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Fig. 5. Galls of cynipid gall wasps.a. Andricus solitarius ♀♀; b. A. stefanii ♀♀; c. A. superfetationis ♀♀; d. 
Aphelonyx cerricola ♀♀; e. Biorhiza pallida ♀♂; f. Callirhytis glandium ♀♀; g. Cynips cornifex ♀♀; h. 
C. longiventris ♀♀; i. C. quercus ♀♀.
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Fig. 6. Galls of cynipid gall wasps.a. Cynips quercusfolii ♀♀; b., c. Dryocosmus cerriphilus: b. ♀♂, c. ♀♀; 
d. D. nitidus ♀♀; e. Neuroterus anthracinus ♀♀; f. N. numismalis ♀♂; g., h. i. N. quercusbaccarum: 
g., h. ♀♂, i. ♀♀.
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Phosphine fumigation procedure and gas analysis
One hundred thirty ml fumigation glass vials with the insects and 5 gr wheat, 

which are closed with aluminum cap with septa by using the crimper, were used in 
biological tests. Phosphine gas was obtained from a 10 l steel gas cylinder (volume; 
1% PH3 + 99% N2) supplied from Linde Industrial Gases Company (Germany). The 
latex rubber ball with the septum was used for collecting PH3 gas from the steel as 
cylinder. Gas-tight syringes (Hamilton, Bonaduz, Switzerland) were used for collecting 
PH3 gas from gas sampling ball and injection of PH3 gas into the fumigation glass vials 
(9.45 cm in height x 1.25 cm in diameter) for dosing. Target concentrations of gas were 
achieved by adding the required amount of the 1% PH3 to the vial, following removal 
of the same volume of air, which was determined to meet the target concentration 
based on vial volume. Analysis and quantification of PH3 concentrations achieved in 
laboratory fumigation jars generally followed the methods reported earlier in similar 
work (Sekhon, Schilling, Phillips, Aikins, Hasan, Corzo & Mikel, 2010, Opit et al, 2012). 
The gas chromatography (Shimadzu GC-2010 model, Shimadzu Corporation, Japan) 
with Flame Photometric Detector (FPD) and Rt®-Q-BOND capillary column (30 m 
length * 0.32 mm inner diameter * 10 µm film thickness, RESTEK GC Columns, USA) 
was used to determine the concentrations of PH3 gas exposed to S. oryzae adults in 
biological tests. The injection temperature was set to 250 ºC, the column temperature 
to 120 °C and the detector temperature to 250 ºC. Nitrogen (N2) was used as the carrier 
gas. The amount of PH3 gas injected into the device was 25 µl. The retention time 
was 1.56 minute. All analysis of PH3 gas were preceded by establishing a quantitative 
standard curve using known PH3 concentrations that could then be used to derive the 
concentration in a jar via a regression equation derived from the standard curve. The 
PH3 concentration for any given fumigation vial represented the average concentration 
for that vial measured 30 min after adding the gas and the concentration measured at 
the end of the exposure period just before venting the vial. There was no reduction of 
phosphine concentrations at the start and at the end of the measurements.

Phosphine resistance tests

Discriminating concentration tests
Discriminating concentration tests were used by FAO Method No. 16 (FAO, 1975) 

with the following modifications reported by Daglish & Collins (1999) to determine 
whether S. oryzae field populations had detectable resistance and their frequency 
of resistance. Each of S. oryzae field populations was exposed to low and high 
discriminating concentrations of 0.04 mg / l (29 ppm) and 0.20 mg / l (1436 ppm) 
respectively for 20 hours at 25 ± 1 ºC and 60 ± 5% RH by method modified by Daglish 
& Collins (1999). The results of discriminating concentration test were evaluated and 
resented by using the in Table 1 classification. Forty S. oryzae adults (1-2 week old) 
were added to each glass vial with a small quantity of diet (5 g of wheat) and the 
lids of the glass vial were closed with a rubber septum capped with aluminum crimp 
caps. Target concentrations were applied to each jar using small amounts of 1% PH3 
followed by quantitative GC-FPD as described above. For each insect population, five 
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fumigation vials with 40 S. oryzae adults and food media were separately exposed to 
the low and high discriminating concentrations. Test insects were held under these 
concentrations in a growth chamber for 20 h at a controlled temperature of 25 ± 1ºC, 
and then all vials were removed and held in fresh air for 14 d at 25 ± 1ºC and 60 ± 5 
%RH, after which they were assessed for mortality. The beetles were removed from 
the vials and counted as live, moribund, or dead. Moribund and dead adults were 
placed in a 9-cm Petri dish containing a piece of filter paper moistened with 0.5 ml of 
water. These adults were then re-evaluated after 24 h for recovery. Five small vials 
(200 adults) were held under air in a fumigation jar to serve as experimental control 
beetles for inclusion in the concentration-mortality analysis as those exposed to 0 ppm 
PH3, and were held and evaluated in the same way as fumigated beetles.
Table 1. Interpretation of discriminating concentration test results.

Low concentration 0.04 mg/l* High concentration 0.20 mg/l** Resistance classification

No survivors No survivors Susceptible

Survivors No survivors Weak resistance

Survivors Survivors Strong resistance

*FAO (1975) **Modification of Daglish & Collins(1999)

Lethal concentration tests 
In order to determine the levels of PH3 resistance in S. oryzae adults collected 

from grain storage facilities in Şanlıurfa, Adana and Kahramanmaraş provinces, 
one population for each province, which had the highest survival rate and one 
of PH3-susceptible population was used for concentration-mortality tests. For 
concentration-mortality tests, each selected population was exposed to at least 6 
to 8 different concentrations of PH3 ranging from 0.014 to 0.76 mg/l for 20 h at 25 
± 1°C and 65±5 % RH. Mortality assessments were conducted 14 days after PH3 
fumigation. Bioassay procedures were similar to discriminating concentration tests. 
In the determination of the most susceptible S. oryzae population, three susceptible 
field populations of S. oryzae which had no survival in both low and high discriminating 
concentrations (Şanlıurfa 7, Adana 1 and Kahramanmaraş 4) were exposed to 
concentration-mortality tests. Each selected population was exposed to 6 to 8 different 
concentrations of PH3 ranging from 0.005 to 0.025 mg/l for 20 h at 25 ± 1 °C and 
65 ± 5 % RH. Mortality assessments were conducted 14 days after PH3 fumigation. 
According to the results of probit analysis, Kahramanmaraş 4 field population which 
had the lowest LC99 value (0.022 mg/l) was considered a PH3-susceptible population.

Data analysis
In all biological tests, numbers of dead and live insect obtained on the 14th day 

after the fumigations were counted and the survival rates were calculated. Analysis 
of variance (ANOVA) was used to analyze percentage survival data after arcsine 
transformation to normalize the data. Percentage survival for each discriminating 
concentration was also adjusted for natural survival in controls using Abbott formula 
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before analysis and was then analyzed using one-way analysis of variance (factor; 
insect population). Differences between the means were determined using the Tukey 
Multiple Range Test at the 5% significance level. In order to calculate the lethal 
concentration values (LC50 and LC99) of the PH3-resistant S. oryzae populations, the 
concentration-mortality data obtained were subjected to probit analysis using the 
POLO-PC (LeOra Software, 1994) program. The resistance factor (RF50) for each 
PH3-resistant population was obtained by dividing the LC50 value estimated for each 
insect population by the LC50 value of the PH3 susceptible population.

RESULTS
Discriminating concentration tests showed that survival rates at both low and 

high discriminating concentrations varied significantly among field populations of S. 
oryzae in Adana province (Table 2). Survival data at the low and high discriminating 
concentrations indicated that there was clear evidence of resistance in nine out ten 
field populations of S. oryzae in Adana province. Survival rate (%) of field population 
of S. oryzae ranged from 0 to 98.5% at the low discriminating concentration while 
it ranged from 0 to 46.5% at the high discriminating concentration. Numerically, 
Adana 3 and Adana 6 populations of S. oryzae had the highest survival rate, with 
98.5 and 46.5% at the low and high discriminating concentrations, respectively. No 
survivor in the Adana 1 population of S. oryzae was obtained at both the low and high 
discriminating concentrations, which had no detectable resistance, referred as the 
susceptible population. Two out of ten populations of S. oryzae, Adana 2 and Adana 
3, had weak resistance, which had survivors ranging from 95.5 to 98.5% at the low 
discriminating concentration, but no survivors were detected at the high discriminating 
concentration. Seven out ten populations of S. oryzae, Adana 4, 5, 6, 7, 8, 9, and 10, 
had strong resistance, with survival ranging from 10 to 89% and 7.5 to 46.5% at both 
the low and high discriminating concentrations respectively.

The survival rates at both the low and high discriminating concentrations varied 
significantly among field populations of S. oryzae in Kahramanmaraş province (Table 
3). Discriminating concentration tests showed that there was resistance in eight out of 
ten field populations of S. oryzae in Kahramanmaraş province. Survival rate (%) of the 
field population of S. oryzae ranged from 0 to 90% and 0 to 28.5% at the low and high 
discriminating concentrations respectively. The Kahramanmaraş 5 population of S. 
oryzae had the highest survival rate, with 90 % at the low discriminating concentration 
while Kahramanmaraş 10 population had the highest survival rate, with 28.5% at 
the high discriminating concentration. There were no survivors in Kahramanmaraş 2 
and Kahramanmaraş 4 populations of S. oryzae at either low or high discriminating 
concentrations, which demonstrates no detectable resistance. One out ten populations 
of S. oryzae, Kahramanmaraş 3 had weak resistance, with 23% survival at the low 
discriminating concentration, but no survivors were detected at the high discriminating 
concentration. Seven out ten populations of S. oryzae, Kahramanmaraş 1, 5, 6, 7, 
8, 9 and 10, had strong resistance, with survival ranging from 21 to 90% and 4.5 to 
28.5% at both the low and high discriminating concentrations, respectively.
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Table 2. Survival rates (%) and phosphine resistance classification of  field populations of Sitophilus 
oryzae adults collected from Adana province after 20-h exposure to discriminating concentrations 
(0.04 and 0.20 mg/L) of phosphine.

Insect population
Survival rate (%) ± S.E

Phosphine resistance status
0.04 mg/l PH3 0.20 mg/l PH3

Adana 1 0 ± 0 E 0 ± 0 E Susceptible

Adana 2 95.5 ± 0 AB 0 ±0 E Weak resistance

Adana 3 98.5 ± 0 A 0 ± 0 E Weak resistance

Adana 4 37 ± 4 D 18 ± 3.9 BCD Strong resistance

Adana 5 10 ± 4.4 E 7.5 ± 1.5 DE Strong resistance

Adana 6 89 ± 3.4 AB 46.5 ± 6.5 A Strong resistance

Adana 7 85 ± 2.9 AB 34 ± 4.2 AB Strong resistance

Adana 8 75.5 ± 3.4 BC 17.5 ± 1.7 CD Strong resistance

Adana 9 41 ± 9.2 D 21.5 ± 5 BCD Strong resistance

Adana 10 64 ± 4.7 C 28.5 ± 2.8 BC Strong resistance

F and P* value F9,40=71.04
P<0.0001

F9,40=21.83
P<0.0001

*One-way ANOVA was applied to the data. Means within a column with the same upper-case letter are 
not significantly different (Tukey test at 5% level).

Table 3. Survival rates (%) and phosphine resistance classification of field populations of Sitophilus ory-
zae adults collected from Kahramanmaraş province after 20-h exposure to discriminating concentra-
tions (0.04 and 0.20 mg/L) of phosphine.

Insect population
Survival rate (%) ± S.E

Phosphine resistance status
0.04 mg/l PH3 0.20 mg/l PH3

Kahramanmaraş 1 12.5 ± 3.7 DE 4.5 ± 2.4 CD Strong resistance

Kahramanmaraş 2 0 ± 0 E 0 ± 0 D Susceptible

Kahramanmaraş 3 23 ± 3.9 CD 0 ± 0 D Weak resistance

Kahramanmaraş 4 0 ± 0 E 0 ± 0 D Susceptible

Kahramanmaraş 5 90 ± 2.8 A 20.5 ± 2.1 AB Strong resistance

Kahramanmaraş 6 43.5 ± 4.1 BC 12 ± 1.6 BC Strong resistance

Kahramanmaraş 7 21 ± 7.2 D 5.5 ± 2. 4 CD Strong resistance

Kahramanmaraş 8 49.5 ± 6.4 B 12 ± 1.2 BC Strong resistance

Kahramanmaraş 9 24.5 ± 8.3 CD 7 ± 1.4 CD Strong resistance

Kahramanmaraş 10 71 ± 4.3 A 28.5 ± 3.2 A Strong resistance

F and P* value F9,40=46.41
P<0.0001

F9,40=27.17
P<0.0001

*One-way ANOVA was applied to the data. Means within a column with the same upper-case letter are 
not significantly different (Tukey test at 5% level).
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The survival rates at both the low and high discriminating concentrations varied 
significantly among field populations of S. oryzae in Şanlıurfa province (Table 4). 
Discriminating concentration tests showed that there was resistance in eight out of 
nine field populations of S.oryzae in Şanlıurfa province.  Survival rate of the field 
population of S. oryzae ranged from 0 to 99% and 0 to 83% at the low and high 
discriminating concentrations, respectively. Şanlıurfa 2 population of S. oryzae had 
the highest survival rate, with 99 % at the low discriminating concentration while 
Şanlıurfa 4 population had the highest survival rate, with 83% at the high discriminating 
concentration. No survivor in Şanlıurfa 7 populations of S. oryzae was obtained at both 
the low and high discriminating concentrations, which had no detectable resistance. 
Eight out of nine populations of S. oryzae, Şanlıurfa 1, 2, 3, 4, 5, 6, 8, and 9, had 
strong resistance, with survival ranging from 57.5 to 99% and 11.5 to 83% at both the 
low and high discriminating concentrations, respectively.
Table 4. Survival rates (%) and phosphine resistance classification of field populations of Sitophilus 

oryzae adults collected from Şanlıurfa province after 20-h exposure to discriminating concentrations 
(0.04 and 0.20 mg/L) of phosphine.

Insect population
Survival rate (%) ± S.E

Phosphine resistance status
0.04 mg/l PH3 0.20 mg/l PH3

Şanlıurfa 1 97.5 ± 0.7 A 23.5 ± 3.9 D Strong resistance

Şanlıurfa 2 99 ± 0.6 A 22 ± 5.7 D Strong resistance

Şanlıurfa 3 91.5 ± 2.5 AB 78.5 ± 4.2 AB Strong resistance

Şanlıurfa 4 94.5 ± 2 A 83 ± 2.5 A Strong resistance

Şanlıurfa 5 88.5 ± 3.2 AB 63.5 ± 5.6 B Strong resistance

Şanlıurfa 6 57.5 ± 10 C 11.5 ± 2DE Strong resistance

Şanlıurfa 7 0 ± 0 D 0 ±0 E Susceptible

Şanlıurfa 8 93 ± 2.9 A 61.5 ± 4.4 B Strong resistance

Şanlıurfa 9 73 ± 2.5 BC 42.5 ± 2.6 C Strong resistance

F and P* value F8,36=63.66
P<0.0001

F8,36=59.93
P<0.0001

*One-way ANOVA was applied to the data. Means within a column with the same upper-case letter are 
not significantly different (Tukey test at 5% level).

