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Abstract

A commercial and native isolates of Beauveria bassiana (Bb) and two emul-
sifiers, Tween-80 and starched-based sprayable bioplastic, applied at night
and morning were evaluated in the field to measure the indices of damage
caused by the tarnished plant bug (TPB), Lygus lineolaris (Palisot de Beauvois)
on cotton. Effects of solar radiation on TPB suppression, infectivity, and Bb
sporulation were also examined. The TPB population was significantly re-
duced 7 days after spray (DAS) for all treated plots, suppressing population
from 5-6 adults/10 sweep nets (SN) to 1 adult/10-SN 3-DAS and 0-1 adults/10-
SN 7-DAS for all treatments. Little to no variation was observed in TPB nymph
populations between treated and untreated plots. No significant differences in
adult suppression were observed between morning and night application
(MA, NA). The highest mortality rates and sporulation were found in insects
exposed to cotton terminals sprayed with NI8+Tween-80-NA, 0-DAS. Alt-
hough, no significant differences were observed between MA and NA, mor-
tality and sporulation were higher in plots sprayed at night. Mortality and
sporulation significantly decreased by the first day of application for all treat-
ments regardless of NA or MA corresponding to the high susceptibility of Bb
to sunlight. The highest percentage retention of all first position fruiting
structures was observed in plots treated with NI8 + Tween-80-MA (88.30 £
1.41), NI8+BioPlastic-MA (90.77 + 1.28), and NI8 + Tween-80-NA (87.60 +
1.15). Which were significantly higher than the controls. Overall, the sea-
sonal plant mapping provided clear evidence of damage to cotton caused by
TPB and how Bb regardless of the isolate, surfactant, or timing prevents in-
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dices of cotton damage.
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1. Introduction

The tarnished plant bug (TPB), Lygus lineolaris Palisot de Beauvois (Hemiptera:
Miridae), is a common pest occurring in many commercially grown crops across
North America, but is most notably significant in cotton production Gossypium
hirsutum L. (Malvales: Malvaceae) in Mississippi, and across the southern US [1],
feeding at any growth stage of the cotton plant, but most of the damage occurs
from feeding the onset of squaring through the blooming period [2], causing ab-
scission of squares and bolls, leading to loss in yield [3]. Snodgrass [4] and Snod-
grass et al. [5] [6] reported the difficulty of managing TPB due to its ability to
become resistant to insecticides. Despite that, today, foliar-applied insecticides are
the only method used to suppress TPB population, but to be effective, several ap-
plications are required to adequately control this pest [7]. Among biological con-
trol options, the entomopathogenic filamentous fungus Beauveria bassiana (Bal-
samo-Crivelli) Vuillemin (Hypocreales: Cordycipitaceae), serves as an important
natural agent to control TPB adults and nymphs [7]-[9]. However, its efficacy is
shaped by multiple biotic and abiotic factors that affect or influence infectivity
and sporulation. Of the various factors, temperature, humidity, and solar radia-
tion are the most important environmental conditions affecting spores’ survival
[10].

In the nature ecosystem of Mississippi Delta, despite extreme temperatures,
such as heat and cold waves, the B. bassiana strain NI8, originally reported in 2005
[8], can be found to live as epiphytes and as endophytes in plant tissues. Although
B. bassiana is well known to be a cosmopolitan and naturally soil-inhabiting fun-
gus [11], the native strain NI8 in the absence of host insects, is likely to live with
plants rather than the soil [7]. This strain has been studied in the field to manage
TPB in cotton, with few published non-target effects [12].

Many of the entomopathogenic pesticides that use B. bassiana as active ingre-
dients such as GHA (BotaniGard 22WP) are utilized in a variety of agricultural
situations to manage a diversity of pests. Its pathogenicity, which is the qualitative
ability of a pathogen to cause disease is determined by the interaction of factors
such as the physiology of the host, physiology of the fungus, and the environmen-
tal conditions [13]. Its pathogenicity, therefore, same as any other commercial or
native strains can be improved by using formulating agents such as emulsifiable
adjuvants [14]. This biological pesticide is usually applied in the form of spores,
containing wettable powders conidia. Polar ef al. [14] noted that water is a useful

formulating agent because it is non-toxic, readily available, cheap, and can be dis-
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persed using simple hydraulic sprayers. Thus, the use of wettable and sprayable
surfactants is important to facilitate application, stability, and enhancement of
spore activity. Tween-80 is one of the most useful wettable surfactants that have
been shown to enhance the production of enzymes, making it indispensable for
laboratory bioassays and field trials [15]. Accinelli and Abbas [16], and Portilla et
al [17], reported the feasibility of using an alternative bioplastic-based formula-
tion as a carrier of microbiological agents, including atoxigenic isolates of Asper-
gillus flavus, Trichoderma spp., and B. bassiana.

Besides the use of sprayable surfactant, the timing of application is an im-
portant factor that influences the dynamics of pest-pathogen interaction [9] [10]
[18]. Conidia, hyphal bodies, and hyphae of all taxa of hyphomycetes fungi are
highly susceptible to damage by solar radiation, particularly the UV portion of
the solar spectrum (Inglis, 2001). However, significant differences in suscepti-
bility to irradiation among strains within species have been observed. For ex-
ample, Leland ef al [9] observed that GHA and NI8 conidia that were isolated
from Lygus hesperus Knight (Hemiptera: Miridae) were generally more re-
sistant to artificial sunlight than GHA and NI8 isolated from L. /ineolaris.
Therefore, this study examined whether morning or night application affects the
effectiveness of B. bassiana-based bioinsecticide spores (commercial strain GHA
and native strain NI8) against TPB in cotton fields, using Tween-80 or BioPlastic

water-based emulsions.

2. Materials and Methods
2.1. Insect Colony

A laboratory-reared colony of TPB has been kept at the United States Department
of Agriculture - Agricultural Research Service (USDA-ARS), Southern Insect
Management Research Unit (SIMRU) in Stoneville, MS, following the protocol
described by Portilla et al [7]. The rearing system was developed to efficiently
produce individuals of the same age in large numbers. Insects were kept in envi-
ronmental chambers set to a 12-hour light and 12-hour dark cycle, at 27°C and
60% relative humidity. Mixed-sex TPB adult aged 1 - 2 days were selected for both

mortality and sporulation bioassays.

