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Chapter-1

INTRODUCTION

In agriculture, vegetables play an important roje pgooviding food, nutrition and
economic security to the people. Vegetables ocampgrea of 59 million hectare at global
level with an annual production of 1159 million t@s (FAO, 2018). India is the second
largest producer of vegetable after China withnested production of about 187 million
tonnes during 2018-19 from an area of more thad tdllion hectares (Anonymous, 2018)
accounting for 14 per cent of worlds production.rmthan 70 kinds of vegetables belonging
to different groups, namely cucurbits, cole cropslanaceous vegetables, root and leafy
vegetables are grown in India (Salaria and Salafa). Cole crops represent as one of the
highly polymorphic class which include crops likebbage, cauliflower, broccoli, mustard,
turnip, kale, Brussels sprouts, etc. These are iitapb vegetables grown in tropical and
temperate regions of the world during winter argbajrown enormously in hills and plains
of India. Among these, cabbage, cauliflower anctcbot assume the prime importance while

knol-khol, radish, mustard etc. occupy secondasytiom.

Cauliflower (Brassica oleraceavar. botrytis Linn.) is an economically important
winter vegetable In India, It is cultivated in an area of 4.2 lakh hectare withaaerage

annual production of 8199 Metric tonnes grdductivity of 19.2 Metric tonnes per hectare

(www.indiastat.com It is mostly cultivated in West Bengal, Biharitdl Pradesh, Haryana,
Orissa, Assam and Maharashtra.

Broccoli is another important and popular vegetalstgp in many countries of the
world due to its high nutritive value. In India,ig cultivated in an area of 10,172 million
hectare with an annual production of 1,80,684 omlltonnes and productivity of 18.27
tonnes per hectare (Anonymous, 2018). It is mogtbwn in the hilly areas of Himachal
Pradesh, Jammu and Kashmir, Uttar Pradesh, Nigig of Western Ghats and Northern
plains of India.

Mustard is an important oilseed crop in the wottdlian mustard Brassica juncea
L.) occupies a prominent place next to soybeangrodndnut, both in area and production.

In India, it is cultivated on 5.76 million hectaaieea with the production of 79.77 lakh tonnes



and 1184 kg/ ha productivity (Anonymous, 2018padtounts for nearly 20-22 per cent of the
total oilseeds produced in the country. Rajastliiaryana, Uttar Pradesh, Madhya Pradesh
and Gujrat are the major mustard producing States.

One of the major factors which limit the successiultivation of these crops is the
variety of insect pests and diseases which redioeeyield and quality. These crops are
attacked by insect pests like, the cabbage butt€Fieris brassicael.), cabbage aphid
(Brevicoryne brassicael..), painted bug Bagrada cruciferarurj) diamondback moth
(Plutella xylostelly, cabbage semilooperTliysanoplusia orichalced.), mustard aphid
(Lipaphis erysimiK.), mustard saw flyAthalia lugens proxim&.) etc. at different growth
stages. Among them, the diamondback mBtutella xylostella(Linnaeus) (Lepidoptera:
Yponomeutidea) is one of the serious insect-pestth@se crops throughout the world
(Furlonget al.,2013; Niuet al.,2013; Grzywacet al, 2010; Harikaet al, 2019) because of
its enormous appetite, lack of bio control agemis high reproductive rate (Haseed al,
2001; Gowri and Manimegalai , 2017). It causesl8@-per cent crop loss worldwide
(Kamala, 2006, Sheltoat al, 2008; Shakeeét al, 2017). It was originated from Europe
(Hardy, 1938) or possibly South Africa (Kfir, 1998) India, its first incidence was recorded
by Fletcher (1914) and now it has been noticedoadlr India where Brassicaceae family
crops are grown (Deat al, 2004). It has now been recorded from at leaStcbuntries of
the world (Saeeet al, 2010). The growth and reproduction potential &ND vary with
density and diversity of crucifer plant speciestiithiaet al, 2009).

In India the estimated annual crop losses dueitogést amount to 16 million US
Dollars (Mohan and Guijar, 2003) and can cause 0gHy cent crop losses to cole crops
(Ahmadet al, 2009). DBM control costs for about 4-5 billion §&nnually worldwide alone
in Brassicacrops (Zalucket al, 2012; Furlonget al, 2013). In Himachal Pradesh, this pest
was reported to be serious in those areas whetdl@aar and cabbage are grown (Ran
al., 2016). This insect is active throughout the yedth wider host range (Chand and
Choudhary, 1977). Cabbage and cauliflower are tlostnpreferred host plants fd?.
xylostellabecause of their fleshy and succulent leaves apaed to other cruciferous crops.
The damage is caused by larvae which feed on ledlegers, buds, and seed-buds of
cultivated cruciferous plants. Although the lana® small, yet they can cause complete

damage of foliar tissue except for the leaf veiftse first instar larvae mine inside the leaf



and the subsequent instars feed on the leaf ardtskize it ultimately affecting the plant

growth and become unfit for further use.

There are differences in the biological activittdthe diamondback moth when feed
on different host plants (Zhangt al, 2012; Niuet al, 2014) and on different climatic
conditions and temperatures (Let al, 2003; Golizadelet al, 2007). Sarfrazt al. (2007,
2011) reported that the developmental timé®okylostellalarvae was notably affected by
feeding on various cultivated and wild food plant$he nutritional quality of various
cruciferous plants also affects larval developntené. Apart from host plants, weather also
affects the field incidence of DBM, with rainfaleimg a major mortality factor (Ahmad and
Ansari 2010; Sowet al, 2013). Variability in temperatures from 7 to 358@d quality of
available host plants are reported to remarkalilyence the survival and rate of oviposition
of diamondback moth (Syed and Abro, 2003; Golizaetehl, 2007, 2009). Life table and
population studies revealed that rainfall, tempeggtnatural enemies as well as host plants,
influence the survival and reproduction of diamaadbmoth (Wakisakat al, 1992; Haseeb
et al, 2001). The host range of diamondback moth isplaats of Brassicaceae that are
characterized by the ‘mustard oils’, or glucositeda(\Warwicket al, 2003).

Diamondback moth being a ubiquitous pest of cruecife plants throughout the
world, the knowledge of its biology and life-fecutyds very much essential with respect to
host plants. Development of life tables for diamumeck moth on different host plants will
help to assess the relative contribution made byérious hosts to the local adult population
pool, and to answer other relevant questions as®aciwith this pest. Keeping this in mind,

the present studies were conducted with the foligvaibjectives;

OBJECTIVES

i) To study the biology of diamondback mokh,xylostella(L.) on different hosts.

i) To construct life fertility tables dP. xylostellaon different hosts.



Chapter-2

REVIEW OF LITERATURE

The relevant literature pertaining to the presdntlies entitled Studies on life
fertility table of diamondback moth Plutella xylostella (Lepidoptera: Yponomeutidae)

on different hosts' is reviewed under the following headings:

2.1 Biology ofPlutella xylostella (L.)
2.2 Life fertility studies of Plutella xylostella (L.)

2.1 BIOLOGY OF Plutellaxylostella (L.)

Wan (1970) studied the bionomics Bf xylostella(L.) on Brassicaspp. at 26.4 +
2.7°C and 86 * 14 per cent relative humidity. Thg stage was 2.1 days, the growth of I, I
and Il larval instars was completed in 1.1, 1.21 &4 days, respectively, while the fourth
larval instar was completed in 1.7 days togethen wire-pupal stage of 0.6 days. The mean
pupal period was 3.9 days and the total life-cyoben oviposition to adult emergence was

completed in 10 days.

Jayarathnam (1977) noticed the total life-cyclePofxylostellaas 19-27 days in
different seasons. The total developmental periodimmondback moth from egg to adult
emergence was 16.50, 17.8, 20.80 and 19.40 days reheed on the leaves of knolkhol and
sprouting broccoli, brussel sprouts, cabbage amdifloaver, respectively under laboratory

conditions.

Liu and Lee (1984) observed that the egg, larvabah male and female adult stages
of P. xylostellaas 3.49, 8.24, 5.10, 7.33 and 7.19 days, respéctiVhe oviposition period
lasted for 3.33 days. One generation was compietédt.10 days and the total egg laying

capacity was 74.24 eggs/ female.

Chelliah and Srinivasan (1986) reported tRatxylostella(L.) moved through four
larval instars and total larval period includinggfoupal was 12 to 15 days in the cold season
and 10 days in the hot and rainy seasons. The mapald lasted for 4 to 5 days in the cold
season and 4 days in the hot and rainy season#.|8dgevity ranged from for 6 to 13 days.



Stapathi (1990) studied the biologyff xylostellaon Indian mustard at 24° C and 85
per cent relative humidity in the laboratory angared the average duration of larva of

diamondback moth to be 16 days.

Kim and Lee (1991) studied th& xylostellaoverwintered at any stage in its life
cycle. Developmental time from egg to adult wasd 23 days in June and September, 11 to
18 days in July and August, 28 to 34 days in Apidy and October and approximately 50 to
100 days in other months. Adults lived for 4 todilys in summer and 7 to 17 days in spring
and autumn. Individual female laid 50-240 eggs,hwhighest egg laying in spring and
autumn. The egg, larval and pupal stage lasted for5, 3 to 12 and 6 to 8 days in June and
September; 2 to 3, 7 to 8 and 4 to 6 days in Jutl August; 6 to 18, 13 to 20 and 8 to 14
days in March, April, May and October; and 12 tq 80 to 100 and 20 days in winter,
respectively. The developmental time of diamondbakh from egg to adult emergence

varied between 11.93 and 21.2 days under the ladygreonditions.

Parket al. (1993) studied the life cycle &f. xylostellaand reported that hatching of
eggs required 3.1- 4.2 days at 24.9°C to 27.6°G,54 days at 21.0°C to 22.2°C and 7.2-7.8
days at 15.2°C to 19.2°C. The larval stage was tetaghin 5.4-6.7 days at 25.4° to 28.0 °C,
8.2-8.5 days at 22.7° to 23.1°C and 10.7-18.3 days.7° to 19.5°C. The pupal period was
completed in 4.4-6.0 days at 22.0° to 28.0°C, 7days at 20.6° to 21.4°C and 8.7- 9.2
days at 17.6° to 18.6°C. Average adult longevity Wéb-10.8 days at 25.6° to 27.9°C, 12.1-
12.6 days at 20.3° to 22.8°C, and 13.2-14.2 days84t’C to 19.9°C. The mean numbers of
eggs laid per female were 118.0-145.2 at 24.48t@°Z, 154.6-174.8 at 18.2° to 22.1°C and
116.0-144.3 at 14.0°C to 15.8°C.

Salaset al. (1993) determined the survival and population peters ofP. xylostella
on cabbage, cauliflower, broccoli, mustard, brissgrouts and radish in the laboratory at
24°C and 45 per cent relative humidity. Larval suml was greatest on cauliflower and
longest on Brussels sprouts. The longest generditioe was on Brussels sprouts (28.55

days) while it was 22.41 days on cabbage.

Kandoriaet al. (1994) studied that the egg, larval, pre-pupal podal periods of
diamondback moth on cauliflower during differentmttcs from September to October varied
from 1.8-5.4, 6.5-24.7, 0.7-2.4 and 3.3-11.4 dayd the pre-oviposition, oviposition and

5



post-oviposition periods were 0.7-3.5, 2.4-21.4 A 7.5 days, respectively. The average
fecundity was recorded as 73.7 eggs during June2&fd! eggs in December and January.
Mean longevity of male and female adults withowdavas 1.3 to 18.2 and 1.2 to 19.6 days
and with food it was 5.7 to 32.4 and 4.3 to 33 dagspectively. In the laboratory reared

culture male to female ratio was 1:1.1, while isvlal.2 in the field collected adults.

Devi and Raj (1995) studied the biology Bf xylostellaon cauliflower. The
incubation, larval and pupal periods were 3 to th 3 and 10 to 12 days, respectively. Adult
longevity was 4 to 5 days and the total life cyeleged from 22 to 28 days during April-May
at 28°C.

Salaset al. (1993) studied the survival and population paransedfP. xylostellaon
cabbage, cauliflower, broccoli, mustard, brusspitss and radish in the laboratory at 24°C
and 45 per cent relative humidity. Larval surviwals greatest on cauliflower and longest on
Brussels sprouts. The longest generation time waBrossels sprouts (28.55 days) while on

cabbage it was 22.41 days.

