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Foreword

Although agriculture is the backbone of the Ethdopeconomy, agricultural
production and productivity remained very low, evsnAfrican standard.
Several factors contribute to the poor performamdéethe Ethiopian
agriculture; low level of access to improved cropduction and protection
technologies is among the most important conssaint

In the past two decades, a wide range of reseattifitids have been
carried out at the EIAR and other research andenitgarning institutions in
order to find solutions to the problems. Plant @ctibn technologies such as
chemical, varietal, biological and physical methardspest control have
been developed, and a wealth of research inform&ts been accumulated,
prompting this effort to review and publish in arforeadily available to
users.

| greatly appreciate the efforts made by the PRrdtection Society of
Ethiopia to have taken the initiative to organike teview conference and
made the publication of the outcomes of the confsggossible.

In our effort to attain food security, there is daubt that the application of
plant protection technologies is the key factomhwitt which, when put into

practice, success becomes remote. It is in thisegbithat the information

presented in this publication will prove helpfulimnimizing the extent of

losses due to pests, and in identifying the gapdSufture research thrusts.
Moreover, the book contains list of pests assodiai¢h different crops that

could be used as a basis for the development atiamal pest list required

for phytosanitary purposes. | believe that thiskwdl serve as a valuable
source of information for planners, researchergdpcers, teachers and
others interested in plant protection in Ethiopia.

| would like to express my heartfelt appreciatianthose organizations,

groups and individuals for making their contribusoto the success of the
conference and the publication.

Solomon Assefa (PhD)
Director General, EIAR



Preface

Concerted research on plant protection was launalitbdthe establishment
of the Institute of Agricultural Research (IAR)1966. Research carried out
at various IAR centers and other institutions hadrbreviewed in the First
Ethiopian Crop Protection Symposium organized by @rop Protection
Department of IAR in 1985. Results were publish&ksearch results
obtained ever since have been scattered over @hiffgrublications and in
unpublished forms denying easy access to userga# therefore, felt
necessary to arrange a forum whereby plant protecgsearch conducted
since 1985 could be reviewed and documented. Tar@ Protection Society
of Ethiopia (PPSE) took the initiative to gear 4" Annual Conference
towards achieving this goal. The Conference watlyporganized by PPSE
and EIAR. This publication is the outcome of thenf@wence under the
themeTwo Decades of Plant Protection Research in Ethiopia and Prospects
for the New Millennium held at EIAR, Addis Ababa, Ethiopia, 19-22
December 2006. Thirty seven review papers (11 adonesiogy, 10 on
pathology, 10 on weeds, six on general plant ptisie@nd 1 on policy and
regulatory aspects of plant protection) were preskand discussed in the
four-day conference.

The publication is divided into two volumes undee title “increasing crop
production through improved plant protection”. Thest volume of the
book consists of results of research on pests i@fate and grain legumes,
post-harvest pests, seed health and plant quagantin

This volume contains four parts. Part | is entorgg|goart Il is pathology,
part Ill is weeds, and part IV is general planttpotion. The crops covered
are root and tuber crops, vegetable crops, froproil crops, coffee, fiber
crops, sugarcane, flowers, aromatic, medicinal aoedible oil bearing
plants, and forest trees. In addition to inseciedse and weed pests, this
volume comprises of research information on migsatinsect and
vertebrate pests and on prevention of accumulati@iosolete pesticides.

As editor of both volumes, | have realized that¢hare clear differences in
the amount of information available on differenbms and in different
disciplines. Some crops and disciplines have adeqguéormation. Others
such as weeds in fruit crops appeared to have heglected meriting more
serious research attention in the future.

As the principal objective is to review the resugenerated by the various
disciplines and to collate a comprehensive bibapyy of local publications

iv



on plant protection research, contributors wereoeraged to include as
much data as possible in tabular forms and to Heawstive in their
bibliographic lists.

| acknowlege the delay in the publication of thiscdment for various

reasons. However, the delay enabled us to publisiofathe papers

presented in the review conference some of whicte wecieved as late as
May 2009, three and half years after the conference

At this juncture, | would also like to apologize the editorial errors in both

volumes of the book. The editorial work was donelamsevere time

presure; donors wanted us to observe the publicateadline. Especially

volume | was done at a time when | was fully engaetthe busines process
reengineering of my institute (the EIAR), the timben | almost ceased any
other activity for more than one year. Also someta papers in volume

one were recieved almost a day before the docuwmemitto printing.

Despite any shortcomings, it is hoped that thiskoadl prove useful to
plant protection students and teachers, researemersextension workers,
and others dealing with plant protection and ulteha the farming
community.

In view of the multidisciplinary and interdependenature of plant
protection, we sought the cooperation of scientistsm numerous
organizations in carrying out the peer review & thapers. Although the
names of the scientists appear in the acknowledgesmee would like to
record our gratitude here for their participatiarthis demanding task.

We hope that this volume would be better for adl &fforts expended on it
by authors, reviewers and editors. Any imperfecitdmt remain, however,
are the responsibility of the authors.

Abraham Tadesse (PhD)
President, PPSE
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Review of Entomological
Research on Root and Tuber
Crops in Ethiopia

Ferdu AzerefegrieBayeh Mulatfy Emana Gett) Temesgen AddisEyob TadesSeMessele
Gemd and Brook Wubshet
Y/Hawassa University, P. O. box 5, Hawassa, SNNPRoletta Agricultural Research Center,
Ethiopian Institute of Agricultural Research, P. Box 2003, Addis Abab#, Addis Ababa
University, P. O. Box , Addis AbalfaHawassa Agricultural Research Center, SARI, Haaas
°/ Sodo University, SNNPR

Introduction

Root and tuber crops are very important in Ethiguipporting large number of
the population. The most important root and tulveps include ensetEfsete
ventricosun, potato Solanum tuberosumsweet potatolfomoea batatgs taro
(Colocassia esculentayam (ioscoreaspp.), Ethiopian dinichGQoleusspp.),
anchote (©ccinia abyssinicy, cassavaManihot esculenfa Insect pests are
considered as an important factor contributingh® low amount of yield and
deterioration of products in the store. Within tlast 20 years, the focus of
entomological research has been mainly on potateetspotato and slightly on
enset. Relatively more research results were adddaom sweet potato butterfly,
sweet potato weevil, root mealybug and potato tubeth.

Potato is one of the very important food and casp<in Ethiopia, especially in
the high and mid-altitude areas. Potato was inteduto Ethiopia first by
Schimper, a German botanist, in 1858 (Horton, 188 Pankhurst, 1964 cited
by Gebremedhiret al, 2006). The national average yield did not chamgeh,
about 9 t/ha, which is much lower than the worlérage, 15 tons/ha (FAO,
2001). Since mid 1970s, the land under potato mtmlu has been increasing
and reached more than 160,000 ha (Gebremeddtah 2006). The production is
both under rain-fed and small-scale irrigation. Tim@st important factors
responsible for the low productivity of potato #ne low yielder potato cultivars
currently under use and susceptibility to the majmease and insect pests.
During the last two decades, the status of potetedt pests did not change from
what was reported by Bayeh and Tadesse in 1992.

Sweet potato is one of the most important root €reypporting a considerable
portion of the population as a source of food amedfin Ethiopia. It has been

1
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cultivated as food crop for several years and &6 of the crop produced in
the country is grown in the South, South-westerh Bastern parts, where it has
remained for centuries as an important co-staptettie community (Terefe,
1987). In the Southern Nations, Nationalities amdftes Region (SNNPR) of
Ethiopia sweet potato is the second most importawttcrop next to enset in area
coverage and production (Asse& al., 2004 unpublished). In 1993/94, it
occupied 49,000 ha with a total production of 343,%0ns. In 1999, the total
area of sweet potato in SNNPR reached 52,021.%ithaa total production of
379,758.48 tons (CSA, 1994; 1999). The nationataye yield of sweet potato
was 7 t/ha in 1999 and increased to 7.3 t/ha ir62007. The yield of sweet
potato could increase dramatically to 30-50 t/haubyng improved varieties and
the available technologies (Asseftaal, 2004 unpublished). There are a number
of biophysical and socio-economical constraintd tave been hindering the
increase in the productivity of sweet potato unidemers' circumstances. Lack
of high yielding varieties and pest damage has loged as the most important
limiting factors.

Enset-based farming systems play an importantindieod security of Ethiopia.
The human carrying capacity of enset and ensetdbf@seing system is high
and is likely to be greater than any other crop eegping systems for the same
agro ecology and inputs (Almaz, 2001). AccordingC®A (1997), the total area
covered with enset is 224,400 ha. About 15 milli@@%) of the Ethiopian
population depends on enset as staple and co-$taqulesource. Enset grows in
a wide range of altitudes. It grows below 500 n{@sho Ratae) under irrigation
and at 3200 masl as rain-fed crop. It grows luxusip in elevations between
2000 and 2750 masl under rain fed conditions (Hagilh 1961 and Westphal,
1975). There is no national data on the currerdllef’enset production.

Research findings

Potato

Insect pests recorded

For the last two decades, the major insect pestgotdto did not differ and
include: cutwormsAgrotis spp. ancexiguaspp.), red antDrylussp.), potato
epilachna Epilachna hirta), metallic leaf beetle Liagria vilosg, potato aphid
(Macrosiphum euphorbidegreen peach aphidfyzus persicaeand the potato
tuber moth Phthorimaea operculella(Bayeh and Tadesse, 1992). Among these
insects, the potato tuber moth (PTM) received nadtention than all the other
potato insect pests combined. Lately, the red amtisaphids have received some
attention. Hence, the review focuses on PTM, red and aphids.
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Table 1. Insect pests recorded on Irish potatafiiopia.

Scientific name Common name Status References

Heteroptera

Pentatomidae

Eurydem ornatél.) Cabbage bug Unknown | 31, 65

Homoptera

Aleyrodidae

Bemisia tabac{Gennadius) Tobacco whitefly Minor 31, 65

Aphididae

Aphis gossypilover Cotton aphid Minor 31, 65

Aulacorthum solanfKaltenbach) Potato aphid Minor

Macrosiphum euphorobiae Pepper aphid Minor 31, 65

(Thomas)

Myzus persicaéSulze) Peach aphid Minor 31, 65

Thysanoptera

Thripidae

Aelothripssp.?linaricus Priesner Silver banded thrips Unknown65

Lepidoptera

Gelechiidae

Phthorimaea operculell@Zeller) Potato tuber moth Major 9,23,24,25,31
44,46,56, 65

Pyralidae

Lecucinodes orbonali§uenee Eqgg plant fruit bore  Unknowré5

Noctuidae

Agrotis segetunfSchiff.) Southern cut worm Minor 31, 65

Diachrysia orichalceaRabriciug Golden plusia Minor 65

Sphingidae

Acheronita atroposl{innaeu$ Death’s hawk moth Minor 31, 65

Hymenoptera

Tenthredinidae

Athalia spp. Sawfly Unknown| 65

Formicidae

Dorylussp. nrbrevinodosusvayr Gojam red ant Minor 9, 31, 44, 65

Coleoptera

Apionidae

Apionspp. Black pod weevil Unknowr 65

Coccinellidae

Chnootriba simligThnb.) Tef epilachna Unknown 31, 65

Epilachna fulvosignata Egg plant epilachna Minor 31, 65

Epilachna hirta(Thunberg) Potato epilachna Minor 31, 65

Henosepilachna elater{Rossi) Spotted melon beetle  UnknowB1, 65

Tenebrionidae

Gonocephalum simpleg¥abricius) Dusty brown beetle Minor 31, 65

Lagriidae

Lagria villosaFabricius Metallic beetle Minor 31, 65

Meloidae

Mylabris flavoguttataReiche Pollen beetle Unknown31, 65
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Potato tuber moth (Phthorimaea operculella)

Basic studies

The potato tuber moth originated in the easterne&n(6. America) where its
main solanaceous hosts, potato and tobacco, arghhdo have originated
(Finney et al, 1947; Rothschild, 1986). It is distributed thgbout the world
following the spread of potato and is presentlhardgd as a major pest of potato
in almost all tropical and subtropical regions (f@get al, 1947). In Ethiopia, it
has established itself as an important pest in magpbato growing areas. The
importance of the pest is expected to increaseusecaf the long distance
movement of seed tubers to many places acrossthrerg from limited source
locations mainly in the cool highlands of North akést Shoa.

The activities of male-adults of PTM were monitoresing sex pheromone
baited traps at Holetta both in seed tuber stomésira production fields (Bayeh
and Tadesse, 1992). The field results showed fhisk &ctivity peaked up during
January to February and in June. The two peakanoaly and June were mainly
attributed to the population that had been mulingyon left over tubers in fields
from the main season and irrigated potato harvesspectively. The catches in
February were more important because the off-seplsmted potato was young
in the field and liable for PTM attack. On the athand, the populations of PTM
in the seed tuber stores never showed obvious pshkseby the number of
adults caught remained low all year round. In @msttto this observation, higher
population of PTM was recorded in the seed tubems firrigated fields which
stayed longer in the field in one of the monitoripgars. These observations
showed that prompt harvesting plays significané rial reducing the population
of PTM. The usual high population in fields had betn contributing much for
infestations that occurred in seed tuber stores. gaissible reason for this might
be the proper timing of vine killing, which mighomtribute for the reduction in
the movement of more larvae into the soil to infiesteloping tubers (Bayeh and
Tadesse, 1992). Similar studies of monitoring tttevety of the male PTM were
conducted in the major potato growing areas of\ifesst Amhara from 1998 to
2000 during the potato-growing seasons. Data wemorded at a weekly
interval. In Tilili, PTM was present throughout tlgear because of the practice
of growing potato three times per year. Wherea&dat the diffused light store
present nearby to the seed multiplication farms vgaspected to have
contributed for year round activity of PTM in thielfl. At Adet, the peak period
was between June and October in 1998, July to Augud999 and only in
September in 2000. In Tilili the population peakeaim July to September in
1998, July to October in 1999 and after August @®@ In another study at
Melkassa Research Center, the field activity ofan@l’M adults showed an
increase towards the end of the crop maturity pefftog. 1).

4
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70 T
60
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40
30
20
10 -
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25 39 53 67 81 9% 110 124
Days after potato planting

Fig. 1. Sex pheromone baited trap based monitai®TM in potato field at
Melkassa in 2000/2001 (Bayeh, 2003).

Potato tuber moth larval populations were monitonexekly at the Melkassa
Research Center on potato leaves (Bayeh, 2003yalLaopulation and the
number of damaged leaves were recorded on randsantpled 25 potato plants
per plot. Both larval population and the leaf damé#gey caused increased with
time and started to decline when most of the patawes entered senescence

(Fig. 2).

—e— Larvae —— Mined leaves

Nurtherperper
N
0

1.5 4

0.5 4

27 34 a1 a8 55 62 69 76 83
Days after potato emergence

Fig. 2. Monitoring of PTM larval population and fetamage on potato in
2000/2001 at Melkassa (Bayeh, 2003).
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The population of PTM that build upon potato fokagas a direct aftermath on
the level of infestation that may occur on devetgpiubers in the rhizosphere.
When potato leaves start senescing, the larvaedthaglop in leaves find their
way down to developing tubers by passing througitks in the soil. Field
infested tubers in turn serve as the nucleus ferntultiplication of PTM in
stores and for the subsequent carry over of thecinsack to the field during the
next cropping season. All these depend on thewlrand development of PTM
larvae in the foliage of potato plants. The survigad development of PTM
larvae in potato foliage was studied in controligebwth chamber. Newly
hatched larvae were transferred singly into indieidPetri dishes containing
undamaged leaves taken from potato plants at theblpssom and blossom
stage. Data were collected on the survival andldpugent of the larvae (n = 80)
for the two crop stages. In general, larvae sudiivetter on leaves of potato at
blossom stage (Fig. 3). The finding compliments ¢laélier field observations
(Fig. 2) where the larval population and the damegesed on potato leaves
were higher during blossoming period. It was fotimat PTM had significantly
longer larval and larva-adult development time antapp foliages at the pre-
blossom stage than at the blossom stage (Fig. 4).

—o— Preblossom —#— Blossom

120 +
100 +
[ .\.\.\I—I\.
?
+~ 60 7
c
3
S 40 -
o
20 -
0

Il 11 v P A
Development stage
Fig. 3. Mean percentage survival of potato tubethnharval instars (I-1V), pupae

(P) and adults (A) in the leaves of potato plaatsgled during pre-blossom
and blossom stages (Bayeh, 2003).
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35 -
30 ~
25
20

OLarval
15 - A Larva-adult

10

Development time in days

IMMMIMBDB™IN

Preblossom Blossom

Plant stage

Fig. 4. Larval and larva to adult development tidays) of PTM on the
leaves of potato taken at pre-blossom and blostages (Bayeh, 2003).

Improved storage of seed potato tuber in diffugglt Istores (DLS) has been
demonstrated and introduced in various potato grgvareas. However, DLS
can never guard off insect pests like PTM. The msgarce of infestation often
comes from tubers transported to DLS. There is ywagh accumulation of
seed tuber per unit area in DLS than in an opdd, ftaus the loss of tubers to
the PTM is correspondingly high. The populatiorPdM in DLS was monitored
at Holetta Research Center for three years (193&$€ihg sex pheromone baited
traps. The insect was found to be active and comuailbrthe year round.
However, the count in July was significantly highikan in the other months.
This was due to the length of storage period whetbb tubers in DLS were
kept for about six months after harvest (Bayeh dradlesse, 1992). The
observation also showed that DLS stores with iefésteed tubers are potential
source of infestation of PTM for the next crop seas

Seed potato production by smallholder farmers hasnbwell adopted and
gaining importance in West and North West Shoa. ifibeease in production of
seed tubers might have created an ideal environfoerthe multiplication and

further spread of PTM to the surrounding areasaAssult, there are reports of
the insect in places where it has never been regdrefore. Monitoring was
carried out in DLS constructed by small farmerghie Dandi, Degem, Jeldu, and
Walmera Woredas that have become the major sowfcesed potato for the
country at large. Data were collected fortnightty the number of healthy and
damaged sprouts per tuber on ten randomly seléabedls per shelf of the DLS.
Each shelf was considered as a replication. Thesiation of seed tubers by
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PTM was found to be significantly higher in Walméolowed by Jeldu, while
no damaged was observed in Dandi and Dagem (Fige®d tuber production
has longer history, about 15 to 16 years, in Wadnaerd Jeldu, while it is recent
in Dandi and Degem. In general, these results atdicthat PTM could become
a threat in DLS following the increase in the prcihn of seed tubers and
number of DLS put up by farmers.

2.4 1

1.6
1.2 1
0.8 -
0.4 -

0 I I I 1
Dandi Degem Jeldu Walmera

Woreda

—t—

=

Damaged sprouts per tuber

Fig. 5. Mean number of PTM damaged sprouts pertubBLS in four
Woredas of West and North West Shoa (Bayeh, 2004).

The relative rates of tuber damage due to PTM vessessed in 30 different
genotypes of potato grown at Alemaya, eastern Bthi¢Sileshi and Teriessa,

2001). Field infestation in tubers ranged from 846@nd significant differences

were observed between genotypes in the degreemégia Over 42% of the

tubers were exposed to tuber moth infestation. Tuifestation and rotting were

found to be positively correlated with exposureefehwas an overall increase by
93.2% in infestation and 96.3% in rotting in thgesed tubers over the covered
ones. On average, 8.7% of the potato tubers weteallee to field infestation.