As concentrations of PH3 discriminating concentration tests also indicated that the 
frequencies of PH3 resistance in S. oryzae populations varied according to sampling 
locations (Fig. 1). Six and seven populations of S. oryzae in Şanlıurfa and Adana had high 
survival ranging from 61 to 100% at the low discriminating concentration respectively, 
whereas only one population in Kahramanmaraş had high survival. In the case of the 
high discriminating concentration, only Şanlıurfa had five populations with high survival 
while Adana and Kahramanmaraş had no populations with high survival. These findings 
indicated that the high resistance frequencies in S. oryzae populations were more 
common in Şanlıurfa than those in Adana and Kahramanmaraş while Kahramanmaraş 
had the lowest number of S. oryzae populations with high resistance frequency.
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Fig. 1. Resistance frequency distribution for field populations of Sitophilus oryzae collected from Şanlıurfa, 
Adana and Kahramanmaraş province after 20-h exposure to (a) low (0.04 mg/L) and (b) high (0.20 
mg/L) discriminating concentration of phosphine.

As concentrations of PH3 required to kill 50 and 99% of the susceptible population 
(Kahramanmaraş 4) were compared with Adana 7, Şanlıurfa 4, Kahramanmaraş 8 
population of S. oryzae, 95 % CLs of the susceptible population did not overlap those 
of Adana 7, Şanlıurfa 4, Kahramanmaraş 8 population, so the LC50 and LC99 values in 
each case were different. Therefore, in relation to LC50, the Adana 7, Şanlıurfa 4, and 
Kahramanmaraş 8 populations were 28.9, 57.5, and 16.3 times more resistant than the 
susceptible population (Kahramanmaraş 4) respectively. Similarly, 95 % CLs of Şanlıurfa 
4 population did not overlap those of Adana 7 and Kahramanmaraş 8 population, so 
the LC50 and LC99 values in each case were different. Based on LC50 values, Şanlıurfa 
4 population was 2 and 3.5 times more resistant than Adana 7 and Kahramanmaraş 
8 populations respectively Table 5. Finally, 95 % CLs of Adana 7 population did not 
overlap those of Maraş 8 population, so the LC50 and LC99 values in each case were 
different. Based on LC50 values, Adana 7 population was 1.77 times more resistant than 
Kahramanmaraş 8 population. It is important to note that the significant differences found 
in all comparisons existed despite the fact that heterogeneity values in all cases were >1, 
which implies the differences between the populations compared were quite pronounced.
Table 5. Probit analysis data of mortality for phosphine-resistant and susceptible field populations of Sit-

ophilus oryzae resulting from 20-h laboratory fumigations at 25±1 °C and 65±5 % relative humidity.

Insect population na Slope±SE LC50 (mg/l)
(95 % CI)b

LC99 (mg/l)
(95 % CI) χ2c (df)d He RRf

Adana 7 1200 6.57±0.58 0.23
(0.20-0.25)

0.52
(0.47-0.63) 54.97 (28) 1.96 28.9

Şanlıurfa 4 1000 12.92±0.9 0.46
(0.45-0.48)

0.70
(0.66-0.77) 39.08 (23) 1.69 57.5

Kahramanmaraş 8 600 3.45±0.3 0.13
(0.10-0.15)

0.64
(0.46-1.03) 37.86 (18) 2.1 16.3

Kahramanmaraş 4* 1000 4.86±0.3 0.008 
(0.007-0.009)

0.022 
(0.026-0.033) 50.53 (23) 2.1 -

a  Number of insects subjected to phosphine bioassay, excluding control, b  Numbers in brackets give the 
95% confidence intervals, c  Chi square value, d Degree of freedom, e Heterogeneity value, f Resist-
ance Ratio (RR) = Resistance Ratio (LC50 of resistant /LC50 of susceptible strain). * Susceptible field 
population.
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CONCLUSION AND DISCUSSION
This study of PH3 resistance in S. oryzae involved more extensive sampling than 

previous work in collecting field insects to assess the frequency and levels of resistance 
in some geographical locations in Turkey (Koçak et al, 2018). There are more populations 
with higher frequencies of resistance in our study compared with a similar study carried 
out in Turkey (Koçak et al, 2018). Low and high discriminating concentration tests 
indicated that there was clear evidence of PH3 resistance in nine and eight out of ten 
field populations of S. oryzae (90 and 80%) in Adana and Kahramanmaraş respectively 
and eight out of nine populations (88.9%) in Şanlıurfa, whereas Koçak et al, (2018) 
found that only eleven out of 28 populations (39.3 %) of S. oryzae sampling from 14 
provinces in Turkey had detectable resistance to PH3. Similar to our study, Tingiş, Işikber, 
Sağlam, Bozkurt & Doğanay, (2018) reported that 89.9 and 83.3 % populations of tested 
S. oryzae populations collected from Mersin and Konya provinces respectively were 
resistant to PH3, which reveals high prevalence of PH3 resistance in the insect sampling 
locations of both provinces. In the present study, survival rates within field populations of 
S. oryzae in Adana, Kahramanmaraş and Şanlıurfa ranged from 0 to 98.5%, 0 to 90% 
and 0 to 99% at the low discriminating concentration while it ranged from 0 to 46.5%, 
0 to 28.5% and 0 to 83% at the high discriminating concentration respectively. In the 
Tingiş et al, (2018) study, the ranges of these frequencies were 0-97.5% and 0-90% 
at the low and high discriminating concentrations for Mersin province, while they were 
0-91.5% and 0-63% for Konya province respectively. These findings indicate that the high 
frequencies of resistance in S. oryzae populations are widespread in the grain storages 
sampled in Turkey, although the frequencies of PH3 resistance varied according to the 
locations.  Similarly, the resistance to PH3 in S oryzae populations in many countries 
is increasing in frequency and strength. Although Champ & Dyte (1976) reported no 
resistance in Australian samples in 1976, less than two decades later resistance was 
detected in 35% of samples from the state of Queensland (White & Lambkin, 1990), 18% 
of samples from New South Wales (Herron, 1990) and 9% of samples from Western 
Australia (Emery, 1994). In India, the percentage of resistant strains increased from 
30% during the early 1970s 10 to 72% in the 1990s (Rajendran, 1999).

PH3 resistance was detected in 33 out of the 82 countries they surveyed involving 
82 of the 849 populations tested (Champ & Dyte, 1976). At the time of that survey, the 
most resistant populations had 12 times more resistance than the susceptible ones. 
Reported resistance factors for unselected, or partially selected, field population of S. 
oryzae have increased from a maximum of 2.5× in the early 1970s (Champ & Dyte, 
1976) to 52× in Australia (Nguyen, Collins & Ebert, 2015), 337× in China (Zeng, 1999) 
and 425× in India (Rajendran, 1999). And now, the present study shows that high 
levels of resistance occur in Turkish populations of S. oryzae as well. Based on 50% 
mortality level (LC50), the Adana 7, Şanlıurfa 4, and Kahramanmaraş 8 populations in 
Turkey were 28.9, 57.5, and 16.3 times more resistant than the susceptible population 
(Kahramanmaraş 4) respectively.  Tingiş et al (2018) and Koçak et al (2018) reported 
also a higher level of PH3 resistance in different provinces in Turkey. In Tingiş et al 
(2018) study, based on the resistance factors (RF) calculated by LC50 values, S. oryzae 
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populations from Mersin and Konya province in Turkey were 102- to 104-fold and 
38- to 81-fold more resistant to PH3 compared with susceptible ones, respectively. 
Koçak et al (2018) also reported that based on LC50 values, S. oryzae populations 
from different provinces in Turkey were 3- to 200-fold more resistant to PH3 compared 
with susceptible ones. These findings indicate that there are great variations in levels 
of PH3 resistance in S. oryzae populations sampled from different provinces in Turkey.

In the present study, the frequencies of PH3 resistance in S. oryzae populations 
varied according to sampling locations. The high resistance frequencies in S. 
oryzae populations were more common in Şanlıurfa than in those from Adana and 
Kahramanmaraş while Kahramanmaraş had the lowest number of S. oryzae populations 
with high resistance frequency. Şanlıurfa is known to have the highest production of 
wheat among the sampling locations (TUİK, 2020). Information from previous studies 
shows that S. oryzae is one of the most common stored-grain insect species in Turkey, 
and PH3 is likely the only fumigant used in the control of stored grain insects in these 
provinces (Tingiş et al, 2018; Koçak et al, 2018). The high use of PH3 can serve as an 
increased selection pressure for the resistance alleles. The adults of S. oryzae sampled 
from Kahramanmaraş had a lower resistance frequency, which could be due to very low 
frequencies of resistant genes under an environment of regular effective PH3 use, or from 
minimal selection pressure of resistant genes due to low use of PH3 in that province.

The gas concentration and exposure time (C × t product), in addition to temperature 
and RH, when fumigating with PH3, plays a crucial role in its effectiveness for the 
most tolerant life stages of a pest species (Hagstrum et al, 2012). The frequency 
and level of PH3 resistance in S. oryzae detected in the present study are based on 
experiments with a 20-h PH3 exposure period at 25°C using adult beetles, which is 
the standard FAO method allowing us to discriminate between resistant to susceptible 
beetles in a simple way. Furthermore, the dose-mortality studies followed for a 20-h 
exposure time at 25°C to determine weak- and strong-resistant phenotypes based 
on PH3 concentration alone. In the present study dose-mortality experiments clearly 
determined the weak- and strong-resistant phenotypes, but the calculated estimated 
concentrations required for 99% mortality should not be considered for practical 
fumigations to control infestations in the field, for which 20-h exposure period would 
be impractical and never recommended (Hagstrum et al, 2012).

The high level of PH3 resistance detected among S. oryzae populations may be due 
to the previous selection pressure caused by inadequate fumigations in the storage 
facilities, from where the insect samples were collected. Other factors for differences 
in PH3 resistance observed in the present study could be: fumigation in unsealed silos, 
lack of monitoring of PH3 concentration during fumigation, and extensive use of only 
one fumigant (Benhalima et al, 2004; Wang et al, 2006; Lorini et al, 2007), favorable 
weather conditions for the insect pest (Collins et al, 2005; Lorini et al, 2007) and little or 
no insect management practiced in farms and others storage facilities (Pacheco et al, 
1990; Lorini et al, 2007). In addition, the movement of insects as a result of the commodity 
trade is a likely contributor for the spread of PH3 resistance in stored-product insects. As 
a result, lots of grains are fumigated frequently, and since the insect populations were 
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not successfully controlled, very high concentrations of PH3 were used, increasing the 
likelihood selection for resistance (Collins et al, 2005; Lorini et al, 2007).

Phosphine gas is an important tool for the management of stored grain pests, 
and the occurrence of PH3 resistance in pest populations presents challenges to 
the continued effective use of this fumigant. In the present study, the findings that 
PH3 resistance was detected in nearly all populations of S. oryzae studied, with 
high frequencies of resistance in those populations, and the finding that many of 
these populations contained insects with the strong-resistant phenotype, point to the 
challenge pest managers are facing with PH3 resistance. The levels of resistance in 
Turkey call for the use of an effective resistance monitoring program that contributes 
to fumigation operators to make decisions whether or not to use PH3 in a given 
situation. Further work is required to continue monitoring for PH3 resistance in Turkey, 
to determine strategies to manage resistance to PH3 and to develop or use alternative 
fumigants such as sulfuryl fluoride, where PH3 resistance has developed to very high 
levels (Opit, Thoms,  Phillips & Payton, 2016) and also inert dusts, such as diatomoceus 
earth can be alternative for resistant strains (Korunic, 1998; Conceição, Faroni, Sousa, 
Pimentel, & Freitas, 2012; Sakka & Athanassiou, 2021).
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ABSTRACT
Present investigation attempts to study binding of β-sitosterol with Helicoverpa armigera midgut enzymes; 

alanine aminotransaminase (ALT), aspartate aminotransaminase (AST) and alkaline phosphatase (ALP); 
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INTRODUCTION
The cotton bollworm, Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) 

is a serious threat to the global agricultural economy causing extensive annual crop 
damage worldwide (Craig & Jorge, 2013). Application of chemical-based interventions 
has led to the everlasting occurrence of insecticide residues in the foodstuff and drinking 
water, development of pest resistance against multiple pesticides and severe damage 
to the cultivation and beneficial organisms (Gill & Garg, 2014). All these issues have 
shifted the focus towards the development of phytochemical-based green chemistries 
and identification of the biochemical targets implicated in pest control and resistance 
management (Mouden, Klinkhamer, & Choi, 2017). 

Bio-pesticides are considered safer and effective options owing to their 
non-detrimental nature, pest-specificity and biodegradability. Therefore, isolation, 
identification and characterization of bioactive phytocomponents from diverse flora 
inducing toxic, repellency/attraction and growth regulatory effects in insects is 
necessitated (Hikal Baeshen & Said-Al Ahl, 2017). Thevetia neriifolia, the yellow oleander 
plant, is an evergreen tropical shrub/small tree with antifungal, antibacterial properties 
and growth inhibitory potential against lepidopteran pest (Singh, Agarwal, Mishra, 
Mubbin, & Shukla, 2012; Mishra et al, 2015a, b; 2018; 2019). Our investigations on the 
effects of β-sitosterol on the physiological fitness and midgut enzymes of H. armigera 
revealed developmental abnormalities in H. armigera induced by the dietary β-sitosterol, 
an active phytocomponent identified from T. neriifolia stem extract (0.1-10 ppm) (Mishra 
et al, 2020). The larval and pupal weight gain reduced, the adult emergence dropped 
to 82.05% to 57.89% in comparison to 95.02% emergence in controls and the midgut 
biochemistry also altered significantly diminishing activity of three midgut enzymes; 
alanine aminotransaminase (ALT), aspartate aminotransaminase (AST) and alkaline 
phosphatase (ALP) (Mishra et al, 2020).

 The GC-MS (Gas Chromatography-Mass Spectrometry) analysis of the extract 
discovered a number of phytocomponents with β-sitosterol as one of the major bioactive 
constituents. Though, β-sitosterol is used by the phytophagous insects for their growth 
and reproduction, it has also been reported as a feeding attractant (Hamamura, 
Hayashiya, & Naito, 1961). 

