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Abstract

Tuta absoluta (Meyrick) is a very destructive insect pest with a strong preference for tomato plants. It
originates from South America where it has been considered a key pest since the 1980s. It can also attack
the aerial parts of tomato, potato, tobacco and some solanaceous weeds. Based on the leaf and fruit-
infestation data, four genotypes of tomato (Coshoro, Roman-VF, Galila and Local var.), showed
susceptible responses; four genotypes of potato (Jalane, Menagesha, Tolcha and Local var.) showed a
tolerant trend and four pepper genotypes (M. Awaze, M. Fana, M. Zala and Local var.), with non-
infestation and high resistant, were resulted during 2015-2017. Significant differences were observed,
among the genotypes, regarding to the oviposition, in number of eggs/plant. Tomato, showed a maximum
oviposition of 62.38%/plant on upper leaf followed by lower leaf 35.72%/plant; while minimum
oviposition was recorded to be on flower 0.37% and stem 0.53% per plant, respectively. In contrast, on
potato genotypes the maximum ovipostion was recorded on lower leaf as an average 79.63%/plant and
15.11% was recorded on upper leaf; while minimum oviposition were recorded on stem of potato
genotypes as an average 1.93%/plant and on all pepper genotype no oviposition was recorded in both
years. Variations were found to be significant among dates of observation, regarding to the larval-
population and infestation-percentage of the leaf and fruits, during both the study years. There were no
significant (P>0.05) differences among each crop varieties. Hence, these present findings are suggest that
T. absoluta oviposition behavior is dependent on the host plant preferences among major solanaceae
crops and not on varieties of each crop.

Keywords: Infestation, genotype, host preferences, oviposition, pepper, potato, resistant, susceptible,
tolerance, tomato, Tuta absoluta

1. Introduction

Insect pests can reduce vegetable crop yields, increase the costs of their management, and lead
to the use of pesticides which ultimately lead to the disruption of existing Integrated Pest
Management (IPM) systems (6. Among the invasive pests, the tomato leafminer, Tuta
absoluta (Lepidoptera: Gelechiidae), is a devastating pest that develops principally on
solanaceous plants throughout South and Central America and Europe [l It is a very
destructive and an oligophagous pest with a strong preference for tomato; it can also attack the
aerial parts of potato, eggplant, tobacco and some solanaceous weeds [*2, It is a multivoltine
species, which rapidly develops in favorable environmental conditions, with overlapping life
cycles Bl The tomato leafminer, T. absoluta is one of the most devastating pests of tomato in
Ethiopia. This pest was initially reported in Eastern Shawa of Ethiopia in early 2012 1, and
has subsequently spread throughout the country. Since the time of its initial detection, the pest
has caused serious damages to tomato in invaded areas, and it is currently considered a key
tomato threat to Ethiopia tomato production areas.

The management option of T. absoluta in most South American countries used as chemical
insecticides, which was Organophosphates were used at the first time to control T. absoluta [,
To minimize the use of chemical insecticides modern high resistant cultivars have greater
capacity than traditional ones for compensation from insect pest damage, consequently
suffering less yield loss. For improved control decisions, farmers thus need to assess the
compensatory ability of the crop and severity of crop stress acting on it [*1. However, intensive
tomato production with excessive pesticide use has created several pest and environmental
problems, as a result, the concept of integrated pest management (IPM) has gained importance
over the years.
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Sources of resistance in the form of resistant cultivars,
landraces, accessions, or wild relatives of crop species have
been identified for virtually all major pests of all major crops
when screenings of sufficient scale have been conducted [©1.
Resistant cultivars paved the way for implementing IPM in
many countries 3. Host-plant resistance is compatible with
cultural, biological and chemical control, which can make the
IPM system more effective and sustainable 8 19 |PM
programmes have been developed in Ethiopia using resistant
cultivars against T. absoluta. Therefore, the present studies
were to determine oviposition of T. absoluta and evaluated
the infestation level of major solanaceae crop varieties against
T. absoluta under glasshouse conditions.

2. Materials and methods

2.1 Description of the study area

The research was conducted for two consecutive years under
glasshouse conditions at Ambo University glasshouse. Ambo
is at a geographical coordinate of 8°59’N latitude and 37.85°E
longitude with an altitude of 2100 meter above sea level [,
The temperature of the glasshouse during the study period
was 32+2°C.

