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ABSTRACT: Insects are the most numerous and diverse group of animals in the entire animal
kingdom. Insect classification has evolved in different phases over a considerable period of time.
There are four different phases or eras, viz., the Pre-Linnean Era, the Linnean Era, the Darwinian Era,
and the Hennigian Era and other developments. Among all eras the Hennigian Era marks a
revolutionary shift in classification of insects with introduction of Phylogenetic Systematics that
strictly considers monophyly of different taxa to decide their respective positions within the tree of
classification. Modern classification of insects is based on knowledge gained from multiple sources
like Anatomy, Paleontology, Molecular Biology, and Embryology leading to a more natural and
reliable classification scheme. Modern classification of insects also reflects their phylogeny. With
new findings and advent of new technologies there is always a scope of change in the existing
framework of insect classification in future.

KEY WORDS: Classification, Insecta, Monophyly, Phylogeny, Systematics

INTRODUCTION

Being the most evolutionary successful animals on the planet Earth and the most diverse
ones, insects were never easy to classify. Insect classification has evolved through hundreds
of'years. With advent of new technologies, use of molecular tools and discovery of new fossil
records, insect classification has been revised from time to time. The evolution of modern
classification of insects is often studied under four subheadings as given by ENGEL and
KRISTENSEN (2013). These subheadings demarcate different stages of progress in insect
classification that is based on the timeline of a set of changes and progression, hence are
called eras. These stages are: the Pre-Linnean Era, the Linnean Era, the Darwinian Era, and
the Hennigian Era and other developments (ENGEL and KRISTENSEN, 2013). With
transition of one era into another, the misconceptions of previous one were discarded and
crude ideas were more refined with more number of evidences, trying to make the
classification system as natural as possible minimizing all sorts of artificialities. A list of
important literary contributions from past on insect classification is provided in Table-1 in
chronological order.

The Pre-Linnean Era

The most primitive evidence on insect classification comes from the writings of Aristotle
(384-322 BC), who, in his book Historia Animalium, grouped all flying insects with other
flying animals like bats and birds which reflects huge artificiality in his classification (WEISS,
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1929). Insects were often perceived to arise spontaneously (a conception, often dubbed as “the

theory of spontaneous generation”, which was later disproved by various workers).

Table-1: Important books on insect classification in past and their authors (based on ENGEL

and KRISTENSEN, 2013)

Author

Book Title

Aristotle (384-322 BC)

Historia Animalium

St. Isidore of Seville (ca. 560-636 BC)

Etymologiae

Ulissw Aldrovandi of Bologna (1522-1603)

De Animalibus Insectin Libri VII

Thomas Mouffet (1553-1604)

Insectorumsive Minimorum Animalium
Theatrum

John Ray (1627-1705)

Historia Insectorum

Maria SibyllaMerian (1647-1717)

Metamorphosis Insectorum Surinamensium

August Johann Résel von Rosenhof
(1705-1759)

Insecten-Belustigung

Carl Linnaeus (1707-1778)

Systema Naturae, Fauna Svecica

Johan Christian Fabricius (1745-1808)

Philosophia Entomologica, Systema
Entomologiae, Genera Insectorum

Pierre Andre Latreille (1762-1833)

Précis des Caractéres Génériques des
Insectes

William Sharp MacLeay (1792-1865)

Horae Entomologicae (Essays on the
Annulose Animals)

William Kirby (1759-1850) and
William Spence (1783-1850)

An Introduction to Entomology

Karl Hermann Konrad Burmeister
(1807-1892)

De Insectorum Systemate Naturali,
Handbuch der Entomologie

John Obadiah Westwood (1805—-1893)

An Introduction to the Modern
Classification of Insects

Ernst Heinrich Philipp August Haeckel
(1834-1919)

Generelle Morphologie

Alpheus Spring Packard (1839-1905)

Guide to the Study of Insects

Anton Handlirsch (1865—-1935)

Die Fossilen Insekten

Frank M. Carpenter (1902—-1994)

Brues & Melander s Classification of Insects
(2nded.), Treatise on Invertebrate
Paleontology

August D. Imms (1881-1949)

General Textbook of Entomology

Emil Hans Willi Hennig (1913-1976)

Grundziigeeiner Theorie der
phylogenetischen Systematik,
Die Stammesgeschichte der Insekten

separate

Saint Isidore of Seville (ca. 560-636 BC), in his book Etymologie, recognized two
groups, De verminibus and De minutisvolatibus (though both these groups were of

insects, these were not included formally under a common insect group) (Barney et al., 20006)

(Fig. ).
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De verminibus
1

Termites Silkwormsl Cantharidsl

De minutis volatibus
1

Bees Wasps Moths Butterflies Locusts Roaches Cicadas True Flies

Fig. 1: Two distinct and mutually unrelated groups of “Insects” proposed by Saint Isidore of Seville

Invention of microscope and printing press during 15" century (GUENTHER, 2002) paved
way for remarkable revisions of the insect classification. Marcello Malphighi (1628-1694)
and Antoine van Leeuwenhoek (1632-1723) studied anatomy of insects using microscope.
Inspired by Malphighi study on silkworm, Jan Swammerdam (1637—-1680) became pioneer
in microscopic study of insect anatomy (SMITH, MITTLER and SMITH, 1973) and has put
forward a revolutionary classification of insects in 1669 based on their modes of
development, which is in use still today. Ulisse Aldrovandi (1522-1605) of Bologna is
credited to write the first specialized text exclusively on the study of insects (OGILVIE,
2008). Aldrovandi in 1602 distinguished insects based on their habitat mainly land and
water (terrestrial and aquatic) and attempted classification of insects based on wing and leg
morphology. Thomas Mouffet (1553-1604) attempted to classify insects based on their
habits in his book Insectorum sive Minimorum Animalium Thetrum (KRISTENSEN, 1999).
An influential work of this era on classification of insects based on their morphology,
biology, ecology and anatomy was produced by John Ray (1627-1705) in his book Historia
Insectorum (RAVEN, 1942). Maria Sibylla Merian (1647-1717), Furchault de Reaumur
(1683-1756) and Rosel von Rosenhof (1705-1759) extensively studied the life histories of
insects and along with John Ray, they influenced the research work of Linnaeus (ENGEL and
KRISTENSEN, 2013).

The Linnean Era

As the name reflects, this era includes the period when Carl Linnaeus (1707-1778) put forth a
systematic classification of insects in 10" edition of his book Systema Naturae wherein the
bionomial nomenclature as the convention of naming the organisms was popularized. He
classified insects on the basis of presence or absence and the number of wings present in
adult insect. He recognised three “alae” under class Insecta, namely Aptera with no wings,
Diptera with 2 wings, Superior alae with 4 wings and Omnes with 4 wings (LINNAEUS,
1758) (Fig. 2). Johan Christian Fabricius (1745-1808) classified insects on the basis of
mouth parts and he regarded it as a more natural character than number of wings (Fig. 3). He
published his system of classification in his books Systema Entomologiae and Genera
Insectorum (SMITH et al., 1973). Baron Charles De Geer (1720-1778) tried to unite systems
of Linnaeus and Fabricius and proposed a new order Dermaptera. Guillaume Antoine Olivier
(1756-1814) recognised another new order Orthoptera (earlier included under Neuroptera)
(SMITH et al., 1973; ENGEL and KRISTENSEN, 2013).
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Insecta
|
| | |

Aptera Diptera
{Wingless Insects) {2 Winged Insects)

4 Winged Insects

Superiors Omnes
| |
| | | |
Coleoptera Hemiptera Lepidoptera Membranaceae
(Crustaceae totae {Semicrustaceae, (Imbricataesquamis,  {with membranous
“fully hard ened"), “partially hardened”) “overlapping scales”) wings)
|
| |
Hymenoptera Neuroptera
Fig. 2 Classification of insects proposed by Linnaeus
Insecta
i L L) L) .
Eleutherata  Rhyngota Piezata Antliata Glossata Ulonata Synistata Odonata

(Coleoptera) (Hemiptera) (Hymenoptera) (Diptera) (Lepidoptera) (Orthoptera)  (Neuroptera)

Fig. 3 Classification of insects proposed by Fabricius

Glovami Antonio Scopoli (1723-1788) stated that classification should be based on
whole structure of the insects. Utilising multiple traits, PIERRE ANDRE LATREILLE
(1762-1833) proposed the classification of insects that is considered first truly natural
classification of insects (Fig. 4) (SMITH et al., 1973). His contemporaries, Etienne Geoffroy
Saint-Hilaire (1772-1844), Jean Baptiste Lamarck (1744-1829) and Georges Cuvier (1769-
1832) are credited of studying comparative anatomy, homology, and evolution of different
animal groups including insects' thereby influencing biology as a whole on a wider level
(APPEL, 1987; RACINE, 2013). William Sharp MacLeay's (1792-1869) quninarian system
and Edward Newman's septenary system of classification were based on the philosophy of
Lamarck but were quiet weird in the sense that these always involved grouping and
subgrouping of insects into 5 and 7 taxa (order, families, etc.), respectively (ENGEL and
KRISTENSEN, 2013). William Kirby (1759-1850) proposed two new orders i.e. order
Strepsiptera and order Trichoptera and along with William Spence (1783-1850), he wrote a
book “An Introduction to Entomology”. William Kirby is considered as the Father of
Entomology (CLARK, 2009). Karl Hermann Konrad Burmeister (1807-1892) classified
insects mainly on the basis of different kinds of metamorphosis and to some extent he also
considered other characters like wings and mouthparts (SMITH et al., 1973; ENGEL and
KRISTENSEN, 2013) (Fig. 5).




JOURNAL OF APPLIED ZOOLOGICAL RESEARCHES 05

Insecta Insecta

Coleoptera Hemiptera

Orthoptera

Hemiptera

Neuroptera
Neuroptera

Hymenoptera Diptera
Lepidoptera Lepidoptera

Diptera

Hymenoptera
Orthoptera

IIIIII§I
g

Coleoptera

Parasites

Fig. 4: Latreille’s Classification of insects Fig. 5: Burmeister’s Classification of insects
Westwood (1805-1893) of Oxford University proposed a classification of “Hexapod
metamorphotic insects” based mainly on the type of mouth parts. He recognised various
series orders and few osculant orders which act as connecting links between two series orders
(Fig. 6). Instead of various drawbacks like considering Thysanoptera to be osculant order
between order Orthoptera and Neuroptera, by describing consistent patterns of characters
and pointing connecting links (WESTWOOD, 1839; WESTWOOD, 1840).

Hexapod metamorphotic
insects
| | 1

Dacnostomata Antliostomata
(mouth of jaws) (mouth with a sucker)

1. OrderHymenoptera 1. OrderLepidoptera

2. Osculantorder Strepsiptera 2. OrderHomoptera

3. OrderColeoptera 3. OrderHeteroptera

4. OrderEuplexoptera (the earwigs) 4. Osculantorder Aphaniptera

5. OrderOrthoptera (fleas)

6. Osculantorder Thysanoptera 5. Osculantorder

7. OrderNeuroptera Homaloptera

8. OrderTrichoptera (Hippobascidaeand

Nycteribiidae)
6. OrderDiptera

Fig. 6: Westwood’s Classification of “Hexapod Metamorphotic Insects”

The Darwinian Era

In this era, studies on the classification of insects achieved new horizons as these were
initiated to study under the light of evolution after Charles Darwin (1809-1882) proposed his
revolutionary “Theory of Natural Selection” of organic evolution in his book “On the Origin
of Species by Means of Natural Selection, or the Preservation of Favoured Races in the
Struggle for Life” (FREEMAN, 1977). To establish “natural” relationships among taxa,
entomologists started considering new and more characters while classifying insects. James
Dwight Dana (1813-1895) put stress upon the degree of cephalization (DANA, 1864),
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Gustav Schich (1833-1899) and Franstisek Klap lek (1863-1919) emphasized on the
structure of the thorax and mode of locomotion, John Bernhardt Smith (1858-1912) focused
on mouth parts and thoracic characters, Benjamin Cooke (1816-1833) emphasized on nature
of the pupa, Carlo Emery and Vein Graber (1844-1892) considered development and
embryology more important for classifying the insects (WILSON and DONER, 1937).

Ernst Heinrich Philipp August Haeckel (1834-1919) for the first time proposed an
explicit phylogeny of the insect orders (termed articulata) in his book Generelle
Morphologie (WILLMANN, 2003). Paul Mayer (1848-1923) attempted to reconstruct an
ancestral insect Protentomon and suggested parallel evolution of wingless hexapods and
winged hexapods. Alpheus Hyatt (1838-1902) and Jennie M. Arms (1852-1937) are credited
for constructing an explicit evolutionary tree of insects and they considered Ephemeroptera
as a distinct order. Friedrich, M. Brauer (1832-1904) was the first to classify insects based on
Darwinism (BRAUER, 1869; BRAUER, 1885) (Fig. 7).