PTM parasitism

A survey was conducted in potato production fieldsthe rift valley by
deliberately exposing PTM larvaae situ in potato plants to natural enemies
(Bayeh, 2003). Five parasitoid morphotypes wergegkdrom PTM larvae
recovered from mines in potato leaves. The mostnecomparasitoid was the
ichneumonid Diadegma mollipla(HImgr), which accounted for about 66.2% of
the recovered parasitoids. On the other hand, dhiel lof parasitism was not
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significantly different among the two plant stagesl the unspecified plant stage
of potato in farmers’ fields (Fig. 6).
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Preblossom Blossom Farmers fields

Plant stage

Fig. 6. Percentage parasitism of PTM larvae inftieage of potato plants
at pre-blossom, blossom and unspecified stages @B#tyeh, 2003).

Control measures for PTM

Screening of botanicals

Different botanicals were screened for the contfoPTM in DLS at Holetta
Research Center (HARC, 1997). Fifty potato tubdrshe variety Wechecha
were placed in a plastic box and replicated thieees for each treatment.
Powdered flowers of pyrethrunChrysanthemum cineraraefoliurand leaf
powder of all the other tested plants were dustegatato tubers at 35 g/50
tubers. Uniform coating of all the tubers was eeduby thoroughly shaking
them with dust in a plastic box. Aqueous neem sedrhct was prepared from
500 g dried and crushed seed that was suspendethucket of water tied in a
cloth. After 12 hours, the seed materials were radocand squeezed and the
solution was taken up to 10 litters. The neémadirachta indicakeed extract at
5% concentration and diazinon 60% EC (5 ml in fr@di of water) solution were
prepared and the test tubers were dipped for alpmiminute before storage. All
the treated tubers were exposed to natural PTMstaien. Evaluations made
after 120 days showed that the powders from neesdsseendod seeds and
pyrethrum flowers significantly reduced (P<0.05)dudamage when compared
with the untreated check and the standard insdetidiazinon 60% EC (Table
2).
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Table 2. Control of PTM with botanical powders€DhS at Holetta (HARC, 1997).

Treatment (botanical powders) Percentage damage
after 4 months
Common ame Scientific name Sprouts | Tubers
damaged | damaged
Pyrethrumflower Chrysanthemurap. 0.31.b 3.3ab
Endod-Seed Phytolacca dodecandra 1.62ab 8.0ab
Endod-Leaf Phytolacca dodecandra 8.23ab 3.3ab
Yewof kolo-leaf Lantana camara 2.36ab 3.3ab
Neem-seed Azadirachta indica 0.57ab 1.3b
Neem-leaf Azadirachta indica 5.41ab 1.3b
Nech Beharzaf-leaf Eucalyptus globules 8.83a 2.0b
Bisana-leaf Croton macrostachys | 2.69ab 4.7ab
Pepper-leaf Piper capense 2.85ab 4.0ab
Mexican marigold-leaf Tagetus minuta 2.85ab 4.0ab
Basudin (diazinon) 60% EC 3.86ab 4.7ab
Control 5.02ab 7.3a
CV% 55.3 34.4

Means followed by different letters within a colurare significantly different from
each other (P < 0.05).

In the years 2000/01 and 2001/02, a number of bmlnand Bt(Bacillus
thuringiensisKurstaki) were evaluated for the control of PTMtbin the field
and store. The trials were carried out at Holetsdarch Centre and at
Shashemene (HARC, 2003). The storage experimeattedtin November in
both locations, the time farmers start storing tsbér seeds (October/
November to June). Neem seed, neem leaf and pyretfiower were crushed
and water extracted for 24 hours before applicatidre concentrations of the
dipping solutions in water were: Basudin 60% EQugsoh at 5 ml /10 litres of
water, 500 g powder of neem seeds in 10 litres afewy 70 g powder of
pyrethrum flower in 10 litres of water, 70 g powdadrmeem leaf in 10 litres of
water, Bt solution at 5 g/ 10 litres of water. Trg&vithout any sign of PTM
damage were dipped in the different solutions fomiin. Treated tubers were
put in separate plastic boxes and stored in DL®.r€bults from the experiments
conducted in 2000/01 are reported here. Dippingaifto tubers in aqueous
solutions of pyrethrum flower or neem leaf powderevfound to be effective in
significantly reducing sprout damage by the PTMbwth places. In general,
pyrethrum flower gave the best protection to thedstubers (Fig. 7). Similar
procedures were followed to evaluate the efficatythe botanicals andBt
against PTM in the field. Extracts were preparezmfrneem seed, pyrethrum
flower and neem leaf and solutions of Basudin 60% Bnd Bacillus
thuringiensisKurstaki. The aqueous solutions were applied aftaking a pre-
spray count. Post-spray counts were made afterr 9612002, the post-spray
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counts made after 96 hrs showed that diazinon 6@/ ir&ated plots had the
lowest population of PTM (Fig. 8).

O Holetta ® Shashemene

e 1l

Control NSAS NLAS PFAS Bt Standard
Treatment

PN W b OO
O O O O oo
] ! ! ] ] )

Percent damaged sprouts

o

Fig. 7. Mean percentage PTM damaged sprouts ofgtthers treated with different
botanicals and Bin DLS at Holetta and Shashemene in 2001/02. (NSASem
seed aqueous solution; NLAS = neem leaf aqueousi@o] PFAS = pyrethrum
flower aqueous solution; Bt Bacillus thuringiensisstandard = diazinon 60% EC)
(after HARC, 2003).
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Fig. 8. Effect of spray of different botanicals aBidon the population of PTM at Holetta
during off-season, 2002. (NSAS = neem seed aquealuton; NLAS = neem leaf
aqueous solution; PFAS = pyrethrum flower aqueolstisn; Bt =B.
thuringiensis standard = diazinon 60% EC) (after HARC, 2003).
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Studies on red ants on potato

Crow and Shitaye (1977) and Crost al. (1977) reported that the red ant
(Dorylussp.) was a very serious pest on vegetable cropsngad high altitudes.
Red ants damage potato plants by scraping the mphtssues of the roots and
destroy root hairs. Such potato plants wilt and dithe insect appears late in the
cropping season, they bore hole and eat out tlrehsfaom the developing
tubers. Thus, the insect causes direct loss as lgndhof damaged tubers are
unmarketable. However, the insect has not beenrtexpdn major potato
growing areas such as Awassa, Shashemene and Shamiéch are situated at
altitudes of 1680, 1800 and 2120 masl, respectiviglgst of the farmers in
Walmera, Degem, Jeldu and Dandi Woredas who wessviewed during a
survey responded that the pest is more seriousyisails. However, most of the
farmers in Degem responded that the pest is prailenmn wet conditions.
About 63% of the farmers responded that the inseattive at any time of the
day; 16% said it is active in the morning and aaptt6% said that it is active in
the afternoon, and 5% said it is active in the ewg Farmers’ estimations of
the extent of damage on potato by the red anteddgiable 3). Most of the
farmers estimated red ant damage on potato bet@eand 50%. In Degem
(North West Shoa) 29% of the farmers claimed up6% damage. However,
results from sampling of 10 potato plants per fiedaried out on a total of 8, 8,
17 and 15 farmers’ fields in Galessa, Jeldu, Wadnaerd Dagem, respectively,
did not correspond with the farmers’ estimationig.(B). The percentage of root
damage did not exceed 25% suggesting that farmenestimated the damage
by red ants. The survival of workers of red antsvarious parts of potato was
studied by offering pieces of potato roots, stemjubers to the red ants in
plastic Petri dishes covered with tight lids, bentilated. The control groups
were not given any food. The worker ants were ctdié from active colonies in
potato plots and transferred at the rate of 10 Besh. The mortality of the ants
was recorded after three days. The least mortabty recorded in the ant groups
provided with roots (Fig. 10). The result suggesist control of red ants in
potato should focus on delivering the control agerthe root zone of the potato
plants.

Table 3. Farmers’ estimations of red ant damageotato plants in 2001 (HARC, 2001).

Damage Percentage of respondents

level (%) | Galessa| Jeldu Walmera| Degem
0 0 0 9.5 22.0
<25 67.0 54.6 28.6 12.0
26-50 33.0 31.8 23.8 15.0
51-75 0 13.6 28.6 22.0
76-100 0 0 9.5 29.0
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Fig. 9. Percentage damage of potato roots baméslin four seed potato
growing Woredas of the central highlands (afterd&gy2006, unpublished).
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Fig. 10. Percentage mortality of red ant workevjaled different parts of
potato planin vitro after 3 days (after Bayeh, unpublished).

Aphids on potato

Among the species of aphids known to transmit polkaaf roll virus (PLRV),
the most important virus diseases of potato, oné/lhean aphidAphis fabag

the potato aphidMacrosiphum euphorbideand the green peach aphidiéy¢us
persicag@ were commonly recorded in potato fields in Etligopn addition, the
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Brassica aphidBrevicoryne brassicaethe rose flower aphidiMacrosiphum
rosaeandAphisspp. are commonly found in and around potato diettbwever,
the Brassica aphid, which was by far the most comraphid species, was
reported not to transmit PLRV (Bayeh and Tadess@2)L

Enset

Insect pests recorded

Only a few insects have been recorded attackingtémable 4). However, enset
root mealybug has become the most important (Tsde888; Addis, 2005;
Eyob, 2006). The enset root mealybu@ataenococcus enseWilliam and
Matile-Ferrero (Homoptera: Pseudococcidae)a major pest of enset in the
South and southwestern parts of the country (Adl85). It has been collected
and reported from Wonago as a new record for Etaigpsedeke, 1988)C.
ensetehas hitherto been referred to Raraputosp. which is now sucked as a
junior synonym ofCataenococcussp. (Williams and Matile-Ferrero, 1999).
Pentalonia nigrnervosa, Poeicilcarda nigrineenasid Planococcusspp. were
frequently found on wilted and healthy plants (Adbin and Emana, 1987a,;
1987b). These insects have been implicated in tdw@smission of the enset
bacterial wilt (Eshetu, 1981). Adhanom and Emar@87h; 1987b) also reported
outbreak of unidentified lepidopterous larvae in ls\ta area especially in the
low lands below 1500 masl.

Table 4. Insect pests of enset recorded in Ethiopia

Scientific name Common name Status Referenceg

Homoptera

Aleyrodidae

Bemisia tabac{Gennadius) Tobacco whitefly minor 65

Aphididae

Pentalonia nigrnervos&oquerel Banana aphid minor 9, 10, 40, 65

Diaspididae

Chrysomphalous aonidiuft.) Purple scale minor 65

Cicadellidae

Poeicilocarda nigrinervisStal Black stripped minor 9, 10, 40
jassid

Pseudococcidae

Catenococus enseWill. Matile- Enset root major 3,4,5,6,7,41,

Ferr. mealybug 62,65,67

Planococcudicus Root mealybug unknown| 9,10, 40
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Enset root mealybug

Basic studies

Addis (2005) conducted a survey in 163 sites ofli®ficts of southern Ethiopia
from July 2004 to December 2004 and recorded tbé mealybug in Sidama,
Gedeo, Gurage, Bench, Kembata Tembaro, Hadyia zamgs\maro and Yem
districts. However, the level of infestation wasifid to be high only in Amaro
(100%), Gedeo (66.7%), Sidama (61.5%) and Benchl%)/ The highest
number of mealybugs (81mealybugs/ plant) was rexbmd Gedeo zone and the
lowest (3.3 mealybugs/ plant) in Yem district. M&amo Goffa, Sheka, West
Shoa, and Jimma were free from enset root mealydugsenset root mealybug
is known by different local names in different aed sete’in Gedeo, Chea),
‘Churcha’and Hufaro’, in Sidama, Buno’, ‘Osk’, ‘Oote’ and Dachu’in Bench
languages. AlthouglC. ensetevas observed at elevations ranging from 1,054-
2,977 masl, its infestation was severe betweerOlahd 2,200 masl. The highest
level of infestation (53.6%) was recorded betwe&®@ and 1,800 masl (Fig. 3);
and the lowest above 2,200 masl and below 1,400. flas insect attacks enset
of all age groups, but it is more serious on 2 y@drs old enset plantS. ensete
was found exclusively on the roots and corm of easel infested plants have
less number of roots, retarded growth, and lackigbr and subsequently die
especially when there is moisture stress. Earlgsiition byC. ensetecan be
easily overlooked because effects on the abovendrpart appear lately after
extensive damage on the roots and corm had occu®adthe other hand,
varying levels of mealybug infestations were reedrdn 211 different farmers’
enset cultivars (Addis, 2005).

Biology of enset root mealybug

The enset root mealybug hdsferent development stages: (1) bright-orange to
yellow-orange colored “crawlers” or rapidly moviffigst-instar, (2) the settled
first-instars that secrete wax that gives the baayhitish appearance, (3) second
and third instars that begin to develop distindera and posterior cerarii,
increase in body size, and start to produce langeuats of honeydew and (4)
the pre-ovipositing adult female. Males are unkndenC. enseteand none
were observed during this study tddwe viviparous females produced 233+
nymphs/ female. The average daily fecundity wasmsimphs (Addis, 2005).
The average duration of the first, second and tinsthr nymphs was 16.20:5,
18.2 + 0.7 and 19.8 0.5 days, respectively (Addis, 2005). The avelige
span of the adult female was 49.99:b6 days with a range of 47 to 53 days.
Thus, the estimated generation time of the ensgtmealybug was 94-113 days
with estimated three generations per y&ae body size of the different nymphal
stages ranged frorB.5-2.7 mm long (Table 5). The body size of theltadu
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mealybug ranged from 2.9-4.0 mm in lengftecording toAddis (2005), the

enset root mealybugs encountered in the field verger in size than those
reared in the laboratory. This might be due to uh&avourable environmental
conditions in the laboratory compared to their ratinabitat. The mealybugs
survived well when reared on whole pumpkin and deteg their growth to the
adult stage. It was observed that adult female ybeals could not survive for
more than three weeks in the soil in absence ait preaterials to feed on (Addis,
2005).

Distribution of enset root mealybug on enset and the soil

The majority (79%) of the enset root mealybugs Initeal the roots and the
remaining (21%) was found on the corms (Addis, 20&hset root mealybugs
were found up to a soil depth of 60-80 cm away fittva corm. However, root
density as well as the number of mealybug decreagtbdncreasing soil depth.
About 99% of the mealybugs were found in the upfp@rcm soil layer. In
addition, about 90% of the mealybugs were collegighin a 60 cm radius from
the plants. On the other hand, 59% of the mealybwgye found on the upper
half of the corm. Most of the enset root mealybuggse found within 20 cm
radius from the corm (about 63%). Hence, samplird® & 20 x 20 cm cube of
soil and roots adjacent to the corm will capturiarge percentage of the total
root mealybug population on a plant. The proposssessment method will
provide field technicians and researchers withng# tool to assess population
numbers of the enset root mealybugs. It was fohatithe relationship between
plant growth parameters (plant height, pseudosteouroference, fresh root
weight and fresh shoot weights) and the populatiensity of root mealybugs
was negative (Fig. 11).

Dissemination of enset root mealybugs to new areas

It was observed that some of the enset nurserigsdfon southern Ethiopia
(Yirgachefe and Wonago districts) were highly inéelsby mealybugs. Some
development organizations (aid and government) Haaen procuring enset
suckers from such sites and distribute to differemas of the country where
farmers are trying to adopt enset production. Thius,use of infested suckers
has been the major means of spread for the ernstatnemlybug to new areas.
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Fig. 11. Relationship between enset root mealybapulation and enset plant height (A) and
pseudostem circumference measured at soil levelgfi®et shoot fresh weight [i.e. leaf
+ corm + pseudostem fresh weight] (C) and roothfnegight (D). (n=22) (after Addis,

2005).

Table 5. Mean duration and body size of differeates of the enset root
mealybug Cataenococcus ensgt@fter Addis, 2005).

Insect stage Mean Range | Body length Range
days (mm)

First instar 16.2+05| 13-19| 0.79+0.04 0.5-1.2

Second instar 18.2+0.7  13-2§ 1.71+0.03 1.5-1)9

Third instar 19.8+04| 16-23| 2.46+0.03 2.2-2.9

Adult 50.0+0.5 | 46-53 | 3.31+0.07 2940

Total duration 103.9+1.1 94-118

Meanz standard error
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Fig. 12. Incidence of enset root mealyl{@@taenococcus ensigtat different altitudes
(Addis, 2005).

Table 6. Population density of enset root mealyibugpme localities of
southern Ethiopia.

Areas surveyed No. of Sites with No. of adult
farms mealybugs (%) | mealybugs/
visited plant

Gedeo 21 66.7 81.2

Sidama 26 61.5 5.2

Amaro 6 100 9.7

Hadyia 12 9.3 3.5

Bench 7 57.1 15

Keffa 7 29.6 9.0

Gurage 12 9.3 9

Kembata Tembaro| 12 25 4.7

Yem 6 17.7 3.3

Control measures

Cultural methods

Farm yard manure treatments on infested plantsalideduce the population
density of the pest, however, the plants grew awtldped better when received
the manure which enabled them to withstand the darbg the insect (Addis
and Tesfaye, 2002).
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Botanicals

The efficacy of seeds oAzadirachta indica, Melia azedaractPhytolaca
dodecandra, Schinus molle,Milletia ferrugemiad Maesa lanceolataseeds and
leaves ofChenopodium ambrosiodeBephrosia vogelli, Nicotina tabacyrand
Maesa lanceolatavere evaluated against the enset root mealybugetin dish
and greenhouse experiments (Eyob, 2006 )errugineaseed-water suspensions
extracted at the rate of 10% (w/v) aNttotina tabacumnleaf-water suspension
extracted at the rate of 30% (w/v) were found totdmac to the pest under
laboratory conditions (Table 7). Th&€spand LGo were 40.39 mg and 77.62 mg
for M. ferrugineaand 237 mg/ml and 284.4 mg fr tabacumrespectivelyln
the pot experiment, drenching the soil around twgsr of infested young enset
plants with seed water suspensions of 1BPoferrugineacaused about 66%
mortality. However,M. ferrugineawas found to be inferior to the synthetic
insecticide diazinon. Two applications bf. ferrugineaimproved its efficacy
and raised the level of mortality to about 79%. tbe other hand, dipping of
infested enset seedlings M ferrugineaseed-water suspensions of 10% caused
44% mortality, which is significantly higher (P<8)0than the other botanicals
tested and the untreated check. The study indicHtat one application of
milletia seed water suspension can not satisfagt@ontrol the enset root
mealybugs. Combinations of dipping young enset Isegsd and repeatedly
drenching of the root zone of infested plants witle milletia seed water
suspension may be used as part of IPM for the eosemealybug.

