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Abstract: South American tomato motffta absolutaMeyrick) is one of the production constraints
of Solanaceous crop of tomathy¢opersicon esculenturiill.). The trial was conducted using
irrigation at Melkassa Agricultural Resarch CertdARC) during 2014 off season to determine the
optimum rate and frequency, and evaluate the efficdBacillus thuringiensisrar kurstakiagainstT.
absoluta The miya variety was used for this experimente Experiment was laid out in RCBD with
three replicationsBacillus thuringiensigvas tested at 1 and 2 kg/ha in 7, days of folegaication in
addition coragen as the standard check and theaiatt check was included for comparison. The
different doses oBacillus thuringiensisvere no variation on egg density and agronomicatdtars
such as plant height, number of flower and fruit plester, and fruit set percentage. All treatments
foliar application minimizing the leaf damaged sc@ompared with untreated check. Coragen and
2kg/ha of B.t in weekly application were gave thaximum marketable yield, lowest fruit infestation
percentage and fruit holes with.absolutaand minimizing yield lossBacillus thuringiensisvar
kurstaki which are medium efficacy in controlling.absolutaafter the study compared with the
standards check. It is an important componenttefgiated pest management so more extensive studies
for integrating ofBacillus thuringiensiswith botanicals and biological control methodsluiciing
predator and parasitoids of control measures ag@iabsolutawould contribute to sustainable tomato
production in Ethiopia.
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Introduction: Tomato (Lycopersicon edible and nutritious vegetable crops in the
esculentumMill.) is one of the most important  world. It belongs to the Solanaceae family. It
ranks third next to potato and sweet potato with
For Correspondence: respect to the volume of world vegetable
fhos2009@gmail.com. producti_on (FAO, 2006). It is one of the mos_t
Received on: May 2017 e(_:onomlcal_ly important \{egetable crops and is
o widely cultivated in tropical, sub-tropical and
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Downloaded from: www.iohronline.com temperate climates in the world. It is the most
: ) ' frequently consumed vegetable in many
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countries, becoming the main supplier of several
plant nutrients and providing an important
nutritional value to the human diet (Willceet

al., 2003).

Agricultural pests can reduce vyield, increase

management of the pest in Ethiopia until the
third quarter of 2013 (Gashawbeza and Abiy,
2013).The development of Biopesticides
stimulates modernization of agriculture and will,
undoubtedly, gradually replace chemical

costs of control, and lead to the use of pesticides pesticides (Lenget al, 2011). Among the

which ultimately lead to the disruption of

different entomopathogens  Bacillus

existing integrated pest management systemsthuringiensisvar. kurstaki (Btk) causes larval

(Thomas, 1999). Tomato crops are normally
attacked by a great variety of insect pests
including the tomato moth,Tuta absoluta
Meyrick (Lepidoptera: Gelechiidae), considered
the most important tomato pest (Medeistsal,
2006). Productivity of tomato in Ethiopia is
lower by half than the world average due to
several biotic and abiotic stresses. However,
with global agriculture and trade new pests are
being introduced into the country frequently. A
case in point is the South American tomato
moth, Tuta absoluta Meyrick (Lepidoptera:
Gelechiidae) occurrence of the pest in the
country was detected following heavy
infestation of tomato fields in February 2013 in
the major tomato production belt of the central
Rift Valley region (Gashawbeza and Abiy,
2013).

In its new regions,T. absoluta has spread
extremely fast, becoming a potential threat to the
world tomato production (Desnewt al, 2011).
Unusually extensive leaf mining and fruit
damage on tomato by a micro-lepidopteron moth

mortality at all instars and all commercial

formulations can be successfully applied in the

schemes for control of the pest in laboratory

(Giustolin et al, 2001; Theodulozt al, 2003;

Niedmann and Meza-Basso, 200@acillus

thuringiensis exhibited a medium to low

efficiency on all instars ofT. absoluta. No
information has been so far generated in

Ethiopia on the efficacy of the microbial

insecticide againsfuta absolutaincluding its

optimum rate and application of frequency.

