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CHAPTER -1

INTRODUCTION

Among cruciferous crops, cabbage has jams#éatus, grown in hill
and plain regions of India (Hill, 1975). Cabbagen@d only grown for seed
purposes but also for vegetable purposes. Norrttalge to four head crops
are grown in a year. The total area under this enothe world is 1628
thousand ha with an annual production of 25238 ¢hnd tons of heads
(Bhalla and Verma, 1990). In India total area undabbage crop is 78
thousand hectares with an annual production ofthbisand tons of
cabbage heads (Kaul, 1998). Cabbage not only setwesimportant
vegetable for Indians, but also generates employnasnthe crop is grown
through out the year. The seeds of cabbage growamperate regions have
best surveillance, earn foreign exchange amourtbngupees 100 crores
annually (Bose and Som, 1993). In India total areder the seed crop is
one thousand hectares with an annual producti@® & thousand quintals

(Anonymous, 2001).

There are various insect pests, which attack theiferous crops and
some times infestation is so serious that plantsdgauded. The major
insect pests that attack the crucifers are; Cabbaggerfly, Pieris

brassicae Lin. (Pieridae:Lepidoptera); Cabbage aphiBrevicoryne



brassicae Lin. (Aphididae : Homoptera); Dimond back moRiutella
xylostellaLin. (Plutellidae : lepidoptera); Cutworn@grotis ipsilon Rott.
(Noctuidae:lepidoptera); Mustard saw flyAthalia proxima Kilug.
(Tenthredinidae : Hymenoptera); Cabbage wordellula  undalisFab.
(Pyralidae:Lepidoptera); Cabbage painted agrada cruciferarunKirk.
(Hemiptera : Pentatomidae); and Cabbage flea b&étyHiotreta striolata
Fab. (coleopteran:chrysomelidae) Sreekanth and B2@Q4). Normally 15
to 20 sprays of pesticides are being used duriagtbp-growing season in
India. This indiscriminate use of pesticides ledds secondary pest
outbreak, resistance to insects, environmentaupofi and human health
hazards (Gupta, 1984) besides being cost intentigggoor farmers do not

have adequate resources at their disposal to tarychedule of sprays.

Out of the dominant insect pestscabbage, Cabbage aphid
Brevicoryne brassicaegg major pest of crucifers is attacking the cropriro
seedling stage up to the harvest of the crop (Hhdgeret al, 1997). This
pest has the capability to resist the freezing eampres during winter
(Malik et al.,1972). Various bio agents has been found assoarathdhis
pest throughout the crop growing period. Out ofsthbio agents the most

common are Syrphid flies commonly known as Hovéssfl Sun flies,



Drone flies etc., that constitute 180 genera ar@&pecies (Vockeroth and

Thompson, 1987)

Syrphid flies have been reported all over the dad well in India
and in Kashmir valley (Bhagat and Lone, 1984). Adsyrphid flies
resemble bees and wasps. Eggs are usually laileote@ves of cabbage.
Syrphid flies are economically very important asytltact as pollinators of
crops and also act as bio agents feeding usuallyagmds such as

Brevicoryne brassicae, Myzus persicae, Lipaphisiaryetc

Keeping all above facts in view the present ingadions entitled
“Relative abundance and feeding potential of sydlyi on cabbage aphid,

Brivicoryne brassicae’are aimed at with the following objectives :-
1) To study the relative abundance of syrphidflie
2) to study biology of syrphid fly, and

3) to study feeding potential of syrphid fly

Chapter — 2



REVIEW OF LITERATURE

In nature, every crop pest has its own naturaimée® in the form of
parasites, predators and disease causing orgarasswiating with the crop
ecosystem. These natural enemies play a signifiodain suppressing population
of insect pests of crops, fruits and vegetablesbb@ge aphidBrevicoryne
brassicaea major pest of cabbage is associated with the ttn@ughout the year,
although the different workers in different state India and abroad have

recorded association of natural enemies with tlinédap

Among various bioagents of aphids, syrphid fliee af prime
importance. These are commonly known as “hoves’fliéflower flies”,
“sun flies” and “drone flies” and play a vital role suppressing the
population of aphids. The literature pertaininghe objectives of study has

been reviewed under the following heads :
2.1 Relative abundance of syrphid flies
2.2 Biology of aphidophagagous syrphids
2.3 Feeding potential of syrphids

2.1 Relative abundance of syrphid flies

Metcalf (1912), Patel and Patel (1969), Raychatidéiual. (1979),

Laska and Stray (1980), Agarwelt al. (1981), Ghoshet al. (1985),



Makhmoor and Verma (1987), Bhagat and Masoodi (1288 Kotwalet
al. (1989) studied the incidence, population build rtgdative abundance
and predation of syrphid flies and the workers wefdghe opinion that

syrphid flies are the most important predatorsptfids .

Kumaret al. (1988) reported the population build up and disjer
of immature stages of aphidophagus syrphids (SgigahiDiptera) on ray,
Brassicae juncedoss. The egg and larval populations of aphidophagu
syrphids, Episyrphus balteatus, Ischiodon scutellasis, Sphatearia
Indiana, Metasysphus confrater, Metasyrphus latilatus and Scaeva
latimaculatawere recorded iBrassica juncedields in Punjab (India) in
December-March 1984-85 and 1985-86 at weekly iadsrvDispersion of
egg and larval populations was non-aggregated \at dod high aphid
densities and aggregated at intermediate densi@ibagatet al. (1988)
reported that four species of syrphids viEpisyrphus balteatus,
Macrosyrphus confratefMetasyrphus corollae ardlyrphus pyrastenvere
found as natural enemies Aphis pomiinfesting apple trees in Kashmir

valley.

