food and medicine (Mazoureit al, 2009). Pepper fruits vary in shape, color,
pungency and texture. Fruits are commonly greearbahaturity but after maturity the color

can be red, orange and yellow or purple (RussdBaed, 2004).

Different types of vegetable crops are grown inidfila under rain-fed and/or irrigation
systems (Alemayehat al, 2010). In many areas, pepper is grown as moop-and rotated
with cereals or legumes, using the main rainy sealdowever, the production in dry season
using irrigation can be found, particularly in tbentral rift valley parts of the country due to
availability of irrigation facility (Alemayehwet al, 2010). Ecological isolations in pepper
growing areas are common and there exists highahidity in growing conditions and
cropping systems. The crop is mostly grown in medialtitude (1400-2200 m above sea
level) on sandy loam or clay loam soils with enoungbisture holding capacity (Yosef and

Yayehu, 1989; EHDA, 2011 and 2012).

Hot pepper serves as one of the important sourfcEsd and income to smallholder farmers
and as exchange earning commodity (Beyene and DPaoir). It is important part in the
daily diet of most Ethiopian societies. The stadddaily utilization of hot pepper by

Ethiopian adult is estimated at 15 g, which is kigthan most other vegetables (MARC,



2004). Hot pepper is a common vegetable and playsiportant role in the national economy
of the country. It serves as row material for tmecpssing industries, essential cash crop to
farmers and a supply of employment to urban anal populations. Hot pepper production for
dry pod has been low with a general average yields4 t/ha (Fekadu and Dandena, 2006).
Pepper yields varies significantly from one regiorother region due to several factors such
as topography, lack of improved varieties, soiletypvater quality, drought, insect pest,
diseases, different cultural practices, soil tdagnd fertilizer application (Liet al, 2008;

Delelegn, 2009).

Arthropod pests and diseases caused by differergi,fibacteria and viruses are the most
important ones (Green and Kim, 1991). Viral diseasgch as EPMV, potyvirus and fungal
diseases like powdery mildew, stem and leaf bligiag bleaching and damping off, and
bacterial leaf spot have emerged as severe thie#ite crop in the foremost producing areas
(Yaynuet al, 1999; Tameru, 2004). Viruses are reported teedotal crop failure in addition

to lowering yields and reducing fruit quality (Greand Kim, 1991).

More than 90 % viral disease incidences and alesaldp failure have been reported from
various places in Ethiopia (Agranovsky, 1993; Tamelr al, 2003). Relative importance of
viruses on pepper is quite erratic across regiorigere a few viruses are common to a
particular region. Ethiopian pepper mottle viru®{V), a potyvirus occurring in diverse or
single infection, is the most significant virusthre rift valley and southern parts of Ethiopia
(Agranovsky, 1993; Yayneet al, 1999; Tamerwet al, 2003). Local and regularly grown
varieties such as ‘Markofana’ are highly suscepttbl EPMV and aphids which help as vector

to spread this disease (Tameru, 2004; Sietal, 2009).



Crops and weeds in and around fields may affecspieeies diversity of vectors and are often
potential sources of virus inoculum (Tameual, 2003). Simoret al (2009) found several
cultivated crops and volunteer plants that infllezhthe species composition of aphids present
on pepper farms. The migratory habits of aphidserthkm important vectors of plant viruses.
Peak aphid flights and the presence of known veauoe often associated with rapid spread of
viruses in a particular area. In some case viraglé@mces are correlated with high numbers of
inefficient vectors when the numbers of efficiemctors were low (DiFonzet al, 1997;

Simonet al, 2009).

Viral diseases can cause enormous losses in differeps terms of quantity and quality of
products (Sastry, 2014). Virus diseases are noh apecontrol by direct methods. Unlike
fungicides and bactericides, no commercial virisidee developed. But a number of indirect
control measures for different plant-virus suitatdevaried agro ecosystems are developed
which help to avoid the pathogen or minimize theipact on crop yields (Thresh, 2006).
Virus diseases normally cause systemic infectiomd$ eontain very effective methods of
transmission. Some viral diseases like Ethiopiapppe mottle virus, tobacco etch virus
(TEV), potato virus Y (PVY), cucumber mosaic virgGMV), and tomato mosaic virus
(TMV) are highly contagious and affect large numlaérhosts belonging to Solanaceae

families (Tamerwet al, 2003).

The epidemiology of viruses differ along with latiaks, time and a factor of local source of
inoculum, vector complex involved and how the pnees of vectors are harmonized with the
phenology of the crop (DiFonzet al, 1997). So understanding the epidemiology of @&phi

borne viruses is very essential for the developméappropriate management strategies. The



uses of cereal crops like wheat, maize, sorghumpaadl millet as barrier crops when the
main crop is dicot family against non-persistenhidgorne viruses in different crops like
chilli, pepper, potato, beans, and soybean areteféein reducing the virus incidence under

field conditions (Sastry, 2014).

Barrier crops, mulches and nets are used to dexreass infection and vector infestation in
several non-persistently transmitted plant viruses.example, netting of okra plants for up to
4-5 weeks reduced the number of jassids and wiegetis well as virus infection when

compared with that of un-netted plants (Fajinmi &aginmi, 2010).

Although spreading of non-persistent viruses byidghas inadequate specificity with respect
to individual aphid species, some aphid speciesreme efficient in transmitting certain virus
species than other aphid species (Eastop, 197if)etBues a less efficient vector can be more
important in spreading a virus than more efficigettors if it occurs in larger quantity

(Raccah, 1983).

1.1. Statement of the Problem

Studies on viruses in Ethiopia are concentratedheir identification and characterization.
Moreover, investigations on aphid vectors are asothe identification of species, flight
behavior and population dynamics (Simetal, 2009; Marameet al, 2010). On the other
hand, studies on the management of the viruseshemdaphid vectors are inadequate under
Ethiopian conditions. In many virus-host plant paflystems, plants are known to be very

susceptible at the early growth stages (Muller,919ameruet al, 2003).



Previous investigations have reported a non-pergistfficient transmission of viruses by
vectors (Yaynuwet al, 1999; Tameru, 2004). There are some observattaisshowed early
infection of pepper with viruses resulting in sevgreld losses. Furthermore, aphids entering
pepper fields at early stage cause severe epidemhip®tyvirus such as Ethiopian pepper
mottle virus, potato virus Y and tomato mosaic sirHowever, identifying the most
susceptible stage/s of pepper to vector infestamhvirus infection helps to protect the crop
at particular stage and to reduce infection levieVius and vyield losses. This contributes
further to the development of effective disease agament strategies for pepper viruses and

their aphid vectors.
1.2. Objectives

» To determine the prevalence of Ethiopian peppetlengirus (EPMV) and aphids in
the central rift valley of Ethiopia

» To determine optimum netting duration for efficigmbotection of hot pepper from
aphids infestation and EPMV infection.

» To determine the effect of EPMV on fruit yield obthpepper under different netting

durations.
1.3 Hypothesis

Null hypothesis (HO): Netting duration does noteaff aphid population, viral disease

incidence and pepper fruit yield.

Alternative hypothesis (H1): Netting duration atfeephid population, viral disease incidence

and pepper fruit yield.



2. LITERATURE REVIEW

2.1. Origin and Distribution of Pepper

Capsicumsspecies are originated from around Mexico in tleetiNand Bolivia in the south of
Latin America (Purseglovet al, 1981). Spanish and Portuguese explorers distripapper
across the world, i.e. first into Europe and themsia and Africa. Pepper is produced in all
continents except Antarctica. Tropical Asia (Indidalaysia, Thailand, and Indonesia), and
tropical Africa (North Africa, Senegal, Nigeria, & and Kenya) and South America

(Mexico) and Caribbean countries are the major gpeeds (Dennis, 2013).

2.2. Production of Pepper in Ethiopia

Hot pepper is very important vegetable and spiog grown in most part of Ethiopia under
rain fall as well as under irrigation (Esayas, 20091 domestic consumptions in the country
come from production by subsistence farmers. Pepagra unique traditional place, as dried
powder from its pods is condiment of the daily dieEthiopian food. In addition, small scale
farmers use pepper to generate income for variousarml off-farm economic activities

(Beyene and David, 2007). It is produced all ovénidpia with the central (eastern and
southern shewa), western, northwestern (Wollega @afam), and the south part of the
country are the potential pepper production butridis in central rifty valley are the major

production area (Rahmaat al., 2006).

