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Abstract

The aphids are soft-bodied small insects (< 7 mm) and feed by sucking plant sap.
They usually live in colonies on the undersides of leaves or tender terminal
shoots. Aphids excrete considerable amount of sugary liquid, honeydew, on
which sooty mould usually turns them black and also serves as food for ants,
bees and their parasitic wasps. The aphids are unique on the account of their
peculiar mode of reproduction, development and polymorphism. They may
reproduce either by parthenogenesis, zygogenesis or paedogenesis. They may
either be oviparous or viviparous and alatae or apterae, the male often being
wanting and frequently rare in certain generations. Parthenogenetic reproduction
allows rapid increase in numbers and results in populations consisting of clones.
Some species reproduce both parthenogenetically and sexually (holocyclic spe-
cies), whereas only few reproduce parthenogenetically (anholocyclic species). In
parthenogenetic reproduction, life cycle completes within 10 days in temperate
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regions. The aphids are polymorphic, and both winged (alate) and wingless
(aptera) morphs may be found in the same colony. Several factors, both biotic
and abiotic, have effect on the formation of different phenotypes. Each morph
performs different ecological roles in the life history which is characteristic of
aphids. This trait coupled with the ability to breed by means of diploid partheno-
genesis and viviparity for a major part of the life cycle in aphids has enabled them
to produce a large number of clones in different kinds of plants even under
adverse conditions. Aphids are frequently engaged in mutualistic associations
with bacterial endosymbionts that not only provide essential amino acids to them
but also grant them protection from natural enemies, protection from extreme
temperatures, development of resistance to a fungal pathogen and the ability to
use a greater diversity of resources. Out of globally 5110 species of aphids
described, about 250 species are major agricultural and horticultural pests. They
damage the crops directly by sucking their nutrients, making galls and hampering
photosynthesis and respiration by the growth of sooty moulds on the honeydew
deposited thereon. Aphids also damage the crop indirectly by transmitting
hundreds of plant viruses. Because of their economic importance, their population
must be controlled to save the crops. In this contribution, several aspects of aphid
systematic and biology such as endemism, host–plant association, diversity,
morphology, feeding behaviour, life history, polymorphism and factors affecting
it, migration, defence, aphid–ant association, endosymbiosis, economic impor-
tance and their population management have been described in detail.
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3.1 Introduction

Aphid, also known as greenfly, blackfly, plant lice, ant cow, etc., is a common name
for all the bugs that belong to the family Aphididae (order Hemiptera, suborder
Sternorrhyncha, infraorder Aphidomorpha, superfamily Aphidoidea). They are
small (1–10 mm), soft-bodied, sap-sucking insects infesting both aerial and subaerial
parts of a variety of plant species, few of which are notorious pests of agricultural
and horticultural crops. They possess a proboscis which originates between and
behind the forelegs; their antennae have two thick basal segments and a flagellum
composed of up to four segments, the last of which is divided into a proximal part
and a thinner distal part called a ‘process terminalis’. They possess two compound
eyes and two ocular tubercles made up of three lenses each which are situated behind
and above the compound eyes. They have two tarsal segments; the wings when
present have only one prominent longitudinal vein. The fifth abdominal segment
bears a pair of upward and backward pointing tubes on the dorsal surface called
siphunculi or cornicles, and a cauda is usually present below and between them on
the last abdominal segment. They are cosmopolitan but are most abundant in
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temperate climates. They are unique on account of their peculiar mode of reproduc-
tion, development and polymorphism. They may reproduce either by parthenogene-
sis, zygogenesis or paedogenesis. They may either be oviparous or viviparous. The
sexes may be unequally represented (males are frequently rare) in certain
generations. Parthenogenetic reproduction allows rapid increase in numbers and
results in populations consisting of clones. Some species reproduce both partheno-
genetically and sexually (holocyclic species), whereas only a few reproduce solely
through parthenogenesis (anholocyclic species) (Dixon 1977, 1998; Singh and
Ghosh 2002) (Fig. 3.1).

Aphids are related to members of other Aphidomorpha, e.g. adelgids (conifer
aphids, pine aphids, spruce aphids) (family Adelgidae, superfamily Adelgoidea) and
phylloxerids (family Phylloxeridae, superfamily Phylloxeroidea) (Heie and
Wegierek 2009), all of which probably evolved about 280 million years ago
(MYA) in the Carboniferous; they probably bred on nonflowering plants such as
Cordaitales and Cycadophyta (Capinera 2008). The oldest known fossil aphid is
Triassoaphis cubitus from the Triassic about 220 MYA (Evans 1956). Aphids did
not always look like they do now; the characteristic shape and wing venation and the
structure of their proboscis had evolved by the Jurassic (e.g. Juraphis crassipes),
whereas the cauda and the siphunculi evolved later in the Cretaceous about 55 MYA
(Shaposhnikov 1979).

Fig. 3.1 A parthenogenetic aphid colony consisting of individuals of different morphs (alate and
apterous) and viriginoparae giving birth along with attending ants
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3.2 Systematics and Biology

There have been different opinions regarding the nomenclature of the aphid taxon-
omy. The classification of aphids is still not well established that may be accepted all
over the world. There were various opinions regarding the classification of the
Aphidoidea. Aphid taxonomy is often frustrated by the host alternation and exten-
sive polyphenism displayed by many species. In the literature, some aphidologists
(Remaudiere and Remaudiere 1997; Blackman and Eastop 2007) refer to the
families of Heie (1987) as subfamilies. There is no extremely good reason to prefer
one categorisation over the other, and fortunately this dichotomy in the literature has
led to little confusion. However, the use of family designations has the only single
advantage of allowing slightly more details in taxonomic hierarchies. Favret and
Eades (2020) in aphid.speciesfile.org kept all the extant Aphididae under
24 subfamilies, viz. Aiceoninae, Anoeciinae, Aphidinae, Baltichaitophorinae,
Calaphidinae, Chaitophorinae, Drepanosiphinae, Greenideinae, Eriosomatinae,
Hormaphidinae, Israelaphidinae, Lachninae, Lizeriinae, Macropodaphidinae,
Mindarinae, Neophyllaphidinae, Phloeomyzinae, Phyllaphidinae, Pterastheniinae,
Saltusaphidinae, Spicaphidinae, Taiwanaphidinae, Tamaliinae and Thelaxinae.
Table 3.1 summarises the species diversity of aphids in different taxa of Aphididae
in the world and in India.

3.2.1 Endemism in India

Globally, 5110 species of aphids are described under 528 genera. Out of
24 subfamilies of Aphididae, only 16 subfamilies are represented in India
(Table 3.1). In India, 809 species of aphids under 208 genera are reported, out of
which about half of them (at least 385 species) are endemic, and among them almost
all are represented in the Himalayas region. The most species diversity was observed
in the subfamily Aphidinae (444 species) (Singh et al. 2014, 2015a; Singh and Singh
2016a, b, c, 2017a, b, c) followed by Greenideinae (96 species) (Singh and Singh
2017d), Eriosomatinae (64 species) (Singh and Singh 2017e) and Hormaphidinae
(57 species) (Singh and Singh 2018). Singh and Singh (2019) summarised the
diversity of Indian aphids. At least 32 endemic genera are represented in India.
Except Aspidophorodon Verma, Indiaphis Basu, Neomasonaphis Ghosh and
Raychaudhuri, Myzakkia Basu and Brachyunguis Das, all other endemic genera
are monotypic. All the eight species under Aiceoninae, three species of
Taiwanaphidinae and one species of Lizeriinae are endemic. The percentage of
endemism in other subfamilies is as follows: Thelaxinae (75%), Greenideinae
(71.9%), Calaphidinae (62.5%), Drepanosiphinae (50%), Hormaphidinae (47.4%),
Aphidinae (44.5%), Chaitophorinae (44.4), Lachninae (39.0%) and Eriosomatinae
(34.4%). Only eight endemic species are present in the peninsular area including two
species, viz. Eutrichosiphum davidi and Paoliella nirmalae, which are exclusive of
this area. The high percentage of endemism shows that the Himalayan areas provide
congenial ecological conditions for the active speciation of aphids, while the
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Table 3.1 Subfamily-wise distribution of extant aphid species recorded in India and abroad

Subfamilies

World
genera
species

India
genera
species

Endemic
species References

Aiceoninae 1 18 1 8 8 1

Anoeciinae 2 30 1 6 2 1

Aphidinae Aphidini 33 832 9 69 14 2–5

Macrosiphini 244 2264 96 375 178 5–11

Baltichaitophorinae 1 1 0 0 0 –

Calaphidinae Calaphidini 17 77 5 14 11 12

Panaphidini 46 271 20 34 19 12

Chaitophorinae Chaitophorini 7 153 4 27 12 1

Siphini 5 25 1 2 0 1

Drepanosiphinae 5 39 2 4 2 1

Eriosomatinae Eriosomatini 14 113 5 21 9 13

Fordini 19 83 7 15 6 13

Pemphigini 21 178 7 28 7 13

Greenideinae Cervaphidini 6 20 3 7 2 14

Greenideini 7 152 5 87 64 14

Schoutedeniini 3 7 1 2 1 14

Hormaphidinae Cerataphidini 10 113 9 34 13 15

Hormaphidini 5 12 2 2 0 15

Nipponaphidini 29 105 11 21 14 15

Israelaphidinae 1 4 0 0 0 –

Lachninae Eulachnini 4 294 2 21 8 16

Lachnini 4 33 4 10 4 16

Stomaphidini 1 33 1 1 0 16

Tramini 3 31 2 2 1 16

Tuberlachnini 5 15 3 7 3 16

Lizeriinae 5 41 1 1 1 16

Macropodaphidinae 1 7 0 0 0 –

Mindarinae 1 9 1 2 0 16

Neophyllaphidinae 1 18 0 0 0 –

Phloeomyzinae 1 1 0 0 0 –

Phyllaphidinae 4 18 1 1 0 16

Pterastheniinae 2 5 0 0 0 –

Saltusaphidinae 12 57 1 1 0 16

Spicaphidinae 2 13 0 0 0 –

Taiwanaphidinae 1 14 1 3 3 16

Tamaliinae 1 6 0 0 0 –

Thelaxinae 4 18 2 4 3 16

Total 528 5110 208 809 385

1. Singh and Singh 2016d; 2. Singh and Singh 2016a; 3. Singh and Singh 2016b; 4. Singh and
Singh 2016c; 5. Favret and Eades 2020; 6. Singh and Singh 2017a; 7. Singh and Singh 2017b;
8. Singh and Singh 2017c; 9. Singh et al. 2014; 10. Singh et al. 2015a; 11. Singh et al. 2015b; 12.
Singh and Singh 2017f, 13. Singh and Singh 2017e; 14. Singh and Singh 2017d; 15. Singh and
Singh 2018; 16. Singh et al. 2018
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peninsular region which is a part of the Gondwanaland is very old and stable
landmass with distinct flora and fauna quite different from the northern parts.

3.2.2 Host–Plant Association in India

Singh and Singh (2016a, b, c, d, 2017a, b, c, d, e, f, 2018; Singh et al. 2014, 2018,
2015a) recently catalogued the Indian aphids and their food plants. Of all plant
species, 25 % are used as food plant by the aphids, and though it is believed that the
speciation of aphids has followed that of plants, not all groups of plants are equally
infested (Mahr 2018). The Asteraceae, the third most specious plant family, supports
the most aphid species (696 species) (Singh et al. 2015b), but the Orchidaceae, the
second most specious plant family, supports only nine species of aphids, while the
Rosaceae which is only the 22nd most specious plant family supports the third
highest number of aphid species (293 species) in India. The plant family which
supports the second highest number of aphids is Coniferae (includes several
families, viz. Pinaceae, Araucariaceae, Podocarpaceae, Sciadopityaceae,
Cupressaceae, Cephalotaxaceae, Taxaceae [363 species]), but these are nonflower-
ing plants. Most aphids are monophagous, though some species are highly polypha-
gous, e.g. Myzus persicae which feed on more than 500 different plant species
worldwide; in India, it alone infests 293 plant species under 64 plant families
(Singh et al. 2015a).

Few aphids are known to make gall on the plants. The aphid galls are abnormal
outgrowths of the plant tissues that serve as their own microhabitats as well as food.
Galls may also provide the aphid with physical protection from parasitoids and
predators (Fig. 3.2). In Northwest Himalayas, about 76 gall-inducing aphid species

Fig. 3.2 A gall on a leaf made by gall making aphid (a) and a gall cut to show the aphids inside (b).
Courtesy bugguide.net
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are reported under Eriosomatinae, Hormaphidinae, Aphidinae and Calaphidinae in
these areas, and all of them are present in Northwest Himalaya. But Northeast
Himalaya supports only eight gall-inducing species (10.52%), and most of them
belong to Aphidinae. Of Eriosomatinae, 93% can induce galls in Northwest
Himalaya (Chakrabarti 2007). In general, the gall-forming aphid species are heter-
oecious, i.e. alternate between their primary and secondary hosts in different periods
of the year. However, a few have been found to be autoecious, i.e. monophagous.
These aphids are also highly polymorphic in nature. Unless morphs from both of
their primary and secondary hosts are available, their identities in some cases are
difficult (Chakrabarti 1987).

Availability and diversification of host–plants has direct influence on the diversi-
fication of aphids. The major host–plant subclasses that harbour more aphid species
are Rosidae, Asteridae, Dilleniidae and Colelinidae. More than 150 aphid species are
found on these plants. Out of about 696 plant species described under the family
Asteraceae in India, only 207 species were found to be infested by 199 aphid species.
Among the aphid species, Aphis gossypii was recorded feeding 77 species of
Asteraceae, followed by Brachycaudus helichrysi (72 species), Aphis spiraecola
(70 species), Myzus persicae (45 species), Myzus ornatus (35 species), Aphis fabae
(25 species) and Aphis craccivora (23 species). Artemisia and Sonchus were
observed to be attacked by 60 and 25 aphid species, respectively (Singh et al.
2015b).

There are many examples of special host associations in this area. The nonavail-
ability of specific primary host has influenced the life cycle patterns in many species
especially under the subfamily Eriosomatinae. Many species continued anholocyclic
parthenogenesis for a long time, such as species of Fordini and Hormaphidinae.
Recently, Singh and Singh (2019) have summarised the diversity and food plant
associations of Indian aphids.

3.2.3 Diversity in India

The great diversity and abundance of aphids usually occur in the higher altitudes
where subtropical to warm temperate climate prevails which represents transition
area between Oriental and Palaearctic realms. The biological diversity of India is
well reflected in the distribution and abundance of fauna and flora and also in aphid–
host association. The richness and diversity of aphid fauna is largely due to diverse
flora in different kinds of ecosystem present in India. The food plants of Indian
aphids cover over 1250 species belonging to 137 plant families and 86 orders and
suborders (Agarwala and Ghosh 1985) against a total plant species of about 45,000
found in India. Among the areas enjoying subtropical to warm temperate climate in
India, diversity and concentration of aphids are more pronounced in Northwest and
Northeast Indian states, whereas hotter and drier areas of Indo-Gangetic and Penin-
sular India have less species diversity and poor prevalence. Chakrabarti (2009)
analysed the aphid diversity, its distribution and endemism, host–plant association
and the life cycle pattern from subregion of the Oriental region and observed that all
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these are different in each zone. Out of the total Indian aphid species, the Himalayas
represent 808 species in 219 genera under 17 subfamilies indicating high species
richness. The Northwest Himalayas has 573 species in 177 genera of 16 subfamilies,
and the Eastern Himalayas has 464 species in 147 genera of 14 subfamilies, while
Central Himalayas is represented by only 67 species in 56 genera of 8 subfamilies.
The Peninsular India has 126 species in 56 genera, and the Gangetic plain has
64 species in 32 genera, while the Indus valley has only 27 species in 15 genera
(Chakrabarti 2009).

Subfamily-wise breakup of the taxa in the said biogeographical areas reveals that
in Northeast India, subfamily Anoeciinae represents 8 species, Aphidinae 270 spe-
cies, Chaitophorinae 7 species, Drepanosiphinae (including Calaphidinae,
Lizeriinae, Phyllaphidinae, Saltusaphidinae and Taiwanaphidinae) 24 species,
Greenideinae 49 species, Hormaphidinae 29 species, Lachninae 11 species and
Eriosomatinae 16 species. Similarly, in Northwest India, subfamily Anoeciinae
represents 8 species, Aphidinae 168 species, Chaitophorinae 13 species,
Drepanosiphinae (including Calaphidinae, Lizeriinae, Phyllaphidinae,
Saltusaphidinae and Taiwanaphidinae) 28 species, Greenideinae 24 species,
Hormaphidinae 12 species, Lachninae 23 species and Eriosomatinae 34 species.
On the other hand, Gangetic plain represents Aphidinae 42 species, Greenideinae
2 species and Calaphidinae 1 species only. Also, Indus plain represents three
subfamilies, viz. Aphidinae 30 species, Calaphidinae 1 species and Greenideinae
1 species. Lastly, in Peninsular India, Aphidinae represents 50 species, Calaphidinae
4 species, Greenideinae 10 species, Hormaphidinae 5 species, Lachninae 1 species
and Eriosomatinae 3 species. Thus, among five biogeographical areas, Northeast
India represents the maximum number of aphid species and subspecies (414),
followed by Northwest India (310), Peninsular India (73), Gangetic plain (45) and
Indus plain (32). Also, the subfamily Aphidinae among other subfamilies
(Anoeciinae, Drepanosiphinae, Calaphidinae, Lizeriinae, Phyllaphidinae,
Saltusaphidinae, Taiwanaphidinae, Greenideinae, Hormaphidinae, Lachninae and
Pemphiginae) has higher frequency of occurrence than any other subfamilies. The
Peninsular India having Eastern and Western Ghats and Vindhya Range as well as
Gangetic and Indus plains has comparatively poor diversity of aphid fauna. It may be
mentioned here that both Northeast and Northwest India represent the genera
belonging to all subfamilies. The subfamily Anoeciinae is apparently yet to be
recorded from Peninsular India. Likewise, the subfamilies Aphidinae, Greenideinae
and Calaphinae are on record from both Peninsular and Gangetic plain regions. It is
worthwhile to mention that the genera belonging to subfamily Aphidinae are found
to occur in all the regions of India and its genera are most abundant in all the
biogeographical areas in comparison to other subfamilies of the family Aphididae
(Ghosh and Singh 2000).

