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Abstract. In this study, insecticidal effects of 13 Entomopathogenic fungi (EPF) isolates
recovered from Adana Province [Nine Fusarium spp., three Beauveria bassiana (B. bassiana) and
one Purpureocillium lilacinum (P. Lilacinum) isolates] was tested against the adults of Sitophilus
oryzae (S. oryzae) (L.) (Coleoptera: Curculionidae) under controlled conditions at 25+2 °C. Single
(1x107conidia mL") and multiple-dose (1x10° 1x106 1x107, 1x108 ve 1x10° conidia mL™)
experiments were conducted and mortality rates were recorded on 5t, 7t 9t and 14t days after
treatment (DAT). P. lilacinum-224, B. bassiana-310 and Fusarium sp.-339 were the most efficient
isolates in single-dose experiments and included in the multiple-dose bioassay. All the isolates
caused high mortality (%100) at both 1x108 and 1x10° doses 14t DAT in the multiple-dose
experiment. The calculated LCso and LCos values of the selected isolates were ranged between 889
and 16.231 conidia adult’. The results showed that all isolates tested in multiple-dose
experiments have a great potential for the control of the adults of S. oryzae. However, further
studies are needed to reveal their efficacy under storage conditions.

Yerel Entomopatojen Fungus izolatlarinin Sitophilus oryzae (L.) (Coleoptera:
Curculionidae) Erginleri Uzerindeki Etkinliklerinin Degerlendirilmesi

Anahtar kelimeler:

Depolanmis Urtnler,
Sitophilus oryzae, Fusarium
spp..  Beauveria  bassiana,

Purpureocillium lilacinum

Ozet. Bu calismada, Adana ilinden elde edilen 13 Entomopatojen fungus (EPF) izolatinin [dokuz
Fusarium spp., U¢ Beauveria bassiana (B. bassiana) ve bir Purpureocillium lilacinum (P. Lilacinum)]
insektisit etkisi Sitophilus oryzae (S. oryzae) (L) (Coleoptera: Curculionidae) erginlerine karsi
kontrolli kosullar altinda 25+2 °C'de test edilmistir. Tekli (1x107conidia mL") ve ¢oklu doz (1x10%,
1x108, 1x107, 1x108 ve 1x10° conidia mL™") denemeleri yapilmis ve 6lim oranlari uygulamadan
sonraki 5., 7., 9. ve 14. glinlerde kaydedilmistir. Tekli doz denemelerinde en etkili izolatlar olarak P.
lilacinum-224, B. bassiana -310 ve Fusarium sp.-339 izolatlari olmustur ve bu izolatlar ¢oklu doz
denemelerine dahil edilmislerdir. Tim izolatlar, ¢coklu doz denemelerinde 1x108 ve 1x10° uygulama
dozunda uygulamadan sonraki 14. glinde yilksek 6lim orani (% 100) meydana getirmislerdir.
Secilen izolatlarin hesaplanan LCso ve LCos degerleri 889 ve 16.231 conidia ergin™' arasinda
degismistir. Sonuglar, ¢oklu doz denemelerinde test edilen tim izolatlarin, S. oryzae erginlerinin
kontroliinde buylk bir potansiyele sahip oldugunu géstermistir. Bununla beraber, bu izolatlarin
depo kosullari altinda etkinliklerini belirlenmesi i¢in daha fazla calismaya ihtiyag vardir.
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INTRODUCTION

Stored product pests can have a large economic impact on stored cereals products and between 5 and 15%
of annual post-harvest yield losses occur due to damaging activities of stored product pests (Hagstrum et al,
1996). The rice weevil, Sitophilus oryzae (L.) (S. oryzae) (Coleoptera: Curculionidae), is one of the primary stored-
grain insect pests in storage environments and can give rise to great yield losses by decreasing the weight,
quality, and commercial value of grains. The control of this pest is quite challenging due to the internal feeding
habits of larval stages and reproductive potential of the adults under favorable conditions. Chemicals used in
the chemical control of this pest such as phosphine are known to pose serious threats to warm-blooded
animals including humans, environment and non-target organisms. Also, the susceptibility of different stages of
S. oryzae to the chemicals currently in use has been reported to be gradually decreasing (Fields and White,
2002; Boyer et al. 2012). Therefore, many researchers are in search of eco-friendly control methods in the
control of S. oryzae (Lee et al., 2001; Athanassiou et al., 2004; Ashamo, 2006; Koutsaviti et al., 2018; Colak et al.,
2019).