CSA (2016/2017) report indicated that the estimgtexiuctions of peppers in Ethiopia were
627, 943.29 quintals from 9,832.28 ha in green farmd 3,298,042.90 quintals of dry pepper

from an area of 180,701.46 ha. According to theesamport, the area covered by vegetables



take up about 1.69 % of the area in all crops ébnal level and of all the area under
vegetables, 75.41 % is under red peppers producliosm standard productivity of the crop is

18.25 quintals per ha.

2.3. Importance of Pepper

Hot pepper Capsicum annuurh.) is a vegetable crop at its green stage. Pemeramong

the most heavily consumed spices all over the wofldey are the most popular salad
vegetables (Esayas, 2009). Dried ripe pods of niffgrent varieties ofCapsicumare

utilized to prepare cayenne pepper, ground peppeceushed red pepper (EEPA, 2003). This
is because it increases the receipted of the thdipsic nutrient foods. Both sweet and hot
peppers are processed into many types of saucedeqi relishes and canned products.
According to Bosland and Votava (2000) hot peppeositains vitamins A and C and good

sources of B2, potassium, phosphorus and calcium.

Hot pepper is a significant vegetable crop bothneaacally and nutritionally because it is a
good source of natural color and antioxidant cormgguOuet al, 2002). A wide spectrum of
antioxidant vitamins, carotenoids, ascorbic actgsaicinoids and phenolic compounds are

present in hot pepper fruits.

According to Bosland and Votava (2000), pepper his tnainly recommended tropical
medication for arthritis. The pharmaceutical indystises capsaicin as a counter-irritant
cream, for external application of sore muscle Kiina1993). Creams containing capsaicin
have reduced pain associated with post operative foa mastectomy patients and for

amputees suffering from phantom limb pain. Expanaisesl of the cream has also been found



to help reduce the itching of dialysis patient® pgain from shingles and cluster headache.

Peppers also motivate the flow of saliva and gagiices that serve digestion (Alicon, 1984).

2.4. Constraints of Pepper Production

The limited quantity and quality of pepper prodantiin the world is largely attributed to
biotic and a biotic stresses (Douglas, 2008; Tusignal, 2010). Abiotic factors affecting
pepper productions include various environmentetiois such as temperature, soil, humidity,
light intensity and moisture (Raai al, 2004). Temperature along with humidity is playsm
important role in pepper production. Dorland (19%tted that the maximum set of bell or
sweet pepper occurs at temperatures of 18°C to,diCtemperatures below 16°C and high
temperature above 32°C prevent fruit set. Tempegatan also affect fruit quality; best fruit
color is realized at temperatures from 18°C to 24%ght temperatures above 22°C lead to
poor fruit set. Low humidity and high temperatuvéll cause abscission of buds, flowers and
small fruits. Irregular rainfall distribution dugnfruit development exposes pepper to blossom

end rot disorder. During the same period watesstlead to fruit and flower abortion.

Biotic factors like fungal, bacterial, viral disess nematodes, mites and many insect pests can
cause significant losses in pepper production (Bktcal., 1991; Ochoa-Alejo and Ramirez-
Malagon, 2001). The major limiting diseases of peppers are phyto pathogenic fungi,
bacteria, and viruses. For example, 60 to 100 ¥e®®f marketable fruit have been reported
from virus infection (Green and Kim, 1991; Tametual, 2003). Bacterial spot caused by a
seed borne bacterial pathogeftafithomonas campestrs/. vesicatorig is also capable of
causing severe defoliation of plants, resultingreduced yield and loss of harvested fruit

quality when severe damage occurs on enlargintsf(8unet al., 2002).



Peppers are also affected by different virus deseasich as pepper mottle virus, potato virus
Y, tomato mosaic virus, tobacco mosaic virus, tabagtch virus, and other virus like tomato
spotted wilt virus, and cucumber mosaic virus (Agnasky, 1993; Tameret al, 2003). These
virus diseases are important factors contributmdotv yields and reduced fruit quality of
pepper (Yayntet al, 2001). Virus diseases cause serious lossesipdpper and the most
limiting factor affecting pepper production (Makkoand Gumpf, 1974). Sometimes total
crop failure due to viral diseases had occurredfarrders were forced to lose their production
due to high infection of viruses in the field (Tamnet al, 2003). Potyvirus such as Ethiopian
pepper mottle virus, potato virus Y, Tomato mosaras and tobacco mosaic virus are very

important viral diseases in pepper field in thevdlley parts of Ethiopia (Tameru, 2004).

In additions, pepper crops can be affected by diffepests like aphids, thrips, whiteflies and
worms such as bollworms and cutworms that causeaganto agricultural production by
feeding on crops and transmitting viral disease.dxample several species of aphids can be
found on pepper plants and some of them can cagisdicant problem. Green peach aphids
(Myzus persicae cotton melon aphidAphis gossyp)i andRhopalosiphum maidigorn leaf
aphid), Macrosiphum euphorbia¢potato aphid) can cause the most problem on pspper
(Simonet al, 2009). However, aphids are a vector of sevanglortant viruses on pepper,
including cucumber mosaic virus, potato virus Ypaoco etch virus, and pepper mottle virus
(Tameru, 2004). Some vectors also produce stickyeydew that is difficult to remove from
fruit. Honeydew produced by vectors allows the dmwment of sooty mold fungi, covering

leaves and fruit with dark mold growth that redpt®tosynthesis and lower fruit quality.



2.5. Viral Disease of Pepper

Viral disease belongs to genus potyviaml the family potyviridae are occurred at ratesoup
100 % in pepper fields (Martiat al, 1998). Pepper productions are strictly affedigdzirus
diseases caused by aphid transmitted virusescpiary pepper mottle viruPMV), potato

virus (PVY), tomato mosaic virus (TMV) and tobactch virus (TEV) (Tameret al, 2003).

Potato virus Y (PVY) is the most common potyvirus infecting peppendturs worldwide
although it appears to be more important in warareas(Mills and Abdul, 1987). Mosaic,
mottle, dark green, vein banding, vein clearing amdlowing are typical symptoms of
infection by PVY, other symptoms such as leaf dinmg leaf distortion and stunted growth
are also common, depending on the virulence oftran and the host pathogen interaction
(Sharmeet al, 1989). PVY is easily transmitted by sap inodola{Thakuret al, 1988). PVY
has flexuous thread-like (filamentous) particlesgiag from 700-800 nm in length (Thakeir

al., 1988).

Pepper mottle virus is one of the potyvirus genus, which causes madigease of pepper
cultivars (Nelson and Wheeler 1978). The most commgmptom of pepper mottle is
mottling of leaves, but other symptoms such as rgreein banding, vein clearing, leaf
deformation, stunting or dwarfing and necrosis amo occur on Solanaceous species such as
Capsicum annuum L., Lycopersicon esculentum, Nicatihybrid, N. tabacumPhysalis
floridanaand other Solanum species (Purcigtllal, 1975). Pepper mottle virus is transmitted
by aphids species such as green peach aphydus persicae cotton melon aphidAphis
gossypi), and cowpea aphidAphis craccivora from infected host plants to health (Zitter,

1975). However, this virus is able to persist beeavectors can carry the virus from infected
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peppers to native, perennial, solanaceous weeds asiDatura stramonium(jimson weed)
and Solanum elaeagnifoliurgsilver leaf nightshade). Flexuous rod-shaped gagiare found
in crude extracts from pepper leaves infected \pitpper mottle virus measuring between

729-745nm in length (Purcifudt al, 1975).

Pepper veinal mottle virus (PVMV) is another member of potyvirus genus which infects
pepper plants (Atiri and Dele, 1985). Leaves of R¥Mfected plants commonly develop
chlorosis of the veins followed by systemic intema chlorosis. Mottle, vein chlorosis and
small distorted leaves also occur. Leaf abscisamhfruit distortions have also been reported
(Brunt and Kenten, 1971). Alegbejo (1986) foundttR&MV was transmitted by seven
species of Aphids Myzus persicgeHystero neurasetarigeAphis gossypji A. fabaeg A.
cracivora and Rhopalosiphum maidis Pepper veinal mottle virus had filamentous pees

700-750 nm in length (Agranovsky, 1993).