Collormbol
Apterygogenea
Thysanura
Insecta { Polynephria
Pterygogenea Oligonephria
Ametabola

hq Hemimetabola
Metabola
Fig. 7: Brauer’s Classification of insects depicted in the form of a tree

In his classification, Brauer put all primarily wingless taxa under Apterygogenea
and all secondarily wingless taxa and winged forms under Pterygogenea. He along with
Labbock suggested independent evolution of Apterygogenea and Pterygogenea. He
recognised 16 orders. Earlier he put termites, bark lice and true lice under Corrodentia and
also accepted Erichson’s grouping of mayflies, dragonflies, damselflies, stoneflies and
Comstock’s grouping of corrodentia under Pseudoneuroptera. But later he recognised the
artificiality of these groups and classified them as distinct orders, Isoptera, Ephemeroptera
(then called as Ephemerida), Odonata, Plecoptera, Mallaphaga and Corrodentia (equivalent
to Psocoptera). He also suggested a new order Panorpatae (now known as Mecoptera or
Mecaptera) for scorpionflies same time with Packard, and Hyatt and Arms. Alpheus Spring
Packard (1839-1905) proposed an evolutionary classification in which hierarchy was
generated by creating superorders, orders and suborders. He recognized Eurynchota
(modern Paraneoptera) under superorder Phyloptera. He also recognized Orthoptera,
Dermaptera, Neuroptera (for Trichoptera and Planipennia) and Pseudoneuroptera (for
Odonata, Ephemeroptera and Platyptera) as orders (SMITH et al., 1973; ENGEL and
KRISTENSEN, 2013).

The classification system of insects in this era showed a progressive shift in pattern
over previous systems as it involved evolution of systems based on diverse characters,
analogy-homology distinction and dealing with problems concerned with assigning
weightage to conflicting characters, etc. This era witnessed the rise of the field of
Palacoentomology. Scientists started exploring palaeontological evidences to understand
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interrelationships of insects. These studied influenced the classification of insects too.
Samuel, H. Scudder (1837-1911) published one of the first catalogues of the fossil insects of
the world (SCUDDER, 1891). Friederich Goldenberg (1798-1881) & Charles Brongniart
(1859-1899) proposed groups such as Palacodictyoptera, Megasecoptera and Protodonata
for fossil insects and regarded them as primordial prodenitors of living insect orders
(CARPENTER, 1992).

Anton Handirsch (1865-1935) recognized that it is not necessary that all fossil
lineages must leave modern counterparts rather some become extinct without leaving any
successor. He proposed few extinct orders too. Handlirsch wrote one of the most
comprehensive accounts of fossil insects in the form of three volume monolith named Die
FossilenInsekten integrating Palaeontology and Neoentomology. He proposed evolutionary
history of insects based on palacontological evidence. His accounts also suffered few
drawbacks like he wrote that pterygotes arose from a trilobite ancestor which was found to be
incorrect (GRIMALDI, 2001).

Insecta
| | |
Epimorpha Metamorpha
1
[ I |
Epimorpha typica Hyperepimorpha Hemimetahola
1. Apterygotes 1. Homoptera 1. Homoptera
2. Orthoptera (in part) (in part)
3. Dermaptera 2. Odonata
4. |soptera 3. Plecoptera
5. Psocodea
6. Heteroptera [ ]
Prometabola Holometabola
1. Ephemeroptera Restof the Orders
Fig. 8: Classification of insects proposed by Richard Heymons
Insecta
| | 1
Plagioptera Opisthoptera
— | — 1
Plaeodictyopterida Odonata Ephemeroptera Neoptera

Fig. 9: Division of insects according to Lemche

Crampton (1881-1951) studied Grylloblatta and recognised new taxa called
Notoptera. Carl, J. B. BOrner (1880-1953) recognised the differences between Zygentoma
(silverfish) and Archaeognatha (bristletails), and suggested their separation into different
groups. He suggested silverfish to be allied to Pterygota (that was later recognised by Willi
Hennig who placed silverfish and pterygotes under a common clade). He also suggested
closeness among Odonata and Neoptera based on his studies on mouth parts and proposed a
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higher group named Metapterygota to include them. He supported anatomical evidences
consisting of more number of characters than fragmentary palaecontological evidences based
on few characters (SMITH et al., 1973; ENGEL and KRISTENSEN, 2013). Similarly
Heymons (1867-1943) focused more on development of insects, elucidating many finer
aspects of insect development. Based on his studies he proposed a classification of insects as
depictedin Fig. 8 (HEYMONS, 1909).

Four new extant higher-rank taxa were described in the beginning of 20th century
that played a pivotal role in studying insect phylogeny. These are Protura, Zoraptera,
Grylloblattodea and nammochoristid scorpion flies. Based on the fundamental structure of
insect wings, Martynov proposed division of winged insects (Pterygota) into Palaeoptera
and Neoptera (ENGEL and KRISTENSEN, 2013). Most entomologists supported common
origin of pterygotes but Lemche suggested a diphyletic origin of winged insects dividing
insects into two broad groups, Plagioptera and Opisthoptera, and their further sub-divisions
as shownin Fig. 9 (MATSUDA, 1981).

The Hennigian Era and subsequent developments

This era marks the breakthrough in studies pertaining to the classification of insects. The
basic framework of classification of insects got established in this era. David Sharp (1840-
1922) divided winged insects into Exopterygota and Endopterygota on the basis of external
or internal development of wings that was adopted by August D. Imm (1881-1949) too in his
influential book “General Textbook of Entomology” (RICHARDS and DAVIES, 1957,
RICHARDS and DAVIES, 1977). Non-endopterygote insects were never grouped together
in past. Crampton objected this classification citing it’s non-agreement with the concepts of
phylogeny (Crampton, 1938). Hermann Rober Weber (1899-1956) supported non-
monophyly of endopterygote insects as earlier suggested by Handlirsch. He was of the
opinion that different endopterygotes were independently derived from nonendopterygote
ancestors (ENGEL and KRISTENSEN, 2013).

As the name of this era suggests, this period marks the occurrence of Hennigian
Revolution (or Cladistic Revolution) that led to the development of the field of Phylogenetic
Systematics. Phylogenetic Systematics deals with organising (more precisely
systematising) organisms solely on the basis of synapomorphy into taxa where each taxon
includes organisms that are strctly monophyletic in nature. This very concept of
Phylogenetic Systematics was materialised by Emil Hans Willi Hennig’s (1913—1976) in his
book Grundziigeeiner Theorie der phylogenetischen Systematik (ENGEL and
KRISTENSEN, 2013). He discarded taxa Apterygota except Thysanura, where the latter
included the non-monophyletic taxa Archacognatha and Zygentoma. He proposed names for
putative monophyletic taxa that included Zygentoma and Pterygota as “Dicondyla” and that
included Psocoptera, Mallophaga and Anoplura as “Psocodea”. He included monophyletic
Odonata along with Neoptera within Boner’s Metapterygota. He accepted monophyly of
Parametabola (Paraneoptera), Saltatoria (Orthoptera) and the clade containing Mantodea
along with Blattodea and Isoptera.

Monophyly of Paurometabola (Polyneoptera) was not accepted. The monophyly of
Coleoptera, Hymenoptera, Neuropteria and Mecopteria was accepted within endopterygotes
but Strepsiptera and Siphonaptera were suggested to be unassociated with other
endopterygotes. Parametabolans and Endopterygotes were included under monophyletic
Eumetabola. He revised and expanded the account of insect phylogeny in his book ‘Die
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Stammesgeschichte der Insekten . In this book he proposed more resolved and natural order-
level phylogeny of insects. He recognized monophyletic nature of Ellipura, Palaeoptera, and
Paurometabola (this includes Polyneoptera minus Plecoptera). He proposed relationship
among different taxa within monophyletic Paurometabola as represented in Fig. 10
(HENNIG, 1969; 1981).

Embioptera

Notoptera

Dermaptera

— e Mantodea

Paurometabola |

— Blattaria

: Isoptera

Ensifera

T —— Caelifera

| Phasmatodea

Fig. 10: Tree showing relationship among different Taxa under Monophyletic Clade
Paurometabola as proposed by Hennig (branch length not up to scale)

Howard, E. Hinton (1913-1977) provided important information regarding insect
phylogeny in a review published in third volume of Annual Review of Entomology. He
mentioned about the polyphyletic nature of Myriapoda and Hexapoda, closeness of
Symphyla, Entotrophi (Diplura) and Insecta, recognition of Collembola to be a distinct class
with respect to the Insecta, recognition of Protura as a distinct class from the Insecta,
demarcation of strong differences between Ephemeroptera and other pterygotes; specially;
Odonata, removal of the Dictyoptera from the order Orthoptera, recognition of close
relationship of Isoptera and Zoraptera with the Dictyoptera; and recognition of close
relationship among clades Megaloptera plus Neuroptera and Coleoptera plus Strepsiptera.
His findings suffered from few drawbacks too. Zorapteran affinities are obscure and not yet
fully resolved but he recognized close relationship of Zoraptera with Isoptera and
Dictyoptera. He proposed separate order for micropterigid moths (order Zeugloptera) and
boreidmecopterans (order Neomecoptera) that was incompatible with logic of Phylogenetic-
Systematics (SMITH etal., 1973; ENGEL and KRISTENSEN, 2013).

Initiated by Weber and latter carried forward by Gerhard Mickoleit in more
extensive manner, a trend of clarifying phylogenetic issues using anatomical data was a
remarkable approach for modern classification. Using same approach Mickoleit confirmed
the monophyly of Mecopterida and the clade consisiting of Diptera plus Mecoptera on the
basis of his studies on the pterothorax; the monophyletic status of Neuropterida, the
monophyly of clade consisting of Raphidioptera, Megaloptera and Neuroptera/Planipennia
and sister group relationship between Neuropterida and Coleoptera on the basis of his studies
on endopterygote ovipositors and their derivatives. Rahle suggested sister group

relationship between the Embiodea and Phasmatodea that was later confirmed using
molecular analyses (ENGEL and KRISTENSEN, 2013). Kristensen cited some drawbacks
in Hennig’s work like ambiguity of some clades and their contradictory nature, and
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insufficient number of evidences or literature cited in favour of many of his findings. In this
regard, Hennig ambiguously placed Strepsiptera under Endopterygota that was questioned
by Kristensen. Also the unresolved status of assemblage/clade containing Plecoptera plus
Paurometabola was brought into picture (KRISTENSEN, 1975).

Later, H. Bruce Boudreux provided a much resolved hexapod tree consisting of both
insects and non-insect hexapods. He suggested sister group relationships between
Ephemeroptera and Neoptera, between Plecoptera and Embioptera, between
Gryllablattodea and clade comprising of Zoraptera and assemblage of Isoptera and
Blattodea-Mantodea pair within. Among Holometabolans, he suggested sister group
relationship between Neuropterida and Mecopteroida(BOUDREUX, 1979).

In the same era, insect Palacontology achieved new heights. Works of Aleksander
Grigorevich Sharav (1922-1973) and Boris Borisovich Rohdendorf (1904-1977) helped
Hennig to establish time of origin of the recognized high-rank clades (GRIMALDI and
ENGEL, 2005). KUKALOVA-PECK (2008) worked extensively on morphology of fossil
insects and studied origin of extant insect taxa based on paleontological evidences. She
established monophyly of Palaeoptera, included monophyletic clade Orthoneoptera
(consisting of Plecoptera, Embioptera, and Orthoptera) within neoptera, established
monophyly of Blatoneoptera (consisting of Dermaptera, Gryllablattodea and Dictyoptera),
and recognized sister group relationship among Orthoneoptera, Blatoneoptera and clade
consisting of Paraneoptera plus Endopterygota (KUKALOVA-PECK and
BRAUCKMANN, 1992 and KUKALOVA-PECK, 2008).

Table-2: List of some important fossil insect taxa (based on GRIMALDI, 2001)

S. | Order Fossil Taxa Site of Discovery | Period

No.

1. | COLLEMBOLA Rhyniellapraecursor Scotland Devonian

2. | COLLEMBOLA Permobrya mirabilis South Africa Permian

3. | ARCHAEOGNATHA | Monura (Dasyleptus) Europe Carboniferous

4. | ARCHAEOGNATHA Triassomachilis Europe Triassic

5. | Lepidothrichidae* Lepidotrix Baltic Eocene amber

6. | EPHEMEROPTERA Lithoneura Illinois Carboniferous

7. | EPHEMEROPTERA Protereisma Kansas, Oklahoma | Permian

8. | Palaeodictyopteroidea™* | Thuringopteryx Germany Triassic

9. | MANTODEA Jersimantis New Jersey Cretaceous amber
10.| ISOPTERA Meiatermes Spain Cretaceous

11.| ISOPTERA Valditermes England Cretaceous

12.| ISOPTERA Cretatermes carpenteri | Canada Cretaceous

13.| ISOPTERA Carinatermes New Jersey Cretaceous amber
14.| EMBIOPTERA Burmitembia Burma Cretaceous amber

*Extinct family. **Extinct super order.

Contemporary discoveries of fossil deposits like Cretaceous Lagerstatte and insect
bearing amber deposits led to surge in number of newly described fossil insect species that
contributed much to establish more precise and accurate phylogenetic relationships among
extant taxa with respect to their ancestral counterparts (GRIMALDI and ENGEL, 2005).
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Table-2 shows list of some of the important insect fossils described from these fossil deposits
(GRIMALDI, 2001).

