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Abstract

Plant-herbivore interactions have been extensively studied in tomato plants and their most common pests. Tomato plant
chemical defenses, both constitutive and inducible, play a role in mediating these interactions. Damaged tomato plants alter
their volatile profiles, affecting herbivore preferences between undamaged and damaged plants. However, previous studies
on tomato volatiles and herbivore preferences have yielded conflicting results, both in the volatile chemistry itself as well as
in the attraction/repellent herbivore response. This study revisits the volatile-mediated interactions between tomato plants
and two of their main herbivores: the leafminer Tuta absoluta and the whitefly Trialeurodes vaporariorum. Tomato plant
volatiles were analyzed before and after damage by each of these herbivores, and the preference for oviposition (7. absoluta)
and settling (7. vaporariorum) on undamaged and damaged plants was assessed both after conspecific and heterospecific
damage. We found that both insects consistently preferred damaged plants over undamaged plants. The emission of
herbivore-induced plant volatiles (HIPVs) increased after T. absoluta damage but decreased after T. vaporariorum damage.
While some of our findings are in line with previous reports, T. absoluta preferred to oviposit on plants damaged by
conspecifics, which differs from earlier studies. A comparison of HIPVs emitted after damage by T. absoluta and T.
vaporariorum revealed differences in up- or down-regulation, as well as significant variations in specific compounds (12 for T.
absoluta and 26 for T. vaporariorum damaged-plants). Only two compounds, E-caryophyllene and tetradecane, significantly
varied because of damage by either herbivore, in line with the overall variation of the HIPV blend. Differences in HIPVs and
herbivore preferences may be attributed to the distinct feeding habits of both herbivores, which activate different defensive
pathways in plants. The plant's challenge in simultaneously activating both defensive pathways may explain the preference
for heterospecific damaged plants found in this study, which are also in line with our own observations in greenhouses.

INTRODUCTION

Insect selection of host plants to settle, feed or oviposit is affected by many factors; among others, previous insects
experience (including habituation or sensitization (Heard 1999)), plant quality for self or the progeny (Awmack and Leather
2002), the presence of plant viruses (Chen et al. 2017; Mann et al. 2009) or beneficial plant-associated microorganisms
(Grunseich et al. 2019). Insects also choose their host plants based on defenses that plants possess or may produce
(Rodriguez-Lopez et al. 2020) due to previous herbivore infestation levels, either by conspecifics (Zhang et al. 2014) or by
heterospecific herbivores (Saad et al. 2015). Numerous studies have focused on how herbivorous insects use chemical cues
to select their host plants (preference). Such cues include volatile organic compounds (VOCs) detected remotely through the
olfactory system, as well as non-volatiles detected after direct contact with the plant (Schoonhoven et al. 2005). In the case
of the tomato plants (Solanum lycopersicum, Solanaceae) the presence of trichomes and other secondary metabolites (e.g.,
acyl sugars, alkaloids, methyl ketones) also play a role in host selection by the tomato herbivores (Oliveira et al. 2012; Regina
Gontijo Labory C 1999; Sohrabi et al. 2016; Tian et al. 2012).

Volatile organic compounds are secondary metabolites released by plants that mediate important ecological processes,
including interactions between plants and their herbivores (Furstenberg-Hagg et al. 2013), their pollinators (Raguso 2004),
beneficial natural enemies such as predators and parasitoids (Dicke 2015), and even other plants in the surroundings
(Baldwin et al. 2006). VOCs are differentially produced according both to environmental factors that affect plant
development (Beck et al. 2014) and to biotic stress affecting the plant (Lucas-Barbosa 2016; Venkatesan 2015). Herbivore
damage induces changes in the plant’s emitted volatiles, so called herbivore-induced plant volatiles (HIPVs), which may
modulate plant-herbivore interactions and mediate attraction of herbivore natural enemies (Ayelo et al. 2021c). These HIPVs
function as indirect defenses and are modulated mainly by the activation of the jasmonic acid (JA) and salicylic acid (SA)
pathways. Cross-talking between pathways regulates and balances the final outcome of the plant’s induced response (Glas
2014). These pathways are differentially activated depending on the insect feeding habits: while chewer insects activate the
JA pathway; phloem feeders activate mainly the SA pathway (Glas 2014; Lin et al. 2019; Pieterse et al. 2012). Therefore,
plants modulate their induced defensive response to different herbivores because the JA and SA defense pathways usually
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exhibit negative cross-talk; that is, the upregulation response produced by one of the hormones lowers the response regulated
by the other one (Pieterse et al. 2012). Herbivores, in turn, are able to manipulate these plant defenses (Pieterse et al. 2012).

In the case of tomato plants, HIPVs play a role in their interactions with different herbivore guilds. These include the phloem-
feeder whiteflies, such as Bemisia tabaci and Trialeurodes vaporariorum (Hemiptera: Aleyrodidae) (Lorenzo et al. 2016;
Rodriguez-Lopez et al. 2020), as well as leaf chewers of the order Lepidoptera (Tian et al. 2014), including Tuta absoluta
(Lepidoptera: Gelechiidae) (Anastasaki et al. 2018), and Coleoptera (Tian et al. 2012). Tuta absoluta specializes in
Solanaceae and particularly in tomato plants as its main host (Silva et al. 2021b). Their larvae are chewing miners that feed
in the leaf mesophyll; they produce galleries through which they move to other parts of the plant such as the fruits (Gontijo et
al. 2013), causing their decay (Bentancourt 1995; Da Silva Galdino et al. 2015). While some evidence on leaf mesophyll
feeding has been reported for adults (Baetan et al. 2015), they feed mostly on nectar, without causing significant damage to
the plant. When choosing their host plant, 7. absoluta females respond preferentially to tomato volatiles over potato volatiles
(Caparros Megido et al. 2014) and oviposit at higher rates in tomato than in potato (Caparros Megido et al. 2014; Sridhar et
al. 2015) or eggplants (Sridhar et al. 2015). Female ability to discriminate among plant volatiles was also observed when
given the option between non-damaged and damaged (by conspecific larvae) tomato plants, preferring to oviposit on
undamaged plants (Anastasaki et al. 2018; Bawin et al. 2014; Maneesha et al. 2021). Trialeurodes vaporariorum and B.
tabaci are polyphagous and cosmopolitan leaf sucker pests that cause direct and indirect damage to plants both as nymphs
and as adults (Rodriguez 2003). Feeding and oviposition preferences differ between both whitefly species: while T.
vaporariorum prefers to settle and oviposit on tomato over pepper plants, B. tabaci prefers to settle on pepper but lays more
eggs on tomato plants (Lorenzo et al. 2016). Bemisia tabaci is attracted to, prefers to settle and oviposit, and performs better,
on conspecific-damaged tomato plants rather than on undamaged plants (Su et al. 2018). Trialeurodes vaporariorum males
are more attracted to conspecific-damaged plant volatiles, while females are attracted to volatiles from undamaged plants.
These attraction responses and preferences seem to be guided by plant volatiles, since volatiles produced by the insects
themselves are not attractive to conspecific females or males (Darshanee et al. 2017).

While several studies have focused on insect-plant interactions involving whiteflies and Tuta absoluta, only a few have
studied these interactions when other herbivores are involved. It is known that previous herbivore attack change other
herbivore preferences for settling, feeding, ovipositing, or even their performance (Karban 1989). For instance, B. tabaci
prefers to settle and lay eggs on cucumber plants previously infested by Tetranychus cinnabarinus (Acari: Tetranychidae),
but not on plants pre-infested by Phenacoccus solenopsis (Hemiptera: Pseudococcidae) (Lin et al. 2019) or by Myzus
persicae (Hemiptera: Aphididae) (Tan et al. 2014). In the latter case, B. tabaci preference for undamaged vs. damaged plants
was correlated with the emission of HIPVs by tomato (Tan and Liu 2014). The differential preference of B. tabacitowards
damaged plants may arise from the different feeding habits of the herbivores, which activate different defensive pathways in
the plants (Lin et al. 2019). In the case of Trichoplusia ni (Lepidoptera: Noctuidae) oviposition preferences changed
depending on which herbivore has previously damaged the plants. It prefers ovipositing on undamaged soy plants rather
than on Spodoptera frugiperda (Lepidotera: Noctuidae) or B. tabaci-damaged plants. However, T. ni prefers laying eggs on
soy plants where there are heterospecific eggs rather than on undamaged ones (Coapio et al. 2016). In the case of T.
absoluta, mated females were more attracted to volatiles from, and preferred laying eggs on undamaged plants rather than
on plants damaged by Liriomyza trifolii (Diptera: Agromyzidae) (Maneesha et al. 2021). Finally, 7. absoluta larva feeding on
the same leaf as B. tabaci nymphs showed a decreased performance; but the performance of B. tabaci nymphs was not
affected by previous feeding of T. absoluta larvae (Mouttet et al. 2013).

We have observed both insects usually co-occurring on the same plants in greenhouse crops (unpublished), so we set up to
study this interguild herbivore-plant system in more detail. Specifically, this study focuses first on the production of volatiles
by tomato plants infested by two of the main insect pests in South America: the tomato moth 7. absoluta and the whitefly T.
vaporariorum. Second, we aimed to evaluate how pre-infestation of T. absoluta or T. vaporariorum affects their oviposition
and settlement preferences. Understanding these intraguild interactions between herbivore insects that are relevant as
tomato pests may provide valuable inputs for tomato production.
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METHODS AND MATERIALS

Plants and Insects. All plants and insects were reared under the same controlled conditions (25°C, 16:8 L:D, r.H. = 70%).
Tomato plants, S. lycopersicum cv. San Pedro, were grown in individual pots (12 cm h x 12 cm diam.) and watered either
three times a week or as needed according to the plant water demand. Tuta absoluta were reared in laboratory cages (15 x 15
x 30 cm, 6.7 L) covered by voile and fed with potted fully-grown tomato plants with at least 7 leaves with 7 leaflets each. The
plants were about 1 month old and were replaced twice a week. The adults were separated from the larvae every 3 days.
Trialeurodes vaporariorum were weekly collected as adults from pesticide-free tomato crops grown in greenhouses, then kept
in the laboratory on potted tomato plants like those described for T. absoluta.