2.2. Fungus Cultures

The native B. bassiana strain NI8 used in the present study was attained from the
collection of USDA-ARS-SIMRU, which has been produced on regular basis for
research purposes. The sprayable B. bassiana-based commercial strain GHA and
native strain NI8 were tested in two formulations using either Tween-80, or a Bi-
oplastic-based adjuvant, and prepared according to the procedures described by
Portilla et al. [17] and Portilla et al [7]. 250 g from both strains, GHA (BotaniGard
22WP; LAM International Corporation, Butte, Montana) and NI8, both with a
spore viability of > 97% were combined in a gallon of water + Tween-80 (Sigma-
Aldrich P8074, Darmstadt, Germany) or BioPlastic (1% solution) + Mepiquat
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chloride-Plant growth regulator (MC-PGR), giving the following concentration
for morning and night application: 1) NI8 2.5 x 10" + 60 ml Tween-80 + 354 ml
MC-PGR/ha; 2) GHA 2.0 x 10" + 60 ml Tween-80 + 354 ml MC-PGR/ha; 3) NI8
2.5 x 10" + 1% concentration of Bio-Plastic + 354 ml MC-PGR (75 L/ha; 4) GHA
2 x 10" + 1% concentration of Bio-Plastic + 354 ml MC-PGR (75 L/ha); 3 as fol-
low: 2.0 101 water containing 0.4 mL of Tween-80 or a 1% (wt/vol) BioPlastic
solution (75 1/ha).

2.3. Tarnished Plant Bug Population Suppression on Night and
Morning Treated Plots

The experiment was conducted at a cotton farm operated by the Southern Insect
Management Research Unit, USDA, located near Leland, Mississippi. The study
employed a factorial experiment within a randomized complete block design, en-
suring consistency across both nocturnal and morning applications. Therefore, two
sets of 25 plots (0.028 ha each plot) were planted with 8 rows of cotton, Gossypium
hirsutum L. (DP1321B2RF Bollgard II ™, Delta and Pine Land Company ™, Scott,
MS) in late May. Between cotton plots, four rows of corn, Zea mays L. (VI2Pro’
corn, DKC66-97°, DeKalb Genetics Corp., DeKalb, IL) were planted in March,
which served as a barrier to evade cross infection among plots and treatment. Each
set of 25 plots were used for morning and night applications. The TPB population
was monitored by sampling the treated plots on biweekly basis. Applications were
initiated once 50% of the cotton plots or higher exhibited a TPB population to ap-
proximately 5-10 adults/10 sweep net samples. All cotton plots applications were
made using a multi-boom sprayer tractor (TecjetTM-Conejet’ TXVS12 nozzle). In
July, all assigned morning and night plots were sprayed with commercial or native
B. bassiana strains both surfactants’ formulations with either Tween-80 or Bio-
Plastic, and water alone as a control (five plots/treatments). The first population
sample was collected from all plots at 0 day (0-D) before the morning and night
applications. To evaluate suppression of TPB population, two more samples were
done, 3-D and 7-D after spray. The number of TPB adults and nymphs collected in
the set of 10 sweep net samples per plot each day (morning and night sprays) deter-
mined the population suppression. To better understand the TPB population sup-
pression and the differences between before and after treatments during night at
morning applications. Each treatment (GHA+Tween-80, GHA + BioPlastic,
NI8+Tween-80, NI8+BioPlastic, and water control) were analyzed independently
and the sub-treatments were: a) 0 days before spray morning application (0-
DBSMA), b) 0 days before spray night application (0-DBSNA), c) 3 days after spray
morning application (3-DASMA), d) 3 days after spray night application (3-
DASNA), e) 7 days after spray morning application (7-DASMA), f) 7 days after
spray night application (7-DASNA).

2.4. Bioassay Procedure to Evaluate the Effect of the Sunlight on
Beauveria bassiana Spores

This experiment was conducted using the same plots for the population suppression
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study with a factorial experiment (10 X 5 x 3 x 3) (treatments, replications, sub-
replication top terminal, days of evaluation) within a randomized complete block
design. Treatments for this experiment were as follow: 1) water control morning
spray, 2) native strain NI8 + Tween-80 morning spray, 3) native strain NI8 +
Bio-Plastic morning spray, 4) commercial strain GHA + Tween-80 morning
spray, 5) commercial strain GHA + Bio-Plastic morning spray, 6) water control
night spray, 7) native strain NI8 + Tween-80 night spray, 8) native strain NI8 +
Bio-Plastic night spray, 9) commercial strain GHA + Tween-80 night spray, and
10) commercial strain GHA + Bio-Plastic night spray. Thus, on 0 day (0-D) one
hour after treatment applications and 1-D and 2-D, thereafter, three top nodes
terminals of cotton plant/plot (morning and night) were randomly cut and
placed under laboratory conditions individually into a pop-up insect rearing mesh
cage 30 cm’® (http://amazon.com/). A total of four hundred and fifty cages and ter-
minals were used for both sets of 25 plots study (three cages/plot, 15 terminal/treat-
ment/per morning and night applications per each day). Thirty TPB mix-sexed
adults 2 d old from SIMRU laboratory colony were released in each cage (13,500
TPB adults total). Cages containing sprayed cotton terminals and newly released
TPB adults were gently agitated to ensure that the insects were exposed to the treated
cotton foliage. The cages were then maintained at ambient room temperature for 24
hours. Then, TPB adults were removed from the cages and placed individually into
a solo cup with solid diet (12). Daily observations were conducted for 10 days to
determine mortality. Dead insects were kept in the same cup and were checked daily
for fungal sporulation for 15 days. Adults TPBs were held in an environmental room
at 27°C, 65% RH, and 12:12 (L:D) photoperiod.

2.5. Effect of Native and Commercial Beauveria bassiana on TPB
Population and Cotton Fruit Damages under Field Conditions

This experiment was conducted at the cotton farm at Leland, MS for both sets of
the previously described cotton plots. Plant mapping was done on ten plants
within each plot replication of both morning and night applications (500 plants
in total). Data recorded on selected plant mapping date included total nodes, total
fruiting nodes, first position squares, first position flower or boll, missing first po-
sition fruit, first position flowers and number flowers/boll nodes, percentage re-
tention on square nodes, percentage retention top 3 fruiting position, percentage
retention top 5 fruiting position, percentage retention nodes above white flowers,
and percentage retention of all first position site including all undamaged squares,

flowers and bolls.

2.6. Statistical Analysis

The study designs featured factorials in a randomized complete block configura-
tion. Population suppression (1 x 6 x 5 x 3) (treatment, sub-treatments, replica-
tions, insect stages), effect of sunlight on spore germinations (10 X 5 x 3 x 3)

(treatments, replications, sub-sample, days, times), and morning and night appli-
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cation effects on the plant mapping (10 x 5) (treatments, replications) variables
were analyzed using SAS 15.3 [19]. All variables for each experiment were ana-
lyzed by using a PROC GLM (ANOVA) followed by Tukey’s HSD (2 = 0.05) to
detect differences between treatments.

