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Abstract

Onion (Allium cepalL.) is one of the most important vegetable crops commercially
grown in Ethiopia. However, its productivity in Ethiopia is far below the world average.
Among constraints of onion productivity in Ethiopia, high infestations of thrips are the
most important ones. This field experiment was conducted to evaluate the efficacy of
insecticides in controlling onion thrips and to analyze the population dynamics of thrips
in relation to crop phenology in the Central Rift Valley of Ethiopia in 2022. The
experiment evaluated four insecticides (lambda-cyhalothrin, profenofos, spinetoram and
imidacloprid), which were laid out in a randomized complete block design with four
replications. Two thrips species (Thrips tabaci and Frankliniella occidentalis) which
belong to the Thripidae family were observed. Thrips tabaci accounted for 91.90%, while
Frankliniella occidentalis accounted for 8.10% of the thrips collected with yellow water
traps in the study area. The overall thrips population was higher at the vegetative growth
stage, and the levels of the population decreased when the plants approached
physiological maturity. Among the four evaluated insecticides against onion thrips, the
yield increased by 48.88% and 43.78% for spinoteram and imidacloprid treatments,
respectively, compared to the control. The lowest mean marketable bulb yield among the
insecticide treatments was obtained from lambda-cyhalothrin, which suggests a loss in its
efficacy and the development of resistance. Future studies ought to focus on the
evaluation of different chemistries of insecticides, schemes of insecticide application, and
integration of non-pesticide methods in to the current pesticide-dependent onion pest
management method.
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Introduction

Onion (Allium cepa L.) is one of the
most important  vegetable crops
commercially grown in the world
(Teshika et al., 2019). In Ethiopia, it is

Ethiopia has great potential to produce
various vegetable crops including
onion throughout the year for both
local and export market. Onion has
markets in fresh and processed forms
(Ketema et al., 2013), and increasing

an important vegetable produced worldwide consumption due to its
across a wide range of latitudes, and numerous health benefits (Kumar et
like hot pepper; onion is an @&l 2010).

indispensable ingredient in traditional
sauce or stew (Alemu et al., 2004).

[15]

The national average onion
productivity in Ethiopia during the
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2019 cropping season was (88,837 kg
ha™) and it was very low as compared
to the world average (189,068kg ha™)
(FAOSTAT, 2020). Despite the onion
being an economically important crop,
its production in Ethiopia is low.
According to Haile et al. (2016) and
Negesse et al. (2020), the production
of onions is limited by a poor cropping
system, poor soil fertility, and a lack
of input, diseases, and insect pests.
Among the various insect pests’, thrips
are the most injurious and attack all
Allium crops. Daniels and Fors (2015)
also reported that thrips are a common
pest to attack onions.

Thrips (Thysanoptera: Thripidae) are a
well-known onion pest worldwide and
the only insect pest that significantly
reduces the vyield of onion and
warrants interventions in Ethiopia
(Gill et al., 2015). Two thrips species,
onion thrips, Thrips tabaci
(Lindeman), and western flower thrips,
Frankliniella occidentalis (Pergande)
are highly invasive and damaging
throughout the world (Stuart et al.,
2011). These two species are also
present on onions in Melkassa, Meki,
Minjar, and Werner, Ethiopia (Negash
et al., 2019). In the Ethiopian Central
Rift Valley, thrips on onions are
widely managed with insecticides and
the group's carbamate,
organophosphate, organochlorine, and
pyrethroid are most frequently used
(Mengistie et al., 2017).

The use of insecticides in cropping
systems is one of the crop protection
methods that can mitigate the
competitive interaction (Zhao et al.,

[16]

2017). The relative proportion of the
thrips species in fields varied between
sites and during the season, differences
that might need to be considered when
managing thrips on the onion crop
(Mahaffey and Cranshaw, 2010).
Negash et al. (2019) reported that the
relative species composition varied
significantly with locations. However,
thrips are serious pests of crops, yet
little is known about their species
composition and population trends in
Ethiopia.

The impact of insecticide use on thrips
species composition and abundance
has been assessed only in Melkassa,
Meki, Minjar, and Werer, Ethiopia
(Negash et al., 2019). Practically no
work has been done to establish the
diversity of thrips species present in
different growth stages of the onion
crop. Abundance of onion thrips
varied with growth stage of the plant
(Zereabruk, 2017). Thrips populations
fluctuate  with crop  phenology,
environmental factors, and pesticide
applications (Palomo et al., 2015).
Understanding these patterns and
evaluating the efficacy of insecticides
can help in developing more effective
management strategies. Additionally,
producers could make management
choices without having precise
information about thrips populations.
Therefore, to implement timely control
measures, it is crucial to understand
the species composition of thrips and
their peak activity.