Modern Classification of Insects

Modern classification of insects is more natural and accurate than previous classifications. It
is based on multiple evidences like Palacontology, Embryology, Anatomy as well as
Molecular Biology. Such an approach based on multiple sources that takes advantage of
complementarily among disciplines to characterize, classify and name taxa is known as
Integrative Taxonomy (SCHLICK-STEINER et a/., 2010). With invention of Electron
Microscopy and advanced Molecular Biology tools, it has become easier to establish more
accurate phylogenetic relationships among various high rank taxa. DNA sequence data are
widely used now-a-days to establish relationships among low rank taxa as well, e.g.,
identification of species, genus, varieties as well as solving family level conflicts by
comparing sequence from different specimens. This approach is called Comparative
Genomics (MILLER ez al.,2004).

To gain wider and more accurate insights, modern entomologists use sequence data
from both Genomic DNA as well as Mitochondrial DNA. Using Mitochondrial DNA
sequence has some specific advantages as it is maternal in origin, simple in structural design
as it doesn't contain introns and have lost recombination ability, making it a reliable tool to
trace point of divergence and extant of accumulation of genetic changes in an organism over
time (DESALLE, 2017). For instance, mitochondrial Cyochrome Oxidase-I gene is being
used universally to generate DNA Barcode of different species among invertebrates
(FOLMER et al., 1994). DNA Barcodes are molecular signatures based on specific DNA
sequences that are unique for each individual species. Also, the availability of in silico tools
and publically accessible data bases containing DNA sequences over internet has
revolutionized the area of molecular analyses to establish more reliable phylogenetic
relationships among taxa (as well as individual organisms) (WILSON et al.,2017).

Subphylum Hexapoda
|

[

Class Ellipura Class Diplura Class Insects

WU S— I
Order Diplura

Order Protura Order Collembola

Fig. 11: Outline of the modern classification of Subphylum Hexapoda

In modern classification, non-insect hexapods have been assigned two classes,
Ellipura and Diplura, and all true insects have been grouped together under class Insecta.
Class Ellipura is further divided into two orders, Protura (coneheads) and Collembola
(springtails). Class Diplura consists of only one order Diplura (two-pronged bristletails)
(ANDERSON, 2001). Class Insecta is an assemblage of a large number orders assigned
under different subclasses and comprises of the largest number of species in animal
kingdom. The outline of modern classification of class Insecta up to the rank of orders has
been tabulated below (Table-3). This classification has been taken from BARNARD (2011)
which as 28 Orders.
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This classification has also been accepted and followed by Royal Entomological
Society. Many modern zoologists and entomologists like RUPPERT, FOX and BARNES
(2004); BRUSCA and BRUSCA (2003); ANDERSON (2001) follow or have proposed
somewhat similar classification of insects with minor modifications.This classification
takes into account the monophyly of each taxa to avoid coming together of non-
monophyletic taxa and to allow closely related taxa to be grouped together. In this regard,
monophyletic order Dictyoptera includes three suborders Blattodea, Mantodea and Isoptera
that were demoted from the rank of independent orders, the reason that led these suborders to
get their names mentioned in Table-3 as well. Name of many orders have kept as it is to avoid
confusion and to allow easy comparison with respect to older classifications. For many such
reasons, present classification of insects also represents phylogeny of insect taxa. This
classification is simple, easy-to-follow yet accurate in comparison to earlier classifications
ofinsects.

Table-3: Modern Classification of Class Insecta (BARNARD, 2011)

Class INSECTA
Subclass Apterygota
Order Archaeognatha or Microcoryphia (Bristletails)
Order Zygentoma (Silverfish and firebrats)
Subclass Palacoptera
Order Ephemeroptera (Mayflies or upwing flies)
Order Odonata (Dragonflies and Damselflies)
Subclass Polyneoptera
Order Dermaptera (Earwigs)
Order Dictyoptera (Cockroaches, termites and mantids)
Suborder Blattodea, Blattaria, or Blattoptera (Cockroaches)
Suborder Mantodea (Mantids)
Suborder Isoptera (Termites)
Order Embioptera (Webspinners)
Order Grylloblattaria (Rock crawlers)
Order Mantophasmatodea (Heelwalkers)
Order Orthoptera (Grasshoppers, crickets and bush-crickets)
Order Phasmida (Stick insects)
Order Plecoptera (Stoneflies)
Order Zoraptera (Zorapterans)
Subclass Paraneoptera
Order Hemiptera (True bugs)
Order Phthiraptera (Sucking and biting lice)
Order Psocoptera (Booklice and barklice)
Order Thysanoptera (Thrips)
Subclass Endopterygota
Order Coleoptera (Beetles)
Order Diptera (True flies)
Order Hymenoptera (Ants, bees and wasps)
Order Lepidoptera (Butterflies and moths)
Order Mecoptera (Scorpionflies)
Order Megaloptera (Alderflies)
Order Neuroptera (Lacewings)
Order Raphidioptera (Snakeflies)
Order Siphonaptera (Fleas)
Order Strepsiptera (Stylops)
Order Trichoptera (Caddisflies or sedge flies)
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Another recent classification of insects as compiled by Gary Parsons (PARSONS,
2015) has elevated the orders Protura, Collembola and Diplura to the status of class and has
included 27 orders under class Insecta. Following Willi Hennig’s classification, Thysanura
has been referred as order Zygentoma. The orders Grylloblattodea and Mantophasmatodea
have been included under order Notoptera and Isoptera into Blattodea in the recent
classification.

CONCLUSION: The classification of insects which we follow today is the result of
numerous years of hard work by myriad number of keen researchers. Modern classification
ofinsects is based on evidences derived from multiple sources. This makes this classification
more reliable and accurate. This doesn’t imply that this area of study has achieved a static
phase. Insect classification is still evolving. It is a dynamic area that is still under the process
of continuous refinement. With accumulation of more evidences, there is always a
possibility of new additions, arrangements and subtractions of taxa from existing
classification scheme
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ABSTRACT: Nanoinformatics is an emerging science developing over the last two decades and finds
utmost importance due to the ever expanding field of surface engineering of nanoparticles with
desired and improved properties in drug delivery, synthesis of newer nanoparticles, green synthesis of
nanoparticles and or their new applications towards human health, development and environment.
The term was coined in 2007 and it has found applications in computational design of safer,
biocompatible and personalised drugs, nanoparticle formulation, quantitative structure activity
relationship (nanoQSAR) and nanoparticle assembly, modelling, simulation, predicting particle
effects in infectious disease and malignant diseases like cancer, nanocurration, and environmental risk
assessment. With the advancement of DNA and RNA based therapeutics, nanoinformatics has been
applied to DNA and RNA computing in diseases. Several machine learning tools and algorithims are
having application in Nanoinformatics. In this review, we highlight the importance of
nanoinformatics and its application in therapeutics.

Key words: Nanoinformatics, nanoparticles, nanocurration, transcriptomics

INTRODUCTION
Nanoinformatics involves the applications of computation at the nano level (GONZALEZ-
NILO et al., 2011). The application of nanosciences in medicine is about a decade old.
Nanoinformatics involves developing of data repositories and analytical tools by data
integration and analysis of data, screening of potential candidates for drug delivery,
identifying the toxic components etc (KARCHER et al., 2016). The name
"Nanoinformatics", was coined in 2007, by the US National Science Foundation.

With the increasing number of applications of nanoparticles (NPs) in consumer and
industry and huge complexity associated with their surface properties, characterization and
quantification, reaction with biological surfaces, their biocompatibility, toxicity and safety,
formation of protein corona in biological environment, uptake by cells and inflammatory
responses have led to the need of their understanding, function and application in the body.
While on one hand it is important to understand the physical characteristics and chemical
properties of the nanoparticles, it is also important to understand their reaction with the
biological surfaces. With the advent and application of genomics and the science of
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application of RNA and DNA being more into the therapy against deadly and infectious
diseases, nanotechnology finds importance in DNA/ RNA based therapeutics. Thus
nanotechnology and its applications in therapy encompasses major domain including
information from chemical, physical properties, synthesis and engineering of nanoparticles
with advanced and desired delivery and therapeutic properties with minimum or no toxic
effects, their biological role, studies from genomics and transcriptomics and understanding
and manipulation of DNA/RNA structure and biology (Fig.-1).

Nanoparticles Nanomedicine The other major challenge encompassing application of
nanoparticle in therapy involves their safe use (GHOSH
and ANSAR 2014, GHOSH et al., 2015, GHOSH 2018a,
GHOSH, 2018b) and regulations. Therefore,
nanoinformatics finds application in integrating diverse
domains of genomics, nanotechnology, and clinical
medicine (Fig.-1).

Nanoinformatics
Genomics Informatics

Fig.-1: Nanoinformatics: an
emerging Science

With nanoinformatics emerging in the USA and Europe to address the molecular-
level research to clinical problems (GONZALEZ-NILO et al., 2011), an European project
named ACTION-Grid was set up in 2008 by European Commission (EC) for collaborative
biomedical and nanomedical research among countries of Europe, Latin America, North
Africa, Western Balkans, and USA (MAOJO et al., 2010, LOPEZ-ALONSO et al., 2008)
and to analyze the challenges and agenda for developing nanoinformatics (CHIESA et al.,
2009) aiming at the needs, application domains, and priorities for biomedical Informatics in
nano and regenerative medicine.

A predictive model for understanding biological effects of surface-modified gold
NPs (AuNPs), based on their physicochemical properties has been designed through the
Enalos Cloud Platform (http://enalos.insilicotox.com/NanoProteinCorona/) and finds
application in regulatory issues related to safe design and screening of nanoparticles
(AFANTITIS et al, 2018). Enalostnodes and Enalos Suite (http://enalossuite.
novamechanics.com/) designed and developed by NovaMechanics Ltd. for the open-source
KNIME platform, enables access to data, use of predictive molecular modeling, data mining,
and manipulation of data obtained from chemical databases including PubChem, UniChem,
etc. according to OECD principles through the KNIME interface through automated
processes and enable QSAR predictive model development with application in drug
discovery (VARSOU et al., 2018, MARCHESE et al., 2015).

I. Languages

Data mining and machine learning (ML) algorithms finds importance in the study of
biomedical applications of nanoparticles, prediction of their biological fate,
physicochemical properties on cellular uptake, cytotoxicity, molecular loading, molecular
release nanoparticle size, and polydispersity (MARCHESE et al., 2015, CHEN and
SARKAR,2015).

Natural language processing enabled semi-automation of ENMs categorisation
based on their physico-chemical properties, exposure, and biological effects based on
information from patent mining, nanomaterial and device characterization, nanomedicine,
and environmental risk assessment. Nine natural language processing (NLP) tools including
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NanoPort, NanoMapper, TechPerceptor, a Text Mining tool, Nanodevice Analyzer,
Document Classifier for date on clinical trials, Nanotoxicity Searcher, NanoSifter, and
NEIMiner found application for broadening nanoinformatics (CHEN and SARKAR,
2015). Literature from United States (U.S.) Library of Congress Online Catalog, English
Wikipedia, U.S. National Library of Medicine (NLM) Catalog, PubMed, and PubMed
Central were extracted for informatics (LIU et al., 2015).

II. Tools and Resources

An integrated simulation tool was developed for assessing the potential release and
environmental distribution of nanomaterials based on their life cycle and modelling coupled
with mechanistic transport processes of ENMs, impact of geographical and meteorological
parameters on Engineered Nanomaterial (ENM) distribution in the environment,
comparison of the impact of ENM production and potential releases in different regions, and
estimation of source release rates based on monitored ENM concentrations (de la IGLESIA
etal.,2013).

Computational methods including data mining, modelling and simulation have
enabled effective tools to automate the extraction, management and storage of these vast data
volumes (PANNEERSELVAM et al., 2014, JONES et al.,, 2016). In silico approaches
including ISA-TAB-Nano, caNanoLab, and Nanomaterial Registry enable data sharing and
developing data standards, with the expansion of nanomaterials data (MASSAWE et al.,
2013).

Naoparticles (NPs), their routes of exposure, toxic effects, and targets need to be
known from computational approaches. The Nanomaterial Registry is enabling data
formatting, and data sharing with the help of authoritative, web-based tool for understanding
interaction of environmental and biological interaction studies (MASSAWE et al., 2013).

III. Applications

A. Cancer Therapy

Nanoinformatics enables computational design of safer, biocompatible and effective
personalised nanocarrier drugs without toxic effects with information on the quantitative
structure-nanoparticle assembly, predicting particle size, characteristics and effects in
cancer (SADAN et al., 2018; MELAGRAKI and AFANTITIS, 2018). Nanoinformatics is
helping in risk assessment of nanomaterials. Nano (quantitative) structure-activity
relationship, nano-(Q)SAR, models finds applications to predict metal oxide (MOXx)
nanoparticles (NPs) toxicity. M/MOx NPs cytotoxicity has been calculated by using
spherical cluster generated from metal (M) or MOx crystal structure and the hydroxyl metal
coordination complex and hydroxyl metal coordination complex were used to calculate
descriptors and to study properties of the metal cation in an aqueous environment (Shin et al.,
2017).