3. Results
3.1. Tarnished Plant Bug Population Suppression

Commercial and native B. bassiana strains reduced TPB populations, regardless
of surfactant type or application timing (morning or night). No statistically sig-
nificant differences were observed in TPB density within the water control plots
for nymphs (F = 2.37; df = 9, 20; P = 0.0521), adults (F = 0.46; df = 9, 20; P =
0.7624), or the total population (F = 0.72; df =9, 20; P = 0.6846) when compar-
ing pre- and post-spray periods conducted at night and in the morning. Popu-
lation levels ranged between 4 and 5 TPB per 10 sweeps per plot during both
sampling intervals (see Figure 1(A)). There were statistical differences in TPB
adults, nymphs, and total population in plots before and after sprayed with NI8
+ Tween80: (F = 12.35; df = 9, 20; P=0.0001), (F = 3.46; df = 9, 20; P=0.0100)
and (F =2.82; df = 9, 20; P= 0.0435) (Figure 1(B)); NI8 + BioPlastic: (F = 10.61;
df =9, 20; P=10.0001), (F = 4.38; df = 9, 20; P = 0.0029) and (F = 4.11;df =9,
20; P =10.0099) (Figure 1(D)); and GHA + BioPlastic (F = 20.33; df = 9, 20; P=
0.0001), (F =2.89; df =9, 20; P=0.0230) and (F = 3.91; df = 9, 20; P = 0.0053)
(Figure 1(E)), respectively. There were no statistical differences in TPB nymph
population (F = 4.53; df = 9, 20; P = 0.0024) in plots sprayed with GHA +
Tween80, but highly significant differences were observed in adults (F = 12.83;
df =9, 20; P =0.0001) and total population (F = 2.33; df = 9, 20; P = 0.0024)
(Figure 1(C)). No significant differences were found between plots morning
and night applications at any day of evaluation for any surfactant combined
with commercial or native strain, except for GHA + BioPlastic where the pop-
ulation before spray in night plots was lower than morning plots and was the
only treatment that reduced the population to 0 adults/10 sweep nets 7-D after
spray (Figure 1(E)). Figures 1(A)-(D) shows that the adult TPB reduced signif-
icantly its population by ~4-fold 3-D after spray and >4-fold 7-D after all 5.
bassiana treatments regardless of night or morning applications or adding the
surfactants Tween-80 or BioPlastic. No reduction in TPB nymph population
was observed for any treatment. On the contrary, a slight increment in popu-
lation was observed after spray in all treatments including water control (Fig-
ures 1(A)-(E)).

3.2. Effects of Sunlight on Beauveria bassiana Spore Germination

Figure 2(A)-(C) indicates that sunlight seems to interfere with TPB infection, af-
fecting the propagule persistence of B. bassiana sporulation regardless of morning

and night applications or surfactant’s protection.
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Water Control ag,

NI8 + Tween80

Nymphs and adults of TPB / 10 sweep nets

GHA + Tween80 a

NI8 + BioPlastic

a

Adults Nymphs Total

Adults Nymphs Total

Sampling population before and after spray - morning and night applications

I 0-DBS MA [ 3-DAS MA [ 7-DAS MA [ 0-DBS NA [ 3-DAS NA HEE 7-DAS NA

Figure 1. Mean + SD number of tarnished plant bug nymphs, adults, and total population /10 sweeps/plot 0 days before spray
(0-DBSA) and 3 and 7 days after spray (3-DAS, 7-DAS) morning and night applications (MA, NA, respectively). (A) Population
of TPB adults sampled in control cotton plots before and after spraying water. (B) Populations of TPB sampled plots in cotton

plots before and after spraying the native strain NI8 + Tween-80. (C) Populations of TPB adults sampled in cotton plots before
and after spraying the commercial strain GHA + Tween-80. (D) Populations of TPB adults sampled in cotton plots before and
after spraying the native strain NI8 + BioPlastic. € Populations of TPB adults sampled in cotton plots before and after spraying
the commercial GHA strain + BioPlastic. Means separated by a common letter are not significant different according to Tukey

Test LSD (p = 0.05).
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GHA-T80-Nig = — b A

GHA-BioP-Nig

NI8-T80-Nig
NI8-BioP-Nig

C-Nig

GHA-T80-Mor
GHA-BioP-Mor
NI8-T80-Mor

NI8-BioP-Mor

C-Mor 0-Days After Spray

GHA-T80-Nig
GHA-BioP-Nig
NI8-T80-Nig
NI8-BioP-Nig
C-Nig

GHA-T80-Mor

Treatments

GHA-BioP-Mor
NI8-T80-Mor

NI8-BioP-Mor
1-Day After Spray

GHA-T80-Nig
GHA-BioP-Nig
NI8-T80-Nig
NI8-BioP-Nig

C-Nig

C-Mor = ¢ 2-Days After Spray

40 60 80 10

Percentage

I Mortality 3-D after exposure
[ Mortality 5-D after exposure
[ Mortality 10-D after exposure
I Sporulation

Figure 2. Mean * SD cumulative mortality and sporulation percentage of tarnished plant
bug adults exposed to sprayed cotton leaves with commercial GHA and native NIS8 strains
of Beauveria bassiana in combination with two surfactants Tween-80 and BioPlastic. (A)
TPB adults exposed to sprayed cotton terminals 0 days after spray. (B) TPB adults exposed
to cotton terminals 1 day after spray. (C) TPB adults exposed to cotton terminals 2 days
after spray. Means separated by a common letter among colored bars are not significant
different according to Tukey Test LSD (p = 0.05).
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Virulence factors of both commercial and native strain were highly susceptible
to damage by solar radiation where their inactivity was clearly noticeable across
the experiment (Figure 2(A)-(C)). Although native Delta strain NI8 + Tween-80
applied during morning time showed highly significant differences with a greater
performance compared to the other treatments 3-D after exposure on plots 0-D,
1-D, and 2-D after treatment; its viability 5-D after exposure increased the same
as its application during nighttime with no significant differences among timing,
which continue with similar enhance throughout the 10-D after exposure. The
Delta native strain NI8, when used with Tween-80 during nighttime applications,
demonstrated greater efficacy, resulting in higher mortality and sporulation (Fig-
ures 2(A)-(C)). However, no statistical differences were observed for either mor-
tality or sporulation when the same treatment was administered in the morning.
Water controls consistently showed less than 5% mortality and under 2% sporu-
lation 10 days post-exposure compared to the experimental groups subjected to
B. bassiana infection stress due to UV exposure. Cross contamination may have
caused mortality and sporulation in the control group. Figure 1(A) shows highly
significant differences among treatments in 0-D after spray at 3, 5, and 10 days
after exposure for cumulative morality 3-D: (F = 8.76; df = 44, 4455; P=0.0001),
5-D: (F = 13.98; df = 44, 4455; P=0.0001) and 10-D: (F = 18.27; df = 44, 4455; P=
0.0001) and for sporulation (F = 25.22; df = 44, 4455; P= 0.0001). Similarly, Fig-
ures 2(B)-(C) reveal highly significant differences among treatments in 1-D after
spray at 3, 5, and 10 days after exposure for cumulative morality 3-D: (F = 4.20; df
= 44, 4455; P=0.0001), 5-D: (F = 6.04; df = 44, 4455; P=0.0001) and 10-D: (F =
7.84; df = 44, 4455; P=0.0001) and sporulation (F = 6.93; df = 44, 4455; P=0.0001)
and 2-D after spray at 3, 5, and 10 days after exposure for cumulative morality 3-
D: (F = 2.32; df = 44, 4455; P=0.0001), 5-D: (F = 3.84; df = 44, 4455; P=0.0001)
and 10-D: (F = 5.57; df = 44, 4455; P= 0.0001) and sporulation (F = 4.54; df = 44,
4455; P = 0.0001). Figures 2(A)-(C) shows that adult mortality and B. bassiana
sporulation declined with increasing sunlight exposure across all treatments; yet
degradation patterns differed significantly among strains, surfactants, and appli-
cation time. Across all treatment groups, adult mortality due to B. bassiana infec-
tion and the viability of spores are strongly correlated with exposure to ultraviolet
light.