Chemical control

The efficacy ofchlorpyrifos, diazinon, dimethoate, endosulfan,jtfethion and
malathionwas evaluated against the enset root mealybug wrdenhouse and
field conditions by drenching the soil (Eyob, 2008) the greenhouse, diazinon
and chlorpyrifos provided 100% and 97% mortality tbé pest, respectively
(Table 8). The other insecticides were also sigaiftly different from the
untreated check, but they caused mortality less ®842. Chlorpyrifos and
diazinon were equally effective on enset root meadyin the field with >90%
mortality of the adult within 14 days after apptica (Table 9). The percentage
mortality increased over time reaching 98% follogvi5 days after treatment
application. Malathion, dimethoate, endosulfan deditrothion were less
effective. Tesfaye (2003) also indicated that ghjafos 48% EC was effective
against the enset root mealybug. However, yellowihglants was observed in
some of the plants treated with chlorpyrifos, dian, and malathion (Eyob,
2006). It was suggested that drenching with insetgs should be done on moist
soils.
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Table 7. Mean mortality of enset root mealybug wireated with water suspensions of different
plant materials in Petri dish experiment (Eyob, @00

Treatments Percentage mortality hours after treatment
(4ml/5cnt of soil in the Petri 24 hrs 48 hrs 72 hrs
dish) Observed | Corrected| Observed| Corrected| Observed | Corrected
Chenopodium ambrosiodes 6.7 0.10 13.3 3.40 19.9 9.61
Maesa lanceolatgleaf) 10.0 3.40 13.3 3.40 239 13.01
Maesa lanceolatéseed) 16.7 10.11 23.9 13.41 29.9 19.62
Azadirachta indica 16.7 10.11 23.9 13.41 29.9 19.62
Phytolaca dodecandra 10.07 3.40 23.¢ 13.41 39.3 29.03
Melia azedarach 16.6 10.11 23.9 13.41 34.6 23.72
Schinus molle 13.3 6.70 36.6 26.73 43.8 33.03
Tephrosia vogelli 16.7 10.11 29.9 20.02 53.3 43.04
Nicotina tabacum 63.4 56.83 86.8 76.77 96.6 85.78
Millettia ferruginea 80.0 73.42 100.0 90.02 - -
Diazinon 60% EC 100°0 93.45 - - -

Untreated control 6% - 9.9 - 10.3

CV (%) 21 - 18.4 - 145

Means followed by the same letter in the colummsrent significantly different from each other
according to Tukey’s HSD test, P<0.05.

Table 8. Mean mortality of enset root mealybug ttusynthetic insecticides
under greenhouse conditiofafter Eyob, 2006)

Treatments Observed mortality (%) Corrected
mortality
(%)
Diazinon 60% EC 100. = 0°0 84.13
Chlorpyrifos 48% EC 97.6 £1%0 80.23
Malathion 50% EC 83.2+1% 67.30
Fenitrothion 50% EC 76.8 + 2°3 60.89
Endosulfan 50% EC 744+ £1 58.53
Dimethoate 40% EC 64.8 + 34 48.87
Control (untreated) 16.0 + 35 -
Ccv 16%

Means followed by the same letter within a columm ot significantly
different from each other, Tukey, P <0.05.
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Table 9. Mean mortality and survival of enset nmaialybugs on enset seedlings treated with
different insecticides under farmers’ field conalits (Eyob, 2006).

Treatments Mean mortality (%)’ Mean No. of
surviving mealybugs
15 days 30 days 45 days 15 days 30 days 45 day;
Diazinon 60 %EC 96.5+1% | 97.7+1.2 98.1+1.7% | 0.9+0.4 0.50+0.3 0.75£0.4
Chlorpyrifos 48%EC 93.7+1%9 | 95.4+1.3 97.9+1.7 | 1.1+0.4 1.57+0.5 0.50+0.3
Malathion 50 %EC 75.3+1% | 67.4+2.7 49.7+1.6 | 4.0+0.5 7.70+1.0 7.90+£1.0
Endosulfan 50%EC 61.3+2%7| 58.9+1.9 50.8+3.0 | 7.3+1.8 7.25%£1.8 9.60+£2.5
Dimethoate 40 %EC 53.5+1°4| 60.2+1.9 | 64.8+2.9 | 7.1+15 8.00+0.8 5.50£1.3
Fenitrothion 50 %EC 61.9+3%7 | 55.1+1.9 51.0+1.8 | 7.9+0.9 9.20+2.2 9.20+1.3
Control - - - 342452 | 58.9+12.1| 53.6+12.¢
CV (%) 14.7 8.2 11.5 - - -

per sample of soil
Means followed by the same letter within a columm ot significantly different; Tukey’'s HSD
test at P<0.05.

Table 10. Mean mortality of enset root mealybugenset seedlings treated twice with
different insecticides under farmers’ field conalits (Eyob, 2006).

Treatment Mortality %

15 days 30 days 45 days
Diazinon 60 % EC 100.0+0°0 |100.0 + 0.6 99.1+0.9
Chlorpyrifos 48 % EC 98.4 + 1% 98.9+1.7 99.2+0.8
Malathion 50 % EC 87.1+2™ 783+2.6 64.9 + 4.2¢
Endosulfan 50% EC 7340.6° 61.0+1.4 528+ 0.7
Fenitrothion 50% EC 71.4 +1°6 62.2+3.T 54.1+1.T
Dimethoate 40% EC 67.3+10 | 756+1.F 747 +1.6
Control - - -
CV (%) 9.4 21.0 9.8

Means followed by the same letter within a columm ot significantly different;
according to Tukey’s HSD test at, P<0.05.

In another study, chlorpyrifos, aluminium phospftablets) and malathion 50%
EC originating from Admitulu Pesticide Processing So. provided better
control (Addis and Tesfaye, 1995c).

Sweet potato

Pests recorded
Insect pests recorded on sweet potato in Ethiopapeesented in Table 11.
Among these, only the sweet potato wee@ylgs puncticolli¥ and the sweet
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potato butterfly Acraea aceratagre the major pests (Croweal, 1977; Emana
and Adhanom, 1989; Ejigu, 1995; Azerefegne, 1998drias, 2003) which

received better research attention.

Table 11. Insect pests recorded on sweet potdthiopia.

Scientific name Common name Status References$
Orthoptera

Acrididae

Aiolopus simulatriXWalker) Clay grasshopper Unknown 65
Atractomorpha acurtepennis Sweet potato grasshopper  Unknown 65
gerastecker{l. Boliver)

Homoptera

Aleyrodidae

Bemisia tabac{Gennadius) Sweet potato white fly Unknown 7, 35
Cicadellidae

Empoasca fascialiflacoby) Cotton leafhopper Minor 65
Heteroptera

Corediae

Cletus fuscescer(sValker) Cletus bug Unknown| 65
Lygaeidae

Garptostethus rufuBistant Red sweet potato bug Unknown 65
Garptostethus servy§abricius) | Red sweet potato bug Unknowh 65
Lygaeus neguBistant Red sorghum bug Unknowh 65
Miridae

Helopeltis schoutedeifReuter) | Cotton helopeltis Unknown 65
Taylorilygus simyon{Reut.) Sweet potato bug Unknowh 65
Pentatomidae

Calidea bohemaniéStal) Blue bug Unknown | 65
Calidea dudecinpunctata Blue bug Unknown | 65
(Fabricius)

Carbula recurvaDistant Carbula bug Unknowr] 65
Durmia conjugengGermar) Durmia bug Unknowr] 65
Macroraphis acuteDallas Acute stink bug Unknowr] 65
Nezera viridula(Linnaeus) Green stink bug Unknown 65
Veteran abyssinicaethiery Linseed stink bug Unknow 65
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Table 11. Contd.

Scientific name Common name Status References
Coleoptera
Curculionidae
Cylas puncticollisBohemian Sweet potato weevil Major 2,7,8,13,31,3
5,36,37,38,
39,53,63, 65
Cylas compressus Hartman Sweet potato weevil Unknowni 31, 65
Alicidodes dentipegJliver) Striped sweet potato Unknown | 31, 35,65
weevil
Alicidodes humerouslarold Striped sweet potato Unknown | 65
weevil
Blosyrus rugulosus abyssinicug Rough sweet potato 31, 65
Aurvillius weevil
Blosyrus rugulosusAurvillius Rough sweet potato 65
weevil
Chrsysomelidae
Aspidomorpha apicaliéKlug) Tortoise beetle Unknown| F
Aspidomorpha areatKlug Tortoise beetle Unknown| F
Aspidomorpha areata var Tortoise beetle Unknown| F
nigripennis
Aspidomorpha cinct&abricius Tortoise beetle Unknown 65
Aspidomorpha quadrimaculata | Tortoise beetle Minor 65
(Oliver)
Aspidomorpha tectBeheman) | Sweet potato tortoise Minor 7,31, 35,65
beetle
Conchyloctenia hybrida Conchylo tortoise beetle Unknown 65
(Beheman)
Conchyloctenia illota Conchylo tortoise beetle Unknown 65
(Beheman)
Conchyloctenia punctata Conchylo tortoise beetle Unknown 65
Coccinellidae
Chnootriba similigThnb.) Tef epilahna Unknown| 65
Lagriidae
Lagria villosaFabricius Metallic beetle Unknowr] 7, 31, 35, 6b
Chrysolagria cupringJ. Cuprina beetle Unknown| 65
Thompson)
Sesselia pusilla Black leaf beetle Unknown| 65
Lepidoptera
Lyonetiidae
Beddelia somnulentellZéller) | Sweet potato leaf miner Sporadig 7,11, 31, 35,
65
Nymphalidae
Acarea aceratadew. Sweet potato butterfly Major 1,7,20,21,31,
33,3435, 36,
39,54,64, 65
Sphinigidae
Agrius convolvuli (innaeus) Sweet potato hawk moth Minor 7, 31,635,
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Table 11. Contd.

Scientific name Common name Status References
Hippotion celerio Linnaeus) Vine hawk moth Unknown| 65
Hyles lineatgFabricius) Silver stripped hawk moth  Unknown 8%,
Noctuidae

Diachrysia orichlacea Golden plusia Unknown| 65
(Fabricius)

Spodoptera littoralisBoisduval | Cotton leaf worm Unknowrn 65
Ctenoplussia limbiren&uenee Plusia worm Unknown 65
Arctidae

Syntomis AlicidButler Tomato tiger moth Unknown| 65
Acarina

Tetranychidae

Tetranychus cinnabrinus Red spider mites Unknowr] 65
(Boisduval)

F = Ferdu Azerefegne, unpublished.

Sweet potato weevil

The sweet potato weevil was reported to be foundlliwWoredas surveyed in
southern Ethiopia; although there were differeniceshe extent of stem and
tubers damage and weevil population density pentpbarts (Ashebir, 2006).
High levels of stem and tuber damage and high numbkarvae per tuber was
recorded in Goff&uria, Arba Minch Zuria Woredas (Ashebir, 2006),zisleeth,
Werer (Emana, 1987), Awassa, Areka, (Emana and Aslad992; Adhanom
and Tesfaye, 1994) and Humbo (Tesfaye, 2003).

Basic studies

The biology of sweet potato weevil was studied iwa&sa and Nazareth
Research Centers. The weevil required 30 and 34ys tb complete its life

cycle in Awassa and Nazareth, respectively. It alas reported that the weevil
could complete nine generations at Awassa and aigNtzareth (Emana, 1987;
Emana and Amanuel, 1992).

Extent of infestation and loss by sweet potato weevil

Loss assessment experiments conducted betweerah88W87 at Nazareth and
Werer using various insecticides showed that swetato weevil can cause
losses of 10-48% (Emana, 1987). The bitternesdtiggurom sweet potato
weevil damage makes even partially damaged tubessiitable for human
consumption. Because of poor storage technology plasting material
preservation, farmers practice piecemeal harvestingh keeps the crop in the
field for up to six months. Emana (1990) reportecreéase in infestation by the
weevils from 29% to 68% when harvesting was deldy@uth five to six months.
Moreover, growing sweet potato on the same pldand for four consecutive
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years at Awassa resulted in over 70% tuber infestatvhereas under less than
20% infestation was recorded in plots where rotatd crops was practiced
(Emana, 1990). The extent of yield loss was highatds the dry season due to
low soil moisture, low biomass yield and possibighhsoil crack (Ashebir,
2006). The pest is particularly serious under dygditions because the insect
reach the root more easily through the cracks dpaear as the soil dries out;
therefore, sweet potato root cannot be storedysafe¢he ground for long period
during the dry season.

Farmers perception on sweet potato weevils

Ashebir (2006) conducted surveys on farmers' péi@en major sweet potato
growing areas of southern Ethiopia including Arbaah Zuria, Goffa Zuria,
Bolos Sore, Humbo, Dermot Gale, Sodom Zuria, anghaBiro in 2005, and
found that insect pests were the major constrahtsweet potato production
followed by porcupine, mole rat, shortage of laddhught and storage problem
in that order. Among insect pests, 63.8% of thentas perceived sweet potato
weevil to be the most important, while 27.6% of themers indicated that sweet
potato butterfly is important. The rest of the fars (8.6%) reported leaf miner
and vine borer are important. It was observed ti@tweevil was important in
Humbo, Bolos Sore, Goffa and Arba Minch Zuria Wagdwhile sweet potato
butterfly was important in Damot Gale and Sodo @Wioredas. Leaf miner and
vine borer were important in Kacha Bira Woreda. Tkesponse of farmers
suggested that the sweet potato weevil is moreiitapbin the lowland and mid-
highland areas, while the sweet potato butterfdaf Iminer and vine borer are
important in the mid-highland and highland areas.

The majority of farmers (73.3%) recognized the gruihile about half of them
(53.3%) were found to be acquainted with the adévil. The recognition of
the larvae by many farmers is understandable &s tite stage of the insect
encountered in the tubers during harvesting aridation (Ashebir, 2006).

Control measures

Cultural control

Effect of sowing dates on sweet potato weevil itd#gsn was evaluated at the
Awassa and Areka Research Centres in the 1994 iagppason (Adhanom and
Tesfaye, 1994). Among the six planting dates extepffom June to September,
higher tuber infestation was obtained from the [@entings. The highest tuber
attack (over 64%) and the lowest yield was obtaiftech September planted
sweet potato followed by the early and late Augulantings at Areka (Table
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12). The second planting date July 10 gave thedsigkield with low weevil
infestation. Similarly, higher levels of tuber istation were recorded from
September planting followed by the early and lasekvof August at Awassa
(Table 12). In general, late-planted sweet potasiasned high levels of sweet
potato weevil damage at both locations. A simikaidg conducted in Wolaita
indicated that sweet potato planted in August susthlesser damage than
September planted ones (Tesfaye, 2003). Earthijngfusoil around the plant
three times at monthly intervals starting from geeond month after planting
significantly reduced infestation of tuberous roatsl this practice could enable
to delay harvesting for more than six months (Emag8o).

Table 12. Effect of sowing date on sweet potat@tubfestation due to sweet potato
weevil at Areka and Awassa (after Adhanom and Tyesfa994).

Areka Awassa
Planting date | Yield Infestation | Planting Yield Infestation
ton/ha | (%) date ton/ha (%)
June 25 6.7 0.57 June 19 17.3 18.96
July 10 14.8 0.54 July 1 17.1 45,51
July 24 4.3 8.40 July 16 16.7 62.87
August 8 12.2 28.46 August2 20.1 81.12
August 22 10.2 23.32 August 16 9.9 70.76
September 6 4.8 64.02 Septembe3 8.1 87.03
CV% 22.6 21.10 CV% 11.70 23.30
LSD ¢.05 3.93 8.29 LSD 05 3.41 25.85
LSD ¢.01 1.59 11.79 LSDyg o 4.85 36.76

Varietal resistance

Several researchers have verified the presenceamdbility in sweet potato
genotypes for resistance to sweet potato weevivdvyer, some of the materials
reported to be resistant succumb under high wempllation pressure. Emana
(1990) evaluated sweet potato varieties for rastgtdo the weevil from 1987-
1989 and found that 38% of the varieties to bestast and the remaining were
moderately resistant at Areka. At Awassa, howeSB#p of the varieties were
reported to be moderately resistant and the rest sugsceptible. The reason for
the variation in the level of resistance at the taaations was attributed to the
difference in population density of the pest. Fsetd Areka had been cultivated
for only three years with sweet potato when tha ttias conducted and the pest
has not yet established itself. At Awassa sweedtpads repeatedly cultivated for
more than a decade in the same field. Some of dhieties like Arba Minch |
and Il, which seemed to be resistant at Areka, veergceptible at Awassa.
However, the low level of infestation at Areka abuilot be enough to label a
variety was resistant or not. Tesfaye (2002) foahdf the varieties he tested
were damaged by the sweet potato weevil and thae o resistant variety.
However, the varieties differed in the degree ahdges and infestation levels
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they sustained. Varieties Koka 26 and Cemsa hatbtinest level of infestation

and adult weevil density in the field. On the othand, varieties TIB-1102 and
TIB-1-1102 had higher levels of tuber infestatioihss known that varieties with

deeper roots suffer less from the attack of swetdtp weevils. The study also
showed that Koka 26 and Cemsa had deeper roots thiearmther varieties

considered (Addis and Tesfaye, 1995b).

Chemical control

Emana and Adhanom (1990) evaluated seven insezsicid dipping, foliar
sprays and combination of both at Awassa and Adeking the 1987 and 1989
cropping seasons. Spraying began two months@éating and continued up to
the fourth month at fortnightly interval. Of thevea insecticides, cypermethrin
and pirimiphos-methyl gave best control of the dweetato weevil which
resulted in higher marketable yield (Table 13)ahother study, dipping of sweet
potato vines used for planting in diazinon 60% EnProved the yield of sweet
potato and reduced the level of weevil infestaibesfaye, 2002).

Table 13. Efficacy of insecticides in the contrbbweet potato weevil (Emana and
Adhanom, 1990).

Insecticide Areka Awassa
Infestation Marketable | Infestation Marketable
(%) yield (t/ha) | (%) yield (t/ha)
Carbaryl 29.94ab 7.9cd 46.3b 4.4a
Cypermethrin 23.94a 16.5a 36.6a 5.3a
Endosulfan 28.01lab 8.2d 44.48b 5.6.7a
Primiphos methyl 25.01a 13.4abc 32.46a 5.7a
Karate 33.01ab 8.4cd 50.67b 4.5ab
Deltamethrin 23.54ab 11.1bc 48.63b 4.4ab
Diazinon-dipping 28.56ab 6.8d 53.73b 4.7ab
Diazinon-dipping + | 31.28ab 9.0cd 48.06b 3.8ab
spray
Diazinon spray 31.61ab 6.6d 48.13b 3.6ab
Untreated check 41.13b 5.1d 53.14b 1.3ab

Means followed by the same letter(s) within a caluane not significantly different from
each other at 5% level of probability (DMRT).

Integrated management of sweet potato weevil

The integration of insecticides, early planting asarthling up three times
starting from one month after planting highly reddcthe percentage of
infestation by the sweet potato weevil and incrdas®t yield of sweet potato
(Messeleet al.,2005).
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Sweet potato butterfly (Acraea acerata)

Sweet potato butterfly has become the most impbmaect pest of sweet potato
in the southern parts of the country (Adhanom anthiia, 1987; Emana and
Adhanom, 1989; Emana and Amanuel, 1992; Ejigu, 19B&sfaye, 1995;

Azerefegne, 1999). It was first noted and repoited986 as an outbreak in
Gamo Goffa Awraja. Since then it has spread ovetewareas of southern
Ethiopia (Table 14). It poses a very serious thtedhe farmers whose daily diet
depends on sweet potato. Complete crop failureovg very common in many
areas of the region where sweet potato is intelysogtivated.

Table 14. Status of sweet potato butterfly in sémoalities of
southern Ethiopia (after Emana and Amanuel, 1992).