Jagpot Quattro, an open-source web application for engineered nanomaterials
(ENM) modelling is enabling nanoQSAR modelling, validation, predictions, optimal
experimental design, and testing of data from laboratories and finds application in the design
of safe ENMs (CHROMENIDIS et al, 2017). The FP7 Project MODERN is using
computational design to evaluate environmental and health impacts of nanoparticle by
generating data management and integration; development of nanodescriptors; determining
nanostructure-function correlation, characterising them and assessment of hazards and
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application risk to health and environment (BREHM et al., 2017). ISA-TAB-Nano has been
designed to build useful datasets from nanotoxicology data for reporting on literature
metadata, developed within the NanoPUZZLES EU project with Python code to facilitate
parsing and integration of these datasets (DIEB ez al., 2015).

NaDev or nanocrystal Device Development is designed to extract information from
published literature on nanocrystal devices and their applications using the NaDev corpus
and ML techniques (POWERS ez al,, 2015). Data curation process in nanoinformatics also
called as nanocuration has enabled curation of temporal metadata, data completeness,
database integration focusing on nanocuration workflow, and data from a data repository
(VANCE et al., 2015). Woodrow Wilson International Center for Scholars and the Project on
Emerging Nanotechnologies created the Nanotechnology Consumer Products Inventory
(CPI) in 2005 with descriptors for consumer products, including information pertaining to
the nanomaterials in particular product (HENDRON et al., 2015). The Nanomaterial Data
Curation Initiative (NDCI), by the National Cancer Informatics Program Nanotechnology
Working Group (NCIP NanoWGQG), enables data curation to analyse nanomaterial behaviour
with data repositories and tools for integrating and interrogating complex nanomaterial
datasets (HUANG et al., 2015). Nano-enabled drug delivery (NEDD) has successful
applications to modulate drug release and to target particular diseased tissues with
applications in brain cancer (LIU et al., 2015).

B. Application in Leishmaniasis

Proteins, RNA, and DNA and nanoengineered one, two, and three dimensional DNA
nanostructures, protein RNA-DNA hybrid nano cargoes with targeting scaffolds are being
designed for targeted delivery in synthetic biology. Computational tool can design novel
nanomaterials from raw sequences from the many databases including GenBank, EMBL,
UniProt, RNA Central, PDB and then modifying into desired bionanostructure with defined
application. Sequences of Leishmania species were released in 2005 and GeneDB and
LeishCyc databases were prepared containing information on its genome and metabolic
pathways. Nanotechnology finds application in search of proteins, RNA, and DNA targeting
leishmanial parasite, nanomaterial characterization, standardizing, experimental
reproducibility, sensitivity and accuracy. Targeting of leishmaniasis revolves around
resistance exhibited by the infectious pathogen protozoa and nanobased delivery of
amphotericin B, has been proved with promising results.

DNA nanostructures have shown promise in treating cancer and holds promise for
immunostimulation and vaccine preparation. Leishmania promastigates are susceptible to
complement-mediated lysis and aptamers linked to DNA or proteins with polyfunctionalities
finds application in targeting of promastigotes (VERMA et al., 2018). Self-assembled
nanostructures are able to modify signaling components thereby controlling cell behavior.
Strategies of application of coassembled DNA nanostructures with peptides epitopes for cell
receptors providing signal for cell differentiation, CpG nanostructures directed to the
endosomes to activate innate immune response are being tested. Design of biomimetic
material of self-assembling hybrid nanoconjugates and clustered CD20 within lipid raft to
induce apoptosis is also being employed in control and targeting of parasites. DNA-RNA
based approaches activating proinflammatory response by innate immune signalling and
DNA nanotechnology is finding application in vaccine in Leishmania infection.
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C. Toxicity

Databases of toxic effects include National Institute for Occupational Safety and Health’s
(NIOSH) (http://www.cdc.gov/niosh/), and Oregon Nanoscience and Microtechnologies
Institute’s (ONAMI) toxicity screen using embryonic zebra fish
(http://www.greennano.org). In Europe and the United States Advancing Clinico Genomic
Trials on Cancer (ACGT) (DIEB et al., 2015) and the cancer Biomedical Informatics Grid
(caBIG) (JELIAZKOVA et al, 2015) have enabled sharing of data, modelling, and
simulation of drug delivery enabling the direct understanding of role of nanoparticles from
the laboratory to clinics.

D. Environment and Toxicity

The impact of ZnO and TiO2 manufactured nanoparticles (MNPs) on soil bacterial
communities for different exposure periods and MNP doses was explored by data
visualization techniques and detected by bipartite graphs, enabling fast identification of
important soil bacterial taxa that are susceptible to MNPs. thus evaluate the potential for
environmental impacts (JELIAZKOVA et al., 2015). The NanoSafety Cluster, funded by the
EC uses computation for toxicological data management of ENMs (BATES et al., 2015).
The eNanoMapper database solution through its application programming interface (API),
and use in visualisation and modelling using ML algorithms have enabled toxicological
screening of nanoparticles (JELIAZKOVA et al., 2015) and their quantitative structure-
activity relationships (NanoQSAR) modelling. Decision analytic and Bayesian models
statistical analysis finds application in nanoinformatics (LEWINSKI ez al., 2015). ENMs has
major role in environmental remediation and health impacts therefore nanoinformatics is
having applications in effects of exposure, surveillance and monitoring, databases, and
characteristic effects due to workplace exposure (DE LA IGLESIA et al,, 2013). ENMs
may spread through the environment and is a threat to the world. In silico ENM toxicity and
fate and transport analyses finds importance in environmental impact assessment and their
screening by nano-SARs with regulatory applications (MAOJO et al., 2012).

E: Application in Agriculture

Nanoparticles (NPs) has a wide scale application in the field of industry and agriculture and
is facilitating the development of genetically modified (GM) crops, precision farming
techniques including remote and local sensing, remediation including water treatment
plants, pesticide removal from ground water, use of nanosensors, nanoagricultural chemicals
and the design of smart delivery systems for nutrients and pesticides (SAMUEL et al.,
2016). Although most of these applications are being actively researched globally, it is still at
it's infancy. Researchers in the field of nano-agriculture, agriculturists, farmers,
manufacturers and regulatory bodies are all involved in the development of this field of
Biology together with consumer safety, environmental effects, ethical, legal and social
implications. Therefore, it needs integration of knowledge from the different varied
domains. Nano-Agriculture Informatics System (NAIS) are being designed to get all the
information under one umbrella (ROSE ez al., 2011).

DISCUSSION

The Human Genome Project and omics based studies are generating high-throughput data
and informatics is helping in its integration, assembly and analysis. (MAOJO et al., 2012).
Nanobiotechnology and its human application in therapy are also generating huge
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information. To assemble, organise, integrate and analyse the data on applications of
nanotechnology in therapy, and medicine, nanoinformatics finds application (DE LA
IGLESIA et al., 2011) for fast, cost effective screening probable candidates with less or no
toxic effects and targeted delivery. The Bio-Informatics Resource Inventory (BIRI,
http://edelman.dia.fi.upm.es/biri/), is a web service with applications in as medical
nanoinformatics (DE LA IGLESIA et al., 2009). Nanoinformatics and DNA and RNA-
based computing is another domain largely expanding (DE LA CALLE et al, 2009).
Nanoinformatics in finding applications in detecting and screening of toxic substances
automatically (GARCIA-REMESAL et al., 2013, COHEN et al., 2013). While research is
ongoing, in human diseases including both infectious and malignant, it evolving science of
nanoinformatics is gaining importance in human applications.
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Abstract: Stored grain insects (beetles and weevils) cause a considerable damage to stored products.
Considerable research has been reported related to understanding of biology and control of insects by
entomologists around the world. Studies include understanding life cycles; population dynamics;
physical, chemical and biological control of insects. This paper identifies where additional research
should be done in the field of stored-products entomology.
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INTRODUCTION

Globally, more than 3.1 billion tonnes of grains, pulses and oilseeds (hereinafter collectively
referred to as grains) were produced in 2015 (FAOSTAT, 2016) and stored at many points
after harvesting, prior to being delivered to processors and domestic and international
consumers. Grains are stored in many types of storage systems which can be broadly
classified as bag storage or bulk storage systems. Bulk storage systems can be of different
sizes and shapes and built using many different types of construction materials. More than
100 types of insects attack grains during storage (SINHA and WATTERS, 1985). Post-
harvest losses continue to range from 2% in well-managed systems to 30% in poorly-
managed systems. When spoilage occurs in an individual storage bin, 100% of the grain can
become unfit for human consumers and sometimes even unfit as animal feed
(GUSTAVSSON et al., 2011; JAYAS, 2012; WOLOSHUK and MARTINEZ, 2012). These
losses are caused by improper storage conditions, causing infestation by species of insects
and fungi that thrive on stored grains. Multiplication of insects can result in fungal infection
(ARLENE-CHRISTINAetal.,2014).

Losses are measured both in quantitative and qualitative ways. The quantitative
losses occur through direct consumption of grains by insects, and quality losses occur from
the contamination of grains from insect parts, excreta and fungi. “The fungi reduce the seed
viability and market value of grains, impart unacceptable odours, cause grain discolouration,
increase free fatty acid value, cause aggregation of grains, result in heat damage, and have
the potential to cause allergic reactions in storage facility operators and consumers. In
addition, fungi can produce mycotoxins, which are extremely harmful to consumers
(SENTHILKUMAR et al.,2017, MAGAN and MEDINA, 2016, MILICEVIC et al.,2010).
Importing countries apply punitive measures to ensure grains do not exceed specified
amounts of mycotoxins and chemical residues through widely accepted Codex standards,
which are developed and updated on an on-going basis by the World Health Organization
(WHO) and the United Nations' Food and Agriculture Organization (FAO).

Not meeting these requirements results in huge financial losses to countries
exporting grain. Furthermore, consumers are increasingly placing significance on the
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quality of food products that they purchase and consume. High-quality grains are used as raw
ingredients in the preparation of healthy, safe and wholesome food products for consumers;
high-quality processed food products cannot be developed from poor-quality raw
ingredients. Thus, preserving grains requires a multi-disciplinary approach where
entomologists, mycologists, chemists, physicists and engineers must work together to
develop conditions for safe storage of grains and develop sensors for quality monitoring of
grains during storage and processing. This paper only highlights the additional research to be
done by entomologists in collaboration with engineers and other researchers. The need in
four under-researched areas is highlighted for further research: insect identification, insect
detection, population dynamics under sub-optimal conditions, and movement of insects for
mathematical modeling. Additional research on topics of interest such as insect biology;
resistance of insects to chemicals; and physical, chemical and biological control of insects
should be pursued by entomologists for insects of interest in their regions.

Insect identification: Proper identification of insects is critical for their control in stored
grain. Most farmers and storage managers now have access to smartphones. These phones
can be used to take images of insects, which can be sent for identification to a regional or a
central location. The image can be compared with other images of insects stored in a robust
database of insect images (LI ef al., 2019). The images of insects in the database should be
from multiple views obtained by rotating insects along horizontal and vertical axes. Images
should be collected using many distances between smartphone and insects as well as using as
many types of smartphones as possible. Once such a database is available then deep learning
tools can be used to identify insect with reasonable accuracy and result returned to the farmer
or storage manager in near real time (SHEN ez al., 2018; ZHOU et al., 2019). Development
of databases for insects of interest for specific regions must be pursued and deep learning
algorithms must be developed for their identification. Importance of correct identification
and access to identification site must be popularized among farmers and managers of grain
storage facilities.

Insect detection: The problem of detecting insects in grain bins has not been solved
efficiently. There are few techniques that can be used to detect insects in samples collected
from storage systems, few systems that can detect insects around facilities and only one
system (OPI Systems Inc., Calgary, AB, Canada) that can detect insects inside stored bulks
(KARUNAKARAN et al.,2004; NEETHIRAJAN et al.,2007; JIAN et al.,2016). There is a
need to develop efficient, low cost sensors to detect insects in bulk grains. Insects when
present in grain produce carbon dioxide (CO,), moisture, heat and distinct odours (SINGH
(JAYAS) et al., 1983, 1984, 1985; JAYAS 1995; TUMA et al., 1990). Increases in
temperature, moisture, CO, or odorous compounds can be used to detect insects in grains.
Research is needed to detect different volatiles produced by different insect species, so this
information can be used to develop nano-scale sensor arrays for deployment inside bins for
detecting insects.

Population dynamics under sub-optimal conditions: The lifespan and multiplication rate
of the insects are related to temperature, relative humidity (moisture content), food source,
mating status, sex ratio and population density (ATHANASSIOU et al, 2017;
CHOTIKASATIAN et al., 2017, LANOIX, 2015, SINGH and PRAKASH, 2015; ARTHUR
et al, 2014, HAGSTRUM and FLINN, 2012; HAGSTRUM et al., 2012; COX and
COLLINS, 2002; FIELDS and WHITE, 1997; WHITE et al., 1995). In most of these studies,
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the lifespan and multiplication rates of insects were measured at constant (optimal)
temperatures and moisture contents. A grain storage ecosystem is influenced by its ambient
environment (JAYAS, 2012; JIAN and JAYAS, 2012); insects infesting grains are exposed to
fluctuating temperatures, moisture contents and CO, concentrations. Therefore, population
dynamics data obtained under constant conditions cannot accurately predict insect
populations under actual bin conditions.