3.3. Effect of Native and Commercial Beauveria bassiana on TPB
Population and Fruit Damage Based on Yield Cotton Plant
Mapping

As previously noted, both commercial and native B. bassiana strains were ef-

fective in reducing TPB populations, irrespective of surfactant type or timing

of application (morning or night). Population density is closely linked to crop
injury, which was evident in control groups when compared to treated plots.

Water control had the highest injury with the lowest parameters values, and

the highest rate of missing first position (Table 1). There were highly signifi-

cant differences among treatments for total nodes (F = 2.68; df = 32, 967; P=
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0.0001), total fruiting nodes (F = 2.69; df = 32, 967; P = 0.0004), first position
square (F = 8.34; df = 32, 967; P= 0.0001), first position flowers or bolls (F =
3.26; df = 32, 967; P = 0.0001), missing first position (F = 6.73; df = 32, 967; P
=0.0001), and number of flowers/boll node (F = 2.57; df = 32, 967; P=0.0001)
(Table 1).

Table 1. Effect of morning (Mor) and night (Nig) application of Beauveria bassiana with sprayable bioplastic and Tween-80 formu-
lations under field conditions on L. /ineolaris population and the damage of fruits based on within-season yield cotton plant map-

ping.
Indices of L. lineolaris damage (means * SE)
Treatments Total Nodes Total Fruiting  First Position First Position Missing First Number of
Nodes Square Flowers or Bolls Position Flowers/boll node

Control-Mor 13.90+0.32 ¢ 9.26 £0.33 ¢ 3.45+0.20d 2.76 £ 0.18 bc 3.05% 0.25 ab 337+0.24c

NI8 !-BioPlastic-Mor  15.31 + 0.26 abc ~ 10.80 £ 0.35ab  5.29 + 0.14 ab 4.14+0.23a 1.37 £ 0.16 de 4.96+0.30a
NI8-Tween80-Mor  15.02+0.27 abc  9.96 £ 0.29 abc  5.18 £ 0.15 ab 381+0.25a 097 £0.13d 4.21 £0.27 abc
GHA?-BioPlastic-Mor  14.39+0.28 bc 1034+ 0.32abc  4.63+0.18bc  3.48 £0.21 abc  2.23 £0.21 bed 3.48 £0.29 be
GHA-Tween80-Mor  15.48 + 0.24 ab 9.37+0.38bc  3.88%0.19cd 273+021c 276 £0.24 b 4.55 +0.27 abc
Control-Night 14.61 +0.28bc  10.06 £ 0.36 abc  4.56 £0.22bc  3.24 +0.22abc  2.26 £ 0.20 bc 3.94 +0.28 abc
NI8-BioPlastic-Nig 1544 £ 0.29 abc  10.54+0.34abc 544 +0.16a 3.69 +£0.21 ab 1.41 £ 0.13 cde 4.50 £ 0.26 abc

NI8-Tween80-Nig 1596 +0.22 a 1093+0.31a 5.11 £0.18 ab 398+0.19a 1.84 £ 0.21 cde 4.92+0.25a
GHA-BioPlastic-Nig ~ 15.32 +0.26 abc  10.68 £ 0.40 abc  5.22 £ 0.16 ab 390+£020a 1.56 +0.18 cde 4.67 +0.27 ab
GHA-Tween80-Nig ~ 15.15+0.25abc  10.26 £ 0.30abc  3.18 +0.18d  3.38 £0.18 abc 3.70+£0.21a 4.41 +0.25 abc

Note: ! Native Strain; > Commercial Strain; Means + SE followed by the same letter in each column are not significantly different (p < 0.05

Tukey test).

Applying native strain NI8 + Tween80 at night outperforms other treatments,
yielding the most total nodes, fruiting nodes, and flowers per boll node (Table 1).
No significant differences were detected in the number of first position flowers or
bolls relative to the commercial GHA + BioPlastic strain applied during nighttime.
Likewise, there were no significant variations in the number of flowers per boll
node compared to the same treatment administered in the morning. Table 2
demonstrates that the application of NI8 combined with Tween80 during morn-
ing and nighttime maintained superior performance, exhibiting highly significant
differences among the other treatments. Those combinations resulted in a higher
retention rate at square nodes (F = 8.34; df = 32, 967; P = 0.0001), top 3 fruit
position (F = 10.15; df = 32, 967; P = 0.0001), top 5 fruit position (F = 8.15; df =
32,967; P=0.0001), nodes above white flowers (F = 9.29; df = 32, 967; P=0.0001),
and all first positions (F = 8.86; df = 32, 967; P=0.0001). No significant differences
were observed in the retention (%) on flowers per boll node (F = 2.20; df = 32,
967; P=10.2204) (Table 2).
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Table 2. Effect of morning (Mor) and night (Nig) application of Beauveria bassiana with sprayable bioplastic and Tween-80 formu-
lations under field conditions on L. /ineolaris population and the retention of fruits based on within-season yield cotton plant map-

ping.

