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Abstract. Sitona species are significant because they cause damage by feeding on shoots and leaves of
Fabaceae plants. In this study, dominant species and intensity of Sitona in alfalfa, sainfoin, vetch, fodder
pea, red lentil, and fenugreek plants cultivated in the Eastern and Southeastern Anatolia regions between
April-July 2020-2021 were investigated. Samples were collected with a sweep net from 209 fields in 10
provinces of both regions. As a result of surveys, a total of 5168 individuals belonging to Coleositona and
Sitona genus (Coleoptera: Curculionidae) were collected from six species of crops grown in two regions.
Among them, 11 species were recorded from alfalfa, seven from red lentil, six from vetch, six from
sainfoin, four from fenugreek, and four from fodder pea. S. macularius was the most dominant and
abundance species in red lentil, vetch, fodder pea, sainfoin and fenugreek were 92.6%, 67.2%, 73.3%,
97.3% and 44.4%, respectively. In alfalfa too, the most dominant and abundant species was S. humeralis
with 51.3%. The values of the Margalef diversity index showed minor differences between plant varieties.
The Shannon-Weaver diversity index varied between 0.12 and 1.41. The maximum species diversity was
recorded in alfalfa, whereas the minimum was observed in fodder pea and fenugreek plants.
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Introduction

Sitona, which has more than 100 species is a genus within the broad-nosed weevils
of Curculionidae family (Entiminae), widely distributed in the Palaearctic and Nearctic
regions and in parts of the Palaeotropic region (Velazquez de Castro et al., 2010). All
Sitona species are associated with leguminous plants (Fabacae) both in adult and
immature stages and produce a generation a year and spend the winter in different
biological periods (Papadopoulou, 2013; Rim et al., 2019; Goziiagik et al., 2021a). The
damage in legumes plants is caused both by adults and larvae. Adults are harmful at the
time of germination of plants, injuring young shoots and causing their degradation and
death. When the plant matures, they feed on the leaves and in the case of high
infestation cause total defoliation of plants (Wiech and Clements, 1992). Larvae devour
roots, causing open injury, also, preparing a suitable environment for various bacteria
and fungi to damage the plant (Manglitz et al., 1963; Pesho, 1975; Dintenfass and
Brown, 1986; Mowat and Shakell, 1989). Also, consuming of nitrogen root nodules
formed by soil bacteria (Rhizobium), causing strong reduction of the content of the
nitrogen in roots, which leads to significant decrease in yield (Aeschlimann, 1980;
Syrett, 1992; Skot et al., 1994; Murray, 1996; Cantot, 2001). In the years when the
population is dense, the larvae can destroy more than 90% of the nodules (Cardona,
1983; Tahhan and Hariri, 1982), which is why nitrogen deficiency emerges in the
vegetative growth stage of the plants. Therefore, many species are considered severe
agricultural pests of cultivated pulses and are considerably known in Europe and North
America. 27 Sitona species have been identified in agriculture and non-agricultural
fields in different regions of Tiirkiye (Lodos et al., 1978, 2003; Avgin and Colonnelli,
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2011; Alonso-Zarazaga et al., 2017; Cekig, 2017). Most of these species have been
identified from non-agricultural areas. In agricultural areas, Sitona species were
investigated mostly on alfalfa and lentil plants. In alfalfa fields in Tiirkiye; Sitona
bicolor Fahracus, S. callosus Gyllenhal, S. concavirotris Hochhuth, S. cylindricollis
Fahraeus, S. hispidulus (Fabricius), S. humeralis Stephens, S. lineatus (Linnaeus), S.
longulus Gyllenhal, S. macularius (Marsham), S. obsoletus (Gmelin) and Sitona
puncticollis Stephens species were identified (Kivan, 1995; Tamer et al., 1997;
Coskuncu and Gencer, 2010; Goziiagik et al., 2021b). On the other hand, only S.
macularius was found to be harmful in red lentil plant. According to the data of
TURKSTAT (2021), leguminous crops are grown in a total of 2 136 631 ha in Tiirkiye,
of which 881.239 ha (41.221%) are for edible food and 1 255 392 ha of which are for
animal feed. In the provinces (Adiyaman, Agri, Bingdl, Diyarbakir, Elazig, Mardin,
Mus, Siirt, Sanliurfa and Van) where the studies are carried out, the share of legume
production areas consists of 26.4% (233 031 ha) of the total cultivation area for edible
food and 22% (275 928 ha) for animal feed.