Damaged Plants. Damage procedures were done under the same controlled laboratory conditions mentioned above. Damage
was performed for both insects on fully grown plants confined in cages (55 cm, 166 L) by exposing the plants to the insects
for 24 h. The plants were then used either for bioassays or for headspace collection of plant volatiles. In the case of T.
absoluta-damaged plants, preliminary tests were performed with different ratio of larvae/leaflet to obtain plants with at least
25% of the leaflet surface damaged after 24 h, but without dying during the assay time (72 h). The ratio of 1 larva (L3) for
every two leaflets (that is between 20 to 25 larvae per plant) was chosen. Leafminer larvae were not removed from the plants
after the 24-h initial damage to cause continuous damage throughout the experiments, and to avoid causing mechanical
damage to the plant, which might modify plant volatile emissions (Raghava et al. 2010). At the end of the experiments leaf
damage was visually evaluated resulting in ca. 33% leaf surface damage. In the case of T. vaporariorum-damaged plants, 75
field-collected adults were placed on fully grown-tomato plants for 24 h. As these insects were not sexed in advance,
damage to the plants could have been caused by both feeding and oviposition. As with leafminer larvae, adults were not
removed from the plant after the initial 24-h damage period, to have continuous damage on the plant. Therefore, when
performing settling preference assays with T. vaporariorum, the number of settled adults was corrected as explained below.

Preference Bioassays. All bioassays were run as choice experiments in which one intact and one damaged plant of the same
age and foliar development were offered in opposite sides of a cage (55 x 55 x 120 cm, 363 L). To assess oviposition
preference by T. absoluta, 50 adults of both sexes were released. After 72 h, the number of eggs laid on each plant was
registered (n =12 for T. absoluta-damaged vs. undamaged plants; n =7 for T. vaporariorum-damaged vs. undamaged plants).
For assessing T. vaporariorum settlement preferences, 75 adults were released and the number of whiteflies settled on each
plant was registered at the end of the assay (72 h) for undamaged vs. T. absoluta-damaged plants (n = 11), or after 24, 48
and 72 h forundamaged vs. T. vaporariorum-damaged plants (n =11).

To account for the previous presence of T. vaporariorum in the damaged plants, we ran preliminary tests that showed that no
more than 2.5% of whiteflies migrate from the damaged to the healthy plant in the 72-h assay time window. Besides, the
percentage of whitefly death during 72 h was 30% in the first day, 14.4% in the second and 13.7% in the third (n = 15).
According to these preliminary results, when counting settled whiteflies in conspecific-damaged plants, corrections were
made by subtracting the whiteflies initially used for damaging the plants; that is, 52 (30% of 75) individuals in day one, 45
(14.4% of 52) in in day two, and 39 (13.7% of 45) in day three. Both preference bioassays and volatile collection in the case
of T. absoluta-damage were conducted in January-March 2019; and in January-March 2021 for T. vaporariorums.

Plant Volatile Chemistry. To obtain volatile extracts from the same plants before and after damage, volatile collections were
first performed from undamaged plants for 72 h, then the same plants were damaged as described previously, and another
volatile collection (72 h) was performed from the damaged plants. This collection-damage-collection procedure was
performed five times in blocks of 3 plants, reaching 15 plant volatile extracts for both T. absoluta- and T. vaporariorum-
damaged plants. Two plants and their volatile collections had to be discarded from each group, therefore reaching the final
sample sizes as 13 plant volatile extracts sampled before and after damage by each herbivore.

Volatile collections were done by enclosing potted tomato plants, with their pots wrapped in aluminum foil, in Teflon-sealed
glass cylinders (37 cm h x 28 cm d; 17 L) at room temperature. A background volatile control was done in parallel for each
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group of three sampled plants, using a pot with soil wrapped with aluminum foil. A stream of charcoal-filtered air was
pushed through the system at 2 L/min using an electric air compressor (Toshiba TOSCON) and simultaneously pulled from
the plant chamber at a flow of 1 L/min for 72 h, using a CASELLA Apex 2 pump. Volatiles were adsorbed on 50 mg HayeSep
Q (Hayes Separations, Inc.), then eluted with 1 mL of double-distilled hexane and added with tridecane (24 ug) as internal
standard (IS). After elution, the solution was concentrated to 100 pL under a N, stream.

A Shimadzu QP2010 plus gas chromatograph coupled to mass spectrometer (GC-MS) was used for volatiles
characterization. The analyses were performed with an OPTIMA-5-MS column (30 m x 0.25 mm id x 0.25-um film thickness;
Macherey-Nagel). The analytical conditions were as follows: gas carrier: He (1 mL/min); oven temperature: from 40°C (1 min)
to 160°C (3°C/min), 235°C (5°C/min) and finally to 280°C (20°C/min, 2 min); injector and detector temperatures: 250°C;
injection 1 pL in the splitless mode; ionization potential: 70 eV; scan range: 40—350 m/z. The identification of volatiles was
performed by comparing calculated Retention Indices (RI) with those reported by Adams (2007) and by comparison of
fragmentation patterns with those contained in NIST 05 (Linstrom and Mallard 2005) and Adams (2007) mass spectrum
libraries. The amount of each volatile was quantified by manually integration and expressed as ug of internal standard.

Statistical Analyses. In bioassays, the number of eggs laid by T. absoluta and the corrected number of T. vaporariorum adults
settled in undamaged vs. damaged plants were compared with Wilcoxon tests, using the VassarStats website (Lowry 2023).
Volatile profiles of damaged and undamaged plants were analyzed using the online Metaboanalyst platform (Chong et al.
2018). The GC-MS data were not filtered before multivariate analyses. Normalization, scaling, and centering of the data was
done (operations used are indicated in each result) (Chong et al. 2018). Outliers were not detected. GC-MS profiles of
volatiles were first explored with unbiased Principal Component Analyses (PCA). Further analyses for identifying peaks that
contribute to the differentiation of samples were done using Partial Least Square-Discriminant Analyses (PLS-DA). In these
supervised models, the health status (2 levels: damaged and undamaged plants) was included as the classification variable
in the model. The PLS-DA models were cross validated with permutation tests (number of permutations as indicated in each
result). Then, the PLS loading and variable influence on the projection (VIP) scores were used to make a selection of peaks of
interest (VIP > 1) (Xia and Wishart 2016) that contributed to the differentiation of undamaged vs. T. absoluta-damaged plants
and between undamaged and T. vaporariorum-damaged plants. Random Forest Analyses were also run. In this case, during
tree construction for the classification process, about one-third of the instances were left out of the bootstrap sample. The
out-of-bag (OOB) error was calculated and used for variable importance estimation; and precision (percent of correct
predictions), recall (percent of correct classification); and Prior Probability (percent expected by chance) were calculated.
Besides, data on individual compounds were also subjected to conventional univariate analyses (t-tests on paired samples).

RESULTS

Preference Bioassays with T. absoluta-damaged Plants. Tuta absoluta females preferred to lay eggs on conspecific-
damaged plants (41 £ 5 total number of eggs/plant) rather than on undamaged plants (22 + 3 total number of eggs/plant; p
=0.005, Wilcoxon test, Fig. 1A). Trialeurodes vaporariorum also preferred to settle on 7. absoluta-damaged plants (20 + 5
whiteflies/plant) rather than on undamaged plants (9 + 1 whiteflies/plant; p = 0.03, Wilcoxon test, Fig. 1B).

InsertFig. 1here

Preference bioassays on T. vaporariorum-damaged plants. Tuta absoluta preferred laying eggs on T. vaporariorum-damaged
(42 £ 5 total number of eggs/plant) rather than on undamaged plants (20 + 4) (p = 0.03, Wilcoxon, Fig. 2A). For conspecific-
damaged vs. undamaged plants, 7. vaporariorum preferred settling on damaged plants in all of the three days assessed: day
one (44 + 5) vs. (17 £ 2), day two (46 = 6) vs. (16 + 3) and day three (38 £ 6) vs. (13+2) (p=0.006, p=0.001, p=0.021,
respectively, Wilcoxon tests, Fig. 2B).

InsertFig. 2here
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Plant Volatile Chemistry. The volatile profiles emitted by tomato plants were complex as expected (Fig. S1). Combining the
volatiles from the four plant treatments studied, 147 chromatographic peaks were detected (Tables 1 and 2). Among these
peaks, 103 were from plants damaged by T. absoluta and their corresponding undamaged plants, and 92 were from plants
damaged by T. vaporariorum and their corresponding undamaged plants (Table 3). While the tomato cultivar was the same
for all experiments (San Pedro), volatiles from undamaged plants used for T. absoluta damage experiments differed from the
volatiles from undamaged plants used for 7. vaporariorum damage (Tables 1 and 2 and Fig. S1). These differences probably
arise from the 1-year difference in the time in which the assays were performed for each herbivore. Therefore, volatiles from
T. absoluta damaged plants and from T. vaporariorum damaged plants will be analyzed separately. While only 49 out of the
147 peaks detected were present in all plants in the different treatments, these common compounds accounted for most of
the volatiles (average range from 73 to 78% among the four treatments), and most of them have been reported in previous
studies (Anastasaki et al. 2018; Angeles Lépez et al. 2012; Ayelo et al. 2021a; Ayelo et al. 2021c; Caparros Megido et al. 2014;
Milonas et al. 2019; Proffit et al. 2011; Silva et al. 2018; Silva et al. 2017). Identified compounds belong to the common
classes usually found in plant volatiles (Table 3).

Page 6/27



Table 1

Volatiles emitted by undamaged and T. absoluta-damaged tomato plants (N = 13 pairs of undamaged/damaged plants).

n

w

N oo oo b

10
11
12
13
14
15
16

17
18
19
20
21
22
23
24
25
26
27
28
29

Compound

octane
unk* 1

unk 2

unk 3
nonane
a-pinene

3,7,7-trimethyl-1,3,5-
cycloheptatriene

sabinene
B-pinene

1-octen-3-ol

2,2,4,6,6-pentamethyl-heptane

B-myrcene

butyl butanoate
62-carene
a-phellandrene

3-carene

a-terpinene
p-cymene
B-phellandrene
2-ethyl-1-hexanol
3,7-dimethyl-nonane
(2)B-ocimene
(E)B-ocimene
y-terpinene
terpinolene
n-undecane
n-nonanal

phenyl ethyl alcohol

menthone

Class?

HC
NI
NI

NI

HC
MT
MT

MT
MT
ol
HC
MT
Ester
MT
MT
MT

MT
MT
MT
ol
HC
MT
MT
MT
MT
HC
Ald
Arom

Mt ox

)
AR|,ep

800

900
932
971

969
974
974
991
988
993
1001
1002
1011

1014
1020
1025
1030
1038
1032
1044
1054
1086
1100
1100
1106
1148
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800
870
872

884
885
921
962

966
969
975
985
989
996
999
1002
1007

1014
1022
1026
1028
1033
1037
1047
1056
1086
1098
1102
1112
1148

Undamaged
plants?