Fungal entomopathogens are natural suppressants of insect populations and possess the ability to infect
and kill arthropods. Entomopathogenic fungi (EPF) are one of the successful biological control agents of many
insect pests and have been studied intensively by many researchers (Lacey et al, 2011; Mnyone et al, 2011;
Skinner et al, 2012; Gabarty et al, 2014; Altinok et al, 2019; Canassa et al, 2019). One of the possible usage
areas of EPF is the crop storage facilities and screening studies of high-virulent entomopathogenic fungal
strains have been accelerated in the last decades (Saranya et al, 2010; Perinotto et al, 2012; Shahid et al, 2012;
Cuthbertson and Audsley, 2016; Ausique et al, 2017). Recent studies have revealed the potential of EPF against
the stored product pests including S. oryzae (Dal Bello et al, 2000; Cherry et al, 2005; Khashaveh et al, 2011;
Rumbos and Athanassiou, 2017; Yuksel et al, 2017; Batta, 2018; Ahmed et al, 2019). Although Beauveria bassiana
is one of the well-studied EPF, control potential of Purpureocillium lilacinum and Fusarium sp. are less
frequently studied in the control of stored product pests.

In the present study, the control potential of thirteen EPF isolates obtained from Adana province (9 Fusarium
spp., 3 Beauveria bassiana and 1 Purpureocillium lilacinum) were tested on the adults of S. oryzae. Also, the
germination rates, spore production and the effect of temperature on mycelial growth and on spore production
were determined for the most effective isolates in the pathogenicity tests.

MATERIAL AND METHOD

Source of Insects

The adults of S. oryzae were obtianed from the Plant Protection Department of Agricultural Faculty, Erciyes
University and cultured in glass jars (1 | volume) with 200 g of wheat at 27+2 °C under dark conditions. The jars
were covered with a perforated lid allowing air flow and each jar was observed daily to collect newly emerged
adults. Only one-week-old adults (males and females) were used in the experiments.

Fungal Isolates

Nine isolates of Fusarium spp., three isolates of Beauveria bassiana (B. bassiana) and one isolate of
Purpureocillium lilacinum (P. Lilacinum) were used in the experiments (Table 2). All the isolates tested were
recovered from Adana province (Turkey). Morphological identification of fungal isolates was made under a
microscope according to the criteria suggested by Humber (1997) and verified by Dr. Richard Humber (United
States Department of Agriculture, Agricultural Research Service). The isolates were grown on PDA in 9 cm
diameter Petri dishes and maintained in darkness at 2512 °C for 14 days for the completion of sporulation.
Fungal conidia were concentrated by scraping from the conidial layer using a sterile scalpel and harvested by
flooding the Petri dishes with sterile distilled water containing 0.01% (v/v) Tween 20 (Sigma Chemical, St. Louis,
Mo, USA) and shaking with a glass rod. The conidial concentration was calculated with a hemocytometer and
set up to 7x10°® conidia mL™" after the filtration of the suspension through a sieve (60-mesh) to separate
hyphae and substrate.

Bioassays
A single-dose (1x107 conidia mL') experiment was carried out in Petri dishes (9 cm diameter) including filter
paper to evaluate the pathogenicity of each isolate. Randomly selected twenty S. oryzae adults were put into
each Petri dish and 1 mL of aqueous conidial suspension was added with the help of a sterile perfume sprayer.
The adults from each treatment were put into untreated Petri dishes containing 10 g of intact wheat after kept
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for 24 h post-inoculation without food at 25+2 °C, 70+5% RH. The Petri dishes were observed at 5%, 7, 9™ and
14" days after treatment (DAT) to distinguish the dead individuals (Dal Bello et al, 2000; Kavallieratos, 2014).
Each treatment replicated four times for each isolate and only Tween 20 in distilled water (0.01%) was applied
to control treatments. The dead adults were surface-sterilized in 1% sodium hypochlorite solution, washed 3
times with sterile water and then placed on moistened filter paper. The adults with the hyphal growth
characteristics were counted as fungi-infected after the cadavers were kept in darkness for one week at 25+2 °C
(Ali-Shtayeh, 2003).