Mayer et al. (1987) reported that
chemical control of thrips depends
upon the choice of effective
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insecticides and adequate spray
coverage on plant parts where thrips
inhabit.  Assessment of pesticide
susceptibility to pest populations is a
proactive approach to detect any shift
in insecticide performance and provide
an early warning to modify chemical
control strategies (Miller et al., 2010).
Early detection of insecticides
provides a basis for the management
of resistant pest populations (Osorio et
al., 2008). Hence, this research was
conducted to evaluate the efficacy of
insecticides in controlling onion thrips
and to analyze the population
dynamics of thrips in relation to crop
phenology in the Central Rift Valley
of Ethiopia.

Materials and Methods

Description of study area
The experiment was conducted in the
Central Rift Valley of Ethiopia

(Adami Tullu Jido Kombolcha and
Bishan Guracha) from January to May
2022. Adami Tullu Jido Kombolcha is
located at latitude and longitude
7°56'N 38°43'E and has an elevation of
1643 m.a.s.l. The annual average
rainfall is 760.9 mm. The temperature
ranges from 18-28°C.

Bishan Guracha is located at latitude
and longitude 7°05'N 38°49'E and has
an elevation of 1708m.a.s.l. The
annual average rainfall in Bishan
Guracha is 1100 mm. The temperature
ranges from 18-28°C. The first rainy
season locally known as Belg extends
from the end of February to May and
the second rainy season Kiremt
extends from June to September. Both
locations are characterized by dry sub-
humid climates and major onion-
growing regions (Begna, 2019).
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Figure 1. Geographical location of the study area
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Experimental materials,
treatment and design

The onion “Bombay Red” cultivar was
used as a test crop in this experiment.
The cultivar is popular in the CRV of
Ethiopia (Ayana et al., 2014). Four
synthetic insecticides namely lambda-
cyhalothrin  (Pyrethroid), profenofos
(Organophosphate), spinetoram
(Spinosyns), and imidacloprid
(Neonicotinoid)  insecticides  were
evaluated in comparison with the
untreated check at Bishan Guracha and
Adami  Tullu Jido Kombolcha,
Ethiopia (Table 1). The experiment
was laid out in randomized complete
block design (RCBD) with five
treatments and four replications and
each gross plot size was 3m x 2.4 m =
7.2 m? consisting of five rows, which
accommodated 48 seedlings per row.
Furrow, row and plants have all been
spaced at 40, 20, and 10 cm,

respectively. The spacing between
plots and adjacent replications was 1
m. The total experimental field
measured 19 m x 12.6 m, or 239.4 m?,
while the net plot area was 4.32 m?.

After the land was conventionally
prepared six weeks old onion
seedlings were transplanted in
February 07, 2022. The application of
insecticides started when the pest
population reached an economic
threshold level. The economic
threshold level of onion thrips reported
that five to ten thrips per plant. In this

experiment, insecticides application
was started one month after
transplanting. Insecticides  were

sprayed five times within seven days
interval. Except for the pesticides
chemical all the recommended
agronomic practices were applied
(EARO, 2004).

Table 1. List of insecticides applied for an experiment against onion thrips

Product and Dose Water Recommended
Common name formulation Manufacturer (ml ha") (litre hat) rate
lambda cyhalothrin Karate5% EC Syngenta 300 300 1.00
profenofos Ajanta72% EC Coromandel 700 300 2.33
International Ltd.
spinetoram Radiant120 SC Dow Agro 150 575 0.26
sciences
Imidacloprid Confidor 35% EC Crop safe 400 200 0.50

pesticide India Pvt.
Ltd.

Data collection

Abundance of thrips species: from
each plot ten onion plants were
sampled randomly from the two
adjacent rows of the border rows.
Samplings were done at the vegetative
and physiological maturity growth
stages of the crop. Onion plants were

[18]

cut with a scissor from the ground
level and placed in polythene bags and
taken to the laboratory for species
identification. Coarse vegetation was
separated by sieving and the
suspension allowed settling.
Suspension is a mixture of sampled
plant part and pests within liquid water
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in a petri dish. The species Thrips
tabaci and Frankliniella occidentalis
were identified at Hawassa University
crop protection laboratory using a
combination of taxonomic keys
(Hodges et al., 2009; Mehle and
Trdan, 2012; Palmer, 1990). The
numbers of thrips in each species were
counted under a dissecting
microscope.