Indices of L. lineolaris on cotton retention (%) (means + SE)

Retention Nodes Retention on

Treatments

Retention on

Retention Top 3  Retention Top 5

Retention All

. . ) » above white . . flowers/boll
squares nodes  Fruit Position'  Fruit Position' flowers first position? node

Control-Morning 54.19+2.74e 73.67+274cde 64.60+2.77e¢ 53.69+t294e 67.94+230d 7993 +3.12a
NI8*-BioPlastic-Mor  86.27 £2.22a 96.02+1.24a 93.00+1.54a 86.28 £2.22a 8830+ 1.41a 78.21+3.07a
NI8-Tween80-Mor  83.90 + 2.41ab 9634+ 1.24a 92.00 + 1.73 ab 83.91+2.41ab 90.77 £1.28 a 79.68 £3.44a
GHA*-BioPlastic-Mor 5737 £2.93e 75.38+245cde 68.20 £ 2.62 de 56.74 + 2.99 de 71.76 + 2.32 de 69.36 £3.81a
GHA-Tween80-Mor 73.24+2.83bc 85.69 +2.33bc  82.40 + 2.40 abc 73.24 + 2.82 bc 7857 +1.86bcd 68.96 +3.20a
Control-Nig 68.24+3.01cd 81.00+2.60cd 7540+ 2.89cd 68.24 £ 3.00 cd 66.39 +£2.09d 78.94+3.09a
NI8-BioPlastic-Nig ~ 81.77 +£2.36ab 90.67+1.96ab  87.60 + 1.88 ab 81.77 £ 2.36 ab 84.37+1.69abc  80.28+2.58a
NI8-Tween80-Nig 8547+2.12a 96.00 £ 1.27 a 91.00 + 1.67 ab 8547+212a 87.60+1.15a 76.35+299a
GHA-BioPlastic-Nig  83.32+246a 93.00+1.79ab  88.60 +2.11 ab 82.47 + 2.57 ab 85.99 + 1.59 ab 8191+274a
GHA-Tween80-Nig 62.11 +2.61de 77.33+2.55cde 70.00 + 2.58 de 72.11 £2.61 bc 7447 £195de  7854+236a

Note: ' With undamaged squares; *> Include all undamaged squares, flowers and bolls; * Native Strain; * Commercial Strain; Means + SE
followed by the same letter in each column are not significantly different (p < 0.05 Tukey test).

4. Discussion

Our results demonstrated that regardless of the time of the day when B. bassiana
is applied, spores are rapidly deactivated by solar radiation. However, application
during nighttime period could maximize spore survival. These results corrobo-
rated with previous studies [20] [21] where was demonstrated that spores released
during the day tend to be transported higher up in the atmosphere and would die
before returning to the ground. The authors suggest that, for short-life fungal co-
nidia of entomopathogenic fungi such as B. bassiana, spore dispersal should typi-
cally occur during nighttime or early morning to enhance survival rates. Extensive
research has been dedicated to improving protection against ultraviolet radiation
for entomopathogenic fungi, specifically B. bassiana and Metarhizium anisopliae
var. acridum [22]-[27]. Yet, this factor is seen as a significant obstacle to the ef-
fective commercialization and acceptance of entomopathogens by farmers for
controlling insect pests in field crops [13].

Our field study demonstrated that under direct sunlight and outdoor condi-
tions, the half-life of B. bassiana spores sprayed on cotton leaves could range from
1 - 2 days (Figure 2). These results are comparable to the findings by Portilla et
al [18] in cotton leaves and Daoust and Pereira [28] in wheatgrass and alfalfa but
differed from Inglis et al. [29] who found that conidia life span sprayed on straw-
berries leaves last up to 4 days. Thus, regardless of field conditions or crop type,
B. bassiana experiences irreversible damage after UV exposure [29]. Interestingly,
although sunlight reduces the survival of these fungus spores, the combination of

the native entomopathogenic NI8 + Tween80 applied at night kept its germination
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and virulence ability against TPB adults (>70%) and (> 80%), respectively. How-
ever, due to its rapid autooxidation at high temperatures the sporulation and mor-
tality rates decreased significantly the first day after spray, ending with ~ 20%
mortality and less than 10% sporulation by the second day after spray, both morn-
ing and night applications. Similar results were found by Portilla et al [30] with
mortality of TPB no greater than 60% both by direct spray and contact with no
significant difference between morning at night but, decreasing significantly less
its mortality to < 20% and sporulation to ~5% by the second day after spray re-
gardless of the time of the application. Tobar et a/ [31] and Jia et al [27] demon-
strated that the survival of the conidia was relative to the exposure time under UV
and after irradiation the spores can change its nutritional form but keep its ger-
mination abilities against Hypothenemus hampei Ferrari. (Coleoptera: Curculio-
nidae: Scolytidae) and Locusta migratoria L. (Orthoptera: Acrididae), respec-
tively.

On the other hand, the present study indicated that efficacy is not only meas-
ured based on the number of propagules landing on the plant leaves, but also the
number of propagules that eventually contact the host cuticle. Figure 1 showed
high mortality on TPB adult population, suppressing to less than 1 adult per 10
sweep nets 7 days after spray regardless of the strain and surfactant, with no sig-
nificant differences between morning and night applications but highly significant
differences were found among control. Therefore, it seems that spores on insect
cuticles are more sunlight-resistant than those on leaf surfaces. Consistent with
previous research [32], our findings show that spores on the upper leaf surface
contribute to B. bassiana’s limited persistence in the environment, as demon-
strated in Figures 2(A)-(C). It’s important to mention that Tween80 and Bio-
plastic are not sunlight protectants; instead, they act as emulsifiers to assist with
spore dispersion in water, helping spore solution spread evenly across leaf and
insect host surfaces. This function can affect spore survival positively, particularly
for spores that make landfall on underside leaves or successfully infect the in-
tended organism. Mwambury et a/ [33] noted that Tween80 aids spore protection
against environmental stresses like UV, freezing, and soil chemistry by coating
individually each spore. Yet, as mentioned by Portilla et al [17] both emulsifiers
Tween80 and Bioplastic act primarily as dispersing agents and offer only negligi-
ble protection against UV degradation. They also noted that the compatibility of
Bioplastic does not differ from Tween-80 and could be considered attractive for
use with native or commercial strains of B. bassiana to control TPB in cotton due
to its glue-sticky action when wet and hard when dry. Also, these authors observed
that the formulation NI8 + Bioplastic was more effective when applied direct to
the insect than applying it to cotton [17]. Accinelly and Abbas [16] explained why
application of atoxigenic aspergillus works when applied directly to corn. It’s
glued to the host and can dissolve through respiration to release spores.