112 R. Singh and G. Singh



3.2.4 Morphology

The body of the aphid is usually divisible into the head, thorax and abdomen.
However, in some species, it is very difficult to divide the body due to tendency of
fusion of the segments. The external morphology of an aphid is provided in Figs. 3.3
and 3.4. The head is usually dorsoventrally flattened. The number of antennal
segments varies between one and six. The last antennal segment has a stout base
and a short to very long slender terminal portion, the processus terminalis, with at
least three terminal hairs. The primary rhinarium is placed at the junction of the base.
The eyes are always well developed and larger in the winged morph than wingless
ones. At the posterior margin of the eye protrudes an ocular tubercle, or
triommatidion. Alate aphids bear three ocelli, one on the front of the head and the
other two laterally near the anterior part of each eye. The proboscis, which is laid
back beneath the body when not in use, may be so long, especially in the species that
live on trees that it sticks out beyond the end of the abdomen. The stylet bundle with
which aphids take up plant sap consists of two pairs of needlelike stylets, the inner
pair of maxillary stylets and the outer pair of mandibular stylets (Fig. 3.3).

Fig. 3.3 Aphid showing different parts of the body. Wing venation: A anal, Cu cubital,M median,
Rs radio sector
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The prothorax or the entire thorax may be fused variably with the head. Each
thoracic segment bears a pair of legs having usually five segments: coxa, trochanter,
femur, tibia and two-segmented tarsi. The segments are partly or completely fused
together or atrophied in some species, especially in Pemphiginae and
Hormaphidinae. The alatae bear a pair of wings; these are of similar consistency,
but the forewing is always longer and broader than the hindwing. The forewings
have two longitudinal veins: one is the costa, which is a weak vein running along the
frontal edge of the wing, and the other is the strong main vein which runs just behind
the costa (Fig. 3.3).

The abdomen consists of nine visible segments, the ninth being the cauda
(Fig. 3.4). The first segment may be fused with the thorax or may remain distinct;
other segments except the segment 8 may be clearly or indistinctly demarcated from
each other or may get fused. Aphids bear nine pairs of spiracles (or stigma) on their
bodies: one pair on the meso- and metathorax and on the first seven abdominal
segments laterally. Wax plates or pores may be present on the dorsum of the thorax
and abdomen, the position and size being variable in wax plates. Because of this, the
aphids are often more or less pulverulent with white waxy exudates, wither of
powdery, filamentous, plate-like or rod-like appearance. Small papilla-like tubercles
are often observed in Aphididae. They occur singly as a rule on each segment and are
arranged on the body in a marginal row and less often also occur in mesal and pleural
rows. The ventral hairs may be short to long, and they are usually with cute apices.
Dorsolaterally on the abdominal segments 5 or 6 usually occurs a pair of siphunculi
or cornicles which are typically tube-like structure through which alarm pheromones
exudate (Behura 1996a). These may be altogether absent, but when present they may

Fig. 3.4 Posterior part of the abdomen of an aphid
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be of variable shapes and sizes, viz. ring-like, mammiform, cone-shaped, cylindrical,
truncate, tapering, slightly to distinctly clavate or cigar-shaped, and may be with a
flange near its apex; the siphuncular opening may be placed right at the apex or may
be shifted laterally; and the surface may be smooth or warty. At the posterior end of
the abdominal sternum, there are two sclerotised plates, the anal plate which
represents the tenth abdominal sternite and the genital plate which represents the
eighth. Subanal plate is situated ventral to the cauda which may be entire, indented,
elongate, oval, semioval, crescent-shaped, knobbed or bilobed, semicircular, broadly
triangular, semicircular, etc. The subgenital plate bears many hairs. The cauda is
short, either crescent-shaped, semicircular, broadly triangular or shortly tongue-
shaped, and bears two to many hairs (Fig. 3.4).

3.2.5 Feeding Behaviour

Both nymph and adult aphids feed in the same way. They are phloem feeder. They
find the phloem vessels from the stems, leaves and roots of the plant. In most cases,
they feed passively by means of high pressure within the sieve elements of the plant
(Fig. 3.5). The maxillae and mandibles are elongated into a stylet bundle that
penetrates the plant tissues to reach the feeding site in the phloem. At this time,
the distal tip of the labium helps stylet penetration from the outside, acting as a guide.
The stylets, enclosed within the proboscis when the aphid is not feeding, are very
thin and could break during insertion into the plant. Therefore, aphids secrete a
substance from the tips of their stylets which begin to harden forming a hard
protective covering around the stylets as they are slowly pushed into the plant in
search of the phloem tubes (Miles 1999; Will and Vilcinskasa 2015). The saliva also
isolates plant tissues from the mouthparts avoiding plant reaction at the feeding site

Fig. 3.5 Schematic
representation of a feeding
aphid (Guerrieri and Digilio
2008)
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(Felton and Eichenseer 1999). When the stylets reach a phloem tube, the aphid
injects saliva into it. The saliva helps prevent the plant cell from sealing the puncture
(i.e. the mouthparts of the aphids) with special proteins which are the plants’ normal
defence mechanism (Will and van Bel 2006; Pettersson et al. 2017). Aphids pierce
their stylets very slowly, and it may take half an hour to 24 hours from beginning to
prick the stylets to actually sucking the phloem juice. This feeding habit causes little
mechanical damage to the plant as compared to that of biting and chewing insects.
The phloem sap also contains high sugar level that causes high osmotic pressure
inside the stomach of the aphid due to which water transfers from haemolymph to the
stomach causing hyperosmotic stress that may cause the death of the aphid. There-
fore, the aphids avoid this situation by several osmoregulatory mechanisms (Ashford
et al. 2000). Excess sugars are excreted through anus called honeydew which is used
by other insects as food.

3.2.6 Life History

The life history of aphids is highly complicated including parthenogenetic and
sexual generations, elaborate polyphenism and obligate shifting between unrelated
host–plant taxa. These and other unusual life cycle traits occur in a variety of
combinations among the approximately 5100 extant species within the family. The
aphids have prolific breeding, polyphagy, advanced degree of polymorphism,
anholocyclic/holocyclic reproduction, host alternation and high potential for rapid
evolutionary changes because of parthenogenesis and polyvoltinism (Minks and
Harrewijn 1987; Behura 1994).

Some aphids are anholocyclic in which males are totally absent, and the parthe-
nogenetic diploid females reproduce only by viviparity, while others living in
temperate climates are holocyclic that produce males and oviparae, which mate to
produce eggs for overwintering. Anholocyclic ones overwinter with viviparous
females in protected locations, and no sexual morphs and eggs emerged. According
to the aphid evolution theory, anholocycly originated from holocycly during the
fourth glacial epoch (Moran 1992). Dixon (1998) and Hardie (2017) illustrated the
generalised life cycle pattern of aphids and discussed the role of nutrition on the
production of morph. Aphid life cycles are complex and may be either monoecious
or dioecious, involving holocycly or anholocycly. In the simple and generalised
monoecious holocyclic aphid life cycle (Fig. 3.6a), the aphids feed on a single host–
plant species throughout the year. The sexual morphs are produced in the following
autumn, in response to decreasing photoperiod. Then, mating takes place between
males and females (oviparae) producing genetically recombinant eggs that overwin-
ter on the host–plant. In the spring, fundatrix emerges from the eggs that overwinter
on the host–plant and mature parthenogenetically and gives births to nymphs that
mature to viviparae and continue the reproduction by this way in the summer. If the
aphid group produces plant galls, the fundatrix is responsible for their production.
The viviparae may be apterae (wingless) or alate (winged), but in some groups all
viviparae are alate. The parthenogenetic reproduction of viviparae allows very rapid
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buildup of numbers and collapse of generation time. Apterae produce more offspring
per female than do alatae. Once an aphid population reached its maximum, due to
crowding effect among apterae or lack of nutrient levels, they turn to produce alatae,
which migrate to better situations. During migration, a number of individuals die off
because of landing on unsuitable food plants. In the situation, when alatae find a
suitable host–plant, they fed for a short period, and they reproduce viviparidae

Fig. 3.6 Evolutionary development of generalised aphid life cycles. Initially, aphids developed
monoecious holocycly on an ancestral woody primary host, where aestivation occurred because sap
amino acids were unavailable during summer growth cessation (a). Next, multiple subfamilies
independently evolved dioecious holocycly, where viviparae moved to summer-growing herba-
ceous secondary hosts but returned to their ancestral host in autumn (b). In some aphids, secondarily
monoecious holocycly developed on the secondary host when the primary host was lost (c). Often in
warm areas, where selection for an overwintering egg is not imposed, some populations of
dioecious and secondarily monoecious holocyclic aphids may lapse into facultative anholocycly
on their secondary hosts; this condition may become obligate anholocycly if the ability to produce
sexuals is lost (d) (Sorensen, 2009)
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generation. The production of viviparae continues until autumn when the conditions
stimulate them to produce sexuals.

A second, more complicated dioecious life cycle (Fig. 3.6b) has independently
evolved among several different aphid groups that show seasonal alternation
between differing hosts. This dioecious cycle probably evolved in response to the
seasonally inadequate supply of nutrients, especially amino acids, on their primary
host. Woody deciduous plants normally transport amino acids in quantity only
during the spring. Aphid groups feeding on and confined to such plants face a
nitrogen deficit during the summer, when active plant growth retards and phloem
sap is low or lacks nitrogen. In this situation, some groups of aphids, e.g. Periphyllus
spp., may develop an aestivating nymph that halts growth until autumn, while others,
e.g. Aphidinae, have developed to escape those primary hosts during the late spring.
Their spring alatae migrate to herbaceous fast-growing secondary hosts as emigrants
during the summer. In the autumn, when the secondary hosts disappeared, the aphids
come back to their woody primary host by producing migrating males and
gynoparae. The male and oviparae mate to lay their overwintering eggs. Depending
on the aphid or its group, their secondary host–plants are either specific or of several
plant species, but the primary hosts are often specific to a plant genus. However, in
warmer climates, the aphid populations do not need an egg for overwintering
survival. Under such conditions, otherwise holocyclic dioecious or monoecious
populations may drop facultatively into anholocycly on their secondary hosts. If
such populations remain anholocyclic for a longer period, they evolve into obligate
anholocycly by losing the capacity to produce sexual morphs (Dixon 1998).

Some aphid groups have evolved beyond dioecious holocycly, entirely leaving
their primary host to remain on their secondary host, in secondarily monoecious
holocycly (Fig. 3.6c). These aphid groups do not require eggs to overwinter survival.
Under such conditions, otherwise holocyclic dioecious or monoecious populations
may lapse facultatively into anholocycly on their secondary hosts (Fig. 3.6d). If such
populations remain anholocyclic long enough, they may eventually evolve into
obligate anholocycly by losing the ability to produce sexual morphs, despite
undergoing environmental conditions that normally trigger their production (Dixon
1998; Hardie 2017).

About 80% of the described species from India are parthenogenetic virginoparous
for most of the year but are capable of sexual reproduction with production of eggs
(Singh and Ghosh 2012). They develop in parthenogenetic female without
fertilisation. Even embryos inside parthenogenetic females may contain embryos,
i.e. a mother can have in its ovarioles developing embryos which in turn also contain
embryos, the future granddaughters. Thus, there is a telescopic generation due to
parthenogenesis and viviparity in aphids (Minks and Harrewijn 1987). This results in
reduced postnatal development periods and generation time. All aphids have diploid
parthenogenesis, and there is no reduction division, and development starts from
germinal cells with full complement of chromosomes including XX chromosome.
Sexual females, like asexual ones, have two sex chromosomes, i.e. XX. Males have
only one sex chromosome, i.e. OX. In theory, this means males could produce sperm
with either no sex chromosomes, i.e. an O, or one sex chromosome, i.e. an
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X. However, in reality, sperm with an O sex chromosome degenerate very rapidly
and never contribute to an embryo. This means that all offspring of a sexual mating
must have XX as their sex chromosomes, because females always contribute an X
chromosome, and therefore all aphids resulting from sexual matings are female.
Eggs are laid during the autumn as the overwintering stage in many temperate forms
and, as explained above, give rise to females whether they are the result of sexual
mating or not. In other species, a special overwintering form develops in the autumn
called a ‘hiemalis’, while in some species the adults are the overwintering stage. Ova
within a viviparously reproducing female start to develop immediately after ovula-
tion; this occurs long before birth (even human females are born with all the ova they
will ever need throughout their life, though they remain undeveloped for many
years). This means that an embryo can exist inside another larger and more mature
embryo. In fact, a newly born summer aphid can contain within herself not only the
developing embryos of her daughters but also those of her granddaughters which are
developing within her daughters. Parthenogenesis combined with this ‘telescoping
of generations’ gives aphids an exceedingly rapid turnover of generations, meaning
they can build up immense populations very quickly. There is a more or less regular
cyclic or anholocyclic alternation of parthenogenetic oviparous and viviparous
generations associated with polymorphism, changes of food plants and mode of
life. Several generations often succeed each other, in which the males are extremely
rare or are totally absent. Individuals of the same generation often differ considerably
from one another. Some have fully developed wings, others have atrophied wings
and still others are apterous (Singh and Singh 2016).

A generalised life cycle pattern of heteroecious life cycle of bird cherry aphid,
also known as oat aphid, Rhopalosiphum padi, is illustrated in Fig. 3.7 whose several
populations in temperate regions that have cold winters reproduce combining sexual
and asexual phases (holocycly), alternating between primary winter tree hosts (bird
cherry) and secondary summer host–plants that are grasses (Poaceae). In contrast,
the reproduction of populations in areas where the winters are mild, and also in some
temperate countries where the primary hosts are less available or absent, the life
cycle is completely parthenogenic (anholocyclic) on poaceous plants.

Although low temperature, short day length and physical condition of host–plants
are regarded as important factors governing the production of sexuales, the discov-
ery of apterous oviparous females of the mustard aphid Lipaphis erysimi on mustard
in the arid and semiarid region of Jaipur (Rajasthan) (Ghosh and Rajendran 1988)
suggests that some other factors are also operative in the phenomenon. Complete life
histories of Indian aphids are not known. The possible life cycle of Lipaphis erysimi
(Fig. 3.8) in India is illustrated. Medda et al. (1997) studied different modes of life
cycles of some aphid species infesting Salix in India (Fig. 3.9).

3.2.7 Polymorphism

Aphids are remarkable on account of their peculiar mode of development and the
polymorphism, i.e. occurrence of two or more morphologically distinct morphs in a
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Fig. 3.7 Generalised heteroecious life cycle of oat aphid, Rhopalosiphum padi

Fig. 3.8 Possible life cycle of the mustard aphid, Lipaphis erysimi in India (Singh and Singh 2016)
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population having the same genotype, exhibited in different generations of the same
species. Each morph performs different ecological roles in the life history which is
characteristic of aphids (Hille Ris Lambers 1966). This trait coupled with the ability
to breed by means of diploid parthenogenesis and viviparity for a major part of the
life cycle in aphids has enabled them to produce a large number of clones in different
kinds of plants even under adverse conditions (Agarwala 2007). Genetically identi-
cal individuals living in different environments may be different in form, physiology

Fig. 3.9 Life cycle pattern of Salix-infesting aphids: Host alternating and cyclical parthenogenetic
(a), non-host alternating and cyclical parthenogenetic (b) and non-host alternating and permanently
parthenogenetic (c) (Medda et al. 1997)
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or behaviour. Such individuals demonstrate phenotypic plasticity in response to
environmental factors like seasonality of their host–plants, food quality, climate
and natural enemy association, etc., that vary in space and lime. Agarwala (2007)
nicely reviewed this phenomenon in aphids and the factors that cause such
variations.

Females may have up to eight genetically identical distinct phenotypes that differ
in morphology, physiology, numbers, timing of production, progeny sizes, develop-
mental periods, longevity, host preferences and ability to locate and utilise the
alternative host–plants. During the life cycles of a typical migratory aphid, the
following sequence of polymorphism is usually met with.

3.2.7.1 Fundatrices: The Stem Mother or Foundress
These are usually apterous, viviparous, viriginoparae or parthenogenetic females
which emerge in spring from the overwintered eggs (Fig. 3.10a–c). This morph is
characteristic of egg-laying holocyclic aphids. The sense organs, legs and antennae
are not so well developed as in succeeding apterous generations; the antennae, for
example, are shorter and may comprise a smaller number of segments. The reduction
of the parts is apparently correlated with increased reproductive capacity. The eyes
are often smaller or consist of fewer facets than in the succeeding generations, and
there may be differences in the siphunculi. In Drepanosiphon platanoides and some
others, the fundatrices are exceptionally alate.

3.2.7.2 Fundatrigeniae or Viriginoparae: Apterous Viviparous Female
These are apterous, parthenogenetic, viviparous females which are the progeny of
the fundatrices and live on the primary host (Fig. 3.10d). They are also known as
‘virginoparae’ due to their being virgin mothers, which are prolific breeders under
favourable conditions. In heteroecious species where sexual and asexual generations
are spent on plants of unrelated taxa, this morph is distinguishable into
fundatrigeniae proper and alienicolae. The alienicolae is produced by fundatrigeniae
on the secondary hosts.

3.2.7.3 Migrantes: Alate Viviparous Female
The migrantes usually develop in the second, third or later generations of
fundatrigeniae and consist of alate parthenogenetic viviparous females (Fig. 3.10e,
g). The wings of aptera are sometimes incompletely developed due to local
adaptations called brachypterae. The antennae of these morphs are longer than aptera
having more sensoria; the eyes are also prominent including ocelli. They develop on
the primary host in the beginning of spring, called spring migrants or emigrants, and
subsequently fly to the secondary host. In Drepanosiphon platanoides, all the
viviparous females are winged and consequently fundatrigeniae are wanting. The
return migrantes to the primary hosts are the sexuparae or sexuales (Dixon 1998).

Compared to the apterous phenotype, the alate aphids have a longer nymphal
development period, lower offspring production and higher longevity (Tsumuki
et al. 1990). Moreover, alate aphids are able to tolerate starvation (Hazell et al.
2005). The morphological and physiological characteristics of winged aphids enable
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them to survive in harsh conditions, have the chance to disperse and clone to a new
environment (Dixon et al. 1993).

