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Summary. Here we report about the first finding of an alien pest, the cotton leaf roller
Haritalodes derogata (Fabricius, 1775) (Lepidoptera: Crambidae), on the Russian Black Sea
Coast. In summer of 2021, the significant damage caused by H. degorata to Hibiscus spp.
was documented in the ornamental plantations of Sochi. The current distribution data and the
bionomics of the species in the invaded region are provided. The DNA barcoding data
obtained for the specimens from Sochi are analyzed comparing to the species representatives
from the other parts of the world.
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OO0HapysKeHHE ONMACHOTO BpeIHUTeNs XJI0NKOBOI orHeBku Haritalodes derogata
(Lepidoptera: Crambidae) na Uepanomopckom nodepexbe Poccun // JaabHe-
BOCTOYHBIH 3HTOMOJIOT. 2022. N 465. C. 12-21.

Pe3iome. B crathe coobmaeTcst o mepBoit Haxonke Ha UepHOMOpckoM nobepexne Poccrn
OIIAaCHOTO BPEAUTENsT — XJIONKOBOH orHeBku Haritalodes derogata (Fabricius, 1775) (Lepido-
ptera: Crambidae). Jlerom 2021 r. B mexopaTuBHBIX HacaxeHUX I. Coun 3aMKCHpOBaHbBI
3HAYUTENbHBIC TIOBPEXACHUS, HAHOCUMBIC BpeauTeneM ruduckycam Hibiscus spp. B pabore
NPUBEJICHBI CBEJICHUSI O PACIPOCTPAHCHUH U OMODKOJIOTHU Yy)KEPOAHOTO BHJA BO BTOPHYHOM
apeasie. JIHK-6apkozpl, nomydeHHble 171 00pa3oB OTHEBKH.

INTRODUCTION

The cotton leaf roller, Haritalodes derogata (Fabricius) (Lepidoptera: Crambidae), is a
polyphagous species known as an important pest of crop (especially cotton, cashew, jujube
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and others), herbacious and tree plants in ornamental plantings in many countries of the
world, in particularly of Africa, Asia and Oceania (Dhindsa at al., 1980; Byun at al., 2008;
Yamanaka, 2008; CAB International, 2022). In Russia for the first time H. derogata was
found in Southern Primorye in the second half of the 19th century. The species was identified
by the entomologist Otto Bremer (Saint Petersburg), who provided the detailed information
about the moths in the Russian Far East (Bremer, 1864). In 2013, H. derogata_was recorded in
Transbaikalia (Korsun, 2017), where its origin remains questionable.

Here we report about the first detection of H. derogata in the European part of Russia, on
the territory of the Black Sea Cost, where the pest has already established its population and
presently provides noticeable damage to ornamental plants. The paper discusses bionomics and
genetically characterizes the novel pest in the invaded region of Southern Russia.

MATERIAL AND METHODS

Sampling and rearing. The study was carried out in the ornamental plantations of Sochi
in June—September 2021-2022. The survey was also done in Anapa, Tuapse and Red
Polyana (Sochi) in September 2022. In Sochi, the plants of Hibiscus and Tilia spp. were
examined on the territory of sanatorium-resort, parks, squares and street plantings across the
territory from the Psou River on the south (from the border with Abkhazia) to the village
Lazarevskoe on the north. The damage level was documented, especially when reaching up to
100% (estimated as a relative number of damaged leaves on the plants). Larvae found in the
rolled leaves were randomly collected with their food substrate for rearing. Few larvae were
preserved in 95% ethanol, and stored in the freezer at —20°C prior DNA barcoding.

Feeding larvae were kept in the plastic boxes (500 ml volume) lined with filter paper and
covered with mesh at a temperature of +26+2°C and a relative humidity of 65+5%. The
boxes were monitored every second day and the number of larval instars, the duration of larval
stage, the date of pupation, and adult emergence were recorded. Additionally, adults were
attracted to the light using led lamp (Thomson E14 8W 3000K 640 1m) in late evening (from
21:00 till 24:00) in ornamental plantings in two districts of Sochi: Khostinskiy and
Lazarevskiy. The adults reared in laboratory and those attracted to the light were set and
stored in the entomological collection of the Subtropical Scientific Centre, Sochi.