Idris and Grafius (1996) observed the effect ofdwdlnd cultivatedBrassica on
oviposition, egg hatching and larval survivalRfxylostella They concluded that the larval
survival was generally higher on cultivatBdassicacrops than on wildBrassicaspp. and
there was no survival oB. vulgaris Development time of larvae of DBM was generally

longer on the wild than on the cultivatBdassicaspp.

Chauharet al. (1997) at Solan, Himachal Pradesh investigatedrfestation ofP.
xylostellaon cabbage and cauliflower. They observed thatdtimation of egg, larval and
pupal stages were 3.3, 11.0 and 5.9 days, respbctiMale lived longer (18.6 days) than

female (16.2 days) in laboratory conditions.

Idris (1998) observed that the total developmetitak of larvae and pupae &f.
xylostellawere significantly affected by the host plantseTarval developmental time was
considerably longer (10.9 days) when fed on cukganustard than on the other host plants.
The wild host plants extended the developmentat tohthe pupae compared to cultivated

host plants.



GuoQuanet al. (1998) reported the oviposition preferencePRofxylostelladuring
1993. Among the six species of cruciferous plahis,adult females preferred Indian mustard
(Brassica juncepand flowering Chinese cabbagB. (parachinensisto lay their eggs in
comparison with radish and cauliflowd. (oleraceavar. botrytis).

Devjani and Singh (1999) studied the biology ofnti@dback moth at 23 + 1°C and
45 + 2 per cent RH. They studied that the inculpatiarval, pre-pupal and pupal period and
adult longevity was 2.18, 10.5, 1.6, 6.86 and I&ys, respectively and the mean fecundity
was 153 eggs/ female.

Sharmeet al. (1999) reported that the incubation periodPokylostellawas 3- 4 days.
The time period of I, Il, Ill and IV larval instamsas 2 to 3, 1 to 1.5, 1to 2 and 1.5to 2.5
days, respectively. The pupal period varied frono  days and the longevity of male and
female was observed as 6 to 9 and 14 to 20 dagsectvely. Pre-oviposition, oviposition
and post-oviposition periods were 2 to 4, 6 to @ &rto 14 days, respectively. Fecundity of

the female ranged from 147 to 251 eggs.

Capinera (2000) mentioned that the eggsPoixylostellawere oval and flattened,
yellow or pale green in colour, 0.44 mm long ar@6nm wide and were deposited singly or
in small groups of two to eight eggs in depressiomsghe surface of foliage or occasionally
on other plant parts. Adult females may deposit-280 eggs but the average total egg

production was about 150 eggs.

Justinet al. (2001) investigated that the average durationmohature stages d®.
xylostellawas 21, 22 and 25 days on cauliflower, cabbagelmaidn mustard, respectively.
The survival time from egg to adult emergence wa$,998.4 and 93.6 per cent, while the
maximum longevity of the reproductive female was 16 and 15 days on cauliflower,

cabbage and Indian mustard, respectively.

Liu et al. (2002 determined the survival and developmental penothfegg to adult
emergence of thB. xylostellaat 4°C to 40°C temperature. The pest developedesstully
from egg to adult emergence at constant temper&ture8°C to 32°C. At temperatures from
4°C to 6°C or from 34°C to 40°C, partial or completevelopment of individual stages or
instars was possible, with 1ll and IV instars hayithe widest temperature limits. They
reported that the insect developed successfully gg to adult emergence under alternating
regimes including temperatures as low as 4°C tigisas 38°C.

7



Arvanitakis et al. (2002) studied the oviposition behavior Pf xylostella collected
from seven different locations from South Africah€ly reported that the population from
Cotonou, Parakou, Malanville, Natitingou and Somgiraduced on average of 210 eggs/
female while the populations were least producfieen Agoue (115 eggs/ female) and
Lokossa (170 eggs/ female). Cotonou, Parakou andrvidle population produced 60-70
per cent of eggs within the*four days of oviposition while those of Lokossa akgbue
produced less than 30 per cent of eggs. The totgdosition period for the Lokossa

population was 26 days and it was 16-19 days fegrgbopulations.

Syed and Abro (2003) studied the shortest and kirlgeval period of diamondback
moth on cauliflower and radish as 9.45 and 10.96 daespectively. The lowest and highest
survival to adult stage was found to be 58.3 and P@r cent on mustard and broccoli,
respectively. While, shortest and longest pupaioplewas recorded 5.84 and 6.48 days on

mustard and cabbage, respectively.

Varelaet al. (2003) investigated that tHe xylostellahas four larval instars. Larvae
remain quite small and active throughout their tgw@ent and if disturbed, they often
wriggle violently, move backward and spin down fréme plant on a strand of silk. The total
length of all the four instars hardly exceeded BA, 7.0, and 11.2 mm, respectively.
Average head capsule widths were about 0.16, @3, and 0.61 mm, respectively, for
these instars. The larval body form tapers at blo¢hends and a pair of pro-legs protrudes
from the posterior end and forming a distinctive" "Shape. The first instar larvae were
colourless but thereafter they achieved pale goedour and were widest in the middle part
of the body andneasure fron8-12 mm when fully grown. The body beared relagvielw
hair, short in length and most of them were maigdhe presence of small white patches.
Initially the feeding habit of the first instar {@e was leaf mining, although the mines were
very small. The larvae emerged from their minethatend of the first instar, molted beneath
the leaf and thereafter fed on the lower surfactkefeaf. Their chewing resulted in irregular
patches of damage and the upper leaf epidermisnkeitt and the total larval period ranged
from 14 to 28 days.

Sarfrazet al. (2009 noticed that each larval instar survived for abtmir days
followed immediately by pupation. When the fourtistar larva completed its feeding, it

constructed a cocoon on the leaf surface and redairactive as pre-pupa for next two days.



The pupa shed the larval skin, which remained lag@ddo its caudal end. The yellowish
pupae were wrapped in a loose silk cocoon and @baout long. They are usually found on
the lower or outer leaves of the host plant, exéaptauliflower and broccoli where pupation
may occur in the florets.

Ramegowdaet al. (2006) investigated the biology dPlutella xylostella (L.)
(Lepidoptera: Yponomeutidae) in the laboratory agpbrted that incubation period ranged
between 3.00 and 5.25 days and larval stage ldste®.74, 5.13, 5.60 and 5.61 days,
respectively for I, Il, 1l and IV instar. The tdtkarval duration ranged from 27.00 to 32.75
days with a mean of 29.86 days, pupal period lafsted.50 to 4.75 days with a mean of 4.27
days, and adult longevity was 4.27 days. The t¢alelopmental period from egg to adult
ranged from 27.00 to 32.75 days and the fecunday %6.14 eggs. The number of eggs laid

was more on the lower surface of leaves.

Oke (2008) studied that generaly xylostellatakes about 32 days to develop from
egg to adult but time to complete a generation ednfjom 21 to 32 days depending on
weather conditions and host plants. He reporte@raéwverlapped generations of the pest

per growing season and all the life stages wergegntan the field at the same time interval.

Ahmad et al. (2008) investigated the biology d?. xylostellaunder laboratory
conditions on mustard plant. The oviposition peraiddiamondback moth was 6.5 + 0.41
days. It passed through four instars, the larvahiion was 5.0 + 0.55, 3.5 £ 0.60, 4.0 + 0.45
and 3.5 + 0.85 days, respectively. The pupal penad completed in 4.50 £ 1.11 days. The
adult longevity of male and female was 8.0 + 0.iAd 41.0 £ 0.82 days, respectively. The

total life period of male and female was 32.5 +34a@dd 35.5 + 4.32 days, respectively.

Ebrahimi et al. (2008) studied the developmental and reprodugbiotential of P.
xylostellaat 25 + 1°C, 60 = 5 per cent relative humidity anpghotoperiod of 16L: 8D hours
on five frequently growrBrassica napusultivarsviz.,, Modena, Licord, Okapi, REGX kobra
and RGso003. The duration from egg to adult varreanf15.05 £ 0.26 days on Licord to
16.87 £ 0.40 days on Modena. Adult longevity ofrdeandback moth was recorded to be 5.00
+ 0.31 on Modena and 10.02 = 0.69 days on RGsoligans.

Kahuthiaet al. (2008) studied the development, survival and réypctive potential of
P. xylostellaat 25 + 1°C temperature in the laboratory condgion response to two

cultivatedBrassica oleraceaultivars (cabbage and kale) and four wild crucdpeciesiz.,
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Raphams raphanistrum, Erucastrum arabi¢uRorippa nudiusculaand Rorippa micrantha
They found that the developmental period was shbdeR. micrantha(14.1 days), while it
was longest oRR. raphanistran(15.6 days). Longevity of Adult ranged from 18&yd onR.
raphanistrumto 24.7 days oR. nudiuscula

Hasan and Singh (2008) observed that the durafiancabation, larval, pre-pupal
and pupal stage @&. xylostellawas 3.4, 9.4, 1.1 and 7.4 days on cabbage whilawstard
the duration ranged 3.6, 10.4, 1.4, and 6.2 dagmectively. However, the longevity of male
and female was reported as 8.4 and 10.4 days dmgabas well as 8.6 and 10 days on

mustard, respectively.

Ahmad et al. (2009) investigated the biology of diamondback imoh B. juncea
under laboratory conditions and protected natuoalddions. Under laboratory conditions,
the oviposition period of diamondback moth was6®&41 days. Larval duration was 5.0 +
0.55, 3.5 + 0.60, 4.0 + 0.45 and 3.5 + 0.85 day&"pP", 3% and 4 instar, respectively. The
pupal period was completed in 10.0£1.58 days. Thet dongevity of male and female was
8.0 £ 0.70 and 11.0 = 0.82 days, respectively. fDhal life period of male and female was
8.0+0.70 and 11.0+0.82 days, respectively, whildeurfield condition, larval periods ranged
from 9.5+0.36, 16.5+0.41, 7.5+0.79 and 7.5+0d&¥s of ¥, 29 3% and 4" instar, and the
pupal period ranged from 4.50+1.11 days. The adugevity of males and females was
12.5+1.11 and 20.0+1.00 days, respectively.

Raghuwanshet al. (2010) studied the biology ¢f. xylostellaon five different host
plants, viz., cauliflower, cabbage, mustard, radisld chandrasoor. The incubation period
varied from 4.75 days on cauliflower to 5.28 daysnoustard. The larvae passed through 4
instars and the time span of first, second, thitd fourth instar on cabbage, cauliflower,
radish, mustard and chandrasoor was 2.75, 2.56, &h@ 3.39; 3.42, 1.32, 1.26 and 1.77;
1.95, 2.15, 1.65 and 2.06; 2.09, 2.45, 2.68 an@;2a0d 2.37, 2.69, 2.64 and 2.93 days,
respectively. The mean larval period was found telsbion cauliflower (7.62 days), followed
by cabbage (8.44 days), radish (9.55 days), mugidd3 days) and chandrasoor (11.18
days) and the survival rate of the larvae on clawiér, mustard, cabbage, radish and
chandrasoor was 89.0, 86.0, 82.0, 78.0 and 74.0qudy respectively. The pupal period was
reported as 5.53 days on cauliflower followed bpb=ge (5.87 days), radish (7.16 days),
mustard (7.45 days) and (8.50 days) on chandrasoor.
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Ahmadet al. (2011) studied the biology of diamondback moth esqbrted that after
mating period of 69.9 + 2.58 minutes and laid egds = 0.16 days after mating. Single
female laid on an average of 45.11 + 2.31 eggsthadviposition period was 4.8 + 0.24
days. The post oviposition period lasted for 5.8.34 days. The pre-pupal and pupal period
varied from 1.20 + 0.13 and 4.6 = 0.37 days, retpely. Total larval development period
from egg to adult emergence ranged from 21.5 + fldy®. Longevity of adult male was 7.0
+ 0.25 days, while it was 11.8 + 0.44 days for flema

Alizadeh et al. (2011) reported the development time of immatutages of
diamondback moth viz., egg, |, II, lll and IV lahiastars, pre-pupa and pupa as 2.39 £ 0.17,
2.18 + 0.17, 2.06 + 0.28, 2.14 + 0.14, 2.54 + 0.020 * 0.12 and 4.23 + 0.23 days,
respectively. The longevity of male and female 8822 + 0.05 and 28.26 + 0.05 days,

respectively.

