I Original article KOREAN JOURNAL OF APPLIED ENTOMOLOGY I

Tr 3 23 EF 019 K] (©) The Korean Society of Applied Entomology
Korean J. Appl. Entomol. 62(3): 139-147 (2023) pISSN  1225-0171, elSSN  2287-545X
DOI: https://doi.org/10.5656/KSAE.2023.07.0.025

An Optimal Standardized /n vitroBioassay to Evaluate Susceptibility of
Green Peach Aphid, Myzus persicae(Sulzer)(Insecta: Hemoptera: Aphididae),
to Aphicides

Ka Hee Cho, Hyo Jung Kim' and Young Cheol Kim*

Department of Applied Biology, Chonnam National University, Gwangju 61186, Korea.
'Environment-Friendly Agriculture Research Institute, Jeollanamdo Agricultural Research & Extension Services, Naju 58213, Korea

ZE50IZ2ISS, Myzus persicae (Sulzer)(Insecta: Hemoptera:
Aphldldae) AFZ C-l:' ZIZ" /” Wtro AFZEFI 7'|Z‘| H|'|:|'| gI-E'-l

ABSTRACT: Leaf-spray in vitro bioassays appraise new aphicidal formulations for managing deleterious plant-feeding aphids. The
formulation may utilize alternative and integrated strategies. However, leaf spraying even under controlled conditions may affect aphid
reproduction and mortality. This study examines leaf spray applications for optimum and reproducible aphicidal results using tobacco
leaves overlaid on cotton fabric or water agar surfaces. Infestation of the undersides of tobacco leaves with nymphs of green peach aphids
was used in the assays. Spray distance and volume were optimized using water-sensitive paper to ascertain the best surface coverage.
Overlays of the leaves on water agar caused less mortality and greater reproduction than the use of cotton fabric. The relative humidity
of the insect-rearing chambers changed with the watering regime for the insect - rearing chambers with cotton fabric; 60% relative
humidity was optimal. Relative humidity was not affected by the concentration of agar in the water agar chambers. Applications of the
chemical aphicidal standard, Sulfoxaflor, under the optimized conditions exhibited similar times for lethality although the rate was
faster with leaves on the cotton fabric than on water agar. These studies establish reproducible and sensitive techniques for assessing the
lethality and effects on reproduction of potential aphicidal products.
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Myzus persicae (Sulzer; Insecta: Hemoptera: Aphididae), or
the green peach aphid, is a notorious pest detrimental to crops
worldwide (Capinera, 2001), transmitting viral diseases (Ng and
Perry, 2004) and allowing the onset of sooty mold disease on
plant hosts through their honeydew secretions (Capinera, 2001).
Unfortunately, current chemical aphicides for controlling green
peach aphids are thwarted by progressing insecticide resistance
(Bass et al., 2014; Silva et al., 2012a, 2012b). Consequently,
botanical extracts are being explored as a promising alternative
and integrated approaches (El-Wakeil, 2013). However, despite
the plethora of potential botanical insecticide publications,
insight concerning commercial-level use is limited (Isman and
Grieneisen, 2014).

Temperature and relative humidity are vital for in vitro aphid
rearing (Mittler and Dadd, 1962; Mohammed and Hatcher,
2016; Norman and Sutton, 1967; Ozder and Saglam, 2013;
Venkanna and Suroshe, 2023). For example, nymphs and wing-
less adults are abundant at 24°C, whereas 27°C yields winged
adults (Venkanna and Suroshe, 2023). Approximate optimal
conditions are reportedly 25°C and 52-80% relative humidity
(Mittler and Dadd, 1962; Mohammed and Hatcher, 2016; Nor-
man and Sutton, 1967; Ozder and Saglam, 2013; Venkanna and
Suroshe, 2023). Specifically, Davis et al. (2006) cite 26.7°C as
optimal for green peach aphid proliferation. The life cycle for
this aphid is achieved in ten days at 15°C, with faster repro-
duction within 5-8 days at higher temperatures, 20-30°C (Kim
et al., 2012).