Species was identified based on external morphology of adults (Sinev & Streltsov, 2019).
The identification was confirmed by S.Yu. Sinev (ZIN RAS, Saint Petersburg). The photo-
graphs of typical damage, immature stages and adults were taken with a Fujifilm X30 camera
(Japan). The maps were built using ArcGIS 9.3 (Release 9.3. New York St., Redlands, CA.
Environmental Systems Research Institute).

DNA barcoding. The two larvae of H. derogata sampled from Hibiscus syriacus_and
Tilia caroliniana were DNA barcoded to genetically characterize the species, define the
nearest neighbors and estimate intraspecific divergence. DNA barcoding was performed at
the Canadian Center for DNA barcoding (CCDB, Canadian Center for DNA barcoding) at
the University of Guelph (Canada). The mitochondrial cytochrome oxidase I gene (mtDNA
COl, 658 bp) was sequenced in the larvae using the primer set C_LepFolF/C_LepFolR using
the standard protocol (de Waard et al., 2008). The sequences, trace files, biogeographic data
and images of the vouchers were deposited in the Barcode of Life Data Systems (BOLD)
(Ratnasingham & Hebert, 2007) and NCBI (National Centre for Biotechnology Information).
All data are accessible in BOLD via the link dx.doi.org/10.5883/DS-HARDER.

For phylogenetic analysis, eight sequences of the specimens indicated in BOLD as H.
derogata, originating from China (1 sequence), Japan (1), Papua New Guinea (1), Philippines
(1), South Africa (2), and Australia (2) were involved to the analysis (Table 1). Barcode Index
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Numbers (BINs) of the analyzed specimens were retrieved from BOLD (Ratnasingham &
Hebert, 2013). The alignment was done in BioEdit 7.2.5 (Jeanmougin et al., 1998). A
maximum likelihood tree was constructed in MEGA X (Kumar et al., 2018) using the
maximum likelihood method, the Kimura two-parameter model, and a bootstrap method
(1000 iterations). Intraspecific distances were estimated using the same approaches. The
DNA barcode of a leaf mining moth Phyllocnistis messaniella (Zeller, 1846) (process ID
CAMRU150-21) was used to root the phylogenetic tree (specimen data see in Table 1).

Table 1. The specimens of Haritalodes derogata involved into DNA barcoding and the related
sequences borrowed from BOLD for comparison.

No. | Process ID Country Locality Collection | Collectors GenBank
Date Accession
1 | ANICN897-10 Australia Bucasia 03.02.2008 | K.J. Sandery HQ953084
2 | ANICN898-10 Australia Bucasia 05.12.2004 | K.J. Sandery HQ953084
3 | GBMNA10303- China - - - KF390987
19
4 | CAMRUI156-21 Russia Sochi 08.08.2021 | N. Kirichenko, | KR233479
5 CAMRU157-21 Russia Sochi 12.08.2021 | N. Karpun, E. 0OP443583
Zhuravleva
6 | GBGL12102-13 Japan Ibaraki 28.08.2012 | R. Nakano 0OP443582
7 | GBMNA27238- Philippines - - - AB751248
19
8 | LPNGM338-07 Papua New Misima 11.10.2002 | Binatang MK459704
Guinea Island Research
Centre
9 | GWOTI530-12 South Africa - - A. Hausmann JX970307
10 | LSAFR620-12 South Africa | Hekpoort | 14.11.2012 P. Hebert, J. 0OP443581
deWaard
Outgrou
11 | CAMRU150-21 Russia Sochi 08.08.2021 | N. Kirichenko, | OP443580
N. Karpun, E.
Zhuravleva

Remark. For each specimen, Process ID is provided linking the records in the BOLD data-
base with the voucher specimen data; (—) — no data available.