Silva and Furlong (2012) reported that the pretesite for oviposition on mustard
was the lower first, second and third true leavdsey can lay up to 200 eggs on both the
upper and lower leaf surfaces but ideally on theelosurface away from direct sunlight and
where there is protection from the rain and thedwand does not found to prefer to
ovipositon the stem oBrassica napudike other hosts in the Brassicaceae family, for
example wild cabbage plants where tests have shbatneggs are just as well laid on the
stem as on the leaves also. The incubation timerbéeahe larval stage is temperature-

dependent and varies between 15 to 3 days withd@eatyes varying from 10 to 28°C.

Kaur et al. (2012) investigated the biology Bf xylostellacollected from Amritsar at
different temperatures and recorded that the aeeragubation period varied from 3.25 to
4.24 days at 24.73-28.07°C temperature. The lavadlpupal period was recorded as 9.83 to
14.25 and 5.72 to 5.99 days, respectively at 240731.55°C and 39.50 to 58.76 per cent
relative humidity. With the rise in temperaturepyicdemergence decreased from 100-75 per
cent relative humidity and the highest numbersgafse(168.50) were laid at 24.74-27.50°C
and 51.93-58.76 per cent and the time taken to mphe life cycle was 27.43 days.

Niu et al. (2013) studied the development, survival, and aepctive potential of
diamondback moth on eight wild cruciferous specldé®e developmental period of immature
stage from egg to adult emergence was found toobsiaderably longest o&ardamine
macrophylla(20.8 days), while it was recorded shortesRaphanus indicg15.8 days). The
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survival from egg to adult emergence varied fronivQ%er cent oR. indicato 48.8 per cent
on Thlaspi arvensand the longevity and the opposition periodPoixylostellawas recorded
as longest when their larval stage fedRanindicathan those fed on other wild species. The
egg laying capacity of diamondback moth ranged fr@5-351 eggs/ female on
Orychophragmus violaceu€.macrophyllaand C. bursa- pastoriswhile it was recorded to

be lowest orR. indica(134 eggs/ female).

Gowri and Manimegalai (2016) found that larvae @nibndback moth fed on the
foliage of the cruciferous plants from the seedlstgge to harvest and significantly reduce
the yield and qualityP. xylostellahas only become a notable pest of the cruciferatb,
serious problems. Wing length of male and femalesewdifferent from each other and it was
larger in females than males and the adult males labout 12 days and females for about 16
days under laboratory conditions. Mated femalegestdaying eggs singly or in groups and

300 eggs were laid by single female in laboratanydition.

Ram et al. (2017) studied the variations in the developmenihlogy and
morphometrics of diamondback moth collected frowe fdifferent geographic regions viz.,
Hisar (800 feet), Solan (4200 feet), Kangra (228£1)f Theog (7500 feet) and Kinnaur (9000
feet) on cauliflower lfrassica oleraceaar. botrytis). Wing span was maximum (13.25 and
14.95 mm) in Kinnaur population and minimum (12&%d 13.15 mm) in Solan and the
notable differences were observed in developmehtedtion for the population of different
geographical regions. The total developmental cadbund to be maximum (17.03) days)
for the Kangra population whereas it was minimuih.@b days) for the Kinnaur population

and was considerably different from each other.

Harika et al. (2019) studied biology of diamondback motR, xylostella (L.)
(Lepidoptera: Yponomeutidae) on cauliflower andeaded that the egg period (incubation
period) varied from 2 to 4 days (Av. 3 + 0.5 dayB)e larva passed through four different
instars. The first, second, third and fourth inssava lived for 2 to 3 days (Av. 2.5), 2 days
(Av. 1.5), 1 to 3 days (Av. 1.75 £ 0.25 ) and 2tdays (Av. 2.75 *+ 0.25) respectively, with a
total larval period of 7 to 12 days (Av. 9 ). Theeqpupal and pupal stage lasted for 1 to 2
days (Av. 1.5 + 0.5) and 3 to 5 days (Av. 4.25 25), respectively. The adults lived for 3 to
7 days (Av. 4.5 £ 1) and the entire life span urdboratory conditions varied from 13 to 22
days (Av. 17.75 + 0.25).
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Huaripata and Sanchez (2019) observed that theicluraf incubation, larval, pupal
and biological cycle oP. xylostellawas 3, 9.76, 5.1 and 19.5 days on broccoli while on
cauliflower these were recorded as 3, 9.69, 5.8,1819 days, respectively. However, the egg
laying capacity of mated females was reported &sebjgs on broccoli as well as 187 eggs on

cauliflower, respectively.

2.2 LIFE-FECUNDITY TABLES OF Plutella xylostella (L.)

Liu et al. (1985) noticed differences in the intrinsic ratenzrease @) from Taiwan
in the population of th@. xylostellacollected from three different localities andvtdue was
0.228, 0.188 and 0.151, respectively. The poputatibdiamondback moth caused severe
damage in tropical areas but in temperate areasdimage was recorded to the crops (Lim,
1986).

Reddy and Singh (1998) recorded that the net reptoe rate that represents the
total female birth was found to be 3.6078. The pagn of diamondback moth was
increased with intrinsic rate of increasg) (of 0.0584 and finite rate of increasg ¢f 1.0602
females/ female/ day. The mean generation timen@g 22.05 days and the population on
reaching stable age distribution constitutes aB8uper cent or more immature stages. From
the stable-age distribution the instantaneous bati (b) was recorded as 0.1639.

Justinet al. (2001) reported that gross reproductive rat® okylostellato the extent
of 86.78, 89.16, and 115.40 female eggs/femalendiah mustard, caulifiower, and cabbage,
respectively. The innate capacity for natural iaseein numbers was found to be 0.16, 0.17
and 0.13 female per day and daily finite rate cfease was 1.18, 1.19 and 1.14 females per
day. The multiplication of. xylostellawas recorded to be 3.18, 3.38 and 2.50 times per
week on these three host plants, respectively.

Hemchandra and Singh (2003) recorded that the egtoductive rate (§ of
diamondback moth was 27.19 eggs/female with a nexagth of generation ¢J of 26.54
days. The intrinsic rate of increase,)(was 0.12 and finite rate of increasg (as 1.13
females/female/day. On reaching the stable-agghdisibn, the population comprised mainly
of immature stages mid further life at the timeadtilt emergence, was reduced from 7.40 to
3.11 days.
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Syed and Abro (2003) observed that net reproductte (R) of P. xylostella(L.)
was highest (89.71) when fed Bnoleraceavar. botrytiswhile it was lowest when its larvae
fed onB. napuswith R, value of 26.77. The intrinsic rate of increasg) @nd finite rate of
increase X) was highest onB. oleraceavar. botrytis and lowest onB. compestris

respectively.

Hemchandra and Singh (2004) recorded the rate ofease and stable-age
distribution for the diamondback moth oBrassica oleracea They found that net
reproductive rate (§f was 19.23 representing the total birth with a mieagth of generation
(To) as 32.542 days. The population increase witlnisitr rate of increaseq{y and finite rate
of increase X) was 0.0921 and 1.0964 females/ female/ day, otisply. On reaching the
stable-age distribution, the population compriseadnhy of immature stages and further life

at the time of adult emergence was reduced frorh ©.5.27 days.

Hemehandra and Singh (2005) further worked ountiraber of diamondback moth
survived on cauliflower from egg to adult emergenéecording to them, the net
reproductive rate (§f was 24.916; mean length of generatiog) (¥as 29 43 days, intrinsic
rate of increase () was 0.1109 and finite rate of increasd”oiylostellaon cauliflower was

1.117 females/ female/ day, respectively.

Das and Chaudhuri (2007) recorded the high lef’/glotential fecundity (76.5), net
reproductive rate (14.145), innate capacity forrease in number (0.101), of adults of

February -March generation than the adults of Mar&pril generation.

Dabhi (2007) from Anand, Gujarat reported that, tieximum anticipation of newly
deposited eggs @?. xylostellawas on cabbage, followed by cauliflower, mustard eress.
The highest survival of immature stages (on theshafsL, values) was recorded on cabbage
followed by cauliflower, cress and mustard. Thehegt reproductive rate {Rwas recorded
on cabbage while it was lowest on the mustard.iiban length of generation was lowest on
cress and maximum on mustard. The innate capatitycrease in number {f was 0.1332-
0.1720. The order of host crops fér xylostellaconsidering the values of thg,rwas as
cress > cabbage > cauliflower > mustard. The firate of increase\j was 1.1912, 1.1806,
1.1713 and 1.1447 females/ day on cress, cabbagéflmver and mustard, respectively.
Studies on age-specific distribution of this peastdifferent hosts revealed that the eggs and
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larvae contributed the highest to the populatiostable age, while the contribution of pupae

and adults was negligible.

Kahuthiaet al. (2008) studied the survival, development and réypctive potential of
P. xylostellaat 25 + 1°C in the laboratory in response to twiivated cultivars of knol-khol
and four wild crucifer species. They reported thatths reared orRorippa nudiuscula
recorded the highest fecundity (326 eggs), whithelity was lowest (262 eggs) when the
moths were reared on cabbage.oleraceavar. sabellicaand Rorippa nudiusculaecorded
the longest generation time of 31.7 days, whitecastrum arabicunmhad the highest net
reproductive rate (126.4 eggs/ day). The highdsinsic rate of increase{y was observed
onR. micranthg0.179), whereas it was lowest Bnoleraceavar. sabellica(0.147).

Dabhi et al. (2009) recorded that the net reproductive rat8s33, mean length of
generation 27.45 days and intrinsic rate of natumalease was 0.1635 females/ female/ day
in P. xylostella(L.) on cabbage. On reaching the stable-age bligion the eggs, larvae,

pupae and adults constituted 37.71, 4.27 and kddent, respectively.

Golizadehet al. (2009) reported the development, survival and aayction of P.
xylostellaon five host plants. The reproduction period athaltdongevity was observed to be
longest on cauliflower and cabbage and the higteesindity of P. xylostella(L.) was also

observed on these two.

Fathi et al. (2010) recorded that the fecundity of diamondbaakhmwas lowest on
Matthiola incana(Opera), (95.4 eggs/ female) and highesAgastache foeniculuifddder)
(145.7 eggs/ female). The survival rate from eg@dalt was significantly lower on Opera,
Option SOO and Hyola 401 than on other tested vaulti The intrinsic rate of natural
increase ) and the population growth rate were lowest onr@m@ad highest on Zarfam
while the generation time (T) was shortest on Zarfa7.2 days) and longest on Hyola 401
(19.9 days).

Saeedet al. (2010) studied the effect of various host plants tbhe fithess of
diamondback moth and tested the hypothesis by sigdglevelopment time, growth,
fecundity and survival on cabbagBréssica oleraceavar. capitatg, cauliflower Brassica
oleraceavar. botrytis), radish Raphanus sativiisturnip Brassica rapy mustard Brassica

compestriy and canolaBrassica napuwvar. canolg. They reported that the developmental
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time from eggs to adult was shortest on canola dags), longest on turnip (13 days);
fecundity was greatest on canola (350 eggs/ fenfalljwed by cauliflower (268 eggs/
female), while it was minimum (184 eggs/ female)cabbage. The egg hatching was highest
(80 per cent) when larvae were fed on cauliflovgeryival to the adult stage was highest on
mustard (94 per cent) followed by cauliflower and/ést on turnip (64 per cent). There was

lowest net reproductive rate (32.3) and intrinsite rof population increase (0.20) on cabbage.

Niu et al. (2013) found the highest and lowest intrinsic saté increase {) of
diamondback moth to be 0.2402 and 0.1577 on haitierferess and penny-cress,
respectively.

Ahmad and Ansari (2014) studied the life-table pseters ofP. xylostellaon four
host plants viz., cauliflower, cabbage, broccoli aadish during two consecutive years. They
reported that the mortality and survival ratio fimmmature stages was highest on radish and
lowest on cauliflower. The fecundity of diamondbaunkth was found to be highest in the
beginning of age on all host plants, however itvdyodeclined with advancing age of the
crop. The highest net reproductive ratg)(Ras observed on cauliflower during both the
years upto the extent of 48.5 and 55.4 femalesAli@hgeneration, while it was lowest on
radish (3.5 and 4.2 females/ female /generatiomg. itrinsic rate of population increasg)(r
was observed to be highest on cauliflower (0.14h8 8.1368 female/ female/ day).
Diamondback moth completed a single generatiorvib #ays on cauliflower and 35.1 days
on radish. The population &f. xylostellawas doubled in 4.9 and 5.1 days on cauliflower

while, it took 19.3 and 17.0 days on radish dubioth the years, respectively.