3.2.7.4 Alienicolae
Alienicolae are parthenogenetic, viviparous females (also known as exule) develop-
ing for the most part on the secondary host. They often differ markedly from the
fundatrices and migrantes; many generations may be produced comprising both
apterous and winged forms.

3.2.7.5 Sexuparae
The sexupara is used to specialised phenotypes that would produce sexual
phenotypes in the next generation in holocyclic species (Miyazaki 1987). These

Fig. 3.10 Different morphs of a typical aphid. (a) Egg. (b) First instar nymph of fundatrix. (c)
Fundatrix. (d) Apterous viviparous female. (e) Nymph of alate viviparous female. (f) Oviparous
female. (g) Alate viviparous female. (h) Male
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are parthenogenetic viviparous females which usually develop on the secondary
host, the alate forms migrating to the primary host at the end of the summer. The
sexuparae terminate the generations of alenicolae by giving rise to the sexuales.

3.2.7.6 Sexuales
These usually appear only once in the life cycle and consist of sexually reproducing
males (androparae) and females (gynoparae), the latter being oviparous (oviparae).
The females with rare exceptions are apterous and distinguishable from the apterous
viviparous generations of the same sex by the thickened tibiae of the hind legs and
the greater body length (Fig. 3.10f). The males are either alate or apterous
(Fig. 3.10h). Intermediates between alate and apterous (brachypterous) forms also
occur. The sexuales exhibit various types of specialisation among different genera.
Apterous parthenogenetic viviparous females may overwinter in several species,
e.g. Brevicoryne brassicae (Fig. 3.10) and Myzus persicae.

With nonmigratory species, the terms migrantes and alienicolae are not applica-
ble. In these cases, the winged and wingless viviparous females are more conve-
niently referred to as fundatrigeniae alatae or apterae as the case may be, and either
one or the other may give rise to the sexuparae.

3.2.7.7 Morphological Changes in Phenotypes
Most of the holocyclic aphids overwinter in egg stage, but in some species,
e.g. Colophina arma, the apterae viviparae produce very small and stout nymphs,
‘midget’ that hide themselves in the bark and overwinter without moulting until next
spring (Aoki 1980). Similarly, there are several aphid species which aestivate during
summer to tide over adverse condition of food and temperature by producing
dormant first instar nymph, which remain glued to the leaves until autumn,
e.g. Periphyllus spp. (Miyazaki 1987). This phenotype has a flattened body covered
with plates (Fig. 3.11a) unlike normal ones (Fig. 3.11b).

Fig. 3.11 First instar nymph aestivating in summer (a) and first instar normal nymph produced in
autumn (b) of Periphyllus sp. infesting acer plants in the Himalayas; sterile first instar soldier
phenotype of a bamboo-feeding aphid. Ceratovacuna sp. showing frontal horns in the head
(Agarwala 2007)
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Some species of aphid in divergent taxa, e.g. Eriosomatinae (Eriosoma, Colopha,
Paracolopha, Colophina) and Hormaphidinae (Astegopteryx, Pseudoregma,
Ceratovacuna), have evolved ‘soldier’ phenotype to defend aphid colonies from
attacks from enemies and ants (Aoki 1982). However, these morphs do not contrib-
ute to reproduction, dispersal, etc., but increase the survival value of parental
colonies. Soldiers are not moulting first instar nymphs characterised by sclerotised
legs, prehensile forelegs and long and pointed frontal horns.

3.2.7.8 Colour Polymorphism
In colonies of several aphid species, the individuals may be of different colours, such
as yellow, brown, red, green, black, pink and purple and various shades of these
colours, which match with the coloration of the leaf, flower, fruit and stem of the
host–plants on which they feed (Forsman et al. 2008). This affords them certain
amount of camouflage. The colour variations may appear irregularly among
members of the colony or may be associated with a particular sex or generation
(Fig. 3.12). The colour of the aphids is due to a pigment present in their
haemolymph, which is derived from the sap obtained from the food plants. The
water-soluble pigment known as protoaphin is a glucoside, and the proportion of its
constituents determines the various colourations of the aphid. Detail chemistry of the
pigments was reviewed by Behura (1996b). Not only do aphids display a
bewildering complexity of colour, but their bodies are frequently covered entirely
with white or grey wax. In certain species, this wax is secreted only by definite body
regions and may be in the form of flakes, ribbons or other shapes. Colour variation is
also associated with relative susceptibility to its predators and parasitoids. Müller
(1962) had shown that the aphid body colour is genetically determined, with red

Fig. 3.12 Colour dimorphic (green and black) aphids infesting maize leaf
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being dominant over green, and Losey et al. (1997) demonstrated that ladybird
beetles tend to devour red aphids on green plants, while the parasitoid wasps
preferentially attack green aphids. On these accounts, Losey et al. (1997) concluded
that the predation and parasitism pressures appear to regulate the colour variation in
natural aphid populations. Moran and Jarvik (2010) discovered that the aphid
genome contains several genes for carotenoid synthesis not found in animal
genomes and the genes are of fungal origin and seem to have been acquired in the
evolutionary history of aphids via ancient lateral transfer. One of the genes is
concerned in synthesis of red colour pigments, and its presence or absence is
accountable for the red or green coloration of the aphids. Simultaneously, Tsuchida
et al. (2010) reported an endosymbiont bacterium, Rickettsiella viridis, that modifies
body colour of pea aphids in natural populations which is expected to influence
prey–predator interactions, as well as interactions with other endosymbionts.
Watanabe et al. (2016) demonstrated that ant attendance appears to regulate the
proportion of red and green morphs of mugwort aphid, Macrosiphoniella
yomogicola, in fields. Even the colour polymorphism in aphids appears irregularly
among members of the colony or associated with a particular sex or generation.

3.2.7.9 Factors Influencing Morph Determination
There are several factors that influence the aphid to develop into a definite morph.
Some of them are associated with their same generation, and others are associated
with dispersal. The major factors that determine the gamic forms are the photoperi-
odism, temperature and the quality of food. In summer season, the factors that
always influence aphids to determine their forms are the quality of food, crowding,
semiochemicals or pesticides, influence of parasitoids and predators and many other
biotic as well as abiotic stresses (Singh and Ghosh 2002). So far as polymorphism is
concerned, several factors operate directly or indirectly and interact in various ways
(Behura 1994). There are likely to be many different mechanisms, and in only a few
species the processes have been analysed experimentally. Agarwala (2007)
summarised the factors that could trigger the phenotype plasticity in aphids.

3.2.7.9.1 Photoperiod and Temperature
The photoperiods and temperatures are associated with each other. During shorter
photoperiod, temperature is usually low (winter season) and vice versa (summer
season). The production of sexual morphs is known in some species to be under
photoperiodic control (Dixon 1977; Chen et al. 2019). In Megoura viciae, exposure
to short-day conditions induces the viviparous females to produce oviparae; there is
a critical photoperiod of 15 h at 15 �C, shortening slightly as the temperature rises to
a maximum of 23 �C above which the effect does not operate. Photoperiod is
perceived directly by the mother (rather than through the host–plant), and this can
occur while she is herself developing within the grandmother (Lees 1966). Other
species conform to a similar pattern, with differences in the length of the critical
photoperiod and of the upper temperature limit, e.g. Acyrthosiphon pisum (Lamb and
Pointing 1972), Myzus persicae (Blackman 1975) and Rhopalosiphum padi
(de Barro 1992) in which the photoperiod also differs for the production of male
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and female progeny. Helden et al. (1994) reported a high degree of phenotypic
plasticity both within and between morphs of Sitobion avenae. Increased production
of alate phenotype in response to longer day length and higher temperature has been
reported forMyzus persicae (Matsuka and Mittler 1978), Nasonovia ribisnigri (Diaz
and Fereres 2005) and Rhopalosiphum maidis (Chen et al. 2019). However, low
temperature was reported to induce wing form in Myzus persicae, Lipaphis erysimi,
Brevicoryne brassicae, Aphis glycines and Macrosiphoniella sanborni and high
temperature to inhibit wing dimorphism (Lee, 1966; Lv and Chen 1993). Higher
temperature also reduced the size of the apterous aphids, e.g.Myzus persicae (Tiwari
and Singh 2018), as well as their demographic parameters (Pal et al. 2008; Singh and
Singh 2015).

3.2.7.9.2 Host–Plant: Food Quality
The cultivated plants vary in species, varieties and cultivars. All such plants have
seasonality in development, and content of nutrition varies between crop varieties,
growth stages, different parts of the plant, etc. The food quality is one of the
important factors that determine the phenotype of aphids (Mittler and Sutherland
1969). Aphids can perceive changes in the quality of their food through gustatory
mechanisms and can respond by morphogenetic changes (Mittler 1973). Aphis
gossypii grown on unsuitable host–plants produces yellow dwarf phenotypes
(Watt and Hales 1996). Apterous viviparous phenotype of several aphid species
differs in morphometry and growth rates, e.g. Aphis gossypii (Singh and Singh
2015a), Aphis spiraecola (Dubey and Singh 2008), Lipaphis erysimi (Agarwala
and Das 1998), Myzus persicae (Tiwari and Singh 2016) and Sitobion miscanthi
(Srivastava and Singh 2008) in response to food plants. Myzus persicae produces
more apterae on a deficient artificial diet, while Phorodon humuli may increase the
production of alates when the host–plant grows under unfavourable conditions.
Rhopalosiphum padi feeding on reduced quality food produce more alate morphs
(de Barro 1992). However, Johnson (1966) reported prolonged periods of starvation
both of parent aphids and of young nymph induce apterous development in case of
Aphis craccivora. Secondary metabolites of the host–plants have also been observed
to induce alate production (Harrewijn 1978).

3.2.7.9.3 Crowding
Crowding is one of the major biotic factors that induce the production of winged
morphs among aphids. Higher aphid densities have been always found to lead to
more tactile stimulations between individual aphids, triggering wing induction (Lees
1967; Martínez and Costamagna 2018). Winged morph production has been consid-
ered a driver of density regulation in aphids, and in many species, the production of
winged individuals is strongly density dependent (Lees 1967; Purandare et al. 2014).
However, in few species, e.g. Metopeurum fuscoviride, crowding had no effect on
the production of winged morphs (Mehrparvar et al. 2013). The production of
winged morphs among aphid colonies is crucial in their life history and is the best
possible tactic for their dispersal and colonisation in new optimal environments
(Müller et al. 2001). However, the stage in the life cycle of the aphid at which
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crowding has the most influence differs between species (Shaw 1970). The sensitiv-
ity of Rhopalosiphum padi (Noda 1958), Therioaphis trifolii (Toba et al. 1967) and
Brevicoryne brassicae (Kawada 1965) to crowding seems to be confined almost
entirely to the first instar. Thus, crowding tends to promote the appearance of alate
virginoparae, though the effect is produced differently in different species. In
Megoura viciae Buckton, apterous viviparous produces only apterous progeny
when reared singly, but when crowded they give rise to alate offspring; the effect
is prenatal and not due to nutritional factors (Lees 1966). It is likely that the ultimate
causes of the morphogenetic changes that underlie polymorphism are alterations in
the endocrine balance during embryonic and postembryonic development.

3.2.7.9.4 Predator–Parasitoid Mediation
The prey phenotypic response to predators is little known. Earlier, it was observed
that the magnitude and direction of transgenerational phenotypic responses to
predators vary among individuals and/or populations of the same species (Weisser
et al. 1999). Acyrthosiphon pisum exposed to predator produce offspring developing
winged dispersing forms (Dixon and Agarwala 1999; Mondor et al. 2005; Balog
et al. 2013; Sentis et al. 2019). The presence of a predator, the larvae of Chrysoperla
carnea, significantly increased the percentage of winged individuals among the
offspring of Macrosiphoniella tanacetaria; however, the presence of predators had
no effect on the production of winged individuals of Metopeurum fuscoviride
(Mehrparvar et al. 2013). The antennae of aphids play a major role in perceiving
the presence of predators/parasitoids that induce the production of dispersal morph
(Kunert andWeisser 2005). Sloggett and Weisser (2002) reported that the parasitoid,
Aphidius ervi, induced the production of alate morph of Acyrthosiphon pisum. Rios
Martinez and Costamagna (2017) suggested that these facultative morphological
changes may be adaptive as they reduce the probability of predation. Weisser et al.
(1999) reported that the kairomones emitted by predators cause plasticity in the
morphology, life cycle and behaviour of their prey.

3.2.8 Effects of Inbreeding and Outbreeding

Cyclic parthenogenesis in aphids leads to the peculiar mode of population structures
and adaptations to the host–plants. One outcome of this reproductive mode is the
frequent incidence of inbreeding; male and female members of the same clone can
mate to produce fertilised eggs (Helden and Dixon 1997). This mode of mating is
comparable to self-fertilisation in helminths and some annelids. Aphid populations
often consist of sexual, asexual and intermediate clones in temperate regions. In such
mixed populations, the effects of inbreeding may be restricted. However, a high level
of inbreeding may have influenced the local adaptations and the evolution of sex
ratios and mating systems in holocyclic populations of aphids. The extent of
inbreeding is affected by the life cycle and taxonomic group of the aphid species.
As in other insects, inbreeding is expected to occur frequently in species with low
migratory ability (Thornhill 1993). In this respect, aphid species without host
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alternation are likely to inbreed (Komatsu and Akimoto 1995). Furthermore, in the
Eriosomatinae and Hormaphidinae, inbreeding may arise easily because the alates of
these groups in autumn (sexuparae) have fully grown male and female embryos in
their abdomen (Dixon 1998); the sexuals are stout, remain on the host trunk after
birth and mate without feeding. Akimoto (2006) observed that when males and
females of the same clone of Prociphilus oriens are confined in a small cage, they
mate readily and produce selfed eggs and, by comparing the hatch rates of selfed and
outbred eggs, estimated the effect of inbreeding. These studies indicate that eggs
from intra-clonal mating (selfed eggs) hatch less successfully than do eggs from
inter-clonal mating, suggesting inbreeding depression. However, the impact of
inbreeding depression varied largely among aphid species. Huang and Caillaud
(2012) documented the existence of severe inbreeding depression upon selfing in
the cyclic parthenogenetic aphid, Acyrthosiphon pisum, and opined that the
inbreeding avoidance take place sometime between copulation and sperm transfer
that suggest that cryptic female choice may play a role in the process. Akimoto
(2006) observed that enforced selfing led to a large variation in the hatching time and
morphology of first instars. The nymphs hatched out from selfed eggs had longer
antennae and tibiae than that hatched out from outbred eggs. Also, their gonads were
much smaller in size.

The inbreeding may also influence aphid sex ratios and mating systems.
Sexuparae of Prociphilus oriens have female-biased sex ratios (Yamaguchi 1985),
and Foster (2002) explained it by local mate competition. In the situation where local
mate competition occurs, inbreeding is also expected (Hamilton 1967). Akimoto
(2006) observed that Prociphilus oriens sexuparae consist of two types: one type
produces males and females simultaneously in the abdomen (‘M + F’ type), while
the other type produces females only (‘F’ type), and the proportions of the ‘M + F’
and ‘F’ types varied from year to year, and accordingly the sex ratio also varied
greatly. It is possible that ‘F’-type sexuparae have the advantage of avoiding
inbreeding. For understanding the evolution of aphid mating systems, it is necessary
to focus on the incidence of inbreeding in the field.

3.2.9 Migration

Johnson (1969) defined insect migration as their periodic flight beyond the
boundaries of their old breeding habitats into new ones. Here, the migrants are
relatively not distracted during flight by the feeding as well as oviposition stimuli
that normally lead. Aphids are important vectors of plant viruses attacking several
crops. Therefore, the knowledge of their migration and seasonal presence is neces-
sary to make decisions regarding the time of their control to prevent virus transmis-
sion to crops. Aphids fly rather slowly and heavily, but with the help of the wind,
they occasionally make astonishing extensive migrations and are capable of very
long distance movement. Air current may carry them to altitude of about 1000 m a.s.
l. On calm, warm and humid days, thousands of them float in and out among one
another, all moving in the same direction by the gentle wind. Most of the aphids are
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airborne twice a year in India, once in winter (November to January) and the other
during spring (March to April). Their aerial activity is minimum during the
monsoons (July–August). During winter, the peak hour for alate flight is about
noon, while two peak periods are observed in spring, one at noon and the other in
less number during afternoon (Ghosh and Raychaudhuri 1980). Several workers
have reviewed the ecology of aphid flight (Kring 1972; Parry 2013; Fereres et al.
2017). Most of the aphid migration is related with the search of mates and food and is
influenced by a wide range of factors (Johnson 1954).

Pemphigus bursarius is one of the migratory aphid species which occurs on
poplar and migrates to the roots of various Poaceae and returns back to poplar in
autumn;Myzus persicae, in winter, feeds on its primary host, peach, and after winter
it migrates to a number of secondary host species (van Emden et al. 1969). Aphis
fabae overwinters as the egg in autumn on the spindle tree (Euonymus), and in May
and June, it flies to beans, sugar beet, etc., returning to the spindle tree in October. In
Nepal, Brachycaudus helichrysi alternates from peach as primary host to Calendula
and others as secondary hosts. Similarly, Rhopalosiphum nymphaeae migrates from
the primary host, plum, to the secondary host, water lily. Beginning of the autumn,
the sexuparae migrate to the tender leaves of primary host where gynoparae develop
which produce oviparous females as well as males. The aphids have potentiality to
switch over the plants during unfavourable season on other food plants (Fereres et al.
2017).