This study is proposed with the following

objectives:

1. Evaluate the efficacy of Bacillus
thuringiensisto manage the South American
Tomato Moth Tuta absoluta

Materials and Methods:

Description of the Study Area: The present

experiment was conducted during the off season

in 2014 at Melkassa Agricultural Research

Center (MARC). The Center is located 15 km

south east of Adama in the semi-arid region of

the Central Rift Valley of Ethiopia at’&®4’'N

was observed in some tomato growing areas of latitude and 39 12’E longitude and at an
Ethiopia in January/February 2013. Heavy elevation of 1550 meter above sea level
incidence of this moth was reported from (m.a.s.l.). The site receives 763 mm mean
Alamata area of Tigray and major tomato belt annual rainfall but with much variation in
between Modjo and Zeway towns in the Central distribution and amount, 70% of which occurs
Rift Valley. Tomato growers in the affected between the months of May and September.
areas of Ethiopia reacted to the pest damage byLate onset of rains, intermittent periodic dry
applying conventional insecticides locally spells, and early cessation of rains are common
available on the market. These include causes of fluctuating annual production with
organophosphates, such as profenofos andoccasional drastic reduction in crop yields and
pyrethroids, such as Lambda cyhalothrin with no occurrence of pests (MARC, 1996). The
success or reduction of infestation resulting huge maximum and minimum annual mean
financial loss. As it is a newly introduced pest in temperatures are Z& and 14°C, respectively.
Ethiopia, no single insecticide was based on Soil type of the site is Andosol cultivated for
local efficacy data registered for the long period of time (MARC, 1996).The soils are
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mainly sandy with pH of 6.9-7.9 and mean tempeeati2'C
Table 1.Details of the treatment combinations am)s frequencies against South America tomato
moth (Tuta absoluta

Treatmen Descriptior Rate of Applicatio

Untreated chec Contro

Btk 1.0 x 7 day Btk1.0 kg perha 7 da 2.4 g/plot WP (0.5kg/ha) b/n 7 days inte
Btk 2.0 x 7 day Btk2.0 kg perha 7 da 4.8 g/plot WP (0.5kg/ha) b/n 7 danterva
Corage! 250 ml per ha 14 da 0.6 ml/plot EC (250 ml/ha) b/n 14 days inte

Key: Btk  Bacillus thuringiensigar. kurstaki

WP  Wettable powder

EC Emucifable concentrate
Data to be collected: The central four rows of randomly selected plants and three flower
each plot were considered for collecting data. clusters per plant at 50% flowering.
Four plants per plot were randomly selected to Number of fruits per cluster: The total number
count egg density. Samples of three leaves eachof fruits per cluster was counted from 5
were collected from the bottom, middle and randomly selected plants at red ripening stage of
upper layer of the canopy and placed separatelyfruit using cluster used for flower count.
in plastic bags for transportation to the Fruit set percentage (%): Data on fruit set
laboratory for counted the egg number under percentage was obtained by dividing the number
stereomicroscope. of fruits per cluster by the number of flowers per
South American tomato moth leaf damage score cluster times 100.
was taken based on scale of 1 to 5 (1= 1-10% no Sorted the total fruit yield into marketable fruit
infestation; 2= 11- 25% slight infestation of; 3= yield and unmarketable fruit yield. Then the
26-50% moderate infestation; 4= 51-75% heavy marketable fruit yield was recorded by counting
infestation of; 5= 76-100%. and weighing from plots and expressed in results
Plant height (cm) was recorded by the average marketable fruit number and yield per hectare.
height of 10 plants of each plot measured from Unmarketable fruit yield partitioning based on
the ground level to the tip of the longest leaf at the presence of damage symptoms byTh&a
maturity. absoluta or other problems was weighing in
Number of flowers per cluster: The total number plots and expressed in to percentage of the
of flowers per cluster was counted from 5 unmarketable fruit. Percentage of unmarketable

fruit was calculated as follows:

weight of unmarketable fruit

Unmarketable fruit(96) = % 100
nmar e fruit(%) Total weight of harvested fruits

From the unmarketable fruit grouped the fruit dgeth by theTuta absolutawas weighing and

expressed results in percentagd ofa absoluta

Weight of Tutaabsoluta damaged fruit
Tutaabsoluta(%) = X 100
Total weight of harvested fruits

Ten samples fruit was taken from damaging fruit per number was recorded counting the
fruits due toTuta absolutacounting the holes  fruits representing marketable and unmarketable
number and take the average of the hole perone and dividing to the number of plants per
fruit. plot.
Total fruit yield (ton/ha) was recorded by sum Relative yield loss was calculated according to
up the weight of marketable and unmarketable the following equation:
fruit yields from plots and expressing it in Relative yield loss(%) — Yp—¥t . 100
hectare base. Total marketable and unmarketable ¥p

(Robert and James, 1991)
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Where, Yp is the vyield of maximum various agricultural alternatives (CIMMYT,
protected plot and Yt is yield from plots of 1988).
other treatments. Statistical Data Analysiss The data were