Wrattenet al. (1995) studied the phenology and ecology of hover
flies (Diptera : Syrphidae) in New Zealand. The tabundant species

recorded werd/lelanostoma fasciatumndMelangyna novaezelandid®th



of which are aphidophagus.

Joshiet al. (1999) reported species complex, population dgrsid
dominance structure of aphidophagus syrphids inpeawecosystem. Six
species vizParagus serratgFabricius)Paragus yerburlenst§Stukenberg)
Ischidon scutellartgFabricius)Dideopsts aegrotéFabricius),Betasyrphus
linga (Ghorpade) andetasysphus fletche(Ghorpade) were identified to
form the predatory syrphid complex d&phis craccivora (Koch) in
Bangalore. The seasonal abundance of these spsEtw®ged remarkable
variations.Aphis Craccivoravas found to be preyed upon by three species
of syrphids in summer and four species in Kharibssm of 1996.
Population density and dominance of these speoses also influenced by
seasonal variationslschidon scutellasisvas dominant throughout the crop
seasons during both the yea®yrphus fletchenwas found to feed oA.
craccivora infesting pigeon pea during January-Mach. The isgec
remained active in the field throughout the crogsea; syrphid larvae were
relatively more abundant from mid of April to mid dMay. The study

demonstrated a prey-dependent syrphid predator o&fi:100,
2.2 Biology of aphidophagus syrphids

Syrphid flies have been reported most importarédators of

Brevicoryne brassicaeTheir importance has been recognised because of



synchronization of their life cycle witB. brassicae

Khan and Yunus (1970) reported that mean eggalapupa and
adult period of Syrphus balteatusvas 2.0, 7.9, 9-10 and 15.5 days,
respectively. It completed its life cycle in 34.8yd when fed on mustard

aphid (ipaphis erysimKalt.).

Siddiqui and Krishnaswamy (1972) reported thapisyrphus
balteatuswhen preyed upon aphiBhylloxera quercusthe egg, larval and
pupal period was 2.4, 22.2 and 13.1 days, resgygtat 19C and 2.3, 15.0
and 11.7 days at 22.However, the size and longevity of the emerging
adults ofSyrphus corollagFab.) is influenced by the quantity of the food

eaten by the larvae during its life span (Cornedind Barlow, 1980).

Sharma (1983) reported that the egg, larval, pppabd and adult
longevity of Episyrphus viridaurausvhen preyed upoil. brassicaewas
3.2, 9.5, 8.4 and 14.0 days, respectively. Howelariwal et al, 1989) in
the same investigation reported that the eggalapupal period, adult
longevity and total life span of this species uploa same aphid was 4.6,

11.4, 9.8, 5.6 and 31.4 days, respectively

Rotheray (1984) studied on the host relationdphgyand parasitism
on some aphidophagous syrphids (Diptera) and regppdhat to elicit egg

release, females require a stimulus from the hasirolymph.



Ghosh et al. (1985) conducted a survey in the North-western
Himalayas in India and reported 10 species of sgghs predators of 34
species of aphids infesting 30 different host @aitwvo of these syrphids,
Metasyrphus latifasciatusind Syrphus fulvifaciesare reported as aphid
phagous species for the first time in India. Thepbkid species and their
aphid prey are listed together with details of thebitats and season of
activity. The syrphids preferred aphid speciesstifg herbaceous plants

and were active from March to October with a peafypation in June.

Syrphid fly species have different developmentiqals influenced
by the environmental factors and food availabilitdakhmoor, 1985).

Makhmoor and Verma (1987) reported that incubatiarval and
pupal period oE. balteatusuponB. brassicaavas 3.0, 13.4 and 16.2 days,
respectively during December-January whereas, thennuuration of %,
2" and ¥ instar was 3.1, 4.5 and 5.8 days, respectivelypatimum and
minimum temperature of 14.3 and ¥lwith a relative humidity of 75 per
cent. At the same temperature, the longevity of atech male and female
was 44.2 and 54.9 days, while the longevity of miatele and female was
19.8 and 60.2 days, respectively. They also obsdetiat during March-
April at a maximum and minimum temperature of 18nl 13.6C with a

relative humidity of 65 per cent, the incubaticaxval and pupal period of



the same species was 2.0, 11.8 and 11.1 days,cteshe whereas the
mean duration period of L 2 and & instar was 3.2, 4.2 days,
respectively. The longevity of unmated and matederaad female at this

temperature was 27.4, 31.8 days and 0.7, 35.0 dagfsectively.

Kotwal et al. (1989) reported the developmental biology andifegd
efficiency of four predatory syrphids:pisyrphus viridaureus, Scaeva
pyrastri, Metasyrphusp. andvietasyrphus confrateon the cabbage aphid
Brevicoryne brassicaeEpisyrphus viridaureusconsumed the maximum
number of cabbage aphids (464.4), followedSyphus pyrastr(409.8),

Metasyrphuspp (353.8) antetasyrphus confraté298.7).

Sunil et al. (1999) carried out studies on the biology and ifegd
potential of Betasyrphus fletcheri, Betasyrphus linga, Dideosagrota,
Ischiodon scutellasis, Paragus serrataisd Paragus yerbusiensifeeding
on the cowpea aphidiphis craccivora Adult mating and larval feeding
behaviour were maintained at 26€2and 75+2% relative humidity. The
developmental period of these predators from eggdalt emergence
ranged from 20.1 to 25.8 days. There were threalanstars and the last

instar was the most voracious.

Satheet al. (2004) reported the diversity, distribution, sewdo

occurrence and biology of syrphids and highlighteeir potential in the



biological control of aphids in India.
2.3 Feeding potential of syrphids

Sundby (1966) reported that mere number of apardsconsumed
during winter season in comparison to spring seasocase ofSyrphus

rebesii

Roy and Basu (1977) reported predation rateSyosphus balteatus
as 22.5, 91.7 and 395.8 aphidsLigdaphis erysimpper larva in T, 2" and
3% instar, respectively. The total consumption bebd§ aphids per larva
during the total life span at a mean temperatur@ @f2C and relative

humidity of 895 per cent.

