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ABSTRACT

Globally, Tuta absoluta (TLM) (Lepidoptera: Gelechiidae) has emerged as a devastating pest of tomatoes.
While insecticides are the primary means of management, there is also a potential for other control
measures. The effectiveness of pull (attractant) and push (repellent) plants were evaluated against TLM in
tomatoes under field conditions. Six plants, i.e., spearmint Mentha spicata L., celery Apium graveolenus
L., sweet basil Ocimum basilicum L., garden cress Lepidium sativum L., marigold Tagetes erecta L. and
coriander Coriandrum sativum L., along with a control were evaluated. Treatment plants were grown in
subsequent rows in tomatoes. Weekly observations were taken on infestation percentage of TLM on both
treatment plants and tomatoes, from transplanting till harvesting. Results indicated the pull (garden cress,
marigold, celery, and coriander) or push (spearmint) role of plants against TLM. The highest overall
infestation of TLM was recorded on garden cress (6.13+0.55%), followed by marigold (4.95+0.42%),
whereas coriander (4.03+0.33%) suffered the lowest infestation. No infestation was recorded on
spearmint and sweet basil. Significant impact of treatments was observed on TLM infestation on tomato
leaves and fruits. The highest TLM infestation on leaves (14.8340.53%) and fruits (5.41+0.27%) was
recorded in the control, followed by garden cress treatment (12.90+0.46 and 5.04+0.24%, respectively),
whereas spearmint treatment suffered the lowest (5.38+0.11% and 3.14+0.14%, respectively) infestation.
The highest (426+6.13 maunds / acre) and lowest (395.60+7.93 maunds / acre) tomato yield was recorded
in spearmint and control treatments, respectively. Therefore, spearmint and garden cress should be used
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as push (repellent) and pull (attractant) plants in tomatoes against TLM.

INTRODUCTION

he pestiferous moth, Tuta absoluta (Lepidoptera:

Gelechiidae) (TLM), is continuously increasing its
geographic and hostrange (Chang and Metz, 202 1; Desneux
etal.,2022; Verheggen and Fontus, 2019). This necessitates
the application of adequate and timely management
tools to restrict its further spread and combat damage to
plants. In this regard, the use of a synthetic pheromone
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(Jallow et al., 2020; Shahini et al., 2021; Tarusikirwa et
al., 2020) and light traps have shown potential for the
early detection and monitoring of 7. absoluta (Castresana
and Puhl, 2017; Cocco et al., 2012; Desneux et al., 2022;
Hassan and Al-Zaidi, 2010). The use of these traps not
only helps in the population monitoring of 7. absoluta
(Abd El-Ghany et al., 2016; Mansour et al., 2019; Roda
et al., 2015) but also help in its mass collection and
destruction (Cherif et al., 2018; Chermiti and Abbes,
2012; Lobos et al., 2013; Mansour et al., 2019). However,
synthetic insecticides are still the main weapons of
growers to reduce losses to 7. absoluta (Abdelmaksoud
et al., 2020; Jallow et al., 2020). But repeated and
injudicious pesticide applications along with the short
developmental time of 7. absoluta have helped the pest
to develop multiple insecticide resistance, hence making
the application of these materials less effective (Roditakis
et al., 2018; Grant et al., 2019; Mansour et al., 2019).
Besides resistance development, the use of synthetic
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pesticides has also been found detrimental to humans and
the environment including the destruction of non-target
insects, especially predators and pollinators (Filho et al.,
2000). Therefore, there is a need to develop non-chemical
tools for the management of the moth that not only keep
populations below economic threshold levels but are also
safe to humans and the environment.

Recently the concept of push and pull strategy has
received much attention in the management of many
lepidopteran pests, especially fall armyworm Spodoptera
frugiperda in many countries of the world (Khan et al.,
2010; Sobhy et al., 2022; Yeboah et al., 2021). This
strategy was basically developed by the International
Centre of Insect Physiology and Ecology and its partners
to manipulate distribution and abundance of stem borer
pests of crops along with their natural enemies using
the behavior modifying stimuli from companion crops
(Cook et al., 2007). The strategy involves the use of trap
plants (pull) to attract the target pests, and the planting
of intercrop (push) plants to repel potential pests away
from the main host crop (Khan et al., 2008). Since its
inception, it has been used against many serious pests
of crops such as S. frugiperda (Lepidoptera: Noctuidae)
(Guera et al., 2021; Midega et al., 2018; Liu ef al., 2022;
Sobhy et al., 2022; Yeboah et al., 2021), Bactrocera minax
(Diptera: Tephritidae) (Cui et al., 2022), Frankliniella
occidentalis (Thysanoptera: Thripidae) (Kim ef al., 2023),
Empoasca flavescens F. (Hempitera: Cicadellidae) (Niu
et al., 2022), and in brassica vegetable crops (da Silva et
al., 2022) and against fruit orchard pests (Byers and Levi-
Zada, 2022). Considering the huge potential of push-pull
strategy, Giorgini ef al. (2019) also suggested its use in the
management of 7. absoluta.