0.09+0.09
0.03+0.02

0.013+
0.009

0.02+0.01
0.03+0.01
0.3+0.1
0.5+0.2

0.08+0.03
0.06+0.03
0.03+0.01
0.06+0.02
0.6+0.2
0.06+0.03
2.0+0.5
0.8+0.3

0.022 +
0.004

0.23+0.09
0.23+0.07
7+2

11

0.07+0.04
0.07+0.02
0.24+0.08
0.09+0.04
0.13+0.06
0.04+0.04
0.01+0.01
0.10+0.03

0.040 +
0.002

T. absoluta-

damaged plants?

0.3+0.2
0.003 +£0.002
0.003+0.003

00
0.06+0.027
0.16+0.05
0.4+0.1

0.04+0.01
0.05+0.02
0.08+0.02
0.013+0.004
0.5+0.1
0.012+0.006
1.9+04
0.6+0.2
0.11+0.04

0.23+0.08
0.35+0.07
72
0.2+0.1
0.02+0.01
0.08+0.02
0.4+0.1
0.09+0.03
0.15+0.04
0.3+0.1
0.13+0.08
0.11+0.03
0.040+0.005

ttest

value)

0.005




30
31

32
33
34

35
36
37

38

39
40
41
42
43
44

45
46
47
48
49
50
51
52
53

54
55
56
57

Compound

dill ether

3Z-hexenyl butanoate

methyl salicylate
dodecane

n-decanal

2edecenal

2,6,11-trimethyl-dodecane

1-tridecene

indole

carvacrol
undecanal
2e4edecadienol
6-elemene

unk 4

2-methyl-tridecane

a-copaene
B-elemene
tetradecane
dodecanal
E-caryophyllene
y-elemene
6,9-guaiadiene
a-humulene

4-methyl-tetradecane

3-methyl-tetradecane

4,5-di-epi-aristolochene

n-dodecanol

germacrene-d

Class?

Mt ox

Ester

MeSa
HC
Ald

Ald
STm

HC-
ene

Indole

MT
MT
ol
ST
HC
HC

ST
ST
HC
Ald
ST
ST
ST
ST
HC

HC
ST
ol

ST

i b
AR|,.ep

1184
1184

1190
1200
1201

1260
1275
1290

1290

1298
1305
1319
1335

1364

1374
1389
1400
1408
1417
1434
1442
1452
1469

1470
1471
1469
1484
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1183
1186

1191
1198
1204

1261
1280
1290

1294

1297
1307
1321
1336
1359
1362

1374
1389
1397
1407
1416
1431
1442
1451
1461

1470
1471
1475
1478

Undamaged
plantsd

0.03+0.02

0.005 +
0.002

0.05+0.03
0.016+0.01

0.008 +
0.008

00
0.05+0.02

0.004 +
0.001

0.011+
0.007

0.01+0.01
0.06+0.05
0.04+0.02
0.6+0.2

0.02+0.01

0.009 +
0.007

0.07+0.04
0.13+0.06
0.03+0.03
0.03+0.03
1.5+04

0.02+0.01
0.04+0.02
0.3+0.1

0.013+
0.008

00
0.04+0.03
00
0.03+0.03

T. absoluta- ttest
damaged plants?

value)
0.04+0.01
0.29+0.09 0.002

0.18+0.08
0.02+0.01
0.06+0.05

0.07+0.04 0.004
0.011+0.005
0.007 +0.005

0.06+0.03 0.005

0.05+0.01 0.003
0.05+0.03

0.03+0.01

21

0.04+0.02

0.10+0.05

0.12+0.05

0.3+0.2

0.4+0.1 0.005
0.3+0.2

4+1 0.002
0.10+0.07

0.10+0.06

1.3+0.6 0.004
0.15+0.06

0.022+0.008
1.3+09
04+0.3
0.16+0.07




58

59
60
61

62
63
64

65

66

67
68

69

70

71
72

73

74

75

76
77

78
79
80
81
82
83

Compound

(E)-B-ionone

pentadecane
ukn HC 1

2-hexyl-1-decanol

unk 5

2,6,10-trimethyl-tetradecane

3,7,11-trimethyl-1,6,10-dodecatrien-

3-ol

3-methyl-pentadecane

(3£7E)-4,8,12-trimethyltrideca-

1,3,7,11-tetraene
hexadecane

tetradecanal

benzophenone

dodecanoic acid 1 methyethyl
ester
2-methyl-hexadecane

3-methyl-hexadecane

n-tetradecanol

cyclotetradecane

heptadecane

unk 6
unk 7

methyl tetradecanoate
4-methyl-heptadecane
2-methyl-heptadecane
3-methyl-heptadecane
octadecane

unk HC 2

Class?

lonone

HC
HC
ol

NI
STm

HC

STm

HC
Ald

Arom

ester

HC
HC

ol

HC

HC

HC

Arom

Ester
HC
HC
HC
HC
HC

i b
AR|,.ep

1487

1500

1504

1539
1564

1570
1577

1600
1611

1626
1618

1666
1671

1671
1673

1700

1725
1758
1765
1770
1800

Page 9/27

ARicalcc

1486

1495
1499
1507

1526
1540
1559

1568
1578

1596
1609

1624
1626

1666
1673

1679
1681
1705

1710
1715

1730
1759
1764
1771
1795
1804

Undamaged
plantsd

0.03+0.01

0.09+0.05
00
0.01+0.006

0.1+0.05
0.06+0.03
0.3+0.1
0.004
0.003
2.6+0.9

0.10+0.06
0.07+0.03
0.08+0.04
0.08+0.03
00

0.12+0.06

T. absoluta- t test

damaged plants?
value)

0.3+0.1 <
0.001

0.10+0.03
0.3+0.2

0.14+0.04 <
0.001

0.3+0.1
0.12+0.06
0.7+0.3

0.10+0.07

5+2

04+04
1.0+0.8

0.4+0.3
04+04

04+04
0.2+0.1
0.05+0.04
0.12+0.08
0.8+0.6
0.6+0.5




84
85
86
87
88
89
90
91
92
93
94
95

96
97
98
99
100
101
102
103

Compound

hexadecanal

6,10,14-trimethyl-2-pentadecanone

2-methyl-octadecane
unk 8

1-hexadecanol

unk 9

nonadecane

unk 10

unk 11

methyl hexadecanoate
unk 12

1-eicosene

eicosane
octadecanal
isopropyl palmitate
E,E-geranyl linalool
(2)-9-octadecen-1-ol
n-octadecanol
heneicosane

docosane

Class?

Ald
One
HC
NI
ol
NI
HC
NI
NI
Ester
NI

HC-
ene

HC
Ald
Ester
DT
ol

NI
HC
HC

i b
AR|,.ep

1817
1844
1863

1880

1900

1921

1987

2000
2021
2023
2026
2063
2077
2100
2200

ARicalcc

1812
1840
1858
1871
1875
1882
1893
1896
1913
1921
1982
1996

1999
2023
2027
2033
2063
2088
2103
2199

Undamaged
plantsd

0.03+0.02
0.243+0.05
00
0.04+0.02
0.1+0.1
0.06+0.03
00
0.04+0.02
0.04+0.01
0.01+0.01
0.08+0.07
0.01+0.01

0.06+0.04
0.01+0.01
0.05+0.03
0.13%0.05
04+0.2
0.05+0.05
00

00

T. absoluta- ttest
damaged plants? 0

value)

0.7+0.6
0.7+04
0.2+0.2
0.2+0.2
3+3
0.2+0.2
0.6+0.5
0.2+0.1
0.20+0.08
0604
0.3+0.2
0.3+0.3

03+0.2
03+0.2
0.10+0.07
0.6+0.3 0.004
21

21

0.3+0.3

0.1+0.1

a: Ald: Aldehyde; Arom: Aromatic; DT: Diterpene; Ester: Ester; HC: hydrocarbon; HC-ene: hydrocarbon-alkene; MeSa: methyl

salicylate; MT: monoterpene; NI: Unidentified; Ol: Alcohol; ST: Sesquiterpene; St m: modified sesquiterpene. ®: ARiyp:

Retention index reported in NIST 05 (Linstrom and Mallard 2005) and Adams (Adams 2007) mass spectrum libraries. ©:

Retention index calculated. 9: pg eq IS + SE. *unk: Unknown.
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Table 2

Volatiles emitted by undamaged and T. vaporariorum-damaged tomato plants (N = 13 pairs of undamaged/damaged

plants).
n Compound a i b i ¢ Undamaged T ttest VIP>1
Class®  ARlep”  ARicalc plantsd vaporariorum- PLSDA
damaged (P
plantsd value)

1 n-octane HC 800 803 0.04+0.02 0.004 £+ 0.001
2 n-nonane HC 900 900 0.002 = 0.02+0.01

0.001
3 a-pinene MT 932 931 0.11+0.05 0.1+0.03
4 tert-butyl-benzene Arom 976 969 0.10+0.02 0.06+0.03
5 B-pinene MT 979 974 0.05+0.03 0.05+0.02
6 2,2,4,6,6-pentamethyl-heptane HC 991 989 26+04 1.8+0.3
7 unk* HC 3 HC - 991 0.53+0.09 0.24+0.04 2.067
8 02-carene MT 1001 1000 1.3+0.2 0.5+0.2 < 1.190

0.001

9 a -phellandrene MT 1002 1003 0.20+0.03 0.14+0.04
10  a-terpinene MT 1014 1016 0.010+ 0.005+0.002

0.003
11 p-cymene MT 1020 1024 0.16+0.05 0.050.01 1.145
12  B-phellandrene MT 1025 1028 6+1 2.6+0.6 < 2.879

0.001

13 3,7-dimethyl-nonane HC 1038 1034 0.40+0.09 0.23+0.05
14  (E)B-ocimene MT 1044 1048 0.32+0.06 0.17+0.03 1.075
15  y-terpinene MT 1054 1058 0.06+0.02 0.03+0.006
16  terpinolene MT 1086 1089 0.030 + 0.015+0.002

0.004
17  n-undecane HC 1100 1100 0.04+0.01 0.057+0.008
18 n-nonanal Ald 1100 1105 0.10x0.01 0.08+0.01
19 unk13 NI - 1116 0.10+0.01 0.12+0.01
20 methyl salicylate MESa 1190 1195 0.13+0.08 0.05+0.03
21  dodecane HC 1200 1200 0.028 + 0.014+0.004

0.009
22  n-decanal Ald 1201 1207 0.08+0.02 0.049+0.008
23 2,6,11-trimethyl-dodecane STm 1275 1282 0.071 ¢+ 0.044 +0.007

0.008
24 1-tridecene Hc- 1290 1290 0.09+0.03 0.08+0.02

ene

25 undecanal Ald 1305 1310 0.10+0.02 0.029 £ 0.005 1.791
26  &-elemene ST 1335 1339 0.05%0.01 0.03+0.01 1.410
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27
28
29

30
31
32
33
34
35
36
37
38
39
40
41
42

43
44

45
46
47
48
49
50
51

52
53
54
55

Compound

2-methyl-tridecane
3-methyl-tridecane
2-methyl-3-hydroxy-2,2,4-
trimethylpentyl-ester-propanoic
acid

farnesane

tetradecane
e-caryophyllene

octyl cyclohexane

unk 14
2,6,10-trimethyltridecane
5-methyl-tetradecane
a-humulene
4-methyl-tetradecane
2-methyl-tetradecane
3-methyl-tetradecane
unk 15

unk 16

unk 17

1-pentadecene

2-hexyl-1-decanol
pentadecane
tridecanal
unknown alcohol 1
unk 18

unk 19

(3E7E)-4,8,12-trimethyltrideca-
1,3,7,11-tetraene

hexadecane
tetradecanal
heptadecane

2,6,10-trimethyl-hexadecane

Class?