Panet al. (2014) recorded the variations in life-historiewl dife-table parameters of
P. xylostellafrom five geographical regions of China, Beijir@J§, Shandong (SD), Shaanxi
(SX), Yunnan (YN), and Guangdong (GD). The ovipositperiod of diamondback moth
ranged from 10.47 to 17.18 days, whereas, fecunditied from 337.18- 411.47 eggs per
female. Variations in the intrinsic rate of increds,) were also recorded, which was highest

for the Beijing population (0.2888) and lowest foe Shandong population (0.2165).

Hasanshahet al. (2014) recorded the life-table parameters of diaaiback moth on
five cauliflower cultivars viz., Smilla, White cloy Buris, Galiblanka and Tokita under
laboratory conditions at 25 + 2°C temperature, @per cent RH and 16L: 8D photoperiod.

They reported that the developmental time of immeattages ranged from 13.44 days on
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Smilla cultivar to 15.88 days on Buris cultivar. eThighest fecundity oP. xylostellawas
observed on Buris cultivar. Intrinsic rate of inese ofP. xylostellareared on Smilla cultivar
was highest (0.27 £ 0. 02) and finite rate of iaseewas 1. 32 = 0.13 and the lowest doubling
time (2. 50 days).

Saeeckt al. (2017) studied the life-table parametersPRoixylostellaon napa cabbage
(Brassica oleraceaar. napg, white cabbageB. oleraceavar. capitatg, and cauliflower B.
oleraceavar. botrytig under laboratory conditions at 25 + 2°C, 50 top@0 cent relative
humidity. The time for development from an egg tmale or female adul. xylostellaon
white cabbage (mean * SE: 41.15 + 0.54 and 39.50.54 days, respectively) was
significantly longer than that on cauliflower andpa cabbage. Furthermoi, xylostella
fecundity on cauliflower (261.90 £ 4.53 eggs/ fe@)akas significantly highest than on napa
cabbage and white cabbage. Intrinsic rate of iserér) and finite rate of increase)(were
highest on cauliflower 0.182 females/day and 1.fE98ales/day, respectively as comparison
to napa cabbage and white cabbage. The highess gepsoductive rate (GRR) and net

reproductive rates (JRof P. xylostellawas 65.87 and 52.58, respectively.

Jahedet al. (2018) studied the life-table parameters of diadb@tk moth on six host
plants viz., broccoli, cauliflower, kohlrabi, caaplred cabbage, and white cabbage. They
reported that total development time of immatusges was shortest on cauliflower (17.60
days) and longest on kohlrabi (21.12 days). Thergetoductive rate (§ of P. xylostella
ranged from 65.46 offspring per individual whenvie were reared on cauliflower to 12.71
offspring per individual on kohlrabi. The rates weelatively high for cauliflower, canola,
and broccoli compared with white cabbage, red agéband kohlrabi. The intrinsic rate of
population increase ) had a pattern similar to that of net reproductiates (R) in which
cauliflower produced the highest (0.200 female/dhday) and kohlrabi the lowest (0.105
female/ female/ day). The finite rate of increagerénged from 1.222 when cauliflower was
the cultivar to 1.111 for kohlrabi. The mean getieratime (T) was shortest on cauliflower

(20.78 d) and longest on kohlrabi-reared larvaer/28ays).
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Chapter-3

MATERIALS AND METHODS

The present investigations entitled “Studies oe Rértility table of diamondback
moth, Plutella xylostella (Lepidoptera) on different hosts” were conductethim Department
of Entomology, College of Horticulture, Universitf Horticulture and Forestry, Nauni,
Solan (H.P) during 2018-2019. The details of matassed and methods employed during
the present investigations are presented belohisrchapter:

3.1 Raising of host plants

3.2 Maintenance of laboratory culture of diamorakoaoth
3.3 Biological studies d?. xylostella

3.4 Life fertility studies oP. xylostella

3.1 RAISING OF HOST PLANTS

The seeds of three different host plants viz.,iftawler, broccoli and mustard were
sown in the open field in the experimental farmtloé Department of Entomology, Dr.
Yashwant Singh Parmar University of Horticulturel d&orestry (Nauni, Solan, HP, India) on
28" November 2018. Transplanting was done after 4 sjegken the plants had 4-5 leaves,
individually in open field. These leaves were usedrearing the culture oP. xylostella
under laboratory conditions (PLATE.1)

32 MAINTENANCE OF LABORATORY CULTURE OF DIAMONDBACK
MOTH

The larva and pupae were collected from the field @were brought to the laboratory
and transferred into the insect rearing cages 6883824 cm size with glass pan on three
sides. They were fed in the cage with fresh leafesauliflower, broccoli and mustard with
their petiole dipped in glass vials (7cm x 1.5cmyl allowed to develop up to adult stage
(PLATE 2). Emerged adults were kept separatelylasggchimneys with 10 per cent sugar
syrup in cotton swab along with fresh leaves oflilawer, broccoli and mustard for egg

laying. The eggs laid by female moths in the ovif@ms cage were used for the



investigations on biology and life-fecundity Bf xylostella on three different host plants

under laboratory conditions.

3.3 BIOLOGICAL STUDIESOF P. xylostella

The studies on biology #. xylostella (L.) on different host plants were carried out in
laboratory conditions at room temperature of 12€2@fth relative humidity (70-75 per cent)
during January to March, 2019. About 20-25 pairaadiilts of diamondback moth were kept
separately inside the glass chimneys. 10 % sudati@o in a cotton swab was also kept
inside as food for adults along with leaves of eetipe host plants for mating and egg laying
(PLATE 4).

3.3.1 Study on various stages of P. xylostella
3.3.1.1 Egg stage

Eggs thus laid on the respective host plants weparated from the glass chimney
and were counted. One hundred eggs were transfernemist tissue paper kept in the five
petri dishes having 20 eggs in each (diameter Songrder to study the biology d®.
xylostella on three different host plants.

The observations on number of eggs hatched weoeded daily in the morning till
unhatched eggs shrank. Incubation period was edémliifrom the date of egg laying to the
date of hatching of eggs and the hatching per wast calculated from the number of eggs

hatched out of the total number of eggs kept fochiag.

3.3.1.2 Larval period

Newly hatched larvae were transferred with the leélpamel’s hair brush to the petri
plates (diameter 9.0 cm) containing leaves of #spective host plants. The leaves were
changed periodically as and when exhausted. Exuasmwvell as shed head capsule was
observed daily. The molting was confirmed by thespnce of casted off head capsule and
increased size of the head capsule of the lansulodequent instars. The larva in each instar
was studied for their colour and size. Observatmmsiumber of instars, duration of instars

and total larval period were recorded separatelthoze different host plants (PLATE 5).

3.3.1.3 Pre-pupal period

In order to determine the pre-pupal period, thedarwere observed from the time
when they became fully matured, stopped feeding lsemhme sluggish before turning to
pupa.
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PLATE 2: Plutella xylostella rearing cage

PLATE 3: Rearing of Plutella xylostella




3.3.1.4 Pupal period

The pre-pupae developed from each larva were keparately along with infested
leaves and allowed to pupate. The number of daywhiach the insect remained in the pupal

stage till emergence of adults was counted asupalperiod (PLATE 4).

3.3.1.5 Adult longevity

The male and female adults emerged out from thag@were kept separately in glass
chimneys (20cm x 15cm), the tops of which were cedenith muslin cloth and tied with
rubber bands. A pair of adults was kept in eacimoky along with the host (cauliflower,
broccoli and mustard leaves) and 10 per cent ssmation in cotton swab to stimulate egg
laying (PLATE 3).

Eggs laid by a single female were counted dailthe morning till the death of the
female. The longevity of male and female was reedrédeparately from the date of
emergence till the death of the adult. The obsematon longevity of the adult were also
recorded. Longevity of male and female was calculated sephrafrom the date of

emergence till the death of the adult.

34 LIFEFERTILITY STUDIES

The life tables were constructed by using the datall the biological parameters of
the test insect. Daily age-specific survival ane apecific fecundity data were used to
construct life fertility table oP. xylostella as per the method of Birch (1948) and elaborated
by Howe (1953) and Carey (2001). Based on inforomafrom the life fertility of each
female on different hosts, the average number gé gxer female () on each oviposition
date (x) was calculated. The accumulated survimdex of the female () during the
oviposition period and the number of descendanss thached age x in the following
generation (my). By using survivorship and different fertility lsedules, the following

parameters were calculated:

)] Gross Reproductive Rate (GRR)

It is the total number of female eggs laid per fEsneepresented by summation of mx
(female egg / female)
GRR=Xmy
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i)

Vi)

Net Reproductive Rate (Ry)

It is the rate of multiplication of the populationeach generation measured in terms of
females produced per generation. It is calculatednhltiplying Ix and mx and then
summation of their values. The number of times aufaiion would multiply per

generation was calculated by the following formula:

R, = 2lmy
Approximate Generation Time (T)

It is the mean length of a generation (birth toghétd mean reproductive age of the
adult). It was calculated as under:

Te=Exlimy/ Ry

I nnate capacity for natural increase(r)

It is the capacity of a species to increase in remie. the reproductive rate. The
numbers of individuals survived and mean numbefeafale offspring produced at

each age interval were recorded. From the datafetable, the arbitrary value of

innate capacity for natural increase in numbgrsvas calculated by using formula:
re=10ge R/ Te¢
Trueintrinsic rate of natural increase (rnm)

It is the actual rate of increase of population amspecified constant environmental
conditions in which food and space are unlimitesl,dafined by Andrewartha and
Birch (1954). Southwood (1976) gave a graphicalhmetfor the calculation of precise
value of r,. The arbitrary values of up to two decimal places were substituted in the

e ™ |,my) = 1096.6 until the two values were found whighitnmediately

formulaX (
above or below 1. These values were then plottetherhorizontal axis against their
respective arbitrary of on the vertical axis. The points were joined twega line
xIMx)

=1096.6. The point of intersection gave the valfig,paccurate upto three decimal

rmx I

which intersected a vertical line drawn from thesiced value ofE (e”

places.
Truegeneration time (T)
It is the mean period elapsing from the birth ofgpés to the birth of offspring and

calculated as:

T =10gRy 'm
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PLATE 4: Different Life stages of Plutella xylostella
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vii)  Finiterate of natural increase (A)

It is the number of times the population increases per unit time and calculated by

using formula:

A = Antilogem

viii)  Weekly multiplication rate (WM)
It is the number of times a population multiplied in aweek and calculated as:
WM=¢/ 1y

iX) Doubling time (DT)

It is the time taken by a species to double its population, calculated by the formula:
DT =loge2/ I'm

X) Grossfecundity

It isthe total number of eggs laid per female and calculated as X M
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Chapter-4

RESULTS AND DISCUSSION

The present investigations entitlé&tudies on life fertility table of diamondback

moth, Plutella xylostella (Lepidoptera) on different hosts” were conducted in the
Department of Entomology, College of Horticultudmiversity of Horticulture and Forestry,
Nauni-Solan (H.P) during the year 2018-2019. Thsailte thus obtained are reported under

the following heads:

4.1 Biology ofP. xylostella on different host plants
4.2 Life fertility studies of P. xylostella on different host plants

4.1 BIOLOGY OF P. xylostella ON DIFFERENT HOST PLANTS
Biology of P. xylostella was studied at room temperature of 12-26°C in the

Department of Entomology, Dr Y S Parmar UniversifyHorticulture and Forestry, Nauni,
Solan (H.P) Studies on different biological parameters were eumtaken on cauliflower,

broccoli and mustard.