3.2.10 Alarm Pheromones: The Defence Chemicals

The sesquiterpene, (E)-β-farnesene, is the alarm pheromone of most of the aphid
species (Mondor and Roitberg 2000; El-Sayed 2019). An aphid grabbed by forceps,
mimicking a predator, or by an actual predator emits droplets from its siphunculi that
contain (E)-β-farnesene (Kislow and Edwards 1972; Pickett and Griffiths 1980).
Byers (2005) reported that all life stages and sizes of Aphis gossypii reared on cotton
plants secrete (E)-β-farnesene in amounts ranging from 0.1 to 1.5 ng/individual.
When any predator arrives the aphid colony, (E)-β-farnesene stops aphids from
feeding and induces them to escape or drop off the leaf (Wohlers 1982; Pickett
et al. 1992). These alarm pheromones also induce the production of wing morph to
escape the feeding site for survival (Kunert and Weisser 2005; Kunert et al. 2005;
Hatano et al. 2010). Since aphid colonies are composed of genetically identical
individuals, therefore, genes for synthesis and recognition of an alarm pheromone in
the colony members would increase its complete fitness by warning them to avoid
the predator. Few studies have quantified the amounts of (E)-β-farnesene in aphids
(Vandermoten et al. 2011) and ecological impact of these chemicals on natural
enemies of the aphids (Pickett et al. 2017).
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3.2.11 Ant Associations

The honeydew of the aphids is the main source of food for many nectar-feeding
insects, viz. ants, bees, wasps, parasitoids, dipterans and others. Most of the ants not
only lick up the honeydew but also move over the aphid colonies. The aphids
produce honeydew more rapidly when the ants tap their antennae on them. In turn,
the ants protect the aphids from their natural enemies. Sometimes, the ants carry the
aphids from one plant to others if the earlier one begins to wilt. The workers of jet
black ant, Lasius fuliginosus, carry newly hatched fundatrices of the aphids from the
base of oak trees where they overwinter as eggs to new growing leaves at the top of
the tree (Ślipiński et al. 2014). The common meadow ants, Lasius flavus, even
collect aphid eggs in the autumn and early winter and keep them in its nests. In
spring, these eggs are transferred nearby the plant roots, so that upon hatching, newly
hatched fundatrices find food (Ivens et al. 2012). Some ants are almost aphid
dependent for food, while few aphids are obligate myrmecophiles and excrete
honeydew only when ants stimulate them to do so. Other ants build roofs of rotten
wood over aphid herds that live in cracks in bark; extensions of the tunnels formed in
this way are connected directly with the ants’ nest. Many ants feed more or less
exclusively on honeydew. An amusing sight is an ant helping an aphid to pull its
long proboscis out of a plant; evidently, the aphid finds it troublesome to withdraw
the rostrum only when some danger requires it to run away as quickly as possible.
Sometimes aphids are fed by ants. Flatt and Weisser (2000) observed that the aphids
suffer from strong fitness losses if they are not tended by ants.

The number of ants associated with a given species of aphid and the number of
aphid species associated with a given species of ant varies from place to place; up to
14 aphid species have been recorded in Lasius flavus nests (Depa and Węgierek
2011). Sometimes different ant species which live in similar habitats foster different
aphid species, i.e. Lasius niger with Anoecia corni and Lasius flavus with Anoecia
nemoralis. However, aphid species that have evolved close relationships with ants
may have broader environmental tolerances than their hosts; hence, the aphid Forda
formicaria is attended by Lasius spp. in the lowlands and by Formica spp. in the
highlands (Seckbach and Dubinsky 2011). Ants are not always good with aphids; if
aphid numbers increase, the ants used to kill a few off and devour them (Dixon and
Hemptinne 2001). Although studies on the mutualism between ants and Indian
aphids are scanty, Veeravel and Baskaran (1994) reported that the population of
Aphis gossypii on brinjal, Solanum melongena, is more when the black ant, Lasius
niger, attended them. Some aphid species are not attended by ants, apparently
because their honeydew has a disagreeable quality.

The protection that ants give the aphids they attend is not always excellent and
varies depending on the type of predator or parasitoid (Douglas and van Emden
2017). Generally speaking, the ants are better at dealing with ladybird larvae and
anthocorid bugs than they are at dealing with lacewing larvae and hover fly larvae.
They not only remove the larvae, sometimes killing them, but also remove the eggs
of hover flies and ladybirds. Interestingly, by herding aphids onto the tops of the
plants, ants render them more vulnerable to attack from some parasitoids (Seckbach
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and Dubinsky 2011). Detail account of aphid–ant associations has been dealt by
Dixon (1985) and Stadler and Dixon (2005).

3.2.12 Endosymbionts

Aphids are frequently engaged in mutualistic associations with bacterial
endosymbionts like other insects. Both kinds of symbionts, primary (obligate) and
secondary (facultative), occur in aphids.

3.2.12.1 Obligate Endosymbionts
In the obligate relationship, neither aphid nor bacteria is able to survive without the
other. Such obligate symbiosis is found in sap-feeding insects like aphids. Aphids
feed on the phloem sap of the plants which is an unbalanced diet for them, as it is
deprived of essential amino acids. Like other animals, the aphids cannot synthesise
these amino acids. For that, aphids harbour certain bacteria symbionts
(e.g. Buchnera aphidicola) in 60–80 special cells, called bacteriocytes. Buchnera
is entirely symbiotic and remains viable only inside it (Douglas 1998). This symbi-
otic relationship was established 200–250 MYA and led to co-speciation of the hosts
and their symbionts (Moran et al. 1993). These bacteria are vertically transmitted to
eggs and embryos through host generations (Braendle et al. 2003).

3.2.12.2 Facultative Endosymbionts
Facultative symbionts are of two kinds: reproductive manipulators that affect the
reproduction of host aphid to maximise their own transmission and the mutualists
that can affect a wide range of life history and ecological traits (Oliver et al. 2010;
Douglas and van Emden 2017). These symbionts are typically transmitted from
mother to offspring, although horizontal transfer occurs at lower frequencies (Gehrer
and Vorburger 2012). Among the aphids, Acyrthosiphon pisum are the best studied
insect–symbiont systems which alone is known to host at least eight different
facultative symbiont species (Sandström et al. 2001; Tsuchida et al. 2010). Guo
et al. (2017) have described the functions of nine facultative symbionts (Serratia
symbiotica, Hamiltonella defensa, Regiella insecticola, Rickettsia, Rickettsiella,
PAXS [pea aphid X-type symbiont], Spiroplasma, Wolbachia and Arsenophonus)
of aphids and discussed the associations between these symbionts and aphids, plants
and environment. The facultative symbionts grant a wide range of benefits to their
hosts, e.g. protection from natural enemies (Oliver et al. 2003; Vorburger et al.
2010), protection from extreme temperatures (Montllor et al. 2002), development of
resistance to a fungal pathogen (Scarborough et al. 2005; Łukasik et al. 2013) and
the ability to use a greater diversity of resources (Tsuchida et al. 2004). Tsuchida
et al. (2011) reported that Rickettsiella-Hamiltonella coinfections of Acyrthosiphon
pisum changed red aphids to green. The red/green aphid body colour has ecological,
evolutionary and biochemical relevance. In Europe and the USA, red and green
aphids commonly coexist within the same populations of Acyrthosiphon pisum. It
has already been demonstrated that ladybird beetles consume red aphids on green
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plants (Losey et al. 1997) and that parasitoid wasps Aphidius ervi preferentially
oviposited into green aphids (Bilodeau et al. 2013), suggesting that these natural
enemies with different colour preferences may contribute to the colour
polymorphisms in natural aphid populations.

3.3 Aphid–Plant Interaction

Host–plant specificity in aphids varied from extreme monophagy, e.g. Astegopteryx
spp. on bamboos (Singh and Singh 2018), to highly polyphagy, e.g. the green peach
aphid, Myzus persicae, whose summer generations develop on about 300 plant
species in India (Singh et al. 2015a).

3.3.1 Response to Plant Attributes

The first phase of host–plant selection by aphids is to assess the suitability of the
plant as food. For this, the alate aphids use visual and olfactory cues while landing to
decide its suitability. Webster et al. (2008) identified chemical cues involved in the
long-distance recognition of a host–plant by Aphis fabae. Upon landing on the plant,
its physical features such as trichomes, simple or glandular, and their density
influence the selection behaviour and success of attack of the aphids. Several
cultivated crops are resistant against aphids because of these features of the plants.
Crops, such as resistant variety of tomato having high density of glandular
trichomes, always interfere with the movement and feeding the aphid,Macrosiphum
euphorbiae. The gustatory receptors located at the back of the mouth help in the
recognition of host and non-host–plant. The plants may have inherent toxic
chemicals, or upon insertion of the stylet into plant tissue, the non-host–plants
secrete toxic chemicals preventing aphid feeding (Schoonhoven et al. 2007). How-
ever, few aphids have evolved mechanisms that defend the toxic chemicals present
in the plants. For example, brassica crops are rich in glucosinolates (e.g. singrin) to
defend insects, but the cabbage aphid (Brevicoryne brassicae), mustard aphid
(Lipaphis erysimi) and Myzus persicae evolve mechanisms to defend these
chemicals and also use them for host–plant selection (Gols et al. 2008). Similarly,
Macrosiphum euphorbiae and Myzus persicae evolve physiological defence
mechanisms from tomatine and solanine (glycosidic alkalosis) of tomato. The
glandular trichomes of few plants like Solanum berthaultii also secrete (E)-
farnesene, the aphid alarm pheromone that prevents the colonisation by inducing
dispersal behaviour in winged aphis (Gibson and Pickett 1983).

3.3.2 Plant Response to Aphid Attack

Plant responses to aphid attack are different to aphids which are associated or not
associated with transmission of viruses. Plant responses to aphids not associated
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with transmission of viruses are extremely variable. Response of tomato plants to
attack of its aphid, Macrosiphum euphorbiae, is not evident except the deprivation
of plant nutrients making them weak and also susceptible for other insects and
pathogens (Guerrieri and Digilio 2008). Similar response of plants to aphid attack
can be observed following infestation by generalist aphids, e.g. Aphis fabae and
Macrosiphum rosae. However, in case of Dysaphis plantaginea, the injection of
aphid saliva may be extremely toxic, leading to localised chlorosis near the feeding
site and around the stylet tracks, caused by chloroplast disruption on apple fruits
(Miles 1999). Attack of Aphis spiraecola on citrus causes growth distortions of its
leaves, while peach trees can be curled by Myzus varians. The injection of aphid
saliva also alters the hormonal balance of the plant, leading to the gall formation that
also helps aphid protecting them from their natural enemies and insecticides (Wool
2004).

The aphids transmit phytopathogenic viruses; different kinds of plant responses
were noticed after aphid attack. Sometimes, after aphid attack, most virus-infected
plants become yellowish in colour that attracts most of the alate aphids. Also, the
amount of free amino acids in plant sap is higher in case of virus-infected plants that
enhance the development and reproduction of aphids that induces crowding. The
crowding induces aphids to differentiate alate morphs that migrate to colonise new
healthy plants, thus dispersing the virus. In addition to the above benefit to the aphids
that virus infection provides, the plant viruses have an indirect beneficial effect on
aphid fitness, by reducing plant defence response. The aphids, in turn, benefit viruses
by transmitting them in favourable host for replication; however, few viruses also
circulate inside the aphid without replication. Both circulative and replicative viruses
make the aphid infective for the rest of its life, with disastrous consequences for
agricultural crops (Guerrieri and Digilio 2008).

3.3.3 Indirect Defence Response to Aphid Attack: Tritrophic
Context

Singh (2003) reviewed the tritrophic interactions between host–plant, aphids and
their natural enemies. These interactions between three trophic levels are physically,
chemically and semiochemically mediated responses.

3.3.3.1 Physically Mediated Interactions
It has been demonstrated that the plant architectures influence interactions over
several trophic levels. Singh et al. (2000b) have reported that the searching efficiency
of Binodoxys indicus is highly influenced by foliar pubescence of the food plants
supporting its host, Aphis craccivora and Aphis gossypii. However, sometimes, the
physical and chemical influences are not clear, e.g. the decrease in adult survival of
the aphid parasitoid, Aphidius matricarae, with increasing glandular trichome
densities was observed (Obrycki and Tauber 1984).
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3.3.3.2 Chemically Mediated Interactions
The direct and indirect effects of plants on herbivores and their natural enemies at the
chemical levels have received considerable attention in the literature in recent past. It
has been established that after aphid attack, plants release certain volatile chemicals
that attract predators and parasitoids of aphids (López Pérez et al. 2007). For
example, broad bean plants infested by the pea aphid Acyrthosiphon pisum are six
times more attractive than uninfested plants towards the parasitoid Aphidius ervi
Haliday (Guerrieri et al. 1993). In many plant–aphid systems, methyl salicylate is
released by aphid infestation that attracts both aphid parasitoids (Sasso et al. 2007)
and predators (Zhu and Park 2007). These chemicals are specific for aphid–parasit-
oid/predator interactions. Singh et al. (2000b) have observed that parasitoid
Binodoxys indicus parasitises Aphis gossypii differently on different host–plants,
and Omkar and Pervez (2002) observed the influence of food plants on the predatory
potential of an aphid predator, Coccinella septempunctata. Infestation of Prunus
persica by the aphid Brachycaudus helichrysi caused a change in the level of
different foliar chemicals (soluble sugars and nitrogen, polyphenol, lipid) that
provide ovipositional stimulus to the adults of aphid predator, Eupeodes corollae
(¼Metasyrphus corolla) (Chakrabarti and Chakrabarti 2002).

3.3.3.3 Semiochemically Mediated Interactions
The plants have an incredibly diverse array of secondary compounds that perform
allelochemical functions either as allomones or as kairomones. These chemicals
sometimes pass as such into herbivore insect and remain unchanged. Such chemicals
or the chemicals synthesised in herbivore insects by modifying the precursors
derived from the plants help in their detection by their natural enemies. The literature
on host selection by the aphid parasitoids is full of evidence that plant odours attract
herbivores as well as their natural enemies (Albittar et al. 2016). The aphid
Brevicoryne brassicae uses sinigrin (present in brassica plants) as a signal to find
host–plants, while its parasitoid Diaeretiella rapae uses a related compound allyl
isothiocyanate (mustard oil) to find the plant and then the aphid. Therefore, the
intrinsic defence of the plant has direct and indirect effects on natural enemies that
may be important in biological control and extrinsic plant defence.

3.4 Nature of Damage

Globally, more than 250 species of aphids are pests of both agricultural and
horticultural crops (Verma 2000). This figure is only about 5% of the estimated
world fauna of over 5110 species (Favret and Eades 2020). Aphids have been
reported as one of the devastating insect pests in realising the productivity of
many cultivated crops throughout the world. The list of some major aphid pests
are displayed in Table 3.2. The damage in some crops is to the extent that nothing
remains to harvest such as some cereals, potatoes and rapeseed mustard.
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Table 3.2 List of aphid pests of agricultural importance in India and abroad

Aphid species Plants of economic importance Name of the virus transmitted

Acyrthosiphon
kondoi

Alfalfa Alfalfa mosaic virus, Australian
latent, cucumber mosaic
cucumovirus, lucerne and lucerne
transient streak virus

Acyrthosiphon
pisum

Alfalfa, bean, broad bean, chickpea,
clover, cowpea, faba bean, gram,
lentil, lucerne, lupin, medics, peas,
soybean, snap bean, vetch

Bean common mosaic virus, bean
leafroll virus, bean yellow mosaic
virus, bean yellow vein banding
virus, beet western yellow virus,
bidens mottle virus, broad bean
severe chlorosis virus, cardamom
mosaic virus, chickpea chlorotic
stunt virus, chickpea filiform virus,
cucumber mosaic virus, faba bean
necrotic stunt virus, faba bean
necrotic yellows virus, pea enation
mosaic virus, pea leafroll virus, pea
seed-borne mosaic virus

Amphorophora
rubi

Raspberry Raspberry leaf mottle virus

Aphis
(Toxoptera)
aurantii

Citrus, coffee, mango, tea, tomato Citrus tristeza virus, citrus infectious
mottling virus

Aphis
(Toxoptera)
citricidus

Citrus Cardamom mosaic virus, citrus
tristeza virus

Aphis
craccivora

Bean, chickpea, citrus, cowpea, faba
bean, gram, groundnut, lentil, lupin,
medics, pea, pepper, pigeon pea,
soybean, snap bean, tomato, vetch

Banana bract mosaic virus, bean
common mosaic virus, bean
common mosaic virus, bidens mottle
virus, cardamom mosaic virus,
chickpea chlorotic stunt virus,
chickpea stunt disease associated
virus, citrus tristeza virus, clover
yellows virus, cowpea mosaic virus,
cucumber mosaic virus, faba bean
necrotic stunt virus, faba bean
necrotic yellows virus, garlic mosaic
virus, onion yellow dwarf virus,
papaya ringspot virus, peanut stripe
strain, sunflower mosaic virus,
urdbean leaf crinkle virus

Aphis fabae Artichoke, bamboo, bean, beet,
citrus, cucumber, lettuce, pepper,
potato, rape, rose, spinach, tobacco,
tomato

Artichoke latent virus, bean common
mosaic virus, bean yellow mosaic
virus, beet mosaic virus, beet
western yellow virus, beet yellow
virus, cowpea mosaic virus,
cucumber mosaic virus, faba bean
necrotic yellows virus

(continued)
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Table 3.2 (continued)

Aphid species Plants of economic importance Name of the virus transmitted

Aphis glycines Soybean, snap bean Bean common mosaic virus,
cucumber mosaic virus, peanut
stripe strain

Aphis gossypii Brassicas, brinjal, broad bean,
celery, chickpea, clover, cotton,
cucurbits, faba bean, groundnut,
lucerne, pea, pepper, pigeon pea,
snap bean, tobacco, tomato

Alfalfa mosaic virus, banana bract
mosaic virus, bean common mosaic
virus, bean common mosaic virus,
bean yellow mosaic virus, beet
mosaic virus, cardamom mosaic
virus, chickpea distortion mosaic
virus, citrus tristeza virus, cowpea
mosaic virus, cucumber mosaic
virus, dasheen mosaic virus, onion
yellow dwarf virus, papaya ringspot
virus, pea seed-borne mosaic virus,
peanut stripe strain virus, pepper
vein banding virus, pepper veinal
mottle virus, potato virus, Y,
sugarcane mosaic virus, sunflower
mosaic virus, urdbean leaf crinkle
virus, zucchini yellow mosaic virus,