In the multiple-dose experiments five conidial concentrations (1x10°, 1x10°, 1x107, 1x108, and 1x10° conidia
mL™") of the most effective three isolate was evaluated on twenty adults of S. oryzae. The mortality rates of the
adults were recorded on the 5", 7", 9™, and 14™ and the infection of isolates were confirmed following the
aforementioned procedure. Mycosis values of EPF on S. oryzae were calculated by the ratio of adults.
Suspensions of 0.5% (w/w) of formulations or 0.1% (w/w) of unformulated conidia in sterile distilled water were
prepared and then diluted 100-fold. Twenty-five microliters were gathered from the above diluted suspensions
then spread in a thin layer on the surface of glass slides kept in Petri dishes under humid conditions at 25+2 °C
for 24 h. The germinations of conidia were evaluated 24 h post-inoculation by calculating germinated and
nongerminated conidia under the microscope (400X). The average germination percentage of the counted
conidia was calculated for each sample. Total germination percentage is calculated by counting 100 spores
from each sample. Germ tube spores are widely regarded as germinated spores. Spore suspension was applied
to the adults by spray inoculation method set to 1x10® mL" and the weevils were kept at 25+2 °C for 7 days.
The dead insects have been harvested for hydration for sporulation. Spore production was determined
afterwards. To determine this, a total of 15 infectious insects (5 infectious insects for each repeat) were thrown
separately into sterile 0.01% Tween 20 solution, with 3 replicates for each fungus. The numbers of spores were
determined by hemocytometer after it was vortexed for a minute to facilitate the passage of spores into the
water. Media were dispensed in 90 mm diameter Petri dishes and were centrally inoculated with 6 mm agar
plugs from 7-day-old PDA cultures of fungal isolates. Three replicate dishes of each medium for each fungal
isolate were incubated for 7 days at 10, 15, 20, 25, 30, and 37 °C in darkness. Radial mycelial growth was then
recorded as the mean of two perpendicular radii minus the radius of the inoculum plug. Radial mycelial growth
rate was calculated in mm/day. Spores production tested for six temperatures including 10, 15, 20, 25, 30, and
37 °C with three replicates/temperature combination on PDA supplemented. At the end of the mycelial growth
study (14™ day) spores were harvested by flooding the plates with 10 mL of distilled water and scraping the
surface of the colonies with a glass slide. The suspensions were filtered through a layer of sterile tissue papers
and spore concentration in the suspension from three colonies/temperature was determined using a
hemocytometer.

Statistical Analysis

In the pathogenicity bioassays, mortality data set were subjected to analysis of variance (ANOVA) using SPSS
(2013) after checked for normal distribution and adjusted using arcsine transformation. Means were separated
by using the Tukey test (P < 0.05). Lethal concentration values (LCso and LCgs) of each isolate was determined
using Probit analysis.

RESULTS AND DISCUSSION

In order to obtain EPF, 80 soil samples in total were taken from different habitats of Adana Province and
thirteen of them were found positive (16.2%). Nine isolates were identified as Fusarium sp., three were
Beauveria bassiana, and one was Purpureocillium lilacinum. EPF were isolated from all habitats soil samples
taken and Orchard/Vineyard habitats showed a higher recovery frequency (22%) than the others (Table 1). All
the isolates caused great mortality on the adults of S. oryzae varying between 47% and 98% at 14" DAT and
fungal species showed great variability in virulence against the adults of S. oryzae (Table 2). Mortality rates
generally increased as the DAT increased in the single-dose experiment. Beauveria bassiana-310 and Fusarium
sp.-339 were the most efficacious isolates at 5M-7" DAT and at 9'-14™ DAT, respectively. Purpureocillium
lilacinum-224 performed better than the most of the isolates at the days after application (Table 3). There was
no mortality in the control treatments. Post-mortem mycelial and conidial growth confirmed that most of the
adults died of the EPF application. The external mycelium emerged within 8 days after keeping the dead adults
on a damp filter paper. The highest rate of mycosis (35%) was achieved by B. bassiana-310 isolate at the 7" and
14" DAT (Table 4). Three most virulent isolates were selected after the single-dose experiment and included in
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the multiple-dose experiment (B. bassiana-310 isolate, Fusarium sp.-339 isolate, and P. lilacinum-224 isolate)
(Table 5, 6, 7, 8).