Tobacco etch virus (TEV)is a potyvirus; mainly important virus affectingpper plants
which has a filamentous particle which is 730x1dnrength (Myers, 1996). The virus causes
chlorotic mottle and necrosis of pepper (Purcifuitd Hiebert, 1982). Vein banding along the
whole length of the veins is another typical sympt(Zitter et al 1984). Agrios (2005) also
reported that TEV infected pepper leaves showedlimptmosaic and distortion; pepper fruit
were distorted, and the entire plant may be stunietbacco etch virus (TEV) was easily
transmitted mechanically (Zitter, 1984). TEV isatsansmitted in a non-persistent mode by
aphids to over 150 plant species from more tharfabilies (Edwardson, 1997). Twelve
species of aphids have been identified as vectofEY (Eckel and Lampert, 1993R\phis

gossypii Glover, Rhopalosiphum maidis, Lipaphis seny, Macrosiphum euphorbiae,
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Hyperomyzus lactucae and Myzus persicage been found in the pepper agro ecosystems in

Ethiopia (Simoret al, 2009).

Tomato spotted wilt virus (TSWV) is known a member of genus tospovirus that infects
pepper. It is known to cause chlorosis and yellmgs on pepper leaves and fruits. TSWV is
transmitted persistently by thrips. This virus laawide host range and it is very potentially

damaging Solanaceae family (Joeésl, 1993).

Pepper crop is also strongly affected by othersasulike cucumber mosaic vir(GMV) from
cucumovirusgenus and alfalfa mosaic virgdMV) from alfamovirus genus. These viruses
are estimated to cause up to 50% loses in potgmiauction of pepper varieties (Franeki

al., 1979; Moyer, 1999).

2.6. Transmission of Vector Borne Viruses

Viral diseases are transmitted from infected plémthe uninfected plants through mechanical
injuries on plant tissues by contaminated tools iasdct vectors. Most of the pepper viruses
are categorized under potyvirus genus. These \@rasetransmitted in a non-persistent mode
and epidemic levels of field spread often occuuf@het al, 1994). In addition, members of
potyvirus genus are also sap transmissible and sdiiem are spread by seeds (Brenal.,
1996). The rate and pattern increase of potyvirilkinva pepper field is determined by the
presence and behavior of its vectors, and theaihil of a suitable source of virus inoculum
(Irwin and Ruesink, 1986). Vectors are first prameplants hosting viruses and then probe on
uninfected pepper plants for the virus to spreaithiwithe crop. Aphids are ideal vectors of

viruses because successful transmission of virusggires penetration without excessive
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injury to plant cells and aphid probe plant celishaut causing much disturbance (Shepherd,

1977).

Viruses transmitted by vectors have been classifierlthree groups based on how long they
are retained by the vector and the mechanism bghwtiiey are transmitted (Nault, 1997).
These categories are: non-persistently transmitteeini-persistently transmitted and
persistently transmitted. The retention period bg tvectors are strictly related to the
mechanism of transmission. Therefore, non-perdigteamansmitted viruses are acquired
within one minute, infectious directly after gaigiand lost after the vectors probes a new host
(Sylvester, 1969). The gaining period for semi-@ently transmitted viruses requires
minutes, although they can be transmitted shorfterathey are acquired. Persistently
transmitted viruses are acquired after minutes dord of feeding, require a latent period
before they are transmissible and retained in theators where they stay transmissible for
weeks. Persistently transmitted viruses are remiaduwithin and retained during the life of

their vectors (Sylvester, 1980).

Both non-persistent and semi-persistent virusesaacepted on the lining of the food canal
formed by the stylets, fore gut, and lost as thetoremolts (Bos, 1999). Non-persistently
transmitted viruses are likely to be detached ftbestylets and foregut during long gaining
periods and during long probes or feeding (Sylvedi@69). Such viruses show limited vector
specificity within insect families. However, membdrom more than one insect family will
not normally transmit similar viruses (Shepherd/74)9 For example, potyvirus are non-
persistently transmitted by different aphid specibyzus persicags most efficient in

transmitting potyvirus in hot peppers (Simemnal, 2009).Myzus persicaand Aphis gossypii
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Glover appears equally efficient in transmitting Ethiopraottle virus (EPMV) from pepper
to pepper (Tsedeke, 1988). Alate and apterous apifithe same species are equally able to
transmit any one virus but alate contain the beérafimoving the virus greater distances
(Eastop, 1977). The effectiveness of virus transimimsby the vector is sometimes affected by

the plant from which the virus is acquired (Simat3g32).

2.7. Managements of Vector Born Viruses

Understanding the epidemiology of vector borne sviisi very important to develop suitable
management strategies. Simatral. (2009) found greater association between the inciel®f
EPMV in hot pepper grown in the central rift valley Ethiopia and vectors. The vectors

increased their populations on widespread weedsdfatuand around hot pepper farms.

2.7.1. Cultural practices

Cultural management of viral disease are a setdiftdrent practices including sanitation
which leads to the destruction of alternate hoslschv act as sources of infection, crop
rotation, intercropping, managing planting date aadvesting time. Destruction of alternate
habitats and hosts are intended to remove weedsvdddchosts (Racet al, 2006). These
cultural practices can disturb the life cycle oé thirus disease, thereby decreasing its vector
population and sources of inoculum. These measaregaimed to eliminating the sources of
inoculum within and outside the field and also @ducing the vector population or shifting
their feeding behavior. These operations are reduitie numbers of viruliferous insects that

reach the crop (Hooks and Fereres, 2006).
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Using a good seed source is very important cultarahagement of plant viruses. Healthy
plants are more tolerant to viruses. Crop rotapi@actices are also help in decreasing the virus
disease spread. For example, new vegetables hikatto pepper and other crops should not be
grown nearby old fields having the same or anosisceptible crop harboring virus diseases.
The incidence of Potato virus Y (PVY) in green pepis reduced when the crop is grown in

fields isolated from other solanaceous crops (Kapp®999).

Planting barrier crops on the edges of fields caip hn delaying and/or reducing the
increasing of non-persistently transmitted virusethe field, particularly wherever the aphid
vector tends to remain in the area where it figstded. The next viruliferous aphids would
drop their virus inoculum to the barrier plants,ieththey are most likely to probe first.
Barrier crops contain a supplementary advantagjeelf are taller than the field crop because

aphids land on taller plants (Broadbent, 1969).

2.7.2. Physical management

Reflective/repelling surface aluminum or plastic lomes have effective primarily against

aphid, whitefly and thrips vectors transmittingfeiient viruses. Aphids are responding to
various wave lengths of light, the use of attraetolors as traps or repellents to avoid landing
of the vector on susceptible crops are importantinimizing the spread of virus diseases

(Funderburk, 2009).

Summerset al (2004) reported a comparison competence of spradghes, film mulches and
nets placed on soil surface used to protectingsggfram non-persistently transmitted aphid
borne viruses. UV reflective aluminum mulches asedito successfully reduce the incidence

of aphid borne virus diseases in squash and toy deonization byBemisia argentifolii
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(Summers and Stapleton, 2002). These mulches tretect-wave UV light, which confuses
and repels incoming alate aphids and adult whiflithus reducing their incidence of

alighting on plants.

The uses of row cover during the vegetative grosttiges of crops can helps to delays and
reduces virus incidence. Vectors and viruses amgptetely barred from pepper with different
types of synthetic row cover spending these cowees removed (Fariast al., 1999).
According to Espinoza and McLeod (1994) at the ehdhe growing season, the virus

incidence in uncovered plant plots was much grehtar in plots that were covered.

2.7.3. Chemical method

Insecticides are often effective against the spodgukrsistently vector transmitted viruses but
not against the spread of non-persistently vectmrsmitted viruses. Some of the conventional
insecticides even increase the incidence of theswvithin the crop due to increased probing
by agitated vector. Non-persistently vector trarntadiviruses are transmitted quickly by the
short duration probing less than a minute (Loelsngtt al, 2001). The effectiveness of

insecticide in controlling non-persistently vectaransmitted viruses also depend on a

climatic factors that affected the numbers and moa@ of the vectors (Piroret al, 1988).

Pyrethroid is one of the types of insecticides Kyidknock down the insect vectors like
whiteflies, aphids, leafhoppers and thrips. Fornepde, controlling of aphid species likes
Macrosiphum euphorbiagndMyzus persicady using of pyrethroids are reduced potato virus
Y (Loebensteiret al, 2001). Pappet al (2000) have provided the evidence by managing the
spread of TSWV in flue cured tobacco by applicatioh acibenzolar-S-methyl and

imidacloprid.
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Mineral oils are also preventing the transmissibrstglet borne viruses without killing the
vector or destroying the virus (Simoasal., 1995). Oils avoid aphids from retaining virus
particles through gaining and inoculation (Wang d&ibne, 1996). DeWijet al. (1979)
reported that the higher viscosity of the oil, treater its capacity to reduce transmission of
stylet borne viruses. An oil coat plant surfacelp$iéo build up depression between epidermal

cells where aphids probe (Simons and Beasley, 1977)

2.7.4. Host resistance

The most successful component of virus disease geament is the use of virus resistant
varieties. Genetic engineering has allowed forfést introduction of resistant plant genes as
well as virus genes to protect plants against vimtexction (Tomlinson, 1987). The successful
breeding high yielding varieties @fapsicumspecies includingcapsicum chinenseyhich are
resistant to potato virus Y, tobacco etch viruspdto mosaic virus and pepper mottle virus.
The performance of a resistant line is dependenthenstrain of the virus to which it is
exposed to weather, soil conditions and the typdaohing practice employed (Villalon,

1981).

