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Introduction
Botanicals are bioactive extracts of compounds 

from plants, involving an alcohol or water-based sol-
vent, which are used speci!cally for insect-deterring 
purposes. Such extracts are veri!ed via screenings of 
the individual constituent components (Acheuk et al., 
2022), and have been promoted as a potential alterna-
tive to pesticides because they remain similarly e"ec-
tive without the reported health risks. In particular, 
the widespread usage of conventional pesticides has 
le# large concentrations of residuals behind in soils, 
waterways, and exposed biomass (Aktar et al., 2009); 

these residuals hold the toxicity of their initial pesti-
cides and are o#en ingested by other organisms. In 
using monoterpenoids from plants in place of these 
chemicals, it is hoped that this long-term toxicity 
problem can be mitigated.

While multiple plant families may be used for bo-
tanical synthesis, the Lamiaceae family is a promising 
choice because its terpene composition is particularly 
e"ective against arthropod pest species (Ebadollahi et 
al., 2020; Conti et al., 2010). But while there is strong 
evidence that Lamiaceae-based extracts may be ef-
fective against several species of pests, this role may 
be in$uenced by several factors related to the plants’ 

initial growth; this includes watering level, salinity, 
temperature, light, and soil composition (Németh- 
Zámbori et al., 2016; Assaf et al., 2022; Mansinhos et 
al., 2024), among others. Research to connect these 
environmental in$uences to changes in the e%cacy 
of botanicals remains limited (Wyckhuys et al., 2023), 
particularly in reference to natural predators that may 
be used in Integrated Pest Management (IPM) system 
schema and thus are likely to be exposed to botanicals 
as a non-target species. &is research aims to investi-
gate how the e%cacy of botanicals from three species 
in the Lamiaceae family – Lavandula x intermedia, 
Ocimum basilicum, and !ymus vulgaris – are in$u-
enced by the conditions of salinity stress and bacterial 
supplementation, and how these changes impact the 
vitality of the natural predator Hippodamia convergens 
when it is exposed to such botanicals.

Literature Review
Botanicals have been well established as a potential 

alternative to pesticides in prior literature, as several 
monoterpenoids found in plants have been proven to 
serve roles in deterring pests (Weaver, 2000). &ese 
monoterpenoids, among other components, are typi-
cally extracted by steeping cut biomass in a solvent 
of water, alcohol, or some combination thereof de-
pending on the desired compounds; $avonoids, for 
instance, are best extracted via 70% isopropyl solvents 
(Belwal et al., 2018). &ese extracts, once steeped, are 
then boiled to remove the solvent, and, similarly to 
commercial pesticides, are diluted in water before ap-
plication.

While a plethora of plant families may be consid-
ered for extract preparation, a few families hold par-
ticular interest in prior investigations. Linalool, for 
example, is a monoterpene used by plants as protec-
tion from oxidative stressors (Elisabetsky 2002), prin-
cipally found in the families Lamiaceae (mint), Lau-
raceae (laurel), and Rutaceae (citrus) (Howe, 2020). 
For the Lamiaceae family in particular, this is one of a 
variety of compounds that hold the potential to deter 
insects (Yann Guitton et al., 2018); indeed, Lamiac-
eae family extracts have been proven to deter several 
insect genera, such as the Callosobruchus beetles (El 
Abdali et al., 2022), Tribolium beetles (Clemente et al., 
2003), Crematogaster ants (Günter et al. 2008; Shim et 

al. 2000), and the larvae of mosquitoes (Chokechai-
jaroenporn et al., 1994). In addition to their practical 
e"ectiveness, the cost e"ectiveness of botanicals has 
been testi!ed across most of Sub-Saharan Africa, as 
an option readily available to farmers who may use 
them (Shai et al., 2023).