A significant aspect of this research was the assessment of retention indices, in-
cluding all undamaged squares, flowers and bolls, which were evaluated throughout

plant mapping [34]. Our study demonstrated an evident relation between the sea-
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son plant mapping (Tables 1-2) and the within-season insect scouting (Figure 1).
Population density demonstrates a significant association with crop injury, as ob-
served in the control groups (morning and night) relative to treated plots. Portilla
et al. [17] reported that TPB moved into cotton after mustard was mowed, nega-
tively affected fruit survival, especially in plots sprayed with GHA + BioPlastic;
the absence of first position fruit was similar to the water control, which differed
from our study where water control exhibited the most severe injury, alongside
the lowest parameter values and the greatest frequency of missing first positions
and the lowest indices of cotton percentage retentions. It is worth noting that
some strains of B. bassiana are beneficial in promoting plant growth or having the
potential to translocate nitrogen [11], which significantly increase root biomass
and number of leaves [35]. In our study, this positive behavior should not be dis-
carded if we compare the greater percentage rate of damage observed in plots
treated with only water. Hence, B. bassiana, both native and commercial strains,
might exert a dual effect by controlling insects and enhancing plant growth. Ad-

ditional research is required before this can be considered as a possibility.

5. Conclusions and Recommendations

Overall, our results indicated that B. bassiana, both native and commercial, sup-
pressed TPB adult population in the field regardless of the surfactants and time of
applications (Figure 1). Plots sprayed with native NI8 plus either Tween-80 or
Bioplastic had a better impact in preventing damage from TPB than the commer-
cial GHA applied in the morning or at night (Tables 1-2). It was evident that NI8
+ Tween80 applied during night had grater rates of mortality and sporulation at
0-d after application when compared with the rest of the treatments (Figure
2(A)). However, its viability did not last more than 2 days after sunlight exposure
regardless of combination of strain, surfactant, or time of application (Figure 2(C)).
Finally, neither the native strain nor the commercial strain control population of TPB
nymphs (Figure 1). These results are in confirmation with other studies [17] [36]
who noted that TPB nymphs’ population could be located on unreachable places or
could be the product of a new generation, suggesting that population were eggs at
the time of application. But, differed from Portilla e al. [37] who observed greater
control of nymph population on cotton plots treated with B. bassiana than water
control. Portilla ef al [37] and Little et al. [38] demonstrated that B. bassiana alone
or in combination with insect growth regulators (IGR) can suppress TPB adults
and nymphs’ population as effective as synthetic insecticides; however, the per-
formance of B. bassianaalone was not enough to prevent cotton damage and affect
lint cotton yields. Therefore, the combination of the entomopathogenic fungi B.
bassiana combined either with Tween80 or Bioplastic could be implemented with
other integrated program management (IPM). Additionally, strategic applications
will be necessary such early morning, evenings, or shaded areas to avoid exposure
to sunlight. Portilla ef al. [30] noted that while solar radiation quickly inactivates

B. bassiana spores, which may hinder TPB control, the NI8 strain offers a valuable

DOI: 10.4236/as.2026.179055

988 Agricultural Sciences


https://doi.org/10.4236/as.2026.179055

M. Portilla et al.

option for IPM and can help reduce chemical pesticide use.

Consent for Publication

All authors read and approved the manuscript for publication.

Data Availability

The datasets generated during and/or analyzed during the current study are avail-

able from the corresponding author upon reasonable request.

Acknowledgements

The authors would like to thank Tabatha Nelson, and Essanya Winder USDA-
ARS-NBCL, Stoneville, MS for sampling L. /ineolaris populations and B. bassiana
strain NI8 spore production. Use of commercial and/or trade names does not im-
ply approval or constitute endorsement by the United States Department of Agri-

culture or the Agricultural Research Service.

Author Contributions

Conceptualization, M.P.; data curation, M.P.; formal analysis, M.P.; investigation,
M.P., H.A,, and C.A,; methodology, M.P.; H.A., and C.A; supervision, M.P. And
H.A.; validation, M.P.; visualization, M.P.; writing - original draft, M.P.; writing -
review & editing, M.P., H.A., and C.A. All authors have read and agreed to the

published version of the manuscript.

Conflicts of Interest

The authors do not have conflicts of interest to declare that are relevant to the

content of this article.

References

[1] Portilla, M. (2020) A Laboratory Diet-Overlay Bioassay to Monitor Resistance in
Lygus Lineolaris (Hemiptera: Miridae) to Insecticides Commonly Used in the Mis-
sissippi Delta. Journal of Insect Science, 20, 1-13.
https://doi.org/10.1093/jisesa/ieaa067

[2] Catchot, B., Anderson, C.]., Gore, J., Jackson, R., Rakshit, K., Musser, F., et al. (2020)
Novaluron Prevents Oogenesis and Oviposition by Inducing Ultrastructural Changes
in Ovarian Tissue of Young Adult Lygus lineolaris. Pest Management Science, 76,
4057-4063. https://doi.org/10.1002/ps.5960

[3] Huoni, M., Crow, W., Gore, J., Cook, D., Towles, T. and Catchot, A. (2024) Influence
of Lygus-Traited Cotton Technology on Performance of Commonly Used Inecticides
for Tarnished Plant Bug Management Prior to Bloom. Journal of Cotton Science, 28,
1-11. https://doi.org/10.56454/dsxg8690

[4] Snodgrass, G.L. (1996) Insecticide Resistance in Field Populations of the Tarnished
Plant Bug (Heteroptera: Miridae) in Cotton in the Mississippi Delta. Journal of Eco-
nomic Entomology, 89, 783-790. https://doi.org/10.1093/jee/89.4.783

[5] Snodgrass, G.L., Scott, W.P., Abel, C.A., Robbins, J.T., Gore, J. and Hardee, D.D.

DOI: 10.4236/as.2026.179055

989 Agricultural Sciences


https://doi.org/10.4236/as.2026.179055
https://doi.org/10.1093/jisesa/ieaa067
https://doi.org/10.1002/ps.5960
https://doi.org/10.56454/dsxg8690
https://doi.org/10.1093/jee/89.4.783

M. Portilla et al.

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(2006) Suppression of Tarnished Plant Bugs (Heteroptera: Miridae) in Cotton by
Control of Early Season Wild Host Plants with Herbicides. Environmental Entomol-
ogy; 35, 1417-1422. https://doi.org/10.1093/ee/35.5.1417

Snodgrass, G.L., Gore, J., Abel, C.A. and Jackson, R. (2009) Acephate Resistance in
Populations of the Tarnished Plant Bug (Heteroptera: Miridae) from the Mississippi
River Delta. Journal of Economic Entomology;, 102, 699-707.
https://doi.org/10.1603/029.102.0231

Portilla, M., Little, N.S., Elkins, B.H., Allen, C. and Du, Y. (2026) Field Evaluation of
Beauveria bassiana and Novaluron Alone and Combined, versus Conventional Insec-
ticides to Control lygus Lineolaris in Cotton. Agricultural Sciences, 17, 179-198.
https://doi.org/10.4236/as.2026.173012

Leland, J.E. (2005) Characteristics of Beauveria bassiana Isolates from Lygus lineo-
larisPopulation of Mississippi. Journal of Agricultural Urban Entomology;, 22, 57-72.