Combining resistant crops to vector with some ottaartrol measures is very important. For
instance, in field trials, rice tungro disease wascessfully controlled by a combination of
insecticide application and moderate resistanceiaaf cultivar to the leafhopper vectors
(Heinrichset al, 1986). Mung bean germplasm agaiBstnisia tabacto manage Mungbean
yellow mosaic virus spread. Intensive efforts weigde for developing crops resistant against
whitefly transmitted virus diseases (Kooner and ébin@, 2007). Another example of vector

resistance was observed in soybean genotype whehesistant to aphid species such as
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Myzus persicaeand Rhopalosiphum maidi®y which Soybean mosaic virus spread was

reduced under field conditions (Gunasingtal, 1988).

2.7.5. Integrated management

Integrated virus disease management is developetnplementation of different control
methods like destroying the sources of infectiarsng of pathogen-free planting material,
using of net cover, mulching, using of toleranttiwals and application of insecticides against
vectors (Parvatha, 2009). For example, manageniesunflower necrosis disease caused by
tomato spotted wilt virus transmitted by thrips weffectively minimized by bordering the
sunflower crop with sorghum and sunflower seedatd&d with imidacloprid along with

spraying the sunflower crop with imidacloprid (Stiikar, 2008).

Tomato spotted wilt virus (TSWV) in tomato is alsaccessfully managed by the using
resistant tomato cultivar and raising the cropuimiels protected. The thrips vector population
was less than the control and yield of tomato ealtwas significantly higher under tunnel

cultivation than in open air (Diezt al,, 1999).
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3. MATERIAL AND METHODS
3.1. Field Survey
3.1.1. Description of survey areas

A field survey was conducted in Butajira, Meki afigvay districts (Table 1), the central rift
valley of Ethiopia, where pepper production is vamportant and irrigation facilities are
available during dry season in this district. Theations are characterized by dry sub humid
climate and bimodal pattern of rainfall with shaainy season running from February to April
and long rainy season from June to September. iButags annual rain fall of 1500-1850mm
and minimum and maximum temperature of 8°C and°ZH.8espectively. Meki has annual
rain fall of 500-1159mm and minimum and maximum penmature of 12°C and 27.5°C,
respectively. Ziway has annual rainfall of 763 t60@ mm and average minimum and

maximum temperature of 15 and 30°C, respectively.

Table 1: Geographic description of study areas

Location Altitude Longitude Latitude

Ziway 1500-2300 m a.s.| 38°01' to 39°30’E 7°15&tB0O'N
Meki 1636-2200 m a.s.! 38°43' to 39°57’E 7°58’ tul8’N
Butajira 1500-2131 m a.s.| 38°22' to 38°36'E 8°68°11'N
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The major soil types in central rift valley are dgrioam and sand clay (Kefayalew, 2008).
According to FAO soil classification, they have earic origin and are described as fluvisol.
The areas are very important for horticultural argpoduction as they have favorable climate

and water resource for irrigation.

Farmers in the survey areas practice mixed cragsiock farming system. The major crops
grown in this area include cereals like maize, Bong, teff, wheat, and barley; pulse crop like
field peas, fava beans, and haricot beans; andalelgs like pepper, tomato, onion, cabbage,

and potato.

3.1.2. Disease assessment

The field surveys were carried out in 20 fields gistrict making the total number of surveyed
pepper fields 60 across the three districts. Suwag conducted at four different growth
stages of pepper namely seedling, vegetative, fiogeand podding stages. In each farms, 50
plants were assessed randomly by using quadrdhé iform of X Pattern. Farms were visited
diagonally in two directions following the X patterData on plant height and number of pods
per plant were collected. Disease prevalence weasrded as proportion of fields with
diseased plants while disease incidence was reg@si@roportion of plants per field showing
viral symptoms. In each of the three districts,lowl water traps were set to monitor the
aphids’ population. The levels of the disease gemee and incidence were described using

descriptive statistics and comparisons were matiedes locations.
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3.2. The Efficiency of Netting on EPMV Transmission

The netting experiment was conducted at Hawassaviakil Hawassa is located betweeh 7
3’ latitude north and 328’longitude east at altitude of 1680 meter abaae Isvel. This area
is characterized by dry sub humid climate; it hasnthly mean minimum and maximum

temperature of 10.4°C and 27.5°C, respectivelyamal rain fall of 900-1300mm.

3.2.1. Planting and treatment description

Seedlings of the pepper variety Marekofana whighllyiis susceptible to EPMV were raised
under a protective cover (Figure 1) and sprayedh whie systemic insecticide dimethoate
(1liter/hectar) weekly to restrict aphids that asextor for EPMV. Pepper seedlings were
transplanted to the Hawassa university experimdigtal and commercial farm field at Meki,
when they reached a two leaf growth stages. Expmeriah plots had a size of 2m x 2m each
and the spacing between plant and rows were 0.8BrBm, respectively. The plots and block
were spaced one meter apart. A plot contained fows and each row had six plants, as a
result, there were 24 plants per plot. The expertmveas laid out in randomized complete
block design (RCBD) with three replications conagtof the following treatments: T1: no net
barrier (control), T2: pepper covered with netdprto 20 days after transplanting (DAT), T3:
pepper covered with net for up to 40 DAT, T4: peppevered with net for up to 60 DAT, T5:
pepper covered with net for up to 80 DAT or unkiwering, T6: pepper covered with net
until harvesting and T7: weekly spraying of dimetteo 40% EC (1000ml/ha), a contact

insecticide, applied at seven days interval.
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Figure 1: Pepper growing under netting at HawaasaMeki

The pepper was grown under irrigation. The recontedrrate of DAP (200 kg/ha) and half
of the recommended rate of urea (100 kg/ha) feetii were applied in bands at the time of
transplanting. The remaining half rate of urea wapplied during active stage of vegetative
growth (EARO, 2004). All other recommended cultyradctices were performed uniformly to

all plots as per the recommendation.

3.2.2. Data collection

3.2.2.1. Monitoring of aphid populations in experinental field

Aphids were monitored by using Yellow Water TrapdMT) that was made from yellow
plastic container with size of 10x35x20cm (Figule@ne YWT was placed in the middle of
each plot one week after transplanting of peppantpl The traps were filled with water up to
small outlets below the rim. The heights of thep$ravere adjusted according to the crop
canopy. Five milliliter of formaldehyde was addedhe water of each trap to keep the aphids
intact and prevent birds from drinking the watevely week, the solution in YWT was
changed and trapped aphids were collected untipépper crop fully matures. The collected
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aphids were counted according to date of collectioth treatments. The data was summarized

to investigate the population of aphids in relatiothe crop phenology.

Figure 2: Aphid monitoring using yellow water trap

3.2.2.2. Incidence of Ethiopian pepper mottle virus

Starting 20 days after transplanting, all peppantd in each plot were visually assessed for
the incidence of EPMV infection caused by natungstation special aphids infestation. Well
established symptoms based evaluation method fdvi\ERvas used for rating of the
incidences (Tameru, 2004; Mararaeal, 2010). Ethiopia pepper mottle virus incidence on
each experimental treatment was recorded by cayntumber of diseased plants and
calculating as the proportion of the diseased ptevetr the total number of stand count per

treatment.

3.2.2.3. Growth parameters

Up on harvesting of pepper plants, data on the tirparameters of pepper were recorded as

follows:
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Plant height (cm): Plant height measurement was made from thlesarface to the top
growth points of above ground plant part. The mesment was taken from eight plants of

each central row per plot.

Number of branches per plant Numbers of primary, secondary and tertiary brascper

stem of randomly selected eight middle row plants.

Leaf canopy cover The mean values were taken by measuring diarétee plant (north to

south and east to west dimension of the above grpart of eight sample plants per plot).

3.2.2.4. Marketable yield and unmarketable yield

Pepper pods were harvested from the inner two wwesach plot, and the pods were sorted
into marketable and unmarketable pods based oprésence or absence of green mottling,
swelling, color, and shape deformation. Weightsnairketable, unmarketable and total fruit

were measured.