Therefore, considering the increasing invasion
of TLM in Sindh, Pakistan, the hazards of synthetic
insecticides and the huge potential of push-pull crops,
this study was conducted to identify the ornamental or
medicinal plants that have potential to work either as
attractants or repellents against TLM in tomatoes in order
to reduce its damage and, perhaps, take advantage of the
additional benefits of such crops.

MATERIALS AND METHODS

Study location and cultivation of tomato

The study was conducted at a farmer’s field located at
district Shaheed Benazir Abad, Sindh. The Local tomato
variety, Desi Local, was cultivated at its recommended
dose of 150 grams per acre. All the recommended
agronomic practices were used as per standards with no
pesticide applications used during the entire study. The
size of individual replicated was maintained at 100 ft2.

Treatments

Six ornamental/ medicinal plants were cultivated in
between rows of tomatoes to determine their attraction
or repellence so that they could be selected for a push or
pull role in the management of TLM. The treatment plants
used were: (1) Spearmint, Mentha spicata L., (2) Celery,
Apium graveolenus L., (3) Sweet basil, Ocimum basilicum
L., (4) Garden cress, Lepidium sativum L., (5) Marigold,
Tagetes erecta L., (6) Coriander, Coriandrum sativum L.,
(7) Control. Seedlings of all the above plants were either
raised in the field or purchased from the local market
according to their availability. Afterwards, the seedlings of
each of the above plants were intercropped within tomato
on alternate rows. The distance between treatment plants
was maintained at 1 to 1.50 feet.

Experimental design; data collection and analysis

The experiment was arranged in a RCBD design
as five replications were maintained for the individual
treatment crop used. Data collection for the infestation
rate of TLM was done by randomly selecting five tomato
plants from each replication by observing the damage
symptoms from all above-ground parts of the plants.
Moreover, five treatment plants per replication were also
randomly observed to record the infestation of 7. absoluta
based on its characteristic mining damage symptoms.
Data collection began at the transplanting of tomato
with treatment plants and continued on a weekly basis to
harvesting. Yield data was also obtained by recording the
entire harvesting of fruits. ANOVA along with LSD was
used for the analysis of data.

RESULTS

The weekly mean infestation percentage of T
absoluta recorded on various push and pull plants
cultivated with tomato is given in Figure 1. There was a
highly significant difference (F= 5.82, P < 0.001) among
various treatment plants with respect to the infestation.
TLM started its infestation on various push pull plants
during the third week of their cultivation. Significantly,
the maximum infestation of TLM was recorded on garden
cress, followed by marigold, whereas spearmint and sweet
basil suffered no 7. absoluta infestation during the entire
experiment. The initial mean infestation percentage of
TLM on various cultivated plants, i.e., garden cress, celery,
and marigold during the fourth week of their cultivation
was 1.20+0.58, 1.00+0.48, and 0.80+0.37%, respectively,
whereas 7. absoluta infestation on coriander (0.60+0.24%)
was recorded during week five. TLM infestation exhibited
a gradual increase on the above-mentioned four plants and
reached its peak during the 21%' and 22" week of cultivation.
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Accordingly, the maximum (16.60+2.54%) weekly mean
infestation was observed on garden cress, followed by
marigold (12.40+2.25%), respectively. Maximum TLM
infestation was recorded on celery (11.20+1.93%), which
was followed by coriander (9.60+1.69%).
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Fig. 1. Mean weekly percentage infestation of Tuta
absoluta on various push and pull plants grown with
tomatoes (LSD = 2.5952).
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Fig. 2. The overall mean percentage infestation of Tuta
absoluta on various push and pull plants grown with
tomatoes. *Means followed by same letters are not
significantly different from each other (LSD = 0.5297, P
<0.001).