Survey Status of the pest in different seasons

locations | 1987 1990 1991
Damot Galle unknown major major
Sodo Zuria unknown major major
Areka unknown minor major
Badessa unknown minor major
Gasuba unknown unknown minor
Selamber minor major major
Sawla major major major
Chanodorga major minor absent
Zefine minor minor absent
Wajifo minor absent absent

Basic studies

Biology of the sweet potato butterfly

Azerefegne (1999) studied the biology of sweet footautterfly in southern

Ethiopia and found that the insect breeds throughioel year with about six

discrete generations a year. Females lay their eggsgle layered batches of
approximately 160 eggs on the underside of youngyedsas old sweet potato
plants. Most eggs were found on the middle leal@sgahe vine. Larvae passed
through five instars; the first three instars wéoeind to feed gregariously
whereas the last two instars dispersed and feethrdgl Larval development

was shorter in males than in females. Pupation pdaée on the foliage or on the
ground. Pupation under clods of soil and in cragas more frequent during the
dry periods. The pupal stage lasted about seves alay adults emerged during
the daytime, while mating occurred during afterreofhe adults lived for a
short time with a maximum life span of nine days.the laboratory, total

development from egg to adult took 34 days. Howewethe field both egg and
larval developments were of longer durations rasyltn a total development
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time of 40-50 days from egg to adult. Moreovervéhrdevelopment was
extended by 10 days during the rainy period contpavih the dry periods.
Adult butterflies are aposomatically coloured wittange and black. There is a
less bright colour form which was frequent at atids of the year. Both male
and female butterflies were found to feed on flevef many plants such as
Bidens pilosa, Croton macrostachys, Tagetes min@aizota scabraand
Solanum tuberosum

Host plants of sweet potato butterfly

The association between the sweet potato buttenitysweet potato is relatively
new because sweet potato originated from or neath-western America
(Austin, 1988). The plant was introduced to Afrishout 500 years ago by
European explorers (Yen, 1982). But the butterflyindigenous to Ethiopia
where it feeds on native plants. Larvae have besported to feed on.
tenuirostris Choisy., I. lilacina Blume I. kentrocarpa A. Rich., I. wighiti
Choisy., andLepistimone owariensélall., all in the family Convolvulaceae
(Lefévre, 1948; Matanmi and HasgsE987; Smitet al, 1997; Subukino, 1997).
Claims that larval food plants include Poaceae,u@ibitaceae and Solanaceae
(Larsen, 1991) are suspect because larvae have bese observed feeding on
any other species thdpomoeaeven at times of high population density and
food limitation in Ethiopia (Azerefegne, 1999). kkae of the sweet potato
butterfly develop not only on sweet potato but atspvarious wildlpomoea
species in Ethiopia. Larvae fed and developed sstgky on two indigenous
species,l. cairica and I. tenuirostris whereas larvae refused to feed on the
abundant indigenous hochstetteri Introduced species, indica andl. purpurea
were unsuitable for development; larvae refuseteénl on the former species
and had extremely low survival rates on the lattee.|. batataswas a better
host plant than both cairica andl. tenuirostris larvae survived well and pupae
were larger and females contained high number ¢fir@aggs resulting in more
fecund female butterflies. However, there was nifedince between larvae
developed onl. cairica andl. tenuirostris Nevertheless, in southern Ethiopia,
wild populations of the insect were not found bncairica but only onl.
tenuirostrisandl. obscura a plant on which larval performance was not teste
(Azerefegne, 1999).

Natural enemies of sweet potato butterfly

The larva of the sweet potato butterfly is attackgdhree parasitoid species viz

Glyptapanteles acraeae (Wilkinson) (Braconidae), Charops species

(Ichneumonidae), andCarcelia sp. (Tachinidae), and the pathogenic fungus

Beauveria bassiangBalsamo) Vuillemin (Moniliaceae), whereas pupae a

parasitized byBrachymeriaalbicrus (Klug) (Chalcidoidea) (Azerefegne, 1999).

Charopssp. was also reported from earlier studies (Emadafalhanom, 1989;
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IAR, 1988; 1989). The enemies generally seem tmfbbttle importance in
reducing high density host populations (Azerefed?@)0). At low population
levels, however, enemy effects sometimes incrgasssibly causing longer and
deeper population valley&lyptapanteles acraeagttacks the young host larva.
The host is usually killed (87.8%) in the fourthstiaw. Charopssp. attacked
during the second larval instar of the pest andrgetesomewhat later thaa.
acraeae mainly (82.9%) from the fifth instar host larv&&arceliasp. was found
to attack older larvae than the two previously noerdd parasitoids. Some
Carceliasp emerged from the last instar host larvae, butntlagority (67.7%)
emerged from host pupaBrachymeria albicrusappeared to oviposite only in
the pupa of the butterfly as it was never retriefrech rearing of field collected
larvae. It also emerged from host pupae. Populatensities ofc. acraeaeand
Charopssp. were low during the entire study period. Mittiess caused byG.
acraeaenever exceeded 6% of young larvae, &idropsinflicted mortalities
not more than 12% of old larvae (Azerefegne, 198®)talities inflicted on the
host population increased briefly when host popatatiensity was very low. No
direct density dependent effects could be foundHese two parasitoid species.
G. acraeaezven showed a weak inverse density dependent.effec

Butterfly larvae infected by the pathogenic fun@eauveria bassianasually
died during the last two instars. The incidenc®obassiananfections was low
during most of the time. No density dependent ¢ffext Beauveriacould be
discerned. The combined mortalities®facraeage Charopssp. andB. bassiana
did not show a significant density dependent responhen regressed against
log density of young larvae (Azerefegne, 2000).alrsample of 838 pupae
collected over several days during a peak hostlptipo period of a generation,
4.1% were killed by emerging. albicrusand 6.7% byCarceliasp. (Azerefegne,
1999).

Generation and population fluctuation

The A. acerata population developed with discrete and easily atised
generations, so called generation cycles (Azerefed®99). A total of 21
butterfly generations were observed during threg amalf years (October 18,
1994 - April 23, 1998), which means about six gatiens per year (Fig. 14).
There were large variations in population denséi@en generations and years.
Generation peaks were relatively high from late 4.9@til August 1996 after
which density decreased drastically and remaineddo about one year.

Looking at generation totals (Fig. 15) the rangepapulation fluctuations were
over four orders of magnitude. The net reproductate usually varied within
the range of 0.1-10 (Fig. 16). The population cleamgs thus gradual and there
were long periods (up to five generations) of gittentinuous growth or decline.
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Fig. 14. Population fluctuation éfcraea aceratat 15 day interval from December 1994
to April 1998 (Azerefegne, 1999).
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Fig. 16. The net reproductive rateAdraea aceratdAzerefegne, 2000).

Extent of infestation and yield loss

Two peaks of larval density were observed duriregfibe to six month cropping
cycle representing two successive insect genesatidaerefegne, 1999). The
insect population density varied between the tgreaving seasons studied. High
densities were observed during the 1995/96 (Fig) &nd 1997/98 (Fig. 17c, d)
cropping seasons, with 7-10 and 6-12 larval teetssguare meter, respectively,
in the first generation. The 1996/97 season hadldhest number of larvae
when compared with the other seasons (< 0.1 ldevd$/n? at any time) (Fig.
17b).

During the 1995/96 season larvae feeding causedidemable leaf damage as
well as reduction in ground cover (Fig. 17a). Thféecence in the ground cover
between the protected and unprotected plots reaacmeaximum of 28%. While

the protected plots reached 100% ground coverhgeayrprotected plots did not
surpass 90%. About 80% of the leaves on the ungeutelots showed signs of
sweet potato butterfly larvae feeding damage.

In the 1996/97 cropping season, there were veryléevwae (Fig. 17b) and no
differences in ground cover were observed betwhersprayed and unsprayed
plots. Unlike the other two periods studied, th@@/97 cropping season was not
favourable for growth of sweet potato because @ra@onged dry period. In
consequence, complete coverage of the ground was attained at any time
during the growing period.
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In the 1997/98 season, reduction of the ground rcovees observed on the
unprotected plots compared with protected ones.iFg d). The reduction
ranged from 14 to 53% at the different farms. Thepprtion of leaves infested
ranged from 79-90%.

There was a considerable variation between seaswh$ocations in crop yield

(Table 15). Yield ranges of 5-28 t/ha for five-mortarvests and 8-35 t/ha for
six month harvests were recorded from the diffefanns. In the 1995/96 and
1997/98 cropping seasons, the protected plots pestisignificantly more

tuberous roots (Table 15). This significant diffeze was observed for both five
and six month harvests. In the 1996/97, there wasfestation by the insect and
thus there was no difference between the sprayeddiasprayed plots. The yield
was lower than in the other years of the studytdwrought.

Root yield loss of both early and late harvests stasngly correlated with the
density of larvae during the first generation (Fi§a), explaining about 76 and
66% of the yield reduction in early and late hatyegespectively. The yield loss
was not significantly correlated with total larvdensity of both generations
(Fig. 18b).

The estimated cost of spraying a hectare of lancktduring the growing period
(316 Eth. birr) showed that there should be a difiee of 1.05 t/ha to make
insecticide treatments economically profitable. Tnee of sweet potato at the
nearest market was very low (30 birr/100 kg). Néwaess, the use of
insecticides was economically justifiable in alkea of high insect density. The
profits ranged from 1119-2669 birr for early hatgesnd 1684-3126 birr for late
harvests. The profit was higher for late harveEgble 15).
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Fig. 18. Relationship between larval densityAofaea acerataluring a) first generation
and b) first and second generation, and tuberaatsyield loss (Azerefegne,
1999).

Control of sweet potato butterfly

According to Ashebir (2006), more than 75% of tideiviewed farmers in
Wolaita did not use any control measure againsstieet potato butterfly, and
less than 28% of the farmers applied control metlsaath as manure, wood ash,
irrigation, mulching and a synthetic insecticidea{athion).
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Table 15. Yield loss of sweet potato in farmeredds caused bi. acerata(after Azerefegne,

1999).
5 months 6 months
Season| Location| Treatment Tuberous | Losg Profit | Tuberous | Losg Profit
root yield | (%) | (birr) yield (%) | (birr)
(t/ha) (Vha)
1995-96| Abotaulto| unsprayed16.86a 41.4| 2669 | 21.97a 38.6| 3126
sprayed 28.78b 35.74b
1996-97| Abotaulto| unsprayed 7.6l1a - - 9.03a - -
sprayed 7.35a 8.85a
1997-98| Abotaultoql unsprayed| 5.21a 53.2| 1161 8.28a 51.5| 1885
sprayed 11.12b 17.09b
Buge unsprayed 12.44a 31.6| 1119 | 17.60a 27.5| 1684
sprayed 18.18b 24.26b

In comparison between sprayed and unsprayed tretgraé each site means followed by same
letter are not significantly different from eaclhet.

Host plant resistance

Tesfaye (1995) tested six sweet potato cultivans résistance in terms of
preference of adults for oviposition, landing ansiting as well as the level of
larval infestation. However, no variation was olsér among the varieties
evaluated.

Use of botanicals

Mesele et al. (2004) evaluated leaf and seed dgtrac Tephrosia vogelli
Datura stramonium Mellia azadirachta Chenopodium albunmand Milleitia
ferrugeniag and leaf ofCalusia abyssinicand seed ofzadirchta indicaor their
insecticidal activity against the sweet potato éxity larvae, and found that the
botanicals showed differential insecticidal activitvith respect to larval
mortality and damage to sweet potdib.ferrugenia, T. vogellandA. indicaout
performed in killing sweet potato butterfly larvaed influenced larval leaf
feeding compared to the other botanicals considé¢fadle 16). Farmers in
Wolaita area try different botanicals to contrat tbweet potato butterfly. There
are reports that they make water suspension ofhedudruits of Solanum
incanum(Embuaye) and sisal leaves and sprinkle over rifessted plants with
water. However, detailed studies on the level afitad are lacking (Ejigu,
1995).

In another study, the efficacy d¥lilletia ferrugenia seed powder aqueous
suspensions was evaluated against the sweet pgoiéterfly larvae under the
laboratory and field conditions (Azerefegne, 20(Bipping tests conducted in
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the laboratory showed thist. ferrugeniacan cause high level of mortality on the
fourth and fifth instar larvae. Sprays of 5 and 10BM. ferrugeniaon thelarvae
under filed conditions caused more than 90% maytalnd there were very few
survivors Survival of the larvae was higher at Sodo zuria nehmost of the
larvae had entered the fifth instar. The resulticaikd that sprays should be
timed at earlier instars of the insect.

Chemical control

Tesfaye (1995) reported that cypermethrin, carbadgltamethrin, diazinon,

endosulfan, lamdacyhalothrin and malathion gavésfasatory control when

applied at the manufacturers’ rates. Addis andalyes{1995) also reported that
pirimiphos-methyl, diazinon, carbaryl, deltamethrend endosulfan were
effective against the sweet potato butterfly.

Table 16. Effects of botanicals on percentage nigralf sweet potato butterfly larvae and
percentage leaf damage of sweet potato (after iesal, 2004).

Part Days after treatment application (DAT) Damaged
used 1 5 10 15 leaves (%)

Tephrosia vogellii seed | 60bc(7.54) 26.7ab(4.483.67b(1.98)| 0a(0.71) | 4.6 c (1.58

Treatments

T. vogelli leaf | 33.3cd(4.95)46.7a(6.84) 13.3b(2.59 6.7a(1.98| 1.5¢(1.32)
Datura seed | 6.7 de(1.98)6.7bc(1.98)| 0b(0.71) 0a(0.71 17.2b(4.21)
stramoniur

D. stramonium | leaf 13.3 e(3.72) 0c(0.71) 0b(0.71) 6.7a(1.981.3.2b(3.82)
Calusia leaf | 13.3de(3.72)6.7bc(1.98)| 0b(0.71) 0a(0.71 13.4b(3.71)
abysinici

Azadrichta seed | 6.7 de(1.9826.7ab(5.21) 40a(6.22) 0a(0.71)| 4.2c(2.16
indica

Mellia azadirach | leaf | 0e(0.71) 20 bc(4.53) 6.7b(1.98) 0a(0.71) 1R&H]1)

Chenopodium leaf | 6.7 de(1.98)6.7bc(1.98)| 6.7b(1.98)] 0a(0.71 16.8b(4.16)
album

Milletia seed | 80ab(8.97) 20bc(4.53) O0b(0.71) 0a(0.71) 2.22f
ferrugenie

M. ferrugenia leaf | 66.7b(8.12) 6.7bc(1.98)] 0b(0.71) 0a(0.71 1.9c(1.4%)
Endosulfan E.C - 100a(10.02pc(0.71) 0b(0.71) 0a(0.71 1.2¢(1.18)
Untreated - 0e(0.71) 0c(0.71) 0b(0.71) 0a(0.71) .62(%.20)

Means followed by the same letter (s) within a awhuare not significantly different at (P<0.05)
Figures within brackets are square root transforuaddes.
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Table 17. Efficacy of insecticides in the contrbbweet potato butterfly.

Insecticide treatments Rate Infestation | Yield

(ga.i/ha) | (%) (t/ha)
Endosulfan 35% EC 700 29.68a 19.5
Deltamethrin 2.5% E.C. 12.5 30.80ab 14.6
Primiphos-methyl 50% E.C 500 32.60ab 13.7
Diazinon 60% E.C 1 (litre) 37.00abc 12.9
Carbaryl 25%WP 1500 35.00ab 12.5
Lambda cyhalothrin 5% E.C 12.5 37.00abg 11.3
Untreated check - 44.40c 9.9
CV% 15.39

Source: Tesfaye, 1995

Means followed by the same letter(s) within a caluane not significantly
different from each other at 5% (DMRT).

Insect pests attacking yam and cassava

There are a few records of insect pests on yaml€TaB). Scale insects are
reported to cause heavy damage on cassava in Aaneap southern Ethiopia.
However, not much work has been done to date.

Table 18. Insect pests of yam recorded in Ethi¢gifter Tsedeke, 1988).

Scientific name Common name Status
Homoptera

Cicadellidae

Empoasca barbistylRaoli Yam leaf hopper unknown
Poecilocarda nigrinervisStal black stripped jassid unknown
Margarodidae

Icerya purchasMaskell Cottony cushion scale unknown
Coleoptera

Chrysomelidae

Lilioceris livids (Dalman) Yam beetle unknown

Conclusion and recommendations

On potato PTM is the most important insect pesthe field and storage.
Application of pyrethrum flower powder on storethéws reduced the damage by
PTM. The synthetic insecticide diazinon 60% EC d@ffely controlled the pest
in the field.

Enset root mealybug can be controlled by use &f érset plants. It is important
to teach farmers that the chief means of distrdvutis through planting
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materials. They should be advised to avoid seesliiogning from infested areas.
Some farmers plant seedlings from highlands wh#essiation is expected to be
low. Addition of farmyard manure supports ensetinfdato grow and develop
better and withstand damage by the enset root fmeg/yout will not completely
eradicate it. Studies are going on on the use ofwaber treatment to produce
mealybug free planting materiald. ferrugineaseed-water suspensions is toxic
to enset root mealybugs and caused about 66% mpritalpot experiments.
However, one application dffilletia cannot satisfactorily control the insect.
Two applications oM. ferrugineaimproved its efficacy and raised the level of
mealybug mortality to about 79%. Combinations opping young enset
seedlings and repeatedly drenching of the root nbmefested enset plants with
the Milletia seed water suspension may be used as part ofdPMd enset root
mealybug. The synthetic insecticideslarpyrifos and diazinon are effective
against enset root mealybugs when the root zonefested enset is drenched
with the suspensions of the insecticides.

In southern Ethiopia, sweet potato is grown yeamdoand plots of different
ages are always found in a farm. Sweet potato fdetenging to the same
farmers or neighbours are located immediately n@xthe older plots or within

10 m distance, which create conducive conditiomgte continuous infestation
by the sweet potato weevil. Therefore, neighbounnigsted sweet potato fields
and leftover infested sweet potato tubers are tlst nmportant sources of
infestation for newly planted sweet potato plotstie region. Good field

sanitation and planting away from weevil-infesteglds are the two practices
expected to have noticeable effect on weevil mamage. Farmers of the region
are not familiar with the life cycle and dispere&the sweet potato weevil. They
do not usually establish the link between the neolaitiult weevil and larva.
Therefore, acquainting farmers to the sweet potagevil life cycle will help in

the extension of cultural control methods. The ywarer effect of the weevil

from an infested crop to a new field can be redulbgdcareful selection of
planting materials by taking the tip of the vine.in¥ tip planting is

recommended because it produces high yield, am likely to be free from

prior infestation by the pest. Sweet potato plapan different times of the year
encountered varying levels of infestations by treewvil. Therefore, planting at
the appropriate time minimizes infestation. Gengrébr sweet potato plantings
of June to September, the main rainy season, @éahting is advised. Those
planted late need to be protected with insecticiddsere are no resistant
varieties for the sweet potato weevil. Howeverjataas differed in the degree of
damage and infestation by the pest. For exampheties Koka 26 and Cemsa
which are characterised by deeper roots had thedblgvel of infestations and
adult weevil density in the field. Among the insectes, cypermethrin,

pirimiphos-methyl, and diazinon were found to b&eeive against the weevil.
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To get better result farmers should integrate plgnkess susceptible varieties,
use of vines free from infestation by dipping vimesnsecticides or using the tip
part only, early planting, earthling up three tins¢arting from one month after
planting, and insecticide spraying if the area epees high level of

infestations.

Among the botanicals testel. ferrugenia, T. vogellandA. indicawere found
to be effective and can be used for the managnfehecsweet potato butterfly.
On the other hand, the insecticides cypermethrimbaryl, deltamethrin,
diazinon, endosulfan, lambdacyhalothrin, malattaod pirimiphos-methyl gave
satisfactory control when applied at the manufaegirates. These insecticides
can be used during outbreak periods.