Thus, the present investigation studied the β-sitosterol binding activity with the 
target midgut enzymes; ALT, AST and ALP through Docking-based virtual screening. 
The ligand-docking method saves us from technical complications, associated long 
time and high cost of massive experimental testing of millions of compounds (Koh, 
2003; Tuccinardi, 2009). It plays a significant role in designing new drugs effective 
against pests during which a chemical library of existing ligands is docked into the 
target binding site and scored with the aim to generate a sub-library rich in potential 
binders (Cavasotto & Orry, 2007; Loza-Mejía, Salazar, & Sánchez-Tejeda, 2018). 

We propose that the current study would help us to understand the affinity 
of β-sitosterol with target proteins alanine aminotransaminase (ALT), aspartate 
aminotransaminase (AST) and alkaline phosphatase (ALP) of H. armigera via 
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construction of a ligand library and, identify potential structural templates for efficient 
use in H. armigera management.

MATERIALS AND METHODS

Selection of enzymes 
The earlier work has shown the inhibitory effect of β-sitosterol on three midgut 

enzymes - alanine aminotransaminase (ALT), aspartate aminotransaminase (AST) 
and alkaline phosphatase (ALP) of H. armigera in the order of ALT > AST > ALP with 
percent inhibition of 59.17, 42.51 and 29.31, respectively (Mishra et al, 2020). Thus, 
these enzymes were selected for docking-based studies to ascertain the effects of 
β-sitosterol in H. armigera.

Ligand preparation
The 3D SDF structure of the ligand, β-sitosterol was retrieved from PubChem 

database and later imported in discovery studio visualizer as a pdb file (https://
pubchem.ncbi.nlm.nih.gov).

Target preparation
The peptide sequence of all the three midgut enzymes of H. armigera, ALT, AST 

and ALP was used to investigate the structure and catalytic sites. The sequence was 
extracted from National Centre for Biotechnology Information (NCBI) (https://www.
ncbi.nlm.nih.gov/protein). The FASTA protein sequence database was subsequently 
submitted for sequence alignment and homology modelling.

Sequence alignment and modelling
The comparative modelling involves construction of a protein model based on 

the alignment of a submitted sequence to the target sequence. The modelling of the 
3D structure of the enzymes was performed by homology modelling program. The 
N-terminal sequence was submitted in SWISS-MODEL to build up the structure of 
enzymes (https://swissmodel.expasy.org/interactive). It helped in predicting the tertiary 
structure of protein based on the primary structure submitted (https://swissmodel.expasy.
org). The best 3D protein structure was obtained according to the best suitable template 
structures using BLAST database for similarity (Altschu, 1997; Bienert et al, 2017). 
The 3D protein model was validated through Ramachandran plot (Ramachandran, 
Ramakrishnan, & Sasisekharan,1963) using PROCHECK Validation Software (http://
www.ebi.ac.uk/thornton-srv/software/PROCHECK) (Laskowski, MacArthur, Moss, & 
Thornton, 1993). The residues information retrieved ascertained the stereochemistry 
of protein and provided the information on torsion angles (psi [Ø] and phi [Ö]). The 
final protein structure obtained was stored in discovery studio visualizer as a pdb file.

Molecular docking studies
The ligand and the target structures obtained above were exported to Autodock 

4.2; assignments of charges and ionization were based on the standard templates as 
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a part of the Autodock software. The docking studies were carried out based on the 
protocol described by Rizvi, Shakil, & Haneef (2013). Standard software procedure 
was used. Briefly, Ligand PDBQT file was prepared by setting number of active torsions 
and aromaticity criterion as 5 and 7.5, respectively. Similarly, target PDBQT files were 
constructed by adding hydrogen atoms and Kollman charges. The parameter file was 
prepared by using the X, Y, Z dimension as 60 x 60 x 60 grid while the genetic algorithms 
and docking parameters were set on the standard templates as a part of Autodock 
4.2 software for docking parameters. LamarkianGA(4.2) was selected as the output.

After docking, the dock score was calculated as binding energy of ligand with the 
target to assess the affinity of the ligand for the three targets tested.

RESULTS
The protein sequence of the three midgut enzymes in H. armigera extracted from 

NCBI revealed a linear chain of 522 amino acids (accession number XP_021189399) 
for ALT enzyme (Protein 1) whereas, the respective sequence for AST (Protein 2) and 
ALP (Protein 3) consisted of 430 amino acids (accession number XP_021185960.1) 
and 535 amino acids (accession number XP_021194992.1).

The best suited 3D structures of the proteins generated using SWISS-MODEL 
software based on the query sequence submitted are presented in Fig. 1. Protein 
1 was made of 42% α-helix, 12% β-strand and 44% coil (Fig. 1a). In comparison, 
Protein 2 comprised 41% α-helix, 13% β-strand and 44% coil whereas, Protein 3 
contained 30% α-helix, 11% β-strand and 58% coil (Figs. 1b, c). Ramachandran plot 
for ALT showed the presence of 90.1% residues in the favoured region while 8.7% 
additional residues were allowed in the additional region (Fig. 2a, Table 1). On the 
other hand, Ramachandran plots for AST and ALP revealed respective 93.8% and 
89.1% residues in the favoured region whereas, additional allowed regions were 5.6% 
for AST and 9.5% for ALP (Figs. 2b, c; Table 1). The binding pockets for the enzymes 
were visualized using Castp 3.0 online server and active amino acids were obtained.

Fig 1. Best suited 3D modeled structure of (a) Alanine Aminotransaminase (ALT), (b) Aspartate 
Aminotransaminase (AST) and (c) Alkaline Phosphatase (ALP) enzymes using SWISS-MODEL 
Software.



213
Docking-based Virtual Screening Ascertaining β-Sitosterol-Induced Alterations

Fig 2. Ramachandran plots of (a) Alanine Aminotransaminase (ALT), (b) Aspartate Aminotransaminase 
(AST) and (c) Alkaline Phosphatase (ALP) enzymes obtained through Procheck validation server.

Table 1. Plot statistics based on Ramachandran Plot obtained using PROCHECK-Validation Server.

Residues ALT AST ALP

Residues in most favoured regions [A,B,L] 736 653 754

Residues in additional allowed regions [a,b,l,p] 71 39 80

Residues in generously allowed regions [~a,~b,~l,~p] 7 0 8

Residues in disallowed regions 4 4 4

Number of non-glycine and non-proline residues 818 696 846

Number of end-residues (excluding Gly and Pro) 6 4 10

Number of glycine residues 76 60 78

Number of proline residues 50 40 36

Total number of residues 950 800 970

ALT = Alanine Aminotransaminase; AST = Aspartate Aminotransaminase; ALP Alkaline Phosphatase

The graphical analysis of the docked complexes for three tested proteins to view 
ligand-protein interactions using Autodock 4.2 software showed the best binding of 
the tested ligand in the binding pocket of ALT. The most important residues identified 
at the active binding pocket of ALT were Asp 134, Val 135, Gln 137, Arg 138, Asp 
307 and Lys 311. The Asp 134, Val 135, ASP 307 was actively involved in formation 
of hydrogen bond with the ligand (Table 2, Fig. 3a). The binding energy obtained for 
ALT-ligand complex was (-) 9.53 kcal/mole whereas, the ligand efficiency was found 
to be (-) 0.32 with an inhibition constant of 104.01. On the other hand, the binding 
energies for AST (160.24 kcal/mole) and ALP (285.55 kcal/mole) complexes were 
quite higher. The docked complex for AST showed presence of 4 unfavored bumps 
(LEU 131, GLY 135, MET 314, TYR 315) whereas, ALP produced 7 unfavored bumps 
(SER 74, PRO 76, HIS 393, THR 396, ASP 470, ASP 471, GLY 468) produced due 
to amino acid group interactions (Figs. 3b, c). On the other side, presence of such 
bumps was not visualized in ALT complex.
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Fig 3. Ligand-protein complex of (a) Alanine Aminotransaminase (ALT), (b) Aspartate Aminotransaminase 
(AST) and (c) Alkaline Phosphatase (ALP) enzymes showing the actively participating amino acids 
binding with β-sitosterol.

Table 2. Interaction table of docking of Alanine Aminotransaminase (ALT), Aspartate Aminotransaminase 
(AST) and Alkaline Phosphatase (ALP) enzymes with β-sitosterol

Enzyme H bond Hydrophobic interactions Hydrophilic interactions Covalent interactions Alkyl bond

ALT ASP 134, VAL 
135, ASP 307

ILE 58, LEU 61, VAL 135, ALA 
139, ALA 310 ALA 369, MET 
373, 

Lys 130 ALA 139, GLN 137 LYS 311 

AST GLN 129 VAL 128, ALA 136, LEU 290 ARG 138, THR 130 NIL ALA 136, ARG 138, 
LEU 290, VAL 128

ALP ILE 397 ILE 118. MET 395, VAL 394 ASN 398, HIS 467 NIL VAL 75, ALA 392, 
VAL 472

H-bonds = hydrogen bonds; ALA = alanine; ASP= aspartic acid; Val=Valine; ILE = isoleucine; LEU = 
leucine; ALA= alanine; MET = methionine; LYS=lysine; GLN= glutamine; ARG = arginine; THR = 
threonine

DISCUSSION
Plant-based insecticides offer a great means for the management of insect pests 

in a natural way. The pool of secondary metabolites in plants has been found to have 
a defensive role attributing to the diverse activities, such as antifeedant, insecticidal, 
growth regulatory etc. (Adeyemi, 2010). The multifarious bioactive molecules 
present in the plants are being explored continuously by the researchers owing 
to their non-detrimental effects on non-target hosts and nature (Adeyemi, 2010). 
The notable adverse effects of the dietary stem extract of T. neriifolia on the growth 
parameters, development and midgut enzymes of H. armigera larvae has already 
been demonstrated by us (Mishra et al, 2015a, b; 2018; 2019). The GCMS analysis 
of T. neriifolia stem extract revealed the presence of a number of components with 
β-sitosterol as one of the important bioactive constituents. As per our knowledge and 
reports available, the efficacy and probable use of β-sitosterol has not been investigated 
against H. armigera, though reported against a few other insects. Díaz et al, (2014) 
isolated β-sitosterol as the most active fraction from Allophylus edulis inducing growth 
regulatory effects on Myzus persicae and Epilachna paenulata. The antifeedant study 
against four lepidopteran pests viz., H. armigera (Hub.), Spodoptera litura (Fab.) (Fab.) 
and Leucinodes orbonalis revealed presence of steroids in the most effective fraction 
of the leaf extract of Melochia corchorifolia (Pavunraj, Baskar, & Ignacimuthu, 2012). 
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The bio-efficacy of sitosterol isolated from Anemone pavonine has been shown against 
Pheidole pallidula ants by Varitimidis, Petrakis, Vagias, & Roussis (2006).

Our earlier investigations showed the potential of β-sitosterol in disrupting 
physiological process and adequate growth and development which was proposed 
to be due to the accumulated effects of β-sitosterol and diminished midgut enzymatic 
activities (Mishra et al, 2020). As an extension of these studies, present investigations 
attempted to discover the exact binding sites of the target midgut enzymes with 
β-sitosterol through docking based virtual screening. We propose that the affinities and 
efficacy of the β-sitosterol against target enzymes can help in designing efficacious 
compound against H. armigera. Thus, β-sitosterol was used for construction of a ligand 
library aiming to identify potential structural templates.

The docked complex in our study showed more energetically favoured interaction of 
ALT with the ligand (β-sitosterol) as compared to AST and ALP protein. The presence 
of three hydrogen bonds and seven hydrophobic contacts in ALT-docked complex 
contributed to the stabilization with much lower binding free energy. The hydrogen 
bonds helped in tight gripping of the protein and ligand complex (Panigrahi, 2008; 
Rocher & Marchand-Geneste, 2008) while the hydrophobic and ionic interactions 
stabilized the docked complexes (Patil et al, 2010). Though AST-ligand docked 
complex also showed presence of Hydrogen bonds along with hydrophobic 
interactions, the unfavourable bumps caused due to different amino acids interaction 
may have attributed to a higher binding energy leading to an unstable complex. 
Similarly, ALP-docked complex displayed highest unfavored interactions that may have 
resulted in a very high binding energy of the complex as compared to other docked 
complexes. It has been reported that enzymes lose activity due to activity-stability 
trade-offs as they achieve enhanced stability by losing conformational dynamics 
(Siddiqui, 2017). On the other hand, enzymes gain additional dynamics and activity 
at the cost of stabilizing interactions. Present results are supported by our previous 
results that dietary β-sitosterol caused highest suppression of ALT enzyme activity (> 
50%) in H. armigera larvae in comparison to the AST and ALP (Mishra et al, 2020). 
This proposes that decreased activity of ALT was accompanied by a concomitant 
increased stability caused by interactions and vice-versa in remaining two enzymes.

The expression of targeted genes has been studied earlier by applying in silico 
approaches by many researchers against various insects (Singhal, Kumar, & Virdi, 
2014; Wickramasinghe et al, 2017). Another class of sitosterol, γ-sitosterol isolated 
from the methanolic extracts of Hyptis suaveolens possessed high binding affinity 
against odorant binding protein (3N7H) of Anopheles gambiae and was found to be 
an important mosquito repellent compound (Gaddaguti et al, 2012). Using AutoDock 
vina, Ahmad & Alkali (2018) tested nine phytochemical ligands for binding affinity with 
peroxisome proliferator-activated receptor gamma (PPAR-γ) involved in Diabetes-2 and 
obtained the best binding of β-sitosterol. On the other hand, Ma et al, (2015) reported 
slightly higher binding energy of three ligands; cholesterol, β-sitosterol and palmitic 
acid to sterol carrier Protein-2 which is a non-specific lipid transfer protein involved in 
the absorption and transportation of steroid or lipids in H. armigera. Other than insects, 
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the effect of binding of β-sitosterol to different receptors in other organisms has also 
been studied. Indriyanti, Garmana, & Setiawan (2018) conducted in silico assays with 
bryophyllin A, β-sitosterol, and kaempferol-3-glucoside isolated from Kalanchoe pinnata 
and tested their binding affinity with glucocorticoid receptor in mice. They revealed 
β-sitosterol binded to the receptor at Arg 611 and Gln 570 with hydrogen bonds and 
with hydrophobic binds at Gln 738, Try 735, Phe 737, Leu 741, Thr 739. 