4.1.1 Biology ofP. xylostella on cauliflower

A perusal of data presented in the Table 1 revehiadthe average incubation period
of P. xylostella was 3.04 days which varied from 2 to 4 days wighp@r cent hatchability.
These findings are in agreement with those of @aniorkers who reported incubation period
from 2-4 days (Chauhaet al., 1997; Sharmat al., 1999; Gangurde and Wankhede, 2010;
Gowri and Manimegalai, 2017 and Hari#aal., 2019) on this host. Duration of I, II, 1ll and
IV instar larva was 2.50 + 0.06, 1.62 + 0.11, 2+10.12 and 2.81 £+ 0.11 days, respectively.
Similar results were obtained by Sharetaal. (1999), Kumaret al. (1999) and Dhaduk
(2007). They have recorded the duration of first aecond instar larva as 2 to 3 days, 2 to 3,
2.50 £ 0.50, 2 to 3 days and 1 to 1.5 days, 1 foahd 1.20 = 0.25 days, respectively.
Similarly Alizadehet al. (2011), Niuet al. (2013) and Saeed al. (2017) found duration of
third instar larva as 2.14 £ 0.14, 2.1 £ 0.1 argB2: 0.13 days, respectively. Sharstal.
(1999), Dhaduk (2007), Alizade#t al. (2011) and Saeed al. (2017) also recorded the
duration of fourth instar as 2.5, 2.04 + 0.24, 2¢5@.12, 2.08 = 0.13 days, respectively on
cauliflower. The total larval period was 9.05 +®@ays with a range of 7 to 11 days with 41

per cent survival. The present studies are in comfyg with those of Syed and Abro (2003),



Gangurde and Wankhede (2010), Katiral. (2012) and Harikat al. (2019), who have
reported duration of total larval period as 7-1§sd& he pupal period was found to be 5.05 +
0.12 days with a range value of 4 to 6 days andstheival was 38 per cent (Table 1).
Similar results were obtained by Sharmtaal. (1999), Gowri and Manimegalai (2016),
Harikaet al. (2019), who recorded the pupal periodPokylostella as 3 to 5 days, 3 to 4, and
3 to 5 days, respectively. Total developmentalquewas 16.97 £+ 0.28 days with a range of
14 to 19 days. In congruence with present findimgis, et al. (2013), Saeeédt al. (2017),
Jahedet al. (2018) and Harikat al. (2019) also recoded the total development persoii7ad
days, 15.69, 17.60 and 17.75 days, respectivebaahflower.

The pre-oviposition, oviposition and post-ovipasiti period of P. xylostella on
cauliflower was 1.29 + 0.08, 10.74 + 0.22 and (8013 days with range of 1 to 2, 9 to 13
and 0 to 2 days, respectively (Table 1). Similauhes were found by Niet al. (2013) and
Saeedtt al. (2017) on cauliflower, who reported ovipositiogripd as 11.90 + 1.30 and 10.83
+ 0.33 days, respectively. The male lived for 20t90.50 days with a range of 8 to 14 days
whereas, longevity of female was 14.06 + 0.40 dais range of 10 to 17 days. The present
studies are in line with different authors who neéed longevity of the male and female as 12
and 16 days (Gowri and Manimegalai, 2016), 14.99tdhys (Niuet al., 2013), 9.70 £ 0.26
days (Jahedt al., 2018).

Table 1. Biological parameters oPlutella xylostella on cauliflower

Sr.No. Biological parameters Duration (days) Survival (%)
Mean+SE Range

1 Incubation period 3.04+0.08 2-4 82
2 Larval period | instar 2.50+£0.06 2-3 66

Il instar 1.62+0.11 1-3 52

[l instar 2.10+0.12 1-4 44

IV instar 2.81+0.11 2-4 41
3 Total larval period 9.05+0.22 7-11 41
4 Pupal period 5.05+0.12 4-6 38
5 Total developmental period 16.97+0.28 14-19 38
6 Pre-oviposition period 1.29+0.08 1-2 34
7 Oviposition period 10.74+0.22 9-13 -
8 Post-oviposition period 0.80£0.13 0-2 -
9 Adult Male 10.92+0.50 8-14 -

longevity Female 14.06+0.40 10-17 -
4.1.2 Biology ofP. xylostella on broccoli

A perusal of data presented in the Table 2 revetllatithe incubation period &.

xylostella was 3.01 + 0.08 days with range of 2 to 4 daysthadatchability was 83 per cent.
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Larval duration for I, 1I, lll and IV instar was@ + 0.09, 2.42 + 0.07, 2.53 £ 0.08 and 3.18 £
0.11 days, respectively. The duration of the ttaalal period was 11.11 + 0.16 days with a
range of 9 to 13 days and the survival was 45 pat.cThe mean pupal period was 3.80 *
0.11 days with a range of 3 to 5 days and the wsalrwvas 39 per cent. The total
developmental period was 18.15 + 0.29 days withrge of 17 to 23 days. The durations of
the pre-oviposition, oviposition and post-ovipasitiperiod ofP. xylostella on broccoli was
1.06 £0.13, 11.88 £ 0.28 and 0.74 = 0.16 days vatiges of O to 2, 10 to 14 and 0 to 3 days,
respectively. The longevity of female was 12.79.300days with a range of 10 to 16 days
whereas, the male lived for 10.25 + 0.25 days witrange of 9 to 12 days. The present
studies are more or less on agreement with thos@abiedet al. (2018) and Huaripata and
Sanchez (2019), who reported the duration of ingabgeriod, I, II, lll, IV larval instar,
total larval period, pupal period, total developtagperiod ofP. xylostella as 3.07 + 0.03, 2
to 3, 3,2to0 3, 3.10 £ 0.10, 10.68 + 0.11, 4.68.66, 18.61 and 3 days, 210 3, 3, 210 3, 3,
10.85 + 0.09, 5.01, 17.9 days, respectively. Howe8ged and Abro (2003) recorded the
total larval duration and pupal period as 10.68#10and 5.89 + 0.10 days, respectively on
broccoli. Slight variations can be attributed te thifference in the temperature and relative
humidity under which the studies were undertaken.

Table 2. Biological parameters oPlutella xylostella on broccoli

Sr.No. Biological parameters Duration (days) Survival (%)
Mean+SE Range

1 Incubation period 3.01+0.08 2-4 83
2 Larval period | instar 3.06%0.09 2-4 70

Il instar 2.42+0.07 2-4 62

Il instar 2.53+0.08 2-3 53

IV instar 3.18+0.11 2-4 45
3 Total larval period 11.11+0.16 9-13 45
4 Pupal period 3.80+0.11 3-5 39
5 Total developmental period 18.15+0.29 17-23 35
6 Pre-oviposition period 1.06+0.13 0-2 35
7 Oviposition period 11.88+0.2§ 10-14 -
8 Post-oviposition period 0.74+0.16 0-3 -
9 Adult Male 10.25+0.25 9-12 -

longevity Female 12.79+0.30 10-16 -

4.1.3 Biology ofP. xylostella on mustard

Data presented in the Table 3 revealed that théatwn period oP. xylostella was
3.56 = 0.06 days with range of 3 to 4 days and é8cent hatchability. Duration of I, II, I
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and IV instar larva was 3.17 + 0.11, 2.62 + 0.0862+ 0.10, and 3.24 + 0.14 days,
respectively. The duration of total larval periodsal1.86 + 0.21 days with a range of 9 to 14
days and the survival of 37 per cent. The pupabpdewras found to be 4.73 + 0.15 days with
a range value of 4 to 7 days and 34 per cent salrviwtal developmental period was 16.59 +
0.27 days with a range of 14 to 20 days. The dumadf the pre-oviposition, oviposition and
post-oviposition period of the. xylostella on mustard was 1.54 + 0.12, 12.07 =+ 0.31 and
0.71 £ 0.15 days with a range of 1 to 3, 9 to 14 @no 3 days, respectively. The male lived
for 9.44 + 0.34 days with a range of 7 to 12 day®meas, longevity of female was 12.32 +
0.32 days with range value of 9 to 14 days.

Table 3. Biological parameters oPlutella xylostella on mustard

Sr.No. Biological parameters Duration (days) Survival (%)
Mean+SE Range

1 Incubation period 3.56+0.06 3-4 78
2 Larval period | instar | 3.17+0.11 2-5 60

Il instar 2.62+0.08 2-4 55

[l instar 2.86+0.10 2-4 44

IV instar 3.24+0.14 3-5 37
3 Total larval period 11.86+0.21 9-14 37
4 Pupal period 4.73+0.15 4-7 34
5 Total developmental period 16.59+0.27 14-20 34
6 Pre-oviposition period 1.54+0.12 1-3 29
7 Oviposition period 12.07+0.31 9-14 -
8 Post-oviposition period 0.71+0.15 0-3 -
9 Adult Male 9.44+0.34 7-12 -

longevity Female 12.32+0.32 9-14 -

4.1.4 Comparative analysis of biological parametersf P. xylostella on different hosts

The comparative duration of different developraérgtages ofP. xylostella on
different hosts is presented in Table 4. It is ewidfrom this table that there were variations
among different hosts with respect to their biotagiparameters. The total larval period
among the three host plants was the longest omtistard (11.86 days) followed by broccoli
(11.11 days) and cauliflower (9.08 days). Theseeamlere significantly different from one
another. Syed and Abro (2003) in conformity to presstudies had reported the total larval
duration of P. xylostella as 9.45 + 0.08 days, 10.68 + 0.11 and 10.57 = @d@ on
cauliflower, broccoli and mustard, respectivelygRawanshiet al. (2010) also recorded the
longest larval duration d?. xylostella when grown on mustard (10.43 days) as compared to

its larval duration when grown on cabbage (8.44syland cauliflower (7.62 days).
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The total developmental period on mustard (16.5&)and cauliflower (16.97 days)
did not differ significantly, whereas significanttygher developmental time was recorded on
broccoli (18.15 days). Similarly, Justhal. (2001) recorded maximum duration of immature
stages ofP. xylostella when reared on Indian mustard (25 days) followgdcébbage (22
days) and cauliflower (21 days).

Reproductive biology of the diamondback moth waslisd on different hosts. The

average duration of the pre-oviposition period loese three hosts varied from 1.06 to 1.54
days. The oviposition period on cauliflower, brdca@nd mustard was 10.74, 11.88 and
12.04 days, respectively and was found to be saamfly highest in case of mustard,

whereas it was lowest on cauliflower. The post-osipon period on cauliflower, broccoli
and mustard was 0.80, 0.74 and 0.71 days, respBctiv

Table 4. Comparative analysis of biological paramers of Plutella xylostella on
different hosts

Sr. Biological parameters Host plant C.Ros
No. cauliflower broccoli mustard
1 Incubation period 3.04+0.08 3.01+0.08 3.56+0.06 .210
2 Larval | instar 2.50+0.06 3.06+0.09 3.17+0.11 0.26
period Il instar 1.6240.11 | 2.42+0.07| 2.62+0.08  0.26
Il instar 2.10£0.12 2.53+0.08 2.86+0.1( 0.30
IV instar 2.78+0.11 3.18+0.11 3.24+0.14 0.35
3 Total larval period 9.08+0.23 11.11+0.16 11.8@40., 0.59
4 Pupal period 5.03£0.12 3.80+0.11 4.73+0.15 0.87
5 | Total developmental period 16.97+0.29 18.15+0.2916.59+0.27 1.03
6 | Pre-oviposition period 1.29+0.08 1.06+0.13 1.5420 NS
7 | Oviposition period 10.74+0.22 11.88+0.28 12.03%0., 0.81
8 | Post-oviposition period 0.80%0.13 0.74+0.16 0015 NS
9 Adult Male 10.92+0.50 10.25+0.25 9.44+0.34 0.95
longevity Female 14.0620.40 12.79+0.3D  12.32+0.32  1.05
10 Total no. of eggs/ female 253.36£2.62 182.7232.6245.48+4.32 NS

The results also revealed that the highest fecynalit 253.36 eggs/female was

recorded in cauliflower followed by mustard (245.48gs). The minimum fecundity of

182.72 eggs was recorded on broccoli. In congruavitte the present findings, Syed and
Abro (2003) recorded highest fecundity on caulilowi212.30 eggs/ female) followed by
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mustard (118.70) and minimum fecundity was recordedbroccoli (97.70 eggs). The

variations may be due to different cultivars ofeliént climatic conditions.

The present findings on the duration of differetages on different host plants
revealed that the total larval period as well apasition period oP. xylostella was extended
when reared on mustard as compared to cauliflowdrkaoccoli. This could be because of
variations in the nutritional status of differerdsh plants used in the present studies as also
stated by Zhangt al. (2012) and Saeest al. (2017) that development of immature stages

can be reflections of differences in nourishmeigured during its immature stages.

In the present studies cauliflower was found tothe most suited host fdp.
xylostella followed by broccoli and mustard as larval perimds completed in shorter
duration on this host. These findings are in canfty with those of Chand and Choudhary
(1977) who reported that diamondback moth altholgghon all the cruciferous plants, yet
exhibited preference for cauliflower and cabbageese two plant species possess fleshy
succulent leaves that provide both olfactory anstajory stimuli. Singh and Singh (1982)
have also observed th& xylostella completed its larval and pupal development in the
shortest time on cauliflower. Ramachandetal. (1998) also reported significant differences

in biological parameters &. xylostella feeding on differenBrassica spp.