Marketable yield (g/ha): The marketable yield of eight sample plants pert pl@as
determined at harvesting by sorting fruits accaydio color, shape, shininess, firmness and
size of the fruits. After separation the weighthwdrketable fruits were recorded and converted

to g/ha.

Unmarketable yield (g/ha): The yield which was obtained by sorting the disdase
discolored, shrunken, shaped and small size, yotal necessary pod separated from

marketable pods were recorded at harvest and dewalvier g/ha.

Total yield (g/ha): Weight of total marketable and unmarketable $rinarvested from each

sample plants were recorded and summed up to estiiedd per hectare.
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3.2.3. Data Analysis

Data on aphid populations, viral incidence, growHrameters and yield were subjected to
analysis of variance (ANOVA) using General Lineaiodél (GLM) procedures of SAS
version 9.00, (SAS Institute, 2002). Whenever treatt differences were significant, the
differences among treatment means were compared Jsikey’'s LSD test at 5% level of
significance. Correlation analysis was carried butusing proc corr procedure of simple
Pearson correlation to assess the relationshipdegtvaphid populations, disease incidence,

growth parameters and yield.
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4. RESULTS AND DISCUSSION

4.1. Field Survey

Virus disease-like symptoms characteristic inclgdgevere reduction of leaf size, curling,
crinkling of interveinal areas, interveinal and giaal chlorosis, occasional development of
venations, shortening of internodes, sunting or riimg development of small branches,
bright yellow spot on leaves and reduced fruitingrevobserved in pepper fields across

surveyed fields in Butajira, Meki and Ziway (Figuk

Figure 3: Pepper plants showing EPMV disease sympto
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4.1.1. Prevalence of EPMV

The prevalence of EPMV ranged from 95 to 100% ata¥i while it was 100% in Meki and
Butajira districts (Table 2). Tameru (2004) alspased 100% potyvirus in rifty valley area of
Ethiopia. The high level prevalence of potyviruspepper could be attributed to a number of
factors such as climatic condition, presence déra#ite host and vector activity (Fajinmi,

2006).

In our survey areas, pepper is grown almost all year round using irrigation ensuring
continuous presence of the main host to the pathagd its vectors. Besides, alternate hosts
like Datura stramoniumand Nicandra physaloideare available in and around pepper farms
and they fill the host gap during the short periatien pepper is not grown in the field. In
addition, the relatively warm and dry conditiondlie survey areas are suitable for aphids that

serve as important vectors of the EPMV.

4.1.2. Incidence of EPMV

The mean incidence of EPMV in the surveyed disineas 60.6%, 52.8% and 69.5% at Meki,
Ziway and Butajira, respectively, (Table 2). Thghest mean incidence (87%) was recorded
at Abeshge kebele followed by Meskan kebele (76 B6th areas are located in Butajira
district. On the other hand, the lowest diseaselémce (38 %) was recorded at Elka Calamo
kebele in Ziway district. Tameru (2004) reportedyparus incidence of 89 % in Hawassa and
15 % in Meki area in an earlier work. This suggeste increase in viral incidence in Meki by

several folds over the past 15 years.
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High incidence of viruses on pepper might be relatethe presence of numerous alternative
host species such as tomato, potato, cabbage andbis and also weed species |Ratura
stramoniumand Nicandra physaloidearound the pepper field. Fajinmi (2011) also repabrt
that ecological characteristics, climate and vegetan the diverse ecological zones appeared

to play a major role in determining the incidené®iaus infection on pepper in the field.

Table 2: Prevalence and incidence of EPMV in pefipkts

Prevalence Incidence Ranges of incidence

Zone Districts Kebele
(%) (%) (%)
Girisa 100 54+1.78 40-60
Bakale 100 50+2.65 25-65
Meki Korke Adi 100 69+2.49 45-80
Choroke 100 57+1.72 20-85
Meto Arba 100 7320.94 40-85
East shewa Mean 100 60.6+x1.91 34-75
Edo Gojola 100 60+2.45 20-75
Abossa 100 45+1.99 10-75
Ziway Dodicha 100 70+3.60 30-90
Garbi Boramo 95 51+2.83 0-70
Elka Calamo 100 38+3.10 15-60
Mean 99 52.8+2.79 15-74
Meskan 100 76%1.29 30-90
Gurage Butajira Mareko 100 52+1.10 25-65
Gedebano 100 63+2.15 20-90
Abeshge 100 87+£1.76 40-95
Mean 100 69.5+1.57 28.75-85
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4.1.3. Incidence of EPMV on pepper at different gravth stages

Ethiopian pepper mottle virus was evident on pegpants starting from seedling stage but
their level increased as the pepper plants grewrdléigure 4). Generally, disease incidence
increased by at least two fold from seedling to ptatje across the locations. At the seedling
stage, disease incidence was highest in Butajidatla® lowest in Ziway area. Results of the
current survey revealed that EPMV incidences weaghdr in Butajira by 68 % and 30 % as

compared to those in Ziway and Meki, respectivAlyvegetative stage disease incidence was

the highest at Meki district followed by ButajiradaZiway.

Symptoms of EPMV appeared in the surveyed fielde lessociation with the availability of
alternative host and vector infestation as welkagronmental factors. Early infected pepper
plants have low level of resistance as comparetht® infected plants. The intensity of
symptoms appeared in the early infected pepper tnighconfirmed that infection at early
growth stage was more destructive than late irdactf pepper plants by EPMV. Fajinmi
(2011) also reported that alternative host presewifferent ecological zone can affect the

incidence of potyvirus on pepper plants in theffiel
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Figure 4: Incidence dEPMV at different growth stages of pepper

4.1.4.Abundance of ¢hids in pepper field

During field surveys a total of 1,237 aph werecollected from Butajira, Ziway and Meki |
using yellow water traps. Out of the total collecsphids, 39.6% were from Butajira, 31.!
from Meki and 28.5% from Ziway (Fure 5). Alate aphids wemmore dominant in Butajir
district as compared to Meki & Ziway. The presence of aphids in larger numbeButajira
then in Meki and Ziway districts could be one cidmiting factor for higheEPMV incidence
in the farmer field. Higher aphid population in Bjta mightbe due to the resence of more
cultivated cropspecies and alternative hosts. This findis in agreemel with the work of
Simonet al (2009) andviarameet al. (2010), who indicated theelationshi| between the

abundance of aphids atfte presence of different host plants in and rouncpepper field.
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Figure 5: Abundance of aphids per trap in survepaar

4.1.5. Pod number and plant height

The highest overall mean number of pods and plaighlh was recorded from Ziway district
followed by Meki whereas the lowest was recordemmfrButajira district (Figure 6). As
compared to Butajira and Meki districts the numbkpods in pepper fields of Ziway was
higher by 23% and 17%, respectively, while plantghte increased by 26% and 23%,
respectively. This was due to higher virus pressrButajira and Meki than Ziway starting

from early growth stages of pepper.

In Butajira district the height of pepper plantsreveadically reduced as a result of EPMV
infection. This result might be due to more abuméaaf vectors and alternative hosts were
present in Butajira district than Meki and Ziwayaid and Zeiger (2010) reported that severe
cucumber mosaic virus symptoms inhibited plant dgholay obstructing the flow of water to

the adjacent elongating cells from the xylem. (Magtet al, 2014) also indicated that plant
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height is attained through cell enlargement, dorisend differentiation, which are most

susceptible to physiological processes in stressadition being expressed in diseased plants

Fruits of pepper crops were higher in Ziway disttltan Butajira and Meki districts. This
might be related to the infection of EPMV and in&i®n of aphids in that area. Podding was
delayed in the more infected district as compacekds infect district, most likely as a result
of virus host plant interaction. This was due tieated pepper crops have expended more time
and energy to overcome the stress imposed by thegen. Herms and Mattson (1992)
reported that the stresses imposed by potyviruklaoduce a complex cellular and molecular

response system to prevent damage and ensuresptaital.
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Figure 6: Effect of EPMV on number of pods per pland plant height
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4.2.Field experiment

The results from the present study showed thainttidence of Ethiopian pepper mottle virus
could be affected by using nets to protect vectaphids). The analysis of variance revealed
significant differences among treatments with resp® vegetative growth parameters,

incidence of virus, aphid population, marketabld anmarketable yield.