The aim of this study is to investigate the Sitona species and to contribute to the
management of agricultural production by identifying the dominant pest species and
their intensities in red lentil (Lens culinaris Medik.), chickpea (Cicer arietinum L.),
alfalfa (Medicago sativa L.), sainfoin (Onobrychis viciifolia Scop.), vetch (Vicia sativa
L.), fodder pea (Pisum sativum L.), and fenugreek (Trigonella esculenta Willd.) plants
in Eastern and Southeastern Anatolian regions, where legumes are edible and forage are
mostly planted in Tiirkiye. In addition, this study will contribute to the planning of
future studies that will guide the control of these species by determining the distribution
and density of Sitona species in each crop.

Materials and methods
Study areas

The studies were carried out in the Eastern Anatolia Region (Agri, Bingdl, Elaz1g,
Mus, and Van provinces) with 82 alfalfa (Medicago sativa L.), 53 sainfoins
(Onobrychis viciifolia Scop.), 4 vetches (Vicia sativa L.) and in the Southeastern
Anatolia Region (in the provinces of Adiyaman, Diyarbakir, Mardin, Siirt, and
Sanliurfa) of Tirkiye, 53 red lentils (L. culinaris), 11 chickpeas (C. arietinum), 4
vetches (V. sativa), 17 alfalfa (M. sativa), 2 fodder pea (P. sativum), and 2 fenugreek (T.
esculenta), in a total of 209 fields (Fig. 1), in April-July of the years 2020-2021. In
addition, the geographical and climatic characteristics of both regions are given in
Table 1.

Insect collection and identification

Sample collections were carried out once in two weeks in the vegetative growth
periods of the plants in non-pesticide fields in both years. Sitona species were collected
a total of 50 sweep net randomly from 5-10 different points in each field. Adult
individuals collected were killed with ethyl acetate and were labeled and brought to the
laboratory for identification. These samples were identified at the species level based on
keys (Veldzquez de Castro et al., 2010; Delbol and Lempereur, 2014) using a
stereomicroscope. The samples were placed in the Entomological Collection of Igdir
University, Plant Protection Department, Tiirkiye.
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Figure 1. Provinces where the research was conducted in the Eastern and Southeastern
Anatolia regions

Table 1. Geographical and climatic conditions of the regions

Regions Geographical position (GPS) Climatic characteristics Average altitude (m)
Eastern Anatolia region 39925135 N. 41°14'4"E The summer season is short and cool. 1782
(Agr, Bingol, Elazig, Mus, Van) ’ The winter season is cold and long | (Min. 1030 - Max. 2401)
Southeast Anatolia region .
(Adiyaman, Diyarbakir, Mardin, | 38°6'32"N, 41°19'43"E The summer season s very hot. 670
.. Winter season is rarely cold (Min. 377 - Max. 990)
Siirt, Sanliurfa)

Data analysis

Species composition, diversity, and similarity of Sitona communities in the two
regions on six plants were examined by using the program BioDiversity Pro (McAleece
et al., 1997). The Shannon-Wiener (H") (for measuring diversity), Simpson (I) and
Berger-Parker (d) (considering the dominance), and Margalef’s richness were used. The
following tests were carried out to find results at different levels. Biodiversity indices
were calculated following the standard formulas.

The species diversity (H") for each Fabaceae plant variety was calculated using the
Shannon—Wiener index (Shannon and Weaver, 1949) (Eq. 1):

Diversity index =H" = -3 pi In (pi) (Eq.1)

where pi is the proportion of individuals belonging to the ith species.
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Simpson’s index for dominance was used so that an increase in the value of the index
accompanies an increase in diversity and a reduction in dominance. Simpson’s index
was defined (Magurran, 2004) (Eq. 2):

| = Spi2 (Eq.2)

Species richness (D) was calculated using the formula given by Margalef (1958)
(EqQ. 3):

D=(S—1)/InN (Eq.3)

where S =total number of species N =total number of individuals in the sample
In = natural logarithm.