RESULTS AND DISCUSSION

Haritalodes derogata_(Fabricius, 1775)
Figs 14

MATERIAL EXAMINED. Russia: Sochi, Nagornaya str., 09.VII 2021, larvae from
Hibiscus syriacus, 73, 99, adults emerged 10-15.VIII 2021, N. Karpun, E. Zhuravleva, E.
Shoshina coll.; Sochi, Yana Fabritsiusa str., 12-13.VIII 2021, larvae from H. syriacus, 143,
179, adults emerged 23-29.VIII 2021, 1 larva DNA barcoded (Sample ID: NK1072; Process
ID: CAMRU157-21), E. Zhuravleva, E. Shoshina coll.; ibidem, 13.VIII 2021, larvae from
Abutilon hybridum, 43, 59, adults emerged 23-30.VIII 2021, N. Karpun, E. Zhuravleva,
coll.; ibidem, 15.VIII 2021, larvae from H. syriacus, 43, 59, adults emerged 25-30.VIII 2021,
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N. Karpun, E. Zhuravleva, coll.; Sochi, park “Southern Cultures”, 08.VIII 2021, larvae from
Tilia caroliniana, 53, 6%, adults emerged 20-27.VIII 2021, 1 larva DNA barcoded (Sample
ID: NK1071; Process ID: CAMRU156-21), N. Karpun, E. Zhuravleva, N. Kirichenko coll.;
Sochi, Zeleny alleyway, 14.VIII 2021, larvae from H. syriacus, 43, 59, adults emerged 31.VIII
2021, E. Zhuravleva coll.; ibidem, same collection date, larvae from A. theofrasti, 33, 42,
adults emerged 31.VIII-5.IX 2021, E. Zhuravleva coll.; Sochi, Lazarevskoe, 29.VIII 2021,
larvae from H. syriacus, 53, 59, adults emerged 12-19.IX 2021, E. Zhuravleva, E. Shoshina
coll.; ibidem, 13.VII1.2022, larvae from A. hybridum, 13, 22, adults emerged 23-30.VIII
2022, E. Zhuravleva; Sochi, Kurortniy av., 21.VIII 2021, larvae from H. mutabilis, 53, 52,
adults emerged 05-11.IX 2021, E. Zhuravleva, E. Shoshina coll.; Sochi, Gagarina str., 28.VIII
2021, larvae from 4. hybridum, 43, 59, adults emerged 10-16.1X 2021, E. Zhuravleva, E.
Shoshina coll.; ibidem, Gagarina str., 08.VIII 2022, larvae from 7. begoniifolia, 5 larvae, 1
pupae, E. Zhuravleva coll.; Anapa, Shevchenko str., H. syriacus, 07.1X 2022, 1 pupa, E.
Shoshina coll.

ADULTS. The morphology of the specimens collected in Sochi (Fig. 1) well corresponds
to the detailed description of the moth habitus given in Kumar ez al. (2013). The body length of
the specimens from Sochi was 12,6+0,05 () and 13+0,03 (?) mm, the wingspan 25,6:0,18
(3) and 27,4+0,14 (Q) mm.

Fig. 1. Adults of Haritalodes derogata. A — male, B — female. Reared from Hibiscus
syriacus, Sochi, Yana Fabritsiusa str., 25.VIII 2022 (the adult emergence date).
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DNA BARCODING. DNA barcoding data obtained for two larvaec sampled from H.
syriacus and T. caroliniana in Sochi (Russia) allowed identifying H. derogata with 100%
confidence in BOLD, where the closest neighbor originated from China (Fig. 2). No
divergence was recorded between two specimens from Sochi. They, together with the
specimen from China, formed one cluster with the specimen from Philippines (0,47% diver-
gence) corresponding to one BIN: BOLD:AAB8317 (Fig. 2; Table 2). Interestingly, the other
specimens identified as H. derogata in BOLD and/or GenBank formed four other divergent
clusters, with each cluster corresponding to a different BIN. Among them, two specimens
from South Africa were assigned to BIN: BOLD:AAP9908 and two specimens from Australia
to BIN: BOLD:AAB8315 (Fig. 2). The specimens from Japan and Papua New Guinea
corresponded to the BINs: BOLD:AAB8318 and BOLD:AAB8316 accordingly (Fig. 2).

Table 2. Intra- and interspecific divergences in COlI mtDNA gene among Haritalodes
derogata specimens originating from different countries.