Bioassays for aphicidal formulations frequently use spray or
dip aphid-infested leaves (Chandrasena et al., 2011; Dreyer et
al., 1981; Erdos et al., 2020; Hesketh et al., 2008; Liu and
Stansly, 1995; Paramasivam and Selvi, 2017; Sharma et al.,
2005; Vandenberg, 1996; Wattier et al., 2019). However,
numerous studies report extensive aphid mortality, even by
applications of water as a control (Kim et al., 2009). The studies
also overlook the impact on aphid reproduction. Moreover,
leaf spray method descriptions often lack details (Hesketh et
al., 2008). Our previous works identified dibutyl succinate
from entomopathogenic Isaria javanica fungi and hydrogen
cyanide from probiotic, root-colonizing Pseudomonas chloro-
raphis O6 bacteria (Kang et al., 2019; Lee et al., 2019) fulfilling
aphicidal activities. However, during these studies we noted

inconsistencies in treatments and control sprays regarding
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aphid mortality and reproduction.

This paper elucidates optimized and reproducible aphicidal
bioassay methodologies. We examined the efficacy of spray
applications through examining effects of distance and volume.
Water-sensitive paper (WSP) coated with a bromophenol blue
indicator was used to determine optimal coverage (Cunha et al.,
2012); Because the dye in the paper changed color when wetted,
the extent of coverage was quantified for its area as discussed
(Cerruto et al., 2019; Zhu et al., 2011).

Aphids possess both sexual and asexual life cycles (Ogawa
and Miura, 2014; Simon et al., 2002). Our studies involved
working at 21 + 2°C, a temperature too low for winged adults
to emerge, and with bioassay conditions that only allowed
asexual reproduction (Venkanna and Suroshe, 2023). We eva-
luated impacts of relative humidity in insect-rearing chambers
with nymph-infested tobacco leaf tissue or agar surfaces by
varying the water added to the cotton fabric or the percent agar
in the agar method.

The standard aphicide Sulfoxaflor’s efficacy was used in
two methods to explore its aphicidal potential by studies of the
extent and timing of lethality. Sulfoxaflor is an agonist to
insect nicotinic acetylcholine receptors (nAChRs) with high
control efficacy against a broad spectrum of sap-feeding insects,
including green peach aphids (Li et al., 2021). Sulfoxaflor has
proven lethal for aphids displaying resistance to neonicotinoids
and other insecticides (Sparks et al., 2013) although resistance
to this chemical is observed. The standard chemical insecticide
Strait™, containing 7% Sulfoxaflor, is recommended at a
2,000-fold dilution in water as the optimal 35 ppm dose. In
field analyses, Sulfoxaflor displays a wide range, 2.53 to 113.93
ppm LC50 for effective dose (Li et al., 2021). Our results
confirm that Sulfoxaflor had aphicidal activity in both of the
methods for insect rearing although there were differences in

the rate at which lethality occurred.

Materials and Methods
Leaf coverage efficacy from a vertical spray
Water-sensitive paper (Teelet, 52 x 76 mm, Spraying Sys-

tems Co., Switzerland) was cut into 3.5 x 3.5 cm squares and

placed onto two cotton fabric or agar layers in insect breeding



dishes. Sterile water samples were sprayed as 0.5 ml or 1 mL
mists onto the paper surface for 30 seconds from 20 or 30 cm,
using mini 2 mL glass bottle atomizers (5.35 x 3.62 x 3.19
inches; Brand Csdtylh 0167, Amazon, USA). After paper
imaging, the Snap Card app (Department of Agriculture and
Food, Western Australia) measured the extent of the color
change to provide quantification of spray coverage (%). The
experiment was repeated three times, with three replications

per experiment.