Economic analysis. Total variable cost includes analyzed using the General Linear Model
the cost of chemicals and chemical application (GLM) procedure of SAS statistical version 9.2
costs. The price of Bt var. kurstaki, coragen and Software (SAS, 2009). Data were checked for
karate were 1050 birr/kg, 6600 birr/Liter and satisfying ANOVA  assumptions  before

450 birr/Liter, respectively. These costs were
during the experiment time. Labor cost was 50
birr man-day for per application. A gross

benefit was calculated by multiplying farm gate

price that output sell of the product. Therefore,
the price of output or tomato was 8 Birr/kg.Net
benefit was calculated by subtracting the total
variable costs from the gross benefit for each
treatment. The cost of inputs and production

subjecting them to ANOVA. To stabilize the
variance the egg density count data were
transformed to square root scale. Significance
mean was separated using Student-Newmans-
Keuls test.

Results and Discussion: Effect of Different
Rate of Commercial Bacillus thurinigensis to
Control Tuta absoluta:

Egg density: Mean number ofTuta absoluta

practices were assumed to remain the sameegg in the leaf no significance difference
among all the treatments except the chemical (p>0.05) among treatments (Table 2). The
costs and chemical application prices. On number ofTuta absolutaegg in the leaf before
untreated plot there only inputs and production and after application ranged from 1.56 to 2.45
cost which was the same for all treatments. and 1.17 to 2.41 respectively. Amongrates and
Based on the data obtained from the field, frequencies of commercial Bacillus thurinigensis
cost-benefit analysis was performed using and chemical application on voiced activity was
partial budget analysis. Partial budget observed less effectivness.These results are
analysis is a method of organizing data and concordant with Hafset al. (2012) who found
information about the cost and benefit of that Bacillus thuringiensis Berliner var. kurstak
low efficacy on egg mortality of.absoluta
Table 2. The effect of rate and frequencyactillus thuringiensieand synthetic chemicals on mean
number of egg per plant

Treatment Pre application Post applicat Leaf damage sco

Bt @ 1 kg/ ha 7 da 2.45¢ 1.34¢ 2bc

Bt @ 2 kg/ha 7 da 2.16¢ 1.76¢ 2bc
Coragen250 ml/ha 14 da 2.03¢ 1.17¢ 1.83¢

Untreated chec 1.56¢ 2.41¢ 2.42¢

The results of the study indicated that the main days, while lower fruit number (597083)

effect rate ofBacillus thuringiensisshowed no
significance difference on the egg density in the
leaf.

Total fruit yield: The effects of microbial and
synthetic insecticides treatments ®fabsoluta
on total fruit number and yield was compared.
The results in Table 3 show no significant
difference both in total fruit number and yield in
response t®tk with different rate. Coragen and
untreated check. The higher fruit number(
726667) on tomato treated with Bt @ 2kg/ha 7

www.johronline.com

recorded on untreated check. Evaluating the
number of mines after application, when
infestation was higher, there was no difference
among the insecticides, however at lower
infestation it might be observed that spin sad
with Break-Thru at all rates were statistically the
best treatment. It happened probably because at
higher infestation the pest outbreak was too high
to be controlled by the insecticide rate used what
did not occurred at lower pest infestation
(Santoset al, 2011).

125|Page




Begna F., J. Harmoniz. Res. Appl. Sci. 2017, 5(3), 122-131

Table 3 The effects of rate and frequenciatillus thuringiensisaand synthetic chemicals on total
fruit and marketable fruit yield (ton/ha)

Treatment TFN he+ TY MFN h™ MY

Bt @ 1 kg/ ha 7 des 630625 38.94: 148750cd 10.56bc!
Bt @ 2 kg/ha 7 da 726667 45.71¢ 240000l 16.42t
Coragen 250 ml/ha 14 da 714792 42.19: 451042 28.39:
Untreated chec 597083 36.31: 58542« 3.89¢

TFN ha'= Total fruit number per ha, TY=Total yield, MFN = Marketable fruit number per ha,

MY= Marketable yield

Marketable yield: Marketable fruit number
and yield were significantly higher in coragen as
compared to the untreated control (Table 4).
Marketable fruit number 451042 and 240000and
marketable yield 28.39 and 3.89 ton/ha were

fruit number and yield among the different
spraying interval.