4.2 FERTILITY STUDIES OF P. xylostella ON DIFFERENT HOSTS

4.2.1 Age —specific survival and age- specific faality of P. xylostella on cauliflower

Fertility table was constructed by utilizing thetalaon fertility of P. xylostella on
cauliflower which revealed that at the time of adarhergence on 15day, there was 34 per
cent adult survival, which continued upto™@ay. However, on the #1day of the pivotal
age, there was 31 per cent survival. Off 2ad 2& day, the survival was found to be 28 and
26 per cent respectively, which further reduce@2ger cent on 24day of the pivotal age.
The survival rate reduced to 19 per cent ofi @y while, on 26 and 27" day of the pivotal
age, the survival was 13 and 9 per cent, respdgtiVbe adult survival reduced to 4 per cent
and 2 per cent on #9nd 38' day of the pivotal age and all adults died off 8ay of the
pivotal age (Table 5).
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Table 5. Life table (for female) and age-specifiéecundity of Plutella xylostella on

cauliflower
Pivotal | Age specific| Female [ My Xlyxmy e ™| .my
age survival progeny rm=0.17 m=0.18
in days (M) per
(x) female
(my)

0-3 0.82 Egg stage

4-14 0.34 Larval, pupal & pre-oviposition period

15 0.34 ’

16 0.34 4.50 1.53 26.01 110.53 94.19
17 0.34 5.91 2.01 36.17 122.50 103.35
18 0.34 7.95 2.70 51.36 138.83 115.96
19 0.34 11.55 3.93 78.54 170.48 140.98
20 0.34 15.02 5.11 107.24 187.02 153.12
21 0.31 17.38 5.39 118.53 166.43 134.90
22 0.28 15.67 4.39 100.91 114.36 91.77
23 0.26 11.96 3.11 74.63 68.35 54.31
24 0.22 9.81 2.16 53.96 40.05 31.50
25 0.19 7.73 1.47 38.19 22.99 17.91
26 0.13 5.92 0.77 20.78 10.16 7.84
27 0.09 5.33 0.48 13.43 5.34 4.08
28 0.05 3.20 0.16 4.64 1.50 1.14
29 0.04 3.25 0.13 3.90 1.03 0.77
30 0.02 1.50 0.03 0.93 0.20 0.15
31 0 0.00 0.00 0.00 0.00 0.00

126.68 33.36 729.22 1159.78 951.96

A female on an average laid 4.50 female eggs osé¢hend day of oviposition while

on 17", 18" and 14' day, the female progeny produced was 5.91, 7.9514n55 female

eggs/ female. The maximum female eggs/ female & 7@&re recorded on™7day of

oviposition at the pivotal age of 2Hay. Thereafter, a decreasing trend in the eggdayas

recorded till 3¢ day of the pivotal age and a minimum of 1.50 eggsfemale were laid on

30" day of the pivotal age. The egg laying was conepyestopped on the $iday of the

pivotal age (Figure 1).
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Figure 1. Age-specific survival and age specifietundity of Plutella xylostella on
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Figure 2. Determination of true intrinsic rate of increase (r,) of Plutella xylostella on
cauliflower
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The data presented in Table 6 was utilized to caeplue gross reproductive rate
(GRR) and the net reproductive rateg)(Rvhich was 126.68 and 33.36 female eggs per
female, respectively. The species had the apprdgirganeration time ¢J of 21.85 days.
The innate capacity for natural increasg ras 0.17, while the true intrinsic rate of in@ea
(rm) which was calculated graphically and was foundo& 0.1730 (Figure 2). The true
generation time was 20.27 days while the finite raft increaseA) was 1.18 days, with a
doubling time (DT) of 4.2 days. Weekly multiplioati rate was 3.19 times and the gross
fecundity of this population was 253.36 eggs pardke.

Table 6. Fertility parameters of Plutella xylostella on cauliflower

Parameters Unit Host (cauliflower)

Gross reproductive rate (GRR) Female eggs/ female 26.68
Gross fecundity (M Number of eggs 253.36
Net reproductive rate @R Female eggs/ female 33.36
Approximate generation time {U Days 21.85
The innate capacity for increasg) (r | Females/ female/ day 0.17
Intrinsic rate of natural increaseg,r | Females/ female/ day 0.1730
True generation time (T) Days 20.27
Finite rate of increase. Females/ day 1.18
Doubling time (DT) Days 4.20
Weekly multiplication rate (WM) Folds 3.19

4.2.2 Age-specific survival and age- specific fewdity of P. xylostella on broccoli

Fertility table of diamondback moth was construab@dcauliflower under laboratory
conditions. The data presented in Table 7 revethladat the time of adult emergence, there
was 35 per cent survival, which continued upt8 8@y after that the adult morality started.
On 21" 22" and 2% days there was 33 per cent, 31 per cent and 28emeéradult survival,
respectively which further decreased to 25 andeticpnt on 24 and 2%' day of pivotal age.
Further, the survival reduced to 15 and 8 per oar28" and 29" day of pivotal age and only
4 per cent adults survived on 30 day of pivotal. afgé individuals died on 3% day of

pivotal age.

The data revealed that the egg laying started @18 day of pivotal age on broccoli
when 12.53 female progeny were produced (Tabl®)19" day the female egg laying was
10.04 eggs/ female. Maximum egg laying/ female{2Bwere recorded on P(ay. There
were 11.47 and 11.66 eggs orr'zind 239 day of pivotal age, respectively. Thereafter, a
declining trend in the female progeny was recomjeto 29" day of pivotal age. On 324",
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25" 26", 27", 28" and 28' days of pivotal age the egg laying was 9.56, 75092, 4.81,
2.71 and 1.25 eggs/female, respectively. Minimung &ying of 0.15 eggs/female was

recorded on 30day and after that the egg laying was completelgred (Figure 3).

Table 7. Life table (for female) and age-specifidecundity of Plutella xylostella on

broccoli
Pivotal | Age specific| Female My Xl My e ™ my
age survival progeny rm=0.15 m=0.16
in days (M) per
(x) female
(my)

0-3 0.83 Egg stage

4-16 0.35 L .

17 0.35 Larval, pupal & pre-oviposition period

18 0.35 12.53 4.39 78.94 323.54 270.25
19 0.35 10.04 3.51 66.77 222.65 184.13
20 0.35 13.12 4.59 91.84 250.61 205.18
21 0.33 11.47 3.79 79.49 178.10 144.37
22 0.31 11.66 3.61 79.52 146.01 117.18
23 0.28 9.56 2.68 61.57 93.30 74.13
24 0.25 7.94 1.99 47.64 59.63 46.91
25 0.21 5.92 1.24 31.08 31.98 24.91
26 0.15 481 0.72 18.76 15.98 12.32
27 0.12 2.71 0.33 8.78 6.30 4.81
28 0.09 1.25 0.11 3.15 1.18 1.37
29 0.08 0.2 0.02 0.46 0.28 0.21
30 0.04 0.15 0.01 0.18 0.12 0.09
31 0.01 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00

91.36 26.98 568.17 1330.33 1085.85

Population growth statistics d®. xylostella on broccoli are presented in Table 8

which revealed that it had the gross reproductate (GRR) of 91.36 female eggs per female

and the net reproductive rate JRvas 26.98 female eggs per female. The approximate

generation time (J was 21.05 days, while the innate capacity of r@tincrease ( was

0.15. This arbitrary value of was used to determine the true intrinsic rate ofaase ()

graphically as 0.1595 (Figure 4). The finite rateirerease X) was 1.173, while the true

generation time (T) and the time taken to doubke ghpulation (DT) were 20.66 days and

4.34 days, respectively. Weekly multiplication ratas 3.06 times and the gross fecundity

was 182.72 eggs per female.
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Table 8. Fertility parameters of Plutella xylostella on broccoli

Parameters Unit Host (broccoli)

Gross reproductive rate (GRR) Female eggs/ female 1.369
Gross fecundity (M Number of eggs 182.72
Net reproductive rate @R Female eggs/ female 26.98
Approximate generation time {U Days 21.05
The innate capacity for increasg) (r | Females/ female/ day 0.15
Intrinsic rate of natural increaseg,Jr | Females/ female/ day 0.1595
True generation time (T) Days 20.66
Finite rate of increase. Females/day 1.173
Doubling time (DT) Days 4.34
Weekly multiplication rate (WM) Folds 3.06

4.2.3 Age -specific survival and age specific feadity of P. xylostella on mustard

The data presented in Table 9 revealed that thé emhergence was observed or"18
day. There was 29 per cent survival at the timenoérgence which persisted uptd"2iay of
the pivotal age. However on ¥Xay the survival was ¥er cent, which reduced to 23 per
cent on 2% day of the pivotal age. On 24lay the survival was 19 per cent while, off' 25
day the survival was found to be 15 per cent. Thétaurvival reduced to 9, 8, 6, 5 per cent,
respectively on 2B 27", 28" and 24' day of the pivotal age. Only 2 per cent adultvised
on pivotal age of 30day and all adults died on3tlay of pivotal age.

The perusal of data presented in Table 9 revdakgdthe egg laying d?. xylostella
on mustard started on the"8ay of pivotal age when 11.38 female progeny vpeoeluced.
On 20" day the female egg laying was 10.06 eggs/ femMéximum egg laying of 24.23
eggs/ female was recorded orf'2lay. There were 21.04 and 16.21 eggs on 22 ancy28fd
pivotal age, respectively, while it was 14.42, B1.8.74, 5.47 and 0.64 eggs/ female ofi, 24
25" 26" 27" and 28' day of pivotal age. The egg laying was completgtpped on the
pivotal age of 30 day (Figure 5).
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Table 9. Life table (for female) and age-specifiéecundity of Plutella xylostella on

mustard
Pivotal age | Age specific| Female lmy Xl My e"™ |, my
in days survival progeny
%) (b e rm=0.15 | =0.16
(my)

0-4 0.78 Egg stage
>-17 0.29 Larval, pupal & pre-oviposition period

18 0.29

19 0.29 11.38 3.30 62.70 209.34 173.12
20 0.29 10.06 2.92 58.35 159.28 130.41
21 0.29 24.23 7.03 147.56 330.21 267.66
22 0.27 21.04 5.68 124.98 229.77 184.40
23 0.23 16.21 3.73 85.75 129.79 103.13
24 0.19 14.42 2.74 65.76 82.10 64.58
25 0.15 11.75 1.76 44.06 45.46 35.4D
26 0.09 6.74 0.61 15.77 13.47 10.38
27 0.08 5.47 0.44 11.82 8.36 6.38
28 0.06 0.64 0.04 1.08 0.63 0.48
29 0.05 0.80 0.04 1.16 0.57 0.42
30 0.02 0.00 0.00 0.00 0.00 0.00
31 0.00 0.00 0.00 0.00 0.00 0.00

122.74 28.28 501.60 1208.98 976.36

The data presented in Table 10 revealed that tenrfemale progeny per female over
the entire reproductive period on mustard was 22The net reproductive rate j)Rvhich
takes into consideration the age specific sunifahe diamondback moth was 28.28 female
eggs/ female. This moth had an approximate gewoersitne (T) of 21.88 days and the true
generation time (T) of 21.71 days. The capacitynatural increase {rwas 0.15, while the
true intrinsic rate of natural increasg)(was 0.1548 (Figure 6). The finite rate of incee@3
was of 1.166 female eggs /female/ day, whereas taken to double the population (DT)
was 4.49 days. The weekly multiplication rate wa832times and gross fecundity of the

species was 245.48 eggs.
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Table 10. Fertility parameters ofPlutella xylostella on mustard

Parameters Unit Host (mustard)

Gross reproductive rate (GRR) Female eggs/ female 22.74
Gross fecundity (M Number of eggs 245.48
Net reproductive rate @R Female eggs/ female 28.28
Approximate generation time {U Days 21.88
The innate capacity for increaseg) (r Females/ female/ day 0.15
Intrinsic rate of natural increase,)r Females/ female/ day 0.1548
True generation time (T) Days 21.71
Finite rate of increase. Females/ day 1.166
Doubling time (DT) Days 4.49
Weekly multiplication rate (WM) Folds 2.93