Green peach aphid culture

Green peach aphids, provided by Dr. Duck Soo Choi from
the Jeonnam Agricultural Research and Extension Services
(Naju, South Korea), were maintained on tobacco (Nicotiana
tabacum L. ‘Xanthi’) seedlings grown over four weeks under
40 W fluorescent lights (2000 lux, 80 pmol photons/m? s™)
with a 16-hour light to 8-hour dark photoperiod. Plants were
grown at 25 + 3°C with a relative 50-60% humidity. Twenty
adult apterous aphids were transferred to each four-week-old
young tobacco leaves to obtain nymphs. Infested tobacco
plants were placed into cages for five days to generate third- or
fourth-stage nymphs (lengths > 1 mm) used in the bioassays. A
stereoscopic microscope (Leica DFC 295, Leica Biosystems
Nussloch GmbH 2022, Germany) using LAS version 4.13
software was used to measure insect sizes during the aphid’s

developmental stages on the tobacco leaves.

Cotton fabric method

One circle (9 x 9 cm) of quilting cotton fabric (2 oz thick,
Happy Sewing Co., Seoul, Korea) was placed at the bottom of
the insect breeding dish (10 x 4.5 cm, SPL Life Science Co.,
Pocheon, Korea) and wetted with sterile distilled water. Toba-
cco leaves from four-week-old plants were cut into 4.5 x 4.5
cm squares and centered with the underside up on the intact
cotton circle. A second 9 x 9 cm circle had a 3 x 3 cm rectan-
gular holes cut from its center before being placed over the leaf
to standardize the sprayed tobacco leaf area (Fig. 1). Sub-
sequently, sterile water was added to the cotton cloth at 2, 4, or
6 mL, daily to induce different relative humidity in the dishes.
A Smart Wi-Fi Temperature Humidity Sensor (Model GKW-

TH251, Hei Home, Seoul, Korea) was used to measure the
dishes’ relative humidity. Breeding dishes were incubated for
five days under 40 W fluorescent lights (70 pmol photons/m™
s™) with a 14-h light to 10-h dark cycle at 21 + 2°C.

Agar method

The effect of different concentrations of agar, 0.5%, 0.8%,
or 1.5% (w/v) agar, (Junsei, Japan) was examined in an attempt
to generate water agar dishes with different relative humidities.
The agar was sterilized through autoclaving at 121°C for 15
minutes before transfer of 10 mL aliquots to each well of the
insect breeding dish (5.0 x 1.5 cm, SPL, Korea). Circles (5 cm
diameter) were cut from leaves of four-week tobacco plants
and these were transferred underside up to the agar for complete
agar surface coverage (Fig. 1). Smart Wi-Fi Temperature Hu-
midity Sensors measured the relative humidity. Breeding
dishes were incubated for five days under 40 W fluorescent
lights (70 pmol photons/m™ s™) with a 14-h light to 10-h dark
cycle at 21 £ 2°C.

Aphid reproduction and mortality when sprayed
with water as a control

Tobacco leaves resting atop cotton fabric or agar were
infested with 20 third/fourth stage nymphs using a soft brush
by their transfer from previously infested leaves. Surfaces were
sprayed with 1 mL of sterile water from a 20 cm vertical
position for 30 seconds. Breeding dishes were incubated for
five days under 40 W fluorescent lights (70 umol photons/m™
s') with a 14-h light to 10-h dark cycle at 21 + 2°C. This
duration allowed the nymphs to mature to wingless adults and
the birth of new nymphs on the leaf surface. The following

formulation calculated how treatment affected reproduction:

Reproduction (%) = (Insect quantity on specific day/initial
third or fourth stage nymphs deposited (i.e., 20) for each leaf) x
100

Mortality was calculated from (B-A/B) x 100, where A is
the total aphid number before treatment and B is number of the

live aphids after treatment. Nymphs/adult viability was mea-

In vitro leaf spray methods for aphidical activity 141



Cotton fabric method

Two cotton fabric
circles prepared
with and without
hole

Leaf placed on
intact circle cotton,
and covered with
circle cotton with
hole

Water (4 ml)
applied daily

Assess mortality

20
3rd_4th hymphs
added to leaf

Sample (1 ml, 20cm
vertical distance)
sprayed on leaf

Dishes incubated
21+2°C, RH: 50-60%
Light: 70 umol/m2S1
with 14 L/10D

<)