Number of thrips per yellow water
trap; yellow water traps was
constructed from plastic containers 19
cm outer and 13.5 cm inner diameter.
To collect onion thrips, five traps were
put randomly in the experimental areas
that were 2m apart and the same traps
were put outside the experimental
area. This experiment was performed
weekly from February, 28 — May 01,
2022. The trapping began three weeks
after the transplant of the onion and
continued for nine consecutive weeks
until the onion reaches maturity. The
water trap was filled three-fourths with
an aqueous solution made from 20 ml
of liquid detergent and formalin, in a
ratio of 1:3 in 4 liters of water. The
liquid detergent was added to reduce
surface tension and formalin to act as a
preservative (Adesiyun, 1977). The
contents of the traps were emptied into
a sieve made of a fine clean cloth
weekly and the collected thrips were
counted.

Thrips population before and after
insecticides spray; thrips were
counted using hand lens from ten
randomly selected plants per plot
before and three days after spraying

[19]

the insecticide treatments and the
check sprayed with water.

Thrips damage incidence; incidence
of thrips damage was determined by
counting the number of damaged
plants over the total number of plants
per plot.

Thrips damage severity; was
determined by randomly sampling ten
plants from the inner rows of each
plot. The percentage of leaf surface
showing thrips damage was assessed
based on a scale of 1 - 5 (Smith et al.,
1993), where 1 = no damage, 2 = up to
25%, 3 = 26-50%, 4 = 51-75% and 5 =
>75% damage.

Marketable and unmarketable bulb
yield: at maturity, onion bulbs were
harvested from the center of three
double rows in each plot and then
sorted out into marketable and
unmarketable bulbs. The Marketable
bulb yield (t ha—1) was identified after
dumping of split bulbs, dense necked
and unpleasant bulbs. The marketable
bulb yield weight standard in Ethiopia
is categorized as extra-large (above
160 g), large (100-160), medium (50—
85), and smaller sized (21-50).
Unmarketable bulb yields (t ha—1):
were determined by classified as:
under sized (160 g), contaminated,
rotten, and disordered physiologically
(thick-necked and divided bulbs)
(Chala et al., 2022).

Total bulb vyield included both
marketable and unmarketable bulb and
the weight was converted into t ha-*.

Yield gain (%)
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Protected treatment - Untreated treatment yntreated ChECk, while, the appncation

Protected treatment

x 100

Data analysis

Data were subjected to analysis of
variance using PROC- GLM
procedure of SAS software version 9.4
(SAS Institute, 2017). Mean separation
was done based on LSD at a 5% level
of significance.

Economic analysis

The relative economic returns of the
treatments  were  calculated by
subtracting the cost of insecticides and
their application from the gross return.
The price of onion bulbs was
estimated based on the farm gate price
per ton.

Results and Discussion

The effect of insecticides on
population of thrips in different
growth stages of onion crop

Thrips were present starting from the
seedling stage, and their population
increased through the vegetative
growth stage of onion. The application
of insecticides reduced the thrips
population as compared to the
untreated plot. Two thrips species (T.
tabaci and F. occidentalis) were
identified, and both of them belong to
the Thripidae family. The highest
Thrips tabaci population (15.07
thrips/plant) was recorded in the

[20]

of spinoteram had the lowest
population (8.14 thrips/plant) at the
vegetative stage. Similarly, the lowest
Thrips  tabaci  population (4.82
thrips/plant) was recorded in the
application of spinoteram, whereas the
untreated check had the highest
population (9.18 thrips/plant) at the
physiological maturity period (Fig. 2).

The lowest F. occidentalis population
(0.23 thrips/plant) was recorded in the
application of spinoteram, whereas the
untreated check had the highest
population (1.15 thrips/plant) at the
vegetative stage. Similarly, the highest
F.  occidentalis population  (1.93
thrips/plant) was recorded in the
untreated check, while, the application
of spinoteram had the lowest
population (0.09 thrips/plant) at the
physiological maturity stage (Fig. 2).