Gaps and challenges

The studies of root and tuber crop pests focusedeoy important few insects.
Most of the studies did not continue for longeralians and similar types of
non-detailed studies prevailed in most of the cadesng term studies
encompassing different generations and seasornackiag. The status of pests
of these crops is not known except for those whsalise significant crop
damage. Research on combination of control metheids the attempt to
develop IPM is very few. In addition, economic fiedgy of the control
methods recommended is not well worked out andrtfestation levels, which
warrant the use of control measures, are not gieming the period between
1992 and 2003, research activities carried out otatp entomology were
limited; comprehensive surveys of insect pests otatp were not conducted.
For example, studies on species composition ofdsphttacking potato, their
distribution and transmission of virus diseases starce. From the limited
number of studies conducted on potato it can beladed that there was no new
record of insect pests on potato. There are vemyrBcommendations for the
management of PTM.

The sweet potato weevil is relatively better stddénong the tuber and root
crop pests and effort has been made to developgearent practices including
use of appropriate varieties, insecticides, botdsjcand cultural practices.
However, the studies on planting dates and ingdetievaluations are very
repetitive. The study on the effect of planting iperof sweet potato on the
damage by the sweet potato weevil does not covehalplanting periods of
sweet potato. Most of the studies compared plardaitgs conducted from July
to October, However, farmers in southern Ethiopgmipsweet potato throughout
the year if soil moisture is not limiting.

Sweet potato butterfly has been one of the pesishwgot research attention.
The studies have shown that it can be controlleddmge selected botanicals and

40



Research on Root and Tuber Crops Entomology

insecticides. The temporal distribution of the ctsis one of the areas which
need investigation. Evaluations of insecticides hotinicals were conducted at
high population density of the insect. The botasicacommended are based on
laboratory and small-scale field studies. The itsel®e recommendations

usually did not indicate the volume of spray andneenic analyses are not
included.

Studies on the enset root mealybug have just dtafige effects of the pest on
the growth and development of enset, the reactiothe various cultivars of
enset to the mealybug; the natural enemies andalieenate hosts of the
mealybug are not known.

Prospects

The insects listed as pests of root and tuber ceipmild be verified and
additional data gathered on their distribution axdent of damage. Besides
PTM, the red ants have become a consistent menateicool highlands of
central Ethiopia calling for research attentioneTbcus of potato entomology
should be in developing integrated managementesgfieg to control PTM, the
red ant and aphid species vectoring viruses. PT8dareh should look into the
evaluation of new management techniques being usether countries to give
multiple options to users.

Work on sweet potato weevil need to concentratewtural practices such as
avoidance of adjacent planting of successive swesatoes, selection of
appropriate barrier crops and appropriate plantiates and practicing field
sanitation. Moreover, mulching should be investgdatio determine the amount,
time and type of mulch materials in relation to wieeontrol and sweet potato
yields. In addition, creating awareness among fesno@ the life cycle of the
insect and its dispersal is very important.

Techniques of protecting enset planting materigsfenset root mealybugs in
nurseries and regulating the distribution and emgbaof planting materials
should be devised. The enset root mealybugs aendsti by ants. The
association between the ants and the mealybugsthaneble played by ants on
the population dynamics of the mealybugs need tonbestigated. Emphasis
should also be given to those affordable manageneehiniques like cultural
methods and use of botanicals.
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Introduction

Different types of leafy, root, bulb and fruit végeles are grown in different
agro-climatic regions of the country under rain-faad irrigated conditions.
The most important ones include tomato, onion, pepper and cabbage.
Others such as cucurbit, eggplant, okra, lettucegrg beans, etc. are also
important. These crops are important componenthendiet of the Ethiopian
people. They are also sources of employment andmacto small-scale
farmers. The production of vegetable crops is edjpanwith the expansion of
irrigation scheme. Table 1 shows production siaisbf vegetable crops

cultivated in Ethiopia.

Table 1. Area coverage and production of vegetzioles in Ethiopia (MOA, 2002).

Vegetable crops Areain ha Percent of | Production | Percent of
total area | (t) total yield
Lettuce 235 0.18 - -
Head cabbage* 2120 1.6 1520 1.7
Ethiopian. Cabbages** 27143 21.0 26240 29.4
Tomatoes 2919 2.2 3610 4.04
Green pepper 4783 3.7 4420 4.9
Red pepper 56991 44.0 7240 8.1
Swiss Chard 142 0.1 60 0.06
Beetroot 1486 11 1640 1.83
Carrot 1741 13 1780 1.99
Onion 17980 13.9 22960 25.7
Garlic 13657 10.5 19670 22.0
Total 129197 99.58 89200 99.40

*B. oleracea var capitata, **B. oleracea var acephala arl carinata

There are many complex production and technicalstcaints that limit the

expansion of the sector in the country.

Insecttspe@se among the major
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constraints. Huge amount of losses in differentet@ple crops have been
recorded by different workers. These include losge36-91% due to DBM in
cabbage (Ayalew and Abate, 1994; Ayalew, 2006)52% in onion due to
thrips (Abate 1983 and Merne, 2005), 30% in tondie to PTM and ABW
(Negasi, 1988) and 11-27% due to ABW in hot pepf&bate, 1986).
Entomological research on vegetable crops in Eithibptween 1979 and 1984
has been reviewed by Abate (1986). This paper squegress made since then.

Research findings

Insect pests recorded

Abate (1988a) documented insect pests of vegetabfes cultivated in Ethiopia.
Although a large number of insect pests are recootieeach crop, only a few of
them are reported to be economically important.imbect species and their status
on the commonly grown vegetable crops are presemt&ppendice 1, 2, 3 and 4.

Predators and parasitoids

Abate (1991) listed natural enemies of insect patitgeking various groups of
crops including horticultural crops, cereals, legsnand stimulants. Specific
surveys targeted to determine natural enemy compéae reported only for a
limited number of insect pests of few crops. Dughie, the list does not have
much information on natural enemies of major peftgegetable crops. The
available information with regard to this is on gsitoids of the whitefly
(Bemisia tabaci) attacking tomato, the cabbage aptBdevicoryne brassicae
attacking cabbage and predators of thriplsrips tabaci) attacking onion as
shown in Table 2.

Table 2. Parasitoids/predators associated witlctrsests of vegetable crops in Ethiopia.

Par asitoid/predator Pests attacked Crop Reference
Oomyzus sokolowskii Plutella xylostella cabbage 16
Diadegma sp. P. xylostella cabbage | 16
Apanteles sp. P. xylostella cabbage | 16
Brachchymeria sp. P. xylostella cabbage | 16
Mesopolobus sp. P. xylostella cabbage | 16
Pediobius sp. P. xylostella cabbage | 16
Itoplectis sp. P. xylostella cabbage | 16
Meloboris sp. P.xylostella cabbage | 16
Aphidius sp. Brevicoryne brassicae | cabbage | 4
Diaeretiella rapae B. brassicae cabbage | 4
Pachyneuron sp. B. brassicae cabbage | 4
Encarsia formosa Bemisia tabaci tomato 4
Eretmocerus mundus B. tabaci tomato 4
Telonomus spp. Helicoverpa armigera | tomato 37
Trichogrammatoidea sp. nr lutea H. armigera tomato 37
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Table 2. Cont'd.

Par asitoid/predator Pests attacked Crop Reference
Trichogrammatoidea sp. nr armigera | H. armigera tomato 37
Trichogramma sp. nr. mwanzia H. armigera tomato 37
Trichogramma sp. nr. bournieri H. armigera tomato 37

Adonia variegata Thrips tabaci onion 4,24

Orius sp. T. tabaci onion 4,24
Chrysopa spp. T. tabaci onion 4,24

Baccha spp. T. tabaci onion 4,24

Ayalew and Ogol (2006) have given an account ordihersity of the species
of parasitoids associated with the diamondback ranthNegri (2004) on the
diversity of egg parasitoids associated with Afinidellworm.

Basic studies

Studies on insect biology

Diamondback moth (Plutella xylostella)

The biology of the diamondback moth (DBM) was stddior two generations on
four cultivated brassica and one wild crucifer ne taboratory at the Melkassa
Research Center in 2002. In the first generatibe, fecundity was 140-294
eggs/female, the durations for egg hatching, lapapal, and adult longevity
ranged from 2.8-3.5, 7.8-9.6, 5.2-5.6, 10.8-12 y¥sdeespectively. In the second
generation, the fecundity was 63-320 eggs/femalé,the durations were 2.6-4,
9.2-10.7, 5.7-6.8, 10.4-11.4 days for egg hatchiagyal, pupal, and adult
longevity, respectively. The life table statistsisowed that the head cabbage,
Brassica oleracea var. capitata L., was the most suitable host for the pest with
the shortest development period and the highesbdeptive potential. Both
development period and life table statistics showed the weedErucastrum
arabicum Fisch and Mey was more suitable than some of titevated species
(Ayalew et al., 2006a). The biology of DBM was alstudied at the Plant
Protection Research Center (PPRC) at Ambo in 13939 two different
temperatures, 196 and 23C. It was reported that the generation time (egg to
adult) was 26.9 days at 18®and 18.2 days at 2@ (PPRC, 1995).

Potato tuber moth (Phthorimaea operculella)

Mulatu (2003) studied the biology of the potatoeulmoth (PTM) on three
different tomato types namely cherry, processing fsesh market type at two
growth stages (pre-blossom and blossom), and axt@@he primary host for
PTM). Significant interactions were found betwele trop cultivars and the
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two plant phenologies on development time of PTMe Total development
period for the larvae at the pre-blossom stage sigsificantly shorter (18.4
days) on potato, longer (21.5 days) on the proogssipe and intermediate
(20.7 days) on the fresh market and the cherry4(2lays) types. At the
blossom stage, the larval development time wasfgigntly longer (21.0 days)
on the cherry and on the fresh market types (2&2y&)dand shorter (16.5 days)
on potato. The development time for the pupae dit differ significantly
among the tomato cultivars and potato at the pmedoim stage, but was
significantly longer (10.9 days) on potato at thesbom stage. Larva-to-adult
development at the pre-blossom stage was significahorter (29.5 days) on
potato than that of the tomatoes (30.7-32.0 dass)he blossom stage, it was
longer (28.9 days) on the cherry tomato and sh@&é® days) on the potato
and on the processing tomato type (27.3 days).

Studies on population dynamics

Diamondback moth on cabbage

Changes in the population of DBM and the level afgsitism on head cabbage
was monitored for two seasons in two different aggological zones
representing the highland and lowland brassica ymod areas of central
Ethiopia in 2001 and 2002. It was found that twdhiee generations occur in
the highland and three to five generations in tweldnd areas (Ayalew et al.,
2006b). Rainfall and maximum temperature showedifsignt influences on
the DBM population and the activity of parasitoidghe highland (Fig. 1). An
earlier study at Ambo on the seasonal occurrentedesm 1993 and 1994
showed that the peak DBM population (45/plant) wmeSctober (PPRC, 1995).
The population increase was reported to be positicerrelated with the
maximum temperature and negatively correlated \lid rainfall, although
both of the relationships were not statisticalbyngiicant.

Onion thrips ( Thrips tabaci) on onion

Previous studies (Abate, 1986) showed that thripebers were highest in the
hotter parts of the year (February through Apabhd lowest in the rainy seasons
(June through August). Merene (2005) studied theuladion fluctuation of the
onion thrips in 2004 in the northeastern part efAmhara region, and reported a
similar result. The population density of thripssMaw during the rainy and
cooler months of August to November and high dutirgmonths of February to
April.
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Fruitworms on tomato

Seasonal variations in the population density aftirorms, PTM and ABW
(African bollworm,Helicoverpa armigera) were studied at the Melkassa Research
Center of EIAR between 1992 and 1994. The proportibfruits damaged by
PTM was higher than that of ABW in all of the plagt dates. The number of
PTM damaged fruits ranged from 66.7-99%, while tla@ABW was 1-33.3%.
Similarly, the weight of damage fruits ranged fr657-99.4% for PTM and from
0.6-34.3% for ABW (Ayalew and Desalegne, 2004). dsmnage by ABW
increased on tomato planted between February anbwipch was ripened in the
rainy season, indicating the importance of ABWaim+fed tomato production.

In the periods until 1980s, ABW was the major paflstomato fruits both in
irrigated and rain-fed conditions. The reason lierghift to PTM in recent years is
not clear (Abate and Ayalew, 1994; 1997). Fromistidonducted between 2000
and 2003 at the Melkassa Agricultural ResearcheCdénivas found that low level
of a-tomatine contents in some tomato types espediadlyfresh market group
and the provision of enemy free space by the tomplaiats were responsible for
the shift in importance from ABW to PTM (Mulatu at, 2004; 2006a, b). In
addition, the practice of growing tomato withoutkitg and lack of crop
diversification are also considered important caltdactors contributing to the
importance of PTM in tomato production (Mulatu dratlesse, 2004).

Loss assessment

Yield losses caused by some of the major inseds mascommonly cultivated
vegetables are shown in Table 4. Theses loss Sgueze generated from on-
station trails conducted under heavy infestatiésssuch, it may not reflect the
level of damage by a particular insect pest undemérs’ field in different
seasons of production.

Management methods

Onion thrips on onion

Cultural

Dejene (2006) assessed the effect of mulching oipsthinfestation at the

Melkassa Research Center in 2004/05, and foundrthithing onion plots with

a white plastic sheet significantly (P<0.05) sugpesl thrips population and
consequently improved fruit yield compared to muighwith a black plastic

sheet, tef straw and sawdust.
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Varietal

Thirty six onion germplasm introduced by the VebitdResearch Program at the
Melkassa Research Center were evaluated for theiceptibility to thrips
infestation in 2002 and 2003. The number of thripplants ranged from 13-45,
15-61, 1-7 at seedling, vegetative and maturitgestarespectively. Genotypes
AC66 and Z-516 had less number of thrips than thadard check, Adama
Red, at all growth stages.

Botanical

Ethanol extracts of neem seeds and pepper 8aengs molli), and leaves of
bersema Bersema abyssinica) were evaluated during the 1995-1996 seasons at
Melkassa for their efficacy against onion thripgsHits indicated that all of the
treatments gave significantly lower (P<0.05) ingampulation than the untreated
check, although the difference was not significdhtwas suggested that the
botanicals are more effective when applied at louwp$ population levels than at
the threshold established using synthetic inselesciAyalew, 2005). A similar
study conducted at the Debre Berhan Research Ger2603 and 2004 indicated
that extracts of neem leaf, Garlic, Ginger, mixsuné Ginger, Garlic, and Chilli as
well as Ginger, Garlic, Chilli and cow urine mix¢grcontrolled thrips infestation
and gave better yields than the synthetic pyrathketyhalothrin (karate) and the
untreated check (DBARC, 2005).

Insecticide control

Earlier studies conducted in the 1980s at Melkaksaved that cypermethrin was
effective against onion thrips (Abate, 1983). Theéour sprays of cypermethrin
at the rate of 50-75 g a.i. havhen the threshold of 5 thrips/ plant is exceadasl
recommended (Abate and Ayalew, 1994). However, as weported that the
efficacy of cypermethrin to control thrips was dadg. The efficacy of
cyhalothrin and phenom were evaluated together wybermethrin and the
abovementioned botanicals in 1995 and 1996 at Msikeand it was found that
cyhalothrin was better than all of the other treaita both in reducing thrips
infestation and onion yield losses (Ayalew, 20(3pwever, a decline in the
efficacy of cyhalothrin against thrips is being eb&d in many onion fields in
case if it is because of resistant developmentienpest to cyhalothrin. DBARC
(2005) reported that the performance of cyhalotiras lower than that of the
insecticide selecron and botanical treatments iexgeriment carried out in 2003
and 2004 at Shoarobit. Nimbecidine 0.03% was refdd be as effective as the
insecticides currently in use in 2003 and 2004stah Melkassa MARC, 2004).
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Biological control (entomopathogens)

The study conducted with entomopathogenic fulMgtarhizium anisopliae at

1 x 10 conidia mt*, Beauveria bassiana at 0.2 ml conidial suspension/ 100 ml
of water, andPaecilomyces fumosoroseus biobe T granules at 0.1 g /100 ml of
water in the greenhouse in 2004 revealed that hineetentomopathogens
significantly (P<0.01) reduced thrips populationd gmercentage of leaf area
damaged compared to the untreated check (Mendesil 2006).

Management of tomato fruitworms

Research results on the management of PTM on toamatd\BW on hot pepper
have been reviewed by Ayalew and Dessalegne (200#se include varietal,
cultural, botanical and insecticidal control method

Varietal control

Eighty seven tomato germplasm introduced by Hdtticet Research Division at
Melkassa were evaluated for their resistance tiwioums between 1992 and
1995. Pusa Early Dwarf, Pusa Ruby, Seedathing and %ere reported to be
resistant, while the commercial variety Marglobesvgusceptible. Serio (now
called Melka salsa) was also high vyielder with retakle yield advantage of
nearly 132% over Marglobe (Abate and Ayalew 199¥aléw and Dessalegne
2004).

Insecticide control

The pyrethroids, cypermethrin and deltamethrin,em&ported to be effective
in reducing damage by the two fruitworms (MARC, @€98\egasi, 1988).
Experiments conducted in the 1990s to determinecthieal period of fruit-
worm infestation and to compare the insecticideth \Bacillus thuringiensis
var. kurstaki indicated that cypermethrin was meffective with treated plots
suffering less (19.0 + 2.2%) from fruit damage athber of worms/ 100 fruits
(2.6 £ 0.5) tharBt with a corresponding fruit damage of 28.6 + 1.3% 5.8 + 0.3
worms per 100 fruits. Early fruiting was reported lte the most important
developmental stage of tomato at which control mm@ashould be applied against
fruitworms to effectively reduce losses in qualégd quantity of the product
(Ayalew and Dessalegne, 2004).

Diamondback moth on cabbage

Pesticide control

The synthetic insecticidg-cyhalothrin (karate) an@t were evaluated against
DBM on cabbage at Melkassa for two seasons, Novethbeugh March 2001
and April through July 2002. Results indicated thath treatments reduced the
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population of DBM significantly (P<0.05) and incsea cabbage yield, the
synthetic insecticide yielded relatively more thte bio-pesticide treatment
(Ayalew, 2006). In the Central Rift Valley wherespieides are used continuously
karate failed to reduce DBM infestation and yieddses (Ayalew et al., 2004,
Ayalew and Ogol, 2006). This is probably becaus¢hefpresence of pesticide
resistant DBM population and the low rate of pdissi because of the toxic
effect of the pesticide on parasitoids.

Termites on pepper

Studies conducted on the management of ABW in d&80s were reported by
Abate (1986) and Ayalew and Dessalegne (2004).i&uwbnducted on termite
control during the last two decades are highliglee.

Insecticide control

Diazinon 60% EC at 2 I/lha and Chlorpyriphos (pyxind8% EC at 2.5 I/ha

applied as solil treatments at the vegetative anaefting stages of hot pepper
reduced termite damage and increased pod yield a@dpto the untreated
check. Applications of Chlorpyriphos at the vegetatstage and Diazinon

during transplanting were found to be effective @882, 2000).

Cultural control

Studies on the effects of mulching with maize stoa®e26 kg/17 M haricot
bean residues, grass and tef straw each at 15rk§dnpared with Diazinon
60% EC and an untreated check indicated that theensdover, haricot bean
residue and grass mulches were as effective asyttt@etic insecticide, and
gave higher yields and lower rates of termite daan(@ARC, 2004).

Botanical control

The effects of 12 different botanicals were com@aneth Diazinon and an
untreated check in the 2001 and 2003 seasons BatteeResearch Center, and
it was found thaMaesa lanceolata and A. indica leaves were more effective
than the other treatments (BARC, 2003).