Measurement of evenness or calculating the evenness of species was used (Pielou,
1966) (Eqg. 4):

e=H/InS (Eq.4)

The obtained findings were subjected to square root transformation in the JMP Pro
13 statistical package program and variance analysis was performed. A Student’s test
(LSD 0.05) was used to group the significant data.

Results and discussion

This study was carried out to reveal the species diversity, abundance, richness, and
dominant pest species of Sitona species in red lentil (Lens culinaris Medik.), alfalfa
(Medicago sativa L.), sainfoin (Onobrychis viciifolia Scop.), vetch (Vicia sativa L.),
fodder pea (Pisum sativum L.), and fenugreek (Trigonella esculenta L.) plants. On these
plants, Coleositona limosus Rossi, Sitona callosus Gyllenhal, S. concavirostris
Hochhuth, S. cylindricollis Féhraeus, S. hispidulus (Fabricius), S. humeralis Stephens,
S. lateralis Gyllenhal, S. lineatus (Linnaeus), S. lividipes Féhracus, S. longulus
Gyllenhal, S. macularius (Marsham), S. obsoletus (Gmelin), and S. puncticollis
Stephens species (Coleoptera: Curculionidae) were determined. In our field
investigation, the relationships between the plant varieties, the average of the Sitona
species, and the number of individuals collected (P > 0.01) were found to be significant
(Table 2).