Agar method

1.5% agar

Tobacco leaf was
cut to be a circle
size of dish

Tobacco leaf
placed on agar
surface

Fig. 1. Optimal /n vitro bicassay procedures for assessing green peach aphicidal efficacy. An optimal 21 £ 2°C and a 50%-60% relative
humidity was maintained for five days. Insect viability was measured under stereoscopic microscopy; gentle prodding with a fine brush at

defined times classified insects without movement as dead.

sured under a stereoscopic microscope (Model C-LEDS, Nikon
Imaging Japan Inc., Japan) with a fine brush for prodding at

defined times and classifying insects without response as dead.

Optimized /n vitro bioassays with Sulfoxaflor, a
chemical standard aphicide

Sprays (1 mL) of 2,000 x diluted commercial Strait™ with
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7% Sulfoxaflor (35 ppm when applied; Dongband Agro Co.
Seoul, Korea) or 1 mL of sterile water as the control were appli-
ed to the leaves in the dishes to compare how the assay method
affected aphicide efficacy. The water agar dishes contained
1.5% agar and the cotton fabric dishes were amended with 4 ml
water daily. The sprays were applied for 20 + 2 times within 30
seconds from a 20 cm vertical height.

M. persici mortality was measured at defined times (3, 6, 9,



12, 24, 27, 30, 33, 36, 48, 51, 54, 57, 60, and 72 h) after spray
treatments and calculated aphid mortality. Mortality correction,
i.e., mortality caused by the insecticide, was determined by
Abbott’s formula (T-C/100-C) x 100, where T was mortality
from the insecticide, and C was mortality within the control
(Abbott, 1925). Sulfoxaflor’s median lethal time (LT) for 50%
or 90% losses (LT50 and LT90) were calculated using a com-
plementary log-log model (Finney and Stevens, 1948). Survival
analysis was completed with the Kaplan-Meier Survival
Analysis Log-Rank (Goel et al., 2010; Kaplan and Meier,
1958). Each experiment was repeated three times with three

replicates.

Data analyses

All experiments were independently performed three times
each with three replicates per treatment. Data were analyzed
through ANOVA (P < 0.05) using SPSS (version 23, SPSS
Inc., Chicago, IL, USA). Duncan’s multiple range test (P <
0.05) further elucidated variations between measurements if
the F test revealed significant differences. Similarly, Tukey’s
post-test compared LT50 and LT90 values between methods
when the variance analysis results were significant at a 95%
confidence level using SPSS. The LT50 and LT90 were also
assessed through Probit analysis with SPSS. Survival was
evaluated with the Kaplan-Meier Survival Analysis Log-Rank,
and ANOVA compared median and maximum survival rates
using SPSS.

Results and Discussion

Spray optimization

Water-sensitive paper coverage was examined by applying
volumes (1 or 2 mL samples) from defined vertical distances,
20 or 30 cm. The variation in color change of the papers is
shown in Fig. 1. Table 1 displays the effect of height and vol-
ume on surface coverage. A 1 mL sample sprayed from 20 cm
exhibited the highest coverage. Less coverage occurred with
the 30 cm and the lower application volume 0.5 mL (Table 1

and Supplemental Fig. 1).

Table 1. Spray distance and volume effects on surface coverage

Distance (cm), Coverage (%)*

amount (mL) Cotton fabric Agar

30 cm, 1.0 mL 523+ 14.6b 76.6£6.7b
30 cm, 0.5 mL 19.3+10.8¢ 245+2.3d
20 cm, 1.5 mL 86.5+2.1a 879+19a
20 cm, 1.0 mL 846+12a 842+09a
20 cm, 0.5 mL 457+32b 44.6+24c¢c

*Spray coverage was determined using water-sensitive paper.
Data represent the means and standard error from three indepen-
dent experiments each with three replicates. One-way analysis
of variance (ANOVA; P < 0.01 was considered significant)
analyzed data with IBM SPSS software version 23 (IBM Corp.,
Armonk, NY, USA); Duncan’s multiple range test (P < 0.01)
further compared differences if the F test was significant. Letters
indicate statistical differences between spray distance and
amount combinations in each method.