Present study provides sufficient information to identify the differential binding 
of midgut enzyme proteins in H. armigera larvae with dietary β-sitosterol. The study 
concludes the efficiency of β-sitosterol as an effective control agent against H. armigera 
suppressing the activity of midgut enzymes with highest inhibition of ALT activity due 
to the activity-stability trade-off. Other two enzymes, AST and ALP exhibited relatively 
higher activity as a resultant of lesser stabilization of the β-sitosterol-enzyme complex. 
Further binding affinity simulation studies may provide more evidence regarding control 
efficacy of β-sitosterol against H. armigera.
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ABSTRACT

Insect wings are flexible structures composed of tubular veins and thin wing membranes. In many 
insect groups, wings contain distinct taxonomic characters which are easy to describe (e.g., the number 
and length of veins, the wing size, etc.). However, some insects may have abnormal specimens that have 
some veins or their parts missing, or to the contrary have additional veins on the wings. In this study, 
forewing abnormalities in 248 species of 53 solitary wasp genera belonging to the family Crabronidae 
(Hymenoptera) collected from Turkey were investigated for the first time. As a result, forewing 
abnormalities were detected in 37 species belonging to 18 genera from five subfamilies. In total, 20 
cases of wing venation abnormalities, classified as: a) supernumerary veins, b) defective veins and c) 
supernumerary cells, were observed in 67 of 3244 specimens. The abnormalities were rather common 
in following three species Psammaecius punctulatus (Vander Linden, 1829) (n = 8, 11.94%), Bembix 
bidentata Vander Linden, 1829 (n = 6, 8.95%), and Bembecinus tridens (Fabricius, 1781) (n = 4, 7.46%). 
Nysson interruptus (Fabricius, 1798) and Nysson maculosus (Gmelin, 1790) are species with more than 
one abnormality on the same wing. Abnormalities were generally observed in males (n=50, 74.63%) 
rather than females (n=17, 25.37%). The mechanism of this phenomenon, which is thought to occur 
due to genetic, environmental or pathogenic reasons, has not yet been clarified in many insect groups, 
including Crabronidae.

Key words: abnormalities, Crabronidae, defective veins, Hymenoptera, supernumerary cells, 
supernumerary veins.
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INTRODUCTION
Crabronidae is one of the most diverse families in the order Hymenoptera which 

collectively includes over 200 genera, containing well over 9000 species (Pulawski, 
2022). The family consists of solitary and predatory wasps. This family includes quite 
different groups according to the variety of forewing veins and cells. Members of 
some groups of subfamilies such as Pemphredoninae and Crabroninae have different 
submarginal cell numbers in the forewings due to a reduction in some veins. Also, in 
some genera, the second submarginal cell is petiolated.

As in other families of the order Hymenoptera, the wing has a very important 
taxonomic characters in family Crabronidae. The following wing characters are 
frequently used for classification and identification of subfamilies, genera and species 
belonging to this family: number of submarginal cells, number of discoidal and 
subdiscoidal cells, whether submarginal and discoidal cells are separate or fused, 
size of stigma, terminal structure of the marginal cell, whether the second submarginal 
cell is petiolated or not, the shape and size of submarginal cells and the number 
and termination of recurrent veins (Bohart & Menke, 1976; Bitsch & Leclercq, 1993). 
However, due to wing abnormalities, changes may occur in these taxonomic characters 
and may lead to the misidentification of taxa or systematic problems (Gülmez, 2019).

Abnormalities are defined as physical developmental defects or malformations, and 
the exact causes are not known. Although abnormalities appear very rare in nature, 
abnormal specimens have been described in almost all animal groups, including 
insects. Balazuc (1958) provided a comprehensive classification of abnormality 
phenomena in the order Hymenoptera. Following this study, abnormalities such 
as gynandromorphism, irregularities in segmentation of gaster and antennae, 
supernumerary ocelli, loss of ocelli, loss of compound eye, and wing vein abnormalities 
have been reported in that order (Gülmez, 2019).

Mostly honey bees, Apis mellifera Linnaeus, 1758, have been well studied in terms 
of wing venation abnormalities within the order Hymenoptera (Soose, 1954; Akahira 
& Sakagami, 1959; Bährman, 1963; Torres & Ramos, 2000; Schneider & Feitz, 2003; 
Penteado-Dias, Nunes & Shimbori, 2005; Tan, Fuchs & Engel, 2008; Węgrzynowicz, 
Gerula, Panasiuk & Bieńkowska, 2010; Mazeed, 2011; Porporato, Laurino, Balzola & 
Manino, 2014; Caomério, Perioto & Lara, 2015; Eligül, Koca & Kandemir, 2017). A few 
studies on wing abnormalities of some ant species of the same order have also been 
reported (Perfilieva, 2000). Scarpulla (2018) summarized the cases with atypical and 
variable submarginal cell numbers on specimens belonging to the families Colletidae, 
Andrenidae, Halictidae and Apidae. Recently, wing abnormalities related to the 
Sphecidae family, which is in the same superfamily as honey bees in Hymenoptera, 
have been reported by Gülmez (2019). There is no record of any wing abnormalities 
related to the Crabronidae family. 

In this study, various wing abnormalities were recorded for 69 specimens 
representing 37 species in the solitary wasp family Crabronidae (Hymenoptera). 
Abnormalities detected in specimens belonging to different genera from the 
Crabronidae family are presented.
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MATERIALS AND METHODS
In this study, 3244 specimens belonging to 248 species of Crabronidae family 

were examined for wing venation abnormalities. Specimens were collected from 
Erzincan, Giresun, Gümüşhane, and Sivas provinces of Turkey between 2015 and 
2020 and are deposited in the Entomology Research Laboratory, Department of 
Biology, Tokat Gaziosmanpaşa University (Tokat, Turkey). Abnormal wings (right or 
left) were removed from the specimens, placed between glasses in a slide frame and 
then photographed with a Leica M205C stereomicroscope controlled by the Leica 
Application Suite 3 software. The distribution of abnormalities among species is given 
in Table 1. The general shapes of the different types of forewings in the Crabronidae 
family are given in Fig. 1 with the names of veins and cells according to Bohart & 
Menke (1976) except for the terms “1st abscissa” and “2nd abscissa” which are from 
Porporato et al. (2014). Photographs representing the types of wing abnormalities 
belonging to different genera are given in the Figs. 2 - 9. In the present study, Porporato 
et al. (2014) was followed for the classification and naming of abnormalities.

Fig. 1. Different types of forewings in the Crabronidae family in terms of cell number and veins. a) Right 
forewing of Bembecinus tridens with three submarginal cells representing cell and vein names. Cell 
names (1–10): 1. Medial, 2. Marginal, 3. Submarginal I, 4. Submarginal II, 5. Submarginal III, 6. 
Discoidal I, 7. Discoidal II, 8. Submedial, 9. Subdiscoidal, 10. Costal. Vein names: A. Anal, C. Costal, 
Cu. Cubital, M. Medial, R. Radial, Rs. Radial sector, Sc. Subcostal; b) Left forewing of Brachystegus 
scalaris with a petiolated second submarginal cell; c) Left forewing of Diodontus minutus with two 
submarginal cells representing names of cells and veins. Cell names (1-9): 1. Medial, 2. Marginal, 3. 
Submarginal I, 4. Submarginal II, 5. Discoidal I, 6. Discoidal II, 7. Subdiscoidal, 8. Submedial, 9. Costal. 
d) Right forewing of Miscophus pretiosus with a petiolated second submarginal cell; e) Left forewing of 
Ectemnius crassicornis with one submarginal cell representing names of cells and veins. Cell names 
(1-7): 1. Medial, 2. Marginal, 3. Submarginal, 4. Discoidal, 5. Subdiscoidal, 6. Submedial, 7. Costal.
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Table 1. Distribution of abnormality types among species and their proportions.

Abnormality Species n %a %b

Supernumerary veins 39

Spur protruding from 1r-m into 
the 2nd submarginal cell Astata kashmirensis (1 ♂) 1 1.45 0.03

Spur protruding from 1m-cu 
into the 2nd discoidal cell

Astata minor (1 ♀)
Cerceris quinquefasciata (1 ♂) 
Nysson interruptus (1 ♂)

3 4.35 0.09

Spur protruding from 2r into 
marginal cell

Bembecinus tridens (1 ♂)  
Nysson pratensis (1 ♂) 2 2.90 0.06

Spur protruding from Rs into 
marginal cell Bembecinus tridens (1 ♀) 1 1.45 0.03

Spur protruding from 2m-cu 

Bembix bidentata (1 ♀) 
Bembix tarsata (1 ♂) 
Larra anathema (1 ♀) 
Tachysphex incertus (1 ♂) 
Tachysphex obscuripennis (1 ♀)
Tachysphex panzeri (1 ♂) 
Tachysphex tessellatus (1 ♂)

7 10.14 0.22

Spur protruding from 2m-cu 
into the 2nd discoidal cell

Bembix bidentata (1 ♂)
Nysson gerstackeri (1 ♀) 
Tachysphex incertus (1 ♂)

3 4.35 0.09

Spur protruding from 2nd 
abscissa of Rs into 1st 
submarginal cell 

Bembecinus tridens (1 ♂) 
Gorytes quinquefasciatus (1 ♂) 
Prosopigastra bulgarica (1 ♂)
Psammaecius punctulatus (2♀♀, 5 ♂♂)

10 14.49 0.31

Spur protruding from RS+M 
into the 1st submarginal cell

Nysson interruptus (1 ♀) 
Nysson variabilis (1 ♂) 2 2.90 0.06

Spur protruding from 2nd 
abscissa of Rs into the 2nd 
submarginal cell

Psammaecius punctulatus (1 ♂) 1 1.45 0.03

Spur protruding from 2nd 
abscissa of Rs

Ectemnius crassicornis (1 ♀)
Nitela truncata (1 ♀) 2 2.90 0.06

Spur protruding from 2r-m

Astata kashmirensis (1 ♂)
Astata minor (1 ♂)
Cerceris stratiotes (1 ♂)
Tachysphex pompiliformis (1 ♂)

4 5.80 0.12

Spur protruding from 1m-cu 
into 1st discoidal cell Prosopigastra orientalis (1 ♂) 1 1.45 0.03

Spur protruding from R1 into 
the marginal cell

Nysson maculosus (1 ♂) 
Philanthus triangulum (1 ♂) 2 2.90 0.06

Defective veins  11

Incomplete 2r-m crossvein Nysson maculosus (1 ♂) 1 1.45 0.03

Incomplete 1r-m crossvein

Cerceris specularis (1 ♂)
Miscophus pretiosus (1 ♂)
Tachysphex brevipennis (1 ♂) 
Philanthus triangulum (1 ♂)
Diodontus luperus (2 ♂♂) 
Diodontus minutus (1 ♀)
Nysson interruptus (1 ♂)

8 11.59 0.25

Incomplete 2m-cu crossvein Miscophus pretiosus (1 ♂) 1 1.45 0.03

Incomplete 1m-cu crossvein Prosopigastra bulgarica (1 ♂) 1 1.45 0.03
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Table 1. Continued.

Abnormality Species n %a %b

Supernumerary cells 19

Supernumerary submarginal cell

Astata affinis (1 ♀)
Bembecinus tridens (1 ♂) 
Bembix bidentata  (1 ♀, 3 ♂♂) 
Brachystegus scalaris (1 ♀)
Gorytes albidulus (1 ♂)
Gorytes quinquecinctus (1 ♀)
Nysson variabilis (1 ♀)
Tachysphex fulvitarsis (2 ♂♂)
Tachysphex graecus (1 ♂)
Tachysphex obscuripennis (1 ♂)
Tachysphex psammobius (1 ♂)

15 21.74 0.46

Supernumerary discoidal cell Bembecinus tridens (1 ♂)
Gorytes quinquefasciatus (2 ♂♂) 3 4.35 0.09

Incomplete supernumerary discoidal cell Tachysphex brevipennis (1 ♂) 1 1.45 0.03

%a Rate of total abnormal forewings
%b Rate of total examined material

Fig. 2. Forewing abnormalities in the genus Astata. a) A. minor (♀), spur protruding from 1m-cu into 2nd 
discoidal cell; b) A. kashmirensis (♂), spur protruding from 1r-m into 2nd submarginal cell; c) A. affinis 
(♀), supernumerary submarginal cell.

Fig. 3. Forewing abnormalities in the genus Bembecinus, Bembix and Brachystegus. a) Bembecinus 
tridens (♂), supernumerary discoidal cell; b) Bembecinus tridens (♂), spur protruding from 2r 
into marginal cell; c) Bembecinus tridens (♂), spur protruding from 2nd abscissa of Rs into the 1st 
submarginal cell; d) Bembecinus tridens (♀),  spur protruding from Rs into marginal cell; e) Bembix 
bidentata (♀), spur protruding from 2m-cu; f) Bembix bidentata (♂), supernumerary submarginal cell; 
g) Bembix bidentata (♂), spur protruding from 2m-cu into the 2nd discoidal cell; h) Brachystegus 
scalaris (♀), supernumerary submarginal cell. 
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Fig. 4. Forewing abnormalities in the genus Gorytes. a) Gorytes albidulus (♂), supernumerary submarginal 
cell; b) Gorytes quinquecinctus (♀), supernumerary submarginal cell; c) Gorytes quinquefasciatus 
(♂), spur protruding from 2nd abscissa of RS into 1st submarginal cell; d) Gorytes quinquefasciatus 
(♂), supernumerary submarginal cell.

RESULTS
In this study, various forewing abnormalities were documented in 67 out of 3244 

specimens (2.07%). Twenty different abnormalities have been identified which can 
be grouped under three main headings: a) supernumerary veins n = 39 (56.52%), b) 
defective veins n = 11 (15.94%) and c) supernumerary cells n = 19 (27.54%) (Table 1). 
The most common wing abnormalities are supernumerary veins which arise as spurs 
protruding from various veins, mostly from transverse ones. Reduction or deletion of 
some veins, defective vein abnormality, is the least common abnormality type which is 
found in transverse veins. Supernumerary cell formation is determined in submarginal and 
discoidal cells. The most common individual cases are: 1) supernumerary submarginal 
cell (n = 15, 21.74%), 2) spur protruding from 1st abscissa of Rs to 1st submarginal cell 
(n = 10, 14.49%) and 3) spur protruding from 2m-cu (n = 7, 10.14%). More than one 
abnormality in a same wing was observed in Nysson interruptus and N. maculosus 
(Figs. 5b and 5c).

Fig. 5. Forewing abnormalities in the genus Nysson. a) Nysson gerstaeckeri (♀), spur protruding from 
2m-cu into the 2nd discoidal cell; b) N. maculosus (♂), incomplete 2r-m crossvein and spur protruding 
from R1 into the marginal cell; c) N. interruptus (♂), spur protruding from 1m-cu into the 2nd discoidal 
cell and partially incomplete 1r-m crossvein; d) N. interruptus (♀), spur protruding from RS+M into the 
1st submarginal cell; e) N. variabilis (♀), supernumerary submarginal cell; f) Psammaecius punctulatus 
(♂), spur protruding from 2nd abscissa of Rs into the 2nd submarginal cell; g) Psammaecius punctulatus 
(♀), spur protruding from 2nd abscissa of Rs into 1st submarginal cell.
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When sexes are considered, their distribution are as follows: 50 males (74.63%) and 
17 females (25.37%). The number of normal and abnormal species in the subfamilies 
and the percentage of species with abnormalities among all taxa studied are as follows: 
three species out of 12 in the subfamily Astatinae (1.21%), 13 species out of 57 in 
the subfamily Bembicinae (5.24%), 15 species out of 116 (6.04%) in the subfamily 
Crabroninae, two species out of 36 in the subfamily Pemphredoninae (0.80%) and 
four species out of 26 in the subfamily Philanthinae (1.61%).