Demonstration and promotion of IPM

A collaborative project was carried out between Hthiopian Institute of
Agricultural Research (EIAR) and the Internatio@ainter of Insect Physiology
and Ecology (ICIPE) between 1999 and 2001 to deveéRM options for
sustainable vegetable cultivation by small scalemgrs through: improving
farmers perception of pest problems, knowledge edt pdentification and
damage caused through group learning; building emess on the safe and
proper use of pesticides; and identification afadle options.
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The criteria applied for choosing IPM options irdddl adequacy of research
results, availability of inputs, and potential fadoption by farmers,
socioeconomic viability and experience gained elsae (Table 3).

Table 3. Results of diagnostic study on IPM opifor major insect pests of major vegetable

crops at Woniji, Ethiopia, 1998 (after Yesuf et 2006).

Crop Pest/disease Options | Criteria of evaluation Average
A B C D E
chemical 1 2 2 3 2 2*
Tomato Fruit worms varietal 2 2 2 1 NA| 1.75*
biological | 3 3 3 4 NA| 3.25
botanical 5 5 5 5 5 5
chemical 1 2 2 3 2 2*
varietal N/A 4 5 4 5 3.6
Onion Onion thrips | biological | 5 5 5 5 5 5
botanical 2 3 2 3 2 2.4*
chemical 4 2 2 3 2 2.6*
varietal 4 4 3 3 3 3.4
biological | 4 2 2 3 2 2.6
Cabbage | DBM botanical | 4 2 3 2 1 2.4*

CriteriaA = adequacy of research result, B = input avdilghiC = potential for impact, D =
socioeconomic viability, E = external experience.

Scores 1 = Excellent, 2 = Very good, 3 = Good, 4 = Satishry, 5 = Not satisfactory,
NA = Not applicable, * potential options recommedder on farm test.

Among the major target crops, tomato, cabbage amaoinp five insect pests
were included to evaluate different IPM optionseTihsect pests considered
were PTM and ABW on tomato, DBM and cabbage aphdcabbage and

onion thrips on onion. The major lessons learnethfthe project include:

* Farmers’ group could be motivated and activelyipipate if the project

is developed based on their needs;

* Farmers’ group members could identify major ingexsts of vegetable

crops they are growing;

* Farmers are aware of the range of the insectiaideps for insect pest

control and their rational use in vegetable pemtagement;

* Farmers are aware oft the existence of naturaraeliing factors such as
parasitoids and the care they need to take tchese &s a component of

IPM;

* Farmers are aware of the availability of non-chednaptions of pest

control
demonstrated on farm. These include:
o Availability of resistant varieties for the managam of
fruitworms on tomato
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0 Use of botanicals and biological products for DBMmagement
on cabbage
* The approach employed was found to be time andiresalemanding
as it required frequent visit to farmers’ group.
* Unavailability of registered pesticides in thedbmarket was observed
to be the major reason for use of banned or réstrigesticides by most
vegetable farmers

Conclusion and recommendations

A number of insect pests attack the different vaiglet crops in Ethiopia.
However, only a few are economically important. §éeclude onion thrips on
onion, DBM and cabbage aphid on cabbage, PTM anw/ Al tomato and
termites and ABW on hot pepper. Recently, spidetesn{Tetranychus spp.)
and white flies are becoming important in irrigatesinato production. The
main control option available is pesticide use.sT¢ontinuous use of the same
insecticides over an extended period appearedstdtrim the development of
resistance in some pests.

The following recommendations are available for thanagement of major
vegetable pests on commonly grown vegetable crops;

Use of water extract of neem seed powder at tleeofa0 g/l of water anBt at
0.5 kg/ha has proved effective against DBM on cgbb# newly established
brassica farms, application afcyhalothrin 5 EC (karate) at 16 g a.i./ha can
give effective control.

Fruitworms could be effectively controlled by thgeuof resistant varieties and
judicious use of insecticides i.e. application n$dcticides at critical growth
stages. For example, Serio (Melkassalsa) is a toraiety that is resistant to
fruitworms and is a high yielder. Application ofpgrmethrin at 75-100 g a.i
/ha once at early flowering and another one atydaulting can give effective
protection against both fruitworms. For intermeeligtpe tomatoes, staking can
minimize PTM damage.

The efficacy of cypermethrin (75 g ai/ha) and cghtialin (16 g ai/ha) against
onion thrips has declined in recent years in samoalities. In those situations,
effective control of onion thrips could be achievad using Ethiothioate and
Selecron. Some onion accessions such as AC-66 an816 have been found
to be less susceptible to thrips infestation. Seédseeem and pepper tree, and
leaf of bersemaBersema abyssinica) provided significant reduction in the
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population of onion thrips. Their use in thrips ttoh however, requires further
assessment of rate and frequency of application.

Termites on hot pepper can be controlled by Diazi66% EC at 2 | /ha and
Chlorpyriphos (pyrinex) 48% EC at 2.5 I/ha appl&sl soil treatments at the
vegetative and flowering stages. Mulching with neagtover, haricot bean
residues and grass also helps to minimize ternaiteadgje.

Gaps and challenges

As has been mentioned earlier a decline in efficatythe commonly used
insecticides is apparent and the population of sonagor pests resistant to
insecticides is on the increase. For example, thenothrips has developed
resistance to pyrethroid insecticides (cypermetlaid cyhalothrin) in recent
years. Currently, selecron (organophosphate) ienpeel by both state farms and
small scale growers. However, selecron is a brpadtaum insecticide that is not
compatible with IPM program.

The problem associated with the use of insectigideegetable production is
aggravated, among other things, by the lack obgderistudy on the occurrence of
insecticide resistance and resistance managenrategits. The only reported
study by Terefe and Jamornmarn (2005) is on ABW<ghawed insecticide types
used and areas in Ethiopia where the pest hasopeektesistance.

Knowledge on the ecology and natural enemy compidike major pest species
is a key in promoting biological control programnfortunately, no such
information is available except a few reports onegal surveys. There is some
fragmented information available from thesis work Praduate students.
However, no efforts were exerted to strengthenudifide such information in the
country. The experience in Kenya shows that clakbiological control of DBM
using a hymenopteran parasitoldigdegma semiclausum) made production of
brassica possible without the need for insecticidésn two to three years of the
release of the parasitoid.

Application of control methods using threshold legea key factor in integrated
pest management programs. Pesticide applicatioadbar threshold level is
practiced no where in Ethiopia both on stations@ndmall scale and state farms,
although the latter follows general observationirgéstation level as a pest
monitoring scheme in some cases. Although thame threshold level for pests of
economic importance on vegetable crops in Ethidptarips/ plant is regarded as
a threshold level for pesticide application (Abatel Ayalew, 1994; Abate, 1995).
These needs to be verified through appropriateystad similar studies should be
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conducted for other major vegetable pests. Devedopraf a sampling plan for
decision making in pest management program isaructhis regard (Ayalew et
al., 2006c).

The importance of a certain pest varies from lacato location because of
differences in environmental variables as well go@aomic practices (Ayalew
and Ogol, 2006). Hence, studies on the spatidbggmf the major insect pests
are necessary to delimit areas with high infestafmr consideration in both
monitoring and biological control programmes (Ayalet al., 2007).

On-farm demonstration of available pest managerteshinologies will improve
farmers’ perception of pest problems, their knogkdn insect pest recognition
and rational use of insecticides. The recent egpee of the EIAR and ICIPE on
IPM of vegetable crops in the Wonji area showednisig results (Yesuf et al.,
2006).

Surveys and monitoring of vegetable insect pestst tm&l conducted periodically
to detect changes in pest status with the aim ®kldping options for the
management of the key ones before a serious damaigdlicted in a wider
geographic area. For example, spider mitesr@nychus spp.) were not major
pests of tomato in the 1990s. Currently they probank first as pests of tomato
but there is no single recommendation for their agament. Therefore, studies
on miticides and other alternative options to dgwelPM of spider mites on
tomato are imperativéAlthough the occurrence of the tobacco whiteBgrtisia
tabaci) on tomato is well known (Abate, 1988a), theingigance is increasing in
recent years especially in the warmer seasonslotigey through May (Ayalew,
unpublished). The tobacco whitefly is also a veofahe tomato yellow leaf curl
virus (TYLCV). Hence, attention should be giventlie development of options
for their management.

The potential of botanicals in mitigating damage d&yveral pests is evident
from several reports. However, their implementatias part of pest
management strategies is limited. The only notalilempt made to implement
the use of botanicals is against the DBM and otioips in the Wonji area
(Yesuf et al., 2006).

Resistance sources for tomato fruitworms and othiaps should be identified
and used in developing varieties.

Minimizing pest infestation through modifying theop environment is an
important component of IPM. This did not receive@uiate research attention
to date.
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Prospects

Based on the challenges and gaps outlined, treioll) research areas in
vegetable entomology are suggested for future deregion.

e Surveys must be conducted periodically to deatecbccurrences and changes
in pest status with the aim of developing managé¢roptions before serious
damage is inflicted in a wider geographic area;

Periodic screening of reportedly safe, selecnd effective insecticides;
Monitoring the occurrences of insecticide tasise and developing resistance
management strategies and related problems;

Development of sampling plans and determinationthoéshold levels for
decision making in the IPM of vegetables cropsigartant
Surveys and ecological studies on natural ezgeofimajor pests of vegetable
crops need to be carried out with the aim of estaibly and promoting
biological control and IPM

Studies on other management options such as bakarontrol need to be
strengthened,;

e Continues screening of germplasm to identifystasce sources to the major
insect pests of different vegetable crops — inabaliation with international
organizations such as the Asian Vegetable Reseuatibavelopment Center
(AVRDC) is crucial;

e Cultural control measures available to date kshioe verified and incorporated
into IPM strategy for the different vegetable crops

e Strengthening on-farm demonstration of avadgd@st management options to
farmers would facilitate adoption of the optionsgogwers.
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Appendix1. Insect pests recorded on hot pepper in Ethiopia.

Scientific name Common name Status Refereng
Acarina

Eriophyidae

Aceria lycopersici Tomato erinose mite unknown 3
Tarsonemidae

Polyphagotarsonemus latus Yellow tea mite minor 3
Coleoptera

M eloidae

Epicauta albovittata Striped blister beetle minor 3
Epicauta tomentosa Striped blister beetle minor 3
M alachiidae

Hedybius sp. nr. aulicus Pepper beetle minor 3
Diptera

Tephritidae

Ceratitis capitata Mediterranean fruit fly minor 3
Ceratitisrosa Metal fruit fly minor 3
Heteteroptera

Pyrrhocoridae

Dysdercus spp Cotton strainers minor 3
Homoptera

Aphididae

Aphis gossypii Cotton aphid minor 3
Macrosi phum euphorbiae Pepper aphid Minor 3
Myzus persicae Peach aphid minor 3
Aleyrodidae

Bemisia tabaci Tobacco whitefly minor 3

I soptera

Termitidae

Macroterms spp. termites Major 3
Microtermes spp termites Major 3
L epidoptera

Noctuidae

Diachrysia orichalcea Golden plusia minor 3
Foodotera littoralis Cotton leaf worm minor 3
Heliothisarmigera African bollworm minor 3
Cryptophlebia leucotreta Cryptophlebia leucotreta minor 3
Gelechiidae

Phthorimaea operculella Potato tuber moth

Orthoptera

Pyrgomor phidae

Zonocer us variegatus Variegated grasshopper minor 3
Acrididae

Cyrtacanthacristatarica Brown-spotted grasshoppef  minor 3
Thysanoptera

Thripidae

Thrips tabaci Onion thrips minor 3

es
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Appendix 2. Insect pests recorded on cabbage iiofkth

Scientific name Common name Status Reference

Coleoptera

Chrysomelidae

Aphthona sp. Aphthona beetle Minor 3

Phyllotreta atra Cabbage flea beetle Major 11

Phyllotreta mashonana Cabbage flea beetle | Major 11

Phyllotreta weisei Cabbage flea beetle | Major 11

Curculionidae

Ceuthorhynchus sp Amaranthus weevil Minor 3

Lixus latro Cabbage weevil Minor 3

Tenebrionidae

Gonocephalum patruele Dusty radish beetle Minor 3

Lagriidae

Lagria villosa Metallic leaf beetle Minor 3

Collembolla

Entomobryidae

Entomobrya purpurascens Cabbage springtail Minor 3

Diptera

Agromyzidae

Liriomyza brassicae Cabbage leaf miner Medium 3

Phytomyza horticola Chrysanthemum leaf| Minor 3
miner

Heteroptera

Pentatomidae

Bagrada hilaris Bagrada bug Medium 3

Eurydema ornata Cabbage bug Minor 3

Homoptera

Aphididae

Brevicoryne brassicae Cabbage aphid Major 11

Lipaphis erysimi Mustard aphid Minor 3

Myzus persicae Peach aphid Minor 3

Hymenoptera

Tenthredinidae

Athalia schweinfurthi schweinfurthi | Cabbage sawfly Minor 3

Orthoptera

Gryllidae

Gryllus bimaculatus Two spotted cricket Minor 3

Lepidoptera

Noctuidae

Diachrysia orichalcea Golden plusia Minor 3

Soodoptera littoralis Cotton leaf worm Minor 3

Pyralidae

Hellula undalis Cabbage webworm Medium 3

Pieridae

Pieris brassicoides Cabbage white Medium

Y pononeutidae

Plutella xylostella Diamond back moth Major 11
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Appendix 2. Cont'd.

ce

Scientific name Common name Status Referen

Nymphalidae

Vanessa cardui Painted lady Minor 3

Thysanoptera

Thripidae

Thrips tabaci Onion thrips medium| 3

Appendix 3. Insect pests recorded on onion in Filio

Scientific name Common name Status Referen

Acarina

Tetranychidae

Tetranychus sp. Onion spider mite Minor 3

L epidoptera

Arctiidae

Utetheisa lotrix Speckled tiger moth Minor 3

Noctuidae

Diachrysia orichalcea Golden plusia Minor 3

Foodoptera exigua Lesser army worm Minor 3

Psocoptera

Lipocelidea

Liposcelis sp. Onion springtail Minor 3

Thysanoptera

Thripidae

Frankliniella occidentalis | Western flower thrips Unknown| 24

Thrips tabaci Onion thrips major 3
Appendix 4. Insect pests recorded on tomato indpihi

Scientific name Common name Status Ref.

Acarina

Eriophyidae

Aceria lycopersici Tomato erinose mite| Unknown 3

Aculops lycopersici Tomato russet mite Minor 3

Acarina

Tetranychidae

Tetranychus spp. Red spider mite Major G

Coleoptera

Lagriidae

Lagria villosa Metallic leaf beetle Minor

Diptera

Tephritidae

Dacus bivittatus cucumarius Cucurbit fly Minor 3

Dacus ciliatus Lesser melon fly Minor

Heteroptera

pentatomidae

Appendix 4. Cont'd.
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Scientific name Common name Status Ref.

Agonoscelis pubescens Cluster bug Minor 3

Heteroptera

Miridae

Nesidiocoris tenuis Tomato bug Minor 3

Lygaeidae

Soilostethus pandurus Red bug Minor 3

Homoptera

Aphididae

Aulacorthum solani Potato aphid Minor 3

Saltusaphis scirpus Alfalfa aphid Minor 3

Therioaphis trifolii formmaculata | Spotted alfalfa aphid| Minor 3

Aleyrodidae

Bemisia tabaci Tobacco white fly Major 3

Trialeurodes vaporariorum Greenhouse white flyy  Minor 3

Homoptera

Cicadellidae

Empoasca lybica Cotton jassid Minor 3

L epidoptera

Sphingidae

Acherontia atropos Death’s-head hawk | Minor 3
moth

Gelechiidae

Phthorimaea operculella Potato tuber moth Major 3

Noctuidae

Heliothis armigera African bollworm Major 12

pyralidae

Leucinodes orbonalis Egg plant fruit borer | Minor 3

Arctiidae

Syntomis alicia Tomato tiger moth Minor 3

Orthoptera

Tettigoniidae

Eugasteroides loricatus Spiny bush cricket Minor 3

Pyrgomor phidae

Phymateus pulcherimus Bush locust Minor 3

Phymateus viridipes Bush locust Minor 3

Thysanoptera

Thripidae

Thrips tabaci Onion thrips Minor 3

G = Gashawbeza Ayalew pers. observation.
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Introduction

Several species of fruit crops are grown in Ethaopicluding citrus, grape,
pineapple, banana, papaya, avocado, mango andregepeiits like peach and
apple. The various fruits are produced in differeapacities. There are large
commercial fruit farms owned mainly by the staté amcreasingly large sized
private farms are being developed in many areasduttion, small holders
produce varied types of fruits in their backyardsimty for home consumption
and supply the nearby local markets. The largast farms of Ethiopia are
found in the Rift Valley which includes the ShowaldR, Upper Awash Agro-
Industry Enterprise (UAAIE), and Metahara. Althoutijie expansion of fruit
crops is not at the same par with the flowers agktables, there are initiatives
in the distribution of good quality apple, citrusango, avocado, etc. varieties
all over the country. Most of the fruits produced Ethiopia are consumed
within the country while there is little export s@ighbouring countries.

Fruit crops in Ethiopia are attacked by numerowseah pests which has been
one of the challenges in the development of theoseBrevious works on fruit

crop entomology focused on documentation of arthdspattacking these crops
and prioritizing their importance (Abate, 1995). wyer, the statuses of the
listed pests are not known. Research on populatymamics and management
options had been carried out against armoured saalecitrus which was

considered important pest of citrus until 1985 (#hal986). In the recent

years, pests which previously were not considegeghaor have become more
important in various fruit crops. One of the reasor such shift of pest status
might be due to increased use of pesticides tisatrth the natural control. This
paper reviews research activities carried out oi érops in Ethiopia.
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Research findings

Insect pests recorded

Many arthropod species have been recorded as gkestgious fruit crops in
Ethiopia (Appendix 1). Tsedeke (1987) reported pBcges of insects to be
recorded on fruit crops of which only armoured ssalvere the key pests.
Citrus has the largest share of these pests imulictitat the other fruit crops are
less studied. Homopterous insects are by far thet mgoortant both in terms of
the number of species recorded and the economiagkaitiney cause on fruit
crops in the country. The most important insectges fruit crops include the
red scale Aonidiella aurantii), purple scaleGhrysomphalus aonidum), black
scale Parlatoria ziziphus) and orange scaleClirysomphalus dictyospermi),
fruit flies (Ceratitis capitata, C. fasciventris, Bactrocera invadens), false
codling moth Crytpophlebia leucotreata), citrus thrips $cirtothrips aurantii
Faure), citrus leaf minePhyllocnistis citrella Stainton), citrus woolly whitefly
(Aleurothrixus floccocus (Maskell)), and apple woolly aphidEriosoma
langigerum (Hausman)). The statuses of most of the pestgdedoon fruit
crops in the country are not known. Some of theemracords of occasional
encounters. Many insects were recorded from Erdiregh there is little follow
up if they have spread to the Ethiopian inland agained economic
importantance.

The red scaleA. aurantii) is one of the few insects pests of citrus better
studied. Red scale is widely distributed in Ethégmspecially in the citrus belt
along the upper and middle Awash and many citrosvong areas. The peak
breeding periods of red scale were observed foligwthe rainy season in
September/ October and March/ April (Tsedeke, 19&rple scale occurs
together with red scale on citrus and is commabire Dawa, Koka areas, near
Wonji, and in the surroundings of Awassa. BlacKecarestricted to the citrus
plantation at Gibe and in small gardens (often exgh trees) of some parts of
Kefa and Wello. It is not recorded on plants otttean citrus and hence its
spread can be minimized by restricting movemenfsuifor planting materials
from infested areas (Tsedeke, 1992).