Percentage of total damaged fruits: Data
presented in Table 5 indicated that the effect of
coragen and untreated check was significant

recorded in plots treated with the coragen and difference (p<0.0001) for the percentage of total

untreated check respectively in comparison to
untreated plots marketable fruit number (58542)

damaged fruits from the total fruit yield. The
treatments in combinations of Btk at 1kg/ha and

and marketable yield (3.89 ton/ha).Coragen was 2 kg/ha with 7 days spraying interval were less

the most stable treatment affecting on T.
absolute population (Ghanim and Ghani, 2014).
The differentBacillus thuriniginesistreatments
had varying effects on marketable fruit number
and vyield. The Ilowest rates oBacillus
thurinigiensis 1 kg/ha, did not significantly
affect marketable fruit number and yield even in
the spray interval of 7 days. Marketable fruit
number and yield in plots treated with the higher
rates 2 kg/ha oBtk were significantly higher in
the 7 days. Moussat al (2013) reported that
chlorantraniliprole and chlorfenapyr were able
to overwhelm the pest population completely
until the 7" day after treatment. On the other
hand,Btk showed provide satisfactory results on
T.absolutacontrol with 75.9%.

In general, higher mean marketable fruit number
and yield were recorded from plots that received
relatively higher dosages oBt microbial
insecticides than that of plots sprayed with lower
dosageBacillus thuringiensigrequency showed
significant (p < 0.0001) difference in marketable

fruit damaging compared to untreated check,
however the standard check coragen more
effective to reduce the damaging fruits. Baetan
et al. (2013) showed that the most efficient
product was the Coragen, which after it was
used; it reduced the frequency of attacked plants
with 94.4% in the greenhouse. In general, plots
received Btk at 1kg/ha and 2kg/ha with weekly
applications, appeared to be better in reducing
the damaged fruits. Furthermore, management
of T. absoluta based on treatments with Bt
doesn’t induce resistance inphytophagous
populations that are a likely cause of field
control failures (Silvat al.,2011).

Increase the rate &tk application from 1 kg/ha

to 2 kg/ha inversely decrease the damaged fruits
of tomato. In agreement with the present
observation Kharet al. (2005) reported thah
fields with high populations ofP. xylostella
larvae, Bacillus thuringiensis products were
used every 5—7 days to provide control

Table 5. The effects dt rate and frequency, coragen and karate on pegeofaotal and with
T.absolut@amaged fruits

Treatment % TDF % DFTu

Bt @ 1 kg/ ha 7 da 72.7¢-€ 64.35al
Bt @ 2 kg/ha 7 da 64.74¢ 54.82t
Coragen 50 ml/ha 14 day 33.08¢ 18.75¢
Untreated chec 89.03: 81.88:

% TDF= Percentage of total damage fruit, % DF TercBntage of damage fruit withabsoluta
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126 |Page



Begna F., J. Harmoniz. Res. Appl. Sci. 2017, 5(3), 122-131

Percentage of infested tomato fruits with T. infestation of fruits of tomatoes treated wigkk
absoluta: There were differences among 1kg/ha.
treatments in their activity against T. absoluta. Fruits holes number due to T. absoluta: In
Among the tested insecticides effective control fruit, the tomatoes show necroses on the calyx
of T. absoluta coragen followed by those which and exit holes on the surface of the integument.
received the highest concentration of 2 kg/ha Fruits hole number due to T.absoluta
with 7 days application interval, while others significantly affected by the different. The
treatments were no significance difference with insecticides sprayed at different rates and
untreated check. Gonzales-Cabrera et al. (2011)schedules had varying effects on fruits holes
obtained that the percentage of infested fruits number due to T.absoluta. With the exception of
with T. absoluta was significantly lower for all the treatments with Btk at a rate of 2kg/ha with 7
treatments with Bt compared to the control, days schedules.
however no differences among them. The highest fruit hole number 5.07 was recorded
The lowest percentage of infestation fruits with on untreated check, while the lowest fruit hole
T.absoluta(18.75), recorded from plots treated number 1.9, were observed on the treated with
with synthetic insecticides coragen, plots coragen. The second lower fruit hole number
received the microbial insecticiddgtk at the 2.86 was recorded wheBtk was applied at the
rate of2 kg/ha with 7 days spraying intervals was rate 2 kg/ha in weekly schedule. The caterpillars
recorded lowest percentage (54.82). On the otherdirectly damage the leaves, the terminal buds,
hand, the highest percentage infestation of fruits the flowers and the fruits (Moraes and
with T. absoluta(81.88 %) was recorded from Normanha, 1982; Hagt al.,, 1988; Lopes Filho,
untreated check. The main damage is produced1990; Castelo- branco, 1992; Souza and Reis,
on the leaves and fruits. With respect to 1992), or decrease fruit quality indirectly by
T.absoluta the present results are in agreement burning the skin of the fruit. The latter symptom
with those obtained by Larragt al (2014) who has been frequently observed on fruits from
reported that the percentage of damaged fruit caterpillar-defoliated plants. Also, pottirgg al
(20 %) was significantly lower (p < 0.05) in the (2013) demonstrated that unacceptable levels of
treatments with cyantraniliprole than in the cosmetic fruit damage may occur in fresh
untreated control where damage reached 88%. market tomato production due to the mining
Infestation of fruits due td. absolutashowed a habit of the organism. Without any control
significant (p<0.0001) variation due to the effect measure the potential damage may be 100%,
of rate Btk (Table 6).Bacillus thuringiensisvar especially at high population densities at the end
kurstakiwith rates of 2 kg/ha resulted in lowest of the growing season because the presence of
infestation withT. absoluta(64.88%) (Table 7).  the organism in a greenhouse may lead to
However, this value was statically similar with unacceptable levels of cosmetic fruit damage.
Table 6. The effect d8t rate and frequency, karate and coragen on FH, Mji-Biad UFNo/p