Subfamily Astatinae Lepeletier de Saint-Fargeau, 1845

Genus Astata Latreille, 1797
In this study, totally 183 specimens (70 ♀♀ and 113 ♂♂) of nine species of the genus 

Astata were examined for their forewing abnormalities. Abnormalities were detected in 
five specimens belonging to Astata affinis Vander Linden, 1829 (1 ♀), A. kashmirensis 
Nurse, 1909 (2 ♂♂), and A. minor Kohl, 1885 (1 ♀, 1 ♂). Supernumerary cell (Fig. 2c) 
and supernumerary veins (Figs. 2a, 2b) were observed in these specimens.

Subfamily Bembicinae Latreille, 1802

Genus Bembecinus A. Costa, 1859
In this study, a total of 103 specimens (47 ♀♀ and 56 ♂♂) belonging to five 

species of the genus Bembecinus were examined for their forewing abnormalities. 
Abnormalities were detected only in Bembecinus tridens (Fabricius, 1781) (1♀, 4 
♂♂). Supernumerary cell (Fig. 3a) and supernumerary veins were observed in these 
specimens (Figs. 3b-d).

Genus Bembix Fabricius, 1775
In this study, a total of 82 specimens (42 ♀♀ and 40 ♂♂) belonging to six species 

of the genus Bembix were examined for their forewing abnormalities. Abnormalities 
were detected in Bembix tarsata Latreille, 1809 (1 ♂) and B. bidentata Vander Linden, 
1829 (2 ♀♀, 4 ♂♂). Supernumerary cell (Fig. 3f) and supernumerary veins (Figs. 3e, 
3g) were observed in these specimens.

Genus Brachystegus A. Costa, 1859
In this study, a total of 24 specimens (22 ♀♀ and 2 ♂♂) belonging to Brachystegus 

incertus Radoszkowski, 1877 and B. scalaris (Illiger, 1807) were examined for 
their forewing abnormalities. Supernumerary submarginal cell was detected as an 
abnormality in a female specimen belonging to B. scalaris (Fig. 3h). 

Genus Gorytes Latreille, 1805
In this study, totally 89 specimens (35 ♀♀ and 54 ♂♂) of nine species of the genus 

Gorytes were examined for their forewing abnormalities. Abnormalities were detected 
in five specimens belonging to Gorytes albidulus Lepeletier de Saint-Fargeau, 1832 
(1 ♂), G. quinquecinctus (Fabricius, 1793) (1 ♀), and G. quinquefasciatus (Panzer, 
1798) (3 ♂♂). Supernumerary cell (Figs. 4a, 4b, 4d) and supernumerary veins (Fig. 
4c) were observed in these specimens.
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Genus Nysson Latreille, 1802
In this study, totally 105 specimens (58 ♀♀ and 47 ♂♂) of 12 species belonging 

to genus Nysson were examined for their forewing abnormalities. Abnormalities were 
detected in seven specimens belonging to Nysson gerstaeckeri Handlirsch, 1887 (1 ♀), 
N. interruptus (Fabricius, 1798) (1♀ 1 ♂), N. maculosus (Gmelin, 1790) (1 ♂), N. pratensis 
Mercet, 1909 (1 ♂), and N. variabilis Chevrier, 1867 (1♀ 1 ♂). Supernumerary cell (Fig. 
5e), supernumerary veins (Figs. 5a-d) and defective vein (Fig. 5b) were observed in 
these specimens. Although both Nysson interruptus (♂) and Nysson maculosus (♂) are 
represented with one specimen, they are included in two different abnormality sections 
in Table 1 since they have more than one abnormality on the same wing. 

Genus Psammaecius Lepeletier de Saint-Fargeau, 1832
In this study, a total of 37 specimens (17 ♀♀ and 20 ♂♂) belonging to Psammaecius 

punctulatus (Vander Linden, 1829) were examined for their forewing abnormalities. 
Supernumerary veins were detected in eight specimens (2 ♀♀ 6 ♂♂) (Figs. 5f, 5g).

Subfamily Crabroninae Latreille, 1802

Genus Ectemnius Dahlbom, 1845
In this study, a total of 96 specimens (40 ♀♀ and 56 ♂♂) of 13 species belonging to genus 

Ectemnius were examined for their forewing abnormalities. Only, a spur protruding from 
2nd abscissa of Rs was detected in Ectemnius crassicornis (Spinola, 1808) (1 ♀) (Fig. 6a).

Genus Larra Fabricius, 1793
In this study, a total of 15 specimens (12 ♀♀ and 3 ♂♂) belonging to Larra anathema 

(Rossi, 1790) were examined for their forewing abnormalities. Only a supernumerary 
vein was detected in a female specimen (Fig. 6b).

Genus Miscophus Jurine, 1807
In this study, a total of 108 specimens (44 ♀♀ and 64 ♂♂) belonging to 11 species 

of genus Miscophus were examined for their forewing abnormalities. Only defective 
veins were detected in Miscophus pretiosus Kohl, 1884 (2 ♂♂) (Fig. 6c, 6d).

Genus Nitela Latreille, 1809
In this study, a total of 3 specimens (2 ♀♀ and 1 ♂) belonging to three species of 

genus Nitela were examined for their forewing abnormalities. Only supernumerary 
vein was detected in Nitela truncata Gayubo & Felton, 2000 (1 ♀) (Fig. 6e).

Genus Prosopigastra A. Costa, 1867
In this study, totally 118 specimens (37 ♀♀ and 81 ♂♂) of five species of the genus 

Prosopigastra were examined for their forewing abnormalities. Abnormalities were 
detected in three specimens belonging to Prosopigastra bulgarica Pulawski, 1958 (2 
♂) and Prosopigastra orientalis de Beaumont, 1947 (1 ♂). Supernumerary veins (Figs. 
6h, 6g) and defective vein (Fig. 6f) were observed in these specimens.
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Genus Tachysphex Kohl, 1883
In this study, totally 786 specimens (295 ♀♀ and 491 ♂♂) of 28 species of the genus 

Tachysphex were examined for their forewing abnormalities. Abnormalities were detected 
in 13 specimens belonging to Tachysphex brevipennis Mercet, 1909 (2 ♂♂), T. fulvitarsis 
(A. Costa, 1867) (2 ♂♂), T. graecus Kohl, 1883 (1 ♂), T. incertus (Radoszkowski, 1877) 
(2 ♂♂), T. obscuripennis (Schenck, 1857) (1♀ 1 ♂), T. panzeri (Vander Linden, 1829) 
(1 ♂), T. pompiliformis (Panzer, 1804) (1 ♂), T. psammobius (Kohl, 1880) (1 ♂), and T. 
tessellatus (Dahlbom, 1845) (1 ♂). Supernumerary cells (Figs. 7e-j), supernumerary veins 
(Figs. 7b-d) and defective vein (Fig. 7a) were observed in these specimens.

Fig. 6. Forewing abnormalities in the genera Ectemnius, Larra, Miscophus, Nitela, and Prosopigastra. 
a) Ectemnius crassicornis (♀), spur protruding from 1r-m; b) Larra anathema (♀), spur protruding 
from 2m-cu; c) Miscophus pretiosus (♂), incomplete 2m-cu crossvein; d) Miscophus pretiosus (♂), 
partially incomplete 1r-m crossvein; e) Nitela truncata (♀), spur protruding from submarginal cell; 
f) Prosopigastra bulgarica (♂), incomplete 1m-cu crossvein; g) Prosopigastra orientalis (♂), spur 
protruding from 1m-cu into 1st discoidal cell; h) Prosopigastra bulgarica (♂), spur protruding from 2nd 

abscissa of Rs into 1st submarginal cell.

Fig. 7. Forewing abnormalities in the genus Tachysphex. a) Tachysphex brevipennis (♂), incomplete 1r-m 
crossvein; b) Tachysphex incertus (♂), spur protruding from 2m-cu; c) Tachysphex obscuripennis 
(♀), spur protruding from 2m-cu; d) Tachysphex incertus (♂), spur protruding from 2m-cu into the 2nd 
discoidal cell; e) Tachysphex brevipennis (♂), incomplete supernumerary discoidal cell; f) Tachysphex 
fulvitarsis (♂), supernumerary submarginal cell; g) Tachysphex fulvitarsis (♂), supernumerary 
submarginal cell; h) Tachysphex graecus (♂), supernumerary submarginal cell; i) Tachysphex 
obscuripennis (♂), supernumerary submarginal cell; j) Tachysphex psammobius (♂), supernumerary 
submarginal cell.
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Subfamily Pemphredoninae Dahlbom, 1835

Genus Diodontus Curtis, 1834
In this study, a total of 87 specimens (45 ♀♀ and 42 ♂♂) belonging to five species 

of the genus Diodontus were examined for their forewing abnormalities. Abnormalities 
were detected in Diodontus luperus Shuckard, 1837 (2 ♂♂) and Diodontus minutus 
(Fabricius, 1793) (1 ♀). Defective veins were observed in these specimens (Figs. 8a, 8b).

Subfamily Philanthinae Latreille, 1802

Genus Cerceris Latreille, 1802
In this study, a total of 208 specimens (62 ♀♀ and 146 ♂♂) belonging to 21 species 

of the genus Cerceris were examined for their forewing abnormalities. Abnormalities 
were detected in Cerceris quinquefasciata (Rossi, 1792) (1 ♂), C. specularis A. Costa, 
1867 (1 ♂) and C. stratiotes Schletterer, 1887 (1 ♂). Supernumerary veins were 
observed in these specimens (Figs. 9a, 9b).

Genus Philanthus Fabricius, 1790
In this study, a total of 79 specimens (32 ♀♀ and 47 ♂♂) belonging to four species 

of the genus Philanthus were examined for their forewing abnormalities. Abnormalities 
were detected in Philanthus triangulum (Fabricius, 1775) (2 ♂♂). Defective vein (Fig. 
9d) and supernumerary vein (Fig. 9c) were observed in these specimens.

DISCUSSION
In this study, a large number of specimens belonging to the Crabronidae family 

were evaluated for the first time in terms of wing abnormalities. Forewing abnormalities 
were detected in 37 species of 18 genera out of 248 species belonging to 53 genera. 

Abnormal forewing was detected in all of the studied subfamilies except the 
Dinetinae. The subfamily Crabroninae is the one with the highest number of abnormal 
species, followed by Bembicinae. While the most abnormal specimens were detected in 
the Bembicinae subfamily, the lowest number of abnormal species and specimens was 
detected in Pemphredoninae compared to other subfamilies. Although Crabroninae 
is twice as large as Bembicinae in terms of the number of examined specimens 
and species, the number of abnormal specimens is higher in the Bembicinae. The 
wing structures of the subfamilies and genera belonging to the Crabronidae differ 
considerably in terms of the number of veins and cells. While subfamilies and genera 
belonging to this family have one (Fig. 1e), two (Fig. 1c) and three submarginal cells 
(Fig. 1a); in some of these, the second submarginal cell  is petiolated (Fig. 1b, 1d). 
The reduction in the number of veins and cells in the forewings of some subfamilies 
may have caused the abnormalities to be observed less frequently. However, it may 
not be an accurate assessment to evaluate abnormalities between subfamilies due 
to differences in vein and cell numbers.

The highest number of abnormal species was detected in Tachysphex with nine 
species, followed by Nysson with five species. Tachysphex is the most studied genus 
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with 28 species and 786 specimens, so this may have caused the overestimation of 
the number of abnormal species in this genus. Psammaecius punctulatus, Bembix 
bidentata and Bembecinus tridens were determined as the species with the most 
abnormal specimens (Table 1).

Supernumerary veins are found to be more common than other main abnormalities 
in this study; these results are consistent with the findings obtained by Porporato 
et al. (2014) and Gülmez (2019) in honey bees (Apis mellifera) and solitary wasps 
(Sphecidae), respectively. The spur protruding from 1m-cu to the 1st discoidal cell 
and the adventitious distal abscissa of the 2rs-m crossvein are the most frequently 
detected abnormalities in Gülmez (2019) and Porporato et al. (2014), respectively. 
However, unlike the results of those studies, the supernumerary submarginal cell is 
the most common abnormality in this study. It has been stated that 1r-m, 2r-m and 
1m-cu veins show high variability and instability in the venation of the Aculeata wings 
(Akahira & Sakagami, 1959; Zimmermann, 1933; Alpatov, 1929; Porporato et al., 2014; 
Gülmez, 2019). In this study, 1r-m abnormalities among defective veins are common 
and it can be said that it is also unstable in the Crabronidae family. In both Miscophus 
pretiosus and Nysson interruptus, which have petiolated second submarginal cell, one 
edge of it is missing (Fig. 5c, 6d). In this respect, it is considered to be quite interesting 
among abnormal samples.

The number of submarginal cells in forewing of Crabronidae is a widely used 
feature to distinguish the genera. When the number is reduced to two, it is sometimes 
impossible to know whether the missing vein is the 2nd abscissa of Rs or 1r-m. In 
some previous studies on the Apoidea superfamily, it was estimated which crossvein 
was reduced by looking at the size of the submarginal cells. The first crossvein was 
considered to be missing if the first submarginal cell was longer than the second 
(Tofilski, 2011). In some cases, the sizes of both cells are close to each other. It has 
been suggested that the first crossvein is mostly missing in the Hylaeinae subfamily 
(Michener, 2000), while in the Panurginae subfamily the second crossvein is missing 
(Robertson, 1925). However, there is no information about which crossvein is missing 
in genera with two submarginal cells in the Crabronidae family. This situation was 
encountered in Diodontus species with two submarginal cells in which an abnormality 
was detected (Fig. 8a, 8b). The detected abnormality also occurred in the crossvein 
between the submarginal cells. In this study, it was assumed that the 2nd abscissa 
of Rs crossvein of the forewings was reduced in Diodontus forewings with two 
submarginal cells, since the first submarginal cell is longer than the second.