HC
HC

Ester

ST
HC
ST
HC
ST
STm
HC
ST
HC
HC
HC
ST

HC-
ene

NI

He-
ene

ol
HC
Ald
ol

NI

NI
STm

HC
Ald
HC
STm

i b
ARie,,

1364
1371
1380

1366
1400
1417
1448

1449
1453
1452
1459
1463
1470

1492

1504
1500

1504

1577

1600
1611
1700
1727

ARicalcc

1364
1371
1375

1377
1400
1421
1447
1449
1451
1454
1456
1460
1463
1472
1476
1482

1484
1496

1497
1502
1507
1511
1517
1542
1581

1599
1614
1690
1715
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Undamaged T )
plantsd ggrpnoa’ggg’um
plantsd

0.16+0.05 0.07+0.02
0.19+0.05 0.09+0.03
0.04+0.02 0.015+0.003
0.17+0.05 0.07+0.02
0.55+0.09 0.06+0.04
0.3+0.1 0.13+0.04
0.20+0.05 0.06+0.02
0.22+0.06 0.07+0.03
0.24+0.06 0.09+0.03
0.31+0.07 0.12+0.03
0.15+0.04 0.07 +0.01
0.25+0.07 0.08+0.03
0.56+0.14 0.17+0.07
0.3+0.1 0.13+0.04
0.11+0.04 0.042 +0.006
0.8+0.02 0.046 +0.006
0.07+0.02 0.043 +£0.007
0.13+0.02 0.04+0.01
0.4+0.1 0.21+0.06
0.8+0.2 0.1+0.1
0.15+0.04 0.06+0.01
0.35+0.08 0.16+0.03
0.19+0.03 0.09+0.02
0.29+0.04 0.15+0.02
04+0.2 0.5+0.1
0.9+0.2 0.43+0.08
0.12+0.03 0.07+0.01
0.5+0.1 0.35+0.04
0.32+0.07 0.17+0.02

ttest

\(/%Iue)

VIP>1
PLSDA

1.003
2.366
1.450
1.626
1.516
1.436
1.123

2.307
1.260

1.888
2.762

1.619

1.100




56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78
79
80
81
82
83

84
85

Compound

unk 20

unk 21

unk 22

unk 23

unk 24
4-methyl-heptadecane
2-methyl-heptadecane
3-methyl-heptadecane
octadecane
(2)-7-hexadecenal

unk 25

isopropyl myristate
unk 26

n-hexadecanol

unk alcohol 2

unk 27

unk 28

nonadecane

unk 29

unk 30

unk 31
unk 32
unk 33
methyl hexadecanoate
unk 34
unk 35
unk 36
unk 37

eicosane

unk 38

Class?

NI
NI
NI
NI
NI
HC
HC
HC
HC
Ald
NI
Ester
NI
ol
ol
NI
NI
HC
NI
NI

NI
NI
NI
HC
NI
NI
NI
NI

HC
NI

ARirepb ARicalcc

- 1719
- 1724
: 1750
- 1754
- 1760
1758 1764
1765 1768
1770 1775
1800 1799
1798 1808
: 1826
1827 1828
- 1848
1800 1883
- 1886
- 1891
- 1895
1900 1899
- 1903
- 1907

- 1917
- 1920
- 1924
1921 1928
- 1932
- 1935
- 1947
- 1960

2000 1999
- 2023
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Undamaged T )
plantsd ggrpnoa’ggg’um
plantsd
0.17+0.03 0.11+£0.02
0.5+0.1 0.42+0.04
0.26+0.06 0.13+0.01
0.17+0.08 0.022+0.006
0.12+0.07 0.06£0.02
0.11+£0.03 0.1+£0.01
0.12+0.03 0.078 £ 0.008
0.10+£0.03 0.058 £ 0.007
0.21+0.06 0.17+0.01
0.17+0.06 0.08 £0.01
0.03+0.01 0.016 £ 0.007
0.14+0.02 0.07+0.02
0.08 £0.02 0.039+0.004
0.34+0.08 0.3+0.1
0.09+0.04 0.07+£0.01
0.07+0.03 0.056£0.008
0.08 £0.06 0.008 £ 0.002
0.3+0.2 0.094 +0.008
0.02+0.01 0.009+£0.001
0.014 ¢ 0.022+0.003
0.006
0.3+0.2 0.016 £ 0.006
0.2+0.1 0.004 £0.003
0.4+0.3 0.011+0.004
0.04+0.02 0.06+0.01
0.05+0.05 0.003+0.002
0.06+0.04 0.002+0.001
0.5+0.5 0.009 £ 0.004
0,008 + 0.002 £ 0.001
0,006
0.2+0.1 0.057 £ 0.006
0,019+ 0.006 £ 0.002
0,008

ttest

value)

VIP>1
PLSDA

1.059

1.308

1.139
1.600
1.172

1.082




86
87

88
89
90

91

92

Compound

isopropyl palmitate

unk 39

(2)-9-octadecen-1-ol
n-octadecanol

heneicosane
docosane

unk 40

Class?

Ester

NI

ol
ol
HC

HC

NI

i b
ARie,,

2023

2063
2077
2100

2200

ARicalcc

2028
2035

2065
2089
2102

2199

2410

Undamaged T
d vaporariorum-

plants damaged
plantsd

0,11+0,03 0.04£0.01

0.011¢ 0.018 £0.005

0.007

0.09+0.03 0.11+0.07

0.13+0.03 0.13+0.03

0.015¢ 0.026 £ 0.004

0.004

0.011¢ 0.012+0.002

0.003

0.03+0.03 0.001
0.0001

ttest

\(/%Iue)

VIP>1
PLSDA

a: Ald: Aldehyde; Arom: Aromatic; Ester: Ester; HC: hydrocarbon; HC-ene: hydrocarbon-alquene; MeSa: methyl salicylate; MT:

monoterpene; NI: Unidentified; Ol: Alcohol; ST: Sesquiterpene; St m: modified sesquiterpene. °: ARi ¢, Retention index

reported in NIST 05 (Linstrom and Mallard 2005) and Adams (Adams 2007) mass spectrum libraries. ¢ Retention index

calculated. 9: ug eq IS + SE. *unk: Unknown.
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Table 3

Volatile analysis overview of undamaged and damaged tomato plants.

Experiment

Variable

Maximum
number of
peaks
Number of
peaks
identified
Mass of
volatiles
emitted (mean
+ SE ug eq of
IS)

Compound
groups:

Alcohols

Aldehydes

Aromatic
Compounds

Diterpenes
Esters

Hydrocarbons
saturated

Hydrocarbons
unsaturated

Indole

lonone
Ketones

Methyl
Salicylate

Modified
Sesquiterpenes

Monoterpene
hydrocarbons

Monoterpenes
oxygenated

Sesquiterpene
hydrocarbons

T. absoluta damage
Undamaged T. absoluta-
plants damaged plants
104 104

92 92

22+5 565

212 816
0.10+£0.09 33
0.10+0.02 0.7£0.5
0.13+0.04 0.6+0.3
0.3+0.2 4+3
1.1+£0.6 816
0.02+0.02 04+0.3
0.011¢ 0.06+0.03
0.007

0.03+0.01 0.3+£0.1
0.24+0.05 0.7+04
0.05+0.03 0.18+0.08
31 612

113 12+3
0.003 0.011 +0.006
0.002

3+1 914

a: ns, non significant

Wilcoxon
test

(p value)

0.05

Paired t-
test

(p value)

ns

ns

0.005

0.003
0.02

ns

ns

0.001

<0.001
ns

0.02

ns

ns

ns

ns

T. vaporariorum damaged

Undamaged

plants

92

64

267

1.4+0.2

0.7+0.2
0.10+0.02

0.28+0.04
101

0.25+0.07

0.13+0.08

1.0+0.2

81

1.0+0.2

T. vaporariorum-
damaged plants

92

64

13+3

1.0+0.3

0.4+0.1
0.07+0.03

0.14+0.03
51+0.8

0.18+0.04

0.05+0.04

0.7+0.2

3.8+0.9

0.37+0.1

Wilcoxon
test

(p value)

0.002

Paired t-
test

(p value)
ns?
ns

0.01

ns

0.02

ns

ns

ns

<0.001

<0.001
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Experiment T. absoluta damage T. vaporariorum damaged

Unidentified 0.5+0.3 4+3 ns 4+1 14+0.2 ns

a: ns, non significant

In the case of T. absoluta-damaged plants, despite the similarity in the qualitative analysis, there was a tendency to increase
volatile emissions (56 + 5 in damaged plants vs. 22 + 5 in undamaged plants -ug eq IS + SE; p = 0.05, Wilcoxon test, Table 3).
Of the 103 quantified peaks, 91 of them were successfully identified (Tables 1 and 3). Ten out of the 103 compounds were
emitted only by damaged plants. On the other hand, only one unidentified compound, Unk3, was emitted in undamaged
plants but not in damaged ones (Table 1). Univariate analyses on the 103 compounds showed that 12 of them varied when
comparing the volatiles from undamaged and damaged plants (Table 1, paired t-tests, p < 0.05). These 12 compounds
included 1 monoterpene (carvacrol), 1 aldehyde (2Edecenal), 2 sesquiterpenes (E-caryophyllene, a-humulene), 1 diterpene
(E,E-geranyl linalool), 1 hydrocarbon (tetradecane), 1 alcohol (2-hexyl-1-decanol), 2 esters (3Z-hexenyl butanoate), 2
aromatics (indole, benzophenone), and the carotenoid (E)-B-ionone.