4.2.4 Comparative life fertility parameters ofPlutella xylostella on different hosts

Life fertility parameters oP. xylostella on different hosts are presented in Table 11
which revealed that there were observable diffexsran different hosts with respect to their
life fertility parameters. According to Pahal. (2014) life table parameters often vary due to
different rearing conditions, host plants, and ofaetors. The gross reproductive rate (GRR)
was highest on cauliflower (126.68 female eggs/dienfollowed by mustard (122.74) and
was minimum on broccoli (91.36 female eggs/ femaléle gross fecundity (M was the
highest on cauliflower (253.36 eggs per female)ofeéd by mustard (245.48) and was
minimum on broccoli (182.72 eggs per female). Samitend was observed with respect to
the net reproductive rate {R It was highest on cauliflower (33.36) followeg mustard
(28.28) and broccoli had the leastvRlue (26.98 female eggs / female). The presedirfgs
are in corroboration with those of Syed and Abr®@0@ who reported that the net
reproductive rate (& was highest on cauliflower (89.71) whereas, isWavest on rapeseed
(26.77)

The approximate generation time c(Twas 21.85, 21.05 and 21.88 days on
cauliflower, broccoli and mustard, respectivelyeTihnate capacity for increasg) (was the
highest on cauliflower (0.17) followed by broccahd mustard (0.15) (Table 11 and Figure
9). Further, the intrinsic rate of natural increésg of different populations was estimated
from r. values. The highest value qf was observed on cauliflower (0.1730) followed by
broccoli (0.1595).
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The minimum value ofywas observed on mustard (0.1548). The finite shtecrease

(A) was 1.18, 1.17 and 1.17 females per day whilerthee generation time (T) and the time
taken to double the population (DT) was 20.27, @@6d 21.71 days and 4.20, 4.34 and 4.49
days, respectively on cauliflower, broccoli and maus. Weekly multiplication rate was 3.19,

3.06 and 2.93 times on cauliflower, broccoli andstatd, respectively. These findings are in
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close proximity with that of Justiet al. (2001) who found that the diamondback moth had a
capacity for natural increase of 0.16, 0.17 an® @enales per day on cauliflower, cabbage
and mustard, respectively. They had also reved&latfinite rate of increase & xylostella
were 1.18, 1.19 and 1.14 females per day, resghgion these hosts which is in line with the
present findings. They have also reported that drathack moth population multiplied 3.18,
3.38 and 2.50 times per week.

P. xylostella has been reported to feed on a wide range of emaeti§ host plants
(Harcourt, 1957; Singh and Singh, 1982; Ramachardra., 1998). The effect of host plant
on development and reproduction Bf xylostella vary (Wakisakaet al., 1992). Syed and
Abro (2003) reported that the intrinsic rate ofrgase (§) and finite rate of increase)(was
highest on cauliflower and lowest on mustard, regpely. These results are in line with the
present findings. Lanteren and Noldus (1990) h#ated that shorter developmental time and
greater total oviposition on a host reflected théadility of host plant which support the
present studies, wherd?. xylostella showed higher intrinsic rate of increase,)(ron
cauliflower resulting from faster development, leglsurvivorship and higher fecundity rates.
Similar results were also reported by Saasl. (1993), when they studied the life table
parameters oP. xylostella on different host plants and observed that thedsgh, was on

cauliflower.

On comparing fertility parameters Bf xylostella on different hosts, it was found that
the cauliflower was the most prolific host thandmali or mustard while the mustard was the
least prolific as revealed by the minimum valugld true intrinsic rate of increase. These
findings are in line with those of Hamilt@hal. (2005) and Jahest al. (2018) who reported
that the net reproductive rate was higher and ngsareration time was shortest whien
xylostella was reared on cauliflower followed by broccoli. Hoxer, slight differences in the
values of life fertility parameters iR. xylostella can be attributed to the nutritional status of
different host plants. The earlier studies showsat tlevelopment and reproduction ff
xylostella is directly affected by thdBrassica spp. This is because of different level of
glucosinolate present iBrassica spp.(Hopkinset al. 2009, Sarfrazt al. 2007 and Nikooei
et al. 2015). The overall amount of glucosinolate invEsaof the tested Brassicaceous plants
determined oviposition preferences, rates of immeatdevelopment and survival, adult
longevity and the resulting net reproductive rate P. xylostella (Hamilton et al., 2005;
Jahecet al., 2018).
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Table 11. Comparative fertility parameters ofPlutella xylostella on different hosts

Fertility parameters Unit Flost
Cauliflower | Broccoli | Mustard

Gross reproductive rate (GRR) Female eggs/ female  26.68 91.36 122.74
Gross fecundity (M Number of egg 253.36 182.72 245.48
Net reproductive rate @R Female eggs/ female 33.36 26.98 28.28
Approximate generation time T |Days 21.85 21.05 21.88
The innate capacity for increasg (fFemales/ female/ day 0.17 0.15 0.1%
Intrinsic rate of natural increase,riFemales/ female/ day 0.1730 0.1595 0.1548
True generation time (T) Days 20.27 20.66 21.71
Finite rate of increaseé. Females/ day 1.18 1.17 1.17
Doubling time (DT) Days 4.20 4.34 4.49
Weekly multiplication rate (W) Folds 3.19 3.06 2.93
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Figure 9. Determination of true intrinsic rate of increase (i) of Plutella xylostella on
broccoli, cauliflower and mustard
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Chapter-5
SUMMARY AND CONCLUSION

The present investigations entitled, “Studiesifanfértility table of diamondback moth,
Plutella xylostella (Lepidopetera) on different hosts” were undertakerthe laboratory of
Department of Entomology, College of Horticultur®r YS Parmar University of
Horticulture and Forestry, Nauni, Solan (H.P). Thsults thus obtained are summarized as

under:

Studies on biology oP. xylostella were undertaken under laboratory conditions on

different hosts viz. cauliflower, broccoli and mearst.

. The studies on different developmental stages fesedghat maximum total
developmental period was 18.15 days on broccoloviad by cauliflower (16.97
days) and minimum developmental period was obsdrvadustard (16.59 days).

. Longevity of the male and the female moth was $icgmtly affected by the hosthe
longevity of the male and female was minimum on temas (9.44 and 12.32 days,
respectively) and it was significantly differenoifin that on cauliflower and broccoli,
while it was at par on cauliflower (10.92 and 14d#/s) and broccoli (10.25 and
12.79 days).

. The highest net reproductive rate Fof diamondback moth was recorded on
cauliflower (33.36 female eggs/ female), whereawas lowest on broccoli (26.98
female eggs/ female). Thus, on the basis of vatieset reproductive rate, the host
plants can be arranged in order as: cauliflowerustard > broccoli.

. The gross fecundity was highest on cauliflower (363eggs) followed by mustard
(245.48 eggs) and it was minimum on broccoli (182d@gs).

. The approximate generation time;(Twas lowest on broccoli (21.05 days) and
highest on mustard (21.88 days).

. The highest true intrinsic rate of natural incre@sg was recorded on cauliflower

(0.1730 female progeny/ female/ day) whereas, & m@&aimum on mustard (0.1548

female progeny/ female/ day) thereby indicatingt tbauliflower was the most

suitable host for the development Bf xylostella. The f, value on broccoli was

0.1595 female progeny/ female/ day.



CONCLUSION

On the basis of these studies it is concludedttiieake were significant variations with
respect to developmental and reproductive biolo§yPo xylostella on different hosts.
Besides, the difference in the true intrinsic r@t@atural increase {) on different hosts was
also found. It was highest on cauliflower (0.1728dn&le progeny/ female/ day), indicating
thereby that the diamondback moth on cauliflowemigre prolific followed by broccoli

(0.1595 female progeny/ female/ day) and mustadbdB female progeny/ female/ day).

42



LITERATURE CITED

Ahmad H, Kumar M, Sharma D, Jamwal VVS, Khan RB &upta S. 2011. Bionomics of
diamondback mothPlutella xylostella (L.) on cabbageAnnals of Plant Protection
Sciences 19(1):80-83.

Ahmad T and Ansari SM. 2010. Studies on seasonahddnce of diamondback moth
Plutella xylostella (Lepidoptera: Yponomeutidae) on cauliflower crdpurnal of Plant
Protection 50(3):280-87.

Ahmad T and Ansari SM. 2014. Characterization fef table parameters of the diamondback
moth Plutella xylostella (Lepidoptera: Yponomeutidae) reared on four ddifeér host
plants.Canadian Journal of Plant Protection 2(2):37-43.

Ahmad T, Ali H and Ansari SM. 2008. Biology of diamdback mothPlutella xylostella
(Linn.) onBrassica juncea cv. Pusa BoldAsian Journal of Bio Sciences 3(2):260-62.

Ahmad T, Ansari MS and Ali H. 2009. Outbreak ofrd@ndback mothPlutella xylostella
in Aligarh, India.Trends in Bioscience 2:10-12.

Alizadeh M, Rassoulian GR, Karimzadeh J, HosseMiadd Farazmand H. 2011. Biological
study of Plutella xylostella (L.) (Plutellidae) and its solitary endoparasitofCiotesia
vestalis (Haliday) (Hym. Braconidae) under laboratory caiodis. Pakistan Journal of
Biological Sciences 14:1090-99.

Andrewartha HG and Birch S. 195Phe distribution and abundance of animals. University
of Chicago Press, Chicago. 782p.

Anonymous. 2018lndian Horticulture Database, National Horticulture board. Government
of India 136-51pp.

Anonymous. 2018. www.mospi.hic.in

Arvanitakis L, Bonal F, Bordat A, Kirk AA and Bortd®. 2002. Biological and molecular
variability within seven populations ¢flutella xylostella (L.) from Benin (West Africa).
Improving biocontrol of Plutella xylostella. In: Proceedings of the International
Symposium of Montpellier pp.135-37.

Birch S. 1948. The intrinsic rate of natural in@ean insect populatiodournal of Animal
Ecology 17:15-26.

Capinera JL. 2000Handbook of Vegetable Pests. Academic Press, San Diego. 729p.
Carey JR. 2001insect biodemography. Annual Review 46:79-110.

Chand P and Choudhary R. 1977. Patterns of inskoit pelationships determining
susceptibility of food plants in diamondback md®hytella xylostella (L.) Cuyrtis.Mysore
Journal of Agricultural Science 11:547-49.



Chauhan U, Bhalla OP and Sharma KC. 1997. Bioleglyseasonality of diamondback moth
Plutella xylostella (L.) (Lepidoptera: Yponomeutidae) and its paraditon cabbage and
cauliflower.Pest Management in Horticultural Ecosystem 3(1):7-12.

Chelliah S and Srinivasan K. 1986. Bio-ecology amehagement of diamondback moth in
India. In: Proceedings of the International Workshop on Diamondback Moth
Management, Tainan, Taiwarheld during March 11-15 ( Ed. Talekar NSAVRDC pp.
248:63-76.

Dabhi MR, Mehta DM, Patel CC and Korat DM. 2009fetLitable of diamondback moth,
Plutella xylostella (Linnaeus) on cabbagBr@ssica oleraceae var. capitata L.). Karnataka
Journal of Agricultural Sciences 22(2):319-21.

Dabhi MR. 2007 Life table on different hosts and management of diamondback moth, P.
xylostella (Linnaeus) infesting cabbage (Brassica oleracea var. capitata L.). M. Sc.
(Agri.) thesis submitted to AAU, Anand.

Das M and Chaudhuri N. 2007. Life system analy§iBlatella xylostella for formulation of
pest modellndian Journal of Agricultural Research 41:164-70.

Devi N and Raj D. 1995. Biology and parasitizatafrdiamondback mottR. xylostella (L.)
infesting cauliflower in mid hill region of HimachaPradesh (India).Journal of
Entomol ogical Research 19(1):83-86.

Devi N, Bharadwaj V and Deshraj. 2004. Seasonahdbauce of diamondback motPlutella
xylostella (L.) and its natural enemiedournal of Entomological Research 28:317-20.

Devjani P and Singh TK. 1999. Field density anddgyg of diamondback moths. xylostella
L. (Lepidoptera: Plutellidae) on cauliflower in Mpar. Journal of Advanced Zoology
20(1):53-55.

Dhaduk AK. 2007.Biology, population dynamics and chemical control of diamondback
moth, Plutella xylostella (Linnaeus) on cabbage (Brassica oleracea). M.Sc. (Ag.) Thesis
submitted to Junagadh Agricultural University. Jyedh 121p.