Treatment FH MFNo/p UFNo/g
Bt @ 1 kg/ ha 7 da 4.09al 4.96¢d 16.12al
Bt @ 2 kg/ha 7 da 2.86b( 8b 16.22al
Coragen 250 ml/ha 14 da 1.9c¢ 15.04: 8.79(
Untreated chec 5.07¢ 1.95¢ 17.95;

Bt= Bacillus thuringiensis FH= Fruit hole number, MFNo/p= Marketable fruitmber per plant,
UFNo/p= Unmarketable fruit number per plant

Marketable fruit number per plant: (Table 7). Bacillus thuringiensis rate have
Analysis of variance showed that there was different potentials of activity against. Weekly
significant  (p<0.05) difference among frequency in highest rates 2 kg/ha, the highest
treatments for marketable fruit number per plant marketable fruit per number to reduce the

www.johronline.com 127 |Page




Begna F., J. Harmoniz. Res. Appl. Sci. 2017, 5(3), 122-131

T.absoluta but coragen was effective over all
treatments.

Unmarketable fruit number per plant: The
effect of Btk rate and frequency, the synthetic

2010). Leiteet al. (2004) found that the attack of
T. absolutawas severe at the end of growing
season as the temperature increases.

Effect of Microbial insecticides on Some

insecticides coragen treatments on tomato plants Agronomic Characteristics:

for unmarketable fruit number per plant was
compared. The results in Table 7 show
significance difference in unmarketable fruit
number per plant in response to different
treatments. Exception of synthetic insecticides
no one treatments significance difference with
the untreated check.

During crop cycle the infestation was higher in
fruiting stage than initial stage of the crop dae t
increment of temperature in crop growing cycle
(December to May) difficult to control the fruit
damage by applying insecticide. An increase in

The agronomic characteristics of plant height,
flower per clusters, fruit per cluster and fruit se

percentage were non-significant difference
among treatments (Table 8). In the leaf damaged
scored showed that the infestation was less in
these case no effect on the plant growth and
development. This is coherent with the finding

of Cely et al. (2010) who reported that in the

vegetative variables there were no significant
differences between the control and the lowest
density of 2 up to 4 females per plant. However,
there is an important reduction of the number of

temperature was detected at this time in the year. healthy fruit. The leaf infestation was lower due
Their number became relatively high, as their to lower population of pest during crop growing
attack became intense towards the end of cropcycle so not affect the vegetative character
cycle due to temperature rising. These results significantly related to this there were not
matched with those found by several authors observed the treatment difference.
(Mirandaet al, 1998; Lacordaire and Feuvrier,

Table 8. Effect of microbial insecticides on Agromo character of tomato

Treatments PH FIPC FrPC % FrS

Bt @ 1 kg/ ha 7 days 65a 3.93a 3.13a 79.73a
Bt @ 2 kg/ha 7 days 67.4a 4.27a 3.33a 81.9a
Coragen 250 ml/ha 14 days 65.4a 4.13a 3.13a 76.36a
Untreated check 66.2a 3.8a 2.93a 77.33a