Aphis helianthi Sunflower Potato virus Y

Aphis nasturtii Cucurbits, groundnut, potato, sweet
potato

Potato virus Y

Aphis nerii Citrus, oleander, papaya, sugarcane Cardamom mosaic virus

Aphis pomi Apple, pear, many other fruits Potato virus Y, plum pox virus

Aphis rumicis Cardamom Cardamom mosaic virus

Aphis
spiraecola

Citrus, lupin, pepper, potato, tomato,
spiraea

Bidens mottle virus, cucumber
mosaic virus, potato virus Y

Brachycaudus
helichrysi

Artichoke, pigeon pea, potato,
tobacco, tomato, some brassicas

Artichoke latent virus, cardamom
mosaic virus, large cardamom chirke
virus

Brevicoryne
brassicae

Cabbage, cauliflower, radish,
rapeseed mustard, turnip

Cauliflower mosaic virus, turnip
mosaic virus

Ceratovacuna
lanigera

Sugarcane Sugarcane yellow leaf virus

Caveriella
aegopodii

Carrot Carrot mottle virus, carrot red leaf
virus

Chromaphis
juglandicola

Walnut Not recorded

Diuraphis noxia Barley, wheat, other cereal crops Not recorded

Eriosoma
lanigerum

Apple, pear Not recorded

Greenidia
artocarpi

Cardamom, jackfruit Cardamom mosaic virus

Hyalopterus
amygdale

Peaches, plum Plum pox virus

Hyalopterus
pruni

Peaches, plum Plum pox virus

(continued)
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Table 3.2 (continued)

Aphid species Plants of economic importance Name of the virus transmitted

Hysteroneura
setariae

Maize, paddy, sugarcane, wheat Bean common mosaic virus, peanut
stripe strain

Lipaphis erysimi Lupin, mustard, rapeseed, turnip Bean common mosaic virus, bidens
mottle virus, turnip mosaic virus

Lipaphis
pseudobrassicae

Cabbage, cauliflower, mustard,
radish, rapeseed,

Cauliflower mosaic virus, turnip
mosaic virus

Macrosiphum
euphorbiae

Bean, broad bean, faba bean, lettuce,
peas, potato, snap bean, tobacco,
tomato

Bean yellow mosaic virus, cucumber
mosaic virus, lettuce mosaic virus,
pea seed-borne mosaic virus, potato
leafroll virus

Melanaphis
sacchari

Maize, millets, sorghum, sugarcane Sugarcane mosaic virus

Metopolophium
dirhodum

Barley, millets, wheat Barley yellow dwarf virus

Myzus
ascalonicus

Cabbage, cucumber, garlic, lettuce,
onion, turnip

Beet western yellow virus, cucumber
mosaic virus, onion yellow dwarf
virus

Myzus
nicotianae

Tobacco Papaya ringspot virus

Myzus ornatus Cucumber, tobacco Cucumber mosaic virus, potato virus
Y

Myzus persicae Alfalfa, apple, apricot, artichoke,
beans, beet, cabbage, celery, cherry,
chickpea, clover, cucumber, lettuce,
lucerne, lupin, melon, peaches,
pears, peas, plum, potato, spinach,
tomato, tobacco, turnip

Alfalfa mosaic virus, artichoke latent
virus, bean common mosaic virus,
bean common mosaic virus, bean
yellow mosaic virus, bean yellow
vein banding virus, beet mosaic
virus, beet western yellow virus, beet
yellow virus, bidens mottle virus,
cauliflower mosaic virus, chickpea
filiform virus, chickpea stunt disease
associated virus, citrus tristeza virus,
cucumber mosaic virus, cowpea
mosaic virus, cucumber mosaic
virus, dasheen mosaic virus, garlic
mosaic virus, large cardamom chirke
virus, lettuce mosaic virus, onion
yellow dwarf virus, papaya ringspot
virus, pea enation mosaic virus, pea
seed-borne mosaic virus, peanut
stripe strain virus, pepper vein
banding virus, pepper veinal mottle
virus, plum pox virus, potato leafroll
virus, potato virus Y, sugarcane
mosaic virus, sunflower mosaic
virus, turnip mosaic virus,
watermelon mosaic virus

(continued)
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3.4.1 Direct Damage

Aphids attack all parts of the plants including roots. Some of them directly damage
the plants by sucking their nutrient that causes a lack of vigour in the plant. The
aphid saliva is toxic to plants. Such infested plants have a variety of symptoms such
as decreased growth rates, mottled leaves, yellowing, stunted growth, curled leaves,

Table 3.2 (continued)

Aphid species Plants of economic importance Name of the virus transmitted

Pentalonia
caladii

Cardamom Cardamom mosaic virus

Pentalonia
nigronervosa

Cardamom Banana bract mosaic virus, banana
bunchy top virus, cardamom bushy
dwarf virus, cardamommosaic virus,
large cardamom chirke virus

Pentalonia
kalimpongensis

Cardamom Cardamom bushy dwarf virus,
cardamom mosaic virus,

Rhopalosiphum
maidis

Barley, maize, millets, sugarcane,
wheat

Banana bract mosaic virus, barley
mosaic virus, barley yellow dwarf
virus, large cardamom chirke virus,
maize dwarf mosaic virus, sugarcane
mosaic virus

Rhopalosiphum
padi

Barley, maize, wheat Barley yellow dwarf virus, cereal
yellow dwarf virus, large cardamom
chirke virus, wheat yellow leaf virus

Rhopalosiphum
rufiabdominalis

Barley, maize, millets, wheat Wheat yellow leaf virus

Schizaphis
graminum

Barley, maize, millets, wheat Cardamom mosaic virus

Sipha flava Sugarcane, wheat, sorghum Sugarcane mosaic virus

Sitobion avenae Barley, millets, sugarcane, wheat Barley yellow dwarf virus, large
cardamom chirke virus

Sitobion
fragariae

Maize Maize dwarf mosaic virus

Sitobion
miscanthi

Millets, sugarcane, barley, wheat Barley yellow dwarf luteovirus,
millet red leaf persistent luteovirus

Sitobion
rosaeformis

Cardamom, rose Cardamom mosaic virus

Therioaphis
trifolii

Alfalfa, snap bean, yellow clover Cucumber mosaic virus

Uroleucon
compositae

Safflower Citrus tristeza virus

Uroleucon
jaceae

Citrus Citrus tristeza virus

Uroleucon
sonchi

Cardamom Cardamom mosaic virus

Daktulosphaira
vitifoliae

Grape vines Not recorded

3 Aphids 139



browning, wilting, low yields and ultimately death (Behura and Das 1976). The
young seedlings die, the inflorescences fail to blossom and fruits fail to develop
normally showing various malformations like twisting of pods, impaired
developments of seeds, etc. The subaerial infestations by aphids also cause
yellowing of foliages and stunted general growth. Some aphids make different
kinds of leaf and stem galls (Chakrabarti 2007). These symptoms are observed on
perennial forest trees.

3.4.2 Indirect Damage

In spite of these direct effects, aphids have also some indirect effects. Some species
of aphids excrete a high amount of honeydew that covers the stomatal openings
hampering their normal physiological processes like photosynthesis, transpiration
and respiration. The honeydew also allows the growth of black sooty mould
(Capnodium spp.) onto the leaves which in turn proves detrimental to the normal
activity of plant life. Also, the honeydew has been observed to reduce the effective-
ness of fungicides by obstructing their absorption (Dika and Van Pelt 1992). The
honeydew also contaminates cotton lint, reducing its quality and economic value.
The presence of honeydew on fruit crops can significantly reduce their marketability.
Honeydew, as food source, may attract to other crop pest insects. However, the
honeydew has some beneficiary act to aphids. It attracts bees, wasps and ants that
may provide their protection from their natural enemies such as parasitoids and
predators.

The honeydew also provides a valuable food source for beneficial insects such as
parasitoids and predators involved in their natural control (Singh et al. 1996, 2000a).
The excess honeydew may also nourish soil microorganisms, including nitrogen
fixers (Owen and Wiegert (1976). In a nitrogen-poor environment, this could
provide an advantage to an infested plant over a noninfested plant (Stadler and
Muller 1996), but this does not appear to be supported by the observational evidence
(Choudhury 1984).

3.4.3 Damage Through Virus Transmission

Most of the damage caused for the crop by the aphids is their ability to transmit
viruses (Eastop 1977). The major viruses transmitted by aphid pests of cultivated
plants are given in Table 3.2. Aphid-transmitted viruses account for approximately
50% of the 600 known viruses with an invertebrate vector (Hooks and Fereres 2006).
The detail account of transmission mechanisms of aphids as virus vectors was
described by Harris and Maramorosch (1977) and Stevens and Locomme (2017).
The subfamily Aphidinae includes the majority of aphid vectors (Blackman and
Eastop 2000). There are a number of unique features that contribute to the success of
aphids as vectors of plant viruses. These include their polyphagous nature (Myzus
persicae, about 500 plant species worldwide), the ability to undergo parthenogenetic
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reproduction that facilitates their rapid production and the possession of a needlelike
stylet capable of piercing plant cell walls that deliver viruses into host cell. Feeding
behaviour and host–plant selection by an aphid affect its potential as a vector (Harris
and Maramorosch 1977; Pettersson et al. 2017). The extents to which these factors
influence virus transmission depend on the specific virus and its mechanism of
transmission (Ng and Perry 2004).

Eight genera of the plant viruses, viz. Potyvirus, Macluravirus, Babuvirus,
Bymovirus, Luteovirus, Cucumovirus, Comovirus and Closterovirus, are transmitted
by aphids in India. All three modes of transmission, viz. nonpersistent, semi-
persistent and persistent, are observed in India. Nonpersistent virus transmission
(stylet-borne) is characterised by very short acquisition and inoculation time in
which aphid stylet does not usually pierce beyond the epidermal cells. Because of
this, the vectors hardly colonise the host–plant. The aphids begin to lose the
infectivity immediately after acquisition. Alfamovirus, Cucumovirus, Fabavirus,
Macluravirus and Potyvirus are important genera transmitted by aphids in this
manner. In semi-persistent, transmission is characterised by few minutes to hours
acquisition time with few hours of retention period. Caulimovirus and Closterovirus
are genera transmitted by aphids in this manner. In the persistent-circulative type of
transmission, the virus has to be ingested by the aphids and reach the salivary gland
via haemolymph. Acquisition period generally ranges from hours to days, and the
aphid remains viruliferous for weeks or lifelong. Among the aphid-transmitted
viruses, Luteovirus and Babuvirus are transmitted by aphids in this manner. Ghosh
et al. (2017) very nicely reviewed the role of several aphid species as vector of plant
viruses of economically important crops.

The green peach aphid (Myzus persicae) being highly polyphagous is a vector for
more than 110 plant viruses. Cotton aphid (Aphis gossypii) transmits more than
75 plant viruses and often infects chilli, potato, sweet potato, brinjal, sugarcane,
papaya and groundnuts with viruses. Most of the nonpersistent viruses (e.g. tobacco
mosaic virus [TMV]) are transmitted only by aphids. Few semi-persistent viruses
(e.g. beet yellow stunt virus [BYV]) and persistent viruses (e.g. potato leafroll virus
[PLRV]) are also transmitted by them (Ghosh 1980). A list of virus pathogens
transmitted by aphids and aphid species which are regarded as vector of one or
more plant viruses has been listed by Ghosh et al. (2017).

The aphids are of great agricultural significance, and nowadays they are being
considered as serious pests of agriculture and horticulture. Usually in the absence of
primary agricultural crops, i.e. when harvesting of one crop is over, they tide over in
unfavourable season on other economic crops; in lieu of these latter crop plants, they
just thrive upon many wild plants. Thus, the aphids affect the yield and quality of the
seed of several crops which also affect the reproductive potential of the crops.
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3.5 Management Measures

3.5.1 Integrated Pest Management (IPM)

Concerns about the risks that the chemical poisons pose to the environment, human
health and increased costs of pesticides have increased the urgency for more research
into the alternative methods of crop and food protection. The current pest control
approaches aim to maximise productivity and approaches that emphasise efficiency
and the long-term sustainability of agroecosystems. Indeed, pest management was
thought to be a new terminology evolving from pest control to plant protection or
crop protection and then pest management and/or integrated pest management
(IPM). A broader definition of IPM was given by Stern et al. (1959) as follows:
‘Integrated Pest Control is a pest management system that, in the context of the
associated environment and the population dynamics of the pest species, utilises all
suitable techniques and methods in as compatible a manner as possible and
maintains the pest population at levels below those causing economic injury’.
Thus, IPM is an effective and eco-friendly approach to pest management that trusts
on a combination of common-sense practices and uses current, full information on
the life cycles of pests and their interaction with the ecological factors. This approach
of pest management is not only cost-effective but also ecologically safe. The IPM
takes advantage of all appropriate pest management practices including, but not
limited to, the judicious use of pesticides. In practicing IPM, growers should follow a
four-tiered approach, viz. monitoring and identification of pests, estimation of
economic injury level (EIL) and economic threshold level (ETL), prevention and
control measure.

3.5.1.1 Monitoring and Identification
The monitoring and identification of pests removes the possibility that pesticides will
be used when they are not really required. The identification of aphid infestation on
plants is not difficult. The stunted plants and plants with curled or deformed leaves
are likely to have aphid infestations. Feeding aphids usually occur in clusters on
succulent shoots, under leaves or in other suitable feeding sites. The presence of
honeydew or sooty mould is often an excellent clue that aphids are present. Plants
should be examined closely on a regular basis to detect aphids before damage is
evident. The evidence of natural enemies such as ladybird beetles, lacewings,
syrphid fly larvae, the mummies (parasitised aphids) and disease-killed aphids
should be observed. Considerable numbers of any of these natural control means
demonstrate that the aphid population may be reduced rapidly without the use of any
control practice. Otherwise, some plant protection measure should be applied.

3.5.1.2 Economic Injury Level (EIL) and Economic Threshold Levels
(ETLs)

Integrated pest management (IPM) is a well-established strategy for managing
agronomically important insect pests (Pedigo et al. 1986) and has been identified
as the most cost-efficient tool to reduce aphid outbreaks. The economic injury level
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(EIL) and economic threshold level (ETL) are key IPM concepts. Stern et al. (1959)
defined the ETL as the density at which control measures should be determined to
prevent an increasing pest population from reaching the economic injury level and
the EIL as the lowest population that will cause economic damage. The value of ETL
is about 75% of the value of EIL. While theoretically there are EIL values for
decision-makers to consider in evaluating an ETL, they are largely, if not
completely, ignored. That is partly due to the fact that most EIL and ETL differ
with aphid species, plant species/varieties, growing stage of the plant, etc.

In other words, the ETL is the population level of insect or extent of crop damage
at which the value of the crop damaged exceeds the cost of controlling the pest
(Zalom 2010). It is expressed in several ways including the number of insects per
plant or per square metre, the amount of leaf surface damage, etc. ETLs have been
developed for few aphid species. In the cotton aphid IPM under irrigation conditions,
70% of plants attacked are suggested by Almeida (2001) as the recommended level
to start chemical control. In most of the estimates depending on the crop, it ranges
from 5 aphids to 300 aphids/plant depending on the plant phenology (Table 3.3).
Therefore, EIL and ETL are not fixed values for a pest species, but they varied
considerably in relation to the plant growth stages, plant varieties, sowing time and
irrigation and also in relation to the cropping seasons. It is essential to know the EIL
and ETL of each pest species before control measure on the crop to save the excess
cost of pesticide and labour and safe to the other fauna and environment from excess
toxicity.

3.5.2 Prevention and Control Measures

High reproductive rate and multiple host sequences provide optimal conditions for
aphid population development. The varied habitats, seasonal population develop-
ment and intra- and intercrop and wild host movement present an extremely complex
and difficult challenge requiring new approaches for formulating control and sup-
pression methodology for aphids (Singh 2015). There is really no easy way of
controlling these vector insects. In the past, adults were easily killed with
insecticides, but insecticide resistance in their populations is a common problem.
These insects have become resistant to chemical insecticides quite rapidly, and the
wisdom of relying only on chemical insecticides is questioned. Therefore, an
integrated approach becomes essential to manage their population. This approach
combines the cultural and biological practices with the application of selective
insecticides. The cultural control helps in the prevention of aphid infestation on
the crop.

3.5.2.1 Mechanical Control
Aphid populations on strong plant may be reduced by knocking them off with a
strong spray of water. Most dislodged aphids will not be able to return to the plant,
and their honeydew will also be washed off as well. Using water sprays early in the
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Table 3.3 Economic injury level (EIL) and economic threshold level (ETL) of some aphid pests

Aphid species Crop EIL ETL References

Acyrthosiphon
pisum

Medicago
sativa

– 85 aphids/stem Kulkarni
(2016)

Fenugreek 9.48 aphids/
central shoot

5.18 aphids/
central shoot

Naga and
Kumawat
(2015)

Aphis
craccivora

Cowpea – 20/2.5 cm shoot
length

http://agritech.
tnau.ac.in

16.18 aphids/
central shoot

14.63 aphids/
central shoot

Regar et al.
(2016)

Lablab
purpureus

24.9 aphids/
central shoot

21.1 aphids/
central shoot

Godwal (2010)

Vigna radiata 10–16 aphids/
central shoot

– Sharma et al.
(2000)

Vigna
unguiculata

– 14.63 aphids/
central shoot

Kumawat and
Khinchi (2016)

Aphis glycines Glycine max 3.36 aphids/
plants

5 aphids/plants Xibei et al.
(1994)

– 250 aphids/plant McCarville
et al. (2011)

674 � 95 aphids/
plant

273 � 38 aphids/
plant

Ragsdale et al.
(2007)

– 250 aphids/plant Seiter (2018)

KS4202
soybean

526 to 2050
aphids/plant

– Marchi-Werle
et al. (2017)

Aphis gossypii Citrus – 25% plants Pawar (2002)

271 aphids/m2 217 aphids/m2 de Mendoza
et al. (2001)

Cotton – 30% plants Stam et al.
(1994)

– 20% plants Pawar (2002)

Aphis
spiraecola

Citrus
clementina

370 aphids/m2 322 aphids/m2 de Mendoza
et al. (2006)

– 45 aphids/ear Carter et al.
(1989)

– 1–6 aphids/per
tiller

Mittnacht
(1986)

– 3–5 aphids/ear Holz et al.
(1994)

– 4–5 aphids/ear Shaoyou et al.
(1986)

– 1–8 aphids/ tiller Larsson (1986)

– 5 aphids/tiller Hansen (2003)

Lipaphis
erysimi

Brassica
juncea var.
rohini

36.6 aphids/
10 cm apical twig

34.8 aphids/10 cm
apical twig

Saunakiya and
Tiwari (2014)

(continued)
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Table 3.3 (continued)

Aphid species Crop EIL ETL References

Brassica
juncea var.
vardan

34.4 aphids/
10 cm apical twig

32.1 aphids/10 cm
apical twig

Saunakiya and
Tiwari (2014)

Brassica
juncea var.
varuna

36.9 aphids/
10 cm apical twig

Aphids/10 cm
apical twig

Saunakiya and
Tiwari (2014)

Canola – 30-40 aphids/
10 cm
inflorescence

Farooq and
Tasawar (2008)

25 aphids/10 cm
shoot

– Sekhon and
Bakhetia
(1991)

Mustard – 87 aphids/plant Dubey and
Yadu (1998)

– 88 aphids/plant Basak et al.
(2017)

20.4 aphids/
10 cm terminal
shoot

15.42 aphids/
10 cm terminal
shoot

Singh and
Malik (1998)

Macrosiphum
euphorbiae

Oilseed flax 8–10 aphids/stem – Wise and Lamb
(1990)

– 3 aphids/stem–

flower stage
8 aphids/stem–

boll stage

Wise et al.
(1995)

Metopolophium
dirhodum

Winter wheat – 10–15 aphids/ear Wetzel (1995)

Myzus persicae Chinese
cabbage

25 aphids/plant 20 aphids/plant Jeon et al.
(2008)

Cuminum
cyminum

7.15 aphids/three
umbels

3.74 aphids/three
umbels

Samota et al.
(2014 )

Nasonovia
ribisnigri

Lettuce – 0.12–0.13 aphids/
plant

Morales et al.
(2013)

– 0.10–0.025
aphids/plant

Nebreda (2005)

Rhopalosiphum
padi

Hordeum
vulgare

– 10 aphids/tiller Hansen (2000)

Wheat-
booting stage

6.7 aphids/plant 4.7 aphids/plant El-Heneidy
et al. (2003)

Wheat-growth
stage

6.6 aphids/plant 4.4 aphids/plant El-Heneidy
et al. (2003)

Wheat-
heading stage

6.5 aphids/plant 5.1 aphids/plant El-Heneidy
et al. (2003)

Winter wheat – 10–15 aphids/ear Wetzel (1995)

Schizaphis
graminum

Wheat-
booting stage

5.8 aphids/plant 4.2 aphids/plant El-Heneidy
et al. (2003)

(continued)
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day allows plants to dry off rapidly in the sun and be less susceptible to fungal
diseases.