2.2 Experimental Design

This study was carried out for two consecutive years using
three major Solanaceae crops (tomato, potato and pepper)
genotypes against T. absoluta. Seeds of the genotypes were
obtained from Melkasa Agricultural Research Center. The
experiment was laid out in Randomized Complete Block
Design (RCBD) with three replications. The plants were
transplanted into the experimental glasshouse after 40 days.
The experimental pots, 20cm diameter and 25cm height
totally 36 pots were prepared and filled with compost, loam
soil and sand soil in the ratio of 1:1:2, respectively. All
agronomic practices were performed as required and
recommended.

2.3 Data Collection

In this study, different parameters were evaluated on sample
plants in each treatment. Data were collected randomly from
each variety/line of each replication. Morphological

characters such as plant number of leaves per plant and fruit
numbers per plant were recorded at 30, 50 and 70 days after
transplanting 1. Total number of infested leaves, healthy
leaves and fruits were counted and percent infestations of T.
absoluta was calculated and graded from the mean
percentages according to the method of Mukhopadhyay and
Mandal (11,

2.2 Data analysis

Mean values of each entry from different date after
transplanting were analyzed statistically using SAS version
9.1 package computer program %1,

3. Results and discussion

3.1 Oviposition of T. absoluta on major solanaceae crops

In this study the tomato was the primary host for T. absoluta
in both 2015/2016 and 2016/2017 (Table 1). On tomato plant,
more T. absoluta eggs were laid rather than potato and pepper
during the study periods. Eggs were almost found to be laid
singly on the upper and lower side of the leaf of tomato and
potato crops. On tomato varieties percent oviposition on
upper leaves ranged from 62.23 to 67.24% and on lower
leaves ranged from 32.01 to 36.80% were recorded during
2015/16 while during 2016/17 it was observed that on upper
leaves of all varieties of tomato ranged from 63.96 to 68.09%
and on lower leaves from 30.82 to 34.50% were recorded. On
the other hand, the percent ovipostion of T. absoluta on potato
showed that from 23.33 to 35.15% on upper leaves and 63.69
to 75.75% on lower leaves during 2015/16 and ranged from
23.21 to 40.08% on upper leaves and 56.49 to 76.80% on
lower leaves of all varieties of potato crops. Very few number
of eggs were laid on stem, buds, flowers and calyxes of the
fruits of all varieties of tomato. Larvae were generally found
feeding on leaves, creating wide mines giving it a papery
appearance and tunneling through the fruits. They were also
found boring into the apical buds and the stems. Infested
fruits had the small hole closer to the calyxes all varieties of
tomato. Finally, we observed that T. absoluta oviposition
preferentially occurs on the upper leaf of tomato and lower
leaf of potato plants where highest densities of trichomes are
found.

Table 1: Mean oviposition preference of T. absoluta on major solanaceous crops during 2015-2017

Eggs laid by females/plant
2015/16 2016/17
Treatments | Upper leaf (%) | Lower leaf (%) | Stem (%) | Flower (%) | Upper leaf (%) | Lower leaf (%) | Stem (%) | Flower (%)

Coshoro 62.23" 36.80° 0.48 0.50 67.35° 31.93¢ 0.33 0.33
VF-Roman 66.39% 35.97¢ 0.49 0.23 63.96° 34.35° 0.53 2.17
Galila 60.88° 35.41¢ 0.27 0.68 68.09° 30.82¢ 1.09 0.0
Local var. 67.242 32.01° 0.36 0.36 64.51° 34.50° 1.0 0.0
Jalane 23.33¢ 73.89° 2.78 0.0 31.754 56.49° 1.75 0.0
Tolcha 26.84° 71.312 1.85 0.0 37.11° 57.48° 541 0.0
Menagesha 35.154 63.69" 1.15 0.0 40.08° 59.92° 0.0 0.0
Local var. 23.96° 75.752 0.0 0.0 23.21° 76.80° 0.0 0.0
M. Awaze 0.0f 0.0¢ 0.0 0.0 0.0 0.0¢ 0.0 0.0
M. Fana 0.0f 0.0¢ 0.0 0.0 0.0f 0.0¢ 0.0 0.0
M. Zala 0.0f 0.0¢ 0.0 0.0 0.0f 0.0¢ 0.0 0.0

Local var. 0.0f 0.0¢ 0.0 0.0 0.0f 0.0d

LSD 4.90 5.73 6.44 11.91

SE+ 2.89 3.39 3.80 7.03

CV (%) 9.48 9.56 11.38 21.80

Note: Means with the same letter(s) in rows are not significantly different for each other.