The Sitona species and individual numbers of the species collected from both regions
differed in each plant. In the studies, a total of 5168 individuals were collected, with
1702 from red lentil, 76 from vetch, 15 from fodder pea, 1513 from sainfoin, 9 from
fenugreek and 1853 from alfalfa. Among the species collected in both regions, S.
macularius was the highest with 63.4%, and S. puncticollis was the least with 0.1%
(Table 2). The distribution of cultivated legume plants in regions shows differently, due
to the climatic conditions of the regions. While alfalfa and vetch plants are cultivated in
both regions, in the Southern Anatolia region it has been observed that red lentil, fodder
pea, chickpea, and fenugreeks are cultivated, but as for the Eastern Anatolia region,
sainfoin cultivation is more common. The average number of individuals in a sweep net
was 0.64 in red lentil, 0.19 in vetch, 0.15 in fodder pea, 0.89 in Sainfoin, 0.09 in
fenugreek, and 0.37 in alfalfa determined. However, Sitona species were not found in
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chickpea plants. 1702 individuals from 7 species were collected from 53 red lentil
cultivated fields in Adiyaman, Diyarbakir, Mardin, Siirt, and Sanliurfa provinces. With
a rate of 92.65% (n = 1577), it was determined in all red lentil fields that S. macularius
was a widespread and dominant species. S. concavirostris was obtained with a rate of
6.6% (n =112) after S. macularius. These species were followed S. humeralis 0.35%
(n =6), C. limosus 0.16% (n = 3), S. callosus 0.12% (n = 2), S. hispidulus 0.06% (n = 1)
and S. puncticollis 0.06% (n = 1), respectively. S. macularius has been reported to be
the main pest of red lentil plants in Western Asia and Northern Africa (Kilig et al.,
1968; Hariri, 1981; Solh et al., 1986). Also, in the Sitona species found in red lentils in
northern Syria, S. macularius (95%) was recorded as the most abundant species
(Tahhan and Hariri, 1982). S. macularius adults feed on the leaves of young seedlings in
red lentil, while their larvae feed on nodules of the roots, reducing the fixation of
nitrogen in the atmosphere (Hariri, 1981; Weigand et al., 1991), it has been determined
that it causes losses between 14.1-17.7% in stalk and grain yields (Cardona, 1983). 76
individuals from 6 species were collected from 8 vetch fields in Adiyaman, Agri,
Bingdl, Diyarbakir, Mardin, and Sanlurfa provinces. These species were found S.
macularius 67.1%, S. longulus 23.8%, S. lateralis 3.9%, S. lineatus 2%, S. hispidulus
1.3%, and S. obsoletus 1.3%, respectively. Velazquez de Castro et al. (2007) stated that
C. limosus, S. ambiguus, S. costipennis, S. lateralis, S. lepidus, S. lineatus, S. lineellus,
S. longulus, S. macularius, S. puncticollis, and S. suturalis species fed on vetch. 15
individuals from 4 species were collected in two fodder pea fields in Adiyaman and
Diyarbakir provinces. It was determined that S. macularius was the dominant species
with 73.3% of the collected species. Other species were found S. concavirostris 13.3%,
S. lateralis 6.7%, and S. lineatus 6.7%, respectively. 1513 individuals from 6 species
were collected in 34 sainfoin (O. viciifolia) fields in Agri, Mus, and Van provinces. It
was determined that S. macularius was the most common and dominant species with a
rate of 97.3% in sainfoin. S. macularius were followed S. callosus 1.5%, S.
cylindricollis 0.4% (n = 6), S. humeralis 0.3%, S. longulus 0.3%, and S. obsoletus 0.2%,
respectively. In previous studies, it was reported that S. lineatus and S. macularius, S.
callosus, and S. tenuis are fed on the sainfoin (Lodos et al., 1978; Velazquez de Castro
et al., 2007). 1853 individuals from 11 species were collected from 99 alfalfa fields in
Adiyaman, Agri, Bingdl, Diyarbakir, Elazig, Mardin, Mus, Sanlurfa, and Van
provinces. Alfalfa is determined to be having the richest diversity in terms of Sitona
species because it is a perennial plant and contains many leguminous weeds. Studies
carried out in alfalfa fields, 11 in Tirkiye (Kivan, 1995; Tamer et al., 1997; Coskuncu
and Gencer, 2010; Goziiagik et al., 2021b), 13 in Bulgaria (Angelov, 1978), with 4 in
Iran (Arbab and McNeill, 2014) were found to be abundant in the number of Sitona
species diversity. In our studies, it was determined that S. humeralis was the most
prevalent and dominant species with a rate of 51.3% in 11 species detected in all alfalfa
fields. S. humeralis was followed S. longulus 17.9%, S. lividipes 15.9%, S. macularius
8.8%, S. lineatus 3.6%, S. concavirostris 0.9%, S. callosus 0.8%, S. hispidulus 0.5%, S.
puncticollis 0.16%, and S. obsoletus 0.1%, respectively (Table 2). S. humeralis was
determined as the most dominant species in alfalfa areas with an of rate 80% in Iran
(Arbab and McNeill, 2014), 51% in Bulgaria (Atanasova, 2012), and 81.4% in Tiirkiye
(Goziiagik et al., 2021b). However, S. longulus was found to be the more dominant
species in the alfalfa fields of VVan province with a rate of 58.6%, and S. lividipes with a
rate of 51.1% in the alfalfa fields of Bingdl located in eastern Anatolia region.
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Table 2. The relationships between the number of Sitona weevils and plant varieties

. *%
(Plai‘;‘sgii nay| R v *Fp *S *F c A Mean | Total Fz;)
S. callosus 2t Ov ov 23j lu Ov 15m 5679 41 0.8
S. concavirostris| 112 g Ov 2t ov Ov Ov 171 18.7¢e 131 25
S. cylindricollis Ov Ov ow 6:00 PM Ov Ov Ov 0.861i 6 0.1
S. hispidulus lu lu ov ov Ov Ov 90 1.57h 11 0.2
S. humeralis | 6:00 PM Ov ov 5q Ov Ov 951 ¢ 137.4b 962 18.6
S. lateralis Ov 3s lu Ov lu Ov lu 0.857 i 6 0.1
S. lineatus Ov 2t lu Ov Ov Ov 66 h 9.857 f 69 13
S. lividipes Ov Ov ov ov Ov Ov 294 e 42d 294 5.7
S. longulus Ov 18k ov 4r Ov Ov 332d 50.57 ¢ 354 6.8
S. macularius | 1577 a 51i 11n 1472 b 4r Ov 163 f 468.3 a 3278 63.4
S. obsoletus Ov lu Ov 3s Ov Ov 2t 0.86i 6 0.1
S. puncticollis lu Ov ov ov Ov Ov 3s 0.57j 4 0.1
Cs. limosus 3s Ov ov Ov 3s Ov ov 0.86i 6 0.1
Mean 130.8b 5.8d 115e 1164 c 0.69f 0g 1425a 56.78
Total 1702 76 15 1513 9 0 1853 5168