3.5.2.2 Cultural Control
The cultural control involves changes in crop production practices to make the crop
less suitable for the pest or to make it more suitable for the natural enemies or to
enhance the ability of the crop to resist pest attack (Norris et al. 2003). Cultural
control is an environmentally friendly approach and more of prophylactic in nature
than of curative and is frequently first line of defence against pest populations. The
following are the important agronomical practices that directly or indirectly affect
the aphid biology and keep their population at low level (Sachan 1997; Chang et al.
2017).

3.5.2.2.1 Host–Plant Resistance
The very first event in the farming is the selection of seeds. The seeds of resistant
crop varieties should be used for crop production. Crop cultivars resistant to major
pests and diseases have been developed in cowpea against Aphis craccivora
(Omoigui et al. 2017), soybean against Aphis glycine (Hill et al. 2004), melon
against Aphis gossypii (Chen et al. 1997), rice against Rhopalosiphum padi (Sun
et al. 2017), wheat against Sitobion avenae (Hu et al. 2011; Liu et al. 2012), maize
against Rhopalosiphum padi (Hance et al. 1994) and sorghum against Melanaphis
sacchari (Sharma et al. 2014) and to a limited extent in pulse and oilseed crops.
Host–plant resistance is an efficient and environmentally friendly means of

Table 3.3 (continued)

Aphid species Crop EIL ETL References

Wheat-growth
stage

5.7 aphids/plant 4.0 aphids/plant El-Heneidy
et al. (2003)

Wheat-
heading stage

5.9 aphids/plant 4.4 aphids/plant El-Heneidy
et al. (2003)

Winter wheat – < 10 aphids/plant Robert et al.
(1985)

Sitobion avenae Barley – 10 aphids/tiller Larsson (1991)

Wheat 7 aphids/tiller 1–7 aphid/tiller Larsson (2005)

Wheat-
heading stage

10 aphids/plant Li-Jiping et al.
(1995)

Winter wheat 3.5 aphids/ear Wetzel (1995)

Uroleucon
compositae

Safflower 66.4 aphids/5 cm
apical twig

49.8 aphids/5 cm
apical twig

Anand et al.
(2017)

66.9 aphids/5 cm
apical twig

48.8 aphids/5 cm
apical twig

Akashe et al.
(1997)

48.1 aphids/5 cm
apical twig

38.5 aphids/5 cm
apical twig

Kamath and
Hugar (2001)

52.5 aphids/5 cm
apical twig

42.0 aphids/5 cm
apical twig

Hemagirish
et al. (2001)
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controlling insects, including aphids, but resistant-breaking biotypes have occurred
in several plant–aphid systems (Dogimont et al. 2010). There are three mechanisms
by which plants become resistant, antibiosis (adverse effect on herbivore biology),
antixenosis (induce non-preference behaviour in herbivores) and tolerance (plant
traits to withstand herbivore injury), and all these plant traits are regulated by
resistant genes (R). In recent years, there has been an increase in the knowledge on
R genes, but only a few R genes that cause resistance against aphids have been
identified. Some of them include virus aphid transmission (Vat) that makes resis-
tance to Aphis gossypii in melon (Chen et al. 1997; Martin et al. 2003),
recombination-activating gene (Rag1) in soybean that provides resistance to soybean
aphid, Aphis glycines (Li et al. 2007) and Mi-1.2 gene in tomato that makes
resistance to Macrosiphum euphorbiae (Linda and Walling 2008). The Vat gene in
melon enhances the sieve element (SE) wound healing and thus confers resistance to
Aphis gossypii (Kaloshian et al. 1997). The cloning of Mi-1.2 gene has been a
milestone in plant resistance to aphids (Goggin et al. 2001). Insect-resistant trans-
genic cotton does not interfere in the performance of aphids (Burgio et al. 2007), but
transgenic Indian mustard (Brassica juncea) was found resistant against the mustard
aphid, Lipaphis erysimi (Kanrar et al. 2002).

3.5.2.2.2 Planting Time
This practice is more meaningful if plating of crop is done on the basis of informa-
tion on the population dynamics of aphid(s) as this is purely based on the phenologi-
cal asynchrony of the crop with aphid. It is now established that early sown crop
either escapes aphid attack or has less degree of infestation. Brassica campestris var.
toria escapes the attack of Lipaphis erysimi if sown in mid-September (Sachan
1990). Other brassica oilseed crops suffer less if they are sown between the middle
of October to the first week of November depending on the ecoclimatic belt
(Upadhyay 1995). Sowing of mustard can be advanced by 10–15 days for escaping
from attack of aphids without any appreciable loss in yield (Singh et al. 1984). Eruca
sativa suffers less due to Myzus persicae if planted in October (Singh and Singh
1985). Information is also available on the time of planting of various other crops
where they suffer least with aphids. Among the cereals, barley sown between
mid-October and mid-November showed less incidence of Rhopalosiphum maidis
(Singh 1982). Safflower when sown early escapes the attack of Uroleucon carthami,
particularly at early stage of the crop (Jakhmola 1986). Coriander also suffered less
due to Hyadaphis coriandri when planted before mid-October (Jain and Yadava
1986). Similarly, lentil planted in early November also showed higher population of
Aphis craccivora Koch as compared to crop sown in late November or early
December (Hossain et al. 2008).

3.5.2.2.3 Manual Removal of Infested Twigs
It is essential to nip the early infestation of aphids in the buds or twigs as aphids after
appearance settle on the twigs and multiply from where they disperse to adjoining
plants and field. In cotton, removal of the top leaves by hand, using a pruning knife
where aphids fed, reduced contamination of bolls below these leaves (Deguine et al.
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2000). Plucking and destruction of twigs should be carried out at 15 days interval
(Singh et al. 1993).

3.5.2.2.4 Crop Geometry
The primary objective of this cultural method is to maximise yield per unit area
without reducing crop quality, so that yield advantages override pest incidence
reduction. Plant density has direct influence on the plant growth as well as yield of
the crop. Each plant competes with other for nutrients, moisture, sunlight, etc. Dense
population may be congenial for some insects, whereas it may be unfavourable to
others. Modifying the plant spacing affects the incidence and population develop-
ment of insect pests in general. A’Brook (1968) demonstrated that Aphis craccivora
and Aphis gossypii were trapped more often over widely spaced than over close-
spaced groundnuts. Similarly, in chickpea, wider spacing (60 x 20 cm) or low plant
population per unit area resulted in higher population of A. craccivora (Lal et al.
1989).

3.5.2.2.5 Intercropping
It includes mixed intercropping, row intercropping, strip cropping, relay cropping
and passageway intercropping. Intercropping is preferred over monoculture to avoid
risk of crop failure, better utilisation of farm resources and labour and to protect the
crop from insect pests. Intercrop reduces the attraction of pest to the host and
adversely modifies the microclimate of the pest habitat which may result in impeded
dispersal, increased emigration and reduced survival of the pest in the intercrop
(Mumford and Baliddawa 1983). Potts and Gunadi (1991) reported a decrease in
Aphis gossypii populations in potatoes that are intercropped with Allium cepa or
Allium sativum. It has been shown that infestation of Aphis gossypii is less in pure
crops of green gram, black gram and sunflower as compared to the main crop in
combination with cotton. Chamuene et al. (2007) reported that sorghum and pigeon
pea intercropped with cotton had fewer Aphis gossypii-infested plants and contained
abundant population of natural enemies like syrphids, green lacewings and spiders.
When beans intercropped with older and taller maize plants interfered with aphid
colonisation and only small proportions of beans were infested by the aphid Aphis
fabae (Ogenga-Latigo et al. 1993). Girma et al. (2000) reported that maize associated
with hedge row experienced significantly lower infestation of Rhopalosiphum
maidis than pure maize. Intercropping of groundnut with pearl millet reduced the
incidence of Aphis craccivora on main crop (Kennedy et al. 1990). Less population
of Aphis craccivora was observed on peas when barley and lentil were used as
intercrops (Prasad et al. 1987).

3.5.2.2.6 Water Management
Water management is one of the most important factors responsible for proper
growth and development of plant and higher yield. Under drought and/or rainfed
conditions, plant loses turgidity as well as sap pressure which may result in reduction
of feeding, reproduction and survival in aphids. These conditions also stimulate
dispersal of aphids. Drought condition increases the solute concentration and sap
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viscosity to such an extent that feeding by aphid is drastically hampered (Bakhetia
and Brar 1988). Population of Lipaphis erysimi increases on mustard crop,
Brevicoryne brassicae on cabbage and Aphis craccivora on lentil and groundnut
under irrigated conditions. Mustard crop should be irrigated twice to avoid heavy
aphid infestation (Gangasaran and Giri 1986). Samuel et al. (2006) observed that
short watering intervals (regimes) increase the population of Aphis craccivora on
cowpea. Regarding water management in various crops, under no irrigation, Bras-
sica carinata suffered heavily and succumb to injury of Lipaphis erysimi (Bakhetia
and Brar 1988). On the contrary, Prasad et al. (1987) could not find any difference in
the population of Aphis craccivora and Acyrthosiphon pisum on irrigated and
unirrigated peas.

3.5.2.2.7 Fertility Management
There are 20 essential plant elements which are needed for the growth and develop-
ment of the plants (Barker and Pilbeam 2016). Out of these, N, P and K are major
nutrients. In general, high nitrogen supply results in increased tissue softness and
water content as carbohydrates making the plant more susceptible to attack by aphids
(Nevo and Coll 2001). Excess nitrogen in the plant limits proteolysis which results in
poor nitrogen level in sap, whereas poor level of soil nitrogen leads to reduced
concentration of soluble amino acids and amides in the plants (Tingey and Singh
1980). High dose of nitrogen increases the population of Lipaphis erysimi (Sidhu
and Kaur 1977; Singh et al. 1995), Aphis craccivora (Sridharan et al. 1990) and
Myzus persicae (Kashyap and Bhanot 1987). The presence of higher level of
phosphorus makes the plant less susceptible for aphids. However, potassium has
balancing effects on nitrogen and phosphorus. Deficiency of potassium results in the
accumulation of soluble nitrogen and carbohydrates owing to inhibition of protein
synthesis and increase in the rate of proteolysis (Tingey and Singh 1980). The
presence of potassium causes toughening of plant tissues which might be due to
decrease in protein by corresponding increase in carbohydrate content. In general, P
and K application decreased the population of Lipaphis erysimi on mustard (Singh
et al. 1995). Decreasing level of K led to greater fecundity of Myzus persicae and
Brevicoryne brassicae on brussels sprout (van Emden 1966). The lowest aphid
population was noticed at 80 kg/ha of DAP. Higher proportion of N:P:K
(80:40:30) showed higher population of Lipaphis erysimi, whereas 40:80:40 ratio
reduced aphid infestation (Singh et al. 1995). Similarly, high N:P:K (225:90:45)
increased population of Brevicoryne brassicae on cauliflower (Sinha et al. 2018).

3.5.2.2.8 Removal of Alternate Hosts
Important aphids like Myzus persicae, Aphis craccivora and Aphis gossypii are
polyphagous in nature and thrive well on cultivated as well as on wild plants.
These wild plants and weeds provide suitable habitat and food for the aphid during
off season. Wheatgrass, Agropyron cristatum, and Canada wildrye, Elymus
canadensis, were observed as alternative hosts of the Russian wheat aphid,
Diuraphis noxia, and serve as hosts between the time winter wheat was harvested
and planted (Armstrong et al. 1991). Removal of such plants prevents the initial
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population ready for attack on the main crop, wheat. Destruction of stray groundnut
plants and weeds has been recommended for the management of Aphis craccivora.
Similarly, the destruction of yellow flowering weeds has been found useful against
Myzus persicae in potato field (Raman 1985).

3.5.2.2.9 Trap Crop
Trap crop is generally used to ward off the insects from the main crop. It prevents the
insects from reaching the main crop. Trap crop is more attractive and susceptible
than the main crop. The planting of trap crop is done in such a time that its
susceptible stage coincides with peak activity of the insect. Mustard as trap crop
has been found very useful in the management of Lipaphis erysimi and Brevicoryne
brassicae on cabbage when planted in mustard/cabbage (2:9) ratio (Srinivasan and
KrishanaMoorthy 1991). Firstly, it can attract aphids and draw them away from their
host–plants. Secondly, it can alter the recognition of the host–plant. This effect is
mostly attributed to companion plant volatiles since they disturb the aphid host–
plant location, and additionally they may react chemically and physiologically with
the host–plant, making it an unsuitable host for aphids. Thirdly, it can attract natural
enemies by providing shelter and food resources (Ben-Issa et al. 2017).

3.5.2.2.10 Distance from Other Crops
Closely related or crops grown for different purposes should be planted distantly so
that insects from one crop may not be able to reach other crop where physiological
conditions suitable for aphid deteriorate. Toria and Sarson should be sown away
from mustard and other long duration brassicas. Seed plot of potato should be away
and located upwind from the commercial potato (Raman 1985).

3.5.2.2.11 Rogueing and Avoidance of Ratooning
Rogueing of aphid infested plants and avoidance of ratooning have been found very
useful in the management of banana aphid, Pentalonia nigronervosa, a vector of
bunchy top virus, and Aphis gossypii which transmits cucumber mosaic virus
(Tandon 1994).

3.5.2.2.12 The Use of Reflective Mulches
Reflective plastic mulch, or silver-coloured plastic mulch, is covering material
placed in fields when the plants are young and initially aphid-free. This mulch
reflects light that interferes with the ability of flying aphids to locate plants which
delay or reduce the extent of infestation of young plants by winged aphids (Stapleton
and Summers 2002). It works better for small horticultural and vegetable crops that
are especially sensitive to viral diseases transmitted by aphids. As plants grow larger,
reflective mulch becomes less effective. Reflective mulch ceases to repel insects by
the time the plant canopy covers more than about half of the soil surface. In addition
to above benefit, the reflective mulch also enhances growth of the plants by increas-
ing photosynthesis and reducing heat and water stress by keeping the plant and soil
cooler (Pramanik et al. 2015).
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3.5.2.3 Biological Control
Biological control of aphids in the fields has been successfully achieved in several
parts of the world because their predators and parasitoids have great potential in
managing their populations in spite of certain limitations. Indeed, biological control
has been a central core around which IPM has commonly been developed (Dent
2000). The reason for this is that natural enemies constitute the major natural control
factors, which can be manipulated. Singh (2001), Joshi et al. (2010), Boivin et al.
(2012), Singh and Singh (2016) and Hance et al. (2017) have given a detailed
account of biological control of aphids in India and abroad. In addition,
entomopathogenic fungi have also been found to control few aphid species (Meyling
and Eilenberg 2007).

3.5.2.3.1 Predators
Aphid predators belong to four orders of insects: Coleoptera (families Coccinellidae
and Carabidae), Diptera (families Chamaemyiidae, Syrphidae and Cecidomyiidae),
Hemiptera (families Anthocoridae and Geocoridae) and Neuroptera (family
Chrysopidae). Ladybird beetles are most common aphid predators encountered
throughout the world (Fig. 3.13a and c). The common genera predaceous on aphids
are Adalia, Adonia, Brumoides, Coccinella, Cheilomenes, Exochomus,Hippodamia,
Oenopia, Micraspis, Scymnus, etc. Aphidophagous coccinellids have a long history
of importation in classical biocontrol with only few recognised successes (Obrycki
and Kring 1998). Dixon (2000) judged only one to be substantially successful after

Fig. 3.13 Predators of aphids. Adult ladybird beetle (a), hover fly larva (b), ladybird larva (c) and
common green lacewing larva (d)
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155 tallied intentional introductions of coccinellid species worldwide that specifi-
cally targeted aphids. The aphid midge, Aphidoletes aphidimyza, is a cecidomyiid fly
whose larvae are effective predators of aphids, an important component of biocontrol
for greenhouse crops (Boulanger et al. 2019), and is commercially available
(e.g. APHIDEND®, Koppert B.V., The Netherlands). Several species of syrphid
flies have been evaluated as biocontrol agents against aphids (Fig. 3.13b) (Joshi and
Ballal 2013), and few species are commercially available, e.g. Episyrphus balteatus
(SYRPHIDEND®, Koppert B.V., The Netherlands). Green lacewings, particularly
members of the genera Chrysopa, Chrysoperla and Mallada (Chrysopidae) (Pappas
et al. 2011) (Fig. 3.13d), and brown lacewing (Hemerobiidae) are major biocontrol
agents of aphids among Neuroptera and have been used against aphids in several
parts of the world (Rocca and Messelink 2017).