All treatment effects were highly significant at p<0.01 (DMRT)
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3.2 Host plant susceptibility and infestation level

The data presented in table 2 regarding to the larval
population of leaf infestation per plant on major solanaceae
crop genotypes of tomato, potato and pepper. The data, on the
larval population per plant, leaf infestation and fruit damaged
were recorded. The analysis of variance revealed that a
significant (P<0.05) differences among the crop and non
significant (P>0.05) differences were observed among
varieties of each crops. The results indicated that the
maximum leaf infestation was recorded to be 88.14% per
plant during 2015/16 and 92.08% during 2016/17 were
observed on tomato varieties. Regarding the fruit damaged

also no significance differences were recorded among each
variety. They were recorded 81.11 to 97.67% during 2015/17
and 56.06 to 82.22% during 2015/17 (Table 1).

On potato varieties, Jalane, Menagesha, Tolcha and Local var.
were found to have tolerance response and did not showed
that significant (P>0.05) differences with one another. The
results indicated that the leaf infestation percentage ranging
from 16.17% to 24.25% for both years (Table 1). The later
mentioned on the pepper cultivars showed non leaf and fruit
infestation and non significant differences with those of
pepper cultivars.

Table 2: Infestation level of T. absoluta on different days of observation on major solanaceous crop varieties during 2015-2017 under
glasshouse conditions

Year | (2015/16) Year | (2016/17)
Trts Leaf infested (%0) Fruit damaged (%) Leaf infested (%0) Fruit damaged (%)
30days | 50days | 70 days 90 days 30days | 50days | 70 days 90 days
Coshoro 31.88° 66.62° 88.14° 87.50° 25.984 33.29¢ 87.68% 81.48%
Roman-VF | 29.53° 76.20° 85.75° 83.81° 47.60° 82.142 82.96% 56.06%
Galila 29.53? 76.40° 87.78° 81.112 66.09° 82.55% 92.08% 76.40°
Local var. 36.132 82.18% 87.152 97.672 33.82¢ 70.74° 90.82% 82.222
Jalane 9.23¢ 21.24° 24.19° --- 7.73¢f 19.33¢ 24.25° ---
Tolcha 14.42¢ 21.94¢ 23.87° 8.89¢°f 18.62¢ 23.50°
Menagesha 9.87¢ 17.12° 22.80P --- 6.35 15.274 24.43° ---
Local var. 12.14¢ 16.06° 16.17° 12.97¢ 17.0¢ 20.12°
M. Awaze 0.04 0.0¢ 0.0¢ 0.09 0.0 0.0°
M. Fana 0.0¢ 0.0¢ 0.0¢ 0.09 0.0¢ 0.0°
M. Zala 0.0¢ 0.0¢ 0.0¢ 0.09 0.0 0.0°
Local var. 0.0¢ 0.0¢ 0.0° 0.0¢ 0.0° 0.0°
LSD 5.34 13.03 9.13 35.86 5.31 9.37 13.86 35.29
SE+ 3.15 7.69 5.39 17.95 3.14 5.53 8.18 17.66
CV (%) 21.90 24.43 14.84 20.87 17.97 19.54 22.07 23.85

Note: Means with the same letter(s) in rows are not significantly different for each other.

All treatment effects were highly significant at p<0.01 (DMRT)
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Fig 1: Percent of leaf infestation by T. absoluta on tomato Genotypes during 2015/16 under glasshouse conditions.
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Fig 2: Percent of fruit damaged by T. absoluta on tomato varieties during 2015/16 under glasshouse conditions.
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Fig 3: Percent of leaf infestation by T. absoluta on tomato varieties during 2016/17 under glasshouse conditions
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Fig 4: Percent of fruit damaged by T. absoluta on tomato varieties during 2016/17 under glasshouse conditions
~133~



International Journal of Fauna and Biological Studies

===-30days =——50days =— =70davs

30
O
I i \—“\A
& ‘.pﬂﬂ ‘hﬁ“ ---d--—
E ].O - e
=
@ 5
-

D T T T ]
Jalane Tolcha Menagesha  Local var.
Treatments

Fig 5: Percent of leaf infestation by T. absoluta on potato varieties during 2015/16 under glasshouse conditions

m30days m50days m70days

~ 25
S
<
= 20
z s
2 1
E 10
% 3
3

0

Jalane Tolcha  Menagesha Local var.
Treatments

Fig 6: Percent of leaf infestation of Potato varieties by T. absoluta during 2016/17 under glasshouse conditions