4.2.1. Incidence of Ethiopian pepper mottle virus

EPMV disease was first observed on control plots aaekly spraying with insecticide plots
at both locations during the first assessment 28/B7 in Hawassa and 2/10/2017 in Meki)
(Figs. 7 and 8). However, significant differences terms of disease incidence across
treatments appeared during the second assessm2f0/@)17) and third assessment

(15/10/2017) after planting at Meki and Hawassspeetively.
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Figure 7: Effect of netting duration on EPMV at Hessa
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Figure 8: Effect of netting duration on EPMV at Mek

Overall disease incidence was high in Meki as capppto Hawassa. This might be due to the
presence of several hosts for the vectors in aadnar the experimental field in Meki. The
results are consistent with the finding of DiForetaal (1997), who reported rapid spreading
of viruses in particular area associated with tresg@nce of vectors and hosts. Sinedral
(2009) also reported increasing of virus with géadiversity of crop species cultivated and
weed species in and around field. Similarly, Naatltal. (2004) reported the infection of
Cucumber Mosaic virus (CMV) in Alfalfa was greathgsociated with dispersal of aphids

from nearby Snap Beans.

Analysis of variance indicated highly significantference (p<0.01) in virus incidence across

treatments at both locations (Appendix Tables 12nd he lowest EPMV incidence (22.5 %
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at Hawassa and 32.5 % at Meki) was recorded framptpper plants covered by net until
harvesting (Table 3). On the other hand, the higinesan EPMV incidence (57.5 % in
Hawassa and 63.12 % in Meki) was recorded from werea plots. Therefore, netting until
harvesting was considered the most effective iniged viral incidence. In a previous work,
Olabodeet al (2007) reported aluminum mulching as effectiveaswge in reducing virus

incidence.
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Table 3: Effect of nets on aphids per plant, avemdigease incidence and final disease incidence

Aphids per plants + SE

Average disease incidenS& =+ Final disease incidence + SE

Treatment
Hawassa Meki Hawassa Meki Hawassa Meki

Uncovered 40.50+ 1.72 45.21+0.91 57.50+1.30 63.12+1.19 81.25+2.60 87.50+0.50
Netting for up to 20 days 27.75+ 1"9739.37+0.34" 43.75+1.28" 52.50+1.04 71.87+2.12" 78.12+0.1%"
Netting for up to 40 days 17.93+ 0%8725.90+2.08° 34.97+1.3§° 42.50+1.0%" 51.37+1.08° 65.62+1.1¢°
Netting for up to 60 days 17.37+ 1°3421.56+0.52%° 29.87+1.85% 38.75+1.2%° 40.62+1.1% 59.37+2.12
Netting for up to 80 days 13.06+ 0%6518.31+1.08 24.37+0.62 35.00+1.04 37.50+0.24° 43.75+1.660
Netting until harvesting 10.50+ 0.4714.90+1.27 22.50+0.38 32.50+1.08 34.37+1.18 40.62+1.12
Spraying with insecticide 30.81+ 071937.37+2.7% 48.12+1.66° 49.37+1.1 66.25+2.60° 75.00+0.28°
LSD (0.05) 8.87 17.84 18.64 9.11 14.92 12.20
CV (%) 15.92 26.37 21.39 8.69 11.66 8.12

Where, CV=coefficient of variation; LSD=least sificant difference; SE= standard error; means in @uwnn followed by the

same letter are not significantly different at pe®.
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4.2.2. Aphids population per plant

No aphid was caught during the first samples exirepbntrol plots and weekly spraying with
insecticide at both locations. On other hands,sptmivered by net for up to 20 days have
started to show aphid infestation during third ast¢ond sampling at Hawassa and Meki,
respectively (Figs. 9 and 10). In most treatmetits, number of aphids’ catches decreased
during sixth and fifth weeks at Hawassa and Magpectively. This may be related to rainfall
conditions and existence of diverse host planthénfields. Generally, infestations of pepper
plants by aphid were lower in plots covered by foetlonger times as compared to control

plots at both locations.
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Aphids population per plots

Sampling date

Figure 9: Effect of netting duration on aphid vestdynamics per trap at Hawassa
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Figure 10: Effect of netting duration on aphid \westdynamics per trap at Meki

Aphids were more abundant at Meki as compared teadsa. This might due to the presence

of many hosts in and around pepper fields and enmental condition in Meki area. This

result agrees with DiFonzet al. (1997), who reported the positive role of severdtivated

crops and volunteer plants in increasing the pdjmuniaof aphids in potato farms in the same

region. Similarly, Simoret al (2009) reported that population of aphid spewias high in the

presence of large diversity of crop species cuitida

The mean number of aphids per plant across treasnagrboth locations were significantly

different (p<0.01) (Appendix Tables 1 and 2). Plotsered by net until harvesting and up to

80 days after transplanting were consistently §icamtly different from plots of other
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treatments in reducing the aphid population regasibf the location. On the other hand, the
significance reduction in aphid population was edrdepending on the location when plots

were covered with nets only up to 60 days afterdpéanting (Table 3).

The highest mean number of aphids per plants (#0Bawassa and 45.21 in Meki) was
recorded from control plots while the lowest meé&m@ghids per plants (10.5 in Hawassa and
14.9 in Meki) was recorded from plots covered by unil harvesting. As compared to the
control plots, the mean number of aphids per pheag reduced by 74% at Hawassa and 67%
at Meki, when plots were covered by net until hatvig. On other hand, covering plots by net
for up to 80 days after transplanting has reducedmmumber of aphids per plant by 67.8%

and 40.5% at Hawassa and Meki, respectively, apaced to the unprotected plots (Table 3).

4.2.3. Effect of netting duration on growth performance of pepper plants

4.2.3.1. Number of branches per plant

The mean number of branches per plant was highlygifgiantly (p<0.01) influenced by
netting duration at Hawassa while it was not sigaiitly different across treatments at Meki

(Appendix Tables 3 and 4).

The netting duration has increased the number arfidbres per plant (Table 4). The highest
mean number of branches per plant was recorded [ffota covered by net until harvesting

and netting up to 80 days after transplanting. @ndther hand, the lowest mean number of
branches per plant was recorded from plots witinetting and plots covered by the net for up
to 20 days followed by weekly spraying with inseicte. Pepper plants grown under netting

until harvesting and up to 80 days after transpignhad 58% and 46.9% more branches,
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respectively, than those plants without nettingb{€ad). Pazarlat al (2013) reported 42 to
69 % increase in branch number when pepper plaets infected at latter growth stages than

early growth stages.

4.2.3.2. Plant height

Analysis of variance revealed that netting duratibad significantly different (P<0.01) effect
on plant height at both locations (Appendix TabBsnd 4). Plots covered by net until
harvesting and up to 80 days after transplantingeveggnificantly different from the other
plots at Hawassa while it was not significantlyfeliént from plots covered by net for up to 60
days and 40 days after transplanting at Meki (Table The highest mean plant height
(71.31cm in Hawassa and 51.60cm in Meki) was reambrilom plots covered by net until
harvesting. On the other hand, the lowest meant gieight (44.19cm in Hawassa and
42.71cm in Meki) was recorded from control plotislresult may have been related to the
protecting of early infestation of vectors and siiafection. In addition to protecting vectors
and viruses, nets are also used to promote rapitt growth by creating favorable conditions
of soil temperature and moisture and resulting ettds uptake of nutrients (Tindadit al.,

1990; Olobasholat al, 2017).

As compared to control plants, plant height wasdaased by 20.8% at Meki and 61.4% at
Hawassa, when they grew under net up to harvesilasly, plants covered by net up to 80
days after transplanting has increased plant hdight7.5% at Meki and 60.6% at Hawassa
(Table 4). In another study, Olobashelaal (2017) reported that plant height of okra was

increased with using of aluminum mulch as compévath-mulched.
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4.2.3.3. Leaf canopy cover

The analysis of variance showed that there wagifigiant difference (p<0.05) in canopy
cover between treatments at Hawassa while the tefias highly significantly different

(p<0.01) at Meki (Appendix Tables 3 and 4).

The highest mean leaf canopy cover (43.15cm in ldasvand 37.47cm in Meki) was obtained
from the plots covered by net until harvesting; liehthe lowest (35.21 cm in Hawassa and
29.10 cm in Meki) was obtained from control plotdldwed by weekly spraying with

insecticide (Table 4). This variation in leaf capa@ver might be due to nets protecting early
infestation of vector and virus infection. AgriosdaWalker (2005) reported increased in leaf

diameters when pepper plants were infected by ewras latter growth stage.