Table 1. Distribution of EPF in soil by geographical location, crop, and percentage frequency of isolates.
Cizelge 1. Entomopatojen fungus izolatlarinin izole edildikleri cografi konumu, tarimsal (iriin ve izolasyon yiizdesine goére
dagiimt.

Habitats (Number of positive samples/ Number of samples tested)*

Sample Location Pasture Vegetable Orchard/ Cropland Forest %F %B %P % EPF

code vineyard

165 Bahgekdy-Karatas  0/1 1(F)/4 0/1 0/3 - 11.1 00 00 11.1

195-213  Ceyhan 1(B)/5 - 1(F)/7 0/11 0/2 4.0 40 00 80

224 Mansurlu -Kozan - - 1(P)/1 0/1 - 0.0 0.0 50.0 50.0

251-252 Karadmerli- 1(F)/1 - 1(F)/1 0/1 - 66.7 0.0 0.0 66.7
Saricam

307-310  Cukurova 0/1 1(B)/4 1(B)/5 0/4 0/2 0.0 125 00 125

327-328- Karaisall 1(F)/3 0/2 0/2 0/5 2(F)/6 167 00 0.0 167

334

339 Feke - - 1(F)/5 0/1 - 167 00 00 167

452 Kahramanmaras, - - - 1(F)/1 - 1000 00 0.0 1000
Afsin, Alipinar

*F: Fusarium spp., B: Beauveria bassiana, P: Purpureocillium lilacinum.

Table 2. MANOVA parameters for the main effects and associated interactions for the mortality rates of the adults Sitophilus
oryzae.

Cizelge 2. Sitophilus oryzae erginlerinin 6liim oranlart icin ana faktérler ve interaksiyonlarinin ¢ok degiskenli varyans analizi
(MANQOVA).

5th DAT 7t DAT 9th DAT 14t DAT
Source*
df F P df F P df F P df F P
F 2 41976 0.000 2 35.670 0.000 2 56.078 0.000 2 69.392 0.000
@ 4 127.449 0.000 4 199.269 0.000 4 299.428 0.000 4 406.465 0.000
F*C 8 2.503 0.024 4 2.097 0.056 8 1.703 0124 8 20.902 0.000

*DAT: Days after EPF-treatment, F: Entomopathogenic fungi isolates, C: Concentrations, F: F-statistic, P: Probability for significant level and df: the degree of
freedom. *Calculated P-value < 0.05 indicates that the source of variation in mortality of adult S.oryzae was significant.

Table 3. Mortality rates of thirteen EPF isolates on the adults of Sitophilus oryzae at the 5%, 7, 9™ and 14" days after
treatment (DAT) in the single-dose experiment (1x107 conidia mL™") at 25+2°C.

Cizelge 3. On (ic entomopatojen fungus izolatinin tek doz denemelerinde (1x107 conidia mL™ ") 25 + 2 °C'de uygulamadan
sonraki 5., 7., 9. ve 14. giinlerde Sitophilus oryzae erginleri lizerinde meydana getirdikleri 6liim oranlari.

EPF Mortality Rates (+Se)