3.3 Mean population trends at various dates of
observations

In both years, the mean population tendencies of T. absoluta
on tomato crops were observed. The egg populations were
low during the early months of December 15" and high
during the end of February. Then it becomes decline gradually
starting from the end of February to early march. Again at
mid of March it becomes gradually increased till mid April
and then decline slowly to at the end of May it becomes very

low. In contrast, the population tendencies of T. absoluta on
potato varieties increase gradually from mid January till at the
end of May 29" These results indicated that during mid
months of December the tomato plants were at vegetative and
flowering stages and then matured the ovipositions were
declined and the insects were move to potato plants. Non
significance differences were found among each tomato and
potato varieties. On the other hands, T. absoluta larva did not
prefer all pepper varieties (tables 1, 2 and 3).
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Table 3: Mean population tendency on major solanaceous crops at different months of observations during 2015-2017 under glasshouse

conditions.
Mean number of T. absoluta population tendency on different stages at different Months of Observation on major solanaceae crops
VF- . Local Local M. M. M. | Local
Months | Stages | Coshoro Roman Galila var. Jalane | Tolcha | Menagesha var. | Awaze | Fana | zala | var.
December E 1.75 3.25 8.75 5.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15t L 1.25 3.0 6.25 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P 1.0 2.50 5.75 2.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
December E 8.25 10.75 19.25 | 13.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30t L 6.75 9.25 15.25 | 9.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P 5.25 7.25 11.25 | 5.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
January E 19.50 26,50 | 33.75 | 29.25 | 3.75 2.50 5.25 2.50 0.0 0.0 0.0 0.0
14t L 17.25 20.25 22.50 | 20.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P 14.25 13.25 12.75 | 16.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
January E 22.50 25.25 19.75 | 32.0 2.25 6.0 4.25 8.50 0.0 0.0 0.0 0.0
2gih L 14.25 17.75 13.50 | 26.25 2.0 5.0 3.25 5.0 0.0 0.0 0.0 0.0
P 10.25 9.75 11.0 | 19.75 0.0 3.75 2.75 2.25 0.0 0.0 0.0 0.0
February E 20.67 28.50 2325 | 2425 | 8.25 12.50 13.25 10.75 0.0 0.0 0.0 0.0
13 L 13.0 18.25 14.75 | 20.25 | 3.75 5.75 7.25 6.75 0.0 0.0 0.0 0.0
P 10.75 10.0 725 | 1375 | 1.25 2.50 3.75 3.25 0.0 0.0 0.0 0.0
February E 24.25 32.25 35.0 | 27.25 | 10.75 | 15.25 8.50 16.25 0.0 0.0 0.0 0.0
ogh L 14.75 18.25 18.25 | 22.0 7.0 9.50 3.25 9.25 0.0 0.0 0.0 0.0
P 6.50 8.75 750 | 1475 | 3.25 4.75 1.25 4.75 0.0 0.0 0.0 0.0
March E 8.25 9.75 1325 | 1275 | 7.25 19.50 14.25 10.75 0.0 0.0 0.0 0.0
15t L 11.75 18.25 22.25 | 18.25 | 12.50 8.25 9.50 6.00 0.0 0.0 0.0 0.0
P 6.50 11.50 1450 | 12.0 5.75 4.25 6.25 4.75 0.0 0.0 0.0 0.0
March E 16.25 22.75 18.25 | 19.0 | 26.25 | 32.25 29.50 25.75 0.0 0.0 0.0 0.0
30t L 9.25 14.50 10.0 | 1350 | 14.25 | 17.25 20.25 21.0 0.0 0.0 0.0 0.0
P 5.50 4.75 5.25 9.75 9.0 8.50 10.0 14.25 0.0 0.0 0.0 0.0
E 26.75 28.25 2150 | 27.25 | 32,50 | 40.50 37.25 29.0 0.0 0.0 0.0 0.0
April 141 L 14.0 15.75 17.0 | 2250 | 14.25 | 24.25 18.25 25.75 0.0 0.0 0.0 0.0
P 6.0 9.0 1225 | 10.0 | 12.25 | 12.25 8.50 18.75 0.0 0.0 0.0 0.0
E 17.25 19.75 1325 | 16.25 | 38.0 37.75 42.50 35.50 0.0 0.0 0.0 0.0
April 29 L 14.75 13.75 8.25 | 11.75 | 16.75 | 21.50 18.25 23.0 0.0 0.0 0.0 0.0
P 8.75 6.0 5.75 6.25 6.0 15.0 8.25 14.0 0.0 0.0 0.0 0.0
E 3.75 6.25 5.50 7.25 | 4725 | 31.50 29.50 40.25 0.0 0.0 0.0 0.0
May 14t L 0.0 2.50 3.0 325 | 21.75 | 15.50 17.25 33.25 0.0 0.0 0.0 0.0
P 0.0 0.0 1.25 275 | 14.25 8.25 11.50 20.0 0.0 0.0 0.0 0.0
E 2.25 4.50 0.0 3.0 40.75 | 36.25 31.75 48.0 0.0 0.0 0.0 0.0
May 29t L 1.75 0.0 2.50 | 2.25 | 2825 | 19.75 22.25 22.25 0.0 0.0 0.0 0.0
P 1.0 0.0 1.25 0.0 14.75 | 11.25 16.25 14.75 0.0 0.0 0.0 0.0