Leland, J.E. and Sonodgrass, G.L. (2005) Prevalence of Naturally Occurring Beauveria
bassiana in Lygus lineolaris (Heteroptera: Miridae) Populations from Wild Host
Plants of Mississippi. Journal of Agricultural Urban Entomology, 21, 157-163.

Mishra, S., Kumar, P. and Malik, A. (2015) Effect of Temperature and Humidity on
Pathogenicity of Native Beauveria Bassiana Isolate against Musca domestica L. Jour-
nal of Parasitic Diseases, 39, 697-704. https://doi.org/10.1007/s12639-013-0408-0

lida, Y., Higashi, Y., Nishi, O., Kouda, M., Maeda, K., Yoshida, K., et a/ (2023) Ento-
mopathogenic Fungus Beauveria bassiana-Based Bioinsecticide Suppresses Severity

of Powdery Mildews of Vegetables by Inducing the Plant Defense Responses. Fron-
tiers in Plant Science, 14, Article 1211825. https://doi.org/10.3389/fpls.2023.1211825

Portilla, M., Luttrell, R., Snodgrass, G., Zhu, Y.C. and Riddick, E. (2017) Lethality of
the Entomogenous Fungus Beauveria bassiana Strain NI8 on Lygus lineolaris (He-
miptera: Miridae) and Its Possible Impact on Beneficial Arthropods. Journal of En-
tomological Science, 52, 352-369. https://doi.org/10.18474/jes17-15.1

Inglis, G.D., Goettel, M.S., Butt, T.M. and Strasser, H. (2001) Use of Hyphomycetous
Fungi for Managing Insect Pests. In: Fungi as Biocontrol Agents. Progress, Problems
and Potential, CABI Publishing, 23-69. https://doi.org/10.1079/9780851993560.0023

Polar, P., Kairo, M.T.K., Moore, D., Pegram, R. and John, S. (2005) Comparison of
Water, Oils and Emulsifiable Adjuvant Oils as Formulating Agents for Metarhizium
Anisopliae for Use in Control of Boophilus microplus. Mycopathologia, 160, 151-
157. https://doi.org/10.1007/s11046-005-0120-4

Jin, X., Streett, D.A., Dunlap, C.A. and Lyn, M.E. (2008) Application of Hydrophilic-
lipophilic Balance (HLB) Number to Optimize a Compatible Non-Ionic Surfactant
for Dried Aerial Conidia of Beauveria bassiana. Biological Control, 46, 226-233.
https://doi.org/10.1016/j.biocontrol.2008.03.008

Accinelli, C. and Abbas, H.K. (2011) New Perspectives for the Application of Bio-
plastic Material in the Biocontrol of Aspergillus flavus. Bioresource Technology, 100,
3997-4004.

Portilla, M., Abbas, H.K., Accinelli, C. and Luttrell, R. (2019) Laboratory and Field
Investigations on Compatibility of beauveria Bassiana (Hypocreales: Clavicipitaceae)
Spores with a Sprayable Bioplastic Formulation for Application in the Biocontrol of
Tarnished Plant Bug in Cotton. Journal of Economic Entomology, 112, 549-557.
https://doi.org/10.1093/jee/toy382

Portilla, M., Little, N.S., Allen, C. and Zhu, Y.C. (2024) Effectiveness and Residual
Activity of Four Common Insecticides Used in the Mississippi Delta to Control Tar-

DOI: 10.4236/as.2026.179055

990 Agricultural Sciences


https://doi.org/10.4236/as.2026.179055
https://doi.org/10.1093/ee/35.5.1417
https://doi.org/10.1603/029.102.0231
https://doi.org/10.4236/as.2026.173012
https://doi.org/10.1007/s12639-013-0408-0
https://doi.org/10.3389/fpls.2023.1211825
https://doi.org/10.18474/jes17-15.1
https://doi.org/10.1079/9780851993560.0023
https://doi.org/10.1007/s11046-005-0120-4
https://doi.org/10.1016/j.biocontrol.2008.03.008
https://doi.org/10.1093/jee/toy382

M. Portilla et al.

(19]
(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

nished Plant Bugs in Cotton. PLOS ONE, 19, €0290858.
https://doi.org/10.1371/journal.pone.0290858

SAS Institute (2013) SAS/STAT User’s Manual, Version 15.3 ed. SAS Institute.

Lagomarsino Oneto, D., Golan, J., Mazzino, A., Pringle, A. and Seminara, A. (2020)
Timing of Fungal Spore Release Dictates Survival during Atmospheric Transport.
Proceedings of the National Academy of Sciences, 117, 5134-5143.
https://doi.org/10.1073/pnas.1913752117

Yu, L., Xu, S.Y., Tong, S.M., Ying, S.H. and Feng, M.G. (2022) Optional Strategies for
Low-Risk and Non-Risk Applications of Fungal Pesticides to Avoid Solar Ultraviolet
Damage. Pest Management Science, 78, 4660-4667. https://doi.org/10.1002/ps.7086

Moore, D., Bridge, P.D., Higgins, P.M., Bateman, R.P. and Prior, C. (1993) Ultra-Violet
Radiation Damage to Metarhizium flavoviride Conidia and the Protection Given by
Vegetable and Mineral Oils and Chemical Sunscreens. Annals of Applied Biology;
122, 605-616. https://doi.org/10.1111/j.1744-7348.1993.tb04061.x

Inglis, G.D., Goettel, M.S. and Johnson, D.L. (1995) Influence of Ultraviolet Light
Protectants on Persistence of the Entomopathogenic Fungus, Beauveria bassiana. Bi-
ological Control, 5, 581-590. https://doi.org/10.1006/bcon.1995.1069

Smits, N., Fargues, J., Rougier, M., Goujet, R. and Itier, B. (1996) Effects of Temper-
ature and Solar Radiation Interactions on the Survival of Quiescent Conidia of the
Entomopathogenic Hyphomycete Paecilomyces fumosoroseus (Wize) Brown and
Smith. Mycopathologia, 135, 163-170. https://doi.org/10.1007/bf00632338
Thompson, S.R., Brandenburg, R.L. and Arends, J.J. (2006) Impact of Moisture and
UV Degradation on Beauveria bassiana (Balsamo) Vuillemin Conidial Viability in
Turfgrass. Biological Control, 39, 401-407.
https://doi.org/10.1016/j.biocontrol.2006.08.004