3.5.2.3.2 Parasitoids
Most aphid parasitoids belong to Hymenoptera (Braconidae, Fig. 3.14, and
Aphelinidae). Most of the aphidiine parasitoids used in biocontrol belong to the
genera: Aphidius, Binodoxys, Diaeretiella, Ephedrus, Praon and Trioxys. They are
cosmopolitan in distribution so that one species, Diaeretiella rapae, parasitises
about 98 species of the aphids distributed in 87 countries throughout the world

Fig. 3.14 A female parasitoid parasitising an aphid (a), parasitised aphids as “mummies” (b),
mummies with emergence hole with cap (c), adult parasitoids after making a hole emerging out the
mummy (d)
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(Singh and Singh 2015b). More than 100 biocontrol programmes have been moni-
tored against at least 30 species of aphids, and about 50% of them proved successful.
These programmes include the introduction of about 25 species of parasitoids. Singh
and Singh (2016) enlisted and summarised major biocontrol attempts against the
aphids throughout the world. The parasitoids become established in 34 out of
57 attempts. The introduction of Aphelinus mali in France to control the woolly
aphid, Eriosoma lanigerum, in apples was probably the first attempt of biocontrol of
aphids (Howard 1929). It was then introduced in several European countries,
Australia, New Zealand and India. The Indian species Aphidius smithi quickly
established in Mexico, Canada and the USA in the fields of alfalfa (Mackauer
1971). Similarly, Aphidius eadyi successfully controlled the pea aphid,
Acyrthosiphon pisum, in New Zealand, and Trioxys complanatus and Trioxys
tenuicaudus suppressed the population of alfalfa aphid, Therioaphis trifolii, and
elm aphid, Tinocallis platani, respectively, in the USA (Hughes 1989). Active
biocontrol attempts have been made by the introduction of Diaeretiella rapae
against the Russian wheat aphid Diuraphis noxia with partial success (Brewer and
Elliott 2004). Singh and Agarwala (1992) and Singh and Rao (1995) demonstrated
successful control of Aphis craccivora on pigeon pea and Aphis gossypii on
cucurbits by introducing the indigenous parasitoid Binodoxys indicus. Levie et al.
(2005) showed that the release of 20,000 Aphidius rhopalosiphi per hectare in wheat
crops, twice at 1-week intervals, allowed the control of the aphid, Sitobion avenae.
In China, mass release of Aphidius gifuensis was used to control Myzus persicae in
tobacco crops (Yang et al. 2009). In apple orchards, the inundative release of two
parasitoid species, Ephedrus persicae and Aphidius matricariae, controlled the
population of rosy apple aphid, Dysaphis plantaginea (Boivin et al. 2012).
Waterhouse (1998) summarised the attempts of biocontrol of Aphis craccivora and
Aphis gossypii using their parasitoids in several countries such as Australia, China,
Columbia, Cuba, East Asia, France, India, Iraq, Israel, Italy, Japan, Korea, Malaysia,
Netherlands, Pakistan, Philippines, USA, Russia, Vietnam, etc.

Glasshouse crop cultivation is a striking example of recent development in the
field of biocontrol. Around 55 years ago, even specialists had serious doubt about the
success of biocontrol in the glasshouses because this method of crop raising is
economically vulnerable. Parr and Scopes (1970) described the problems associated
with biocontrol of glasshouse pests. According to them, biocontrol gives more
predictable control lasting several weeks to months despite being cheaper and
eco-friendly. Paprikas, tomatoes, lettuces, chrysanthemums and other ornamental
pot plants are cultivated in glasshouses mostly in Europe. All these plants severely
suffer with Myzus persicae. Successful biocontrol of Myzus persicae was achieved
by introducing Aphidius matricariae (Hussey and Scopes 1985) and Ephedrus
cerasicola (Hofsvang and Hågvar 1980; Hågvar and Hofsvang 1990). Biocontrol
through inundative or inoculative releases is applied in greenhouses where it gives
the best results (van Lenteren 2000). During the year 2006, more than 37,000 ha of
greenhouses was under biocontrol programmes (Parrella 2008). However, the aug-
mentative use of parasitoids for aphid biocontrol requires the release of thousands of
individuals. For instance, under greenhouse cultivation, quantities of parasitoids
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released for aphid control range from 2500 to 10,000 individuals per ha (van
Lenteren 2003). Table 3.4 summarises the attempts and success of biocontrol of
Myzus persicae and Myzus ascalonicus in glasshouses worldwide.

3.5.2.3.3 Pathogenic Fungi
The entomopathogenic fungi are different kinds of biocontrol agents of insect pests
(Rehner 2005). Twenty-eight mycopesticides using seven species of
entomopathogenic fungi, such as Beauveria bassiana, Metarhizium anisopliae and
Lecanicillium spp., are commercially available in several countries for control of
aphid pests (Goettel et al. 2005; de Faria and Wraight 2007). Sabbour (2019)

Table 3.4 Attempts and success of biocontrol of Myzus persicae in glasshouses using its
parasitoids

Aphid
species

Parasitoid
species Crop Country References

Myzus
persicae

Aphidius
colemani

Cucumber Netherlands van Lenteren
et al. (1997)

Aphidius
matricariae

Cucumber Netherlands van Lenteren
and Woets
(1988)

Brinjal France Rabasse et al.
(1983)

Chrysanthemum UK Wyatt (1985)

Sweet pepper UK Buxton et al.
(1990)

Sweet pepper Netherlands Ramakers
(1989)

Vegetables,
ornamentals

Germany Albert (1990)

Sweet pepper USSR Popov et al.
(1987)

– Bulgaria Loginova et al.
(1987)

Tomato Canada Gilkson (1990)

– Hungary Polgar (1987)

Aphidoletes
aphidimyza

Vegetables Finland, Denmark,
Canada, USA, Russia

Markkula and
Tittanen (1985)

Ephedrus
cerasicola

Sweet pepper Norway Hofsvang and
Hågvar (1980)

Myzus
ascalonicus

Aphelinus
abdominalis

Strawberry Denmark Sigsgaard et al.
(2013)

Aphidius
colemani

Strawberry Denmark Sigsgaard et al.
(2013)

Aphidius ervi Strawberry Denmark Sigsgaard et al.
(2013)

Aphidoletes
aphidimyza

Strawberry Denmark Sigsgaard et al.
(2013)
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demonstrated the promising control of Myzus persicae by using destruxins which is
isolated from Metarhizium anisopliae. It is a cyclic hexadepsipeptide and causes
paralysis and a speedy death to the insects, and also it causes suppression of the
insect immune system. The destruxins are also used as synergist to enhance the
efficiency of other biopesticides used against aphids (Yi et al. 2012).

These mycopesticides mainly use propagules such as conidia, blastospores or
hyphae which have advantages of direct mortality of the target aphid pest (Shan and
Feng 2010). However, the conidia of entomopathogenic fungi are highly affected by
environmental factors, such as temperature and relative humidity, and are slow in
causing mortality. These factors have prevented wider application and use of these
biocontrol agents. In spite of that, these species are being applied in agriculture and
forestry in temperate regions (Meyling and Eilenberg 2007; Kim et al. 2013).
However, these pathogens adversely affect the potential of aphid parasitoids. For
example, Beauveria bassiana have been found to reduce the emergence and longev-
ity of females of Diaeretiella rapae against Myzus persicae (Silva et al. 2014).
Moreover, González-Mas et al. (2019) could not observe any detrimental effect on
the predator Chrysoperla carnea and the parasitoid Aphidius colemani of Aphis
gossypii on melon crop when inoculated by Beauveria bassiana in Spain. Therefore,
application of these two kinds of biological control agents in combination of the
control of aphids requires effective time management to avoid antagonistic
interactions. The use of entomopathogenic fungi in the management of insect pests
of field crops has been reviewed by Maina et al. (2018).

3.5.2.3.4 Bacteria
The biosurfactants produced by Bacillus atrophaeus L193 were reported to control
the aphid, Rhopalosiphum padi, in order to suggest a friendly alternative to chemical
pesticides. These surfactants contain lipopeptides, such as surfactins, fengycins,
bacillomycins and iturins, that cause aphid death by affecting cuticle membranes
(Rodríguez et al. 2018). A multifunctional endophytic bacterial strain Bacillus
velezensis YC7010 has been found to induce systemic resistance against bacterial
and fungal pathogens of rice. Rashid et al. (2017) demonstrated that root drenching
of the brassica plant Arabidopsis seedlings with this bacterial strain induces higher
accumulation of hydrogen peroxide, cell death and callose deposition in leaves that
reduced settling, feeding and reproduction of Myzus persicae on its leaves. Foliar
spray of a bacterium, Pseudomonas poae, to plants before aphid colonisation was
found to reduce the infestation by Myzus persicae (Paliwal 2017). Similarly, field
application of another species, Pseudomonas fluorescens, was observed to control
Aphis gossypii on Bt and non-Bt cotton (Manjula et al. 2018).

3.5.2.3.5 Interactions Between Host–Plant Resistance and Biological Control
The development of resistant crop cultivars offers a sound and very practical
approach to the long-range control of certain agricultural pests. However, the varietal
breeding is traditionally in the botanical field of plant breeding that falls rather
outside the scope of the biological control workers. Recent advancement of our
knowledge about its compatibility with biological control necessitates
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interdisciplinary action in achieving good pest management. Nonlethal plant
defences may potentiate the role of predation, parasitism and pathogen infection in
regulating herbivore population. It is usually assumed that host–plant resistance is
generally or highly compatible with integrated pest management and biological
control strategies (Kogan and Jepson 2007). Host–plant resistance can affect the
natural enemies of insects in several ways. In some situations, plant resistance can
reduce the performance of natural enemies, while in others it can act in a compli-
mentary way (Price 1986). For example, while aphids feed on plants, plants produce
semiochemicals, which may act as repellents to aphids or attractants to natural
enemies of these aphids (Biswas and Singh 1998). Presumably, this control results
because the resistant variety facilitates the searching behaviour of the enemy,
reduces the vigour of the host to avoid parasitisation, delays development of the
host so that the pest and the enemy populations are temporarily synchronised and/or
among other things modifies the behaviour of the host so that it is more easily
parasitised (Price et al. 1980).

Each and every plant defends themselves by herbivore insects in general either by
producing chemicals, such as toxin, or digestibility reducers, or through physical
defence by trichomes or toughness, or by a combination of the two, as with glandular
trichomes or resins (intrinsic defence of the plants, resistance of host–plant), and by
benefiting natural enemies of the herbivores (extrinsic defence of the plants) (Singh
2003). It is now recognised that almost every mechanism of the intrinsic defence of a
plant has an effect on the trophic system and that intrinsic defence may impact
positively or negatively upon the third trophic level as well as on those factors
involved with extrinsic defence (Price et al. 1980; Singh et al. 2000b). The intrinsic
and extrinsic defences of plants reduce the colonisation rate of the herbivores.

Plant trichomes are one of the bases of host–plant resistance against a number of
aphids. The presence of trichomes in potatoes confers resistance against the aphid
Myzus persicae and Macrosiphum euphorbiae (Tingey et al. 1982).

Du et al. (1998) observed that the plant Vicia faba synthesises some chemicals
particularly 6-methyl-5-hepten-2-one after the infestation by the pea aphid
Acyrthosiphon pisum, and this chemical was observed most attractive for its parasit-
oid Aphidius ervi. Price et al. (1980) suggested the melding of these two approaches
is essential in evaluating the roles of natural enemies in population control of
herbivores. Several workers have studied the resistance of cereal crops to a variety
of pests, particularly to biotypes of Schizaphis graminum. The synergistic ability of
host–plant resistance with the parasitoid Lysiphlebus testaceipes was demonstrated
by several workers in the past (Burton and Starks 1977; Starks and Burton 1977).
They have observed that greater degree of parasitism by Lysiphlebus testaceipes on
resistant variety of sorghum and oats resulted from increased degree of movement of
the aphids, which made them several times more susceptible to parasitisation. They
observed that resistant varieties of sorghum and oats enhance the killing efficiency of
the parasitoid Lysiphlebus testaceipes in reducing the population of the aphid
Schizaphis graminum. Biswas and Singh (1998) observed increased efficiency of
Lysiphlebus delhiensis against Melanaphis sacchari on resistant corn cultivar.
Fuentes-Contreras and Niemeyer (1998) observed that hydroxamic acids, plant
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secondary metabolites associated with aphid resistance in wheat, influence the host
acceptance and suitability of the aphid, Sitobion avenae, to its parasitoid Aphidius
rhopalosiphi. Similarly, Fuentes-Contreras and Niemeyer (2000) reported signifi-
cant reductions of population growth rate of aphids with the joint action of wheat
resistance and its natural enemies. Farid et al. (1998a, b) observed that the plant
resistance against the Russian wheat aphid,Diuraphis noxia, did not have an adverse
affect on the percentage of its parasitism by Diaeretiella rape.

Cultural control practices may also be integrated with biological control and
host–plant resistance (van Emden 2017).

3.5.2.3.6 Interaction Between Cultural Control and Biological Control
Increasing the diversity within the agricultural fields by introducing multiple crop-
ping, intercropping, strip harvesting, selective retention of weeds within the crop or
conservation of wild plants at field margins also promotes the conservation of natural
enemies of aphids and also enhances their natural control ability. Increasing diversity
within crops is predicted to provide a greater number of opportunities for natural
enemies to survive in agricultural systems and also tends to increase natural enemy
abundance and diversity, providing a system more resilient to pest population
increase (Rodriguez-Saona et al. 2012). Vegetational diversity also provides support
for insect biocontrol at local and landscape levels. The plants serve as a reservoir of
the alternative host species, and flowering plants are important sources for food as
the adult parasitoids do not necessarily feed only on honeydews but also on pollen,
nectar and other sugary plant secretions.

Provision of food resources, such as floral (nectar and pollen), extrafloral
(nectaries, exudates and fruits) and insect products (honeydew) in the fields, had
significantly increased the longevity and potential fecundity (egg load) in the aphid
parasitoids Aphidius rhopalosiphi (Budenberg et al. 1992), Diaeretiella rapae
(Tylianakis et al. 2004), Aphidius colemani (Charles and Paine 2016) and Aphidius
ervi (Hogervorst et al. 2007); searching activity of Aphidius nigripes (Bouchard and
Cloutier 1984) and Lysiphlebus testaceipes (Grasswitz and Paine 1993); and intrin-
sic rate of increase of Lysiphlebia mirzai (Singh et al. 1996) and Lipolexis scutellaris
(Singh et al. 2000a). Costello and Altieri (1995) reported that Diaeretiella rapae
highly parasitisedMyzus persicae on clean cultivated broccoli, and Shlyakhovoi and
Bobonich (1975) observed that parasitism of Brevicoryne brassicae on cabbage by
Diaeretiella rapae was high if nectar-bearing plants are grown in its neighbourhood.
These positive effects on the parasitoid’s reproductive activity improve its effective-
ness of both conservation and augmentation biological control of aphids.

3.5.2.3.7 Interaction Between Transgenic Plants and Biological Control
Crop plants transformed to express toxin genes derived from Bacillus thuringiensis
(Bt) provide high levels of resistance to certain pest species, which is likely to have
consequent effects on parasitoids specialising on such pests. A better understanding
of the interaction between transgenic plants, pests and parasitoids is important to
limit disruption of biological control and to provide background knowledge essential
for implementing measures for the conservation of parasitoid populations (Singh
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2003). It is also essential for investigations into the potential role of parasitoids in
delaying the buildup of Bt-resistant pest populations. Introducing genetically
modified insect-protected crops into the agricultural landscape has a profound effect
on target herbivore abundance and distribution. Populations of specialised natural
enemies are expected to be reduced because vast acreages of crops will no longer
contain appropriate hosts. However, hosts should still be abundant in refuge
plantings designed to prevent the spread of resistance in the target herbivore
populations.

Behavioural choice tests with maize expressing the Cry1Ab toxin of Bt and larvae
of the predatory lacewing Chrysoperla carnea demonstrated that the predator
preferentially feeds on aphids rather than on lepidopteran larvae (the targets of the
Bt toxin) (Meier and Hilbeck 2001). This preference will reduce the exposure of
Chrysoperla carnea to Cry1Ab toxin since aphids do not ingest the toxin when
feeding on Btmaize (Raps et al. 2001). Population-scale laboratory experiments with
the aphid Myzus persicae and its parasitoid, Diaeretiella rapae, showed that the
parasitoid was as effective in controlling this nontarget pest on Bt and proteinase
inhibitor oilseed rape plants as on untransformed plants (Schuler et al. 2001).

3.5.2.4 Chemical Control
As far as possible, chemical control of aphid pests should be avoided as most of them
are fatal for honey bees and other pollinators and other beneficial insects, particularly
the parasitoids and predators of aphids. Only when the use of insecticide becomes
inevitable, then insecticides may be used to control the aphid population in different
agroecosystems (Dewar and Denholm 2017). The main aim with insecticide use
should be to select such insecticides that have minimal detrimental effect on
pollinators and natural enemies but are still effective on the insect mortality.

According to the crop, multiple applications of insecticides may be needed.
However, additional applications are only needed if live aphids are still present. It
is necessary that before purchasing the suitable insecticide and using it, all label
directions must be read and followed, specially the formulation and dosage because
the label is the law; therefore, the product label is the final authority on what crop or
areas the product can be applied and at what rate. Before purchasing an insecticide,
one should be sure to look on the package for active ingredient and select the product
with the proper active ingredient to control the pest. Spray should always be done
mid- to late evening for best result and to protect beneficial insects and also to avoid
any potential plant damage.