Although the exact causes of wing abnormalities are not known, there may be many 
different causes such as genetic origins, mutations or environmental factors. It has 
been suggested that abnormalities may be due to genetic reasons in some specimens 
from the Diptera, Lepidoptera and Coleoptera orders (Yokoyama, 1959; Barigozzi, 
1963; Sokoloff, 1966). On the other hand, it is stated that various environmental effects 
such as physical, nutritional and chemical factors, infectious microorganisms or toxins 
can cause non-genetic abnormalities in wing formation by acting on the developmental 
stage of insects (Gülmez, 2019). It is not possible to reach a conclusion about the 
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effect of environmental conditions on wing abnormalities in Crabronidae, since the 
developmental stages of wasps in the nests cannot be followed. In this study, a case 
of parasitism, which is one of the environmental factors, was observed on the adult 
wasp with wing abnormality. A parasitic event, stylopization, produced by insects 
belonging to the order Strepsiptera, was detected in the abdomen of an abnormal 
specimen of Bembecinus tridens. It is not known exactly whether the parasite enters 
the body during the pre-adult period or in the adult period. If the parasite entered 
during the development period, this parasitic condition may have caused the forewing 
abnormality observed in this specimen.

Fig. 8. Forewing abnormalities in the genus Diodontus. a) Diodontus luperus (♂), incomplete 1r-m 
crossvein; b) Diodontus minutus (♀), incomplete 1r-m crossvein.

Fig. 9. Forewing abnormalities in the genera Cerceris and Philanthus. a) Cerceris quinquefasciata (♂), 
spur protruding from 1m-cu into 2nd discoidal cell; b) Cerceris stratiotes (♂), spur protruding from 2r-m; 
c) Philanthus triangulum (♂), spur protruding from R1 into the marginal cell; d) Philanthus triangulum 
(♂), incomplete 1r-m crossvein.

Especially in all specimens of Psammaecius punctulatus, the abnormalities were 
detected on the same veins in both wings. It has been stated that the causes of 
abnormalities in these species may be of either genetic or epigenetic origin (Gülmez, 
2019). However, there are no studies which report the presence of genetic or epigenetic 
mechanisms leading to wing anomalies in solitary wasps.

The mechanism underlying wing vein formation in the vast majority of insects, 
including the order Hymenoptera, remains largely unexplored. The assessments 
regarding the causes of the wing abnormalities of the solitary wasps mentioned 
above generally remain at the level of predictions and assumptions. In order to find 
the causes of wing abnormalities, it is necessary to conduct  studies on the molecular 
mechanisms of wing venation in solitary wasps.
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ABSTRACT
Biology and life table of Heliothis peltigera (Denis & Schiffermüller, 1775) (Lepidoptera: Noctuidae), 

an important safflower pest, studied on two safflower varieties (Balcı and Dinçer) in the laboratory (25 
± 1 °C temperature, 65 ± 5% relative humidity and 16: 8 photoperiod). The longer pre-adult time of H. 
peltigera was found on Dinçer variety than Balcı variety, as 33.97±0.16 days, and 32.82±0.23 days, 
respectively. While the higher intrinsic rate of increase (r) (0.134±4.59 d-1), and the finite rate of increase 
(λ) (1.144±0.005 d-1) were estimated on Balcı variety, also shortest mean generation times were found 
on Balcı variety (37.49±0.34 days) than Dinçer variety (0.119±5.123 d-1, 1.126±0.005 d-1, and 39.25±0.40 
days, respectively). According to these results, it was determined that Balcı variety was more suitable host 
plants than Dinçer variety for H. peltigera. These basic informations obtained in this study on H. peltigera 
will be useful for pest control and prefer to produce Dinçer variety that could be reducing of H. peltigera.
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INTRODUCTION
The Bordered Straw (BS), Heliothis peltigera Denis & Schiffermüller (Lepidoptera: 

Noctuidae) which is mainly distributed in the Paleosubtropic- Paleotropical regions 
(Matov, Zahiri, & Holloway, 2008), it is a well known migratory species in the 
Mediterranean Basin and Near and Middle East (Matov et al, 2008). It spread to 
new countries such as Canada and New Zealand with the effect of global warming 
and recently became a potentially important pest in Europe (Ragionieri et al, 2017). 
Heliothis peltigera, which is a polyphagous species is a pest of economically important 
plants such as tomato, cotton, corn, soybean, sunflower, bean and especially safflower 
besides some weeds and aromatic plants (Manjunath, Patel, & Yaoav, 1976). It has 3 
generations a year in safflower fields in Iran and spends the winter under the soil as 
a pupa. Their larvae are fed in safflower leaves and capsules (Parvin, 1990).

Heliothis peltigera has been recorded on vegetable, corn and ornamental plants in 
warm regions where the Mediterranean climate in Turkey, in Adapazarı and Istanbul 
(Keyder, 1961); on cotton in the Aegean Region (İyriboz, 1971), on cotton, chickpeas 
and corn in Adana, Antalya, Hatay and İçel (Kornoşor & Düzgüneş, 1980), and on 
culture thyme in Turgutlu and Salihli (Tezcan, Okyar, & Beyaz, 2004). This pest was 
first reported by Damkacı (2013) on safflower in the Central Anatolia (Konya) region 
with a continental climate, and then from Niğde (Hüseyinoğlu & Atay, 2017). Eroğlu 
et al, (2019) collected 357 larvae of H. peltigera feeding on safflower in Adana to 
investigate the contents of NPV (Nucleopolyhedrovirus) and obtained a new isolate. 
H. peltigera has pests in the safflower fields in Ankara and has become a problem of 
safflower growers since 2014. The prevalence and incidence of H. peltigera in Ankara 
safflower areas were 96%, 2.5%, and 98.7%, 79.80% in 2018-2019, respectively 
(Ayten & Ülgentürk, 2020).

Studies on H. peltigera in Turkey and the world are determining its prevalence, 
host plants and natural enemies in a region. There is scarcely information about the 
biology of this species. The results presented by Ayten & Ülgentürk (2020) show that 
this species has a high spreading and significant pest potential. Having sufficient 
information about the population size, age distribution, growth rate, reproduction and 
survival rate of a pest is critical in control. Without this information, it is impossible 
to estimate the growth rate and damage of a pest population, the time and method 
of control and the number of these practices (Atlıhan, Özgökçe, & Hsin, 2018). Life 
tables are a fundamental tool used to study insect populations, resulting in crucial 
information for integrated pest management programs. For this reason, knowing 
the bio-ecology and life table of the pest is necessary to make an effective control 
against H. peltigera. In this study, the biological characteristics of H. peltigera, which 
is polyphagous and can be an important pest, are determined in laboratory conditions 
and a life table was created with the data obtained.
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MATERIAL AND METHODS

Cultivation of safflower and Heliothis peltigera
Two varieties (Balcı and Dinçer) of safflower (Carthamus tinctorius L., Asteraceae), 

which are the hosts of H. peltigera (BS) and which are mostly grown by the producers, 
were obtained from Eskişehir Transitional Zone Agricultural Research Institute. While 
Balcı is a prickly variety and has an oil content of 31%, Dinçer, a prickless variety, 
has an oil content of 28.12% (Arslan & Çulhan, 2020). Safflower plants needed for 
feeding H. peltigera larvae were grown in Ankara Plant Protection Central Research 
Institute’s garden. The stock culture was established from individuals obtained from 
eggs laid by H. peltigera adults collected from Ankara safflower fields.

Determination of the biology of Heliothis peltigera and creating a life table
The studies were conducted with leaves of safflower varieties, Balcı and Dinçer, 

at 25 ± 1 °C temperature, 65 ± 5% RH and 16: 8 (Light:Dark) photoperiods. Biology 
studies were started with 142 individuals (eggs) on Balcı and 146 individuals (eggs) on 
Dinçer when H. peltigera adults lay eggs. One egg was transferred to 9 cm diameter 
plastic Petri dishes containing blotter paper and fresh safflower leaves (separately 
for each variety of safflower). These Petri dishes were monitored daily, the eggs and 
larval stages were determined. The end of larval stages, they were transferred to 
plastic containers with sterilized soil at a height of 10-15 cm to follow the pupal stage 
and checked daily. Then, one adult female and one male were taken to a container 
that its top was covered with cheesecloth. Cotton soaked in 10% honey + 10% sugar 
water solution was placed in a container to feed to adults (Shorey & Hale, 1965). 
With the daily monitoring of adult individuals that its larvae feeding in two safflower 
varieties, the duration of life, pre-oviposition, oviposition and post-oviposition periods 
and fecundity of female individuals were determined. Observations were continued 
daily until the last individual died.

The pupal and adult sex ratio was determined by examining the genital segments 
of the pupae and adults grown in the laboratory using Leica M binocular microscope.

The raw life table data of H. peltigera reared on two safflower varieties were 
analyzed according to Chi & Liu (1985) and Chi (1988) using the computer program 
TWOSEX-MSChart (Chi, 2018; Wei et al, 2020). The variances and standard errors of 
population parameters were evaluated using the bootstrap technique (HesHesterberg, 
Moore, Monaghan, Clipson, & Epstein, 2005; Özgökçe, Chi, Atlıhan, & Kara, 2018) 
with 100,000 resampling to obtain stable estimates. 

The mean development time of each stage of H. peltigera, adult female 
pre-oviposition period (APOP), total pre-oviposition period (TPOP), the total longevity 
of adults, gross reproductive rate (GRR), and mean number of eggs were calculated. 
The intrinsic rate of increase (r), finite rate of increase (λ), net reproductive rate (R0) 
and mean generation time (T0) were also determined using the computer program, 
TWOSEX-MS Chart (Chi, 2021). Based on life table data, population size of H. peltigera 
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was estimated using the computer program Timing-MSChart (Chi, 2019a) according 
to the method reported by Chi and Liu (1985) and Chi (1990). In this method, when 
a certain number of individuals are taken as the initial population of H. peltigera, the 
size that the population can reach at the end of the period to be determined can be 
estimated from the total number of individuals specific to age (x) and stage (j).

RESULTS AND DISCUSSION

Development time and adult life
The egg development times of H. peltigera fed on Balcı (3.19±0.07) and Dinçer 

(3.23±0.07) safflower varieties were found to be statistically similar (P>0,05). A mean 
of 439.2 (282-1240) larvae emerged from 72% of the mean 610 eggs obtained on 
Balcı. A mean of 344 (149-1052) larvae emerged from 65% of the 531 eggs obtained 
on Dinçer. The difference between the number of larvae obtained depending on the 
variety was found to be statistically significant (P<0,05). 

In our research, it was determined that H. peltigera individuals had six larval stages 
in both safflower varieties as in H. armigera (Borah & Dutta, 2002). According to the 
safflower varieties, a statistical difference was determined between the development 
periods of the first and third stage larvae (P<0,05, Table 1). For other larvae, prepupa 
and pupa stages, development times were very close to each other in both varieties 
(P>0,05). However, the pre-adult time of BS took a mean of 32.82±0.23 days on Balcı 
and 33.97±0.16 days on Dinçer and the effect of safflower variety on the growth period 
of H. peltigera was found to be significant (P<0,05). In contrast, pre-adult survival 
rates are very close to each other in both varieties (0.56±0.04 on Balcı and 0.48±0.04) 
on Dinçer (P>0,05) (Table 1). The fact that the oil content of the Balcı is higher than 
the Dinçer (Arslan & Çulhan, 2020), have enabled to develop of the larvae better 
and faster. The difference can be seen in durations of the larvae at different stages 
of Heliothis species feeding on different host plants (Gomes, Santos, & Avila 2017; 
Rhudong et al, 2019). The durations of H. armigera’s first, third, fifth stage larvae and 
pupa stages were found different from each other according to the plant variety, it was 
very close in other larval periods (Dhandapani & Balasubramanian, 1980). Similarly, 
Naseri, Golparvar, Razmjou, & Golizadeh (2014) found that the development period 
of H. armigera fed on different soybean varieties ranged from 31.82±0.42 days to 
37.58±0.90 days. Amer & El-Sayed (2014) noted that the pupal period of H. armigera 
fed on different plants at 26 °C and 14:10 photoperiod was not different from each 
other. The life span of H. peltigera adults was determined 10.58±0.31 days on Balcı 
and 9.98±0.28 days on Dinçer. It is seen that the life span of adults is not different from 
each other in both safflower varieties (P <0.05) (Table 1). There is no study on the 
adult life span of H. peltigera and effect of its host on the adult life span. In accordance 
with our study, several researchers (Naseri et al, 2014; Gomes et al, 2017) reported 
that the adult life of H. armigera was affected by different bean varieties.
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Table 1. Means and standard errors (Ses) of larval durations, preadult times, and preadult survival rates 
of Heliothis peltigera on two safflower varieties.

Biological stages
Safflower varieties

n Balcı n Dinçer

Eggs 131 3.19±0.07a 129 3.23±0.06a

L1 121 3.24±0.07 b 115 4.17±0.09a

L2 103 2.87±0.09 a 101 2.81±0.10a

L3 102 2.60±0.07 a 101 2.32±0.06b

L4 101 1.98±0.03 a 101 2±0.009  a

L5 100 1.92±0.03 a 100 1.97±0.02 a

L6 100 2.05±0.03 a 100 1.97±0.02 a

Prepupa 96 2.07±0.03a 100 2.01±0.01a

Pupa 80 12.82±0.18a 71 13.23±0.16a

Preadult time (d) 80 32.82±0.23 b 71 33.97±0.16a

Preadult survival rate (sa) 142 0.56±4.14 a 146 0.48±4.14 a

* See was estimated using the bootstrap technique with 100.000 resampling. The means followed by 
different letters in the same row were significantly different according to the paired bootstrap test 
based on the confidence interval of differences P <0.05.

Sex ratio, oviposition and fecundity
Other data obtained in this study was about the sex ratios on two different host 

plants of the pest. Pupa sex ratio (♀:♂) of H. peltigera was found as 1.17: 1 on Balcı, 
and 1: 1.19 on Dinçer. In adults, it was determined as 1.05: 1 on Balcı and 1: 1.21 on 
Dinçer. The findings showed that the share of females on Balcı and males on Dinçer 
variety in the population was higher. Similar studies with H. armigera show that the 
sex ratio favors males. Kaya & Kovancı (2000) noted that the sex ratio (♀:♂) of H. 
armigera pupae was 1.00: 1.07 and 1.00: 1.08 in adults.

It was determined the APOP, TPOP and oviposition period of H. peltigera females 
feeding with two safflower varieties were 3.24±0.20, 35.91±0.4 and 3.45±0.17 days 
on Balcı; 4.46±0.36 and 37.96±0.42, 3.36±0.15 days on Dinçer, respectively. The 
differences in APOP and TPOP of these adult females were found to be statistically 
significant, while oviposition periods were similar (P<0,05) (Table 2). Jha, Chi, & Tang 
(2012) reported that the APOP period of H. armigera was not affected by different 
bean varieties however the TPOP period of H. armigera was affected feeding with 
different bean varieties (Naseri et al, 2014) in our study.