CV: 2.1, LSDys: Sitona species 0.073**, Plant varieties 0.054**, Sitona species x Plant varieties 0.19**, ** = P < 0.01
*RI: Red lentil, *V: Vetch, * Fp: Fodder pea, *S: Sainfoin, *F: Fenugreek, *C: Chickpea *A: Alfalfa, **RA: Relative abundance

As seen in Figure 2, the diversity index was calculated between 0.12 (red lentil) and
1.41 (alfalfa). Simpson diversity index was 4.0 (fenugreek), 3.03 (alfalfa), 2.0 (vetch),
1.9 (fodder pea), 1.2 (red lentil), and 1.1 (sainfoin), respectively. It was observed that
there was great variability between species diversity and individual numbers in each
region. The number of species was highest in alfalfa (11 species), followed by red lentil
(7 species), vetch-sainfoin (6 species), and fodder pea-fenugreek (4 species) (Table 2)
as followed. Simpson’s dominant index ranged from 0.25 to 0.95. Accordingly, S.
macularius in sainfoin (0.95), red lentil (0.86), fodder pea (0.53), vetch (0.50), and
fenugreek (0.25), S. humeralis in alfalfa (0.33) was the dominant species. In this case,
there was a similarity between the Berger-Parker dominance index and Simpson’s
dominance index: S. macularius with 0.97 in sainfoin, 0.93 in red lentil, 0.73 in fodder
pea, 0.67 in vetch and 0.44 in fenugreek, and S. humeralis with 0.51 in alfalfa were the
most dominant species in both regions. According to these results, Sitona species S.
humeralis in alfalfa (Bogatzevska, et al., 2006; Atanasova, 2012; Arbab and McNeill,
2014; Goziagik et al., 2021b), S. macularius species in red lentil (Kilig¢ et al., 1968;
Hariri, 1981; Solh et al., 1986; Tahhan and Hariri, 1982) were identified as key pests.
Margalef richest index: The lowest number of individuals collected was determined on
the fenugreek (1.37) and the lowest Sainfoin with the highest number of individuals
(0.68).

In both regions, the average number of Sitona weevils was determined the highest in
alfalfa (142.5 individuals). This was followed by red lentil (130.8), sainfoin (116.4),
vetch (5.8), fodder pea (1.15) and fenugreek (0.69), respectively (Table 2). S.
macularius was the most common species with an average number of 468.3 individuals.
This was followed by S. humeralis (137.4 individuals), S. longulus (50.57 individuals),
S. lividipes (42 individuals), S. concavirostris (18.7 individuals), S. lineatus (9.86
individuals), S. hispidulus (1.57 individuals), S. obsoletus, S. lateralis, S. cylindricollis,
Coleositona limosus (0.86 individuals), and S. puncticollis (0.57 individuals). S.
macularius was the most dominant species in all habitats in both regions, except for
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alfalfa. Hoffman (1950) stated the distribution of S. macularius in Europe, North Africa,
Egypt, Tiirkiye, Syria, Turkestan, and the Caucasus and also reported that this species
feeds on plants such as pea, alfalfa, wild pea, and lupine.

Berger-Parker dominance

Simpson's dominance

Margalef’s richness

Simpson's diversity

Shannon-wiener diversity

0.00 050 1.00 1.50 200 250 3.00 350 400 4.50

malfalfa ®mfenugreek =sainfoin ™fodder pea ®Wvetch ®red lentil

Figure 2. The diversity index of Sitona sampled from alfalfa, sainfoin, vetch, fodder pea, red
lentil, and fenugreek plants cultivated in the Eastern and Southeastern Anatolia regions

Conclusion

Thirteen Sitona weevils were identified in alfalfa, sainfoin, vetch, fodder pea, red
lentil, and fenugreek (Fabaceae) plants grown in two different ecological regions. It was
determined that S. macularius was the dominant pest of red lentil, vetch, sainfoin,
fodder pea, and fenugreek, while S. humeralis was the dominant pest of alfalfa. In
general, adults of these weevils do not attract attention because of their rather small
body length (3-6 mm) and their larvae feed on the root part of the plant. Accordingly,
this study will be beneficial to producers and those researchers in this field. In addition,
it would be more appropriate to focus on control of the main pest of each plant while
creating a pest control strategy according to IPM.