&e current gap in the literature lies not within the 
practical e"ectiveness of botanicals, but in the condi-
tions in which their source plants are grown; such fac-
tors have not yet been directly compared to changes 
in the e"ectiveness of botanicals. In regards to salin-
ity stress - a common abiotic stressor, exacerbated by 
irrigation and deforestation (Yadav et al., 2011) - the 
Lamiaceae family is considered more resistant than 
several other plant families (Wu et al., 2016; Stefanakis 
et al., 2024; Avasiloaiei et al., 2023); even so, moderate 
salinity stress (de!ned as approximately 50-100 mM 
in prior literature) was shown to induce chlorosis and 
stem necrosis within the family. Such stress was also 
shown to decrease certain components in the plant 
oils such as '-terpineol, eugenol, and potassium ions 
(Talebi, 2018; Mahdi Z. & Sharam S, 2011). However, 
the botanical-relevant monoterpenoids were shown to 
increase in concentration under this same condition 
(Farsaraei et al. 2020; Assaf et al, 2022; Dehghani Bid-
goli et al., 2019). As stated by Mansinhos et al. (2024), 
this suggests that the presence of salinity stress and 
similar abiotic stressors may promote oil production 
among the Lamiaceae; though there is not enough 
replicable data to verify any signi!cant impact on the 
botanicals’ principal role (Isman & Grieneisen, 2014).

 Bacillus subtilis application is an attested option 
for mitigating external damages to plants (Awan Z. & 
Shoaib, 2019), including salinity stress (Ilangumaran 
& Smith, 2017); some prior literature indicates that it 
may reverse any changes caused to the plants (Khat-
ami et al., 2023). &e three species used in this study 
- L. x intermedia, O. basilicum, and T. vulgaris - have 
been proven to be e"ective candidates for botanical 
synthesis (Naveen et al., 2021; Lazarevi( et al., 2020). 
However, due to stark di"erences in the composition 
of their oils, they are expected to respond di"erently 
to these treatments. Darrag et al. (2021), for instance, 
has shown T. vulgaris to have greater volatile diversity 
than O. basilicum, giving it higher lethality against 
the red pine weevil. It’s hypothesized that this higher 
diversity may make it more sensitive to change from 
salinity stress.
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Methods
&is study spanned from May 11th to October 

29th, 2024, from setting up the location for growing 
the plants to the last analysis test conducted. A dat-
ing system, in which days since the administration of 
the !rst saline water treatment occurred, was used to 
monitor the work$ow of the experiment. &us, “Day 
0” herea#er refers to May 19th, 2024, with subsequent 
numbers counting the days a#er this timestamp. 

A naming system was used for each experimental 
unit, as described in Figure 1, to keep track of the 
treatments at all stages of research.

Plant Growth and Treatment 
Administration

All three plant species were obtained from a local 
plant nursery in Oceanside, New York. &e three spe-
cies of plants were divided into 36 pots, 12 for each 
species. &e pots were arranged in 3x2 rectangles of 
6 each, with each rectangle corresponding to a di"er-
ent treatment combination. Figure 2 demonstrates the 
layout in a visual diagram.

&e greenhouse was monitored for 6-7 hours every 
seven days, from Day -7 until Day 42, to measure the 
stem height and leaf quantity of each pot, as well as 
any observed wilting. 

&e salinity and B. subtilis treatments were admin-
istered in 150 ml of water. &ree salinity concentra-
tions – 0 mM, 50 mM, and 100 mM of sodium - were 

used, distributed as shown in Figure 
2. For the B. subtilis treatments, 0.5g 
of B. subtilis powder was added per 
half a liter of water, following packag-
ing instructions; 3g was added to each 
relevant pot initially (Awan & Shoaib, 
2019). &e bacterial application oc-
curred biweekly, while the saline ap-
plication occurred weekly, per the 
recommendations of similar B. subtilis 
powders.1 

Extract Preparation

On the !nal day of the growing pe-
riod (Day 42), the plants were trans-
ferred to an indoor unit, harvested, and assessed in 
multiple phases. &e soil containing residues of B. 
subtilis was stored in a large sealable bag.  &e stems 
of the plants were carefully cut from the roots, and the 
total biomass (roots, stems, and leaves) was measured 
for each pot. &e total shoot mass was then calculat-
ed for all 36 pots, and except for T. vulgaris, the !nal 
weights of each stem were measured.