PH= Plant height, FIPC= Flower per cluster, FrPQaitfper cluster, % FrS= Percentage of fruit set
Yield Loss: Tuta absolutaattacks leaves and fruits and can
Yield losses were computed relative to the cause up tol00% crop loss if appropriate

average marketable yield of plots with the
maximum protection against the insects (the
highest marketable yield and lowest infestation),
i.e. the plots treated with coragen. There were
significant differences (P< 0.05) among
treatments in reducing yield losses caused by
absoluta in tomato (Table 10). The highest
relative yield loss 86% recorded on untreated.

measures are not taken (Guenaoui, 2008).These
results agree with Sabbour and soliman (2014)
the percentage of yield loss Bit. dipel were
36% as compared to 62% in the control.
Sabbour and Shadia E-Abd-El-Aziz (2007)
proved that applications with bioinsecticides
increased the yield and decreased the infestation
with insect pests.

Table 10. Gross and estimated net returns in baryéeld loss for tomato

Treatments Gross return  Management Cost Net return Yield loss %
Bt @ 1 kg/ ha 7 days 76050 25650 50,400 61.85bc
Bt @ 2 kg/ha 7 days 118200 45600 72,600 43.82b
Coragen 250 ml/ha 14 days204450 19500 184,950 23.56¢
Untreated check 28050 0 28,050 86.02a

www.johronline.com
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Economic analysis: Differences in net benefit
were observed among the insecticides
treatments. The net profit showed that the
maximum benefit was recorded the plots treated
with coragen (Table 10).

With increasing the concentrations of treatments

frequency also reduced the percentage of total
damaged fruits. The percentage of damaged fruit
with Tuta absolutalowest in treated with
coragen, and 2 kg/haBtk with weekly
application. The main effeddtk rate at 2kg/ha
best for reducing of infestation duta absoluta

and application schedules there was a decreasingn fruits and weekly frequency also good for
trend in net return. In the dosages increases thecontrol infestation.Tuta absolutadecrease the

insect control cost directly increases inversely
the net befits decreases. Over all, the weekly
application of microbial insecticides gave the
best net befit compared with the fortnight and
three weeks application.

Summary and Recommendation: Tomato
(Lycopersicon esculenturilill.) is one of the
most important Solanaceous vegetable crops.
The tomato plants are currently infested with

fruit quality by creating the holes and
unattractive for the consumers. Coragen Btid

at 2 kg/ha with weekly application affect the
hole number of fruits. Plots treated wBitk at 2
kg/ha and coragen score better marketable fruit
per plant.

Cost-benefit analysis indicated that application
of coragen pointed out maximum net benefit
followed by Bt at 2kg/ha with weekly

many serious pests, recently the most destructiveapplications.

ones, Tuta absoluta In the present study field
trial was conducted to evaluate the efficacy
Bacillus thuringiensivar Kurstakion T.absoluta
infestation under field conditions at MARC with
natural infestation during 2013/20140ff season.
A contact insecticideBtk was evaluated at land

Acknowledgments. | wish to express my
deepest and foremost appreciation and gratitude
to Prof. Ashok Thakur for their patience and
thoughtful guidance throughout my study. Their
valuable advices and constructive comments on
the manuscript were among the most important

2kg/ha rates whereas the frequency was appliedfactors that enabled me to shape this thesis in its
at 7 days and the one standard check coragenfinal form.
and the untreated check. The treatments werel would like to express my gratitude to the

tested for their effects on egg density, leaf
damaged score and yield.

The plant infestation was initially lower then

increases in the final crop growing cycle. The
leaf infestations was lower but higher infestation
was recorded in fruits due to the fruit are

attacked as soon as they form, right up to
maturity and one larva can damage several fruit
on a single cluster. The maximum fruit

infestation obtained the highest yield loss from
untreated check. The synthetic insecticides
coragen  showed  significantly  affected

marketable fruit number and yield. The main
effects ofBtk rate at 2kg/ha and frequency with

7 days interval give the better marketable fruit
number and yield.

The lowest percentage of total damaged fruits
was obtained from plots treated with coragen.
The rate ofBtk at 1 and 2kg/ha with 7 days

www.johronline.com

members of Melkassa Agricultural Research
Center (MARC) Crop Protection and
Horticultural Research Divisions for their
unforgettable hospitality, advice,
encouragement, technical and material support
to this research work. Special, thanks go to Mr.
Dametw Negatu for his valuable support from
the beginning of my field works, and Mr.
Buta for his assistance in the field work. | wish
to thank Mr. Abebe Zewde and Mrs. Mulatwa
Wondimu for data analysis and providing books
Above all, | would like to thankGOD for he
made all things possible for me
Reference:
 Baetan, R., I.Oltean, P. Varadie, and T.
Florian, 2013. Researches regarding the
chemical control ofTuta absolutaspecies.
Bulletin UASMV Serie Agriculture 70(2):
419-420.