Multivariate analyses were performed on the matrix generated (103 compounds x 2 plant treatments), with previous data
normalization (Log,) and scaling (Pareto scaling) (Alaerts 2010). First, the PCA (singular value decomposition, Fig. S2)
showed that the data was well explained (80% of variance) by 5 components (Component 1: 49%; Component 2: 16%;
Component 3: 6%; Component 4: 5%; Component 5: 4%). When modeling these data by the PLS-DA, the model has a p value
>0.1 in the permutation tests, so no conclusion could be drawn from this analysis (Fig. S3). Worth noticing, a Random Forest
analysis correctly classified samples from the two plant treatments with an OOB error=10.11 (precision 92% and 85% for
damaged and undamaged plants respectively). All these data together show that volatiles emitted by undamaged plants
present some compounds in significantly different amounts than volatiles from plants damaged by T. absoluta.

In the case of T. vaporariorum-damaged plants, there was a significant reduction in the total amount of volatiles emitted after
damage (26 +7 vs. 13 + 3 ug eq IS + SE, p = 0.002, Wilcoxon test). Of the 92 quantified peaks, 64 of them were successfully
identified (Tables 2 and 3). In this case, all 92 peaks were detected in both kinds of plants, in different amounts. Univariate
analyses on the 92 compounds showed that 2 of them varied when comparing the volatiles from undamaged and damaged
plants: 62-carene and B-phellandrene (Table 2, paired t-tests, p < 0.05). Multivariate analyses were then performed on the
matrix generated (92 Compounds x 2 kind of plants). Previous to statistical analysis, these data were normalized (square
root), and scaled (Pareto scaling) (Alaerts 2010). First, the PCA (singular value decomposition, Fig. S4) showed that the data
was well explained (67% of variance) by 5 components (Component 1: 28%; Component 2: 14%; Component 3: 12%;
Component 4: 7%; Component 5: 6%). Then a partial least squares-discriminant analysis (PLS-DA, Fig. 3) was used to model
the differences between undamaged and damaged plants. Permutation tests based on separation distance were applied to
evaluate the reliability of the model (2000 permutations, p = 0.04). Overall, the PLS-DA model was found to be an acceptable
model for discrimination between the plant status. The validated model had 5 components, with RZ=0.95,Q2=0.85and
accuracy of 1 (Fig. 3). From the model built, 26 compounds with a Variable Importance in Projection (VIP) greater than 1
(Chong et al. 2018) were found (Table 2). Nineteen out of these 26 were identified (Table 2): 4 were monoterpenes (62-carene,
p-cymene, B-phellandrene, (E)-B-ocimene), 1 aldehyde (Undecanal), 4 sesquiterpenes (6-elemene, farnesane, E-caryophyllene,
2,6,10-trimethyltridecane -modified ST-), 7 hydrocarbons (tetradecane, octyl-cyclohexane, 5-methyl-tetradecane, 2-methyl-
tetradecane, 3-methyl-tetradecane, pentadecane, hexadecane), 1 alcohol (2-hexyl-1-decanol) and 2 esters (isopropyl
myristate, methyl hexadecanoate). Finally, Random Forest analyses correctly classified samples from the two plant statuses
with an OOB error = 0.08 (precision 85% and 100% for damaged and undamaged plants respectively). All these data together
also clearly show that the volatiles from undamaged plants can be differentiated from the volatiles from species damaged
by T. vaporariorum.

Insert Fig. 3here
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DISCUSSION

Tuta absoluta females laid more eggs on conspecific-damaged plants in two-choice bioassays with undamaged plants as an
option. These results may be due to different plant chemistry, either volatile or non-volatile, resulting from the previous
damage by conspecifics. Our volatile analysis in tomato plants (discussed later) did show significant changes dueto T.
absoluta damage, but we cannot rule out other possible effects, chemical or otherwise, related to the presence of T. absoluta
larvae feeding on the plants. Beyond the mechanistic explanation, the oviposition preference we found may be also
discussed in adaptive terms. It has been shown that lepidopteran larvae may benefit from developing together, concerning
both biotic and abiotic stressors (Tsubaki 1981). Moreover, aggregation of lepidopteran larvae (Jin et al. 2016; Jumean 2004;
Tsubaki 1981) and attraction of females to oviposit (Sun et al. 2014) on plant areas with presence of conspecifics have been
previously reported for different families. While T. absoluta females lay eggs singly, several larvae usually coexist in the
same plant, so potential adaptive explanations for T. absoluta females to prefer ovipositing on conspecific-damaged plants
are not unforeseen.

Our oviposition preference results differ from previous studies that reported 7. absoluta females ovipositing more eggs on
undamaged plants in comparison with conspecific-damaged ones (Anastasaki et al. 2018; Bawin et al. 2014; Maneesha et al.
2021). These contradictory results may stem from methodological differences or even from plant cultivar characteristics.
Bawin et al. (2014) found oviposition preferences for undamaged plants but no volatile-mediated preferences in wind tunnel
assays, pointing to other plants cues such as non-volatile induced defenses. Maneesha et al. (2021) did not report
experimental conditions such as the size of the bioassay cages, larval infestation levels or whether damaging larvae were
retrieved before the preferences assays, all factors that may have influenced the preference results. Anastasaki et al. (2018)
worked with preference bioassays using shorter distances (60 cm vs. 120 cm) and smaller containers than ours (2.1 L vs. 3.6
L), which may have influenced the results due to the closeness of the contrasting plants. Infestation levels was also different
both in the number and instar of damaging larvae: twenty larvae (L1) were used by Anastasaki et al. (2018), while we used
25 older larvae (L3), likely increasing the level of damage and induced response by the plant. Indeed, It has been reported that
the age of T. absoluta larvae feeding on tomato plants affects adult attraction to the plants (Abdelhady 2020). All in all,
different results may arise from different experimental conditions or cultivars; San Pedro in our study, Moneymaker in Bawin
et al. (2014), Semiramis in Anastasaki et al. (2018) and Sahoo T0-3251 in Maneesha'’s work (2021). Different cultivars are
not only reported to impact in 7. absoluta fitness (Mathieu W. Sawadogo et al. 2021) and oviposition preferences (Cherif
2013; Proffit et al. 2011), but also differ in the volatiles emitted (see below) as well as in the defensive secondary metabolites
and trichome density, which are known to play a role in tomato resistance to T. absoluta (Sohrabi et al. 2016) and
differentially affect 7. absoluta oviposition behavior (Oliveira et al. 2012; Regina Gontijo Labory C 1999).

Our results also showed that Trialeurodes vaporariorum preferred to settle on plants with previous damage by conspecifics.
This is in line with results with B. tabaci females, which prefer to lay on plants previously occupied by conspecifics (Silva et
al. 20214a; Su et al. 2018). Previous olfactometer studies with T. vaporariorum adults, however, showed conflicting results.
Trialeurodes vaporariorum adults were more attracted to volatiles emitted by undamaged plants than to those from
conspecific-damaged plants. This was the case for two tomato cultivars, but did not hold for two other cultivars (Deletre et al.
2022) (none of these cultivars are the same as in this study). In a different study, 7. vaporariorum males were more attracted
to conspecific-infested tomato plants than to undamaged ones, but females showed the opposite results (Darshanee et al.
2017). Therefore, attraction to undamaged over damaged plants for 7. vaporariorum depends on plant cultivar and whitefly
sex. In our work, experimental 7. vaporariorum adults were not separated for sex, so we cannot rule out that the settling
preference we found was not affected by sex ratio of the tested insects.

Our findings of T. vaporariorum settling preferences may also have adaptive implications. It has been shown that whiteflies
may benefit from conspecific feeding aggregations (facilitation) via sink modification, a mechanism by which whiteflies can
control the sap flow within the plant to their advantage. This in turn may reduce the nutritional quality of the plants to other
competing herbivores, especially non-sap-feeders (Inbar and Gerling 2008). In addition, whitefly feeding has been reported to
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suppress the effects of the JA pathway by activation of the SA pathway (Zhang et al. 2013), which may also benefit the
formation of aggregations.

In our crossed herbivore preference bioassays, T. absoluta preferred ovipositing on T. vaporariorum damaged plants, and T.
vaporariorum preferred settling on T. absoluta damaged plants. Partly in line with our results, 7. absoluta larval development
was positively affected by the previous presence of B. tabaci, but only on locally-damaged leaves and not when the damage
occurred in different leaves (Mouttet et al. 2013). This effect was not symmetrical, since previous infestation by 7. absoluta
did not affect the development of B. tabaci nymphs (Mouttet et al., (2013). Our results are also in line with a study with the
leaf-chewer Pieris brassicae (Lepidotera: Pieridae) and the phloem-sucking aphid Brevicoryne brassicae (Hemiptera,
Aphididae), which showed better performance of the larvae on heterospecific damaged cabbage plants, in comparison with
undamaged plants (Soler et al. 2012).

The difficulty for the plant to defend itself when it has been already attacked by a pest that activates a different defensive
route has already been studied in various systems in relation to the crosstalk effect between hormone-controlled pathways
(2012). The previous results by Mouttet (2013) rise the hypothesis that the tomato plants are able to defend itself at the
same time locally to herbivore damages but not systemically for both herbivores. A similar scenario may allow T. absoluta
and T. vaporariorum coexistence. No oviposition preference of T. absoluta has been previously documented, as far as we
know, related to the previous presence of T. vaporariorum.

To sum up, our laboratory findings did indeed confirm the co-occurrence that was previously observed in local greenhouses.
In the case of T. vaporariorum-damaged plants, preference would be caused by a downregulation of plant indirect defenses
as happens when B. tabaci damages the tomato plant (Zhang et al. 2019). In the case of T. absoluta-damaged plants, more
studies are needed to elucidate the underlining mechanisms that favor the whitefly settling. The differences found compared
to previous reports, and among them, may be explained due to the cultivars of tomato plants used, the distance between the
stimuli, the number of larvae of the tomato leafminer or nymphs or adult whiteflies causing damage, among other effects.
Besides, since damaging insects were not removed, we cannot rule out that attraction to damaged plants may be also
influenced by some insect cue. Although, in the case of T. vaporariorum attraction to conspecifics seems not to take place
(Darshanee et al. 2017).