Monitoring to identify when thrips
arrive and to determine population
levels helps design an appropriate
control  strategy. During  this
experiment, two thrips  species
(T.tabaci and F.occidentalis) were
collected from onion crops. The
overall thrips population was higher in
the vegetative growth stage. Similarly,
Negash et al. (2019) showed that F.
occidentalis and T. tabaci were present
in the Ethiopian Rift Valley with T.
tabaci accounting for a higher
proportion.
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Figure 2. The effect of insecticides on population of thrips in different growth stages of onion

Thrips collected from yellow water
traps

Adult onion thrips were trapped in
yellow water traps from study area.
The trapping began three weeks after
the transplant of the onion and
continued for nine consecutive weeks
until the onion reaches maturity. The
data were taken weekly from the mean
of five yellow water traps. There is no
thrips, traps that were put outside the
experimental area .Thrips tabaci was
the most abundant species (164.5
thrips) and a fewer number of F.
occidentalis  (14.5  thrips)  were
collected in nine weeks period. T.
tabaci accounting 91.90%, while,
F.occidentalis is 8.10% of thrips
collected by yellow water traps in the
study area. The distinct peaks of adult
onion thrips activity on yellow water
traps were observed during the eight
week of sampling (Fig. 3). Studying
onion thrips populations at different
growth stages is important because it

[21]

helps to understand how and when
thrips populations fluctuate, and how
to manage them. Large populations of
thrips can develop, causing blemishes
to the leaves, which reduce quality and
may make the crop unmarketable
(Rodriguez and Coy-Barrera, 2023).
Therefore, this experiment results are
important for the management of
onion thrips by growers.

Onion thrips were more abundant at
crop developmental stage of 7-14
leaves (Zereabruk, 2017). Neergude et
al. (2014) reported that the population
of thrips occurrence in onion crops
was very low during the seedling stage
and it gradually increased during the
vegetative stage of the crop. Thrips
were present in each crop cycle, and
the levels of populations decreased
when the plants were near senescence
(Palomo et al., 2015). The population
of onion thrips declined towards the
crop started to mature (Ullah et al.,
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2010). According to Gitonga, (2006)
finding, the vegetative growth stages
were the most susceptible to thrips
infestation and protection of onion
crops at this growth stage resulted in

the  highest  marginal  returns.
Therefore, to maximize onion
production benefits, proper timing of
thrips protection is necessary.

40
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Number of thrips per traps

Sampling weeks after trasplanting

Figure 3. Numbers of adult thrips collected from yellow water traps in onion fields (February, 28 — May 01, 2022).

Effect of insecticides on

population of thrips in onion fields
Insecticide application was done
weekly and the data were recorded
before spraying (pre spray 1), after
three days of spraying (post spray 1),
and after seven days of the first
application (pre spray 2). After three
applications, all of the treatments
greatly reduced the thrips population
in comparison to the untreated control
(Table 2). Statistically, except the
lambdacyhalothrin, all the tested
insecticides are not significantly

[22]

different in reducing the thrips. All
treatments greatly reduced the thrips
population after the second application
(Table 2). Significantly  higher
reductions of the thrips and damage
were observed on onions sprayed with
spinoteram followed by imidacloprid.
The lowest thrips population was
recorded on onions, treated with
spinoteram  following the third
application of treatments, with a value
of 9.08 thrips per plant three days after
spraying (Table 2).



Ethiop. J. Crop Sci. Vol 12 No.1, 2024

Table 2. Effect of insecticides on the population of thrips on onion fields in the CRV of Ethiopia

Treatment Spray count (Mean number of thrips per plant)
Pre sp 1 Post sp1 Pre sp 2 Post sp 2 Presp 3 Post sp 3

Control 8.25m 11.02 21.782 24.862 28.392 29.752
lambdacyhalothrin 8.35ns 6.36° 14,740 12,13 12.410 10.8°
Profenofos 8.63 s 5.80bc 15.00 12.08° 12.48° 9.81be
Spinetoram 8.54ns 4,90¢ 12.00 10.33° 10.56¢ 9.08¢
Imidacloprid 8.60ns 5.71¢ 13.88° 11.49° 10.94pc 9.65b°
CV (%) 6.32 9.09 20.37 13.85 11.01 8.79
LSD (5%) 0.55 0.63 3.24 2.02 1.69 1.25

Means with the same letter are not significantly different ns = not significant, s = significant (column).