Country
Country Russia | China | Philippines | South | Australia | Papua New | Japan
(Sochi) Africa Guinea
Russia
(Sochi) (0]
China 0 [-]
Philippines 0,47 0,47 [-]
South
Africa 4,15 4,15 4,65 [0]
Australia 6,14 6,14 6,32 5,48 [0,15]
PapuaNew | 647 | 647 | 665 5,63 5.0 []
Guinea
Japan 7,0 7,0 047 7,36 6,49 6,47 []

Remark. Minimal pairwise distances are given for each species pair; values in square
brackets represent maximal intraspecific distances; [—] no data because a single specimen
was sequenced.

Minimal pairwise distances estimated for each species pair varied from 4,15% (for the
specimen from South Africa and Russia (Sochi) to 7,36% (for the specimens from South Africa
and Japan) (Table 2). Such pronounced genetic distances between the specimens of H. dero-
gata originating from different parts of the world may suggest the presence of cryptic species.

BIOLOGY. In Sochi, the larvae caused characteristic damage to the leaves (Fig. 3A—C).
Larvae made long cut in the upper part of the leaf blade and rolled the cut part downwards
(Fig. 3C) binding the roll with silk. Larvae fed inside such constrictions during whole larval
stage. At the beginning, they stayed together (i.e. the larvae from the 1st to the 5th instar)
inside a leaf roll; later they dispersed on a host and fed singly in new leaf rolls (Fig. 3D-F).
Young larvae skeletonized, the older ones rudely gnawed leaf lamina inside rolled leaves.
Matured larvae left their shelters and made new leaf rolls in which they pupated. Matured larva
were 25-27 mm long. Pupae were 13-15 mm long, brown, cremaster with an awl-shaped
projection (Fig. 3G).

The pest is commonly known to develop three generations; exceptionally, in warmer
regions, up to four generations were documented (Dhindsa et al., 1980; Uematsu, 1986). In
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the humid subtropics of the Black Sea Coast in 2021-2022, two generations were recorded
per year: after overwintering, adults emerged in the second half of June, whereas the adults
of the second generation were emerging during most of August. Adults lived 7-10 days. They
were active in late evening and night and were attracted by the light. Outdoor, the larvae of
the first generation pupated inside the rolled leaves on plants, whereas the larvae of the
second generation pupated in rolled leaves on the litter or under the bark of host plants.
Under natural conditions, the entire life cycle of one generation took 3042 days. In
laboratory conditions, the females laid up to 300 eggs singly on the lower surface of host
plant leaves. The eggs were small, greenish, elliptical. Under laboratory conditions, larval
stage took about 20 days, pupation took 8-10 days. These data are consistent with the biology
of H. derogata described in other countries, in particularly, India and Azerbaijan (Badiyala,
2011; Sontakke ef al., 2015; Gahramanova et al., 2020).

— 2 CAMRU156-21|Russia (Sochi)|Tilia caroliniana
0.02 CAMRU157-21|Russia (Sochi)|Hibiscus syriacus
190___{ GBMNA10303-19|KR233479|China BOLD:AAB8317
93 GBMNA27238-19|Philippines

GWOTI530-12|South Africa
—| BOLD:AAP9908
100

LSAFR620-12|South Africa|
GBGL12102-13|Japan BOLD:AAB8318

— S NETCHRE cO.0:AAB8316

o AR - >»»oc

CAMRU150-21|Phyllonorycter messaniella]Sochi|Russia

Fig. 2. Maximum likelihood COI tree illustrating intraspecific divergence of Haritalodes
derogata in its modern range. The clusters are indicated by different colors correspond to
different BINs. Each specimen is indicated by the BOLD process ID (begins with CAMRU.
GBMNA etc.), followed the country of origin (and the locality, in case of Russia), and a host
plant (where known). Bootstrap values > 70 are given next to the corresponding branches.

HOST PLANTS: Polyphagous species on Malvaceae, Fabaceae, Rhamnaceae, Anacar-
diaceae, Amaranthaceae, and Rosaceae. In South East Asia, Africa and Oceania, larvae feed
on leaves of Hibiscus, Gossypium, Sida, Pavonia, Anacardium occidentale, Glycine max,
Zizyphus mauritiana, Z. jujuba, Abelmoschus esculentus, and others (Mariselvi & Manime-
galai, 2016; Roychoudhury et al., 2017). In the Russian Far East, larvae feed on herbaceous,
subshrubs, and woody plants from several families (Sinev & Streltsov, 2019).