Controlled investigations studying insect population dynamics in stored grain bulks
under fluctuating storage conditions, characteristic of the different storage climates, are
critically needed. My research team has recently determined the population dynamics of
rusty grain beetle, Cryprolestes ferrugineus (Coleoptera: Laemophloeidae), at increasing
and decreasing temperatures and have developed a mathematical model to predict their
population under fluctuating conditions (JIAN et al., 2018a, b). As rusty grain beetles and
red flour beetle, Tribolium castaneum (Herbst,) (Coleoptera: Tenebrionidae), are the two
most common insects found in Canadian grains and other insects occur infrequently, similar
investigations are being conducted for red flour beetles and experiments are planned for
future when these two species occur together. Similar investigations must be conducted for
other stored product species under different fluctuating conditions expected to be
experienced by stored grains under different climatic regions around the world.

Insect movement and distribution under grain storage conditions: Typically movement
and distribution of stored-grain insects have been studied under laboratory conditions using
up to 20-25 kg samples and mainly under gradients of temperatures (STEVENSON et al.,
2017; BUKIC et al., 2016; LANOIX, 2015; HAGSTRUM and SUBRAMANYAM, 2006;
FLINN and HAGSTRUM, 1998). To develop representative insect movement models, the
movement and distribution of commonly found insects in grains needs to be determined
under expected grain storage conditions, where gradients of temperature, moisture content
and CO, occur simultaneously in the same or opposing directions. Furthermore, although
limited research has been done on adult rusty grain beetle movement (JIAN and JAYAS,
2009), these cannot be used in the development of comprehensive insect movement model,
unless we study the movement of all mobile life stages (larvae and adults) of all common
insects. The movement and distribution of insects is also influenced by the size of the grain
mass (JIAN et al., 2011a, b; 2012), hence, full-size bin experiments are critical to advance
our knowledge of interactions among biotic and abiotic factors within stored grain
ecosystems and to develop practical guidelines for managing stored grains.

To study insect movements in one-dimension, one or two meter long properly
insulated columns filled with grain can be used and insects introduced at the mid-point and
their movement measured in either direction from the point of introduction. After certain
duration insect column can be divided into any number of sections by inserting metal plates
and samples can be collected for counting insects in each section to quantify insect
movement. The movement of insects can be studied at different constant temperatures by
conducting experiments in walk-in environmental chambers (Fig.-1; JIAN et al., 2002,
2005a). These one-dimensional columns could be fitted with a water bath or some other
mechanism at one end to raise the temperature while other end will be exposed to the
temperature of the environmental chamber, thus creating temperature gradients along the
column. Using such simple device, many experiments then should be done to study the
movement of mobile stages of different insects at constant and different temperature
gradients (such as 2.5°C, 5°C, 7.5°C, 10°C per meter).
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By filling grains of different moisture contents along the length of the grain columns
moisture content gradients can be easily created and insect movement studied at constant
temperatures (PARDE et al., 2004). By superimposing temperature gradients on columns
with moisture gradients, studies can be conducted on mobile stages of insects when moisture
gradients are in the same or opposing directions, i.e., having high moisture grain on one end
of the column and high temperature at the other end of the column will create opposing
gradients.

By attaching small chambers on either ends of the columns and constantly
circulating a known CO, concentration gas mixture, CO, gradients along the column can be
created and insect movement studied under different CO, gradients. By superimposing
moisture and temperature gradients insect movements can be studied for different
combinations of temperature, moisture and CO, gradients. For example, how is insect
movement affected when all three parameters are high on one end of the column compared to
when each parameter is high on one end of the column? Is effect cumulative or synergistic?

Similarly, insect movement should be studied in two dimensions (Figure 2; JIAN et
al., 2007) and three dimensions. Two dimensional studies have only been conducted at
constant temperatures (JIAN et al., 2007) but by designing heating mechanisms on one or
more sides of the chamber, by filling different parts of the chambers with different moisture
content grain, and attaching mechanisms for maintaining CO, concentrations on different
sides of the chamber, studies in two dimensions can be conducted under different gradients
oftemperature, moisture and CO,.

For three-dimensional (3-D) studies, dividing a cubical chamber bulk grain into
smaller parts is not feasible. A possible approach is to use smaller bags made of a screen that
allows free movement of insects across it and assemble a 3-Dchamber. After applying
required gradients, the chamber can be dis-assembled and insect movement characterized in
3-D.

Once such studies have been conducted and apparent coefficient of insect
movement is determined as a function of different gradients, insect movement can be
modeled mathematically along with movements of heat, moisture and gases.

Mathematical model of movement of insect in bulk grain

I am hypothesizing that a mathematical formulation using a partial differential equation,
along with boundary and initial conditions, given below and solved using a finite element
method can model the movement of adult beetles in three dimensions.

ou __ 0u  0Ou Ou Ou Ou
— =D o5t B B, - B +a
ot Oox~ Oy ox "oy Ox

The boundary condition: g_u =0
n

The initial condition: ©# = N (x,y,z)att=0

where; u =u(x, y, z, t), the spatial—temporal population density of the insect [adults/ m’at time
tl;
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x, ¥, z = coordinate of a position [m ];

D,, D,, D, = diffusivity or motility [m2/s] in the x, y, and z directions, respectively
(determined from experimental data obtained under objective (i);

B,, B,, B, = bias movement velocity (advection rate) in the x, y, and z directions [m/s],
respectively (determined from experimental data obtained under objective (i));

o = net insect number change due to insect multiplication and mortality (predicted by
population dynamics model under sub—optimal conditions developed from data
obtained under objectives (ii & iii)); and

No(x, ¥, z) = initial number introduced at the location (x, v, z).

Insect introduction tube
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lic box
SRS Cable of the
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Fig. 1: Set up to study one-dimensional movement of insects under gradients of temperature

(Source: JIAN et al., 2005a).
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A

Metal
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Fig. 2: Set up to study two-dimensional movement of insects under uniform conditions (Source:
JIAN etal., 2007).

The Ds and ps are functions of space and time but can be assumed to be constants
over a short time period (e.g., 1.0 h) and a small area (such as a finite element). We
demonstrated this concept under constant conditions of temperatures, moisture contents and
gas concentrations in 2-D (JIAN et al., 2007, 2008). This partial differential equation can be
simultaneously solved along with the heat; moisture and gas transfer partial differential
equations using the finite element method and will lead to a comprehensive ecosystem
model. We have already developed a 3-D mathematical model of heat transfer
(ALAGUSUNDARAM et al., 1990; JIAN et al., 2005b, 2015a, 2015b) and a 3-D model of
movement of CO, based on the combined effects of concentration gradients, pressure
gradients, and gravity on the transport of gases in the bulk grain and incorporating sorption of
CO, by grain (XU et al., 2002, SMITH and JAYAS, 2001). We have also developed a 3-D
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model of moisture movement through grain (JIAN ef al., 2015a) incorporating free
convection currents, which occurs in large grain masses due to temperature gradients
(JAYAS, 1995, 2012). All of these models when integrated into a single model, we will have
a comprehensive model of a stored-grain ecosystem. Running simulations using the
comprehensive model with multiple years of weather data from multiple locations around
the world and for bins of different sizes and shapes, guidelines with probabilities on insects
populations can be developed and shared widely with farmers and storage managers. Such a
model will be an exceptional, globally applicable, stored-grain management tool.
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ABSTRACT: The farmer's field experiment was conducted during Kharif, 2017 in village of
Gopalganj district in Bihar to standardize a suitable integrated pest management (IPM) packages
against the brinjal shoot and fruit borer, Leucinodes orbonalis Guenee. The trail consisted of eight
treatments laid out in Randomized Block Design replicated three times with plant spacing of 75cm x
60cm. All the IPM module treatments were significantly superior over farmer packages and untreated
check in minimizing the shoot and fruit borer incidence on the crop. Among different sets of
treatments, T, and T, were more effective in reducing the shoot infestation than the rest the treatments,
in which the infestation varied from 5.07 to 13.12% as against in farmers package (16.73%) and
untreated check (28.23%). Similarly, fruit infestation data on number and weight basis revealed that
the minimum fruit damaged (7.51% and 8.76%, respectively) in T,. The highest fruit yield
(168.25¢/ha) and the maximum cost benefit ratio (1:10.12) was also obtained with T,.

Key words: [PM, brinjal, Leucinodes orbonalis, pheromone trap, insecticides

INTRODUCTION

The eggplant (Solanum melongena L) is extensively cultivated throughout the year
in India. The crop is attacked by dozens of insect pests. Important among them in India is
brinjal shoot and fruit borer, Leucinodes orbonalis Guenne (MATHURETAL, 2012; SETHI
et al., 2016). The borer causes severe damage to growing shoot tips and fruits to around
23.07% (DAR,2012; DAR and MIR, 2016) thereby drastically reducing the marketable fruit
yield. Large quantities of synthetic insecticides are being used to control the pest resulting in
detrimental effect to the environment as well as to human health. The targets pest became
resistant to the conventional insecticides due to indiscriminate use of pesticides (KABIR et
al., 1996). In summer season, it has been reported that for L. orbonalis the farmers of
Bangladesh are spraying almost daily, wereas, in West Bangal frequency exceed three sprays
perweek (KABIR etal., 1995).

Concerning the above prospect priority should be given towards sustainable brinjal
cultivation in this region under the bio- intensive pest management system that would be
more efficacious and at the same time eco-friendly. Such an alternative method is the use of
IPM component of brinjal shoot and fruit borer have been identified long back but so for no
concentrated efforts have been made to use synthetic chemicals for practical management
practices of the target pest in the farmers field. CORK et al. (2003) observed that fruit
damage reduced 22% & 26.4% in IPM plots of young and mature crop, respectively. With
this objective, we conducted an experiment in farmer's field to demonstrate use of IPM
package and practices.

MATERIALS AND MEHODS
The field experiment was conducted during kharif season of 2017 on brinjal cultivar
'Pant Rituraj' in the farmers' field in Gopalganj district of Bihar. The trial consisted of eight
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treatments, laid out in randomized block design, replicated three times, each plot measuring
5Smx 4m and spacing maintained at 50cm x 50cm. All the recommended agronomic practices
were followed to raise the crop and formulate a suitable integrated pest management (IPM)
package against brinjal shoot borer. The following packages of treatments were evaluated:

IPM -1 (T,) - Trapping of sex pheromones and clipping of infested shoots followed by foliar
application of Nimbicidine 0.15% @ 4.0 ml per liter of water at 15- days interval.

IPM -2 (T,) - Trapping of sex pheromones and clipping of infested shoots with removal of
damaged fruits followed by foliar application of Nimbicidine 0.15% @ 4.0 ml per
liter of water at 15- days interval.

IPM -3 (T,) - Clipping of infested shoots with removal of damaged fruits followed by foliar
application of Spinosad45SC @ 0.5 ml per liter of water at 15- days interval.

IPM -4 (T,) - Clipping of infested shoots with removal of damaged fruits followed by foliar
application of Emamectin Benzoate 5SG @ 0.25 ml per liter of water at 15- days
interval.

IPM -5 (T;) -Foliar application of Nimbicidine 0.1% @ 4.0 ml followed by Indoxacarb 14.5
SC @ 1.0 gm/ liter at 15- days interval.

IPM -6 (T,) - Soil application of Neem cake @200 kg / ha followed by Cartap
hydrochloride 50 SP @ of 1.0 gm/L of water at 15 days interval.

Check -1 (T,) - Foliar application of Chlorpyriphos 20EC @ 1.5ml/ L of water as per normal
control measures practiced by the farmers (3-4 times per week).

Check -2 (T;) - Control plot (Untreated check).

The pheromone traps were placed in the field at 45 days after transplanting. The
component of the pheromone was (E)-11-hexa decenyl acetate (E11-16: AC) and E (11)-
hexadecen-1-al (E11-16; O11) blended in the ratio of 100:1. Sprays were conducted with the
help of a Knapsack sprayer using 500 L of spray fluid per hectare. Three sprays were given at
fortnightly interval, commencing 30 days after transplanting. At weekly interval clipping of
infested shoots, removal of damaged fruits. Clipping of infested shoots and removal of
damage fruits, if any, were undertaken before setting of traps. The observations were made
on the total numbers of healthy and infested shoots and the total number of fruits in each
picking by counting the number of healthy and infested fruits as well as weight of healthy and
infested fruits, from five plants selected at random, in each replication. The infestation data
were subjected stastical analysis. The harvest of only healthy fruits was considered for
recording the yield from all the pickings.