Level of thrips damage (incidence and
severity) on onion treated by different
insecticides

Silvery  patches  characteristically
caused by thrips on onion leaves were
used to assess thrips damage weekly
from the fifth week after transplanting
till  the crop reaches maturity.
Statistically, there is no significant
difference in reducing thrips damage
incidence after 10 weeks of onion
transplanting (Table 3). This indicates
that incidence of thrips infestation on
onion crop or the presence of thrips
per plant without considering the
lowest or highest population number.
Onion thrips caused damage to onion
by feeding leaves that may cause green
onions (scallions) to be unmarketable
and dry bulb onion size to be reduced
(Gill, 2015). Shiberu and Mahammed,
(2014) reported that accelerated plant
maturity and senescence due to thrips
injury may truncate the bulb growth
period. Thrips tabaci feeding damage
results in leaf tissue silvering and
photosynthesis reduction, leading to

[23]

bulb size reduction and vyield loss
(Larentzaki et al., 2008).

Statistically, there is significant
difference except compared with
untreated check in reducing the

severity of onion thrips damage.
Spinoteram and imidacloprid had the
lowest severity score among the
insecticides treatment 10 weeks after
transplanting with a value of 1.25 and
1.34 respectively (Table 4). The
control plot had the highest severity
score with a value of 3.55 among the
insecticides treatment 10 weeks after
transplanting. This indicated that the
thrips population caused 26 to 50% of
the damage to the onion crop (Table
4).  The sequential application of
spinetoram and imidacloprid with less
effective A-cyhalothrin and profenofos
by mixing with an adjuvant is
recommended for thrips control as an
integral  component  of  thrips
management in the CRV of Ethiopia
(Negash et al., 2020).
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Table 3. Thrips damage incidence on onion treated with insecticides in six weeks period in the CRV of Ethiopia

Treatment Weeks after transplanting (W)

W5 W6 w7 W8 W9 W10
Control 71407 812 92192 96412 98.012 100.0ms
lambdacyhalothrin ~ 72.14ns  81.54ns 88590  9328>  97.922 99.69n
Profenofos 7115 8146 88.29°  93.19>  97.66% 99.85"
Spinetoram 7249  81.65  88.11b  93.29° 96.46° 99.59ns
Imidacloprid 69.75"  81.18  88.13°  93.08° 97.61% 99.69ns
CV (%) 2.90 3.27 4.86 7.87 7.57 9.32
LSD (5%) 3.04 3.51 1.94 20 1.46 0.35

Means with the same letter are not significantly different. ns = not significant, s = significant

Table 4. Severity of thrips damage (Scale 1 to 5) on onion under different insecticides in the CRV of Ethiopia

Treatment Weeks after transplanting (W)

W5 W6 W7 W8 W9 W10
Control 2912 295 293 3.262 3.482 3.552
lambdacyhalothrin ~ 2.862% 291 275 2.540 2.15° 1.53
Profenofos 278 283 2,690 2510 2110 1.40b°
Spinetoram 285% 281 2550 2480 2.00° 1.25¢
Imidacloprid 2912 280 2.59dc 2.50° 2.05° 1.34°
CV (%) 4.66 5.24 4.84 6.29 6.95 9.33
LSD (5%) 0.14 0.15 0.13 0.17 0.17 0.17

Means with the same letter are not significantly different. ns = not significant, s = significant

Effect of insecticide application on
onion bulb yield

Marketable bulb yield tons per hectare
varied  significantly  across the
treatments (Table 5). Plots treated with
spinetoram had the highest mean
marketable bulb vyields (18.07 t/ha)
and vyield increased by 48.88% over
the control followed by imidacloprid
with 16.42 tons of marketable bulb and
43.78% vyield increase ver the control.
The control treatment which was not
protected with insecticide had the
lowest mean marketable bulb yield
(9.14 t/ha). Profenofos and
lambdacyhalothrin were intermediate
in their performance and gave yield
increases of 38.9% and 27.91% (Table
5).

In this study, the damage by thrips
caused 27.91 to 48.88% bulb yield loss
in CRV of Ethiopia. Similarly,

[24]

Gitonga (2006) reported yield losses
of between 29 and 59% due to thrips
infestation. In another study in
Ethiopia, onion thrips cause 26% to
57% vyield loss in onions (Ayalew et
al., 2009). Beside this, at higher
infestation, thrips caused up to 50-75%
yield loss in onion (Zereabruk, 2017).