Nymph rearing for in vitro bioassay

Our study established that green peach aphid life cycles on
tobacco leaves involved four stages with maturation to adult
from the first nymph stage requiring 7 d. The nymphs increased
in length at each stage (Supplemental Fig. 2). After nine days,
apterous female adults birthed 20-40 first-stage nymphs,
completing an asexual cycle (Supplemental Fig. 2). The third
or fourth stage nymphs were produced by transfer of the
female aphids after 5 d.

Relative humidity optimization in insect breeding
dishes

Relative humidity (RH) within breeding dishes potentially
influences green peach aphid reproduction and mortality. RHs
in dishes containing cotton fabric differed by daily water addi-
tion volume. RHs ranged between 49 to 64% with a 1 ml or 2
mL daily addition, 65 to 71% from 3 or 4 mL, and 74 to 77%
from 5 or 6 mL (Supplementary Table 1). The application of 5
to 6 ml submerged some of the aphids. For water agar dishes,
the air space above the agar ranged between 62 to 70% RH
with no significant difference due to agar content (Supple-

mentary Table 1).
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Water spray effects on aphid mortality and repro— explore these consequences, we utilized the optimal spray
duction: comparing insect rearing conditions conditions: 1 mL volume, 20 + 2 times for 30-second spray, a
20 cm vertical height, of sterile water. Our results indicated
The optimal in vitro bioassays must have minimal effects on that there was higher mortality and less reproduction in the
aphid mortality and reproduction in the control treatments. To cotton fabric method than the agar method (Fig. 2). For the
A. Cotton fabric method B. Agar method
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Fig. 2. Water spray effects on aphid mortality. Optimized conditions for spraying (1 mL sterile water over 30 seconds from 20 cm) onto
infested leaves (20 nymphs per leaf) were used. Mortality was classified as insects without movement after a gentle prod as dead daily for
5 d after spraying. Data represent three independent experiments means and standard error with three replicates each. One-way analysis
of variance (ANOVA; P< 0.05 was considered significant) analyzed data using IBM SPSS software version 23 (IBM Corp., Armonk, NY, USA);

Duncan’s multiple range test (P < 0.05) further compared differences if the Ftest was significant, and lowercase letters indicate statistical
differences.
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Fig. 3. Water spray effects on green peach aphid reproduction. Optimized conditions for spraying (1 mL sterile water over 30 seconds from
20 cm) onto infested leaves (20 nymphs per leaf) were used. Reproduction was assessed for five days post-treatment with the infested
leaves. Reproduction (%) = (Insect quantity on specific day/initial third or fourth stage nymphs deposited (i.e., 20) for each leaf) x 100. Thus,
100% conveys no change in insect number. Data represent three independent experiments' means and standard error. One-way analysis
of variance (ANOVA; P< 0.05 was considered significant) analyzed data using the IBM SPSS software version 23 (IBM Corp., Armonk, NY,

USA); Duncan’s multiple range test (P < 0.05) further compared differences if the Ftest was significant, and lowercase letters indicate
statistical differences.

144 Korean J. Appl. Entomol. 62(3) 139~147 (2023)



cotton fabric method, mortality varied with daily water volume;
adding 4 mL water/dish caused least mortality, approximately
20% mortality (Fig. 2B). Mortality was independent of agar
concentration in the agar method and was about 5% at 5 d after
the water spray application (Fig. 2B).

We theorize that the cotton fabric method’s high mortality
resulted from unfavorable RH conditions due to 2 ml or 6 mL
daily water supplements; with 6 mL aliquots, aphids were sub-
merged in water. Our results substantiate that the optimum RH
green peach aphid nymph development was achieved in the 60
to 70% range using 4 mL applications daily. Reproduction also
differed between methods. Both adults and nymphs were
counted regardless of their live or dead status with increases in
insect numbers only occurring with 4 mL supplementation (Fig.
3A). High reproduction, three-fold was observed on water agar

dishes independent of agar concentration (Fig. 3B).