RESULTS AND DISCUSSION

The results revealed that the all the treatments were superior over untreated check in
minimizing the damage by the shoot and fruit borer (Table-1). The data on the infestation of
shoots indicated that among the different treatments, the treatment T, comprising trapping of
sex pheromones and clipping of infested shoots with removable of damage fruits followed
by Nimbicidine 0.15% @ 4.0 ml/L of water at 15 days interval were most effective in
reducing the shoots infestation (5.07%) than rest of the treatments in which the infestation
varied from 6.31 to 16.73% among the treatments as against, in the untreated check, the mean
shoot infestation was 28.23%. The average shoot infestation was in order of T,(5.07 %)>T,
(6.31%)> T,(9.24%)> T, (11.26%)> T, (12.17%)> T, (13.12%)> T, (16.73%)> T, (28.23%).
The per cent infestation of fruits both on number and weight basis by the borer pest followed
the same trend with regard to shoot infestation. The treatment T,(7.51% on number basis and
8.76% on weight basis) also proved significantly best treatment over T, (Farmers practice) in
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all the treatments including T, (untreated check). The average fruit damage both on number
and weight basis in same order of shoot damage. Earlier, effective control of L.orbonalis
with trap + shoot clipping + neem based insecticide + removable of damaged fruits during
harvesting was reported by MANDAL et al. (2008). The reason behind it may be that traps
helped in catching the moths and in addition sanitary measures along with neem based
insecticide helped in keeping the population of brinjal shoot and fruit borer to a minimum
level. The results were also corroborating the finding of CORK et al. (2003) recorded that
fruit damage was reduced 22% and 26.4% in IPM plots of young and mature crops,
respectively.

The yield datarevealed significantly higher yield of 168.25 g/hain T, followed by T,
(162.87 g/ha), T, (161.93 g/ha), T, (158.16 g/ha) and T, (153.41 g/ha), all being on par with
each other but significantly more than farmer practice and untreated check. The cost -benefit
analysis of different set of treatment revealed that maximum monetary benefit of rupees
43080.00/ha accrued from T,, the most effective treatment in terms of the larval control as
well as yield released on per hectare basis. Yet the highest cost —benefit ratio (1:10.12) was
also obtained in T,. These was followed by T, (1:8.95), T, (1:6.07), T, (1:5.56), T, (1:5.17)
and rather less efficiently by T, (1:4.94) and T, (1:1.88) as farmers practice over untreated
check. Thus to conclude the results, trapping of sex pheromones and clipping of infested
shoots with removable of damaged fruits followed foliar application neem based insecticides
(Nimbicidine 0.15% @ 4.0 ml/L of water at 15 days interval) afforded effective control of L.
orbonalis with higher fruit yield as well as the best cost-benefit ratio.
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ABSTRACT: Chilli (Capsicum annuam L.) is an important spice & commercial vegetable crop
grown all over India. The tarsonemid mite, Polyphagotarsonemus latus (Banks) (Acari:
Tarsonemidae) is the considered as major sucking pest. Effected leaves show “down ward” resulting
in a typical damage known as 'leaf curl syndrome'. Economic yield loss could be 11-75%
quantitatively and 60-80% qualitatively in the event of serious infestation. The prevalence and build
up of these insect pests of chilli crop is mostly governed by weather parameters like temperature,
relative humidity, rainfall, sunshine hours. Furthermore, the weather parameters vary greatly from
place to place and season to season. Field experiments were conducted from 2007-08 to 2012-13 at
Horticultural Research Station, Lam Farm, Guntur, to study the seasonal incidence and impact of
weather parameters on chilli mite in Andhra Pradesh. The results revealed that the infestation and
severity of mite were highly influenced by weather parameters. Mite population reached its peak
(7.41/leaf) in the 38"Standard Meteorological Week (SMW) in 2007-08, 21.27 in 2008-09, 221.37 in
2009-10, 17.95 in 2010-11, 19.75 in 2011-12 and 20.88 in 2012-13, respectively. Similar trend was
observed both in one and two preceding weeks in every year. The mite population had significant
positive correlation with morning relative humidity (0.42 in 2007-08,0.50 in 2008-09,0.74 in 2009-
10,0.531n2010-11,0.651n2011-12 and 0.50 in 2012-13) and preceding two weeks (0.38 in 2007-08,
0.401n2008-09,0.74 in 2009-10,0.16in 2010-11, 0.53 in 2011-12 and 0.50 in 2012-13), respectively.
There was significant negative correlation with maximum and minimum temperature, evening
relative humidity and non-significant correlation with rain fall in six years of the study.The combined
effect of weather parameters on incidence of mites indicated that the variation in the incidence (72 to
79%) was contributed by the weather parameters and major impact was by morning relative humidity
on the incidence and severity. Other parameters like temperature and sunshine hours did not show any
significant effect. The population levels also vary with year to year because of variations in the
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weather parameters. The overall results clearly indicated the peak period of activity of mites species
influenced by preceding one and two week weather and significant role of weather parameters on the
population dynamics of mites inhabiting the plant parts of chilli crop.

Key words: Chilli, mite, weather parameters, incidences, Polyphagotarsonemus latus

INTRODUCTION

Chilli (Capsicum annuam Linn.) is an important spice as well as commercial vegetable
crop grown all over India. It is an essential ingredient of Indian curry, which is
characterized by tempting colour and titillating pungency. In India, Andhra Pradesh
occupies a prime place in chilli cultivation accounting for 49% of the total cultivated area
under this crop in the country (RAJPUR et al., 2008). Besides the several factors responsible
for low productivity and quality deterioration of chilli, the damage caused by insect pests is
the most important. So far, 293 insect and mite species were reported on chilli (BUTANI,
1976). The tarsonemid mite, Polyphagotarsonemus latus (Banks) (Acari: Tarsonemidae) is
the considered as major sucking pest. Effected leaves shows “down ward” resulting in a
typical damage known as 'leaf curl syndrome'. Economic yield loss may be 11-75%
quantitatively and 60-80% qualitatively in the event of serious infestation.The prevalence
and build up of these insect pests of chilli is mostly governed by weather parameters like
temperature, relative humidity, rainfall, sunshine hours. Furthermore, the weather
parameters vary greatly from place to place and season to season (DHAKA and PAREEK,
2008). For effective pest management, study on the influence of the various factors
responsible for population fluctuation on a particular crop might assist in prediction of its
occurrence in a given area (SUBHARANI and SINGH, 2007).

Thus the knowledge of the influence of weather parameters of chilli will help to
develop a forecasting system and to implement timely plant protection measures. Knowing
the peak period of pest infestations one can design pest management tactics more
effectively with less incorporation of highly toxic chemical substances in the field.
Keeping above aspects in mind, the present investigation was aimed to study on the seasonal
incidence of yellow mite in relation to various weather parameters like rainfall, temperature,
and relative humidity etc.

MATERIALS AND METHODS
Field experiments were conducted for six years (2007-08 to 2012-13) at Horticultural
Research Station, Lam, Guntur, Andhra Pradesh to study seasonal incidence of the test mite
on Chilli. The popular and leading chilli variety, LCA-334 was raised in the month of July
and transplanted in the month of September in all the years of study. Crop was maintained in
an area of 500 m” area. All the recommended agronomical practices were followed from time
to time to raise good crop. No plant protection measures were taken throughout the crop
season. Observations were made on the incidence of mite (no. per leaf) at weekly interval in
the morning hours starting from initial appearance to final disappearance or up to the harvest
of the crop from 25 randomly selected and tagged plants. The weather parameters viz.,
maximum and minimum temperature (°C), relative humidity (%) and total rainfall (mm) in
different standard weeks during the crop season were recorded at Meteorological center,
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Regional Agricultural Research Station, Lam, Guntur. The relationship between the mite
population and weather parameters was worked out by using simple correlation, regression
and step down analysis by SPSS softwear 2007 version

RESULTS AND DISCUSSION

To find out the effect of individual abiotic factor on the population dynamics of mites
species infesting chilli leaves, flowers and fruits, the correlation coefficients were analysed
between mite population and weather parameters. While working out the correlation
coefficients, mite population of each standard week was correlated with preceding one and
two weeks weather data which gave better correlation coefficients than with the present
week weather data. The incidence of P. latus (no. per leaf) in chilies was initiated from 38
STW (0.41 /leaf) and it continued up to the harvest of the crop with a peak activity during 2™
STW (7.41) during 2007-08. Correlation coefficients worked out between mite population
and weather parameters of preceding one week indicated that among the various weather
parameters significant negative correlation was observed between weather parameters of
maximum temperature (-0.37**), minimum temperature (-0.79**), evening relative
humidity (-0.45%), rainfall (-0.29) where as significant positive correlation with morning
relative humidity (0.42**), with mites population. The correlation studies carried out with
preceding two weeks weather data, similar trend was observed in the correlations. Weather
parameters of preceding two weeks indicated that among the various weather parameters
significant negative correlation was observed between weather parameters of maximum
temperature (-0.29%*), minimum temperature (-0.78%*), evening relative humidity (-0.43%),
rainfall (-0.32) where as significant positive correlation with morning relative humidity
(0.38**), with mite population (Table-1).

During 2008-09, incidence of P. latus (no. per leaf) in chillies was initiated from 42
STW (0.14 /leaf) and it continued up to the harvest of the crop with a peak activity during 52"
STW (21.27). Correlation coefficients worked out between mite population and weather
parameters of preceding one week indicated that among the various weather parameters
significant negative correlation was observed between weather parameters of maximum
temperature (-0.66**), minimum temperature (-0.48**), evening relative humidity (-0.72%*),
rainfall (-0.02) where as significant positive correlation with morning relative humidity
(0.42**), with mites population. The correlation studies carried out with preceding two
weeks weather data, showed a similar trend as observed in the correlations. Weather
parameters of preceding two weeks indicated that among the various weather parameters
significant negative correlation was observed between weather parameters of maximum
temperature (-0.86**), minimum temperature (-0.65**), evening relative humidity (-0.50%),
rainfall (-0.71) where as significant positive correlation with morning relative humidity
(0.50**), with mite population.

During 2009-10, incidence of P. latus (no.per leaf) in chillies was initiated from 46"
STW (0.17 /leaf) and it continued up to the harvest of the crop with a peak activity during 9"
STW (221.77). Correlation coefficients between mite population and weather parameters of
preceding one week indicated that among the various weather parameters significant
negative correlation was observed between weather parameters of maximum temperature (-
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0.33**), minimum temperature (-0.40**), evening relative humidity (-0.10%*), rainfall (-
0.41) where as significant positive correlation with morning relative humidity (0.74*%*), with
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ABSTRACT: The experiments were conducted during 2015-17 to study the bio-efficacy of different
pesticides against mite (7etranychus urticae) on tomato (Lycopersicon esculentum Mill). The results
revealed that Spiromesifen 22.9 SC 0.028 per cent and Dimethoate 30 EC 0.03 per cent remained most
effective treatments against this tomato mite whereas, quinalphos 25 EC 0.05 per cent was proved the
least effective.

Keyword : Tomato, insecticides, bio-efficacy, red spider mite, Tetranychus urticae

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is a profitable vegetable crop cultivated widely in
South Gujarat. It is also a popular vegetable at global level, ranked second in importance to
potato (MANDAOKAR et al.,2000). In India, the area under tomato cultivation is 7.67 lakh
hectares with production of 16385.00 MT and average productivity of 21.40 MT/ha
(ANONYMOUS, 2015). Though it is extensively grown all over the country, still the
productivity remains low as compared to other countries mainly due to the prevalence of
pests. Amongst various insect-pests reported in India, as many as sixteen have been observed
feeding on tomato from germination to the harvesting stage which not only reduce its yield
but also deteriorate the quality (BUTANI, 1997). The major pests of tomato in India are
whitefly (Bemisia tabaci), aphid (Aphis gossypii), thrips (Thrips tabaci), leaf miner
(Liriomyza trifolii), fruit borer (Helicoverpa armigera (Hubner) and red spider mite
(Tetranychus urticae) (ANONYMOUS, 2012).

Among them, red spider mite (7etranychus urticae) is a major pest under the Order
Acari (Family: Tetranychidae). Mites generally feed on underside of leaves, but cover entire
leaf surface when high population is observed. They pierce plant cells and withdraw the cell
contents. Feeding results in small clumps of dead cell and speckled appearance of infested
leaves. Wilting, leaf deformity, desiccation and abscission occur with prolonged high density
infestations. Disruption of photosynthesis results in plant stunting and reduction in yield.
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Keeping in view the importance of sucking pests on tomato in general and mite in particular,
the present study was undertaken to compare effect of novel and modern insecticide cum
acaricides for the control of this mite on tomato.

MATERIALS AND METHODS
Field screening of insecticides cum acaricides was carried out against mite (Zetranychus
urticae) on tomato under field condition in the Department of Entomology, N. M. College of
Agriculture, Navsari Agricultural University, Navsari, Gujarat during Rabi seasons of 2015-
16 and 2016-17. The site experienced mean annual minimum and maximum temperatures of
15and 33 °C, respectively.

The field experiments were conducted in Rabi tomato during 2015-16 and 2016-17
taking tomato (cv. GT-2) as a test crop. The experiments were laid out in Randomized Block
Design (RBD) with 3m x 2m plot size using seven treatments viz., T,: Indoxacarb 4.5 SC
0.005%; T,: Dimethoate 30 EC 0.03%; T,: Lambda-cyhalothrin 5 EC 0.003%; T,:
Spiromesifen 22.9 SC 0.028%; T,: Quinalphos 25 EC 0.05%; T,: Thiamethoxam 25 WG
0.008% and T.: control (no pesticide, only normal water) replicated four times under field
conditions. Each plot was separated by a gap of 1m so that drifting of chemicals could be
minimized during spraying. The experimental fields were thoroughly prepared by ploughing
followed by repeated harrowings. The field was subsequently cleaned by removal of
stubbles of the previous crop. Twenty five days old disease free seedlings of tomato were
planted at a spacing of 60 x 45 cm. Gap filling was done after 10 days. The application of
pesticides was done based on the appearance of the mite. For all the treatments, the crop was
given the same dose of NPK as per the state recommendation i.e. 180:60:60 kg N, P,O, and
K,O Kg/ha, respectively. Full amounts of P and K fertilizers were applied at the time of
transplanting. However, half doze of nitrogenous fertilizer was applied thirty days after
transplanting and the remaining half of N was applied at 15 days after the first application of
Nitrogen.