129 | Page




Begna F., J. Harmoniz. Res. Appl. Sci. 2017, 5(3), 122-131

Cely, L., F.Cantor and D.Rodriguez, 2010.
Deterimination of levels of damage caused
by different densities ofTuta absoluta
populations  (Lepidoptera: Gelechiidae)
under greenhouse conditiongAgronomia
Colombiana28 (3): 401-411.

CIMMYT (Centre for International Maize
and Wheat Research), 1988. From
agronomic data to farmer’s
recommendations: An economics training
manual. Completely Revised Edition.
Mexico. D. F. ISBN 968-61 27-18-6

Castelo Branco, M. 1992. Flutuac E a Ao
populacional da trac E a-do-tomateir o no
Distrito FederalHorticultura Brasileira 10:
33-34.

Desneux, N., M. Luna, T. Guillemaud and
A. Urbaneja, 2011. The invasive South
American tomato pinwormJuta absoluta
continues to spread in Afro-Eurasia and
beyond: the new threat to tomato world
production.J. Pest Sci84:403-408

Food and Agriculture Organization (FAO),
2006. FAO production yearbook, Basic Data
unit, Statistics Division, FAO, Rome, ltaly,
No.55,pp 125-127

Gashawbeza, A. and Abiy, F. 2013.
Occurrence of a new leaf mining and fruit
boring moth of tomato Tuta absoluta in
Ethiopia. Field trip report to Ethiopia
Institute of Agricultural Research, February
2013, pp 11.

Ghanim, M.N. and B.A. Ghani,2014.
Controlling Tuta absoluta (Lepidopter:
Gelechiidae) and Aphis gossypti
(Hemiptera:Aphididae ) by aqueous plant
extracts Life science Journall(3): 299-307.
ISSN: 1097-8135.http://www.
Lifesciencesite.com.44

Giustolin, T.A., J.D. Vendramim,.B. Alves
and S.A.Vieira, 2001. Susceptibility duta
absoluta (Meyrick) (Lep, Gelechiidae)
reared on two species dfycopersiconto
Bacillus thuringiensisvar. kurstaki Journal

of Applied Entomolog$25: 551-556.

www.johronline.com

Gonza’lez-Cabrera, J., O. Molla, H. Monton
and A. Urbaneja, 2011. Efficacy Bacillus
thuringiensis(Berliner) in controlling the
tomato borerTuta absolutgMeyrick)
(Lepidoptera: GelechiidaeioControl56:
71-80

Guenaoui, Y., 2008. Nouveau ravageur de la
tomate en Algerie: premie're observation de
Tuta absoluta, mineuse de la tomate
invasive, dans la re “gion de Mostaganem, au
printemps 2008. Phytoma618,18-19 (in
French).

Hafsi A., K. Abbes, B. Chermit and B.
Nasraoui, 2012. Response of the tomato
miner Tuta  absoluta (Lepidoptera:
Gelechiidae) to thirteen insecticides in Semi-
natural conditions in TunisisaBulletin
OEPP/EPPO42(2): 312-316.

Haji, F.N.P.,, C.A. Oliveira, M.S.
Amorimneto and J.G.S. Batista, 1988.
Flutuac E a Ao populaciona | da trac E a do
tomateir o0 no subm e A di o Sa Ao
Francisco. Pesquis a Agropecua A ri a
Brasileira23: 7 - 17

Khan, F.R., P. Griffin, R. Carner and S.
Gorsuch, 2005. Susceptibility of Diamond

back moth, Plutella xylostella (L.)
(Lepidoptera: Plutellidae), from Collard
Fields in South Carolina to Bacillus

thuringiensis.Journal of Agriculture. Urban
Entomology22(1): 19-26.

Lacordaire, A.l. and Feuvrier, E., 2010.
Tomate, traquer Tuta absoluta Phytoma
632: 40-4

Larrain, P.C. Escudero, J. Morre and J.
Rodriguez, 2014. Insecticide effect of
cyantraniliprole on tomato mothTuta
absoluta Meyrick (Lepidoptera:
Gelechiidae) larvae in fields.Chilean
Journal of Agricultural Research4:2.