Note: E = No. of eggs/plant, L = No. of larvae/plant, P = No. of pupae/plant

4. Discussion

This study results showed that the oviposition site choice by
female T. absoluta was likely to be dependent on the highest
densities of trichomes and infestation level. A good
assumption could be that tomato leafminer infestation could
be resulted in a high favorable and susceptible hosts of tomato
varieties rather than potato and pepper and compared to the
non-infested pepper genotypes sites are unlikely to support
the growth and development of a newly laid egg because of
very less trichomes are observed. This study results were
disagreed with the previous work of Muniappan 1%, who was
stated that Capsicum annum (Pepper) was host preference by
T. absoluta. Though, high larvae density and infestation level
of T. absoluta on tomato plants were observed. Indeed, the
number of larvae and infestation level on the potato plant
were lower as compared with the infestation levels in tomato
plants. Therefore, female eggs laying preferences were
restricted to the least infested plant and oviposition seems to
be stimulated at a certain density of trichomes, as the number
of eggs was found to be statistically similar between each
plant varieties.

Under similar conditions, tomato leafminer females may have
developed a system of host plant assessment manifested by
moderate oviposition level on varieties of potato, increased
infestation level during the maturity of tomato varieties and
also, gradually increased infestation level in the absence of all
tomato varieties. But T. absoluta was non-preferentially
oviposited of any pepper varieties during the glasshouse
conditions even no host chosen. However, many insect
species mark the host patch during egg laid to regulate the
oviposition site selection 4. This study, findings confirmed
the laboratory studies of Thomas et al. 1], they suggested that
the female oviposition response could be more sophisticated
than could be expected from a simple intraspecific
competition model based on the detection of previous
infestation. It is generally assumed that larval survivability
depends on the female’s oviposition choice because most
lepidopteran larvae are unable to move to an alternative food
source [ 4. The present study found differences in terms of
total number of eggs laid on tomato varieties, but no
difference in terms each crop varieties. It is also true that
similar trends were observed among potato varieties.
Considering T. absoluta antagonists may provide more
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explanations about this behavior according to Thomas et al.
171, In their natural environment, Zappala et al. % reported
that the solanaceous leafminers were significantly affected by
many factors that keep them at endemic levels. In contrast,
tomato leafminer are not easily affected by many factors
because of high generation and host specificity.

5. Conclusions and recommendation

This finding suggests that T. absoluta oviposition behavior is
dependent on the host plant preferences and did not on
varieties of each crop. The other factors like densities of
trichomes may have played a vital role in the tomato
leafminer oviposition behavior. Maximum larval population
per plant and percent infestation of the leaf and fruits, were
observed on tomato varieties; while, the minimum larval
population and leaf infestation were found on potato varieties
and non-infestation was found on pepper varieties, as such to
be comparatively susceptible, tolerance and resistant,
respectively. These results provide useful information on
integrated pest management strategies of T. absoluta. Further
studies are needed on more solanaceous crops and effect of
trichomes on oviposition under field condition.
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