Isolate 5th DAT 7t DAT 9t DAT 14t DAT
Beauveria bassiana 195 20.0£3.1Bc* 35.0+4.5CDb 68.8+3.7DEa 69.0+3.7DEa
Beauveria bassiana 307 12.5+2.8BCDc 51.3+5.2BCb 83.8+4.1ABCa 85.0+4.1ABCa
Beauveria bassiana 310 35.0+3.1Ac 75.0+3.1Ab 92.5+2.8ABa 94.3+2.8ABa
Fusarium sp. 165 7.5+1.3DEb 35.0+5.3CDa 47.5+4.2Fa 47.5+4.2Fa
Fusarium sp. 213 6.3+2.1Ec 23.8+2.1Db 63.8+5.8Ea 65.0+4.8Ea
Fusarium sp. 251 6.313.3Ec 40.0+£4.4CDb 72.5+4.5CDEa 73.0+4.5CDEa
Fusarium sp. 252 6.3+1.1Ec 35.0£5.3CDb 61.3+5.7Ea 65.0+5.6Ea
Fusarium sp. 327 17.5+£3.8BCc 52.5+1.3BCb 72.5+3.7CDEa 72.5+3.8CDEa
Fusarium sp. 328 8.8+3.7CDEc 46.3+4.2Cb 80.0+4.3BCDa 82.3+4.2BCDa
Fusarium sp. 334 11.3+2.1BCDc 36.3+3.1BCb 83.8+4.5ABCa 83.8+4.5BCDa
Fusarium sp. 339 18.8+4.1Bc 713+7.2Ab 97.5+2.1Aa 98.8+2.2Aa
Fusarium sp. 452 13.8+3.7BCDc 65.0+4.3ABb 90.0+3.5ABa 90.3+3.5ABa
Z[”arz;; e:f“““”” 224 213+2.1Bc 67.5+4.2ABb 90.0+1.8ABa 90.5+1.8ABa
Control - 0.0+0.0Fa 3.8+2.1Ea 6.3+2.1Ga 6.3+2.1Ga

*Mean values followed by different uppercase letters in the same column and mean values followed by different lowercase letters in the same line are
statistically different according to Tukey's test (P< 0.05).
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The estimated LCso values of the isolates tested on the adults of S. oryzae were given in Table 8. The lowest

LCso and LCys values were achieved by Fusarium sp.-339 isolate. The spore production of the isolates ranged
between 0.70x10? and 5.20x10° (Table 9).
Many researchers have studied the effectiveness of EPF against the adults of S. oryzae using different
application methods and concentrations. The susceptibility of the adults was varied according to the EPF
species, the virulence of EPF species and isolates, and the method of treatment or application. Dal Bello et al.
(2000) evaluated the virulence of ten different fungal isolates belonging to B. bassiana, M. anisopliae,
Verticillium lecanii, and P. farinosus against the adults of S. oryzae and the highest mortality rates did not
exceed 50% 14" DAT. Rice and Cogburn (1999) reported 100% adult mortality of S. oryzae 14th DAT when B.
bassiana isolate applied as a conidial powder. In another study, the maximum mortality rate (100%) achieved
from the conidial suspension of B. bassiana 7" DAT (Kavallieratos et al, 2014). Mortality rates generally
increased in these studies with the increasing concentrations. Our study is in agreement with these reports that
higher mortality obtained with increasing concentrations. This may be originated from the low concentrations
that may not be able to break the resistance mechanisms of healthy adults. Contrary to this, the adults were not
able to get over or survive the infection in high concentrations (Muller-Kogler, 1967; Makaka, 2008).

The type of formulation used, the virulence of isolates, environmental conditions, and concentration of
conidia are also crucial to understand the considerable variation in susceptibility of the adults (Wakefield, 2006).
Some of the isolates used in this study were found to work well at 25 °C and 70£5% RH and caused high
mortality by the direct inoculation of adults with the conidial suspension of the EPF isolates. The efficacy of
different EPF species on the adults of S. oryzae has been studied by various researches worldwide and B.
bassiana provided effective control in these studies (Hluchy and Samsinakova, 1989; Rice and Cogburn, 1999;
Sheeba et al.,, 2001; Yanar et al., 2019; Yanar et al., 2020).

Table 4. Mycosis rates (%) of thirteen EPF isolates on the adults of Sitophilus oryzae at the 7" and 14" days after treatment
(DAT) after the single-dose experiment (1x107 conidia mL™") at 25+2 °C.

Cizelge 4. On (ic entomopatojen fungus izolatinin (%), tek doz denemelerinde (1x107 conidia mL™") uygulamadan sonraki 7. ve
14. giinlerde 25+2 °C'de Sitophilus oryzae erginleri lizerindeki mikozis oranlart.