The plants that grew under netting until harvesaiftgr transplanting had 22.6% and 28.4%
more canopy than control plants at Hawassa and ,Megpectively. Wider canopy cover can
result in the production of more fruits than narreaf canopy cover due to increase in a
number of secondary and tertiary branches. Adiyal. (2002) also reported plants with large

crown produced more yield than plants with smadinar.

4.2.3.4. Number of pods per plant

The mean number of pods per plants revealed higiglyificant (P<0.01) difference across
treatments at both locations (Appendix Tables 34ndhe highest mean number of pods per
plants was obtained from plots covered by net umsifvesting and up to 80 days after
transplanting. On the other hand, the lowest meanber of pod per plants was recorded from

plots without netting and plots covered by netdprto 20 days at both locations (Table 4).
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The late infected pepper crops have produced signily more and longer fruits than early
infected plants. This might be due to combinedat$f@f poor growth and high incidence of
EPMV at early growth stage. As compared to un aedgrlots, plants covered by net until
harvesting have produced 50 and 31 % more fruitdaatassa and Meki, respectively, while
pepper plants grown in plots covered by net upQtal®ys after transplanting produced 19 and
15 % more fruits at Hawassa and Meki, respectivEhe increasing effects of early infection
on pepper plants have resulted in poor yield anerseyield losses at harvest. Damiri (2014)
also reported 42-38 % decrease in the number of pedplant, when plants were infected at a
growth stage of 15, 65 and 90 days after plantBimilarly, Avilla et al. (1997) reported the
reduced number of pods per plant when pepper pleerts infected by cucumber mosaic virus

and/ or potato virus y at different age.
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Table 4: Effect of netting duration on plant hejgaaf canopy cover, number of pod per plant andlyer of branches

PH (cm) + SE LCC (cm) + SE NPP + SE NBP +SE
Treatment
Hawassa Meki Hawassa Meki Hawassa Meki Hawassa Meki
Uncovered 44.19+0.48 42.71+0.29 35.21+0.6% 29.10+0.47 20.71¥1.78  20.68+0.44 10.56+1.4%  10.91+0.78
Netting for up to 20 days 51.75+1.16° 43.71x0.6%° 35.59+1.186 32.79+0.37 21.06+2.68  20.81+0.44 11.62+0.88  11.28+0.44
Netting for up to 40 days 53.21+0.67 47.64+0.60° 36.68+2.60° 36.21+1.58° 22.06+2.4% 22.15+0.948° 14.28+0.9¢  12.28+0.50
Netting for up to 60 days 53.54+0.47 49.12+0.77 43.06x1.78 36.71x0.96° 25.78+1.7%° 22.43+1.26° 14.93:0.86° 12.81+0.40
Netting for up to 80 days 70.97+0.483 50.17+0.58 42.57+1.08 37.47+0.63 27.18+0.98° 23.81+1.49 16.12+1.4%  13.81x0.59
Netting until harvesting ~ 71.31+0.79 51.6020.33 43.15x0.18 37.47+1.5? 30.28+2.48 24.62+0.5% 16.65+1.58  13.28+0.42
Spraying with insecticide 45.98+1.2§ 43.30£0.91° 38.92+2.18° 33.56+1.08 23.25+0.78° 21.09+0.5%  13.50£1.32"° 11.46+0.57
LSD (0.05) 7.04 4.81 6.61 3.90 2.99 2.47 3.44 2.94
CV (%) 5.39 4.39 7.19 4.80 8.15 4.76 10.56 10.26

Where,CV=coefficient of variation.SD= least significant differencd\BP=number of branches per plariH= plant height per

plant; LCC= leaf canopy coverNPP= number of pods per plant; SE= standard error; mean a column followed by the same

letter are not significantly different at p<0.05.
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4.2.4. Effect of netting duration on yield

4.2.4.1. Marketable yield

Netting duration had a highly significant (P<0.@ffect on marketable yield of pepper at both
locations (Appendix Tables 5 and 6). Plots covdrgchet until harvesting and up to 80 days
were significantly different in terms of marketabyield from plots without netting, covered

by net for up to 20 days and weekly spraying witkecticide at both locations (Table 5).
Highest mean marketable yield was harvested frasts lovered by net until harvesting and
up to 80 days followed by netting up to 60 day®raftansplanting. On the other hand, the
lowest mean marketable yield was harvested fromrabplots and plots covered by net for
up to 20 days after transplanting at both locatidMesiation was might be due to reduction of
virus infection and vectors infestation. This fingiagree with Fajinmi and Odebode (2010),
who indicated that increased in fruit yield and lgyawas achieved with a reduction of

diseased plant by controlling of pepper veinal teotirus.

As compared to control plots, marketable yield waseased by 49 % and 48% at Meki; 55 %
and 51% at Hawassa when plants were covered byntieharvesting and covered by net for
up to 80 days after transplanting, respectivelyb(@®). Avillaet al. (1997) also indicated 20

to 80 % increased in marketable yield when plargeewnfected by potyvirus at latter growth

stage.

4.2.4.2. Unmarketable yield

The result revealed that netting duration had aifsegint (P<0.01) effect on the unmarketable

yield (Appendix Tables 5 and 8Jontrol plots were significantly different from péocovered
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by net for up to 40 days and longer at Hawassaewhivas significantly different from plots
covered by net for up to 60 days and more at ME&ble 5). The highest mean unmarketable
yield (1.53 g/ha in Meki and 1.08 g/ha in Hawassa} recorded from control plots. On the
other hand, the lowest mean unmarketable yield7(§/Ba in Meki and 0.11 g/ha in Hawassa)
was recorded from plots covered by nets until hetiig and covered by net for up to 80 days
after transplanting, respectively (Table 5). @b@l (1984) and Meyerst al. (1998), reported

50-60 % vyield reduction of pepper plants due toitifiection of potyvirus.

In this study it was observed that unmarketablédyikecreased with increasing in net cover
duration. This might be due to nets protecting dphnfestation at early growth stage and
physiological disorders (bleaching) during the tfraet or the climatic conditions of the
growing environment. As compared to control plgigts covering plants by nets up to 80
days after transplanting or until harvesting reduasmarketable yields by 80-89% at
Hawassa and 75-82% at Meki (Table 5). This findings agreement with Fuchs and
Mainzenmeayers (1999), who reported greater tha¥ 2Bduction in cotton fruit yield when
crops with higher incidence of potyvirus. SimilarMukasa et al. (2003) reported up to 98%
decrease in yield when sweet potato plants weeziadl by sweet potato feathery mottle virus
at latter growth stages than early growth stages.

4.2.4.3. Total yield

Netting duration had a highly significant (P<0.QGdffect on total yield of pepper at both
locations (Appendix Tables 5 and 6). Generally, highest mean total yield was harvested
from plots covered by net until harvesting and @ days followed by covered by net for up

to 60 days while the lowest total yield was hargdsrom plots without netting and covered
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by net for up to 20 days after transplanting ahbotations (Table 5). This result agrees with
Agrios and Walker (2005), who reported increasegriowth and yield when pepper plants

were infected at latter growth stage.

As compared to control plants (no netting), peppl@ants from plots covered by net until
harvesting and up to 80 days after transplanting §9-43% and 32% more yield at Hawassa
and Meki, respectively (Table 5). Tameztial (2003) also reported greater than 90 % vyield
loss and complete pepper plants failure in Ethidpyapotyvirus genus special Ethiopian
pepper mottle virus and potato virus y. Aviaal (1997) found similar effects of virus on
total weight and marketable weight of fruit prodddey pepper plants infected at different

stage of development.
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Table 5: Effect of netting duration on marketaliemarketable and total yield

Marketable yield (g/ha) +SE =~ Unmarketable yield &/t SE Total yield (g/ha ) + SE

Treatment
Hawassa Meki Hawassa Meki Hawassa Meki

Uncovered 11.45+0.80 10.33+0.98 1.08+0.27 1.53+0.24 12.53+0.77  11.86+0.68
Netting for up to 20 days 11.99+0%49 10.75+2.07° 1.06+0.18 1.26+0.18" 13.05+0.46  12.01+0.89
Netting for up to 40 days 16.10+0%9 13.10+0.8% 0.39+0.16"° 1.16+0.18> 16.50+0.82*° 14.26+0.24>
Netting for up to 60 days 16.51+1%1 14.26+1.93 0.23+t0.08  0.64+0.24“ 16.74+1.57° 14.91+0.99
Netting for up to 80 days 17.30+1%0 15.33+1.74 0.11+0.08 0.37+0.14° 17.42+1.08 15.71+0.74
Netting until harvesting 17.75+0.92 15.45+2.03 0.21+0.08 0.27+0.1% 17.96+1.980  15.72+0.94
Spraying with insecticide 12.14+0%8 11.48+1.08° 0.97+0.02 1.41+0.26° 13.12+0.5%° 12.90+0.6&°
LSD (0.05) 4.38 2.73 0.71 0.88 4.29 2.68
CV (%) 12.7 9.03 52.92 39.54 11.99 8.24

Where, CV=coefficient of variation; LSD=least sificant difference; SE=standard error, means in #&can followed by the same

letter are not significantly different at p<0.05.
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4.2.5. Correlation between disease, vectors and lge

Correlation analysis among disease and growth pateamrevealed the negative impacts
of virus on pepper quantitative and qualitativeld/iexcept unmarketable yield which was
positively influenced by disease and vectors ah batations (Tables 6 and 7). This result
is in agreement with Tameru (2004), who reporteticéion in pepper pod yield due to

potyvirus.