Citrus woolly whitefly @A. floccocus) is a newly introduced pest into Ethiopia
and first recorded in 2000 and identified by theeinational Centre of Insect
Physiology and Ecology (ICIPE) in 2001 (Emana ¢ét. 2001). The pest is
native to tropical and subtropical America. It wasorded in Kenya in 1990
and has been recorded in other African countriesuding North Africa,
Uganda, Tanzania, Zambia, Malawi, Mozambique, amdbZbwe. The pest
was mentioned by Tsedeke (1992) as pest of potemigortance to enter and
invade Ethiopia. Today, it is well established aigtributed in the central Rift
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Valley areas like Nazareth, Debre Zeit, Wonji, Medka, Meki, Merti (UAAIE)
and Ziway and eastern Wollega (Nekemt area). Iddafs who are growing
citrus on their homestead in the above-mentionedsaare reporting that citrus
plants are dying from heavy infestation of the p&rrently, the pest has
become well established (Emana Getu, pers. com.).

The false codling mothGyyptophlebia leucotreta) used to be a minor pest of
citrus until recently. A serious outbreak was olaedron avocado in the Upper
Awash in December 1985 (Tsedeke, 1992). Howevdrast recently emerged
as the most important insect on citrus following fruit fly in upper awash

(UAAIE, 2006). Larvae feed just under the fruit hemaking chemical control

difficult. Up to now there is no a method recommemhdor this pest and it

remains to be a menace of fruit production. Sorglsimeported to be one of
the trap crops that can be used in the integratadagement of false codling
moth, however, there is no detailed study how tegrate this method in the
field (Tsedeke, 1992).

Heavy infestations of young citrus leaves, grapefind lemon in particular,
caused by the citrus leaf miné?. Citrella) occur throughout the citrus growing
regions of Ethiopia. Local outbreaks of the pestt thccurs in some seasons
appear to be effectively controlled by the eulopt@drosphilus spp. (Tsedeke,
1991). Recently, the insect has become more impoed UAAIE (MARC,
2006 and UAAIE, 2006). The citrus thrisaurantii has become an important
pest recently and well established in the fruitrfarnin the Rift Valley area and
causes heavy scarifications on citrus fruits (UAA2BOG).

Many species of fruit flies are important pestsfriit crops. Of these, the
Mediterranean fruit fly €. capitata) had been a major pest of citrus causing
heavy fruit drop. Detailed studies on the speciesposition fruit flies
attacking various fruits in the country are lackidgsurvey was conducted in
2007 by the Hawassa University and Melkassa Rdsdaentre (MARC) to
record the species of fruit flies that attack def& fruit crops in some selected
fruit production areas which included the Centraft Ralley, North Shoa,
South Wollo, eastern Ethiopia, southern Ethiopial @ambella regions.
Samples were mainly collected from citrus, guavad amango. The
Mediterranean fruit fly was present in all of theas. In the eastern Ethiopia
and the central Rift Valley region€ertatine species,C. capitata and C.
fasciventris are the dominant specigS. fasciventris was earlier identified on
mangoes at UAAIE (Birtukan, 2006¥. fasciventris has been reared from
fruits of citrus, guava and mango collected frommfs in Metahara, UAAIE,
Welkitie, Jimma/ SokoruB. invadens has become very important pest of
mango and guava and recorded mainly from southedhveestern Ethiopia
including Arbaminch, Asossa, Arjo, Bako, Gambellaibe, Ghimbi, and
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Welkitie on guava and mango (Ferdu Azerefegne arfdbBchew Belay,
unpublished data). The newly described specidd aivadens appears to have
invaded Africa from Sri Lanka. In Africa, it hagdn detected in Kenya and
Tanzania in 2003 and it had spread to more thacolibtries in Central Africa
where it is reported as pest of economic importgboew et al., 2006). This
fruit fly is highly invasive and polyphagous witligh reproductive potential.
Known hosts of the pest are citrus, mango, caspapaya, guava, pepper, and
several wild host plants.

Extent of damage on citrus by pests at UAAIE

Studies on the extent of fruit damage by insectspes various varieties of
citrus at UAAIE showed that thrips, fruit flies,ades and false codling moths
are important (Tables 1 and 2).

Table 1. Extent of fruit infestation of sweet agarnvarieties by different insect pests in 2004/
05 at the Upper Awash Agro-Industry Enterprise (UBA2006).

Orange Months | Infestation by different insect pests (%) Total
varieties Thrips | Scale Fruit False codling |2feﬂed
insects | fly moth (%)
C.valencia | March | 39.71 6.72 7.33 1.22 64.15
April 35.77 27.31 11.92 3.85 78.77
May 27.66 13.83 14.89 0.35 56.74
June 15.52 8.06 1.81 0.4 25.81
O.valencia | March | 31.13 9.86 7.89 1.24 50.11
April 33.5 8.44 22.08 0.99 65.01
May 33.75 8.95 28.93 1.15 72.73
June 22.29 0.49 15.71 0.61 39.1
Hamlin March | 9.88 4.07 48.26 19.19 81.4
April 19.2 21.13 30.41 13.3 84.04
May 27.83 16.93 43.42 9.85 98.01
June 19.06 11.56 46.16 9.13 84.91
W. navel March 6.56 3.28 4.3 32.17 46.31
April 15.15 13.93 0.93 12.86 42.87
May 24.11 13.87 1.68 14.91 54.57
June 33.29 9.95 1.66 21.8 66.71
Pineapple March | 23.7 9.83 2.07 21.43 57.03
April 18.98 7.86 21.25 0.48 48.57
May 9.45 5.34 23.41 0.97 39.18
June 19.96 11.81 32.55 4.34 68.66
Jafa March 4.4 20.88 38.46 24.18 87.91
April 0 0 0 0 0
May 0 0 0 0 0
June 0 0 0 0 0
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Table 2. Extent of fruit infestation of Mandarinriaies by different insect pests in 2004/05
at Upper Awash Agro Industry Enterprise (UAAIE, 300

Mandarin Months | Infestation by different insect pests (%) Total
varieties Thrips | Scale Fruit False codling |gfested
insects | fly moth (%)
A. tangerine | March | 22.22 22.22 0 0 44.44
April 20.66 17.36 0 1.65 39.67
May 32.37 11.24 1.45 3.86 47.92
June 35.38 13.72 2.53 5.78 57.4
Nova March | 15.38 7.69 53.85 0 76.92
April 0 0 0 0 0
May 27.66 21.28 4.26 0 53.19
June 25 21.09 23.44 3.13 72.66
Ponkan March | 88.89 22.22 0 0 44.44
April 0 0 0 0 0
May 0 0 0 0 0
June 13.91 7.65 12.17 17.39 51.13
Orlando March 0 0 22.39 50.75 73.13
April 23.6 1.66 11.14 24.84 60.25
May 19.62 5.23 11.43 19.62 55.91
June 25.46 5.7 13.54 30.4 75.11
Minola March | 23.53 0 8.82 29.41 61.76
April 38.25 13.97 9.16 24.7 86.08
May 30.69 6.2 3.21 20.56 60.66
June 32.78 5.98 2.32 15.58 56.67
Temple March | 21.89 20.92 4.98 2.24 50.03
April 24 16.73 4 1.09 45.82
May 30.87 12.35 5 3.17 51.39
June 44 18 11 6.2 78.2

Thrips scare the citrus fruits making them unsiglathd rejected while sorting
and grading. Such lower grade fruits might be usegrocess products like
marmalade. The same happens with fruits highlystef# with scale insects. In
case of fruit fly and false codling moth damages tbss is direct and final.
Although the data were from one production cyclems indicative and
important results were obtained from a study onpésts of sweet oranges at
Upper Awash. Among the sweet orange varieties, Heangineapple, and
Valencia sustained higher levels of fruit fly in@$ons while Washington
Navel was severely infested with the false codlmgth. The mandarin
varieties Nova, Orlando and Minola had higher Isw@ fruit fly attack while
Orlando and Minola also were highly infested wilksé codling moth.
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Fruit fly species composition and extent of damage on

mango at UAAIE

Two ceratatine fruit fliesC. capitata and C. fasciventris, were, identified
attacking mangoes at UAAIE (Birtukan, 2006). Thssthe first record ot.
fasciventris in the country. Rearing of the flies from infesteits of mangoes
showed thatC. capitata is the dominant species in the area. Four-hundred
twenty-five adult fruit flies were reared from thdested mango fruits of which
353 (83%) wereC. capitata. On the other hand, females dominate the sex ratio
of both species. Female flies represent 87% and &% total flies reared for

C. capitata andC. fasciventris, respectively.

Three hundred twenty adult flies were collectechgsSuccess Bait- GF 120) as
attractant in a modified water bottle trap amongcwi292 (91.25%) wer€.
fasiciventris and 28 (8.75%. capitata (Birtukan, 2006). It seems that the bait
strongly attract<C. fasciventris compared tdC. capitata. The bait trapped both
females and males; however, the proportion of eddpmales was higher than
the males in both species. The number of trappat fires increased through
time and the increase in the number of fruit fiegncided with the presence of
abundant mature fruits in the field. Similar treraddruit fly populations were
observed on flies reared from fruits at three déife times of the mango
harvesting periods. Higher population density & two fruit fly species were
recorded for the later sampling date towards teevieek of July (Fig. 1).
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Fig. 1. Population of fruit flies reared frarmango fruits at UAAEI (Birtukan, 2006).
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The level of fruit fly infestation varied among f@ifent varieties of mango. The
highest infestation was recorded on the variety ®waith about 20% infested
fruits (Appendix 2). The varieties Tommy Atkins, iKeand the local variety

“Abadir” had intermediate levels of infestation, ehthe lowest level of fruit

infestations was observed on variety Kent. On theerohand, the highest
amount of monetary loss was incurred by Dodo (1IL@8Birr/ha) followed by

Tommy Atkins (8,762.89 Birr/ha). The lowest mongthoss was recorded for
variety Kent (2,900.37 birr/ha).

Fruits harvested at ripe stages had higher levelsfestations compared to
those harvested at ripe but green stage (TableTl3re were significant
differences in infestations between ripe and grgam fruits irrespective of the
varieties (P = 0.0001). The highest level of ird#ish at green ripe stage was
observed on the variety “Abadir” (7.5%) followed Bpdo (5%) however, no
infestation of the green mango fruits observed anety Keitt.

Table 3. Infestation of mango fruits collectediperand green ripe stages
(Birtukan, 2006).

Mango varieties | No. of fruits Infestation (%)
sampled* Ripe fruits Green ripe
fruits
Tommy Atkins 140 7.86 1.43
Kent 130 6.15 1.54
Keitt 90 8.89 0.00
Dodo 140 12.86 5.00
“Abadir” 200 17.00 7.50
Total 700 11.29 4.14

Management of fruit flies using bait spray

The efficacy of Success Bait (GF-120 NaturalyteitHfly Bait) was evaluated
at UAAIE for the control of fruit flies on 55 ha gluava farm. Before applying
the bait, assessments were conducted on the poputknsity of the adult fruit
flies and the extent of damages on guava fruitsd{2006). Fruit weight loss
was greater than 80% (Fig. 2). Success Bait apiteon the fruit trees
reduced the population density of the adult frliést The first spray reduced
the catches from 18 to less than eight flies pap.tAt the end of the fourth
application only two flies were caught per traptibe average.

There was high reduction on the levels of guava infestations. With the first
application, the percentage number of infested guavts was reduced from
80% to 60% (Fig. 3) on the average. The reductiothé levels of infestation
continued as the number of bait sprays increasadtsFcollected after the
fourth bait applications had about 20% infestatibhe weight loss of guava
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fruits also was reduced because of the bait apgmicgFig. 4). The higher
percentage of infested fruits at the time of thist fbait application is because
the fruits were already infested and had larvaedésThe reduction in
infestation as a result of the bait spray was bleatvserved on the subsequent

three samplings. The four times applications oftdag reduced the weight loss
to about 25%.

Assessments made after four times bait sprayingvaticdhat the population
density of the fruit flies declined and the weidbss of guava fruits were
reduced. The experiment clearly showed that Sudgagsan controCeratitis
spp. and can be recommended for the control of fiies on guava and other
fruits like citrus and mangoes that suffer from iEamspecies of fruit flies. The
bait is recommended as a component of integratatl panagement to be
combined with field sanitation and timely harvegtirCurrently, UAAIE is
using success bait on citrus extensively.
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Fig. 2. Weight loss of guava fruits at UAAIE froielfls before spraying with Success bait
(GF 120), Error bars denote stan@ardr of the mean (after Ferdu, (2006).
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Fig. 3. Extent of guava fruits infested atAIE after spraying with Success bait
(GF120) (after Ferdu, 2006).
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Fig. 4. Weight loss of guava fruits at UAAdiiier spraying with success bait
(GF 120) (after: Ferdu, 2006).

Management of false codling moth

Observations made in 2004 at Nura-Era farm indicéhat false codling moth
is equally important to that of fruit flies (UAAIE006). Currently, evaluation
of insecticides and use of attractants are beinglucted at UAAIE. Future
studies shall focus on population dynamics studypbical control and mating
disrupting pheromones. Routine sanitation of ctibgcand burying infested
fruits is used to reduce the population and dantggélse codling moth and
fruit flies. The current practice of sanitation luntes frequent collection of
infested fruits to prepare compost and kill thetffly and false codling moth
larvae.
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Management of red scale

Chemical control

The red scale became a major pest of citrus orsharthe state farms during
the late 1970s. It was common to observe monthlgven fortnightly blanket
applications of organophosphate insecticides sscmethidathion against this
and other insects. An IPM program based on the mstalaling of the
population dynamics of the pest and its naturah®eeg, and identification of
selective insecticides was soon launched. The ptipal dynamics studies
were conducted between 1981 and 1983. Breeding speedre observed
following the rains, one in October-November anel ¢ther in March-April. A
large number of parasitoids and predators wereralsarded; native species of
Aphytis were the most important parasitoids; thdykbards in the genera
Chilocorus, Hyperaspis, etc. were important pregatnd their abundance
increased with the increase in pest numbers.

Mineral oil (white oil) at the rate of 1.5-2.0% .awas found to give effective
control of red scales. It has thus been recommeiititda maximum of three
sprays (1-2 in October-November, 1 in March-Apoii)white oil be applied per
year (Tsedeke, 1983). These recommendations hage fmdlowed and at
present the pest is no more a threat at UAAIE. iStgmt savings must have
been realized from reductions in the frequency adtigide applications; there
must have also been obvious savings in terms af@mental safety.

Biological control of scale insects and others

About a dozen species of indigenous parasitoids @medators have been
recoded on the red scale and purple scale in Bthiffsedeke, 1991). An
exotic parasitoidAphytis holoxanhus, imported from California and released at
Koka during 1989 and 1980 was not establishedsfecies of parasitoids were
recorded on soft brown scale in Ethiopia; thoséhangenus Coccophagus are
most important (Tsedeke, 1991). The cottony cuskicale is a polyphagous
insect attacking citrus and a number of crops actbe country. A dozen of
natural enemies including parasitoididefaphycus spp.) and predatorfdgdolia
spp.) were recorded on cottony cushion scale. Theseral enemies might
have contributed for checking of the populationshig insect.

It appears that the encyrtid egg parasitéigyllecthrus oophagus, keeps
populations of the hoppers (Tettigometridae) betmsnomic level (Tsedeke,
1991).The citrus psyllid is widespread in Ethiogiad about 11 species of
parasitoids and predators have been recorded;nihetiels, Psyllagphagus sp.
andPsyllaephagus pulvinatus are important primary parasitoids.
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The citrus leaf miner occurs throughout the ciguswing regions of Ethiopia.
Local outbreaks of citrus leaf miner which occursome seasons appear to be
effectively controlled by the prarasitoid, euloph{@rrosphilus spp. (Tsedeke,
1991). However, the economic importance of thist pesising these days
probably due to the disturbance of the balance angmies.

Predaceous mites, such &yphlodromus magdalanae, Agistematus sp.,
Pronematus sp., andPyemotes sp. have been recorded from citrus orchards and
vineyards in the Upper and the Middle Awash, buwirtlstatus as natural
biocontrol agents has not been determined. Mored®Istoseilius persimillis
(Acari: Phytoseiidae) was imported from England 877 but failed to establish
(Table 6).

Table 4. Efforts made in classical biologicahtrol in Ethiopia (Tsedeke, 1986).

Natural enemies Source | Target pest Date of| Site of Status
country release | release
Rodalia cardinalis Icerya purchasi 1946 Fagena E
(Col.:Coccinelidae) | Egypt 1948 Fagena E
Asmara E
1954 Imbatkla E
Ginda E
1961 Alemaya NE
1971 Asmara E

1971 Nazareth NE

Phytoseilius England | Tetranychus sp. 1977 Upper NE

persimillis Awash

(Acri.: Phytoseiidae)

Cryptolaemus California | Planococcussp. | 1978 Melkawerer | NE

montrouzeri citri Awash NE

(Col.:Cocc.) 1979 Melka NE

Wonji

Aphytis cocheni and | California | Anoideiella 1979 Koka NE

A. melinus (Hym: aurantii 1980 Koka NE

Aphelinidae)

A. helaxanthus Chrysomphalus | 1979 Koka NE

(Hym.: Aphilinidae) Aonidum(purple | 1980 Koka NE
California | scale) Erer Gota NE

NE: Not established after release, E: Estabdisifter release.

Management of citrus leaf miner

Nine insecticides were screened for the controtious leaf miner for two
seasons in 2004 and 2005 at UAAIE (Tables 1 and~@)ar application of
Dynamec (vertimec) 1.8% EC (936 mil/ha), Virate 2B€ (624 ml/ha),
bythroid EC 05 (500 mi/ha) or Karate 5% EC (624ha)/gave better control
and have been recommended (MARC, 2006).
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Table 5. Mean (+ SE) percent leaf infestation, nendf mines and leaf miners per leaf on

orange treated with different insecticides at Mgkbadisca farm) in 2004 (MARC,

2006).

Treatments Leaf infestation No. of mines/leaf No. of leaf miner
(%) larvae/ leaf

Dimethoate 275+ 4.1a 22+04a 0.40 +0.1 ab
Karate 9.0+1.9b 1.1+0.3bc 0.20 +0.0 bc
Baythroid 76+15hb 0.6 £0.1 bc 0.11+ 00 b
Pollo 20.6 £ 3.1a 1.6 £0.3ab 0.20 + 0.1abc
Vertimec (F) 6.7+ 1.6b 0.6 £0.2¢ 0.02 + 0.02c
Vertimec (S) 25.6+34a 2.3+0.4a 0.50+ 0.1a
Vertimec (F+S) 7.6 +1.9b 0.7+0.1bc 0.08 @%0bc
Actara 8.8+ 1.5b 0.7+0.1bc 0.08 + 0.04 bc
Rimon 89+19hb 0.7+0.2bc 0.08 + 0.04 bc
Runner 8.8+1.7b 0.7+0.1bc 0.07 £ 0.04 bc
Virate 7.1+1.2b 0.5+0.1c 0.05+0.03 bc
Control 25.1+3.8a 2.1 +0.4a 0.3+0.1ab

* | = foliar application, S = soil application
Means within a column followed by the same letter ot significantly different from
each other (SNK, P=0.05).

Table 6. Effects of insecticides on citrus leaf engion orange at Merti (Abadisca farm) in

2005 (MARC, 2006).