Once a pot’s biomass data was obtained, 2 g of 
biomass from each pot was separated following 9 
large cuts to each pot’s shoot biomass. Extracts were 
prepared using 78.6 g (approximately 91.6 ml)2 of a 
70% Isopropyl solvent distributed to 36 jars, using the 
proportions of 1g of plant biomass per 50 ml of sol-
vent established by Abbed et al (2019). Each jar was 
labeled with a pot’s name; each corresponding pot’s 2 
g of shoot biomass was then transferred into its desig-
nated jar. Extracts were then sealed with a lid, shaken 
thrice, gyrated for 3 seconds, and le# to sit for 7 days. 
Extract samples of 10 ml each were then taken and 
placed into three mugs simultaneously in a pot of hot 
water for 60 minutes; when the water reached 82.6℃ 
(the boiling point of Isopropyl), heat was applied in 
cycles of 15-25 seconds every 60 seconds, in order to 
keep the extract temperature between 80-90℃ and 
the pot’s water between 85-100℃. Once these extracts 
were su%ciently reduced, they were recorded in a vis-

ible light spectrophotometer (calibrated under the 
70% isopropyl solvent as a baseline) to obtain their 
absorbance spectrum pro!les.

Repellency Tests

Supplies for a harborage test were ordered a#er 
reviewing prior methods for pest repellency tests 
(Krüger, Knobelspiess, & Schmolz, 2017; Krüger, 
Schmolz, & Vander Pan, 2021), and arrived on Day 
78. Via a similar assessment on Day 80, H. convergens 
was chosen for this experiment, due to its relevance 
for IPM systems as a natural predator and minimal 
risk of invasion.

Two separate repellency tests were conducted for 
H. convergens, being the aforementioned harborage 
method (Day 115-116), and single-dose individual 
acute toxicity (IAT) tests (Days 116-117). &e har-
borage tests had six groups of H. convergens species 
transferred via a funnel into a crystallizing dish, giv-
ing each trial group !ve minutes to adapt to the con-
tainer. Photos were taken every !ve minutes, with ob-
served behaviors and relative locations documented 
for each group. Each group used half of the extracts 
prepared for one of the three Lamiaceae species in this 
experiment; transitions between trial groups involved 
cleaning the dish with a sterile wipe, the application 

Figure 3. A demonstration of how the TA-C0 extract was prepared. 

Figure 1. &is naming system was used to distinguish the pots and their extracts from each other. It was not 
used in prior literature.

Figure 2. Layout of the 
greenhouse in which the 
plants were grown. &e 
gray rectangles on the 
sides represent the open-
able $aps used for the 
greenhouse’s four doors 
and two windows. &e 
black rectangle in the 
lower right corner repre-
sents the location of the 
thermometer used in this 
study, held by a hook-
and-loop fastener.

1  Bacillus subtilis Powder Fertilizer 900g – Organic Soil Booster, Enhances Nutrient Uptake & Root Development. (2024).
2  At the time of experimentation, it was assumed that the density of the 70% isopropyl solvent used was 78.6g per 100ml of isopropyl, so 
78.6g of such was used per extract. Post-experimentation, it was found that the assumed density was of isopropyl itself; the bulk product 
purchased for this experiment typically has a density closer to 85.8g per 100ml instead.
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of beeswax to seven !lter paper discs, label-
ing and adhesion of said discs, and admin-
istration of the ladybugs, with the dish then 
sealed using a metal si#er and six rubber 
bands. Overall, each test had nine locations 
to plot location points from, being the six 
treatment discs, the wall, the ceiling, and 
the center of the dish. 