Tawfix et al. (1974) reported the aphid consumption Syfrphus
corollae, Metasysphus corollae, Ischiodon scut&laiSyrphus pyrastri
Syrphus confraterand Macrosysphus confratedepends upon different

species of aphids and environmental factors.

Gorpada (1981) reviewed the published work Aphidophagous
syrphidaefrom India and neighbouring countries and listetl species,
predating upon a total of 542 species of inseatshis compilation only 16

species of syrphids were reported predating omilrgtard aphid.

Sharma (1983) reported two species nanMétasyrphus corollae



and Syrphus Indianawhich were found predating upoBrevicoryne
brassicag(Lin.). Similarly, Kotwalet al. (1984) reporte@®yrphus pyrasteri

Metasyrphusp. predating upon the cabbage aphid.

Sharma (1983) reported that a single larvaeEofviridauraus

consumed 244.43 individuals Bf brassicae

Bhagat and Lone (1984) reported that three sp@tisgrphids viz.,
Episyrphus balteatus, Syrphus Indiarend Syrphus spp were found
predating on different species of aphids from Kashralley. Agarwalet
al. (1984) while reviewing the published work on amlnbagus syrphidae
from India, reportedBetasyrphus serariy€pisyrphus balteatydschiodon

scutellasisandMetanostoma orientalpredating upon the mustard aphid.

Laska (1984) reported that the quantitative apkeiguirement per
day of E. balteatusvaries between 0.5 to 15.0 mg depending uponitee s

and instar of larva.

Makhmoor and Verma (1987) reported tikatbalteatusconsumed
218 individuals ofB. brassicaeper larva during December-February at
maximum and minimum temperatures of 14.5 and®.Wwith a relative
humidity of 75 per cent and 202 individuals of capé aphid during
March-April with a corresponding maximum and minmmaéemperature of

19.4 and 13 with a relative humidity of 65 per cent. Similar



observations for more consumption of aphids dunmgter season in
comparison to spring season in caseSgfphus rebesdnave also been

reported (Sundby, 1966).

Patro and Behera (2002) studied thiogjoand feeding potential of
Sphaerophoria javan@Weid) on the bean aphiiphis craccivora(Koch)
under laboratory conditions at 27.9+#Cland 85.7+5.2 per cent relative
humidity and found that the egg, larval and pugabes occupied 1.96
+0.07, 6.30£0.22 and 5.38+0.04 days, respectivEthe total life cycle was
completed in 14.02+0.2 days. The per day consummfo®, 2" and &

instar larvae was 12.7+2.2,69.4+7.4 and 112.2+@ghids, respectively.

Vermaet al. (2006) reported that the four species of syrphids,
Episyrphus balteatus, Eupeodes frequens, Metaagrptorollae and
Betasyrphus serariusvere found predating upofiphis faba They reared
these four species under laboratory conditionsfandd that the average
number of aphids consumed per larvae were 4162820 , 354,40 and

288.75 for all the four predators.



Chapter — 3
MATERIALS AND METHODS

The present investigations were carried out in fiell and laboratory
conditions during the year 2006-07 at main camgusher-e-Kashmir University

of Agricultural Sciences & Technology of Kashmihaiimar, Srinagar.
3.1 Raising of cabbage crop

Twenty five days old seedlings of cabbage (vartatd) were
obtained from Department of Agriculture, Governmesit Jammu &
Kashmir, Srinagar and transplanted off 8ctober 2006 at a spacing of 50
x 50 cm (Plate-1). All package of practices recomdesl by SKUAST-K
were followed during the crop growing season, ekceysecticidal

treatments. In order to raise the crop in an itsde free environment.
3.2 Relative abundance of syrphid fly

The relative abundance of syrphid flies in cabbagesystem were
recorded by collecting the adult flies with theghef insect collection nets.
Collections were carried out at weekly intervalgshe morning, afternoon
and evening hours, during the crop growing seasom 3¢ November
2006 upto 11 June 2007. Samples collected were preserved artdtse

IARI, New Delhi for identification.



3.3  Studies on biology oEpisyrphus balteatus

Gravid females oE. balteatusvere collected from the cabbage crop
with the help of a hand net and were confined esglchimneys for egg
laying (20 cm x 15 cm) [Plate-2]. The top of thenshey was covered with
musline cloth tied with the help of a rubber baAghid infested cabbage
leaves, with their petiole dipped in water in asglaial (50 cm x 2.5 cm)
were kept for egg laying among aphid colonies. Eomg shoots of
mustard Brassica compertrid. var. sarson L.) and 10 per cent sugar
solution soaked in cotton swab were also kept enxdch chimney to
provide food for the adult flies. Eggs were theteaftransferred to
petriplates (15 cm x 15 cm) with the help of firerel brush for hatching.

Following observations were recorded.
3.3.1 Incubation period

Incubation period was studied by using ten fresldid eggs,
obtained from laboratory culture and placed siraylgr filter paper in close
petriplates (15 cm x 15 cm) in the laboratory. Epefriplate represented
one replicate. Eggs were examined with the hel@ dfand lense (10 x
magnification) thrice a day, to record the hatchimbe time period from
laying of an egg to its hatching was computed #whereplication to record

the incubation period. Mea®stD was worked out to record the average



period of incubation for eggs &pisyrphus balteataBeGeer.
3.3.1.1 Instar-wise larval period

For this purpose, ten numbers of maggots were feaesd to
petriplates (15 cm x 15 cm). The maggots were plexVi with aphid
infested cabbage leaves and examined twice a deypriesence of cast off
integument was taken as the period of cessatianefinstar and the start
of next. Mean$.D were computed for each instar of maggot to tietiee

instar-wise maggot period &pisyrphus balteatuBeGeer.
3.3.1.2 Pre-pupal and pupal period

Pre-pupal period was recorded when a maggot reldtxéeeding to
enter into pre-pupal stage and pupal period wasrded when a maggot
completely stopped feeding, till an adult syrpHidédmerged out of it. Ten
such maggots were transferred individually for pigggttion and pupation in
petriplates (15 cm x 15 cm) which were providedhwatdditional leaves.