The mean number of eggs of H. peltigera females were 606.89±48.09 on Balcı and 
530.53±42.89 on Dinçer. The differences between the egg numbers of H. peltigera 
feeding in two safflower varieties were not statistically significant (P>0,05). Population 
doubling time (DT) shows that it is 5.13±0.17 days on Balcı, 5.79±0.25 days on Dinçer 
and the difference between them is significant (P<0.05). According to these results, 
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the initial population of H. peltigera on both varieties can double in a short period of 
about 5-6 days. Host plants influence the fecundity, survival and longevity of adults 
of H. armigera (Gomes et al, 2017).
Table 2. Means and standards errors (Ses) of the pre-oviposition period (APOP), total pre-oviposition pe-

riod (TPOP), oviposition days (Od), post-oviposition, total longevity, adult life span, fecundity (F), gross 
reproductive rate, and population doubling time (DT) of Heliothis peltigera on two safflower varieties.

Basic statistics n Balcı n Dinçer

Adult Pre-oviposition Period (APOP) 37 3.24±0.20 b 30 4.46±0.36 a

Total Pre-oviposition Period (TPOP) 37 35.91±0.39 b 30 37.96± 0.42 a

Oviposition days (Od), 37 3.45±0.17 a 30 3.36±0.15 a

Fecundity (F) 37 606.89±48.09a 30 530.53±42.89 a

Adult life span 80 10.58±0.31a 71 9.98±0.28a

Total longevity 142 30.83±1.38a 146 29.87±1.39 a

Survival rate 142 0.97±3.60 a 146 0.97±3.78 a

GRR 142 293.83±41.13a 146 277.72±51.27 a

Population doubling time (DT) (day) 142 5.13±0.17 b 146 5.79±0.25 a

*See was estimated using the bootstrap technique with 100.000 resampling. The means followed by 
different letters in the same row were significantly different according to the paired bootstrap test 
based on the confidence interval of differences at the % 5 significal level.

Life table parameters
The population parameters Ro, r, λ and T, estimated using the bootstrap technique, 

were listed Table 3. The effect of host varieties on the net reproductive rate (R0) of 
the population of H. peltigera was found to be insignificant (P<0,05). The highest 
intrinsic rate of increase (r) and the finite rate of increase (λ) of H. peltigera was 
calculated as 0.134 day-1 and 1.144 day-1 on Balcı, these values were found 0.199 
day-1 and 1.12 day-1 on Dinçer respectively. It means that the females feeding on the 
Balcı can bring more live female offspring to the population in one day and have a 
more reproductive ability. According to these results, it is predicted that H. peltigera 
individuals fed on Balcı can give more female offspring to the population compared 
to Dinçer. Likewise, the mean generation time (T0) of the pest fed in two safflower 
varieties was different from each other, it was shorter (37.5 days) on Balcı than on 
Dinçer (39.25 days) (Table 3). Naseri et al (2014) found the intrinsic rate of increase 
(r) of H. armigera was 0.115±0.009 day-1 - 0.142±0.001 day-1; the net reproductive rate 
(R0) were 177.3±6.7 - 270.1±6.7 offspring; the mean generation time (T0) ranged from 
37.03±0.05 to 44.64±0.07 days on 13 soybean varieties. Similar to the differences 
in the (r) value in our study, depending on the variety, the r value of H. armigera was 
0.1135 day-1 for sunflower (Reddy, Rao, Rao, & Rajasekhar, 2004) and 0.1423 day-1 
for millet (Patal & Koshyia, 1997) was determined. Basavaraj, Naik, Jagadish,  & 
Shadakshari (2018) reported that the net reproductive rate (Ro) of H. armigera was 
281.011 with mean length of generation (T0) was 41.40 days on sunflowers. The 
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reasons for these differences result from morphological, physiological or ingredients 
of nutrient differences in each host species or a variety depending on the host plant 
variation. Additionally, the fact that the intrinsic rate of increase of H. peltigera is higher 
on Balcı with higher oil content support that this variety is more suitable in terms of 
reproductive ability. The life table parameters obtained indicate that the population of 
H. peltigera fed on Balcı will be higher.
Table 3. Means and standards errors (Ses) of the intrinsic rate of increase, (r), finite rate of increase 

(λ), net reproductive rate (R0) and mean generation time (To) of Heliothis peltigera on two safflower 
varieties.

Parameters Balcı (n:142) Dinçer (n=146)

The intrinsic rate of increase, (r) (day-1)  0.134±4.59  a 0.119±5.123 b

The finite rate of increase (λ) (day-1)  1.144±0.005 a 1.126±0.005 b

The net reproductive rate (R0) (egg/ female) 158.13±25.52a 109.01±19.71a

Mean generation time (T0) (day) 37.49±0.34    b 39.25±0.40    a

See was estimated using the bootstrap technique with 100.000 resampling. The means followed by 
different letters in the same row were significantly different according to the paired bootstrap test 
based on the confidence interval of differences at the % 5 significal level.

When the survival rates of H. peltigera fed on two safflower varieties were examined, 
it was found that the eggs survived at the rate of 90.85% on the Balcı variety and 89.73% 
on the Dinçer variety (Fig. 1). The survival rates were determined on the first, second, 
third, fourth, fifth and sixth larval period of H. peltigera of fed on Balcı variety as 93.8%, 
85.12%, 99.03%, 99.02%, 99.01%, and 100%, respectively. On Dinçer, the survival 
rates of the first, second, third, fourth and fifth larval period were recorded as 87.79%, 
87.83% 100%, 100%, 99.01%, and 100%, respectively. From the third larval period to 
the pupal period, survival rates were high in both cultivars. Additionally, the survival rates 
of prepupa and pupa were 96% and 83.33%, respectively, on Balcı while prepupa was 
100% and pupa was 71% on Dinçer variety. According to the age distribution, the survival 
rate was determined as 97.71% on Balcı and 97.45% on Dinçer (Fig. 1). Due to the 
variable development rate among individuals, the age-stage survival rate (sxj) showed 
the stage differentiation and significant stage overlaps (Fig. 1). In general, the lowest 
survival rate on both varieties was observed in the pupal stage. The adults emerged 
faster on Balcı than they did on Dinçer. According to these values, more deaths were 
observed in the first and second instar larvae and pupal periods compared to other 
biological periods. Althought the mortality rates in male and female adults are close to 
each other, the highest male death on Balcı variety is on the 50th day, and the highest 
female mortality is on the 49th day; On the Dinçer variety, the highest male death was 
on the 48th day and the highest female death on the 49th day (Fig. 1). It was compared 
with the probability of survival of H. armigera, as no other studies have addressed 
the probability of survival of H. peltigera. The survival probability of H. armigera was 
determined to be 32% from egg to adult on different bean varieties (Naseri et al, 2014), 
and 33.1% from egg to pupa on cotton (Liu, Li, Gong, & Wu, 2004). Additionally, the 
survival rate of H. armigera’s pupae was reported 85.7% on cotton (Kunjun, Yuping, 
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& Minghui, 1992); 92.7% on artificial diet (Amer & El-Sayed, 2014), 56% on soybean, 
72% on artificial diet (Suzana, Damiani, Fortuna, & Salvadori, 2015). 

 

Fig. 1 Age-stage specific survival rate of Heliothis peltigera on two safflower varieties Sxj: the probability 
that a newly laid egg will survive to age x and stage j.

The life expectancy is the estimation of survival time of an individual under certain 
conditions. The life expectancy of a newborn individual (e01) of H. peltigera was 
estimated as 31 days on on Balcı, and 30 days on Dinçer varieties. But life durations 
of the pest were found as almost 50 days on both host plants. When the survival 
rate (lx) curve of all biological stages was examined, it was seen that the population 
decreased rapidly at the beginning and the survival rate decreased to 70% on the 10th 

day, this decline was slow until the 30th day when the adults emerged, and it decreased 
rapidly from the 40th to 52nd day. On the 30th day, fecundity rate (mx) increased with 
the emergence of adult females and males, reaching the highest level between 36.-38 
days and ended on the 44th day with the adults starting to die. It is seen that the lxmx 
curve also follows a parallel course on Balcı (Fig. 3). 

 

Fig. 2 Expected life time (exj) of Heliothis peltigera on two safflower varieties.

The higher reproduction values (vxj) of H. peltigera were calculated for females on 
both varieties. It was estimated about 400 eggs in 33th days on Balcı, while it was found 
370 eggs in 36th days on Dinçer (Fig. 4). Parallel to vxj, the net reproductive rate (Rₒ) 
approaches 158.13 levels. On Dinçer, the reproductive value (vxj) of the population of H. 
peltigera has increased since the 31st day and the net reproductive rate (Rₒ) reaches 
109.01 levels. The obtained data show us that H. peltigera has a high reproduction capacity 
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as soon as it becomes an adult. The reproductive value decreases with the aging of the 
female, and it ends on the 45th day on the Balcı and the 47th day on the Dinçer (Fig. 5).

 

Fig 3. Population survival rate of Heliothis peltigera on safflower varieties Balcı and Dinçer. l x: the 
probability that a new egg will survive to age x. mx: the mean fecundity of individuals at age x. l x*mx: 
the product of l x and mx, age-stage specifc reproduction.

 

Fig.4 Reproduction value of Heliothis peltigera fed on two safflower varieties.

 

Fig.5 Population sizes of Heliothis peltigera on two safflower varieties.

Age-stage, two-sex life tables provide comprehensive information on the pest’s 
population parameters. With this study, the biology and life table of H. peltigera in 
Turkey and the world was revealed for the first time and basic data were obtained 
about this pest. As a result, the age-stage, two-sex life table we made showed that 
Balcı variety was more advantageous than Dinçer for H. peltigera. However, to better 
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understand the insect-plant interaction, it is necessary to study the demographic 
parameters of this pest on safflower cultivars under field conditions. Additionally, 
the identification and extraction of secondary biochemical of safflower cultivars can 
significantly assist in planning more practical strategies for the management of H. 
peltigera. The basic information obtained in this study about H. peltigera will be 
useful for pest control and prefer to produce Dinçer variety that could be reducing of 
H. peltigera. With these data, the population of the pest can be estimated under field 
conditions and can help keep it below the economic damage threshold.

ACKNOWLEDGEMENTS
I want to thank General Directorate of Agricultural Research and Policies and 

Directorate and Plant Protection Central Research Institute for their support in 
conducting the research on the project titled Bollworm [Helicoverpa spp., Heliothis spp. 
(Lepidoptera: Noctuidae)] Species Prevalence, Density, Biology and Natural Enemies 
Determination and Control Possibilities. I want to thank Dr. Mustafa ÖZDEMİR for 
diagnosing Heliothis peltigera adults and Dr. M. Salih ÖZGÖKÇE for evaluation of 
its population parameters.

REFERENCES
Amer, A.E.A. & El-Sayed, A.A.A. (2014). Effect of different host plants and artificial diet on Helicoverpa 

armigera (Hubner) (Lepidoptera: Noctuidae) development and growth index. Journal Entomology, 11, 
299-305.

Arslan, B. & Çulhan, E. (2020). Determination of agricultural and technological traits of some safflower 
(Carthamus tinctorius L.) genotypes developed by cross breeding. YYU Journal of Agricultural 
Science, 30,742-750.

Ayten, S. & Ülgentürk, S. (2020). Ankara ili aspir alanlarında Yeşilkurt [Heliothis peltigera Denis 
& Schiffermüller (Lepidoptera: Noctuidae)]’un yaygınlığı, yoğunluğu ve bulaşma oranı. Ziraat 
Mühendisliği, 369, 122-132.

Atlıhan, R., Özgökçe, M.S., & Hsin, C.H.I. (2018). Yaş ve döneme özgü, iki eşeyli yaşam çizelgesi: 
populasyon ekolojisi, biyolojik savaş ve zararlı yönetiminin temeli. YYU Journal of Agricultural 
Science, 28(4), 502-506.

Basavaraj, K., Naik, M.I., Jagadish, K.S., & Shadakshari, Y.G. (2018). Studies on age specific fecundity 
life tables for Helicoverpa armigera Hub., on sunflower (Helianthus annuus L.). Journal of Entomology 
and  Zoology Studies, 6(2), 1364-1368. 

Borah, S.R. & Dutta, S.K. (2002). Biology of gram pod borer, Helicoverpa armigera (Hub.) on pigeon pea. 
Journal of the Agricultural Science Society NE. India, 15, 34-37.

Chi, H.S.I.N. & Liu, H. (1985). Two new methods for the study of insect population ecology. Bulletin of the 
Institute of Zoology, Academia Sinica, 24, 225-240.

Chi, H. (2021). TWOSEX-MSChart: A computer program for the age-stage, Two-Sex Life Table Analysis. 
http://140.120.197.173/Ecology/

Damkacı, S.A. (2013). Konya ilinde aspir (Carthamus tinctorius: Asteraceae) ekim alanlarında zararlı 
böcekler ve predatörleri. Yüksek Lisans Tezi, Selçuk Üniversitesi, Fen Bilimler Enstitüsü, Bitki Koruma 
Anabilim Dalı, 44, Konya.

Dhandapani, N. & Balasubramanian, M. (1980). Consumption and utilization of different food plants by 
Heliothis armigera (Hubner) (Noctuidae, Lepidoptera). Entomology, 5, 99-103.



243
Some Biological Characteristics and Life Table of Heliothis peltigera

Eroğlu, G.B., Nalçacıoğlu, R., & Demirbağ, Z. (2019). A new Helicoverpa armigera Nucleopolyhedrovirus 
isolate from Heliothis peltigera (Denis & Schiffermuller) (Lepidoptera: Noctuidae) in Turkey. Turkish 
Journal of Biology, 43, 340-348.

Gomes, E.S., Santos, V., & Avila C.J. (2017). Biology and fertility life table of Helicoverpa armigera 
(Lepidoptera: Noctuidae) in different hosts: biology of Helicoverpa armigera, Entomological Sciences, 
20, 419-426.

HesHesterberg, T., Moore, D.S., Monaghan, S., Clipson, A., & Epstein, R. (2005). Bootstrap methods and 
permutation tests. In D.S. Moore & G.P. McCabe (Eds.). Introduction to the practice of statistics (5th 
ed.). Freeman and Company.

Hüseyinoğlu, Y. & Atay, E. (2017). A faunistic study of diurnal and nocturnal Lepidoptera in Darboğaz, 
Bolkar Mountains (Niğde, Turkey). Journal of the Kansas Entomological Society, 90, 44-53.

İyriboz, N.Ş. (1971). Pamuk Zararlıları ve Hastalıkları. Ticaret Yayınevi, İzmir, 1-104.
Jha, R.K., Chi H., & Tang, L. (2012). A Comparison of artificial diet and hybrid sweet corn for the rearing 

of Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) based on life table characteristics. 
Environmental Entomology, 41, 30-39.

Kaya, M. & Kovancı, B. (2000). Bursa ilinde Yeşilkurt, Helicoverpa armigera (Hübn.) (Lepidoptera: 
Noctuidae)’nın biyolojisi üzerinde araştırmalar. Journal Agricultural. Sciences of YYU, 10, 37-43.