In general, there was positive and highly significgp<0.001) correlation between virus
incidence, aphids population and unmarketable yi€hds finding is in agreement with
Fajinmi et al (2011), who reported that aphids’ distributiorthin a particular area has a

significant contribution in transmitting viral dsges that subsequently lead to yield losses.

Marketable yield and total yield were negativelyrretated with virus incidence and
aphids’ population while they were positively céated with growth parameters (plant
height, leaf canopy cover and number of branche$)oth locations (Tables 6 and 7).
Increasing disease incidences and vectors can cags#icant reduction in the yields.
Fajinmi and Odebode (2010) reported that the yulgepper was negatively correlated

with pepper veinal mottle virus and vectors.
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Table 6: Correlation among disease, vectors, grpathmeter and yield at Meki

BN PH LCC POD MY umy TY INC APH
BN 1.0000
PH 0.6273*** 1.0000
LCC 0.5206**  0.7953*** 1.0000
POD 0.5076** 0.7695*** 0.6323***  1.0000
MY  0.5599**  0.6665*** 0.7079**  0.6064*** 1.0000
UMY -0.5215** -0.6794***  -0.5536** -0.7220*** -0.729** 1.00000
TY 0.5152**  0.5965*** 0.6817***  0.5130** 0.9801*** -0.5704**  1.0000
INC  -0.5500** -0.7530***  -0.8771** -0.7142*** -0.857*** 0.6832*** -0.7487*** 1.0000
APH -0.4758* -0.7772**  -0.7014*** -0.6046*** -0.585**  0.6880***  -0.4670* 0.5241** 1.0000

Where, *=p<0.05, **=p<0.01 and ***=p<0.0001

BN= branch number;PH =plant height; LCC=leaf canopy cover;POD= pod number; MY =marketable yield; UMY
=unmarketable yieldTY=total yield; INC= viral incidence;APH= aphids population per plant.
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Table 7: Correlation among disease, vectors, grpathmeter and yield at Hawassa

BN PH LDC POD MY UMy TY INC APH
BN 1.00000
PH 0.6516** 1.0000
LDC 0.6278** 0.4964** 1.0000
POD 0.6830***  0.7188***  0.6541** 1.0000
MY  0.6877**  0.6456** 0.4216* 0.5524** 1.0000
UMY -0.6853*** -0.6406**  -0.4565* -0.6127**  -0.7553* 1.0000
TY 0.6538** 0.6143** 0.3945* 0.5142** 0.9933**  -@/46** 1.0000
INC  -0.7332*** -0.7421*** -0.4626* -0.5125**  -0.728** 0.5941**  -0.7157** 1.0000
APH -0.7416*** -0.7757** -0.5721*  -0.5986** -0.786*** 0.7738*** -0.7294** 0.8365*** 1.0000

Where, *=p<0.05, **=p<0.01 and ***=p<0.001

BN= branch number;PH =plant height; LDC=leaf canopy cover;POD= pod number; MY =marketable vyield; UMY

=unmarketable yieldTY=total yield; INC= viral incidence;APH= aphids population per plant.
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5. CONCLUSION AND RECOMMENDATION

Pepper is an important cash and spice crop in f#nidt is widely cultivated in some part of
Ethiopia especially in the rift valley. Howevergtproduction is affected by abiotic and biotic
factors. Among biotic factors, viral disease traitsd by vectors is one of the main problem

productions of pepper in the central rift valleykihiopia.

In Ethiopia, there is a gap in managing viral déssaof crop plants (including pepper) in a
way that increases the quantitative and qualitagietd of peppers. Hence, the present study
aims to contribute towards effective and sustamathnagement of pepper virus for improved
yields. The field survey was conducted in three amagjepper growing districts; namely
Butajira, Meki and Ziway rifty valley of EthiopiaSurvey results revealed the wide
distribution of viral disease and its vectors ie study area. As a result there appears to be
urgent need in considering management options sigp@pper viruses if pepper production is
to be sustained in the region. Pepper viruses &otbrs were more distributed in Butajira
district, where more cultivated crops species atigrohosts were available during survey

times, than in Meki and Ziway.

The field experiment determined the role of nettamyer in protecting pepper plants from
pepper viruses and their vectors. Over all, sigaiit increase in virus infection and aphids
infestation was recorded at both experimental $i¢ldawassa and Meki), when pepper plants
grew without netting. This was followed by signdit reduction in growth parameters (plant
height, number of branches per plant and leaf cacoper) and yield, especially marketable
yield. The effect was comparable to weekly sprayimigh insecticide, suggesting the

inefficiency of the applied insecticide. On the eatlihand, net cover up to 80 days or more
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significantly reduced pepper viruses and their sectvhile significantly improving yield and

yield component.

However, results of the current experiments areedbas only two locations and survey is
based on only three districts. Therefore, more exmnts should be conducted across
different agro ecological zones in different seasdiinally, researches for more viral diseases
and vectors control options should continue to campewith effective, sustainable and

affordable disease and insect vectors managenratgges.
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7. APPENDICES

Appendix Table 1: Mean square values of averageadss incidence, final disease incidence

and aphids population per plants as influenceddtyng duration at Hawassa location

Source of variation df Average disease Final disease Aphid population
incidence incidence per plant

Netting duration 6 675.6366** 1367.5833** 467.1875*

Error 21 63.3961 36.9404 21.1688

NB:* and ** indicates significance at 5% and 1% pability levels, respectively; df=degree

of freedom

Appendix Table 2: Mean square values of averageadss incidence, final disease incidence

and aphids population per plants as influenceddtiyny duration at Meki location

Source of variation  df Average diseas€&inal disease  Aphid population

incidence incidence per plant
Netting duration 6 470.1636** 1235.1190** 545.7042*
Error 21 13.2440 29.7619 60.5373

NB: *and ** indicates significance at 5% and 1% pability levels, respectively; df=degree

of freedom

65



Appendix Table 3: Mean square values of numberrahthes per plant, plant height per
plant, leaf canopy cover per plant and number afspper plant as influenced by nets at

Hawassa location

Source of variation df  Number of Plant height Leaf canopy Number of

branches per plant cover per pods per plant
per plant plant
Netting duration 6 20.2901**  486.7603** 51.4214* .B061**
Error 21 2.6422 10.4142 15.3542 6.0678

NB: * and ** indicates significance at 5% and 1%opability levels, respectively; df=degree

of freedom

Appendix Table 4: Mean square values of numberrahthes per plant, plant height per
plant, leaf canopy cover per plant and number af per plant as influenced by netting

duration at Meki location

Source of variation  df Number of Plant height Leaf canopy Number of
branches per cover per  pods per

per plant plant plant

Netting duration 6 4.7723ns 52.6260**  38.6611** B23**

Error 21 1.5580 4.3586 3.1415 1.1975

NB:* and ** indicates significance at 5% and 1% pability levels, respectively; ns =non-

significant; df=degree of freedom
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Appendix Table 5: Mean square values of marketyilele, unmarketable yield and total yield

as influenced by netting duration at Hawassa looati

Source of variation df  Marketable yield Unmarkéeaypeld Total yield

Netting duration 6 30.5367** 0.7677** 21.7217*

Error 21 3.6613 0.0842 3.5540

NB: * and ** indicates significance at 5% and 1%opability levels, respectively; df=degree

of freedom

Appendix Table 6: Mean square values of marketyilelel, unmarketable yield and total yield

as influenced by netting duration at Meki location

Source of variation  df Marketable yield  Unmarketabield Total yield

Netting duration 6 18.3599** 1.0544** 10.9782**

Error 21 2.5766 0.1546 2.4149

NB:* and ** indicates significance at 5% and 1% pability levels, respectively; df=degree

of freedom
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