Figure 2 describes the results for the overall T.
absoluta mean infestation on various treatment plants. A
highly significant difference was recorded among various
push pull plants (F = 196.01, P < 0.001) with respect to
TLM infestation, as highest (6.13+£0.55%) and lowest
(4.03+£0.33%) infestation was recorded on garden cress
and coriander, respectively. There was no significant
difference in the overall mean infestation recorded on
marigold (4.95+0.42%) and celery (4.91+£0.38%). No T.
absoluta infestation was observed on spearmint and sweet
basil during the experiment.

Figure 3A shows the influence of various push and pull
plants on weekly mean 7. absoluta infestation percentage
on tomato leaves during the entire period of growth during
which there was a highly significant difference (F =2.04, P
< 0.0001) among various push pull plant treatments. TLM
started its infestation on tomatoes at transplanting and
then exhibited a gradual increase in all the treatments due
the availability of larger succulent leaves for feeding. The
maximum level of TLM infestation was recorded during
the 16" and 17" week of tomato transplanting. Control
treatment cultivated tomatoes leaves suffered the highest
(30.45+3.79%,) weekly mean T absoluta infestation during
week seventeen, whereas tomatoes grown with spearmint
(9.15+0.95%) showed the lowest infestation, followed
by coriander (14.53£1.46%). The maximum mean TLM
infestation recorded on tomatoes leaves grown with celery,
sweet basil, marigold, and garden cress was 17.17+1.97,
19.20+2.34, 24.20+3.05 and 28.35+3.38%, respectively. A
decline in TLM was recorded in all treatments after week
eighteen of tomato transplantation.
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Fig. 3. Impact of various push and pull plants on weekly
mean percentage infestation of Tuta absoluta on tomato
leaves (A) and fruits (B) (LSD for A=4.1158, B=2.4770).

Results regarding the impact of push and pull plants on
weekly mean 7. absoluta infestation percentage on tomato
fruits are shown in Figure 3B as TLM appeared from
weeks 4 to 6 in different push and pull plant treatments.
Statistically, no significant (F = 0.52, P> 1.000) difference
was recorded in the mean weekly infestation on tomato
fruits grown with various treatment plants. Since the
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first infestation on tomato fruits, 7. absoluta infestation
exhibited a gradual rise in all the treatments. Accordingly,
tomato fruits in control treatments suffered the highest
(13.15+2.19%) weekly mean infestation during week
twentieth of the transplanting, followed by 11.48+1.61
and 11.10£1.52% infestations observed in garden cress
and marigold treatments, respectively. Among the
remaining treatments, i.e., basil, coriander, and spearmint,
the maximum mean weekly infestation recorded was
10.98+1.48, 9.55+1.29 and 7.45%0.93%, respectively.
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Fig. 4. Impact of various push and pull plants on overall
mean percentage infestation of Tuta absoluta on tomato
leaves and fruits. *Means followed by same letters are
not significantly different from each other (LSD Leaves =
0.8401, Fruits = 0.5056).

Figure 4 illustrates the overall mean 7. absoluta
percentage infestation on leaves-and fruits of tomato
grown with various treatment plants. A highly significant
influence of the planting of treatment push and pull plants
was observed on overall mean 7. absoluta infestations
on tomato leaves (F = 108.78, P < 0.001) and fruits (F =
16.69, P < 0.001). Overall, the highest mean 7. absoluta
infestation percentage on tomato leaves (14.83+0.53%) and
fruits (5.4140.27%) was recorded in the control treatment,
followed by garden cress, with percentage overall mean
infestations of 12.90+0.46 and 5.04+0.24% on tomato
leaves and fruits, respectively. Moreover, the lowest levels
of T. absoluta on tomato leaves (5.38+0.11%) and fruits
(3.14+0.14%) was recorded in the spearmint treatment.
On tomato leaves, overall mean TLM infestation recorded
in celery (8.86+0.27%) and coriander (8.08+0.25%) was
not significantly different from each other, whereas in
sweet basil and marigold, mean infestations recorded was
10.19+0.33 and 11.51+0.40%, respectively. The overall
mean TLM infestation observed on tomato fruits grown
with sweet basil (4.85+0.22%), celery (4.38+0.20%),
garden cress (5.04+0.24%), and marigold (4.89+0.22%)
was not significantly different from each other, whereas

mean infestation recorded in tomato fruits in the coriander
treatment was 4.21+0.20%. However, overall, the highest
mean infestation of 7. absoluta (5.41+0.27%) was recorded
in control treatment tomato fruits.