Testing Sulfoxaflor’s aphicidal potential

Sulfoxaflor’s insecticidal effect on green peach aphids was
assessed using the optimal spray application conditions (Sup-
plemental Table 2) and compared between the cotton fabric
and agar methods. Simultaneous studies with duplicate dishes
confirmed higher and accelerated mortality in the cotton fabric
than in the agar method. Sulfoxaflor exhibited a 100% nymph
mortality in both assays within 72 h post-application. Although
the extent of mortality was identical between methods after 48
h, mortality occurred more rapidly in the cotton fabric dishes
(LT50=18.4 h) than with the agar method (LT50 29.6 h; Table
2). However, similar LT90s were obtained, approximately 53 h
for the cotton fabric dishes and 54 h for the agar method (Table
2). The Kaplan-Meier survival analysis (Fig. 4) confirmed that
the time of lethality significantly differed (P < 0.001) differed

with the control water sprays, but there was no significant

difference (P = 0.270) existed between methods for Sulfoxaflor
treatments (Fig. 4). Sulfloxaflor’s LT50 and LT90 were similar
between methods, as evidenced by probit and Kaplan-Meier
survival analyses (Table 2 and Fig. 4).

In conclusion, we established an optimal spray application
method for full tobacco leaf coverage. Our assays comprised
tobacco leaf infestation with third- or fourth-stage green peach
aphid nymphs, at 21-24°C to restrict winged aphid formation,
and only allowed asexual reproduction. Our water spray control
confirmed that a 60-70% RH supported optimal aphid health
(mortality and reproduction) in both in vitro bioassay methods;
however, the cotton fabric method exhibited heightened aphid
mortality and lower reproduction compared with the agar
method. Although the agar incubation dishes displayed more
substantial aphid reproduction and less mortality than the wet
cotton fabric, the commercial aphicide Sulfoxaflor expressed
similar aphicidal effects within a two-day application window.

Compared to the agar method, Sulfoxaflor treatments with the

1 — Agar Con
P<0.001
08 T Cotton Con
S o6 1
2
5
a
P<0.001
04 +
0.2 +
Agar
P=0.270 Cotton
0 . L .
[} 10 20 30 40 50 60 70 80

Hours after treatment

Fig. 4. Kaplan-Meier survival plots of green peach aphids (n = 90)
treated with sterile water (control) versus Sulfoxaflor. Green peach
aphid mortalities were monitored at defined hours post-treat-
ment. Data points represent the average of three experiments
with three replicates each. One representative data set is shown.
Pvalues indicate significant differences between treatments as
determined by the Log-Rank test.

Table 2. Probit analysis of in vitro cotton fabric- and agar-bioassays to estimate Sulfoxaflor’s LT50 and LT90 on green peach aphid nymphs

Method LT50 (95% CL) LT90 (95% CL) Regression line and coefficient
Cotton fabric 18.4 h (14.0-22.7) 52.7h (41.1-76.4) Y=2.6776x-3.2812, R?>=0.8932
Agar 29.6 h (28.3-30.9) 54.1 h (51.2-52.7) Y=4.7903x-6.972, R*=0.9671

The regression line equation reflects the relationship between aphicidal activity and the 2,000-fold diluted Sulfoxaflor treatment. LT50
and LT90 convey lethality times for 50 and 90% loss, and the 95% Confidence limit (CL) demonstrates a 95% overall parameter in this

range.
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cotton fabric method demonstrated accelerated lethality, poten-
tially due to this environment being more stressful. This study
revealed potential processes that hinder reliable bioassay
methods for aphicides and provided standardization. Our
standardized optimal method, such as the agar insect-rearing
dishes, will permit a more reliable assessment for developing

aphicides from botanical extracts.
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