Wenzel Rodriguez, I.M., Forim, M.R., da Silva, M.F.G.F. and Fernandes, J.B. (2016)
Effect of Ultraviolet Radiation on Fungi Beauveria bassiana and Metahrizium an-

isopliae, Pure and Encapsulated, and Bio-Insecticide Action on Diatraea saccharalis.
Advances in Entomology, 4, 151-162.
https://doi.org/10.4236/ae.2016.43016

Jia, H., Camara, 1., Zhang, Z., Gao, Y., Yang, X., Sangbaramou, R., et al. (2023) Effect
of Ultraviolet Radiation on Beauveria Bassiana Virulence and Development of Pro-

tective Formulations. Archives of Microbiology, 205, 1-7.
https://doi.org/10.1007/s00203-023-03457-4

Daoust, R.A. and Pereirn, R.M. (1986) Stability of Entomopathogenic Fungi Beau-
veria Bassiana and Metarhizium Anisopliae on Beetle-Attracting Tubers and Cowpea
Foliage in Brazil. Environmental Entomology; 15, 1237-1243.
https://doi.org/10.1093/ee/15.6.1237

Inglis, G.D., Goettel, M.S. and Johnson, D.L. (1993) Persistence of the Entomopath-
ogenic Fungus, Beauveria bassiana, on Phylloplanes of Crested Wheatgrass and Al-
falfa. Biological Control, 3, 258-270.

https://doi.org/10.1006/bcon.1993.1035

Portilla, M., Snodgrass, G. and Luttrell, R. (2014) Effect of Morning and Night Ap-
plication of Beauveria bassianaNi8 and GHA against the Tarnished Plant Bug in Cot-
ton. 2014 Beltwide Cotton Conference, New Orleans, 6-8 January 2014, 729-734.
Tobar, H.S.P., Vélez, A.P.E. and Montoya, R.E.C. (1998) Field Evaluation of One Iso-
late of the Fungus Beauveria bassiana Selected by Resistance to the Ultraviolet Light.
Revista Colombiana de Entomologia, 24, 157-163.

https://doi.org/10.25100/socolen.v24i2.9850

DOI: 10.4236/as.2026.179055

991 Agricultural Sciences


https://doi.org/10.4236/as.2026.179055
https://doi.org/10.1371/journal.pone.0290858
https://doi.org/10.1073/pnas.1913752117
https://doi.org/10.1002/ps.7086
https://doi.org/10.1111/j.1744-7348.1993.tb04061.x
https://doi.org/10.1006/bcon.1995.1069
https://doi.org/10.1007/bf00632338
https://doi.org/10.1016/j.biocontrol.2006.08.004
https://doi.org/10.4236/ae.2016.43016
https://doi.org/10.1007/s00203-023-03457-4
https://doi.org/10.1093/ee/15.6.1237
https://doi.org/10.1006/bcon.1993.1035
https://doi.org/10.25100/socolen.v24i2.9850

M. Portilla et al.

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Jaronski, S.T. (2010) Ecological Factors in the Inundative Use of Fungal Entomopatho-
gens. BioControl, 55, 159-185.
https://doi.org/10.1007/s10526-009-9248-3

Mwamburi, L.A., Laing, M.D. and Miller, R.M. (2015) Effect of Surfactants and Tem-
perature on Germination and Vegetative Growth of Beauveria bassiana. Brazilian
Journal of Microbiology, 46, 67-74.

https://doi.org/10.1590/s1517-838246120131077

Jenkins, J.N. and McCarty, J.C. (1995). Useful Tools in Managing Cotton Production:
End of Season Plant Maps. Mississippi Agricultural and Forestry Experiment Station
Bulletin.

Behie, S.W. and Bidochka, M.]. (2014) Ubiquity of Insect-Derived Nitrogen Transfer
to Plants by Endophytic Insect-Pathogenic Fungi: An Additional Branch of the Soil
Nitrogen Cycle. Applied and Environmental Microbiology; 80, 1553-1560.
https://doi.org/10.1128/aem.03338-13

Steinkraus, D.C. and Tugwell, N.P. (1997) Beauveria bassiana (Deuteromycotina:
Moniliales) Effects on Lygus lineolaris (Hemiptera: Miridae). Journal of Entomological
Science, 32, 79-90. https://doi.org/10.18474/0749-8004-32.1.79

Portilla, M., Little, N.S., Elkins, B.H., Du, Y., Zhu, Y., Glover, J.P., et al (2025) Evaluation
of Beauveria bassiana Strain NI8 and Conventional Insecticides to Control Lygus
lineolaris in Cotton. Southwestern Entomologist, 50, 611-631.
https://doi.org/10.3958/059.050.0225

Little, N.S., Elkins, B.H., Portilla, M., Allen, K.C., Read, Q.D. and Paulk, R.T. (2024)
Field Evaluation of Biological and Conventional Insecticides for Managing Multiple
Insect Pests in Cotton. Journal of Entomological Science, 59, 91-104.

https://doi.org/10.18474/jes23-37

DOI: 10.4236/as.2026.179055

992 Agricultural Sciences


https://doi.org/10.4236/as.2026.179055
https://doi.org/10.1007/s10526-009-9248-3
https://doi.org/10.1590/s1517-838246120131077
https://doi.org/10.1128/aem.03338-13
https://doi.org/10.18474/0749-8004-32.1.79
https://doi.org/10.3958/059.050.0225
https://doi.org/10.18474/jes23-37

	Field Persistence and Application Timing of Beauveria bassiana and Two Surfactants to Suppress Tarnished Plant Bug Population in Cotton
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Insect Colony
	2.2. Fungus Cultures
	2.3. Tarnished Plant Bug Population Suppression on Night and Morning Treated Plots
	2.4. Bioassay Procedure to Evaluate the Effect of the Sunlight on Beauveria bassiana Spores
	2.5. Effect of Native and Commercial Beauveria bassiana on TPB Population and Cotton Fruit Damages under Field Conditions
	2.6. Statistical Analysis

	3. Results
	3.1. Tarnished Plant Bug Population Suppression
	3.2. Effects of Sunlight on Beauveria bassiana Spore Germination
	3.3. Effect of Native and Commercial Beauveria bassiana on TPB Population and Fruit Damage Based on Yield Cotton Plant Mapping

	4. Discussion
	5. Conclusions and Recommendations
	Consent for Publication
	Data Availability
	Acknowledgements
	Author Contributions
	Conflicts of Interest
	References