On the Black Sea Coast of Russia, Haritalodes derogata was initially recorded in
plantings of Hibiscus syriacus. Further surveys of 2021 and 2022 showed that it also attacks
H. sinensis, H. mutabilis, H. lasiocarpos in all districts of Sochi. In the beginning of August
2021, H. derogata larvae were documented on the Tilia caroliniana and T. begoniifolia in the
Imeretinskaya Lowland (the dendropark “Southern Cultures”). In late August 2021, larvae
were found also on Abutilon % hybridum in ornamental plant, and on Tilia platyphyllos. In
the same period, the characteristic damage was recorded on the weedy plant Abutilon
theophrasti.
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Fig. 3. Biology of Haritalodes derogata in Sochi, Yana Fabritsiusa str., 22-27.VIII
2021. A — severe damage caused to Hibiscus syriacus; B — close up of the damaged plant;
C — characteristic leaf damage; D, E — unrolled leaf with young and late instar larvae
(indicated by red arrows) and black frass; F — larva of the 5th instar (lateral view); G — pupa
(lateral view).

DISTRIBUTION. Africa, Asia, Oceania (Fig. 4); the detailed list of the countries where
the pest occurs is given in Byun af al. (2008) and CAB International (2022). Russia: South
Primorye (Bremer, 1864), Transbaikalia (Korsun, 2017), Sochi (discovered in July 2021)
(present paper), Gelendzhik (September 2021) (Krylenko, 2022), Anapa, Tuapse, Sochi
(Krasnaya Polyana, 960 m above sea level) (September 2022) (present paper).
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Fig. 4. The localities on the territory of the Russian Black Sea Cost where Haritalodes
derogata was discovered in 2021-2022 (A) and the modern range of the species (B). Present
distribution of H. derogata is shaded in gray; the regions colored in black show the presence of
the species in Russia, the red dot indicates the recent species invasion to the South of Russia.

DAMAGE LEVEL. In summers 2021-2022, the species caused severe damage to Hibiscus
spp. in Sochi: the defoliation level reached nearly 100% in Yana Fabritsiusa str. and Zeleniy
line. In the other localities, the damage level was around 50%. The most damage was caused
in the end of July — early August. The bushes of hibiscus severely defoliated in 2021,
withstood and refoliated next summer 2022. In July—August 2022, hibiscus bushes
experienced similar level of damage as the treatment procedures were delayed. In a contrast
to hibiscus, the damage to Tilia spp. was occasional and not intense (less than 25% of leaves
were damaged in the dendropark “Southern Cultures” and Centralniy district of Sochi).

CONTROL MEASURES. Chemical control is used in extreme cases to localize outbreaks
in the regions of cultivation of cotton, soybean, cashew, and other crops. The insecticides
based on thiomethoxam, imidacloprid, cypermethrin, lambda-cyhalothrin, and dimethoate
showed satisfactory efficiency (Misra et al., 2002; Badiyala, 2011; Silvie ef al., 2013;
Shakya & Saxena, 2016). Due to many restrictions, the use of insecticides in ornamental
plantings, especially in the resort area (such as Sochi), is very limited or impossible. Presently,
no effective cure is developed to control the pest populations on Russian Black Sea Coast.

There are data on parasitoids from the families Braconidae, Ichneumonidae and Eulophidae
attacking larvae and pupae of H. degorata, and larval pathogens, i.e. Bacillus thuringiensis
var. Kurstaki and Beauveria bassiana (Odebiyi, 1982; Kumar et al., 2013; Gahramanova et
al., 2020; Dannon et al., 2021).

PROGNOSIS. In the absence of effective measures by the relevant authorities, the forecast
of further expansion of H. derogata in the Southern Russia cannot be optimistic. The two-
year observations run in Sochi suggests a high risk of H. derogata invasion across Southern
Russia. Furthermore, the accidental introduction of this polyphagous pest to the European
regions with the subtropical climate and its rapid acclimatization with following damage to
crops and ornamental plants are not ruled out.