The pupae were not disturbed till the adults enckaé.

3.4 Sexratio

The ratio between the total number of male andidbed number of

female syrphid flies, emerged out from the sameofogpupae, constituted



sex ratio. One hundred twenty five pupae, in figplications of 25 each
were collected from the culture raised in the labany kept separately
under glass chimneys (20 x 15 cm) and subsequerdtghed for adult
emergence. The flies were sorted out into malefamdle syrphid flies on
the basis of abdominal breadth, presence and absgnovipositor and
general size. Females had broader abdomen, havipgsited and were
larger in size than males. Mean sex ratioEgisyrphus balteatusvas

computed.
3.4.1 Adult longevity

Adult longevity was denoted by the time an aduyltphid fly
emerged from the pupa till its death. For this pge five pairs of adult
syrphid flies immediately after their emergencenfradhe pupa were
separated and transferred to glass chimneys camgailowering shoots of
mustard Brassica compestrid. var sarsonL.) and 10 per cent sugar
solution soaked in cotton swab, maintained at apezature of 25-3T
(mean 27.%C) and relative humidity of 65-70 per cent (mean56q).
Periodical observations were recorded after evdrizn@urs to compute the

average period of survival of flies (sex-wise) éach replication.
3.5 Fecundity oEpisyrphus baltealuBeGeer

To know the fecundity ofE. baltealusfive pairs of flies were



released in glass chimneys containing flower shajotnustard Brassica

compestrisL. var sarson L.), 10 per cent sugar solution sdakecotton

swab and aphid infested cabbage leaves for eggdaytach chimney
represented one replicate. Infested cabbage leasss removed and
examined twice a day to mark the freshly laid eggse total number of
eggs laid by each female during each day were exadnwith the help of a
hand lense (10 x magnification) and were recordedcompute the

fecundity.
3.6  Predatory potential ofEpisyrphus balteatuPeGeer

The predation potential of the larvaekfbalteatuswas studied by
providing counted number of aphidBrévicoryne brassicaé.) on fresh
cabbage leaves. Total humber of aphids consumeeabip of the larval
instar were recorded after every 24 hours. Thegtoeg maggots just after
hatching were transferred and confined individuathypetriplates (15 x 15
cm) and provided with hosts of different densities, 20, 40, 80 and 160.
Each density with one predator was replicated ¢haad the petriplates
were examined after every 24 hours and the nunfiqerey consumed were
observed. The number of aphids left unpreyed wemsowed and a known
number of fresh aphids were provided in all treattselaily. The predation

potential was worked out on the basis of total nemdf aphids consumed



per larva during its entire larval period.
3.7  Statistical analysis

The statistical analysis was done in consultatiih the Division of
Agri-Statistics and Economics, SKUAST-K in R-Soft@awhich is the
implementation of Box, Hunta and Hunter (1978). ivas degrees of
predatory potential oEpisyrphus balteatu®eGeer were obtained under
the statistical model i.e. Completely RandomizedsiBe and a complete
inference and conclusions were drawn between théapory potential and

the host density levels.



CHAPTER -4
Experimental findings
The findings of the present investigation on tRelative Abundance and

Feeding Potential of Syrphid fly (Dip) on Cabbageh#l Brevicoryne brassicéde

are presented under the following heads :
4.1 Relative abundance of syrphid flies

The syrphus species collected in the cabbage stmsybelonged to
family syrphidae and sub-family syrphinae (TableAYotal of 646 syrphid flies
from five genera and 5 species were collected dutive crop growing season
(Plate-3).Helophillus vittatusWeid was found to be the most abundant species
(23.99%) and the least abundant (3.56%) B@stalis sp. The order of abundance
was Helophillus vittatus Weid (23.99%), Eristalis tenax Lin. (21.98%),
Helophillus sp. (19.04%),Syrphussp. (12.69%),Episyrphus balteatu®eGeer
(9.44%) Helophilus bengalensi/eid andSphaerophoria Indian®&8igot (4.64%)

andEristalis sp.(3.56%) [Fig. 1].

The syrphid population showed a decreasing trendh fNovember to
January and from January onwards it increased dynte. The least number (2)
was recorded in the month of January and the higf2&l) was found in the

month of June.

4.2 Incubation period
The results presented in Table-2 depicts thainttgbation period of eggs

varied between 2-4 days, with an average of 2.&0days.



4.3 Instar-wise larval period

The maggots dE. balteatugpassed through three developmental stages by
two moultings and three instars and each instaumied different duration
(Table-3). The instar-wise maggot period Bf balteatusDeGeer was studied
under laboratory conditions at the temperaturese8@C (mean 27.%C) and the
relative humidity of 65-70 per cent (mean 67.5%)e Three consecutive maggot
periods were completed in 2-3 (mean 2.2+0.422 d&yd)(mean 3.4+0.516 days)
and 4-5 (4.5+£0.527 days), respectively with thaltotaggot period of 9-12 days

having an average of 10.1+1.286 days (Plate-4).
4.4  Prepupal and pupal period

The full grown maggot oE. balteatusbegan to show slight decrease in
movements and the body length got stretched andlesivep, prior to entering

into pre-pupa.