 For the IAT tests, three ladybugs were 
moved from their satchel via tweezers, 
and placed into 59 ml portion cups. From 
there, 1 ml of an extract was administered 
into each cup, with a stopwatch recording 
the time of death for each ladybug rela-
tive to when the extracts were !rst applied. 
Each treatment and species combination 
thus had six experimental unit data points 
for acute toxicity. To compare the extracts’ 
lethality time, four di"erent control sub-
stances were also tested; these controls were 
1 ml of reverse-osmosis !ltered water, 70% 
isopropyl solvent, a sample !eld pesticide 
(0.16% λ-cyhalothrin), and the test extract 
made for the boiling procedure.

Results
Plant Growth Characteristics

&e 50-day growing period used in this 
study went as planned, with no major dis-
ruptions that hindered the project’s main 
goals. &e greenhouse used in this study, 
and the external variation in weather around 
it, were not heavily monitored or controlled. 
&is ensured that all non-experimental vari-
ables remained realistic; except for Days 33 
& 34, CO2 levels, temperature, and sunlight 
re$ected those observed in the experiment’s 
environment (Long Island, New York). 

Stem Height & Leaf Count
Noticeable height increases were seen be-

tween the !rst three watering sessions, which leveled 
o" from Day 14 onwards. &e overall ranking of each 
treatment combination did not change substantially; 
the treatment with the largest plants at Day -7, tended 

to have the largest at Day 42 (Figure 6a-6b). In both 
species, C100 and C0 grew the most, followed by the 
three B. subtilis treatments, then followed by C50. Of 
these, only the placement of C50 involved a change in 
ranking over time.  

Likely due to the rapid onset 
of wilting sometime a#er Day 
14, and the timespan in which 
the growing period occurred, 
none of the plants developed 
$ower buds. Any stems that did 
not wilt still developed leaves 
consistently (Figure 6c-6d). &e 
di"erences between these rank-
ings became more pronounced 
over time, suggesting that any 
treatment e"ects gradually am-
pli!ed.

An ANCOVA was per-
formed to account for the fac-
tors of salinity, B. subtilis appli-
cation, and species, with regard 
to the covariates of time and 
leaf count. &e results showed a 
signi!cance of p < 0.001 for all 
factors individually, and of p < 0.05 for species vs sa-
linity or B. subtilis application. However, all compari-
sons made had trivial e"ect size () < 0.1), except for 

the factor of species. &is may be due to the length of 
the growing period of this study, or the onset of wilt-
ing among the plants.

Figure 4. Aerial view of the harborage method set-up, during 
the !rst of two trials for L. x intermedia.

Figure 5. &e state of all 36 pots on Day 42, prior to harvest-
ing. From le# to right: T. vulgaris, O. basilicum, L x intermedia. 
From closest to farthest row: C0, C50, C100, B0, B50, B100.

Figure 6a-6d. &e consistent scales for these line graphs emphasize the di"erence between O. basilicum and 
L x intermedia, regarding their average stem heights and leaf abundance.

Figure 7. &e Games-Howell post hoc pictured was performed on the vari-
ables of species, salinity, and B. subtilis application. &e comparisons between 
the same treatment across di"erent species is avoided here, in order to assess 
the impacts of the two other variables.
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As expected, the equality of variances test was 
violated, as this experiment involved height and leaf 
measurements of di"erent species. A Games-Howell 
post-hoc test revealed that on average, O. basilicum 
was about 4.196cm larger than L. x intermedia with 
signi!cance of p < 0.001 (Figure 7). Regarding salinity, 
a non-monotonic relationship was observed; no sig-
ni!cant di"erence was observed between the 0 mM 
and 100 mM treatments when separated by species, 
as both were signi!cantly taller than the 50 mM treat-
ments (p < 0.001, p < 0.01, respectively). &is was also 
the case when post-hoc tests were run on B. subtilis 
application, with respect to salinity and time; signi!-
cance of p < 0.05 was reached for 0 mM and 100 mM, 
but not for 50 mM.