EPF Isolates Days after treatment (DAT) (Mycosis %)
7th 14th
Beauveria bassiana 195 20.0 Ab* 350 Ca
Beauveria bassiana 307 12.5 BCb 51.3 Ba
Beauveria bassiana 310 35.0 Ab 75.0 Aa
Fusarium sp. 165 7.5Cb 35.0Ca
Fusarium sp. 213 6.3 Cb 23.8 CDa
Fusarium sp. 251 6.3 Cb 40.0 Ca
Fusarium sp. 252 6.3 Cb 35.0Ca
Fusarium sp. 327 17.5 Bb 52.5Ba
Fusarium sp. 328 8.8 Cb 46.3 BCa
Fusarium sp. 334 11.3 BCb 36.3 Ca
Fusarium sp. 339 18.8 ABb 713 Aa
Fusarium sp. 452 13.8 BCb 65.0 Aa
Purpureocillium lilacinum 224 213 Ab 67.5 Aa
Control - 0.0 Da 0.0 Da

*Mean values followed by different uppercase letters in the same column and mean values followed by different lowercase letters in the same line are
statistically different according to Tukey's test (P< 0.05).

Rapid germination and penetration of the conidia are the crucial factors affecting the speed of kill and play a
key role in the virulence of EPF species as indicated in earlier studies (Altre and Vandenburg, 2001; Wakefield,
2006). In this study, early penetration of Fusarium spp. and B. bassiana into the insect tissue is accompanied by
the rapid death of the adults of S. oryzae. In this study, LCso and LCos values of B. bassiana-310 and Fusarium
sp--339 were quite similar to each other and below the earlier reported ranges for different pests (Sheeba et al.,
2001; Batta, 2010; Mahdneshin et al., 2011).
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Table 5. Dose mortality rates (%) of P. lilacinum 224, B. bassiana 310 and Fusairum sp. 339 entomopathogenic fungi isolates
on the adults of Sitophilus oryzae at the 5™ days after treatment (DAT).

Cizelge 5. Purpureocillium lilacinum 224, B. bassiana 310 and Fusairum sp. 339 entomopatojen fungus izolatlarinn doz
calismasinda uygulamadan sonraki 5. glinde Sitophilus oryzae erginleri lizerinde meydana getirdikleri 6liim oranlart.

EPF Dose (Conidi mL-") * Se
Isolates
1x105 1x108 1x107 1x108 1x10°
Purpureocillium lilacinum 224 2.5+2.2Bc* 10.0£3.4ABc 27.5+3.8Bb 42.5+1.3Ba 48.8+2.1Ca
Beauveria bassiana 310 15.0+£3.1ABc 18.8+3.3ABc 40.0£3.1Ab 50.0£0.0Bb 66.3+4.5Ba
Fusarium sp. 339 15.0£3.4ABd 25.5+2.2Ad 45.0+£1.8Ac 68.8+5.1Ab 85.0+3.1Aa
Control - 0.0+0.0Ba 13+1.1Ba 1.3+1.1Ca 0.0+0.0Ca 2.5+1.3Da

*Mean values followed by different uppercase letters in the same column and mean values followed by different lowercase letters in the same line are
statistically different according to Tukey's test (P< 0.05).

Table 6. Dose mortality rates (%) of P. lilacinum 224, B. bassiana 310 and Fusairum sp. 339 EPF isolates on the adults of
Sitophilus oryzae at the 7t DAT.

Cizelge 6. Purpureocillium lilacinum 224, B. bassiana 370 and Fusairum sp. 339 entomopatojen fungus izolatlarinin doz
calismasinda uygulamadan sonraki 7. glinde Sitophilus oryzae erginleri lizerinde meydana getirdikleri 6ltim oranlart.

EPF Isolate Dose (Conidi mL-") + Se
1x10°% 1x106 1x107 1x108 1x10°
Purpureocillium lilacinum 224 8.8+2.8ABd* 30.0+1.8BCc 41.3+5.4Cb 72.5+1.3Ba 65.0+1.8Ba
Beauveria bassiana 310 21.3+1.1Ad 41.3+3.7Ac 52.5+1.3Bb 82.5+2.2Aa 81.3+2.1Aa
Fusarium sp. 339 22.5+2.2Ad 37.5£2.8ABc 68.8+5.1Ab 85.0+3.1Aa 90.0+2.5Aa
Control - 1.3+1.1Ba 0.0+0.0Ca 0.0+0.0Da 0.0+0.0Ca 2.5+1.3Ca

*Mean values followed by different uppercase letters in the same column and mean values followed by different lowercase letters in the same line are
statistically different according to Tukey's test (P< 0.05).