The pupae are whitish to greyish white in coldamgad and round at the
anterior part and narrower at the posterior pane posterior end was somewhat
oval in shape (Plate-5). The pupation took placettan under surface of the
leaves. The total pre-pupal period was observelletmne day while the total
pupal period ranged from 9-12 days, with an avede0.2+1.033 days (Table-

4).
4.5  Adult longevity

The adult longevity of both sexes Bf balteatusDeGeer was studied



under laboratory conditions at the temperaturese8@C (mean 27.%C) and the

relative humidity of 65-70 per cent (mean 67.5%)e Tesults presented in Table-
5 revealed that the female syrphid flies had longer span than males. The
female flies lived for 29-33 days, with an avera§&1+1.581 days while as male

lived for 21-24 days with an average of 22.2+1.88¥s.
4.6 Pre-oviposition and fecundity period

The data collected on pre-oviposition period Ef balteatusDeGeer
revealed that the female started egg laying 5-% dayerage of 5.8+0.832 days)
after emergence. The oviposition period ranged f&dn26 days with an average
of 24+2 days. The eggs were laid singly in the dptwlonies (Plate-6) in a

scattered form.

The results enumerated in Table-6 indicated tiatfg laying capacity of
each female ranged from 187-258 with an avera@d 5f4+28.88 eggs during the
oviposition period.

4.7 Sex ratio

The results presented in Table-7 for female-maleratio ofE. balteatus
DeGeer revealed that out of 225 pupae taken fagrghtion in 25 batch each, 117
adult syrphid flies emerged out. Out of 117 adlidtsf 60 were females (Plate 7)

and 57 were males. The overall female-male se® vadis recorded as 1:0.95 and

the per cent adult emergence worked out to be 8.€ent.

4.8  Predatory potential ofEpisyrphus balteatueGeer onBrevicornye



brassicae

The Episyrphus balteatu®©eGeer larva were found to be potentially
important biocontrol agents @&revicornye brassicaelhe predation phenomena

of E. balteatusvas conspicuously observed in different instalaté3).

The consumption of*linstar maggot of the predator ranged from 10.66-
13.33 aphids, with an overall mean predation 0f8240.56 aphids per day
(Table-8). It was observed that the predator triewwdeased day by day. At the
predator prey ratio of 1:160, the highest mean womion of 13.33 aphids was
observed. The rate of prey consumption decreasdd the increase in prey
density as it was 53.3 per cent at the predator gato of 1:20 but 8.33 per cent

at the predator prey ratio of 1:160.

The functional response showed positive corretatidt was observed that
the predation increased with increased prey derfBity. 2). Biotic and abiotic
factors including increased availability of foodosled significantly higher
influence on the predator to the varying numberpody. Different days had
fluctuating different environments, but continudusrease of the prey density
was available all the days that indicated correfatbetween the prey and the

predator.

The 2% instar maggot revealed that throughout the preysitie of 20, the
predator potential was 100 per cent but it decbasgiéh the increase of prey

density viz., at 160, the predator potential coraguto be 20.83 per cent. The



mean consumption of the prey increased from 2MEBt33 at the predator prey
ratio of 1:20 to 1:160 (Table-9). A gradual increds the mean consumption
could be found by the"? instar maggot of. balteatuscontrary to I instar
maggot which showed regular pattern of mean contiompf prey. However,
instar maggot on comparing with thé hstar maggot, showed an increase of
11.82+1.139 in finstar to 27.99+5.91 in"2instar, while drawing the regression

plot the regressin line was the same (Fig. 3).

While interpreting the data (Table-10) regarding pinedatory potential of
3 instar maggot of the predator it could be seert timost 100 per cent
consumption of the prey was registered. The measwuoption ranged between
20.00 to 68.08 at the predator prey ratio of 1@2@:1.60. The overall mean and
standard error of predation was computed to be941.91. Again increase in

prey density showed the positive functional respdmsthe predator (Fig. 4).

Table-11 shows the feeding potential of all thee¢hinstars together. It
depicts that the mean consumption ranged betwe&8 16 38.25 at the predator
prey ratio of 1:20 to 1:160. The overall mean atashdard error of predation was
computed to be 29.26+9.810. Fig. 5 shows comprébemsedation potential of

1% 2" and & instar together.



CHAPTER -5

Discussion
The recent history of insect resistance, resugenpests, and outbreak of

secondary pests pronouncedly suggest that pestgmiaast requires a holistic
approach. It has now been admitted that use of ida¢srdo not often hold down
pest numbers because of pest resurgence and secqrelst outbreak. It is,
therefore, imperative that more attention has td aunderstand the strategies of
survival by the bio-control agents so that these aunter acted effectively and
more consistently.

The procedure may include scanning tiecbntrol agents from the
organisms point of view to ascertain functionaatieinship and attributes of pest

population. The present investigation is discusseter the following headings :
5.1 Relative abundance of syrphid flies

The relative abundance of syrphid flies showedrefsing trend from
November to January due to decrease in temperahderom mid of February
when the temperature stabilises, it showed inangasiend up to June. The
maximum number (281) of syrphid flies were foundhe month of June and the
minimum number (2) were found in the month of JapuAmong the various
speciesHelophillus vittatus (Weid) was found most abundant (23.99%) and
Eristalis sp. was found least abundant (3.56%). These findings ia close
conformity with the results of Jennifer and Gilb€i989) who observed that

syrphid flies are less abundant in harsh months tduanfavourable weather



conditions and their number increases when theitond become favourable.
5.2 Biology ofEpisyrphus balteatuPeGeer

Observations on the biology dE. bateatusfound predating upon

Brivicoryne brassica@nder laboratory conditions are as under :
5.2.1 Incubation period

The incubation period ranged from 2-4 days, withaaerage of 2+0.6
days. These findings are in close agreement wihréisults of, Makhmoor and
Verma (1987) reported the incubation period of @a@s during March-April and
that of Khan and Younus (1970) recorded the meanbation period of 2.0 days
in E. balteatus Siddiqui and Krishnaswamy (1972) reported thellbation period
ranged from 2-5 days, and Sharma (1983) reportexhrmeubation period of 3.2

days inE. balteatus.