Acknowledgments. The author thanks Dr. Antonio J. Velazquez de Castro (Museo de la Universitat de
Valencia de Historia Natural, Calle Doctor Moliner, Spain) for assisting in diagnosing Sitona species.

Funding. This study was financially supported the Scientific and Technological Research Council of
Tiirkiye (TUBITAK) project no 1200352.

Conflict of interests. There is no conflict of interests.

Data availability. All data generated or analyzed during this study are included in this published article.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(4):3275-3284.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2104_32753284
© 2023, ALOKI Kft., Budapest, Hungary



Goziiagik et al.: Comparative diversity of Sitona species (Coleoptera, Curculionidae) in cultivated plants belonging to the Fabaceae family

[1]

[2]

3]

[4]

5]

(6]
[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

- 3282 -

REFERENCES

Aeschlimann, J. P. (1980): The Sitona (Col.: Curculionidae) species occurring on
Medicago and their natural enemies in the Mediterranean Region. — Entomophaga 25(2):
139-153.

Alonso-Zarazaga, M. A., Barrios, H., Borovec, R., Bouchard, P., Caldara, R., Colonnelli,
E., Giiltekin, L., Hlava¢, P., Korotyaev, B., Lyal, C. H. C., Machado, A., Meregalli, M.,
Pierotti, H., Ren, L., Sanchez- Ruiz, M., Sforzi, A., Silfverberg, H., Skuhrovec, J.,
Tryzna, M., Velazquez de Castro, A. J., Yunakov, N. N. (2017): Cooperative Catalogue
of Palaearctic Coleoptera Curculionoidea. Monografias electronicas S.E.A., Vol. 8. —
Sociedad Entomolégica Aragonesa S.E.A., Zaragoza, Spain. http://seaentomologia.
org/PDF/MeSEA 8 Catalogue_Palaeartic_Curculionoidea.pdf.

Angelov, P. (1978): Fauna of Bulgaria 7. Coleoptera, Curculionidae. Part II.
Brachyderinae, Brachycerinae, Tanymecinae, Cleoninae, Curculioninae, Myorhininae. —
Bulgarian Academy of Science, Sofia.

Arbab, A., McNeill, M. R. (2014): Spatial distribution and sequential sampling plans for
adult Sitona humeralis Stephens (Coleoptera: Curculionidae) in alfalfa. — Journal of Asia-
Pacific Entomology 17(2014): 515-519.

Atanasova, D. (2012): Species Complex and Population Dynamics of Weevils of the
Genus Sitona on the Multifoliolate Alfalfa (Medicago sativa L.) in the Region of
Pazardzhik. Scientific Works, Vol. LVI. — Agricultural University, Plovdiv

Avgin, S. S., Colonnelli, E. (2011): Curculionoidea (Coleoptera) from southern Turkey. —
African Journal of Biotechnology 10(62): 13555-13597.

Bogatzevska, N., Hristova, D., Kiriakov, I., Staneva, E., Simova, S., Dimitrova, T. S,
Nikovov, P., Tomeva, E., Velichkov, A. (2006): Rules for Good Plant Protection Practice
in the Agriculture. — Ministry of Agriculture and Forests, Sofia pp 89-142.

Cantot, P. (2001): Influence de quelques Papilionacées sur la ponte et le développement
larvaire de Sitona lineatus (L.) (Coleoptera, Curculionidae). — Bulletin de la Société
Entomologique de France 106(5): 441-447.