The impact of various push and pull plants on the
infestation of TLM on tomato leaves and fruits also
showed a highly significant (F = 3.33, P < 0.001) impact
on the fruit yield of tomatoes (Fig. 5). Due to the lower
infestation of 7. absoluta on tomato leaves and fruits in
spearmint, it produced the highest tomato fruit yield
(426+6.13 maunds per acre) but was not significantly
different from yields recorded in the coriander (417.445.04
Maunds/acre), celery (416.00+4.11 maunds per acre), and
sweet basil (410.00+4.79 maunds per acre) treatments. The
lowest tomato yield was recorded in the control treatment
(395.60+7.93 maunds peracre), but it was not significantly
different from the yields obtained in the garden cress
(402.4+5.66 maunds per acre) and marigold (405.00+5.00
maunds per acre) treatments.
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Fig. 5. Impact of various push and pull plants on yield
of tomatoes. *Means followed by same letters are not
significantly different from each other (LSD = 16.346).

DISCUSSION

Among the various local ornamental and medicinal
plants evaluated for their role as push (repellent) and pull
(attractant) for 7. absoluta it was shown that the highest
pest infestation was recorded in Garden cress, followed by
marigold, celery, and coriander, whereas no infestation was
recorded on spearmint and sweet basil plants. Moreover,
based on the infestation of TLM on tomato leaves and fruits,
it was observed that the planting of garden cress was found
to attract and enhance the infestation in tomatoes, whereas
spearmint was found to repel it, hence the tomatoes grown
with spearmint showed the lowest infestation on both
tomato leaves and fruits. It was found that garden cress
had a significant role as an attractant (pull) and spearmint
as a repellent (push) against 7. absoluta in tomatoes.
Because of the increased spread and damage of T. absoluta
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in various regions of the world and the inefficiency of
synthetic insecticides to manage the pest, it has been
emphasized that alternative novel methods of control
need to be evaluated. These include the identification of
herbivore-induced plant volatiles from cultivated or wild
tomato varieties that not only attract its antagonists but
may also deter females from ovipositing (Anastasaki ez al.,
2018; Proffit et al.,2011). This would enhance and support
IPM strategies, such as push-pull (Giorgini et al., 2019;
Khan et al., 2008). A study was conducted to determine the
shared volatiles from four host plants of TLM, i.e., tomato,
aubergine, sweet pepper, and watermelon, to develop an
attractant for females (Msisi et al., 2021). It was observed
from Y-tube olfactometer experiments that 7. absoluta
females were attracted to volatiles from tomatoes,
whereas repelled by watermelon volatiles. The attraction
of T absoluta females towards tomato volatiles may be
because of the high concentrations of terpenes (70%) as
compared to other hosts, whereas green leaves volatiles
were abundant in watermelon that may have repelled the
females. Hence, the shared compounds in all four hosts of
T absoluta without green leaf volatiles proved to attract
females of T absoluta and can be used as pull-component
in its management (Msisi et al., 2021).

A push-pull strategy is a relatively a new approach in
the management of noxious pests such as insects that uses
repellent and attractant crops or semiochemicals to divert
pests away from the main hosts and may also attract their
natural enemies (Pickett et al., 2014). Moreover, two types
of push-pull strategies have been proposed by various
researchers: (i) intercropping repellent non-crop plants
or flowering non-crop plants to attract natural enemies of
the target pests along with the cultivation of attractive trap
crops (Ben-Issa et al., 2017; Chen et al., 2020; Cook et
al., 2007; Khan et al., 2000; Landis et al., 2000) and (ii)
repellent semiochemicals along with attractive pheromone
traps (Borden ef al., 2006; Byers et al., 2022). Therefore,
a push-pull strategy basically involves two components,
a push component to drive the pest away from the main
host crop using repellent stimuli or to attract its natural
enemies with intercrops, and a pull component that act
simultaneously to direct the pests towards other areas
using attracting stimuli such as traps or trap crops (Cook et
al., 2007; Khan ef al., 2016). Therefore, this strategy uses
the concept of cultivating inter and/ or trap crops that have
the capability to efficiently manage populations of many
important economic pests. Such pests, push-pull strategy
has been successfully used against stem borer Chilo
partellus (Lepidoptera: Crambidae) in sorghum and maize
(Khan et al.,2000), cotton bollworm Helicoverpa armigera
(Lepidoptera: Noctuidae), pollen beetle Meligethes aeneus
(Coleoptera: Nitidulidae) in rape oilseed, grain aphid