5.2.2 Larval period

The three larval instars @&pisyrphus balteatu@©eGeer) were completed
in 2-3 (mean 2.2+0.4), 3-4 (mean 3.4+0.5) and 4aBgn 4.5+0.5) days with a
total maggot period of 9-12 (mean 10.1+1.3) dayshat mean temperature of
27.5C and relative humidity 67.5 per cent. These figdiare in close agreement
with the reustls of Makhmoor and Verma (1987), wiported the mean duration
of 1% 2" and & instar as 3.1, 4.5 and 5.8 days. Sharma (1988)rded the

mean larval period of 9.6 days i balteatus Khan and Yunus (1970), reported



that the mean larval period Bf balteatusvas 7.9 days.
5.2.3 Prepupal and pupal period

Theprepupalperiodranged from 0 td day with anaverageof 1+0 daysat

the mean temperatuoé 27.5°C andrelative humidityof 67.5per cent.

The pupal period ranged from 9-12 days with anraye of 10.2+1.03
days. These findings are in corroboration with tieservations of Khan and
Yunus (1970), who reported the average pupal pexic@10 days, Roy and Basu
(1977) also reported the mean pupal period of 188&, however, Siddiqui and

Krishnaswamy (1972), reported the mean pupal pexidd8.15 days.
5.2.4 Adult longevity

The findings revealed that the female adult fliedl longer than the male
adult fly. The female lived for 29-33 days with @am of 31+1.6 days, while the
male lived for 21-24 days, with a mean of 22.24days at the mean temperature
of 27.5C and relative humidity of 67.5 per cent. Thesalifigs are in close
conformity with the results of Makhmoor and Verni®&7), who reported that

the longevity of male and female syrphid fly was4#2and 31.8 days.
5.2.5 Fecundity

The egg laying capacity ranged from 187-258 with aerage of
215.4+28.9 at the mean temperature of 2Z+and relative humidity of 65.5 per
cent. These findings are in close conformity whke findings of Makhmoor and

Verma (1987), who recorded 245 eggs per femaleupieodes confrateand 400



eggs per female d&pisyrphus balteatus
5.2.6 Sexratio

The overall female male sex ratio has been redomdée 1:0.95 which is
in close conformity with the findings of Chanyuvad@976), who recorded sex

ratio of 1.1 inChilocorus bijugus

5.3 Predatory potential ofEpisyrphus balteatu®n Brevicoryne brassicae
The present study revealed that Bpsyrphus balteatugzas undoubtedly
a potential and important biocontrol agent of caabaaphid, Brevicoryne
brassicae The data in Table-8 revealed that ihstar maggot on an average
consumed 11.82+0.56 aphids per day at an averaggetature of 27+LC and 65
per cent relative humidity. These findings are limse conformity with Roy and
Basu (1977), who reported mean consumption®bingtar larva as 11.25 aphids

per day.

The 2% instar maggot oEpisyrphus balteatusn an average consumed
with 27.99+1.07 aphids per day as also reportedRby and Basu (1977), who

computed mean consumption of 30.3 aphids per day.

The predatory potential of%instar larva was found 47.99+1.09 per day.
These findings are in close conformity with Makhmand Verma (1987), who
also reported that the mean consumption ©f iBstar larva of Episyrphus
balteatus was 53 larvae per day. Roy and Basu (1977) regotite mean

consumption of § instar larvae oE. balteatust9 larvae per day.



CHAPTER - 6
Summary and Conclusion
The present studies on “Relative abundance andinfigepotential of

syrphid fly, Episyrphus balteatuen cabbage aphi@revicoryne brassicaenere
carried out during 2006-2007 in field as well astie PG laboratory of the

Division of Entomology, SKUAST-K, Shalimar.

The findings with respect to the relative abun@garimiology and feeding

potential ofEpisyrphus balteatu®®eGeer) has been summarized as under :

» Phenologically, the predatoBpisyrphus balteatufDeGeer) maggot and its
host Brevicoryne brassicaeemain together in natural habitat. The predator
which is an effective and predominant biocontrokergand underwent
through several metamorphic stages, viz., eggethraggot instars, pupa and

adult plays a vital role in suppressing the popaoitedf aphids

» Maximum number of flies were found in the monthJofne and minimum
number in the month of Januakelophillus vittatugWeid) was found most

abundant and the least was fourristalis species
» Incubation period ranged from 2-4 days with an agerof 2.8+0.63 days.

» The three grub periods were completed in 2-3 (m2a&0.4), 3-4 (mean

3.4+0.5) and 4-5 (mean 4.5+0.5) days. The totalgotgeriod ranged from



»

»

»

»

»

»

»

»

9-12 days, with an average of 10.1+1.3 days.

The prepupal and pupal periods ranged from 0-1 &A@ days, with an

average of 1+0 and 10.2+1.03 days, respectively.

The adult longevity ranged between 21-24 days falerand 29-33 days for
female. The female flies lived longer than malee Taverall adult longevity

period was 22.2+1.3 days for male and 31.0+1.6 f@yfemale flies.

Females oEpisyrphus balteatuid 187-258 eggs with an average of 215.4
+28.8 eggs during its entire ovipositional perideggs were laid singly

among aphid colonies.
The overall mean female to male sex ratio was coetpio be 1:0.95.