Cardona, C. (1983): Control of Sitona spp. Entomology Annual Report ICARDA Food
Legume Improvement Program. — ICARDA Publication, Aleppo, Syria, pp. 190-192.
Cekig, S. (2017): Faunistic and Systematics Investigations on Sitona Germar (Coleoptera:
Curculionidae) Species in Eastern Anatolia Region of Turkey. — MS Thesis, Atatiirk
University Graduate School of Natural and Applied Sciences Department of Plant
Protection, Erzurum (in Turkish).

Coskuncu, K., Gencer, N. (2010): Determination of the species of Curculionoidea
superfamily on alfalfa fields (Medicago sativa L.) and their distribution in Bursa province
of Turkey. — Journal of Biological & Environmental Sciences 4(12): 123-131.

Delbol, M., Lempereur, J. M. (2014): Apport a la connaissance des Sitonini de Belgique
(Curculionidae: Entiminae). — Entomologie Faunistique 67: 15-25.

Dintenfass, L. P., Brown, G. C. (1986): Feeding rate of larval clover root curculio, Sitona
hispidulus (Coleoptera: Curculionidae), on Alfalfa taproots. — Journal of Economic
Entomology 79(2): 506-510.

Goziiacik, C., Giiltekin, N., Velazquez De Castro, A. (2021a): Notes on biology of alfalfa
weevil, Sitona humeralis Stephens, 1831 (Coleoptera: Curculionidae) in alfalfa fields of
Igdir/Turkey province. — Biological Diversity and Conservation 14(1): 98-104 (in
Turkish).

Goziagik, C., Giiltekin, N., Velazquez de Castro, A. (2021b): Sitona Germar 1817
(Coleoptera: Curculionidae) species, distributions and population developments in alfalfa
(Medicago sativa L.) cultivated areas: Turkey, Igdir province alfalfa areas. — Turkish
Journal of Agricultural Research 8(2): 184-191 (in Turkish).

Hariri, G. (1981): Insect and Other Pests. — In: Webb, C., Hawtin, G. (eds.) Lentils. CAB,
England, pp 173-190.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(4):3275-3284.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2104_32753284
© 2023, ALOKI Kft., Budapest, Hungary



Goziiagik et al.: Comparative diversity of Sitona species (Coleoptera, Curculionidae) in cultivated plants belonging to the Fabaceae family

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

- 3283 -

Hoffmann, A. (1950): Coléoptéres Curculionides (Premiere Partie). Faune de Fransa 52.
— Lechevalier, Paris.

Kilig, A. U., Catalpinar A., Adigiizel, N. (1968): Research on bio-ecology of Sitona
crinitus (Herbest.) and method for chemical control. — Plant Protection Bulletin 8(1): 61-
73 (in Turkish).

Kivan, M. (1995): Prelimnary investigations on Sitona Gm. (Coleoptera, Curculionidae)
species occurred forage- legumes, their host plants and distributions in Tekirdag
province. — Turkish Journal of Entomology 19(4): 299-304 (in Turkish).

Lodos, N., Onder, F., Pehlivan, E., Atalay, R. (1978): The Study of the Harmful Insect
Fauna of Marmara and Aegean Regions. — Publications of Food, Agriculture and Animal
Husbandry Ministry of Republic of Turkey, Ankara, Turkey (in Turkish).

Lodos, N., Onder, F., Pehlivan, E., Atalay, R. (2003): Faunistic Studies on Curculionidae
(Coleoptera) of Western Black Sea, Central Anatolia and Mediterranean Regions of
Turkey. — Meta Basim, Bornova izmi (In Turkish).

Magurran, A. E. (2004): Measuring Biological Diversity. — Blackwell Publishing,
Oxford.

Manglitz, G. R., Anderson, D. M., Gorz, H. J. (1963): Observations on the larval feeding
habits of two species of Sitona (Coleoptera: Curculionidae) in sweetclover fields. —
Entomological Society of America 56: 831-835.

Margalef, R. (1958): Information theory in ecology. — International Journal of General
Systems 3: 36-71.

McAleece, N., Lambshead, J., Patterson, G., Gage, J. (1997): Bio-Diversity Pro. Version
2. — The Natural History Museum, London and The Scottish Association of Marine
Science, Oban, Scotland.