&e post hoc test for B. subtilis application re-
vealed that the untreated plants had a signi!cantly (p 
< 0.001) higher average stem height than the treated 
plants. &is does not mean that the treatment inhibit-
ed plant growth, however; the rankings for each plant 

treatment roughly stayed the same over time, suggest-
ing this was in$uenced by the initial plants selected. 
Of all six treatments, the B100 group experienced the 
least observable wilt.

 A separate ANCOVA test, with time as a factor in-
stead of a covariate, was performed in order to assess 
the signi!cance of salinity and B. subtilis application 
over time (Figure 8a, 8b). &e results were as follows: 
for salinity, increasing signi!cance and variability 
were observed within the two species over time, lev-
eling o" a#er Day 14 at a p-value above the signi!-
cance threshold (p > 0.05). For B. subtilis application, 
the p-value initially decreased from the start, but later 
increased, and hovered at a nonsigni!cant (p > 0.05) 
p-value during the later time periods. It became sig-
ni!cant on a few days, but the oscillations suggest this 
was likely due to observational errors.

Biomass

Regarding the in$uences on the plants’ shoot mass 
in this study, the variables of salinity and B. subtilis 
application (and comparisons thereof) all had signi!-
cance of p < 0.05; salinity had a small e"ect size (+ < 
0.06). &e trends across salinity in regard to B. sub-
tilis application were unprecedented (Figure 9). L. x 
intermedia initially grew less under B. subtilis treat-
ment between 50 mM and 0 mM, but had signi!cant 
growth advantage at 100 mM (p < 0.01); O. basilicum 
had an overall increase in growth with time, which 
again was only signi!cant (p < 0.001) at 100 mM, 
where the saline group fared better; and T. vulgaris 
had no signi!cant di"erence in growth, displaying 
an oscillating pattern when B. subtilis was compared, 
with large standard deviations for each point. &is 
study did not account for the change in biomass over 
time , in order to avoid prematurely terminating any 
of the plants.

Extract Preparation

&e 10ml samples had an average corresponding 
mass of 8.5019 grams (SD = 0.0731), giving a density 
of about 0.8502 g/ml. &is is close to the density of 
70% isopropyl sold as a supply3, so it is not unprec-
edented. However, once all extracts were heated to-
gether, there was substantial variation in the volume 
remaining (Figure 10), with an average !nal mass of 
3.62486g (57.36% reduction; SD = 0.94912). As no 

Figure 8a & 8b. &e 
results of a Simple 
Main E"ects test on 
the ANCOVA data are 
pictured. &e in$uence 
of salinity and B. subti-
lis application on stem 
height and leaf count 
appeared to have the 
most in$uence about 
midway through the 
growing period, but 
were of questionable 
signi!cance.

Figure 9 &e shi# seen under 100mM of salinity for O. basilicum may have been in$uenced by two stems under 
the BA-B100 treatment lasting signi!cantly longer without wilting. Overall, however, this is a highly unprec-
edented !nding, as most prior literature suggests that salinity stress poses a detriment to overall plant growth.

Figure 10. &e median value of the initial sample, and 
the !ve quartile markers for the reduced sample, are 
labeled above.

3  Isopropyl Alcohol 70/30 (Ipa 70%) 1 Gallon. (2023). Retrieved November 6, 2024, from Lab Pro Inc
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spillage was seen during the boiling process or trans-
fer from the pot, this was likely due to uneven heating 
among the mugs used. &e deviances in !nal volume 
were logged as a potential variable for the IAT test 
analyses.