Mite population (adult and nymph) was counted on one leaf each of top, middle and
bottom part of the ear marked plant in each replication of the treatment and expressed as total
population of plant. The first count was taken one day before the spray and post-treatment
counts were taken 1, 7 and 15 days after the spray. The data based on population of nymph
and adult mite were statistically analysed at different intervals after spraying in randomized
block design and overall population irrespective of post spray interval was assessed. The
efficacy of treatments was compared using Analysis of Variance (ANOVA).

RESULTS AND DISCUSSION

Firstyear (2015-16)

During first year of experimentation, mite population observed before spray (one day before)
were similar (at par) in each experimental plot under investigation however after spray (1,7
and days after), it was significantly lower in the treated plots than untreated control
indicating lowest population in Spiromesifen 22.9 SC 0.028% (0.16/plant) followed by
Dimethoate 30 EC 0.03% (0.38) which was significantly different from it. Next in the order
of effectiveness was thiamethoxam 25 WG 0.008% (0.60/plant) followed by lambda
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cyhalothrin 5 EC 0.003 (0.64) which were at par with each other. Next in the order of
effectiveness was Indoxacarb 14.5 SC 0.005 (0.77) and Quinalphos 25 EC 0.05% (0.87), the
later in turn was found least effective against mite. The control plot recorded highest number
ofmites as 1.22/plant (Table-1).

Second year (2016-2017)

The trend of mite population in the second year of experimentation, before spray as well as
after spray was nearly the same as obtained during the first year trial. Lowest mite population
was obtained in Spiromesifen 22.9 SC 0.028% (0.10/plant) followed by Dimethoate 30 EC
0.03% (0.35). Next in the order of effectiveness were Thiamethoxam 25 WG 0.008%
(0.55/plant) and Lambda cyhalothrin 5 EC 0.003% (0.58) which was at par with each other
followed by Indoxacarb 14.5 SC 0.005% (0.74) and Quinalphos 25 EC 0.05% (0.78) wherein
the later was least effective against mite. The control plot had highest number of mites as
1.14/plant (Table-1).

Pooled (2015-17)

Overall effectiveness of various pesticides against mite on tomato was assessed on the basis
of two years of field investigation (2015-17) wherein interaction between treatment and year
was found non-significant indicating similarity of efficacy order of pesticides during both
the years. The mite population before spray (pre spray) was similar (at par) in the
experimental plots. While, it was lowest in plots treated by Spiromesifen 22.9 SC 0.028%
(0.13/plant) followed by Dimethoate 30 EC 0.03% (0.37). Next in the order of effectiveness
were Thiamethoxam 25 WG 0.008% (0.58/plant), Lambda cyhalothrin 5 EC 0.003% (0.61)
and Indoxacarb 14.5 SC 0.005% (0.76) which were similar to each other with respect to
effectiveness, the later was found at par with quinalphos 25 EC 0.05% (0.82) the least
effective treatment against tomato mite. On the other hand, the control plot had the highest
mites (1.18/plant) (Table-1).

KAVITHA et al. (2006) reported better and long lasting efficacy of Spiromesifen 240 SC to
control chilli mite. Similarly, ALAM et al. (2014) also found that Spiromesifen 240 SC @
150 g a.i./ha significantly reduced red spider mite infestation. DARANDALE and
GAIKWAD (2014) revealed that Spiromesifen 240 SC @ 84 g a.i./ ha was more suitable and
ecofriendly for the management of mite on brinjal. CHINNIAH et al. (2016) revealed that
Spiromesifen 22.9 SC (@ 500 ml/ha were most effective to control chilli mites.

In the present investigation, lowest mite population was observed in Spiromesifen 22.9 SC
0.028% (0.13 mite/plant) as also reported by the earlier workers thus, it may be concluded
that the results obtained in this investigation are in agreement to the earlier reports. Least
effective pesticide was Quinalphos 25 EC 0.05% (0.82). Untreated control plot observed
highest mite population (1.18 mite/plant) (Table-1). The order of effectiveness of various
treatments was: Spiromesifen 22.9 SC 0.028 % > Dimethoate 30EC 0.03% > Thiamethoxam
25 WG 0.008% > Lambda cyhalothrin 5 EC 0.003% > Indoxacarb 14.5 SC 0.005% >
Quinalphos 25 EC 0.05% > control.
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ABSTRACT: Seasonal incidence of mango leaf gall midge, Procontarinia matteiana Kieffer and
Cecconi was studied on mango cultivars Alphonso and Kesar at Navsari Agricultural University,
Navsari, Gujarat. Highest leaf damage (62.51%) and gall intensity (116.56 galls/sq.cm) were
observed in Alphonso during 5-6 (29 January-11 February) and 1-2 (1-14 January) standard weeks,

respectively while, it was 56.80 per cent leaf damage with 105.69 galls in Kesar during 7-8 (12-25
February)and 1-2 ( 1-14 January) standard weeks.

Keyword : Mango, leaf gall midge, standard week, galls, Procontarinia matteiana

INTRODUCTION

Mango (Mangifera indica L.), a member of family Anacardiaccac (MUHAMMAD et al.,
2013) is known as king of fruits (SATHE et al., 2014) for its sweetness, excellent flavour,
delicious taste and high nutritive value. Mango is a host of about 492 species of insects, 17
species of mites and 26 species of nematodes the world over (BUTANI, 1974). Of these, over
188 species have been reported in India (TANDON and VERGHESE, 1985) and hardly halfa
dozen are of major importance (TANDON and SRIVASTAVA, 1982). BUTANI (1974)
reported mango hopper, mango mealy bug, mango fruit fly, bark eating caterpillar, stem borer
and scale insect as major pests, while insect-pests of minor importance were mango stone
weevil, leaf weevil, shoot gall, termite, mite and mango bud mite. Insect pests which came
into prominence on mango during the last decade are thrips, mango gall midges, fruit borers,
shoot borer, mango leaf webber (syn. tent caterpillar) and leaf miner, whereas status of ants is
yet to be confirmed as a pest or natural enemy (SRIVASTAVA, 1998).

Among those, the midges (Diptera: Ceccidomyidae) are one of the major insect pests
attacking on mango trees. About 22 described and 10 undescribed species of midges have
been reported by KOLESIK (2013), some of them are serious pests of mango in India and
Pakistan. MARDI (2010) mentioned mango gall midge (Procontarina matteiana Kieffer and
Cecconi) (Diptera: Cecidomyiidae) as a new threat to mango industry (ASKARI. and
RADIJABI, 2003) found mango gall midge, Procontarinia matteiana Keiffer and Cocconi
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and mango inflorescence midge Erosomyia mangifera Felt (Diptera: Cecidomyiidae) among
the most important insect pests of mango trees in Iran. UECHI et al., 2002 reported
identification of new species, found in Okinawa, Japan. The leaf gall midge was identified as
Procontarinia mangicola and was placed originally in the genus Erosomyia (SANKARAN,
and MJENI, 1989) further reported that Procontarinia matteiana was considered an
important and serious pest of mango in Oman. This species of leaf gall midge has been
introduced in India (PATEL et al., 2011; PATEL and SAXENA, 2016).

P matteiana is still the most unattended pest of mango. This remains active
throughout the year showing initiation of gall formation in new flush leading to defoliation of
affected leaves and reduction of photosynthesis. Almost all of the Procontarinia midges
induce galls on leaves, but did not evolve to parasitize other plant organs or taxa. The female
gall fly oviposits on new leaves, maggots hatch from the eggs and tunnel into the leaf tissue
where the insects develop into mature gall flies. Tumour like growths develops on the host
plants as a result of chemical stimuli from the galling insects. These stimuli can be maternal
secretions injected during oviposition or stimuli produced by larvae developing within the
plant tissue (PASCUAL-ALVARADO et al., 2008; STONE and SCHONROGGE, 2003).
Due to unavailability of any concrete package of practice, the pest is spreading at an alarming
rate. Therefore, an attempt has been made to study its bio-ecology on two popular mango
cultivars (Alphonso and Kesar).

MATERIALS AND METHODS

The study based on seasonal incidences of mango leaf gall midge, P. matteiana was carried
out at Regional Horticultural Research Station of Navsari Agricultural University, Navsari,
Gujarat during January-December 2017 on Alphonso and Kesar cultivars. For recording
observations, ten trees each of Alphonso and Kesar cultivars were selected randomly from
one hectare mango orchards of the respective varieties. To know the initiation of damage, the
observations were recorded by counting the healthy as well as damaged leaves and expressed
as per cent damaged leaves and number of galls per square cm. on damaged leaves as gall
intensity on each of the ten terminal twigs from the lower canopy of each tree at fortnightly
interval throughout the year. All the experimental trees were kept free from insecticidal spray
during the course of investigation.

RESULTS AND DISCUSSION
The symptoms of leaf damage caused by mango leaf gall midge appeared throughout the
year. In mango cv. Alphonso, lowest leaf damage (40.24%) as well as gall intensity (51.36
galls /sq. cm on infested leaves) was recorded during 35-36" standard weeks in 2017. Highest
leaf damage (62.51%) was recorded during 5-6" standard weeks, while, the highest gall
intensity (116.56 galls/sq.cm.) was observed during 1" - 2" standard weeks.

Similarly in mango cv. Kesar, lowest leaf damage (34.56 %) as well as gall intensity
(45.50 galls/sq.cm. on infested leaves) was observed during 35-36" standard weeks, while
highest leaf damage (56.80 %) was recorded from 7 to 8" standard weeks and highest gall
intensity (105.69 galls/sq.cm.) was observed during 1* - 2™ standard weeks (Table-1). As
evident from the data presented in Table -1, the overall leaf gall midge damage in both the
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mango cultivars i.e. Alphonso and Kesar recorded to reach the maximum during 5-6" and 7-8
standard weeks in Alphonso and Kesar, respectively. Similarly, gall intensity was particularly
high during 1% - 2" standard weeks in both the mango varieties proving that individual
varieties did not play any role in attaining the peak intensity of galls, it might be the crop stage
(5-8" standard week) i.e. marble sized fruit stage or the floral maturity stage of the crop which
played dominantrole.

Similarly, lowest leaf damage and gall intensity i.e. initiation of the gall formation
was observed during 35-36 standard weeks which happened to be last week of August to first
fortnight of September, the period of initiation or emergence of new leaf which was
considered most susceptible for egg laying and puncturing on the leaf epidermis by the adult
cecid fly in mango.

Male adult Female adult Galls on mature leaf

Photo plate: Different stages of mango gall midge, Procontarinia matteiana

UECH et al. (2002) observed galling in mango leaves due to leaf gall midge (P
mangicola) resulting into no inflorescence and low yield. PATEL and SAXENA (2016)
recorded peak leaf damage by leaf gall midge in mango cv. Kesar during 7" standard week
which happened to be the pea cum marble sized fruit stage of the crop however, the damage
started at the emergence of new flush (36" SW) (3-9 September) which indicated lowest
damage (31.69% in pooled results).

They further reported that when the tree had newest leaves emerged and having
thinnest leaf epidermis it became most suitable to oviposition by female midge fly causing
puncture in the leaf epidermis, resulting in initiation of swelling symptoms or hyperplasia. As
crop passed through various stages and leaf matured, the swelling transformed into wart like
appearance which ultimately transformed into gall symptoms. The increase in swelling size
may be apparently due to the metamorphic changes in the midge maggots, where later instars
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were longer in length and higher in diameter requiring more inner epidermal space leading to
the formation of thick galls in mature leaves at pea/marble sized fruit stage (7" SW) (12-18
Feb.). These observations have also been mentioned in the current investigations which
conform the present investigation.