Regarding volatiles emitted by the tomato plants here studied, as mentioned, 7. absoluta damaged plants emitted more
volatiles after the damage (Table 3), as it was previously reported (Anastasaki et al. 2018; Ayelo et al. 20214a; Chen et al.
2021; Silva et al. 2018; Silva et al. 2017). Among the many reports on T. absoluta-damaged plants volatiles, although the
main identified compounds are similar among works, there is an enormous variation on the reported compounds (Anastasaki
et al. 2015; Anastasaki et al. 2018; Ayelo et al. 2021a; Caparros Megido et al. 2014; Chen et al. 2021; De Backer et al. 2015;
Gontijo et al. 2019; Milonas et al. 2019; Proffit et al. 2011; Silva et al. 2018; Silva et al. 2017). In these works, together, more
than 200 compounds are reported, of which none of them are common to all works, and for instance, only 32 (16%) are
reported in at least four of them (considering the works where all compounds are listed). The different tomato cultivars, soil,
location and season of the year in which the volatiles collections are done are some of the factors that may explain these
differences in volatile profiles (Holopainen and Gershenzon 2010). Except for the work by Chen et al. (2021), none of the
other publications reviewed here quantify more than 60 compounds. In this work, 103 peaks (91 identified) are reported,
allowing to show change in minor peaks after the damage. Among the 12 compounds found here to vary significantly in T.
absoluta-damaged plants, E-caryophyllene was previously reported to cause a physiological response in T. absoluta’s
antennae (Anastasaki et al. 2018; Miano RN 2022; Pagadala Damodaram et al. 2021), and to increase significantly its
amount after the damage (Anastasaki et al. 2018; Ayelo et al. 2021a; Ayelo et al. 2021b; Maneesha et al. 2021; Silva et al.
2018), as in our results (Table 2). However, in another report, even if E-caryophyllene was detected in HIPVs from T. absoluta-
damaged plants, its amount did not vary after being damaged just as the amount of the rest of the sesquiterpenes did not
vary either (De Backer et al. 2015). Tetradecane (Maneesha et al. 2021), (2)-3-hexenyl butanoate (Ayelo et al. 2021a), Indole
(Silva et al. 2017), (E)-B-ionone and a-humulene (Ayelo et al. 202143; Silva et al. 2018) were also previously reported to
increase significantly when the tomato plants are damaged by T. absoluta larvae. Besides, a-Humulene and Undecane were
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also previously reported to cause a physiological response in T. absoluta’s antennae (Pagadala Damodaram et al. 2021)
although Undecane was not reported to increase after damage, as it did in our work. However, in the case of Tetradecane and
(2)-3-hexenyl butanoate, no antennal response to them was detected (Anastasaki et al. 2018). The other five compound (2-£
Decenal, Carvacrol, 2-hexyl-1-Decanol, Benzophenone and E, EGeranyl linalool, Table 1) that vary significantly their emision
after T. absoluta damage in tomato plants were not previously reported in any of the above-mentioned works.

Damaged plants by T. vaporariorum emitted less volatiles than undamaged tomato plants (Table 2), similarly to the
previously reported not only for T. vaporariorum (Deletre et al. 2022) but also for B. tabaci (Silva et al. 2017). However, this
pattern is not general as it has been also reported that HIPVs after T. vaporariorum damage increased when tomato plants
were infested by 100 whitefly adults (Ayelo et al. 2021c¢). Interesting, this last work also showed that the emission of HIPVs
decreased when infestation was higher (with 200 adults) (Ayelo et al. 2021c). In the case of B. tabaci-damaged tomato
plants, an increase in HIPVs has also been reported (Silva et al. 2021a). As mentioned, tomato volatile characterization has
been previously reported not only for 7. vaporariorum damage (Angeles Lépez et al. 2012; Ayelo et al. 2021c; Darshanee et al.
2017; Deletre et al. 2022) but also for B. tabaci’s (Chen et al. 2020; Silva et al. 2018; Silva et al. 202143; Silva et al. 2017; Su et
al. 2018). Among these reports and ours, more than 150 compounds were quantified. Of the 26 compounds that were here
found to vary significantly after damage by T. vaporariorum, only three compounds, (E)-B-ocimene, terpinolene and £
caryophyllene are quantified in all reports. §2-Carene and B-phellandrene, were previously reported to decrease significantly
after damage by T. vaporariorum (Angeles Lépez et al. 2012). B-Phellandrene also decreased in four tomato cultivars after T.
vaporariorum's damage (Deletre et al. 2022; Silva et al. 2018) but increased after B. tabac/s ((Chen et al. 2020; Silva et al.
2018). On the other hand, E-Caryophyllene and (E)-B-Ocimene increased significantly in the different works (Angeles Lépez et
al. 2012; Ayelo et al. 2021¢; Silva et al. 2018). Although E-Caryophyllene increased after damage of 100 whiteflies, decreased
after damage of 200 whiteflies. p-Cymene increased in the only work that was quantified and was also reported to be
repellent for T. vaporariorum (Ayelo et al. 2021c¢). Our results showed that p-Cymene and (£)-B-ocimene decreased
significantly, and adults were attracted to damaged plants (see above). One wonders whether the decrease in repellent
compounds (Deletre et al. 2022) may favor the settling of the whiteflies. 6-Elemene was quantified in two publications and in
both it did not vary significantly (Ayelo et al. 2021b; Silva et al. 2018). The four compounds just mentioned that vary plus 62-
Carene and hexadecane are reported to cause a physiological response in T. absoluta's antennae (Anastasaki et al. 2018;
Chen et al. 2021; Miano RN 2022; Pagadala Damodaram et al. 2021). The other 18 compounds that vary significantly in our
work were not quantified in any of the above-reviewed reports. This comparative analysis shows the huge variation among
works in volatiles emitted by whiteflies-damaged tomato plants. This variation is such that in some works volatiles are up-
regulated and in others are down-regulated, either as whole or individually. Given that, at least in the case of T. vaporariorum,
the gregariousness does not respond to own cues (Darshanee et al. 2017), it is highly probable that the stimuli of the plants
contribute to the gathering of the insects. Clearly then, further studies like olfactometry assays and electroantennography
analyses are needed to understand the role of these compounds.

Comparing the variation of volatiles emitted after been damaged by 7. absoluta and T. vaporariorum, as mentioned, 12 and
26 compounds vary significantly respectively, but only two of them, E-Caryophyllene and tetradecane, vary in both cases.
Both compounds increased after T. absoluta damage and decreased after 7. vaporariorum's. Having both insects different
feeding habits (Pieterse et al. 2012), they would activate different defensive routes in tomato plants (Walling 2000), leading
probably to different variations in volatiles. Since both insects were attracted to plants damaged by conspecific and
heterospecific individuals, which exhibited different volatile variations, the attractiveness to damaged plants could be guided
by the mixture of compounds rather than by any of them individually, and by the balance with other non-volatile stimuli
present.

CONCLUSIONS

In this study, T. absoluta and T. vaporariorum preferred laying eggs or settling respectively on damaged plants by either a
conspecific or the other herbivore. Our results on the insects” preferences agree with both, our own field observation and with
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previous reports in the case of T. vaporariorum. However, the oviposition preference observed for T. absoluta differs from
some previous studies. This difference probably arises from different experimental conditions and tomato cultivars used in
the studies. The preference for conspecific-damaged plants may be driven by gregariousness or a general decrease in plant
defenses following an attack. On the other hand, the preference for heterospecific-damaged plants might be due to the
challenge plants face in defending themselves against simultaneous attacks from both insects, as reported in other systems.
The compounds emitted by the tomato plants varied in a different way when attacked by one or the other insect; and differed
also from the variations of individual compounds previously reported in tomato HIPVs. Interestingly, some individual
compounds showed opposing variations under the damage caused by both herbivores. Nonetheless, plants emitting these
compounds remained consistently attractive to the herbivores. This suggests a hypothesis that preferences are determined
by the mixture of volatiles rather than individual compounds, as well as possibly modulated by other stimuli. To establish a
definitive conclusion on whether this chemical variation in volatiles governs insects' choice, further studies utilizing
olfactometer preference bioassays and wind tunnel experiments are warranted, as understanding the behavior of these
herbivores (and the underlying cues) in the presence of other one is essential for designing a strategy to control them.

Declarations

Acknowledgments-We would like to thank Maria Laura Umpiérrez for technical assistance in the rearing of laboratory
colonies.

Competing Interests- The authors have no conflicts of interest to declare that are relevant to the content of this article.
Availability of data and material- All relevant material was included in the manuscript or the Supplementary Material.
Ethics approval- Ethics approval was not required.

Funding- Financial support was received from grants from CSIC (Comisién Sectorial de Investigacion Cientifica, UDELAR,
Uruguay: 1) Programa Grupos, CSIC-Grupos (CR and AG), and 2) Programa iniciacion a la Investigacion (FR)), and Programa
de Desarrollo de las Ciencias Béasicas (PEDECIBA, FR, APB, AG, CR). FR usufructed an ANII doctoral scholarship
(POS_NAC_D_2020_1_163939.), and APB usufructed two scholarships from CAP (Comisién Académica de Posgrado,
UDELAR, BDMX_2021_1#49914860 and (BFPM_2023_1#49914860 respectively)

Authors' contributions- All authors contribute to the different experiments: FR and CR conceived the presented idea. FR and
CR conceived and performed chemical analyses. FR and APB maintained insects and plants. FR performed all bioassays
with APB. FR performed and processed all volatiles collection with CR and AG. FR and CR performed statistical analyses. FR
and CR wrote the manuscript with input from AG. CR, AG and FR were responsible for the funding grants.