Spectrometry

&e spectrometry graphs for all 36 extracts showed 
an overall pattern with high absorbance in the purple 
band (380-450 nm) of the graph, low absorbance in 
the band for green and yellow (500-630 nm), and an-
other peak of high absorbance in the visible red band 
(630-700 nm). An ANCOVA test was performed, as-
sessing the factors of salinity, B. subtilis application, 
sample volume, and the biomass used for each (Fig-
ure 11). Most factors had a signi!cant e"ect on the 
absorbance value, but only the light’s wavelength had 
a strong e"ect size; all other factors’ e"ect sizes were 
trivial () < 0.1). &is indicated that all extracts fol-
lowed a similar absorbance spectrum pattern (hue), 
but that said pattern shi#ed on the y-axis (tone) de-
pending on each extracts’ individual factors.

Repellency Tests

&e H. convergens samples were ordered on Day 
78, but due to signi!cant delays in shipment, the har-
borage and IAT tests occurred on Days 115-117. &e 
specimens were unharmed and survived all three days 
in the satchel they were delivered in.

Sublethal Exposure: Harborage Tests

&e way in which the counts were performed for 
the harborage tests meant that the observed total 
may have changed over time; to account for this, the 
proportions ((count*100)/total) of the observed total 
ladybugs in one area were used as the dependent vari-
able. &e covariant of time, and the factors of species, 
salinity, and B. subtilis, were used for a linear regres-
sion model. &e results showed a weak correlation (r 
= 0.335) for the model produced, which accounted for 
8.7% of the variance in the percentage of ladybugs in 
a given area over time (Figure 12a). &e model is sig-
ni!cantly better (p < .001) than the null hypothesis; 
however, only the factor of B. subtilis application held 

signi!cance (p < .001) in explaining any changes in 
position over time (Figure 12b).

To investigate the impacts of each factor in further 
detail, an ANCOVA was performed, with the same 
layout of factors and covariates (Figure 12b). &is test 
showed that while the factors of species and salinity had 
insigni!cant individual e"ects, all three tested factors 
had signi!cance (p < 0.001) when tested between each 
other, pairwise or aggregated. Species and B. subtilis 
had trivial e"ect sizes () < 0.1) when compared togeth-
er; salinity had a small to moderate e"ect size (0.1 < ) < 
0.25), in comparison to the other two factors. Notably, 
the factor of time only had a trivial e"ect () < 0.1) on 
the position proportions over time, though this may be 
due to the way in which the observations were taken.

As the equality of variances test was violated  
(p < 0.001), a Games-Howell post hoc test was per-

formed on the combined in$uence of all three fac-
tors (Figure 13a). &e insigni!cance of the factors of 
species and salinity in in$uencing the proportions 
over time was con!rmed. It was shown that the 50 
mM treatment had the lowest proportion over all 
six groups; based on the correlation plots, this para-
bolic trend seemed to be most pronounced among 
the O. basilicum extracts. Application of B. subtilis 
led to signi!cantly (p < 0.001) better repellency, with 
di"erent patterns present for each species of plant 
tested (Figure 13b).

A critical !nding of these harborage tests was a sig-
ni!cant decrease in the quantity of ladybugs attempt-
ing to climb the walls of the crystalizing dish. &e 
exact observations and proportions over time suggest 
that this was !rst due to congregation towards the 
ceiling of the container, and then from the 5-minute 

Figure 11. &e ANCOVA test performed following the spectrometry analysis is pictured. 

Figure 12a & 12b.  &e results for the linear regression model, and the ANCOVA test, are pictured. While the 
test for autocorrelation failed here, indicating no pattern present among the residuals, it is unclear if the model 
used here is the most appropriate for the chosen harborage method.
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timestamp onwards, due to di%culty staying on the 
mesh ceiling (Figure 14). &is suggests that if these ex-
tracts were applied to plants directly, exposed insects 
may have a harder time remaining latched on to the 
plants’ surfaces under the concentration used for this 
experiment.