Treatment Infestation(%) No. of mines No. leaf miner larvae
/leaf
Dimethoate 205+ 2.7a 1.8 +1.3a 0.5+0.1ab
Karate 11.6+25ab 1.2+ 0.3ab 0.1 £0.0c
Baythroid 11.3 + 2.6ab 1.2 +0.3ab 0.1 £0.0c
Pollo 17.3+2.3ab 1.7 £0.2ab 0.4 + 0.1bc
Vertimec (F) 84 +19b 1.0+0.2b 0.1 +0.0c
Vertimec (S) 19.0+1.3a 2.4 +0.2a 0.9+ 0.2a
Vertimec (F+S) 12.4+3.0ab 1.3+0.3ab 0.1 0.1
Actara 226+34a 23+03a 0.4+ 0.2bc
Rimon 18.3 + 2.5ab 1.7+0.2 ab 0.3 £0.2bc
Runner 15.9 + 3.2ab 1.6 + 0.3ab 0.2 £0.1bc
Virate 15.4 + 1.9ab 1.5+0.2ab 0.1+ 0.0c
Control 14.2 + 2.5ab 1.5+0.3ab 0.4 £0.2bc

* F = foliar application, S = soil application

Means within a column followed by the same letrer r@ot significantly different from each

other (SNK, P=0.05).
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Management of citrus thrips

Occasionally high levels of citrus thrips damageemabserved at UAAIE and

attempts were made to screen effective insecticadégerti farm. In 2004, 11

insecticides were sprayed on orange trees. Howelerpopulations of the

thrips were low and no significant difference coblel discerned between the
insecticide treated and the untreated check. Fulwoeks on citrus thrips

management should focus recording and promotintpdpical control agents,

population dynamics study, and other IPM techniques

Integrated pest management on citrus thrips and leaf

miner

According to PPRC (2006), an observation was coeduat Merti, Abadiska
farm to evaluate integration of some new tactidsictvinclude the use of cover
crops, mulch, Success Bait, entomopathogens, agrd.n@uckwheat and grass
straw were used as a cover crop and mulching, casply, to support the build
up of natural enemie®eauveria bassiana PPRC 56, an isolate obtained from
Pachnoda interrupta in North Shoa was sprayed at the concentratidnofl15
in 250 I/ha on the outer canopy of the citrus tréasccess Bait which was
found to be effective against the fruit flies, neeihand petroleum oil (white
oil) for general fruit pests including red scalesips, and miners were applied
in November 2004. Monitoring of the population afries thrips and leaf
miners and percentage of infestation were carrigdegery month during the
peak season (starting October 2004). Hundred orémgs per orchard were
assessed after the petal fall and the percentagegk fruits were determined.
Differences were observed among the various treaBnerhe cover crop
(buckwheat) and mulching (grass straw) treatmeniisinmsed damage by
pests. Following these promising results the ens&ps enlarging the area
under these combinations of control methods. Ctgebd AAIE has allocated
1.5 ha citrus area as a model site in Tibila fasmlPM component tests.

Gap analysis

Although much has been done in documenting insestspof fruit crops, most
of the list comes from citrus, which is also incdete. In addition, there are
very few studies on natural enemies and extenaofagjes.

Most of the information we have is outdated. Iniadd, the growing of new
crops, for example apple, and expansion of exisbnge necessitates for
investigations and updating of the statuses op#sts.

There are very few researchers and experts woikinfyuit pests. There is no
centre or an institution, which has been buildixgeience in researches on
pests of fruit crops.
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There is no continuity in the research undertakinfgests of fruit crops.
Exemplary studies on red scale, earlier studiedamumentation of the pests of
fruit crops and attempts to introduce natural emsndid not continue.

There are few studies on IPM of fruit pests in Gpil. Studies on the
management of fruit pests are dominated by theotisgnthetic chemicals and
studies on new management methods of fruit cropspee lacking. Most of
the management researches address the commenciad fand small-scale
producers are neglected.

Most of the studies have not addressed the ecosamhigrotection. They have
not considered the compliance of the method tantreduced with the current
global trend of good agricultural practices (GAB)ehable the country export
its produces to the international market.

Fruit research, in Ethiopia, linkage to internaéibimstitutes is weak.

Future

Periodic survey of fruit pests and their enemievpukh be conducted.
Introduction of new pest species and change irustat the existing pests is
probable. Survey and monitoring studies should lel wlanned to confer
detailed information including the distribution tiie pests, their economic
importance in terms of extent of damage and datebsérvation. Records of
natural enemies need to be accompanied with estimatthe levels of control
excreted on the pest.

Research should give due emphasis for the managerhéait flies including

the newly introduced speci@&actrocera invadens, false codling moth, citrus
leaf miner, citrus woolly whiteflies and the appd@olly aphid. Ecological
studies on the newly emerging insect pests are atand future research
undertakings.

Building the human capacity in fruit crops proteatiresearch should be given
the highest emphasis. The little information weéavthis sector compared to
the others is mainly due to limited number of reskeers’ involvement. The
research system should encourage these researghafiobating adequate
resources. The research and education system stioulbde efforts to improve
the research undertaking capacity of the countryinbgroving facilities for
research, producing capable experts in the arefaufcrop protection and
building centres of excellence.
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Research on management of fruit crop pests shaddsfon integrated pest
management (IPM). The commercial fruit farms maidgpend on synthetic
pesticides to combat the various pests. The appeaa some pests as a major
problem could be as a result of misuse of pestcidteis known that many
pests of fruit crops are controlled by natural emsnand indiscriminate use of
pesticides will result in the decline population eriemies thereby resulting
change of the pest status. Development of resistam@esticides is another
danger associated with the misuse and abuse a€idest Fruit crop pests are
too many and pests cannot be effectively controtigdh single method. The
research undertakings should focus on the integratf available technologies
and inclusion of new components. The future friestplPM mainly should
include biological control, biopesticides, plant ogucts, attractants,
pheromones, and other emerging new technologie® wift synthetic
pesticides. Researchers involved in biological mdntrograms should aim at
identifying efficient predators and parasitoids,iethcould be used against the
major pests. The current use of pesticides shoalkeMaluated in light of human
and environmental health and acceptance of frodyces in the world market.
Researches should be initiated on exploring, caigcand identifying insect
pathogens throughout the country to develop bidigpdss.

Research need to address fruit crop protectioni@mmof small-scale farmers.

Periodic training of producers on the managemerfitudf pests and proper and
safe use of pesticides is necessary.

There are many organisations working on fruit ggeblems in the world and

there is a need to establish net works with rediand international research
and development organisations working on fruit qoogtection.
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Appendix 1. List of insect pests recorded on fenitps in Ethiopia.

Scientific name Common name Cropsattacked | Status Ref.
Acarina
Eriophyidae
Aceria sheldoni (Ewing) Citrus bud mite Citrus, unknown | 13
Eriophyes sp. Silver mite Citrus minor 13
Eriophyes sp. Grape mite Grape unknown | 13
Phyllocuptruta sp. Citrus rust mite Citrus minor 13
Tarsonemidae
Anychuslatus (C. & and F.) | Papaya mite Papaya unknown | 13*
Tetranychidae
Eutetranychus anneckei Red citrus mite Citrus, papaya | sporadic | 13
(Meyer)
E. orintealis (Klein) Oriental mite Citrus, pumpkin, | unknown | 13
fig
E. pantopus (Berl.) Sudan citrus mite | Citrus, papaya | unknown | 13
Oligonychus vitis (Zacher Grape spider mite| Grape unknown | 13
and Shehata)
Tetranychus cinnabarinus Red spider mite | Citrus unknown | 13
(Boisduval)
Orthoptera
Tettigonidae
Eugaster aereus (Sjostedt) | Strawberry Strawberry unknown | 13*
grasshopper
Pyrgomor phidae
Phymateus pulcherimus (1. Bush locust Apple, citrus, unknown | 13
Bolivar) fig, mango,
olive,
pomegranate,
papaya,
strawberry
Phymateus viridipes (stal) Bush locust Apple, citrus, unknown | 13
fig, mango,
olive,
pomegranate,
papaya,
strawberry
Acrididae
Schistocerca gregaria Desert locust All crops sporadic | 13
(Forskal)
Homoptera
Aleyrodidae
Aleurothrixus floccocus Citrus woolly Citrus major 4
(Maskell) whitefly
Diaspididae
Aonidiella aurantii California red Citrus, grape, major 12,
(Maskell) scale macadamia 13
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Appendix 1. Contd.

Scientific name Common name Cropsattacked | Status Ref.
A. orientalis (Newstead) Oriental scale Avocado, citrus, | minor 13
macadamia,
palms
Aspidiotus destructor Coconut scale Avocado, unknown | 13
(Signoret) banana, palms,
mango olive
A. nerii (Bouche) Oleander scale Citrus, mango, | unknown | 13
olive, palms
Chrysomphalus aonidum Banana, citrus, | minor
(Linnaeus) fig, mango,
palms
C. dictyospermi (Morgan) Orange scale Citrus, fig, olive, | unknown | 12,
palms 13*
C. pinnulifer Maskell Palm scale palms unknown | 13*
Hemiberlesia lantaniae Lantania scale Apricot, citrus, minor 13
(Signoret) grape, guava,
loguat, mango,
mulberry
Ischnaspia longirostris Black thread scale| Citrus, mango, | minor 13
(Signoret) palms, annona
Lepidosaphes beckii Mussel scale Citrus, fig, olive | minor 13
(Newman)
L. ulmi (Linnaeus) Oyster shell scale | Olive unknown | 13
Neosel enaspidus silvaticus Great red scale Citrus, palms minor 13
(Lindinger)
Parlatoria zizyphus (Lucas) | Black scale Citrus major 12,
13
P. blanchardi (Targioni- Date palm palms minor 13
Tozzetti) scale
Selenaspidus articulatus Citrus, Kei minor 13
(Morgan) apple, olive,
palms
Coccidae
Ceroplastesrusci (Linnaeus) | Fig wax scale Citrus, fig minor 13
Coccus alpinus De Lotto Soft green scale | Guava unknown | 13
C. elongaues (Signoret) Soft long scale Bullocks unkown 13
heart/custard
apple
C. hesperidium (Linnaeus) Soft brown scale | Citrus, mango, | minor 13
guava, fig,
papaya
C. viridis (Green) Green scale Citrus, guava, unknown | 13
mango,
Parasaissetia nigra (Nietner) | Black helmet scalg Apple, guava, minor 13
custard apple
Saissetia coffea (Walker) Helmet Scale Citrus, fig minor 13
S. cuneiformis Leon. Cuneiform scale | Olive unknown | 13*
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Appendix 1. Cont'd.

(Scopoli)

Scientific name Common name Cropsattacked | Status Ref.
S oleae (Bernard) Olive scale Citrus, olive sporadic | 13
S somereni (Newstand) Somereni scale | Mango unknown | 13
Pseudococcidae
Dysmicoccus brevipes Pineapple Banana, citrus, | unknown | 12
Cockerell mealybug pineapple, palms
Ferrisia virgata (Cockerell) | Striped mealybug | Citrus, banana, | sporadic | 13
Bullocks heart/
custard apple
Planococcus citri (Risso) Citrus, grape, unknown | 13
banana, palms,
coffee
Mar grodidae
Icerya purchasi Maskell Cottony cushion | Citrus minor 13
scale
Cercopidae
Locrisauripennis (Distant) | Red spittle bug Citrus minor 13
Tettigometridae Citrus
Hilda patruelis Stal Ground nut hoppe| Citrus 13
Aphididae
Aphis craccivora Koch Groundnut aphid | Apple unknown | 2,13
A. gossypii Glover Cotton aphid Citrus, water unknown | 2,13
melon, Indian
jujube, mango
Brachycaudus cardui Carduus aphid plum unknown | 13*
(Linnaeus)
Eriosoma langigerum Woolly aphid Apple unknown | 2, 13*
(Hausman)
Pentatrichopus fragaefolii Strawberry aphid | Strawberry unknown | 13*
Coquerel
Toxoptera aurantii (Boyer | Coffee aphid Citrus, mango unknown | 13
de Fonoscolombe) Koshim
T. citricidus (Kirkaldy) Citrus aphid Citrus, Kei apple| unknown | 2, 13
Triozidae
Trioza erytreae Del Guerico| Citrus psyllid citrus major 13
Heteroptera
Miridae
Helopeltis schoutedni Cotton helopeltis | Guava, mango | unknown | 13
Reuter
Lygaiedae
Dieuches sp. nr.Africanus Strawberry bug Strawberry unknown | 13
(Distant)
Soilostethus pandurus Red bug Grape minor 13
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Coreidae
Anoplocnemis curvipes Giant twig wilter | Citrus , fig, minor 13
(Fabricius) mango
Cletus fuscescens (Walker) | Cletus bug Citrus unknown | 13
Leptoglossus Leaf-footed plant | Citrus, cucurbits | minor 13
memebranaceus (Fabricius) | bug
Tingidae
Pleurochila australis Olive lace bug Olive minor 13*
(Distant)
Pentatomoiade
Agonoscelis pubescens Cluster bugs Citrus minor 13
(Thunberg)
Antestiopsisintricate Antestia bug Citrus unknown | 13
(Ghesquiere and Carayon)
Calidea bohemani (Stal) Blue bug Citrus minor 13
C. dudodecimpunctata Blue bug Citrus minor 13
(Fabricius)
Calidea nana Blue bug Citrus minor 13
Cryptacrus comes form Loquat bug Loquat unknown | 13
pinguis (Germar)
Halydicoris ventralis Citrus stink bug Citrus minor 13
(Dallas)
Fohaerocoris annulus Ringed bug Citrus unknown | 13
Thysanoptera
Thripidae
Liothrips oleae (Costa) Olive thrips Olive unknown | 13
Retithnips syriacus (Mayet) | Castor thrips Grape, papaya | unknown | 13
Scirtothrips aurantii Faure | Citrus thrips citrus major D
S spmangiferae Priesner | Mango thrips peach unknown | 13
L epidoptera
Gracilliridae
Phyllocnigtis citrella Citrus leaf miner | citrus major 13
Stainton
M etar belidae
Salagenairrorata Le Cerf | Citrus borer Citrus unknown | 13*
Totricidae
Cryptophelebia leucotereta | False codling Avocado, citrus, | major 13
(Meyrick) moth Bullocks

heart/custard

apple
Epichorista sp. Raspberry tortrix | Raspberry unknown | 13
Lobesia botrana Grape moth Grape unknown | 13
(Schiffermuller)
Lycanidae
Taracus grammicus Zizyphus blue unknown | 13
Gosse _smith
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Papilionidae

Papilio dardanusi Brown Mocker swallowtail | Citrus minor 13

P. demodocus Orange dog Citrus minor 13

Hesperiidae

Zophopetes dysmephila Palm skipper palms unknown | 13*

(Trimen)

L asiocampidae

Nadiasa concave Strand Macadamia tent Macadamia unknown | 13
caterpillar

Bombycidae

QOcinara ficicola Westwood | Fig moth Fig minor 13

Saturindae

Drepanoptera atbarina Zizyphus silkworm Indian jujube unknown | 13*

Butler

Sphingidae Citrus

Hippotion celerio Vine hawkmoth Citrus, grape minor 13

(Linnaeus)

Hyles (celerio) lineata Silver stripped Grape minor 13

(Fabricius) hawkmoth

Notodontidae

Desmeocraera sp. nr. Guava moth Guava unknown | 13

Congoana Aurivillius

Arctiidae

Diacrisia investigatorum Papaya tiger moth Papaya minor 13

(Karash)

Syntomis alicia Butler Tomato tiger moth Citrus minor 13

Noctuidae

Achaea castela Guenee Castor semi-lopper | Citrus minor 13

Calpe emarginata Fruit piercing moths | Citrus sporadic | 13

C . hierogyhica Saalm. Fruit piercing moths | Citrus sporadic

C. provocans Walk. Fruit piercing moths | Citrus sporadic | 13

Ctenoplusia lirohirena Plusia worm Fig 13

Guennee

Eublemma olivacea Fig worm Fig 13

(Walker)

Heliothisarmigera African bollworm Strawberry minor 13

(Hubner)

Othreis materna (Linnaeus) | Fruit piercing moth Citrus sporadic | 13

Lymantridae

Euproctis dewitzi Apple tussockmoth | Apple unknown | 13*
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Diptera

Drosophilidae

?Amiota (Erimia) sp. Citrus drosophilid | Citrus uncertain | 13

Drosophila smulans Start Peach drosophilid| Peach Minor 13

Zaprionus vittiger Coquillett Citrus vinegar fly | Citrus, peach uncertain | 13

Tephritidae

Carpomyia incomplete Zizyphus fruit fly | Indian Jujube unknown | 13*

(Becker)

Ceratitis capitata (Wiedman) | Mediterranean Citrus, guava, major 13
fruit fly mango

Ceratitis fasciventris Mango 1

Dacus ciliatus Loew Lesser melon fly | Citrus, cucurbits | unknown

D. bivittatus cucumarius Sack | Cucurbit fly Papaya minor 13

D. oleae (Gemelin) Olea fly Olive common | 13*

Bactrocera invadens Tephritid fruit fly | Mango, guava | major 5

Hymenoptera

Vespae

Vespa orientalis Linnaeus Oriental wasp Citrus, grape, unknown | 13

palms

Coleoptera

Apionidae

Apion sp. Black pod weevil | Peach unknown | 13

Piezotrachelus microcephalus | Peach weevil Peach unknown | 13*

Wagner

Chrysomelidae

Aphtona marshalli Jacoby Bean flea bettle Peach unknown | 13

Dactylispa contribulis Weise | Gibbera hispid Gibbera unknown | 13

D. hirsute Gerstaecker Peach hispid Gibbera, peach | unknown | 13

Haltica pyritosa Erichson Linseed flea beetld Grape unknown | 13

Megal opgnatha abyssinica Peach beetle Peach unknown | 13

Jacoby

M. aenea Laboissiere Acacia beetle Avocado, peach | unknown | 13

Megal opgnatha viridipennis Peach green beetl| Peach unknown | 13

Weise

Lagriidae

Lagria viliosa Fabricius Metallic leaf Fig minor 13
beetle

Scarbaeidae

Amaurina lunicollis Kolbe Amaurina beetle | Citrus unknown | 13

Anomaa tendinosa echo Kolbe | Grape scarab Grape unknown | 13

Pachnoda abyssinica Blanford | Yellow rose chafer Citrus unknown | 13
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P. peregerina Kolbe Mango chafer Mango unknown | 13
P. massaje Gestro Yellow headed Mango unknown | 13
chafer
Rhabdotis sobrina Gory and| Citrus chafer Citrus minor 13
Perch
Bostrychidae 13
Apate monachus Fabricius | Black borers Citrus, grape, sporadic | 13
guava, mango,
palms
A. indistincta Murray Black borers Guava sporadic | 13
Bupretsidae 13
Chrysobothris dorsata Chat borer Fig minor 13
Fabricius
Julodis caillaudi (Latr.) Juloids beetle Palms unknown | 13*
Cerambycidae
Phryneta spinator Fig borer Fig unknown | 13*
(Fabricius)
Phrynotopsis variegata Fig borer Fig unknown | 13*
(Reiche)
Shenias cylindrator Grape lamiid Grape unknown | 13*
Fabricius
Curculionoidae
Amblyrhinus brunneus Almond weevil Almonds unknown | 13*
Hustache
Aplemonus zizyphii Zizyphus weevil | Indian jujube unknown | 13*
Marshall
Myllocerus sp Myllocerus weevil | Almond weevil | unknown | 13*
Rhynocophor us phoenicis Palm weevil Palms unknown | 13*
(Fabricius)
Scolytidae 13*
Coccotrypes dactyliperda Dum nut borer Ivory nut unknown | 13*

Fabricius

* = pests were first recorded from Eritrea, D