Sitobion avenae (Hemiptera: Aphididae) in wheat, and pea
leaf weevil Sitona lineatus (Coleoptera: Curculionidae) in
beans (Liu et al., 2022; Xie et al., 2012; Xu et al., 2018).
Recently, a study in Uganda confirmed the successful
use of push-pull strategies in the management of S.
fruigiperda in many maize growing areas of the world
where the interplanting of edible legumes significantly
lowers moth infestations in comparison to mono-cropped
maize (Hailu et al., 2018). Similarly, a climate adaptive
push pull strategy where intercropping of drought tolerant
Greenleaf desmodium, Desmodium intortum, with maize
along with border cropping of Brachiaria cv Mulatio 11
substantially reduced S. frugiperda infestation in Mexico
and eastern Africa (Guera et al., 2021; Midega et al., 2018;
Scheidegger et al., 2021).

The same effect has been found in wheat where the
moth performed poorly while feeding on pea and faba bean
plants with respect to-its larval, pre-oviposition period
and mean generation time, all leading to lower larval
consumption on the plants. However, S. frugiperda showed
strong preference for maize as compared to wheat (Liu et
al.,.2022). Cui et al. (2021) evaluated the effectiveness
of three types of attractants against Bactrocera minax in
two citrus orchards and found the reduction in percentage
infestation in navel orange and satsuma mandarin orchards
from 95.0 to 75.4% and 89.6 to 72.4%, respectively as an
in-house prepared attractant was found more attractive than
the two available commercial attractants. Moreover, the
use of the in-house attractant (pull component) along with
leaf extracts of Xanthium sibiricum as the repellent (push
component) further reduced the B. minax infestation up to
7.6 and 5.6% in navel and satsuma orchards, respectively.
Moreover, the further addition of green luring balls as
visual cues also reduced the infestation of B. minax in
both orchards. In another study, the combined use of alarm
pheromone (push) to repel and aggregation pheromone
(pull) to mass trap Frankliniella occidentalis was found
effective on hot peppers under greenhouse conditions
(Kim et al., 2023). Niu et al. (2022) also found that the
semiochemicals obtained from Tagetes erecta acted as a
repellent and Flemingia macrophylla as an attractant were
found to effectively manage the population of tea green
leaf hopper Empoasca flavescens. Moreover, effectiveness
of push and pull strategies has also been reported in the
management of pests in fruit tree orchards by Byers and
Levi-Zada (2022).

It has also been demonstrated that push-pull
strategies not only divert pests from the main host crop,
but also mediated their natural enemies to enhance the
efficiency of pest management programs. Sobhy et al.
(2022) evaluated the headspace volatiles collected from D.
intortum, D. uncinatum, and Brachiaria mulato 11 against
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S. frugiperda and its parasitoid wasps based on bioassays
and electrophysiological recording along with recording
of pest populations, plants damage, and parasitism in field
conditions. It was found that the presence of Desmodium
spp. volatiles were found to lower the fecundity and damage
of S. frugiperda on maize, while attracting its parasitoids,
hence suggesting the intercropping of Desmodium spp.
and border cropping of Brachiaria. da Silva et al. (2022)
also confirmed that incorporating the push-pull strategy
in brassica crops not only reduce the density of the pest
species but also promotes the abundance and diversity
of the natural enemies, thus managing pest populations
naturally with little use of synthetic chemicals.

CONCLUSION

It was concluded that among the ornamental and
medicinal plants evaluated for their role as push (repellent)
and pull (attractant) against 7. absoluta in tomato,
spearmint and garden cress were identified as repellent
(push) and attractant (pull). Moreover, infestations of
T. absoluta were also recorded on marigold, celery, and
coriander, indicating that it is also increasing its host range
besides tomatoes. Although 7. absoluta did not infest sweet
basil plants intercropped with tomatoes, their cultivation in
tomatoes did not prove repellent as no significant decline
in infestation was recorded on tomatoes. Therefore,- it is
suggested to intercrop spearmint (push component) in
tomatoes along with border cropping of garden cress (pull
component) to reduce the infestation of 7. absoluta to
maximize the tomato yield.
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