Lethal Exposure: IAT Tests

&e IAT tests calculated how long it took H. conver-
gens to cease all movement in a cross-legged position 
for more than 3 seconds. While some experimental 
units did resume movement following this event, their 
recorded time of death was only overturned if they 
were able to $ip themselves over, to distinguish alive 
specimens from simple re$exive movements. &e vol-
ume of the portion cups used was 59 ml, and with 1 
ml (0.85019 g) of extract being added to each, resulted 
in a concentration of ~0.01441 g/cm3. &e beetles in 
this experiment were in direct contact with the $uid if 
they were not climbing the walls of each cup.

  An ANCOVA test was performed for the 
time of death of all tested ladybugs over the condi-
tions of species, B. subtilis application, and salinity 
(mM). &e JASP analyses showed that for T. vulgaris, 

application of B. subtilis resulted in a less variable, 
overall faster time of death, while for O. basilicum and 
L x intermedia, the opposite trend was observed (Fig-
ure 15). &e di"erence between the two groups across 
each plant species noticeably increased, on average, as 
the salinity concentration increased (p < .05, exclud-
ing L x intermedia). &e equal variances test was not 
violated (p = 0.166) for this part of the experiment. 

A correlation test was performed for the !nal shoot 
weight of the plants, the sample’s !nal volume, and the 
time of death for all tested ladybugs, in order to sup-
port the initial hypothesis that more productive growth 
would lead to a weaker deterrence (Figure 16). A corre-
lation of r = 0.205 was found, indicating a weak positive 
relationship between the time of death and the plant’s 
shoot biomass, which dropped to r = 0.124 when sa-
linity was a partial out. Similarly, the correlation be-
tween the sample volume and the time of death had a 
correlation of r = -0.122 when salinity was reduced to 
a partial out, with a similar patten when the data was 
split between all three tests species. Along with the 
data suggesting a trivial in$uence of biomass on extract 
coloration, this suggests that the relationship between 
plant growth and its extracts’ e%cacy as a botanical was 
much weaker than previously believed.

Figure 13a & 13b. &e impact of B. subtilis fol-
lowed a di"erent observable pattern across the 
three tested species; a lower % indicates better 
repellency of the insects. 

Figure 14. A stacked bar chart was made on the average of all six harborage trials. &e recording for the “Initial” 
stage occurred about 15 seconds before each of the six extracts in a group were administered.
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Finally, salinity stress was shown to have a signi!-
cant (p < 0.05) relationship with time of death (Figure 
17); however, contrary to the hypothesis, it was found 
to be related to a slower time of death (r = 0.223). &is 
is highly unprecedented, as prior literature has consis-
tently found associations between salinity stress and 
increased production of the monoterpenoids relevant 
for pest deterrence, which suggested a relationship 
with a faster time of death. Future replications of this 
experiment will be needed, in order to verify whether 
or not salinity truly is correlated with a slower time 
of death.

Discussion
Hippodamia convergens was chosen as the main 

species for this study in order to investigate the im-
pacts of botanicals towards a likely non-target spe-
cies. Besides being a common candidate for “natural 
predator” of common pests (Bjørnson, 2008), some 
research indicates that H. convergens is attracted to 
the volatile compounds of the Lamiaceae family (Al-
Doghairi & Cranshaw, 1999). Prior studies investi-
gating !eld exposure of the Coccinellidae family to 
commercial pesticides typically assess death several 
days post-exposure (Fernandez, n.d.; Rodrigues et al., 

2020); future research investigating lethal and sub-
lethal e"ects of botanicals on H. convergens will most 
likely use !eld studies, investigating the impacts a#er 
such lengths of time. 

Of note is how the controls for water and isopropyl 
- the two solvents involved with the tested extracts - re-
sulted in signi!cantly longer and shorter times of death, 
respectively, compared to any of the treatment groups, 
while the pesticide used had highly similar measure-
ments (Figure 18). &e concentration of λ-cyhalothrin 
in the pesticide was 0.16% of its total mass; the ex-

tracts, for comparison, had concentrations varying 
from 0.42% (BB-C0) to 4.01% (LB-B50), depending on 
the plant species used and the samples’ reduced vol-
umes. Future research is needed with even closer ap-
proximations to pesticides’ concentrations, in order 
to verify that Lamiaceae botanicals result in a similar 
lethality of H. convergens compared to *-cyhalothrin.