References

1. Abdelhady MA, A. A. Sarhan, M. A. M. Osman, N. S. Mandour (2020) Attraction response of Tuta absoluta females to
solanaceous host in Y-tube olfactometer. Journal of applied plant protection 9:59-66

2. Adams R (2007) Identification of Essential Oil Components by Gas Chomatography/Mass Spectrometry. 4th Edition edn.
Allured Publishing Corporation,

3. Alaerts G, Dejaegher, B., Smeyers-Verbeke, J., & Vander Heyden, Y. (2010) Recent developments in chromatographic
fingerprints from herbal products: set-up and data analysis. Combinatorial Chemistry & High Throughput Screening
13:900-922 doi:10.2174/138620710793360284

4. Anastasaki E, Balayannis G, Papanikolaou NE, Michaelakis AN, Milonas PG (2015) Oviposition induced volatiles in
tomato plants Phytochemistry Letters 13:262-266

5. Anastasaki E, Drizou F, Milonas PG (2018) Electrophysiological and oviposition responses of Tuta absoluta females to
herbivore-induced volatiles in tomato plants. J Chem Ecol 44:288-298 doi:10.1007/s10886-018-0929-1

Page 20/27



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Angeles Lépez Y|, Martinez-Gallardo NA, Ramirez-Romero R, Lépez MG, Sanchez-Hernandez C, Délano-Frier JP (2012)

Cross-Kingdom Effects of Plant-Plant Signaling via Volatile Organic Compounds Emitted by Tomato (Solanum
lycopersicum) Plants Infested by the Greenhouse Whitefly (Trialeurodes vaporariorum) J Chem Ecol 38:1376-1386
doi:10.1007/s10886-012-0201-z

. Awmack CS, Leather SR (2002) Host plant quality and fecundity in herbivorous insects vol 47.

doi:10.1146/annurev.ento.47.091201.145300

. Ayelo PM, Mohamed SA, Chailleux A, Yusuf AA, Pirk CWW, Deletre E (2021a) The parasitoid Dolichogenidea

gelechiidivoris eavesdrops on semiochemicals from its host Tuta absoluta and tomato. Journal of Pest Science 95:633-
652 doi:10.1007/s10340-021-01424-w

. Ayelo PM, Yusuf AA, Pirk CW, Chailleux A, Mohamed SA, Deletre E (2021b) Terpenes from herbivore-induced tomato

plant volatiles attract Nesidiocoris tenuis (Hemiptera: Miridae), a predator of major tomato pests. Pest Manag Sci
77:5255-5267 doi:10.1002/ps.6568

Ayelo PM, Yusuf AA, Pirk CWW, Mohamed SA, Chailleux A, Deletre E (2021c) The role of Trialeurodes vaporariorum-
infested tomato plant volatiles in the attraction of Encarsia formosa (Hymenoptera: Aphelinidae). Journal of Chemical
Ecology 47:192-203 doi:10.1007/s10886-021-01245-2

Baetan R, Oltean |, Rocco A, Francesco P (2015) Tuta Absoluta (Meyrick, 1917) (Lepidoptera Gelechiidae) adult feeding
on tomato leaves. Notes on the behaviour and the morphology of the parts related. Bulletin of University of Agricultural
Sciences and Veterinary Medicine Cluj-Napoca Agriculture 72 doi:10.15835/buasvmcn-agr:10619

Baldwin IT, Halitschke R, Paschold A, von Dahl CC, Preston CA (2006) Volatile signaling in plant-plant Interactions:
"Talking trees" in the genomics era. Science 311:812-815 doi:10.1126/science.1118446

Bawin T, De Backer L, Dujeu D, Legrand P, Megido RC, Francis F, Verheggen FJ (2014) Infestation level influences
oviposition site selection in the tomato leafminer Tuta absoluta (Lepidoptera: Gelechiidae). Insects 5:877-884
doi:10.3390/insects5040877
Beck JJ, Smith L, Baig N (2014) An overview of plant volatile metabolomics, sample treatment and reporting
considerations with emphasis on mechanical damage and biological control of weeds. Phytochemical Analysis 25:331-
341 doi:10.1002/pca.2486
Bentancourt CS, I. (1995) Lepiddpteros de Importancia Econdmica en el Uruguay. Editorial Agropecuaria Hemisferio Sur
S.R.L. - Facultad de Agronomia,
Caparros Megido R et al. (2014) Role of larval host plant experience and solanaceous plant volatile emissions in Tuta
absoluta (Lepidoptera: Gelechiidae) host finding behavior Arthropod-Plant Interactions doi:10.1007/s11829-014-9315-2
Chen CS, Zhao C, Wu ZY, Liu GF, Yu XP, Zhang PJ (2020) Whitefly-induced tomato volatiles mediate host habitat location
of the parasitic wasp Encarsia formosa, and enhance its efficacy as a bio-control agent. Pest Management Science
77:749-757 doi:10.1002/ps.6071
Chen G et al. (2017) Odor, not performance, dictates Bemisia tabaci's selection between healthy and virus infected plants
Frontiers in Physiology 8 doi:10.3389/fphys.2017.00146
Chen L et al. (2021) Comprehensive metabolome and volatilome analyses in eggplant and tomato reveal their
differential responses to Tuta absoluta infestation. Frontiers in Plant Science 12 doi:10.3389/fpls.2021.757230
Cherif AM, R.; Grissa-Lebdi K. (2013) Biological aspects of tomato leafminer Tuta absoluta (Lepidoptera: Gelechiidae) in
conditions of Northeastern Tunisia: possible implications for pest management. Environmental and Experimental
Biology 11:179-184
Chong J, Soufan O, Li C, Caraus |, Li S, Bourque G, Wishart DS, Xia J (2018) MetaboAnalyst 4.0: towards more
transparent and integrative metabolomics analysis. Nucleic acids research 46:W486-W494 doi:10.1093/nar/gky310
Coapio GG, Cruz-Lépez L, Guerenstein P, Malo EA, Rojas JC (2016) Herbivore damage and prior egg deposition on host
plants influence the oviposition of the generalist moth Trichoplusia ni (Lepidoptera: Noctuidae). Journal of Economic
Entomology 109:2364-2372 doi:10.1093/jee/tow198

Page 21/27



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39

40.
41.

42.

Da Silva Galdino TV, Picango MC, Ferreira DO, Silva GAR, De Souza TC, Silva GA (2015) Is the performance of a
specialist herbivore affected by female choices and the adaptability of the offspring? PLoS One 10
doi:10.1371/journal.pone.0143389

Darshanee HLC, Ren H, Ahmed N, Zhang Z-F, Liu Y-H, Liu T-X (2017) Volatile-mediated attraction of greenhouse whitefly
Trialeurodes vaporariorum to tomato and eggplant. Frontiers in Plant Science 8 doi:10.3389/fpls.2017.01285

De Backer L, Megido RC, Fauconnier ML, Brostaux Y, Francis F, Verheggen F (2015) Tuta absoluta-induced plant
volatiles: attractiveness towards the generalist predator Macrolophus pygmaeus. Arthropod-Plant Interactions 9:465-476
doi:10.1007/s11829-015-9388-6

Deletre E, Matu FK, Murungi LK, Mohamed S, Burks C (2022) Repellency potential of tomato herbivore-induced volatiles
against the greenhouse whitefly (Trialeurodes vaporariorum) (Hemiptera: Aleyrodidae). Journal of Economic
Entomology doi:10.1093/jee/toac015

Dicke M (2015) Herbivore-induced plant volatiles as a rich source of information for arthropod predators: fundamental
and applied aspects Journal of the Indian Institute of Science 95:35-42

Furstenberg-Hagg J, Zagrobelny M, Bak S (2013) Plant defense against insect herbivores. International journal of
molecular sciences 14:10242-10297 doi:10.3390/ijms140510242

Glas JJ, Alba, J. M., Simoni, S., Villarroel, C. A,, Stoops, M., Schimmel, B. C. (2014) Defense suppression benefits
herbivores that have a monopoly on their feeding site but can backfire within natural communities. BMC Biol 12
doi:10.1186/s12915-014-0098-9

Gontijo L, Cascone P, Giorgini M, Michelozzi M, Rodrigues HS, Spiezia G, lodice L, Guerrieri E (2019) Relative importance
of host and plant semiochemicals in the foraging behavior of Trichogramma achaeae, an egg parasitoid of Tuta
absoluta. Journal of Pest Science 92:1479-1488 doi:10.1007/s10340-019-01091-y

Gontijo P, Picango M, Pereira E, Martins J, Chediak M, Guedes R (2013) Spatial and temporal variation in the control
failure likelihood of the tomato leaf miner, Tuta absoluta Ann Appl Biol 162:50-59

Grunseich JM, Thompson MN, Aguirre NM, Helms AM (2019) The role of plant-associated microbes in mediating host-
plant selection by insect herbivores. Plants 9:6 doi:10.3390/plants9010006

Heard TA (1999) Concepts in insect host-plant selection behavior and their application to host specificity testing. X
International Symposium on Biological Control of Weeds Bozeman, Montana, USA

Holopainen JK, Gershenzon J (2010) Multiple stress factors and the emission of plant VOCs. Trends in plant science
15:176-184 doi:10.1016/j.tplants.2010.01.006

Inbar M, Gerling D (2008) Plant-mediated interactions between whiteflies, herbivores, and natural enemies Annu Rev
Entomol 53:431-448 doi:10.1146/annurev.ent0.53.032107.122456

Jin X et al. (2016) Aggregation and feeding preference of gregarious Heortia vitessoides (Lepidoptera: Crambidae)
larvae to Aquilaria sinensis (Thymelaeaceae). Journal of Entomological Science 51:209-218 doi:10.18474/jes15-39.1
Jumean Z, Rowland, E., Judd, G. J. R, & Gries, G. (2004) Male and female Cydia pomonella (Lepidoptera: Olethreutidae)
larvae produce and respond to aggregation pheromone. The Canadian Entomologist 136:871-873 doi:10.4039/n04-050

Karban RM, Judith H. (1989) Induced plant responses to herbivory. Annual Review of Ecology and Systematics 20:331-
348

.Lin D, Xu Y, Wu H, Liu X, Zhang L, Wang J, Rao Q (2019) Plant defense responses induced by two herbivores and

consequences for whitefly Bemisia tabaci. Frontiers in Physiology 10 doi:10.3389/fphys.2019.00346
NIST Standard Reference Database (2005) National Institute of Standards and Technology.