Table 7. Dose mortality rates (%) of P. lilacinum 224, B. bassiana 310 and Fusairum sp. 339 EPF isolates on the adults of
Sitophilus oryzae at the 9™ DAT.

Cizelge 7. Purpureocillium lilacinum 224, B. bassiana 370 and Fusairum sp. 339 entomopatojen fungus izolatlarinin doz
calismasinda uygulamadan sonraki 9. glinde Sitophilus oryzae erginleri lizerinde meydana getirdikleri 6liim oranlart.

EPF Dose (Conidi mL-") + Se
Isolate

1x10°% 1x106 1x107 1x108 1x10°
Purpureocillium 224 21.3+2.1Bd* 43.8+5.4Bc 58.8+3.7Cb 85.0+0.0Ba 77.5+13Ba
lilacinum
Beauveria bassiana 310 35.0+1.8Ad 60.0+3.1Ac 90.0+£3.1Ab 98.8+1.1Aa 100.0+£0.0Aa
Fusarium sp. 339 33.8+2.1Ad 58.8+3.7Ac 77.5+2.8Bb 95.0+1.8Aa 97.5+2.2Aa
Control - 1.3+1.1Ca 1.3+1.1Ca 1.3+1.1Da 1.3+1.1Ca 2.5+1.Ca

*Mean values followed by different uppercase letters in the same column and mean values followed by different lowercase letters in the same line are
statistically different according to Tukey's test (P< 0.05).

Table 8. Dose mortality rates (%) of P. lilacinum 224, B. bassiana 310 and Fusairum sp. 339 EPF isolates on the adults of
Sitophilus oryzae at the 14™" DAT.

Cizelge 8. Purpureocillium lilacinum 224, B. bassiana 310 and Fusairum sp. 339 entomopatojen fungus izolatlarinin doz
calismasinda uygulamadan sonraki 14. giinde Sitophilus oryzae erginleri lizerinde meydana getirdikleri 6liim oranlart.

EPF Dose (Conidi mL-") £ Se

Isolate
1x10° 1x108 1x107 1x108 1x10°
Purpureocillium 224 30.0+2.5Cd* 52.5+1.3Cc 73.5+4.5Ch 100.0+0.0Aa 100.0+0.0Aa
lilacinum
Beauveria bassiana 310 47.5+2.2Ac 72.5+2.2Bb 100.0£0.0Aa 100.0£0.0Aa 100.0£0.0Aa
Fusarium sp. 339 45.0+0.0ABc 93.8+3.3Ab 90.0+1.8Bb 100.0+0.0Aa 100.0+0.0Aa
Control - 1.3+1.1Da 1.3+1.1Da 1.3+£1.1Da 5.0+2.5Ba 2.5+1.3Ba

*Mean values followed by different uppercase letters in the same column and mean values followed by different lowercase letters in the same line are
statistically different according to Tukey's test (P< 0.05).
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Table 9. Lethal concentration 50% (LCso) ve 95% (LCos) values (Conidia mL™") of the adults of Sitophilus oryzae (P< 0.05).
Cizelge 9. Sitophilus oryzae erginlerinin lethal konsantrasyon 50% (LCsg) ve 95% (LCos) degerleri (Conidia mL™") (P< 0.05).

EPF Isolate LCso LCos X? P Slop (b) Intercept (a)
Purpureocillium lilacinum 224 8892.5 16230.7 0.69 0.92 142 -2.02
Beauveria bassiana 310 4863.4 10153.9 3.74 0.98 2.07 -0.39
Fusarium sp. 339 2011.6 10055.4 3.66 0.28 2.34 -1.31
CONCLUSION

These results indicate that B. bassiana-310 and Fusarium sp.-339 could significantly help to minimize the
damages caused by the adults of S. oryzae in storage environment under favorable conditions. Synergistic
studies with entomopathogenic nematodes and biopesticides are highly recommended for further studies in an
empty storage environment and could help achieve better control against the adults of S. oryzae.
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