3.5.2.4.1 The Use of Insecticidal Soap or Horticultural Oil
The first choice of spray should be insecticidal soap (potassium salt of long-chain
fatty acids, 1–2% soap mixed with water) or horticultural oil as the application of
these covers the body of the aphids to close the spiracles that results to its suffocation
and death. The fatty acids also penetrate the body wall of the aphids and disrupt the
cell membranes due to which the cell contents leak out causing the insect to
dehydrate and die (Puritch 1981). These solutions when dry after the spray do not
leave residue, and any beneficial insect that arrives thereafter will not be contacted
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with these soaps or oils and remains alive. However, insecticidal soaps are generally
ineffective in controlling aphid populations, e.g. leaf curl plum aphid (Brachycaudus
helichrysi) or the woolly ash aphid (Prociphilus fraxinifolii), which are protected
inside distorted foliage or galls. Also, the use of soaps or oils should not be applied
on water-stressed plants or when the temperature exceeds 32 �C as these may be
phytotoxic to some plants. Common aphid species controlled with these types of oils
include the woolly apple aphid (Eriosoma lanigerum), green apple aphid (Aphis
pomi), rosy apple aphid (Dysaphis plantaginea), mealy plum aphid (Hyalopterus
pruni), black cherry aphid (Myzus cerasi), etc.

3.5.2.4.2 The Use of Biopesticides
The effective step-up from the soaps and oils is application of biopesticides which
are derived from plants (botanicals) and are in use in modern agriculture due to their
upper hand over synthetic insecticides as usually they are not toxic to nontarget
animals and are easily degradable. The use of pyrethrins, nicotine, azadirachtin,
rotenone, etc., is time-honoured insecticides; all are commercially available.

3.5.2.4.2.1 Nicotine
Commercially, nicotine (Black Leaf 40) is a formulation of nicotine alkaloid (95%)
and nicotine sulphate (40%). The alkaloid is derived from tobacco (Nicotiana
tabacum and N. rustica). It is highly toxic to a great number of insects including
aphids as a nerve poison. Since it is also very toxic to humans, it is banned in India
but is manufactured for export only. However, the household aqueous preparation of
tobacco leaves, garlic and neem gives promising result against cowpea aphid (Bahar
et al. 2007).

3.5.2.4.2.2 Pyrethrum
The pyrethrum is extracted from the flowers of Chrysanthemum spp. and Tanacetum
cinerariifolium. It is composed of four compounds: pyrethrins I and II and cinerins I
and II. The cinerins are more stable than the pyrethrins. This biopesticide can be very
effective in providing a relatively quick knockdown of aphids. This chemical attacks
the insects’ peripheral nervous system and for this reason has a rapid knockdown;
however, the insects soon recover to full activity. Therefore, some synergists are
added in the formulation. It is available as spray and dust for use against aphids on
fruit trees, vegetables and flowers. Commercial ‘Pyrethrum FS’ is based on pyrethrin
(sesame oil is added as a synergist) against aphids and other sucking insects. The
active ingredients are rapidly broken down by sunlight and are only effective for a
short time. It has been used against aphids in tomato (Verghese 2015).

3.5.2.4.2.3 Rotenone
Rotenone is found in the roots of several species of plants in the genera Derris,
Millettia, Tephrosia and Lonchocarpus. It is probably the second most used botani-
cal. Rotenone is a white to yellowish white crystal and is readily detoxified by the
action of air and light. It is a metabolic inhibitor (i.e. inhibits the respiratory chain,
the oxidation of NADH-linked substrate) and is a broad-spectrum contact and
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stomach poison that affects insect nerve and muscle cells, causing the insects to stop
feeding and die anywhere from a few hours to a few days after ingestion. Rotenone
has been shown to be an effective control agent of many pest species, including
aphids (Isman et al. 2011). Yi et al. (2012) have observed effective control of Aphis
gossypii by the spray of a mixture of rotenone and destruxins. The insecticidal
activities of destruxin have been observed against aphids (Robert and Riba 1989).

3.5.2.4.2.4 Ryania
Ryania is extracted from the stem and roots of a woody South American plant
Ryania speciosa. The active ingredient is an alkaloid ryanodine. Ryania is a stomach
poison that causes insects to stop feeding soon after ingestion. It is reported to be
most effective when used in hot weather. Ryania has been suggested to use against
aphids on trees (Veena 2009).

3.5.2.4.2.5 Azadirachtin
Azadirachtin is the most active compound found in neem (Azadirachta indica)
plants and is highly toxic to several insect pests such as cotton aphids, cotton
bollworms, brown plant hopper, cabbage butterfly, etc. Indeed, the neem plants
contain thousands of chemical constituents. Of special interest are the terpenoids that
are unique to neem. More than a hundred terpenoids are known from different parts
of the neem plant. Azadirachtin is one of the terpenoids. Several different kinds of
azadirachtins (A to K) have been isolated, the most abundant of which is
azadirachtin A. The neem terpenoids are present in all parts of the plant, in the
living tissues especially in the seed kernels. The commercial products of neem
(Neem®, Nimbicide®, Achook®, BioNeem®, Neemix®, Azatin®, etc.) work on the
metamorphosis of insects. Neem has been used with variable results to manage
aphids and other insects. The extract of neem reduces the population of several aphid
species causing high mortality and decreasing fecundity, as well as inhibiting
population growth in many crops, e.g. Acyrthosiphon pisum on pea (Stark and
Rangus 1994), Elatobium abietinum on spruce (Partridge and Borden 1997), Aphis
craccivora on cowpea (Ulrichs et al. 2001), Aphis (Toxoptera) citricidus on citrus
(Tang et al. 2002),Myzus persicae on pepper (Shannag et al. 2014), Sitobion avenae
on wheat (Shah et al. 2017; Matharu and Tanwa 2019) and other aphid pests.

3.5.2.4.3 The Use of Synthetic Insecticides
Both contact and systemic insecticides are available for the control of aphids,
primarily on ornamentals, although there are formulations for cereals, legumes,
vegetables and fruits. If an insecticide is to be applied on vegetables or fruits, the
label on the container must be seen as it will give specific directions as to when the
product can be applied prior to harvest. There are hundreds of chemical insecticides
with many formulations, but when it is established that chemical control is neces-
sary, a suitable insecticide should be selected. Such insecticides should have follow-
ing characteristics: (i) it should be safe to nontarget organisms but be highly efficient
to kill the target insects; (ii) it should not be phytotoxic nor should it impair the
germination of seeds and cause damage to flowers and fruits; (iii) it should not
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impart off-flavour of food materials; (iv) it should kill the target insects very quickly;
(v) it should be persistence in toxicity, i.e. it should maintain lethal action for a
longer period; (vi) it should be quickly degradable if persistence is not required; (vii)
it should be stable during longer storage; (viii) it should be cheaper and within the
reach of poor farmers; etc. (Dewar and Denholm 2017). However, these attributes
differ in different situations, and no one insecticide possesses all these desirable
attributes. In addition, one should be very careful in applying insecticides in agricul-
tural crops to control aphids.

It should be taken into account that not all insecticides can wipe out aphids. Often
the success of any insecticide depends on the timing and way of its application rather
than its chemistry. However, different kinds of insecticides are needed to work well
for different crops and different aphid species. It has been observed that sometimes
combinations of conventional insecticides, such as orthene, endosulfan, metasystox-
R, dimethoate and pyrethroids, may be superior. The use of carbaryl against aphids
must be avoided as it can be much more detrimental to their natural enemies. Any
insecticide should be applied only after proper monitoring the incidence of aphids
and its level of infestation exceeding ETL. Table 3.5 displays the type of active
ingredients of representative insecticides used nowadays, its formulation, mode of
action and possible danger.

Most of the insecticides used to control aphid population are systemic in nature.
Chemical control measures for following major agricultural aphid pests are given
below.

3.5.2.4.3.1 Aphis gossypii
In case of Aphis gossypii on cotton, the following steps should be applied to control
its population. Seed treatment with imidacloprid 60 FS @ 10 ml/kg seed or with
thiamethoxam 70 WS @ 5 g/kg seed keeps the crop free from aphids for a month. If
the plant is infested with aphids, spray of following insecticides controls the aphid
population: NSKE 5% @ 2.0 ml/l, clothianidin 50 WDG @ 0.075 g/l, imidacloprid
17.8 SL @ 0.25 ml /l, acetamiprid 20 WP @ 0.2 g/l and thiamethoxam 25 WP @
0.2 g/l.

3.5.2.4.3.2 Lipaphis erysimi
The most effective treatments against Lipaphis erysimi infesting a seed crop of
radish, menazon at 0.17 and 0.34 kg a.i./ha and oxydemeton-methyl at 0.34 kg a.
i./ha were recommended, which reduced the aphid population (Sekhon et al. 1980).
On cabbage, the treatment of thiamethoxam 0.01%, imidacloprid 0.01%,
acetamiprid 0.004% and methyl-o-demeton 0.025% provides considerable control
of Lipaphis erysimi (Vermora et al. 2010). On cauliflower, it can be controlled by
applying cypermethrin 10EC 400 ml/ha and chlorpyriphos 20EC 1000 ml/ha
(Krishna et al. 2009) or imidacloprid 17.8 SL @ 0.2 g/l and fipronil 5 SC @
1.0 ml/l (Dotasara et al. 2017).

The spray of flonicamid 0.02% at seedling stage, flubendamide 0.014% at
pre-flowering stage, azadirachtin 0.15% at 50% flowering stage and acephate +
fenvalerate 0.028% at 50% pod formation stage keeps the population of Lipaphis
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Table 3.5 Representative insecticides for aphid control and their active ingredients and mode of
action

Type of active
ingredient Representative chemicals

Mode of
action Crops

Anthranilic
diamides

Chlorantraniliprole,
cyantraniliprolel,
flubendiamide

Neurotoxic Apple, brassica leafy
vegetables, cereals, citrus,
cotton, cranberries, cucurbit
vegetables, grapefruit,
grapes, ornamentals,
potatoes, rice, spinach,
strawberries, sweet potatoes,
tomatoes, etc.

Carbamate Ethiofencarb, pirimicarb,
carbaryl

Neurotoxic Brussels sprouts, cauliflower,
celery, cereals, cotton,
cottonseed, cranberries, head
lettuce, lima beans,
macadamia nuts, peanuts,
peppermint, peppers,
soybeans, spearmint,
tobacco, vegetables, etc.

Juvenile
hormone
analogue

(S)-kinoprene, methoprene Insect
growth
regulators

Cereals, vegetables, brassica
crops

Flufenoxuron Chitin
synthesis
inhibitor

Brassica crops, tomatoes,
potatoes, chillies

Ketoenols Spiromesifen, spirotetramat Lipid
synthesis
inhibitor

Cotton, field corn, chilies,
brinjal, apple, tomato,
ornamentals, strawberries

Neonicotinoid Thiamethoxam,
acetamiprid, clothianidin,
dinotefuran, imidacloprid,
thiacloprid, sulfoxaflor,
flupyradifurone

Neurotoxic Apple, leafy vegetables,
brassica leafy vegetables,
cucurbit vegetables, cotton,
cereals, grapes, potatoes,
rice, pulses, chillies,
ornamentals, etc.

Organochlorine Endosulfan Neurotoxic Soft fruits, vegetables

Organophosphate Acephate, chlorpyriphos,
dichlorvos, dicrotophos,
dimethoate, malathion,
menazon, methamidophos,
methyl demeton,
monocrotophos,
parathion, phosphamidon,
quinalphos

Neurotoxic Apples, brinjal, brussels
sprouts, cauliflower, celery,
cereals, cotton, cottonseed,
cranberries,
chrysanthemums, head
lettuce, lima beans,
macadamia nuts, pea,
peaches, peanuts,
peppermint, peppers,
potatoes, sugar beet, sweat
potatoes, soybeans,
spearmint, tobacco, etc.

Phenylpyrazole Fipronil GABA
agonist

Rice, cereals, cotton,
sugarcane, chilli, oilseed
rape, vegetables

(continued)

162 R. Singh and G. Singh



erysimi on mustard crop (Kalasariya 2016). Shukla and Mishra (2010) observed
promising control of Lipaphis erysimi on taramira by applying dimethoate 0.03%,
monocrotophos 0.05%, methyl demeton 0.03% and acephate 0.02% proved to be
highly effective followed by dimethoate 0.02%, acephate 0.01% and methyl.

3.5.2.4.3.3 Myzus persicae
On cauliflower, Myzus persicae can be controlled by applying cypermethrin 10EC
400 ml/ha, flufenoxuron (400 ml/ha) and chlorpyriphos 20EC 1000 ml/ha (Krishna
et al. 2008). The following insecticides also give satisfactory results when applied in
proper concentration and formulation: chinimix, dichlorvos, endosulfan, M.I.P.C.,
malathion, methyl-o-demeton, phosphamidon, quinalphos, bifenthrin, cyfluthrin,
dicrotophos, ethiofencarb, fenvalerate, furadan, methamidophos, parathion, per-
methrin and pirimicarb (Singh 2015).

3.5.2.4.3.4 Aphis craccivora
In case of Aphis craccivora on cowpea, the following insecticides give promising
result: spray of methyl demeton 25 EC 500 ml/ha or dimethoate 30 EC 500 ml/ha.
Three sprays of chlorpyriphos 50% EC and cypermethrin 5% EC @ 2 ml/l after
15 days interval yield considerable control of the aphid (Dhakal et al. 2019).

3.5.2.4.3.5 Cereal Aphids
Worldwide, six species of aphids, viz. bird cherry oat aphid (Rhopalosiphum padi),
corn aphid (Rhopalosiphum maidis), English grain aphid (Sitobion avenae) and
Indian grain aphid (Sitobion miscanthi), attack several cereal crops, such as barley,
corn, millets, sorghum and wheat in India. The aphid damage is seen during grain
filling stage when both nymphs and adults damage the crops by sucking cell sap
from leaves and maturing grains. The infested leaves turn pale, wilt and have a

Table 3.5 (continued)

Type of active
ingredient Representative chemicals

Mode of
action Crops

Pyrethroids Fenvalerate Neurotoxic Cotton, corn, soybeans

Pyrethroids Allethrin, bifenthrin,
cyfluthrin, cyhalothrin,
cypermethrin,
esfenvalerate,
fenpropathrin, permethrin,
phenothrin, prallethrin,
tau-fluvalinate, tetramethrin

Nerve
poison

Almost all crops

Pyridine organic
compound

Flonicamid Inhibition
of the
stylet
penetration

Soft fruits, brassica crops,
vegetables

Spinosyns Spinosad, spinetoram Nerve
poison

All crops
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stunted appearance and cause heavy grain yield loss. A summary of registered
insecticides for use in cereal crops for controlling these aphids is given in Table 3.6.

3.6 Conclusions

The aphids as a group of sucking insects are very fascinating with regard to their
morphology, life cycle, behaviour, host–plant interaction, etc. Out of about 5110
species described, about 250 species are considered as notorious pests of hundreds of
agricultural and horticultural crops. Some aphids are monophagous, while few are
highly polyphagous feeding on hundreds of host–plants. Aphids excrete consider-
able amount of sugary liquid, honeydew, on which sooty mould usually turns them
black that hampers photosynthesis and respiration. The honeydew also serves as
food for ants, bees and their parasitic wasps. The aphids are unique on the account of

Table 3.6 Registered insecticides for control of cereal aphids

Active ingredient
Rate per
hectare Remarks

Seed treatment
Imidacloprid (600 g/l) 120–

240 ml/
100 kg seed

Higher rate for increased length of control in
high-risk areas

Thiamethoxam (210 g/
l) + lambda-cyhalothrin
(37.5 g/l)

165–330 l/
100 kg

Higher rate in areas where higher pest pressure is
expected or longer period of control required

Foliar spray
Acetamiprid 20SP 20 g a.i. Apply at heading stage

Alpha-cypermethrin (100 g/
l)

125 ml Apply at 3 and 7 weeks after emergence

Beta-cyfluthrin (25 g/l) 250–500 ml Use high rate in high-risk areas; apply at 5 and
9 weeks post seeding

Chlorantranilipride 18.5 SC 20 g a.i. Apply at heading stage

Chlorpyriphos (300 g/l) 200–300 ml Use higher rates if threshold is exceeded

Clothianidin 50 WDG 15 g a.i. Apply at heading stage

Dimethoate (400 g/l) 500 ml Apply 7 weeks after

Esfenvalerate (50 g/l) 100–300 ml Use high rate in high-risk areas; apply after 3 and
7 weeks

Gamma-cyhalothrin (150 g/
l)

10–15 ml Apply sprays 4 and 8 weeks after emergence

Imidacloprid 17.8 SL 20 g a.i. Apply at heading stage

Lambda-cyhalothrin (250 g/
l)

12–18 ml Apply sprays 4 and 8 weeks after emergence

L-cyhalothrin (15.4 g/l) 200–300 ml Apply sprays 4 and 8 weeks after emergence

Pirimicarb (500 g/kg) 250–300 g Apply if aphids have reached threshold

Sulfoxaflor 50–100 ml Do not apply to crop later than the flag leaf stage

Thiamethoxam 25WG 12.5 g a.i. Apply at heading stage

164 R. Singh and G. Singh



their peculiar mode of reproduction, development and the polymorphism. They may
reproduce either by parthenogenesis or zygogenesis. They may either be oviparous
or viviparous. Parthenogenetic reproduction allows rapid increase in numbers and
results in populations consisting of clones. Some species reproduce both partheno-
genetically and sexually (holocyclic species), whereas only few reproduce parthe-
nogenetically (anholocyclic species). The aphids are polymorphic, and both winged
(alate) and wingless (aptera) morphs may be found in the same colony. Several
factors, both biotic and abiotic, have effect on the formation of different phenotypes,
and each phenotype performs different ecological roles in the life history. Aphids are
frequently engaged in mutualistic associations with bacterial endosymbionts that not
only provide essential amino acids to them but also grant them protection from
natural enemies, protection from extreme temperatures, development of resistance to
a fungal pathogen and the ability to use a greater diversity of resources.

About 250 species of aphids are major agricultural and horticultural pests of
several crops. They damage the crops directly by sucking their nutrients, making
galls and hampering photosynthesis and respiration by the growth of sooty moulds
on the honeydew deposited thereon. Aphids also damage the crop indirectly by
transmitting hundreds of plant viruses. Because of their economic importance, their
population must be controlled to save the crops. There are several ways by which the
aphids are controlled both in glass houses and fields.
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