It is necessary to clarify that while some stud-
ies have found cases of H. convergens populations 
developing resistance to λ-cyhalothrin (Rodrigues 
et al., 2020; Barbosa et al., 2016), the species overall 

Figure 15. &e in$uence of B. subtilis application on the time of death was negative for T. vulgaris, but positive 
for L. x intermedia and O. basilicum.

Figure 16. &ese correlation plots 
had the salinity of the treatment as 
a partial out, and lacked signi!cance 
(p > .05).

Figure 17. A correlation test between salinity and time of death, with volume as a partial out. Although high 
outliers are present under the 100mM treatments, removing them does not make the correlation negative.

Figure 18. &is Pareto Histogram displays the sum of the times of death (in seconds) under each treatment type. 
Please note that half of the “Control: Water” experimental units survived the test, as did one from the LA-C100 
group.
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remains highly vulnerable to the chemical, with !nd-
ings indicating that “local extinction” (removal of all 
members from a speci!c area) was possible for adults 
under λ-cyhalothrin exposure (Fernandez, n.d.; Tor-
res et al., 2015). Additionally, as stressed by Barbosa et 
al. (2016), the emergence of λ-cyhalothrin resistance 
underscores the widespread usage of commercial pes-
ticides, which botanicals are largely being designed 
to replace. &e !ndings in this study, showing similar 
death times when H. convergens is exposed to Lamia-
ceae botanicals and λ-cyhalothrin at a similar concen-
tration, raises concerns that the issue of non-target 
species being impacted may not be addressed upon 
application of botanicals in place of pesticides. &is, 
again, raises the need for future research to replicate 
the IAT tests performed, to determine how replicable 
this study’s results may be.

Conclusion and Future Directions
&is research found highly unprecedented rela-

tionships between salinity stress, B. subtilis applica-
tion, and the growth of the plants. &e impact that 
the extracts had on H. convergens were highly varied, 
but overall, a decrease in vertical surface adhesion was 
observed across the harborage and IAT tests. For the 
harborage tests, the growing conditions had di"erent 
relationships depending on the species used in the bo-
tanical, with only B. subtilis holding signi!cance (p < 
0.001). For the IAT tests, the resulting biomass of the 
plants and volumes of the botanicals did not have a 
signi!cant relationship with the time of death of H. 
convergens. Salinity, in contrast to the hypothesis, had 
a signi!cant (p < 0.05), albeit trivial () < 0.1), relation-
ship with a slower time of death; B. subtilis mitigation 
had a similar positive relationship (p < 0.01, ) < 0.1), 
except for T. vulgaris, which had a negative relation-
ship. It is plausible that a larger % of isopropyl remain-
ing post-boiling in this study, compared to the 0.16% 
concentration of the λ-cyhalothrin pesticide used, 
may have in$uenced these !ndings; despite this dif-
ference, λ-cyhalothrin did not lead to a signi!cantly 
faster time of death compared to all tested botanicals, 
when a sample of Isopropyl solvent alone did lead to 
such. Future research should continue to investigate 
proposed botanicals with the environmental condi-
tions highlighted in this study in mind, as well as how 

the reduced volume reached may impact its lethality, 
to further clarify how the application of Lamiaceae-
derived botanicals in lieu of pesticides will in$uence 
the health and abundance of non-target organisms. 

Further Reading
For original appendices and additional data,  

please go to this page: 
https://www.dropbox.com/scl/!/oigqws7wg6od1f-

pe19hn8/Tritschler-K-2025-Paper-Abstracts.pdf?rlk
ey=njhpl6a5ldupi08ylmzaycbzb&e=1&st=bt0gmg74
&dl=0
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