Keyder, S. (1961). Marmara ve Trakya Bölgesinde Meyve ve Sebzelerde Zarar Yapan Noctuidae Türleri 
Üzerinde Araştırmalar. Göztepe Zirai Mücadele Araştırma Enstitüsü Yayınları, Yenilik Yayınevi, 
İstanbul, 1-27.

Kornoşor, S. & Düzgüneş, Z. (1980). Güney Anadolu Bölgesinde Heliothis cinsine bağlı türlerin tespiti ve 
bunların morfolojik ve genetik özelliklerinin araştırılması. Ankara Ü. Z. F. Diploma Sonrası Yüksek 
Okulu Doktora Tez Özetleri, 1258-1287.

Kunjun, W., Yuping C., & Minghui, L. (1992). Performances of cotton boll worm, Heliothis armigera 
(Hubner) at different temperatures and relative humidities. Journal of Environmental Sciences, 5(2), 
158-168.

Liu, Z., Li, D. Gong, P., & Wu, K. (2004). Life table studies of the cotton bollworm, Helicoverpa armigera 
(Hübner) (Lepidoptera:Noctuidae), on different host plants. Environmental Entomolgy, 33(6), 
1570-1576.

Manjunath, T.M., Patel R.C., & Yaoav, D.N. (1976). Observations on Heliothis peltigera (Sehiff.) (Lep.: 
Noctuidae) and its natural enemies in anand (Gujarat State, India). Proceedings Indian Academy of 
Sciences, 83(2), 55-65.

Matov, A., Zahiri R., & Holloway, J.D. (2008). The Heliothinae of Iran (Lepidoptera: Noctuidae). Zootaxa, 
1763, 1-37. 

Naseri, B., Golparvar, Z., Razmjou J., & Golizadeh, A. (2014). Age-stage, two-sex life table of Helicoverpa 
armigera (Lepidoptera: Noctuidae) on different bean cultivars. Journal of Agrıcultural Science and 
Technology, 16(1), 19-32. 

Özgökçe, M.S., Chi, H., Atlıhan, R., & Kara, H. (2018). Demography and population projection of Myzus 
persicae (Sulz.) (Hemiptera: Aphididae) on five pepper (Capsicum annuum L.) cultivars. Phytoparasiti-
ca, 46(2), 153-167. 

Parvin, A. (1990). Some biological features of Heliothis peltigera Schiff on safflower. Applied Entomology 
and Phytopathology, 57(1-2), 11-12.

Patal, C.C. & Koshyia, D.J. (1997) Life table and innate capacity of Helicoverpa armigera (Hbner) on pearl 
millet. Indian Journal of Entomology, 59, 389-395.

Ragionieri, L., Özbagcı, B., Neupert, S., Salts, Y., Davidovitch, M., Altstein M., & Predel, R. (2017). 
Identification of mature peptides from pban and capa genes of the moths Heliothis peltigera and 
Spodoptera littoralis. Peptides, 94, 1-9.

Reddy, K.S., Rao, G.R., Rao P.A., & Rajasekhar, P. (2004). Life table studies of the capitulum borer, 
Helicoverpa armigera (Hübner) infesting sunflower. Journal Entomological Research, 28, 13-18.



244
AYTEN, S., ÜLGENTÜRK, S.

Shorey, H.H. & Hale, R.L. (1965). Mass-rearing of the larvae of nine noctuid species on a simple artificial 
medium. Journal of Economical Entomology, 58, 522-524.

Suzana, C.S., Damiani, R., Fortuna L.S., & Salvadori, J.R. (2015). Desempenho de larvas de Helicoverpa 
armigera (Hübner) (Lepidoptera: Noctuidae) em diferentes fontes alimentares. Pesquisa Agropecuária 
Tropical, 45(4), 480-485.

Tezcan, S., Okyar Z., & Beyaz. G. (2004). Manisa ilinde yetiştirilen kültür kekiği (Origanum spp., 
Lamiaceae)’ndeki Noctuidae (Lepidoptera) familyası türleri. Anadolu, 14(2), 29-34.

Wei, M., Chi, H., Guo, Y., Li, X., Zhao, L., & Ma, R. (2020). Demography of Cacopsylla chinensis 
(Hemiptera: Psyllidae) reared on four cultivars of Pyrus bretschneideri and P. communis (Rosales: 
Rosaceae) pears with estimations of confidence intervals of specific life table statistics. Journal of 
Economical Entomology, 113(5), 2343-2353.



AUTHOR GUIDELINES
Journal of the Entomological Research Society (J. Entomol. Res. Soc.) accepts and publishes original research 
articles in the all fields of entomology. The journal publishes regular research papers and review articles. Brief 
and timely reports may be submitted as short communications, where articles with less detailed results and 
evaluations sections can be accepted as short communication. The Editors first evaluate all manuscripts. At 
this stage, manuscripts that fail to be original, have serious scientific flaws, have poor grammar or English 
language, or are outside the aims and scope of the Journal will be rejected. Those that meet the minimum 
criteria are passed onto at least 2 experts for review. Authors should suggest four reviewers with their names, 
addresses and e-mail addresses who would review their manuscript. Information on the reviewers should also 
be uploaded as an appendix to the manuscript. Of these four reviewers, at most two should be in the author’s 
native country and the others will be in other countries. Two reviewers are selected from these four suggested 
reviewers or editors may assign other reviewers. A final decision to accept or reject the manuscript will be sent to 
the author along with any recommendations made by the reviewers. Reviewers make recommendations to the 
Editor whether to accept or reject the manuscript for publishing. The Editor reaches a final decision based on the 
reviewers’ recommendations, as well as his/her own evaluation of the manuscript.
The manuscripts should be written in Arial with 12 type size with double spacing in Microsoft Office Word. The 
paragraphs should not be indented. The Manuscripts in general should not exceed 30 pages.
Heading: The title of the manuscript should be informative, but preferably not exceed twenty words. Just under 
the heading, please provide the title, full name(s) of author(s) (The name(s) of all authors should be start with 
capital letter, and surname(s) should be typed in upper case), with full address and e-mails of each author on a 
separate line. If a genus or species name is included in the manuscript heading, these should be written in full 
with no abbreviations, including the author name and date; e.g. Aphodius lividus (Olivier, 1789)
Abstract: An abstract provided at the beginning of the manuscript should indicate the main aspects of the 
subject, not exceed 200 words, and should be followed by 5-7 key words.

Text: The standard order of sections for original manuscripts is as follows: Introduction, Material and Methods, 
Results, Conclusions and Discussion, Acknowledgements, References. Sub-titles should be up to the third level 
and Italic format should be avoided except for species names. . The scientific names (e.g. genus- and species-
group names) are the only words to be italicized. References should be cited in the text by the last name(s) of 
the author(s) and year of publication. Atribution in main text must be given like that (Surname, 1900a; 1900b; 
1991; Surname, et al, 2000, Surname1 & Surname2, 2001). Two Authors: The surname of both authors is 
stated with either ‘and’ or an ampersand (&) between. For example: Surname1 & Surname2 (2017) state… Or 
…(Surname1 & Surname2, 2017). Three, Four or Five Authors: For the first cite, all names should be listed: 
Surname1, Surname2, & Surname3 (2017) state… Or …( Surname1, Surname2, & Surname3, 2017). Further 
cites can be shorted to the first author’s name followed by et al: Surname1 et al (2017) state… Or …(Surname1 
et al, 2017). Six or more authors: Only the first author’s surname should be stated followed by et al: (Surname1 
et al, 2017). Works should be cited with a, b, c etc following the date. For example: (Surname1, 2017a) or 
(Surname1, 2017b). If these works are by the same author, the surname is stated once followed by the dates 
in order chronologically. For instance: Surname (2007, 2013, 2017) Or (Surname, 2007, 2013, 2017). If a page 
number will be given for a quote, the page number must be given after the date, for example (Surname, 2017, 
p.104). This rule holds for all of the variations listed. Groups of references should be listed chronologically. 
For faunistic research follow this order, Distribution:.., Material examined:…, Host plant:….etc.
Example: 
Sphex oxianus Gussakovskij, 1928
Distribution: Central and South West Asia, Afghanistan, Iran, Israel, Turkey (Bohart and Menke, 1976; Menke 
and Pulawski, 2000; Kazenas, 2001), Turkey: Artvin (De Beaumont, 1967).
Material examined: Ankara, Altındağ, Çubuk Dam Lake, 900 m, 29.06.1998, 1 ♂; Kalecik, 600 m, 24. 07. 2001, 
2 ♀♀, Kalecik, 800 m, 25. 07. 2001, 3 ♀♀
Host plant: Echinophora sp.
Please use ♀, ♂ symbols. Please write upper genus categories with capital letters.
Illustrations: Illustrations, graphs, their caption or legends should form a separate, and a self-explanatory unit. 
Abbreviations in the legends should be explained but if there are too many, they should be included into a 
separate list. The original drawing and photographs should not be more than twice as large as when printed. 



Morphological illustrations should include a scale bar. Photographs and electron micrographs should be in high-
resolution JPEG file format (300 dpi). Drawings (black and white type) should be in TIFF format and their size 
should be no more than 10 MB. Graphs should also be in black and white and submitted in excel file format. 
Tables should include headings and explanations, and should be numbered consecutively. Their approximate 
position in the text should be indicated in the margin. Legends and titles of the graphs and tables should be 
in Arial with 12 type size. Please do not embed the figures, graphs and table into the text, and send them as 
supplementary files. In the text attribution to the figures should be given in parenthesis and must be abbreviate 
like this; (Fig.1).Figs. 1-10. A. marriotti sp. n. 1. Male (holotype), dorsal. 2. Female (paratype)

References: 
Titles of manuscripts published in languages other than the major ones (English, German, French, Spanish, 
Portuguese, Turkish) should be an English translation (in parentheses) with an explanatory note at end, e.g. (in 
Russian). The list of references should be given at the end of the article and listed alphabetically, according to 
the following examples. All periodical names should be unabbreviated and italicized. In references, journal titles 
must be written in full (not abbreviated).
Journal Article
Beirne, B.P. & Young, D.A. (1953). The North American species of Cicadula (Homoptera, Cicadellidae). Canadian 
Entomologist, 85(1), 215-226.
Mitchell, J.A. (2017). Citation: Why is it so important. Mendeley Journal, 67(2), 81-95. Retrieved from https://
www.mendeley.com/reference-management/reference-manager
Book
Steinmann, H.A. & Zombori, L. (1985). An atlas of insect morphology. (2nd ed.). Akadèmiai Kiadò, Budapest, 
Hungary.
Edited Book 
Williams, S.T. (Ed.). (2015). Referencing: A guide to citation rules (3rd ed.). New York, NY: My Publisher
Edited Book Chapter
Troy, B.N. (2015). APA citation rules. In S.T, Williams (Ed.). A guide to citation rules (2nd ed., pp. 50-95). New 
York, NY: Publishers.
E-Book 
Mitchell, J.A., Thomson, M., & Coyne, R.P. (2017). A guide to citation. Retrieved from https://www.mendeley.com/
reference-management/reference-manager
Author, A. (date). Title of book. doi:xxxxxxxxxxxx
E-Book Chapter 
Troy, B.N. (2015). APA citation rules. In S.T, Williams (Ed.). A guide to citation rules (2nd ed., pp. 50-95). Retrieved 
from https://www.mendeley.com/reference-management/reference-manager
Author, A. (date). Title of chapter. In E. Editor (Ed.). Title of book (pp. xx-xx). doi:xxxxxxxxxx
URLs
Mitchell, J.A. (2017, May 21). How and when to reference. Retrieved from https://www.howandwhentoreference.
com.
Thesis
Ersoy, D. E. (2014). Sündiken Dağlarının (Eskişehir) Aphodiinae ve Rutelinae Alt Familyalarının Sistematiği ve 
Faunası (Coleoptera: Scarabaeidae) (Publication No. 12345678) [Doctoral dissertation - Master’s thesis, Gazi 
University]. Council of Higher Education Thesis center. https://tez.yok.gov.tr/UlusalTezMerkezi/

Nomenclature should be in absolute agreement with the current ICZN rules. The only acceptable type concepts 
are: holotype, paratype, etc. The following abbreviations should be adopted: gen. n., sp. n., stat. n. and comb. n.
Journal of the Entomological Research Society uses the Open Journal Systems (OJS) platform, which will enable 
the journal to accept submissions online. For submitting a manuscript please go to web page http://www.entomol.
org and register as author and submit your manuscript online. 

Copyright form: You can download  JERS copyrigth form in our web site, then sign it with all authors and send us.
URL: http://www.entomol.org
e-mails: jers@entomol.org
Address: Journal of the Entomological Research Society, P.box.110 Bahcelievler P.Isl.Mud. 06502, Ankara/TURKEY



CONTENTS

Kazmi, S.I., Ghosh, S., & Saroj, S. (2022). Review of the Indian species of Evania (Hymenoptera: Evanioidea: 
Evaniidae) (Research Article) .................................................................................................................01

Gholamzadeh Chitgar, M. (2022). Effects of mineral oils, palizin and buprofezin on functional and numerical 
responses of predatory ladybeetle, Cryptolaemus montrouzieri (Mulsant, 1850). (Research Article) ............13

Heidari Latibari, M., Sepahi, S., & Ghafouri Moghaddam, M. (2022). Presence of Thysanoptera species in the 
urban green spaces of Iran: New records along with illustrated type specimens. (Research Article) ...........31

Noordijk, J. (2022). Cyptophania hirsuta, a new Psocid for Europe, found in a Zoo Hothouse in the 
Netherlands (Psocodea: Lepidopsocidae). (Research Article) ................................................................63

Marković, Č. (2022). Survey of cynipid gall wasps (Hymenoptera, Cynipidae) in Serbia.                                                                 
(Research Article) .........................................................................................................................................67

Bozkurt, H., Işıkber, A.A., & Sağlam, Ö. (2022). Phosphine resistance in Turkish populations of                       
Sitophilus oryzae (L., 1763) (Coleoptera: Curculionidae). (Research Article)............................................85

Mishra, M., Sharma, A., Dagar, V.S., & Kumar, S. (2022). Docking-based virtual screening ascertaining 
β-sitosterol-induced alterations in the Helicoverpa armigera Hübner gut enzymes. (Research Article) ........99

Can, İ., (2022). Wing venation abnormalities in the solitary wasp family Crabronidae (Insecta: Hymenoptera). 
(Research Article) ..................................................................................................................................109

Ayten, S. & Ülgentürk, S. (2022). Some biological characteristics and life table of Heliothis peltigera (Denis 
& Schiffermüller, 1775) (Lepidoptera: Noctuidae) on safflower. (Research Article) ....................................123