Lorenzo ME, Grille G, Basso C, Bonato O (2016) Host preferences and biotic potential of Trialeurodes vaporariorum and
Bemisia tabaci (Hemiptera: Aleyrodidae) in tomato and pepper. Arthropod-Plant Interactions 10:293-301
doi:10.1007/s11829-016-9434-z

Lowry R (2023) VassarStats: website for statistical computation. Accessed March 20 2023

Page 22/27



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Lucas-Barbosa D (2016) Integrating studies on plant-pollinator and plant-herbivore interactions. Trends in plant science
21:125-133 doi:10.1016/j.tplants.2015.10.013

Maneesha A, Koteswara Rao S, Bakthavatsalam N, Padmodhya B, Sudhakar P (2021) Behavioural mechanism of Tuta
absoluta towards conspecific-heterospecific infested tomato plants in response to leaf volatiles. Journal of Entomology
and Zoology Studies 9:6

Mann RS, Sidhu JS, Butter NS (2009) Settling preference of the whitefly Bemisia tabaci (Hemiptera: Aleyrodidae) on
healthy versus cotton leaf curl virus-infected cotton plants. International Journal of Tropical Insect Science 29:57
doi:10.1017/s1742758409990142

Mathieu W. Sawadogo, Rémy A. Dabire, Besmer Régis Ahissou, Schémaéza Bonzi, Irénée Somda, Souleymane Nacro,
Clément Martin, Anne Legréeve, Verheggen FJ (2021) Comparison of life history traits and oviposition preferences of Tuta
absoluta for twelve common tomato varieties. Physiological Entomology doi:https://doi.org/10.1111/phen.12373
Miano RN AP, Musau R, Hassanali A, Mohamed SA. (2022) Electroantennogram and machine learning reveal a volatile
blend mediating avoidance behavior by Tuta absoluta females to a wild tomato plant. Sci Rep 12 doi:doi:
10.1038/s41598-022-13125-0

Milonas PG, Anastasaki E, Partsinevelos G (2019) Oviposition-induced volatiles affect electrophysiological and
behavioral responses of egg parasitoids. Insects 10 doi:10.3390/insects10120437

Mouttet R, Kaplan |, Bearez P Amiens-Desneux E, Desneux N (2013) Spatiotemporal patterns of induced resistance and
susceptibility linking diverse plant parasites. Oecologia 173:1379-1386 doi:10.1007/s00442-013-2716-6

Oliveira CMd, Andrade Junior VCd, Maluf WR, Neiva IP Maciel GM (2012) Resistance of tomato strains to the moth Tuta
absoluta imparted by allelochemicals and trichome density. Ciéncia e Agrotecnologia 36:45-52 doi:10.1590/s1413-
70542012000100006

Pagadala Damodaram KJ, Gadad HS, Parepally SK, Vaddi S, Ramanna Hunashikatti L, Bhat RM (2021) Low moisture
stress influences plant volatile emissions affecting herbivore interactions in tomato, Solanum lycopersicum. Ecological
Entomology 46:637-650 doi:10.1111/een.13012

Pieterse CMJ, Van der Does D, Zamioudis C, Leon-Reyes A, Van Wees SCM (2012) Hormonal modulation of plant
immunity. Annual Review of Cell and Developmental Biology 28:489-521 doi:10.1146/annurev-cellbio-092910-154055
Proffit M, Birgersson G, Bengtsson M, Reis Jr R, Witzgall B, Lima E (2011) Attraction and oviposition of Tuta absoluta
females in response to tomato leaf volatiles J Chem Ecol 37:565-574

Raghava T, Ravikumar P, Hegde R, Kush A (2010) Spatial and temporal volatile organic compound response of select
tomato cultivars to herbivory and mechanical injury. Plant science : an international journal of experimental plant
biology 179:520-526 doi:10.1016/j.plantsci.2010.07.020

Raguso RA (2004) Why do flowers smell? The chemical ecology of fragrance-driven pollination. Advances in insect
chemical ecology. eds Cardé RT, Millar JG:151-178

Regina Gontijo Labory C VCS-CL, Maluf WR, Das Gragas Cardoso M, Bearzotti E, Candido De Souza J (1999) Indirect
selection to 2-tridecanone content and its relation to tomato pinworm resistance. Pesqu Agropecu Bras 34:733-740
Rodriguez-Lopez MJ, Moriones E, Fernandez-Munoz R (2020) An acylsucrose-producing tomato line derived from the
wild species Solanum pimpinellifolium decreases fitness of the whitefly Trialeurodes vaporariorum. Insects 11
doi:10.3390/insects11090616

Rodriguez MP, J.; Buenahora, J.; Maeso, D. (2003) Mosca Blanca: Importante Plaga de los Cultivos Horticolas en
Uruguay In: INIA UdAyDd (ed)

Saad KA, Mohamad Roff MN, Hallett RH, Idris AB (2015) Aphid-induced defences in chilli affect preferences of the
whitefly, Bemisia tabaci (Hemiptera: Aleyrodidae). Scientific reports 5:13697 doi:10.1038/srep13697

Schoonhoven LM, Van Loon JJ, Dicke M (2005) Insect-plant biology. Oxford University Press on Demand,

Page 23/27



61

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74

75.

76.

77.

. Silva DB, Bueno VHP, Van Loon JJA, Penaflor M, Bento JMS, Van Lenteren JC (2018) Attraction of three mirid predators

to tomato infested by both the tomato leaf mining moth Tuta absoluta and the whitefly Bemisia tabaci. J Chem Ecol
44:29-39 doi:10.1007/s10886-017-0909-x

Silva DB, Jiménez A, Urbaneja A, Pérez-Hedo M, Bento JMS (2021a) Changes in plant responses induced by an
arthropod influence the colonization behavior of a subsequent herbivore Pest Manag Sci 77:4168-4180
doi:10.1002/ps.6454

Silva DB, Weldegergis BT, Van Loon JJA, Bueno VHP (2017) Qualitative and Quantitative Differences in Herbivore-
Induced Plant Volatile Blends from Tomato Plants Infested by Either Tuta absoluta or Bemisia tabaci J Chem Ecol 43:53-
65 doi:10.1007/s10886-016-0807-7

Silva GA, Queiroz EA, Arcanjo LP, Lopes MC, Araujo TA, Galdino TSV, Samuels RI, Rodrigues-Silva N, Picanco MC (2021b)
Biological performance and oviposition preference of tomato pinworm Tuta absoluta when offered a range of
solanaceous host plants. Scientific reports 11:1153 doi:10.1038/s41598-020-80434-7

Sohrabi F, Nooryazdan H, Gharati B, Saeidi Z (2016) Evaluation of ten tomato cultivars for resistance against tomato
leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) under field infestation conditions. Entomologia Generalis
36:163-175 doi:10.1127/entomologia/2016/0350

Soler R, Badenes-Pérez FR, Broekgaarden C, Zheng S-J, David A, Boland W, Dicke M (2012) Plant-mediated facilitation
between a leaf-feeding and a phloem-feeding insect in a brassicaceous plant: from insect performance to gene
transcription. Functional Ecology 26:156-166 doi:10.1111/j.1365-2435.2011.01902.x

Sridhar V, Nitin KS, Onkara Naik S, Nagaraja T (2015) Comparative biology of south american tomato moth, Tuta
absoluta (Meyrick) (Lepidoptera: Gelechiidae) on three solanaceous host plants. Pest Management in Horticultural
Ecosystems 21:159-161

Su Q et al. (2018) Whitefly aggregation on tomato is mediated by feeding-induced changes in plant metabolites that
influence the behaviour and performance of conspecifics. Functional Ecology 32:1180-1193 doi:10.1111/1365-
2435.13055

Sun X-L, Wang G-C, Gao Y, Zhang X-Z, Xin Z-J, Chen Z-M (2014) Volatiles emitted from tea plants infested by Ectropis
obliqua larvae are attractive to conspecific moths. Journal of Chemical Ecology 40:1080-1089 doi:10.1007/s10886-014-
0502-5

Tan X-L, Liu T-X (2014) Aphid-induced plant volatiles affect the attractiveness of tomato plants to Bemisia tabaci and
associated natural enemies. Entomologia Experimentalis et Applicata 151:259-269 doi:10.1111/eea.12190

Tan XL, Wang S, Ridsdill-Smith J, Liu TX (2014) Direct and indirect impacts of infestation of tomato plant by Myzus
persicae (Hemiptera: Aphididae) on Bemisia tabaci (Hemiptera: Aleyrodidae) PLoS One 9
doi:10.1371/journal.pone.0094310

Thaler JS, Humphrey PT, Whiteman NK (2012) Evolution of jasmonate and salicylate signal crosstalk. Trends in plant
science 17:260-270 doi:10.1016/j.tplants.2012.02.010

Tian D, Peiffer M, De Moraes CM, Felton GW (2014) Roles of ethylene and jasmonic acid in systemic induced defense in
tomato (Solanum lycopersicum) against Helicoverpa zea. Planta 239:577-589 doi:10.1007/s00425-013-1997-7

. Tian D, Tooker J, Peiffer M, Chung SH, Felton GW (2012) Role of trichomes in defense against herbivores: comparison of

herbivore response to woolly and hairless trichome mutants in tomato (Solanum lycopersicum). Planta 236:1053-1066
doi:10.1007/s00425-012-1651-9

Tsubaki Y (1981) Some beneficial effects of aggregation in young larvae of Pryeria sinica moore (Lepidoptera:
Zygaenidae). Researches on Population Ecology 23:156-167 doi:10.1007/bf02514098

Venkatesan R (2015) Biosynthesis and regulation of herbivore-induced plant volatile emission. Journal of the Indian
Institute of Science 95

Walling LL (2000) The myriad plant responses to herbivores. Journal of Plant Growth Regulation 19:195-216
doi:10.1007/s003440000026

Page 24/27



78. Xia J, Wishart DS (2016) Using MetaboAnalyst 3.0 for Comprehensive Metabolomics Data Analysis Current protocols in
bioinformatics 55:14 10 11-14 10 91 doi:10.1002/cpbi.11

79. Zhang GF, Lovei GL, Hu M, Wan FH (2014) Asymmetric consequences of host plant occupation on the competition
between the whiteflies Bemisia tabaci cryptic species MEAM1 and Trialeurodes vaporariorum (Hemiptera: Aleyrodidae)
Pest Manag Sci 70:1797-1807 doi:10.1002/ps.3713

80. Zhang PJ, Li WD, Huang F, Zhang JM, Xu FC, Lu YB (2013) Feeding by whiteflies suppresses downstream jasmonic acid
signaling by eliciting salicylic acid signaling. J Chem Ecol 39:612-619 doi:10.1007/s10886-013-0283-2

81. Zhang PJ, Wei JN, Zhao C, Zhang YF, Li CY, Liu SS, Dicke M, Yu XPR, Turlings TCJ (2019) Airborne host-plant
manipulation by whiteflies via an inducible blend of plant volatiles Proc Natl Acad Sci US A 116:7387-7396
doi:10.1073/pnas. 1818599116

[ Undamaged plant A
[0 Tuta absoluta-damaged plant
* ]
50 40 30 20 10 0 10 20 30 40 50
Eggs (#)
B
* —_t
30 20 10 ] 10 20 30
Individuals (#)
Figure 1

Oviposition preference of T. absoluta (A, N = 12) and settling preference of T. vaporariorum adults (B, N = 11) after 72h
between undamaged and T. absoluta-damaged plants in choice experiments (numbers of eggs and individuals respectively).
* denotes significant differences (p < 0.05, Wilcoxon tests; results shown as mean + standard error).
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Figure 2

Oviposition preference of T. absoluta (AN = 7) and settling preference of T. vaporariorum adults (N = 10) after 24h (B), 48h
(C) and 72h (D) between undamaged and T. vaporariorum-damaged plants in choice experiments (* denotes significant
differences at p < 0.05,Wilcoxon tests; results shown as mean * standard error).
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