CONCLUSIONS. The vector of H. derogata invasion to the Russian Black Sea Cost
remains unknown. We suspect that the introduction of the pest to this region could be
human-mediated. The species could be brought here accidently with plants for planting or
transported with other goods. Bearing in mind that the pest already provides noticeable
damage in Sochi, it has no doubts that it penetrated the region some years ago. As a matter of
fact, it was overlooked here and detected only when the damaged became pronounced.
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Urgent actions are required to localize the foci of the alien pest species on the territory of
the Russian Black Sea Coast and prevent its further dispersal to neighboring regions and
countries. Further studies would be needed to explore the genetic diversity of H. derogata
across its wide range in Asia, Africa and Oceania to resolve the question about the existence
of sister species, as well as determine the regions from where the pest could be introduced to
the Black Sea Cost of Russia. These data would be of a high importance to understand the
invasion history, define the distribution routes and develop the adequate management methods
for controlling the pest.

ACKNOWLEDGEMENTS

We thank S.Yu. Sinev (ZIN RAS, Saint Petersburg) for confirming the species identi-
fication. Survey of ornamental plantations in Sochi was performed in the framework of the
state task of the Federal Research Center of the SSC RAS (the project No. No FGRW-2022-
0006), the study of H. derogata bionomics and indoor rearing were performed with the
support of Russian Science Foundation grant (No. 21-16-00050), bioinformatics analysis was
done with the support of Russian Science Foundation grant (No. 22-16-00075). We are
grateful to the team at the Biodiversity Institute of Ontario, University of Guelph (Ontario,
Canada), for assistance in producing the DNA barcodes for our study.

REFERENCES

Badiyala, A. 2011. Seasonal incidence and management of cotton leafroller Sylepta
derogata (Fabricius) infesting okra in Himachal Pradesh, India. SAARC Journal of
Agriculture, 9(2): 53-64.

Bremer, O. 1864. Lepidopteren Ost-Sibiriens insbesondere des Amur-Lands gesammelt von
den G. Radde, R. Maack und P. Wulfius. Mémoires de lI'Académie impériale des sciences
de St. Pétersbourg, 8(1): 1-103.

Byun, B.K., Han, H.L., Lee, B.W., Park, S.Y., Kwon, D.H. & Jo, D.G. 2008. Insect Fauna of
Mt. Dogo, Chungnam Province, Korea. Journal of Korean Nature, 1: 2219-227. DOI:
10.1016/S1976-8648(14)60140-7

CAB International, 2022. Sylepta derogata. [Distribution map]. Map 397. In: Distribution
Maps of Plant Pests. CAB International, Wallingford, UK. DOI: 10.1079/DMPP/
20056600397

Dannon, H.F., Douro, K.O.K., Toffa, M.J., Zantchedji, D.M.D., Zinsou, A.V., Dannon, A.E.,
Houndété, A.T., Elégbédé, LA.T.M. & Olou, B.D. 2021. Efficacy of Beauveria bassiana
against the cotton leaf roller, Haritalodes (Syllepte) derogata (Fabricius, 1775)
(Lepidoptera: Crambidae) under laboratory conditions. Journal of Applied Biosciences,
157: 16254-16266. DOI: 10.35759/JABs.157.10

de Waard, J.R., Ivanova, N.V., Hajibabaei, M. & Hebert, P.D.N. 2008. Assembling DNA
barcodes: analytical methods. In Methods in molecular biology: environmental genetics.
Cristopher, M. (Ed.). Humana Press Inc., Totowa, USA. P. 275-293. DOI: 10.1007/978-
1-59745-548-0_15.

Dhindsa, M.S., Dhindsa, M.K. & Sekhon, B.S. 1980. Studies on the population growth of
cotton leaf roller, Sylepta derogata Fabr. (Pyralididae: Lepidoptera). Science and
Culture, 46(6): 236-238.

Gahramanova, G., Mamay, M. & Mammadov, Z. 2020. Biological characteristics and
efficacy of Bacillus thuringiensis var. thuringiensis against the cotton leaf roller, Syllepte
derogata (Fabricius, 1775) (Lepidoptera: Crambidae). Egyptian Journal of Biological
Pest Control, 30: 85. DOI: 10.1186/s41938-020-00289-y

20



Jeanmougin, F., Thompson, J.D., Gouy, M., Higgins, D.G. & Gibson, T.J. 1998. Multiple
sequence alignment with Clustal X. Trends in Biochemical Sciences, 23 : 403-405. DOI:
10.1016/S0968-0004(98)01285-7.