Mahmoud et al. (2009) tested
spinetoram toxicity against onion
thrips in the laboratory and greenhouse
and reported a decrease in thrips
infestations. Similarly, Diaz-Montano
et al. (2012) reported that spinetoram
is highly effective against larvae and
adult thrips with residual activity of
more than seven days. According to

Jean-Simon and  Victor (2005)
reported,  pyrethroids  insecticide
lambda-cyhalothrin can be

recommended in rotation with other
classes of insecticides for the control
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of onion thrips. However, straight
lambda-cyhalothrin is not
recommended because of the quick

resistance  build-up to  synthetic
pyrethroids  (Jensen, 1995). T.
tabaci infestations  were  managed

effectively when spinetoram was
applied after a three larvae per leaf
threshold, but not when using lambda-
cyhalothrin (Nault and Shelton, 2010).

Onion thrips can routinely lower bulb
yields if they are not controlled. The
most crucial methods for thrips
control, in addition to IPM, are
selective insecticides used in rotation;
nevertheless, there are only a few

branded insecticides approved in
Ethiopia that offer reliable and
effective thrips control (Gitonga,
2006).

Similarly, Ayalew et al. (2021)
suggested insecticide Fighter

(imidacloprid) followed by Radiant

(spinetoram) performed Dbetter in
reducing  thrips number  and
minimizing yield loss. The

performance of the organophosphate
and Pyrethroid insecticides was poor
and on par with the untreated check.
Treatments with rotational application
from different classes performed better
than sole application. Periodic
evaluation of insecticides registered
for the control of the pest from
different insecticide classes and
development of insecticide application
plans need to be made to delay the
onset of insecticide resistance.
Therefore, it is important to monitor
resistant control methods for onion
thrips  through the rotation of
insecticides. Onion growers should be
informed of the resistant development
of pests due to the repeated application
of a single insecticide.

Table 5. Effect of different insecticides application against thrips on onion bulb yield in the CRV of Ethiopia

Yield (tons/ ha)

Treatment Total bulb  Marketable  Unmarketable Yield increment (%)
Control 9.354 9.144 0.21ms -
lambdacyhalothrin 12.97¢ 12.73¢ 0.241s 27.91
Profenofos 15.300 15.08° 0.22" 38.89
Spinetoram 18.292 18.072 0.22ns 48.88
Imidacloprid 16.63° 16.420 0.21ns 43.78

CV (%) 10.86 10.96 13.34

LSD (5%) 1.62 1.61 0.03

Means with the same letter are not significantly different. ns = not significant, s = significant

Economie returns
The maximum net return was obtained

from spinoteram treatment
(US$15,533.65) followed by
imidacloprid and profenofos

[25]

applications, while the lowest net
return was from lambda-cyhalothrin
(US$10,995.19) (Table 6).
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Table 6. Marketable onion bulb yield and partial economic analysis of onion treated with selected insecticides in the CRV

of Ethiopia
Partial economics analysis
Treatment Marketable Gross return Cost of Cost of Net return
yield (tons/ha) (US$/ha) insecticides insecticide spray (US$/ha)
Control 9.14 7,909.62 0.0 0.0 7,909.62
lambdacyhalothrin 12.73 11,016.35 13.46 7.69 10,995.19
Profenofos 15.08 13,050.00 11.54 7.69 13,030.77
Spinetoram 18.07 15,637.50 96.15 7.69 15,533.65
Imidacloprid 16.42 14,209.62 19.23 7.69 14,182.69
Conclusion pesticide-dependent onion pest
management method.
Two thrips species (T. tabaci and F.
ps species ( Acknowledgements

occidentalis) were identified, and both
of them belong to the Thripidae
family. T. tabaci was the most
abundant in the study area. The thrips
population was higher in the bulb
development stage and decreased
when the onion was near maturity.
Among the four insecticides tested
against onion thrips, spinoteram and
imidacloprid effectively reduced the
population density of the thrips in the
field. Those insecticides were the most
effective, reducing thrips population.
In comparison to the untreated control,
profenofos and lambda-cyhalothrin
performed better bulb yield. Among
the insecticides, the lowest marketable
bulb yield was obtained from lambda-
cyhalothrin  suggesting losses in
effectiveness to reduce onion thrips
population.

Further studies over a season, location,
and other insecticides are required for
confirmation and to design thrips
resistance  management  program.
Moreover, studies ought to focus on
the evaluation of different chemistries
of insecticides, schemes of insecticide
application, and integration of non-
pesticide methods to the current
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