The maggots ofEpisyrphus balteatusvere found as predominant and
important biocontrol agents ddrevicoryne brassicaeOnly three maggot
instars were found predating upon the aphids, wheradults were found to
suck nectar from flowers. Studies on the functioraponse of almost all the
three maggot instars of the predator with differelensities of prey of
Brevcoryne brassicaeevealed that with the increase in prey denstigre

was also an increase in the predation.
The T'instar maggot consumed on an average 11.8+0.58sapér day.
The 2%instar maggot consumed on an average 27.99+1ddsaper day.

The 3% instar maggot consumed on an average 47.99+1Hidsper day.



Conclusion

Syrphid flies were more abundant during the spand summer months and
are less abundant during winter. Total of 5 gerer@d 5 species of syrphid
flies have been identified. Their abundance wasdoin the order of
Helophillus vittatus Weid (23.99%), Eristalis tenax Lin. (21.98%),
Helophillus sp. (19.04%), Syrphus sp. (12.69%), Episyrphus balteatus
DeGeer (9.44%)Helophilus bengalensig/eid andSphaerophoria Indiana

Bigot (4.64%) andEristalis sp. (3.56%).

Episyrphus balteatugDeGeer) observed to complete its metamorphosis

through four developmental stages viz., egg, maggaia and adult.
The total developmental period ranged from 51-6&da

The average adult longevity period recorded wasl38& for female and

22.2+1.3 days for male @&pisyrphus balteatus

Episyrphus balteatugDeGeer) is a potentially important predator o th
notorious pesBrevicoryne brassicaehich is found almost on all cole crops

in India.

Only the three maggot instars were observed telatifae pest and adults

feed on pollen and nectar of flowers.
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Eristalis tenax Helophillus sp. Helophillus vittatus Weid ~ Helophilus bengalensis Episysphus balteatus Sphaerophoria indiana Syrphus sp. Eristalis form 2
Weid DeGeer Bigot
Genera/species
Fig. 1: Relative abundance of syrphid flies observed in cabbage eco-system in SKUAST-K at Shalimar

campus
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Fig. 2: Mean consumption of prey during ¥ instar larvae of E. balteatus
DeGeer onBrevicoryne brassicaat various treatments
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Fig. 3: Mean consumption of prey during 2% instar larvae of E. balteatus
DeGeer onBrevicoryne brassicaat various treatments
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Table-1:
at Shalimar campus

Relative abundance of syrphid flies observed in cabbage eco-system during November 2006 to June 2007 in SKUAST-K

Genera/species Total Relative
abundance
Feb. Mar. Apr. May June (%)
Eristalis tenax Lin. 1 6 19 45 67 142 21.98
Helophillus sp. 2 7 17 43 52 123 19.04
Helophillus vittatus Weid 0 6 31 a7 69 155 23.99
Helophilus bengalensis Weid 0 0 5 11 13 30 4.64
Episyrphus balteatus DeGeer 1 5 17 21 13 61 9.44
Sphaerophoria indiana Bigot 1 2 7 8 11 30 4.64
Syrphus sp. 1 3 14 21 42 82 12.69
Eristalis sp. 1 1 2 5 14 23 3.56
Total 7 30 112 201 281 646 100
No. of species 5 7 8 8 8




Table-2 : Incubation period of Episyrphus balteatus DeGeer under laboratory conditions

REPLICATION

Date of egg-laying Date of hatching Incubation peri  od (days)

Ry 30.03.2007 02.04.2007 3.0
R, 30.03.2007 02.04.2007 3.0
Rs 30.03.2007 01.04.2007 2.0
R4 30.03.2007 03.04.2007 4.0
Rs 30.03.2007 02.04.2007 3.0
Rs 30.03.2007 02.04.2007 3.0
R 30.03.2007 02.04.2007 3.0
Rs 30.03.2007 01.04.2007 2.0
Rg 30.03.2007 01.04.2007 2.0
Rio 30.03.2007 02.04.2007 3.0

Range 2-4

Mean 2.0

+S.D 0.635




Table-3:

Instar-wise maggot period of

Episyrphus balteatus DeGeer on Brevicoryne brassicae under laboratory

conditions
Replication Date of Date of 1 No. of days Date of 2™ No. of days Date of 3 ™ No. of days Total
hatching moult moult moult maggot
period
R; 02.04.2007 04.04.2007 02 07.04.2007 03 11.04.2007 04 09
R> 02.04.2007 05.04.2007 03 09.04.2007 04 14.04.2007 05 12
Rs 01.04.2007 03.04.2007 02 06.04.2007 03 10.04.2007 04 09
R4 03.04.2007 05.04.2007 02 08.04.2007 03 12.04.2007 04 09
Rs 02.04.2007 04.04.2007 02 08.04.2007 04 13.04.2007 05 11
Re 02.04.2007 04.04.2007 02 07.04.2007 03 11.04.2007 04 09
R, 02.04.2007 04.04.2007 02 07.04.2007 03 12.04.2007 05 10
Rg 01.04.2007 04.04.2007 03 08.04.2007 04 13.04.2007 05 12
Rg 01.04.2007 03.04.2007 02 07.04.2007 04 12.04.2007 05 11
Rio 02.04.2007 04.04.2007 02 07.04.2007 03 11.04.2007 04 09
Range 2-3 3-4 4-5 9-12
Mean 2.2 3.4 4.5 10.1
+S.D 0.422 0.516 0.612 1.286




Table-4 : Prepupal and pupal period of Episyrphus balteatus DeGeer on Brevicoryne brassicae under laboratory conditions
Replication Date of pre-pupation Date of pupal Total pre-pupal Date of emergence of Total pupal period

formation period (days) adults (days)