Table-1: Seasonal abundance of mango leaf gall midge, Procontarinia matteiana

Standard Leaf damage (%) Gall intensity
Week (SW) (No. of galls/sq.cm. on damaged leaf)
Alphonso Kesar Alphonso Kesar
1-2 57.92 50.61 116.56 105.69
3-4 60.57 51.73 85.39 77.20
5-6 62.51 54.56 84.93 83.46
7-8 60.10 56.80 89.28 87.99
9-10 51.42 4741 71.42 69.85
11-12 49.88 4538 68.72 62.11
13-14 47.77 42.17 66.80 61.88
15-16 44.77 40.31 64.50 57.39
17-18 45.67 41.72 59.93 52.54
19-20 47.62 43.53 54.15 48.38
21-22 48.94 44.74 58.69 56.34
23-24 50.58 46.55 67.37 66.16
25-26 48.20 43.89 66.52 62.31
27-28 47.23 42.48 62.05 59.28
29-30 46.67 41.45 60.79 52.83
31-32 4537 40.58 59.77 51.28
33-34 44 47 39.44 55.72 50.68
35-36 40.24 34.56 51.36 45.50
37-38 41.61 35.11 5431 47.18
39-40 44.17 37.58 57.01 51.07
41-42 46.63 41.24 62.45 57.05
43-44 50.72 43.18 70.83 59.46
45-46 5391 44.70 79.60 65.76
47-48 54.96 46.39 85.01 68.71
49-50 55.85 48.58 91.75 74.37
51-52 57.30 49.66 9291 77.37
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ABSTRACT: Biofloc technology (BFT) is one of the innovative methodologies for waste
management and nutrient retention that offers a solution to solve environmental problems in
aquaculture, because it doesn't use water exchange to solve nitrogen compound elimination, but it
utilizes microbial assimilation, stimulated for addition of material rich in carbon, to transform those
compounds. However, trials of biofloc system in fresh water aquaculture have not been undertaken in
India for Indian major carps. Two trials of ten months period each (2017-2019) were performed to
investigate the growth and production of indian major carps in fresh water Biofloc System at Krishi
Vigyan Kendra, IGKV, Raipur, Chhattisgarh, India. Three rectangular cemented tanks (30,000 liter
capacity) were used in each trial under this purpose. Probiotic (probomix) was used for developing
beneficial bacterial colonies and controlling ammonia in confined water system. Healthy fingerlings
of Rohu (Avg. weight 57.5 g) & Mrigala (Avg. weight 49.9 g) were stocked @ 1 No/cubic meter of
water tank with treatment of potassium permanganate. Floating feed with 28-32% protein level was
fed in twice in a day @2% body weight in every trial. Molasses (Biogel) was applied for proper
microbial growth. Physico-chemical parameters were studied daily and maintained properly during
whole period. Floc volume range was recorded between 17-37 ml/liter water sample, FCO was
periodically applied for bacterial growth. The average yield was recorded 271 Kg/tank after a period of
10 months from stocking and FCR was found to be 1.3. Experiments were conducted during 2017-
2019, so the variation of temperature was very high. The other important parameters recorded were,
average pH value 7.6, dissolved oxygen 5.7 ppm, TDS 684 ppm and C:N ratio 12:1. Probocare &
probocure were applied weekly @ 75ml/tank for maintaining floc and water parameters as well. The
results obtained in this experiment suggest that the biofloc system in fresh water aquaculture improves
growth performances of the indian major carps in almost zero-water exchange system.

Key words: Biofloc technology (BFT), probiotics, Indian major carps.

INTRODUCTION
Biofloc is comprised of various beneficial microbial communities, but the
mechanism of action of some probiotics which leads to increase in biofloc is unknown in
aquaculture system. On the other hand, probiotics are single, known live microbial strains
and their actions to farm animals and humans are well established. Probiotic is a Greek word
derivative of pro and bios; “pro means promoting and bio means life”. Probiotics are
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considered bio-friendly agents that can be administered in aquatic culture environments to
control pathogens and enhance feed utilization, survival, and growth rate of farmed species
(MAHAPATRA et al., 2015; DE et al., 2014; HUYNH et al., 2017). The first probiotics
discovered is the fermented milk, which contains lactic acid bacteria (LAB). Lactic acid
bacteria (LAB) such as some Lactobacillus species (e.g., Lactobacillus plantarum,
Lactobacillus acidophilus, Lactobacillus thermophillus, Lactobacillus bulgaricus,
Lactobacillus casei etc.) are frequently used as probiotics in fish nutrition (NAYAK, 2010).
The use of LAB shown to have the most promising effects on disease resistance, survival, and
growth parameters for a wide variety of fish species (MUNOZ-ATIENZA et. al., 2014;
RINGO and DAWOOD et al., 2016; SAHOO et al., 2015). In Biofloc systems, nitrogen
compounds transformation is more efficient, because this process is made by facultative
heterotrophic bacteria that correspond principally to Bacillus and Pseudomonas species,
which allow increasing their population abundances quickly and oxide-reduction process
(MONROQY et al.,2015). Therefore, we studied production of India major carp in freshwater
biofloc aquaculture system.

MATERIAL AND METHODS

Two trials were conducted in the KVK Raipur Fish Farm during September 2017 to
June 2018 and September 2018 to July 2019. Three rectangular cemented tanks (30000 lit) in
each trial were brought in use. Proper aeration was provided throughout the culture period
and it was made by magnetic air pump (130 Watt & 120 LPM) with air stone (3.0"). Probiotic
(probomix) mainly composed of bacillus and lactobacillus groups was used to maintain the
floc and molasses (Biogel) for controlling of ammonia in culture tanks. Advanced fingerlings
of Rohu (Labeo rohita) & Mrigala (Cirrhinus mrigala) (avg. weight 53.7 gm) were stocked
@ 1No/cubic meter of water tank treated with potassium permanganate @0.5 ppm. On the
stocking day, feeding to the fishes was stopped, next day onwards; floating feed with 28-32%
protein level was fed in twice in a day @2% body weight in every trials. Molasses (Biogel)
was applied @ 100-300 gm/day (as per C: N ratio) for proper microbial growth through drip
system. Physico-chemical parameters were studied through analysis kits daily and
maintained properly during whole period. Floc volume range was recorded in imhoff cone
(ml/lit of water sample). Growth of fish was randomly recorded on a fortnightly basis.

RESULTS AND DISCUSSION

In each trial, three rectangular tanks (each 30000 liter capacity) were used for ten
months culture of IMC and average yield was 271 kg/tank recorded. Stocking density was
low only @ 1 No/cubic meter of water; it can be raised upto triple in further studies. Feed
conversion ratio (FCR), in its simplest form a comparison of the amount of feed used per unit
weight gain of the species being grown, offers a measure of aquaculture production
efficiency (WAITE et al., 2014). Typical FCRs were recorded by using commercial feeds
under intensive production technology in fish and shrimp culture - 1.0-2.4, respectively
(TACON and METIAN, 2008). In conventional method of fish culture, the FCR value which
is very high compare to FCR value 1.3 in the present studies.

During whole study period, the water temperature was very much fluctuated, lowest
temperature was recorded 7.4 °C in December and 34.2°C in May. The recorded pH range was
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6.8-8.6 and average pH value was 7.6. In this experiment, average concentration of
Dissolved Oxygen (DO) was 5.7 ppm which was highly satisfactory level because of 24
hours running blowers in the tanks. The recorded average TDS was 684 ppm where as the
average C: N ratio was 12: 1 during culture period. Initially the average floc density was 17
ml and the highest density was 37 ml/ liter sample recorded.

Table-1: Growth parameters of fish species in different trials

Parameters Trial-1 Trial-2 Average

Survival of Rohu (%) 89.00 90.80 89.90
Average weight of Rohu at harvest (g) 850.00 860.00 855.00
Yield of Rohu (Kg) in 3 tanks 423.30 436.88 430.09
Survival of Mrigala (%) 93.00 91.00 92.00
Average weight of Mrigala at harvest (g) 717.00 775.00 746.00
Yield of Mrigala (Kg) in 3 tanks 371.70 394.12 382.91
Total yield (Kg) in three tanks 795.00 831.00 813.00
Productivity (Kg/tank) 265.00 277.00 271.00
Benefit Cost Ratio (B:C) 1.84 1.92 1.88

The each trial was conducted in three cemented tanks with rohu & mrigala species,
the average survival rates of Rohu and Mrigala were 89.9% and 92.0%, respectively. The
harvestable weight of Rohu was 855 gm whereas 746 gm was recorded in Mrigala. The
average benefit cost ratio (B: C) was 1.88 during experimental periods. Biofloc technology
application offers benefits in improving aquaculture production that could contribute to the
achievement of doubling of farmer's income in short period of time. This technology could
result in higher productivity with less impact to the environment. In places where water is
scarce or land is expensive and possibility of theft increases vulnerability of profitable
aquaculture exists more intensive forms of aquaculture like biofloc technology has been
reported to be a cost-effective production system previously as observed by the present trial.
This technology needs more investigations with high value fishes under different agro-
climatic conditions.
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ABSTRACT: Study was conducted to screen the performance of various sorghum genotypes reaction
against the panicle pests like ear head bug (Calocoris angustatus) and ear head worm (Cryptoblabes
gnidiella) at Department of Entomology, College of Agriculture, Gwalior during the kharif season
2016 with 20 genotypes in a randomized block design with 3 replications to find out the least
susceptible genotype for ear head bug and ear head worm. Observations were recorded during the
milky stage of the plant. Test genotypes differed significantly with respect to number of ear head bugs.
The lowest number of ear head bug population was recorded in genotype ICSSH 88 (4.47 bugs/plant)
where as highest was recorded in genotype DHBM4 (7.8 bugs/ plant) which was significantly more
than rest of the genotypes. The significant lower number of ear head worms found in genotype ICSSH
86 (5 worms/ear head), while highest attack was on genotype ICSV15006 (10.33 worms/ear head)
which was significantly more than other genotypes.

Key words: Sorghum genotype, ear head bug, ear head worm, milky stage.

INTRODUCTION

Sorghum [Sorghum bicolor (L) Moench] is valued for its grain, stalks and leaves. It is
the fifth most important cereal crop globally and is the dietary staple of more than 500 million
people in over 90 countries, primarily in the developing world (REDDY et al., 2007; 2010).
Sorghum production is facing a threat from various biotic and abiotic factors; among them,
the loss caused by the insect pests has been considered as one of the important factors for
lower production. Pest problems in sorghum start at the pre-sowing period and continue till
harvest. JOTWANI and YOUNG (1971) recorded over a dozen insect pests on sorghum, the
major ones being shoot fly, stem borer, grain midge, and a complex of ear head pests. Nearly
150 insect species have been reported as pests on sorghum in different agro ecosystems
(REDDY and DAVIES, 1979). The insects that attack the sorghum panicle may be classed
into four groups: grain midges, head bugs, head worms, and head beetles. These losses were
probably caused by all panicle pests together were recorded on research stations which
usually have higher pest populations than farmers' fields. However, the losses can vary from
5.8 to 84.3% (RANGARAJAN et al., 1973). Ear head bug attacks from head emergence to
hard-dough stage of grain development hundreds of adults and nymphs can be observed on a
single ear head.

Alternate host plants play an important role in infestations of panicle-feeding bugs in
sorghum. Bugs, principally adults, move from alternate hosts to sorghum during grain
development. Ear head worms larvae destroy the grain in the head by producing webs of
silken thread that remain on and inside the head, heavily infested heads may be covered with
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webbing and cause serious loss. Moreover, insecticides are hazardous to many target and
non-target species in addition to disturbance in crop eco-system, which led scientists to find
out newer, safer, cost effective alternatives. Host plant resistance is the most important
component of integrated pest management in sorghum; as it does not involve any extra cost or
require application skills in pest control techniques and is compatible with other methods of
pest control. The negative effect of resistant genotypes on insect populations is continuous
and cumulative over time as the resistant cultivars reduce the cost, and are easy to execute and
can fit in the [PM programme. Reduction in pest populations through HPR can also enhance
the effectiveness of natural enemies and reduce the need to use pesticides (SHARMA, 1993).
This will help to preserve the environment and avoid the risks associated with the use of
pesticides. In this study, an attempt has been made to know the performance of host plant
(sorghum) against panicle pests like ear head bug and ear head worm.

MATERIALS AND METHODS

Field experiment was laid out in a Randomized block design (RBD) with 20
treatments replicated thrice with a plot size of 5m length of two rows each genotype with a
spacing of 45cm between the rows and 12c¢m between the plants. Sowing was carried during
July 2016 at research farm, College of Agriculture, Gwalior by following recommended
agronomic practices. Sprinkler irrigation was given in post rainy season when the crop
attains reproductive stage to initiate high relative humidity which increases the population
build up of ear head pests. Observations on ear head bug (Calocoris angustatus Leth.) and ear
head worm (Cryptoblabes gnidiella) were made on three ear heads of each treatment
randomly selected at milky stage of crop. Then the average numbers of ear head worm per
three ear head was calculated and subjected to statistical analysis after making suitable
transformation. The average population of ear head bug and ear head worm was calculated by
using the formula.
AP,=NRP/OP
Where: APo=Average population,
NRP=Number of received pests,
OP=Total observed plants.

RESULTS AND DISCUSSION

Insect pests attacking panicles of sorghum are especially damaging as they affect
crop development at a late stage and have direct harmful quantitative and qualitative effects
on grain yields. At this late stage of crop development, the main production inputs would
have already been made, which maximizes economic losses, and there is also little scope for
the crop to compensate for damage done so close to harvest. The different sorghum genotypes
differed significantly with respect to number of ear head bugs (Table-1). Ear head bug
infestation ranged from 4.47 to 7.8 bugs per three plants. Minimum and lowest number of ear
head bug population was recorded on genotype ICSSH 88 (4.47 bugs per three plant) which
was found promisingly resistant than other genotypes followed by ICSV 25308 (4.98 bugs
per three plant). Maximum and highest number of ear head bug was recorded on genotype
DHBM4 (7.8 bugs/3 plants) which was susceptible and significantly more than rest of the
genotypes except ICSV 25306 (7.47 bugs per three plant) and ICSV 25333 (7.27 bugs/3
plants).
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