Korsun, O.V. 2017. Insects of the Daursky Reserve. Field atlas. Novosibirsk. 540 p. [In
Russian]

Krylenko V.V. Haritalodes derogata. Gelendzhik, Krasnodarsky Krai. Avaliable at: https://
www.inaturalist.org/observations/94088800 (Accessed 2 September 2022).

Kumar, R., Mittal, V., Kumar, N. & Ramamurthy, V.V. 2013. Taxonomic aid to major
crambid vegetable pests from North India (Lepidoptera: Crambidae). Munis Entomology
& Zoology, 8(2): 858-875.

Kumar, S., Stecher, G., Li, M., Knyaz, C. & Tamura, K. 2018. MEGA X: Molecular evolu-
tionary genetics analysis across computing platforms. Molecular Biology and Evolution,
35 : 1547-1549. DOI: 10.1093/molbev/msy096.

Mariselvi, S. & Manimegalai, K. 2016. Biochemical studies of cotton pest Sylepta derogata
by Econeem, Acorus calamus and Piper longum extracts. International Journal of Scien-
tific and Research Publications, 6(1): 388-393.

Misra, H.P., Dash, D.D. & Mahapatra, D. 2002. Efficacy of some insecticides against okra
fruit borer, Earias spp. and leafroller, Sylepta derogata Fab. Annals of Plant Protection
Sciences, 10(1): 51-54.

Odebiyi, J.A. 1982. Parasites of the cotton leafroller, Sylepta derogata (F.) (Lepidoptera:
Pyralidae), in south-western Nigeria. Bulletin of Entomological Research, 72(2): 329—
333.DOI: 10.1017/S0007485300010622.

Ratnasingham, S. & Hebert P.D.N. 2007. BOLD: The Barcode of Life Data System (http://
www. barcodinglife.org). Molecular Ecology Notes, 7: 355-364. DOI: 10.1111/j.1471-
8286.2007.01678.x.

Ratnasingham, S. & Hebert P.D.N. 2013. A DNA-based registry for all animal species: The
barcode index number (BIN) system. PLoS ONE, 8(7): €66213. DOI: 10.1371/journal.
pone.0066213

Roychoudhury, N., Meshram, P.B., Pandey, A. & Prajapati, N. 2017. Hibiscus tiliaceus Linn.
(Family Malvaceae) — a new host plant record for leaf roller, Sylepta derogata Fabricius
(Lepidoptera: Pyralidae). Indian Journal of Forestry, 40(2): 151-154. DOI:
10.54207/bsmps1000-2017-8Y75GU

Shakya, S. & Saxena, A. 2016. Studies on pests of cotton plants and their control measures in
Vindhya Region. International Journal of Advanced Science and Research, 1(7): 06-09.

Silvie, P.J., Renou, A., Vodounnon, S., Bonnie, G., Adegnika, M.O., Héma, O., Prudent, P.,
Soréze, J., Ochou, G.O., Togola, M., Badiane, D., Ndour, A., Akantetou, P.K., Ayeva, B.
& Brévault, T. 2013. Threshold-based interventions for cotton pest control in West
Africa: what’s up 10 years later? Crop Protection, 43: 157-165.

Sinev, S.Yu. & Streltsov, A.N. 2019. Crambidae. P. 165-196. In: Sinev, S.Yu. (Ed.).
Catalogue of the Lepidoptera of Russia. Zoological Institute of Russian Academy of
Sciences, St.-Petersburg. 448 pp. [In Russian]

Sontakke, P.P., Radhika, N.S. & Pattapu, S. 2015. Biological attributes of cotton leaf roller
on okra. Annals of Plant and Soil Research, 17(2): 219-220.

Uematsu, H. 1986. Life cycle of cotton leaf roller in warmer districts of the south-western part
of Japan. Proceedings of the Association for Plant Protection of Kyushu, 32: 150—154.
Yamanaka, H. 2008. Revisional study of some species of the genus Haritalodes Warren
(Pyralidae, Pyraustinae) from eastern Palaearctic and Oriental region. Tinea, 20(4): 243—

252.

21




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