Ry 10.04.2007 11.04.2007 01 22.04.2007 11

R, 13.04.2007 14.04.2007 01 24.04.2007 10

Rs 09.04.2007 10.04.2007 01 22.04.2007 12

R4 11.04.2007 12.04.2007 01 21.04.2007 09

Rs 12.04.2007 13.04.2007 01 23.04.2007 10

R 10.04.2007 11.04.2007 01 22.04.2007 11

R, 11.04.2007 12.04.2007 01 22.04.2007 10

Rs 12.04.2007 13.04.2007 01 22.04.2007 09

R 11.04.2007 12.04.2007 01 23.04.2007 11

Rio 10.04.2007 11.04.2007 01 20.04.2007 09
Range 11 9-12

Mean 1 10.2
+S.D 0 1.033




Table-5: Adult longevity periods of

Episyrphus balteatus DeGeer on B. brassicae under laboratory conditions

Replication Date of emergence Date of death Adult longevity period (days)

Male Female Male Female

R; 22.04.2007 15.05.2007 22.05.2007 23 30

R, 22.04.2007 13.05.2007 21.05.2007 21 29

R3 22.04.2007 14.05.2007 23.05.2007 22 31

R4 22.04.2007 16.05.2007 25.05.2007 24 33

Rs 22.04.2007 13.05.2007 24.05.2007 21 32
Range 21-24 29.33

Mean 22.2 31
+S.D 1.304 1.581




Table-6 : Fecundity of Episyrphus balteatus DeGeer on Brevicoryne brassicae infested cabbage leaves under laboratory
conditions
Replication Date of adult Date of egg laying Pre-oviposition Oviposition period Total No. of eggs laid
emergence period (days) (days)
R1 22.04.2007 28.04.2007 06 23 193
R, 22.04.2007 29.04.2007 o7 21 187
R3 22.04.2007 27.04.2007 05 25 210
R4 22.04.2007 29.04.2007 06 26 258
Rs 22.04.2007 27.04.2007 05 25 229
Range 5-7 21-26 187.258
Mean 5.8 24 2154
+S.D 0.836 2 28.88




Table-7 : Sex ratio of Episyrphus balteatus DeGeer under laboratory conditions

REPLICATION NO. OF PUPAE No. of adults emerged Total No. of adults
OBSERVED emerged
Male Female
Ry 25 11 12 23
R, 25 12 12 24
Rs 25 12 13 25
R4 25 12 10 22
Rs 25 10 13 23
Total 125 57 60 117
Mea sex ratio :- Female : Male = 1:0.95

Mean adult emergence (%) = 93.6



Table-8 : Predatory potential of 1 % instar larvae of Episyrphus balteatus DeGeer on Brevicoryne brassicae
Treatments Predatory prey ratio Prey consumed during 24 hours/predator
(prey density)
Mean consumption Date of prey consumption with
increase in prey density (%)
20 1:20 10.66 53.3
40 1:40 11.33 28.32
80 1:80 11.99 19.98
160 1:160 13.33 8.33
Overall mean 11.82
LSD 1.139




Table-9 : Predatory potential of 2 " instar larvae of Episyrphus balteatus DeGeer on Brevicoryne brassicae
Treatments Predatory prey ratio Prey consumed during 24 hours/predator
(prey density)
Mean consumption Rate of prey consumption with
increase in prey density (%)
20 1:20 20.00 100.00
40 1:40 27.22 68.05
80 1:80 31.44 39.30
160 1:160 33.33 20.83
Overall mean 27.99
LSD 1.07




Table-10: Predatory potential of 3" instar larvae of E. balteatus DeGeer on Brevicoryne brassicae

Treatments Predatory prey ratio Prey consumed during 24 hours/predator
(prey density)
Mean consumption Rate of prey consumption
with increase in prey density
(%)
20 1:20 20.00 100.00
40 1:40 39.50 98.75
80 1:80 64.41 80.51
160 1:160 68.08 42.54
Overall mean 47.99
LSD 141




Predator 1% instar (prey consumed 2" instar (prey consumed 3" instar (prey Mean Rate of
prey during 24 hours) during 24 hours) consumed during 24 consumption prey
ratio hours) of 1%, 2™  consumed

and 3" instar with
Mean Rate of Mean Rate of Mean Rate of Increase
consumption prey consumption prey consumption prey (|jn pr<_=.ty
consumed consumed consumed ensity
with with with
increase increase increase
in prey in prey in prey
density density density
(%) (%) (%)
1:20 10.66 53.30 20.00 100.00 20.00 100.00 16.66 84.4
1:40 11.33 28.32 27.22 68.85 39.50 98.75 26.01 65.02
1:80 11.99 19.90 31.44 39.30 64.41 80.51 35.09 4487
1:160 13.33 8.33 33.33 20.83 68.08 42.54 38.25 23.90
Overall 11.82 27.99 47.99 29.26
mean
LSD 0.56 1.07 141 1.09

Table-11 :

Predatory potential of 1%, 2" and 3" instar larvae of Episyrphus balteatus on Brevicoryne brassicae



Sample-1 : Eristalis tenax Sample-3 : HelopkUlus sp.

Sample-4 : Helophllus vittatus W.

Sample-6 : Helophlius bengalensis W.

Sample-7 : Helophllus sp. Sample-8 : Helophllus sp.

Plate-3 : Different species of syrphid flies obseed at cabbage trial Contd...



Sample-9 : Episyrphus balteatus

De Geer Sample-10 : Sphaerophoria indiana Bigot

Sample-11 : Syrphns sp. Sample-12 : Syrphus sp.

Sample-13 : Eristalis sp. Sample-14 : Helophllus sp.



Plate-2 : Glass chimneys containing adult femaled E. balteatusfor egg laying



Plate-6 : Aphid infested leaf containing syrphid fy eggs



Plate-8 : T, 2" and 3¢ instar larvae of E. balteatuspreying uponB. brassicae



Plate-4 : £t 2% and 39 larvae of E. balteatus



Plate-5 : Pupa ofE. balteatus



Plate-7 : Adult of E. balteatus



Plate-1 : Field view of cabbage trial laid out at RUAST-K, Shalimar