Mowat, D. J., Shakeel, M. A. (1989): The effect of some invertebrate species on
persistence of white clover in ryegrass swards. — Grass and Forage Science 44: 117-124.
Murray, P. J. (1996): Influence of Food Source on Feeding, Longevity and Fecundity of
Sitona Flavescens (Coleoptera Curculionidae), a Major Pest of White Clover in the U.K.
— In: Frame, J. (ed.) Recent Research and Development on White Clover in Europe. REU
Technical Series 42, FAO, Estonia.

Papadopoulou, S. (2013): Determination of insecticide application time in alfalfa crops
against Sitona humeralis Stephens, based on its biology and ethology. — Biotechnology &
Biotechnological Equipment, 27(2): 3665-3668.

Pesho, G. R. (1975): Clover root curculio: estimates of larval injury to alfalfa tap roots. —
Journal of Economic Entomology 68: 61-65.

Pielou, E. C. (1966): The measurement of diversity in different types of biological
collection. — Journal of Theoretical Biology 13: 131-144.

Rim, K., Price, S. J., Wenninger, E. J., Long, R., Ramirez, R. A. (2019): Biology and
Management of Clover Root Curculio (Coleoptera: Curculionidae). — Journal of
Integrated Pest Management 10(1): 23, 1-14.

Shannon, C. E., Weaver, W. (1949): The mathematical theory of communication. —
University of Illinois Press, Champaign.

Skot, L., Timms, E., Mytton, L. R. (1994): The effect of toxin-producing Rhizobium
strains, on larvae of Sitona flavescens feeding on legume roots and nodules. — Plant Soil
163: 141-150.

Solh, M. B., Itani, H. M., Kawar, N. S. (1986): The effect of sowing date on the growth
and yield of lentils and the implication of certain control measures. — Lebanese Science
Journal 2: 17-27.

Syrett, P. (1992): Feeding range of Sitona regensteinensis Hbst. (Coleoptera:
Curculionidae), a potential agent for biological control of Cytisus scoparius (L.) Link
(broom) in New Zealand. — Biocontrol Science and Technology 2: 261-265.

Tahhan, O., Hariri, G. (1982): Survey of lentil insects in northern and northeastern Syria.
— Lens Newsletter 9:34-36.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(4):3275-3284.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2104_32753284
© 2023, ALOKI Kft., Budapest, Hungary



Goziiagik et al.: Comparative diversity of Sitona species (Coleoptera, Curculionidae) in cultivated plants belonging to the Fabaceae family

[37]

[38]

[39]

[40]

[41]

[42]

- 3284 -

Tamer, A., Has, A., Aydemir, M., Caligkaner, S. (1997): Faunistic survey studies on
harmful and beneficial insects on food legumes (lentil, chickpea, bean) in Central
Anatolia Region. — Plant Protection Bulletin 38(1-2): 65-90 (in Turkish).

TURKSTAT (2021): https://data.tuik.gov.tr/Kategori/GetKategori?p=Agriculture-111. —
Accessed 20 December 2022.

Velazquez de Castro, A., Alonso-Zarazaga, M. A., Outerelo, R. (2007): Systematics of
Sitonini (Coleoptera: Curculionidae: Entiminae), with a hypothesis on the evolution of
feeding habits. — Systematic Entomology 32: 312-331.

Velazquez de Castro, A. J., Friedman, A. L. L., Borovec, R. (2010): Sitonini
(Curculionidae: Entiminae) of Israel. — Israel Journal of Entomology 40: 71.108.
Weigand, S., Pala, M., Saxena, M. C. (1991): Effect of sowing date, fertilizer and
insecticide on nodule damage by Sitona crinitus Herbst (Coleoptera: Curculionidae) and
yield of lentil (Lens culinaris Medik.) in northern Syria. — Journal of Plant Diseases and
Protection 99(2): 174-181.

Wiech, K., Clements, R. O. (1992): Studies on the Sitona spp. and Apion spp. weevils
feeding on white clover foliage at a site in S.E. England. — Journal of Applied
Entomology 113: 437-440.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(4):3275-3284.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2104_32753284
© 2023, ALOKI Kft., Budapest, Hungary