Leite, G.L.D., M. Picanco, G.N. Jham and F.
Marquini, 2004. Intensity offuta absoluta
(Meyrick, 1917) (Lepidoptera: Gelichiidae)
and Liriomyzaspp. (Diptera: Agromyzidae)
attacks on Lycopersicum esculentuill.

130|Page




Begna F., J. Harmoniz. Res. Appl. Sci. 2017, 5(3), 122-131

LeavesCiénc. Agrotech. Lavra®8(1): 42-
48.

Leng, P., Z. Zhang, G. Pan, M. Zhao, 2011.
Applications and development trends in
biopesticides.  African Journal of
BiotechnologylO (86):19864-19873.

Lopes Filho, F., 1990. Tomat e industria | no
Subm e A di 0 Sa Ao Francisc o e as praga s
qu e li m itam su a produc E a Aesquis a
Agropecua A ri a Brasileir25: 283 — 288
MARC (Melkassa Agricultural Research
Center), 1996. Melkassa Agricultural
Research Center Profile, Melkassa

Mediros, M.A., N.J. Vilela and F.H. Franca,
2006. Technical and economic efficiency of
biological control of the South American
tomato pinworm in protected environment.
Horticultura Brasileira 24 (2): 180- 184.
Miranda, M.M.M., M.C. Picanco, J.C.
Zanuncio and R.N.C. Guedes, 1998.
Ecological life table of Tuta absoluta
(Meyrick)  (Lepidoptera:  Gelechiidae).
Biocontrol Sci. Technolg8:597-606.

Moraes, G.J. and J.A. Normanh, 1982. Surt o
de Scrobipalpula absolutdMeyrick) em to

m ateiro no tr o A pic o semi-aridBesquisa
Agropecua Aria Brasileird 7: 503 — 504
Moussa, S., F. Baiomy, A. Sharma and F.
Eid El- Adi, 2013. The status of tomato leaf

miner, Tuta absoluta  (Meyrick)
(Lepidoptera: Gelechiidae)in Egypt and
potential Effective  pesticidescademic

Journal of Entomologg(3): 110-115.
Niedmann, M. and A. Meza-Basso, 2006.
Evaluacion decepas nativas Bacillus
thuringiensis como  una alternative de
manejo integrado de la polilla del tome
Tuta absoluta Meyrick; Lepidoptera:
Gelechiidae) en ChileAgric Tec 66: 235-
246.

Potting, R.P.J., D.J. Van der Gaag, A.
Loomans, M. Van der Straten, H. Anderson,

www.johronline.com

A. MacLeod, A., J.M.G. Castrillon and G.V.
Cambra, 2013Tuta absoluta Tomato leaf
miner moth or South American tomato moth.
Ministry of Agriculture, Nature and Food
Quality, Plant Protection Service of the
Netherlands.

Sabbour, M.M and Shadia E-Abd-El-Aziz,
2007. Efficiency of Some Bioinsecticides
Against Broad Bean Beetle,Bruchus
rufimanus(Coleoptera: Bruchidadjes. J. of
Agric.and Biol. Sci3(2): 67-72.

Sabbour, M.M., 2014.Biocontrol of the
tomato pinwormTuta absoluta(Meyrick)
(Lepidoptera:Gelehiidae) in Egyptiddle
East Journal of Agriculture
Resarch,3(3):499-503. ISSN 2077-4605.
Santos, A. C. D., R.C.O.D. Bueno, F.S.S.
Vieira andA.D.F. Bueno, 2011. Efficacy of
insecticides omuta absolutaMeyrick) and
other pests in pole tomatBioAssay6: 1-6.
SAS (Statistical Analysis System) software,
2009. Version 9.2. Inc. Carry, North
California, USA

Silva, A., C. Picanco, L. Bacci,B. Crespo,F.
Rosado and C. Guede, 2011. Control failure
likelihood and spatial dependence of
insecticide resistance in the tomato pinworm,
Tuta absoluta. Pest management scie®ice
913-920.

Souza, J.C., P.R. Reis, 1992. TrackE a-do-
tomateiro,  histoArico, reconhecimento,
biologia, prejudAzos e controle. EPAMIG.
Bull., 32. Belo Horizonte: EPAMIG 1-19.
Thomas, M.B., 1999. Ecological approaches
and the development of ‘truly integrated’
pest management?roc. Natl. Acad. Sci.
USA96: 5944-5951

Willcox, J.K., G.L. Catignani and S.
Lazarus, 2003. Tomatoes and cardio-
vascular health, CriticalReviews in Food
sciences and Nutriedt3: 1-18

131|Page