Ebrahimi N, Talebi AA, Fathipour Y and Zamani AA@B. Host plants effect on preference,
development and reproduction Bfutella xylostella (L.) (Lepidoptera: Plutellidae) under
laboratory conditionsAdvance Environmental Biology 2(3):108-14.

FAO. 2018. Annual vegetable production repastiw.fao.org

Fathi SAA, Sarfaraz RM and Amirkalaee MB. 2010.fBrence and performance Bfutella
xylostella (L.) (Lepidoptera: Plutellidae) on canola cultisadournal of Pest Science
84(1):41-47

Fletcher TB. 1914Some South Indian insects and other animals of importance considered
especially from an economic point of view. Superintendent, Government Press, Madras.
565p.

44



Furlong MJ, Wright DJ and Dosdall LM. 2013. Diambadk moth ecology and
management: problems, progress, and prosp&atsial Review of Entomology 58:517-41.

Gangurde SM and Wankhede SM. 2010. Biology of diasthack mothPlutella xylostella.
International Journal of Plant Protection 2:165-66.

Golizadeh A, Kamali K, Fathipour Y and Abbasipour. H009. Life- table of the
diamondback mothPlutella xylostella (L.) (Lepidoptem: Plutellidae) on five cultivated
brassicaceous host planisurnal of Agricultural Science and Technology 11:115-24.

Golizadeh A, Karim K, Fathipour Y and Abbasipour BIO0O7. Temperature-dependent
development of diamondback motlutella xylostella (Lepidoptera: Plutellidae) on two
brassicaceous host planissect Science 14:309-16.

Gowri G and Manimegalai K. 2016. Biology of diambadk moth,Plutella xylostella
(Lepidoptera: Plutellidae) of cauliflower under dméatory conditionInternational Journal
of Fauna and Biological Studies 3(5):29-31.

Gowri G and Manimegalai K. 2017. Life table of damilback mothPlutella xylostella (L.)
(Lepidoptera: Plutellidae) on caulifloweBr@ssica oleracea var. botrytis L.). Journal of
Entomology and Zoology Studies 5(4):1547-50.

Grzywacz D, Rossbach A, Rauf, Russell D, SrinivaRaand Shelton A. 2010. Current
control methods for diamondback moth and other dicaspests and prospects for
improved management with lepidopteran-resistaniv@&®jetable brassicas in Asia and
Africa. Crop Protection 29:68-79.

GuoQuan Y, Weidian W, DeJiu G and Zhang W. 1998lirRinary studies on oviposition
preference to host plants of diamondback mélijella xylostella and its application
Journal of South China Agricultural University, Guangzhou China 19(1):61-64.

Hamilton AJ, Endersby NM, Ridland PM, Zhang J arehNM. 2005. Effects of cultivar on
oviposition preference, larval feeding and develeptmtime of diamondback moth,
Plutella xylostella (L.) (Lepidoptera: Plutellidae), on sorBeassica oleracea vegetables
in Victoria. Australian Journal of Entomology 44:284-287.

Harcourt DG. 1957. The biology and ecology of thentbndback moth,Plutella
maculipennis (Curtis) (Lepidoptera: Plutellidae), in Easternt&@io. I1. Life-History,
Behaviour and Host Relationshifgzanadian Entomologist 89:554-64.

Hardy JE. 1938Plutella maculipennis (Curtis) its natural and biological control in England.
Bulletin of Entomological Research 29:343-72.

Harika G, Dhurua S, Sreesandhya N, Suresh M and@&®019. Biology of diamondback
moth, Plutella xylostella (Lepidoptera: Plutellidae) on cauliflower under dadtory
condition International Journal of Current Microbiology and Applied Sciences 8(1):866-
73.

45



Hasan W and Singh CP. 2008. Biology of diamondbaukh, Plutella xylostella (L.)
(Lepidoptera: Yponomeutidae) on cabbage and Indiastard.International journal of
Agriculture Science 4(2):684-86.

Hasanshahi G, Ahan FJ, Abbasipour H, Tabar MS, #ahkzadeh A, Karimi J and Rahimi
AH. 2014. Biology and demography of the diamondbawkth, Plutella xylostella
(Lepidoptera: Plutellidae) on five cauliflower dulirs under laboratory condition&cta
Entomologica Snica 57(1):63-66.

Haseeb M, Kobori Y, Amano H and Nemoto H. 2001. Wajon density ofPlutella
xylostella (Lepidoptera: Plutellidae) and its parasit@otesia plutellae (Hymenoptera:
Braconidae) on two varieties of cabbage in an UdBanronment.Applied Entomology
and Zoology 36:353-60.

Hemchandra O and Singh TK. 2003. Life-table, rdtmarease and stable-age distribution of
P. xylostella (L.) on cauliflower.Annals of Plant Protection Sciences 11:269-73.

Hemchandra O and Singh TK. 2004.Life-table, ratenofease and stable-age distribution of
P. xylostella (Linn.) on knolkhol.Uttar Pradesh Journal of Zoology 24(2):161-67.

Hemchandra O and Singh TK. 2005. Life-table, stalgje distribution and life expectancy of
Plutella xylostella (Linnaeus) orBrassica juncea var. rugosa. Annals of Plant Protection
Sciences 13(2):302-06.

Hopkins RJ, Dam VNM and Loon VJJA. 2009. Role ofu€ilsinolates in insect-plant
relationships and multitrophic interactiodsinual Review of Entomology 54:57-83.

Howe RW. 1953. The rapid determination of intringite of increase of an insect population.
Annals of Applied Biology 40:134-55.

Huaripata C and Sanchez G. 2019. Life cycle ofdiaenondback motRlutella xylostella L.
(Lepidoptera: Plutellidae), in broccoli and cawhler under laboratory conditions.
Peruvian Journal of Agronomy 3(1):1-5.

Idris AB and Grafius E. 1996. Effects of wild andltovated host plants on oviposition,
survival and development of diamondback moth (Lepidra: Plutellidae) and its
parasitoid, Diadegma insulare (Hymenoptera: Ichneumonidae).Environmental
Entomology 25:825-33.

Idris AB. 1998. Differential effects of food plants the development, egg production and
feeding behaviour of the diamondback moth kylostella L.). Pertanika Journal of
Tropical Agricultural Science 21(2):93-98.

Jahed MJ, Razmjou J, Ganbalani GN, Naseri B, HassainlM and Leppla NC. 2018. Life
table parameters and oviposition preference Rbltella xylostella (Lepidoptera:
Plutellidae) on six Brassicaceous crop pladtairnal of Economic Entomology 20(10):
1-7.

46



Jayarathnam K. 19773udies on the population dynamics of the diamondback moth, P.
xylostella (L.) (Lepidoptera: Yponomeutidae) and crop loss due to the pest in cabbage.
PhD thesis, University of Agriculture Science, Baloge 215 p.

Justin CGL, Kumar GM and Swamiappan M. 2001. L&kl studies of the diamondback
moth, Plutella xylostella on cauliflower, cabbage and mustaiMadras Agricultural
Journal 87:206-10.

Kahuthia GR, Lohr B and Poehling HM. 2008. Develeptand reproductive potential of
diamondback mothPlutella xylostella (Lepidoptera: Plutellidae) on cultivated and wild
Crucifer spp. in Kenydnternational Journal of Tropical Insect Science 28(1):19-29.

Kahuthia GR, Lohr B, Poehling HM and Mbugua PK. 20Diversity, distribution and role
of wild Crucifers in major cabbage and kale growiageas of KenyaBulletin of
Entomol ogical Research 99(3):287-97.

Kamala NV. 2006.Investigations on natural enemies of diamondback moth Plutella
xylostella L. (Lepidoptera: Yponomeutidae) with special emphasis on life history traits of
Trichogrammatidae. PhD Thesis, University of Agricultural SciencBsngalore. 103p.

Kandoria JL, Lai A and Singh L. 1994. Biology ofadiondback mothPlutella xylostella
(L.) on cauliflower.Journal of Insect Science 7:76-80.

Kaur S, Kumari J, Singh P, Menakshi and Kaur M.2Hffect of abiotic factors on biology
of diamondback motilutella xylostella on cabbagelournal of Insect Science 25:24-28.

Kfir R. 1998. Origin of the diamondback moth (Leppdera: Plutellidae)Annals of the
Entomol ogical Society of America 91:164-67.

Kim MH and Lee SC. 1991. Bionomics of diamondbaclotim Plutella xylostella
(Lepidoptera: Plutellidae) in Southern region of r& Korean Journal of Applied
Entomology 30(3):169-73.

Kumar SS, Nirmala D and Desh R. 1999. Bionomics parhsitization of diamondback
moth, Plutella xylostella L. (Lepidoptera: Plutellidaejlournal of Entomological Research
23(4):309-14.

Lanteren VJC and Nokha IPJJ. 1990. Whitefly platatronship, behavioural and ecological
aspects. InMWhite flies, their bionomics, pest status and management (Gerling D ed.).
Intercept, Andover, Hamshire, England. pp.47-89.

Lim GS. 1986. Biological control of diamondback imotIn: Proceedings of the First
International Workshop Shanhua, Taiwan. Diamondback moth management. (Eds.
Talekar NS and Griggs TD). 471:159-171

Liu FM and Lee HS. 1984. Observations of the lifgtdry of (diamondback motHlutella
xylostella (L.) whole yearJournal of Agricultural Research, China 33:424-30.

a7



Liu H, Chi H, Chen CN and Kung KS. 1985. The pofialaparameter of the diamondback
moth, Plutella xylostella on common kalePlant Protection Bulletin of Taiwan 27:145-53.

Liu SS, Chen FZ and Zalucki MP. 2002. Developmet survival of the diamondback moth
(Lepidoptera: Plutellidae) at constant and altengattemperatures.Environmental
Entomology 31:221-31.

Liu SS, Chen FZ and Zalucki MP. 2002. Developmemd aurvival of the diamondback
moth, Plutella xylostella (Lepidoptera: Plutellidae), at constant and akéng
temperatures=nvironmental Entomology 31:1-12.

Liu TY, Sparks A and Chen W. 2003. Toxicity persiste and efficacy of indoxacarb and
two other insecticides orPlutella xylostella (Lepidoptera: Plutellidae) immature in
cabbagelnternational Journal of Pest Management 49(3):235-41.

Mahdieh JJ, Jabraeil R, Gadir NG, Bahram N, MahdndiNorman CL. 2018. Life table
parameters and oviposition preferencePhftella xylostella (Lepidoptera: Plutellidae) on
six Brassicaceous crop planisurnal of Economic Entomology 11:1-7.

Mohan M and Gujar GT. 2003. Local variation in dility of the diamondback moth,
Plutella xylostella (L.) to insecticides and detoxification enzyméa.op Protection
22:495-504.

Nikooei MY, Fathipour M, Javaran J and Soufbaf M12. How different genetically
manipulated Brassica genotypes affect life table parameters Blutella xylostella
(Lepidoptera: Plutellidaejournal of Economic Entomology 108:515-24.

Niu YQ, Li XW, Li P and Liu TX. 2013. Effects of flerent cruciferous crops on the fithess
of Plutella xylostella (Lepidoptera: Plutellidaelrop Protection 54:100-05.

Niu YQ, Sun YX and Liu TX. 2014. Development andpneductive potential of
diamondback moth (Lepidoptera: Plutellidae) on el wild crucifer species.
Environmental Entomology 43:69-74.

Oke OA. 2008. Evaluation of the effectiveness o&¢hinsecticides to control diamondback
moth (Plutella xylostella) in cabbage Brassica oleracea var. capiptata L.). European
Journal of Scientific Research 22:391-95.

Pan QJ, Xiao LC, Lin L, Thomas J, Smith R and L. R014. Geographical variations in
life histories ofPlutella xylostella in China.Journal of Pest Science 87:659-70.

Park TS, Koh SJ, Lim SO, Hyon SW and Song CH. 1998idies on ecological
characteristics of the diamondback magh,xylostella (L.) in Cheju Island.Journal of
Agricultural Sciences, Crop Protection 35(2):364-70.

Raghuwanshi VK, Singh P and Pachori R. 2010. Efficaf cruciferous host plants on the
biology of diamondback mothP(utella xylostella L.). Indian Journal of Entomology
72(3):285-88.

48



Ram B, Devi N and Chandel VGS. 2016. Studies omaispecific variations in the
diamondback mothPlutella xylostella, (Lepidoptera: Yponomeutidae) under different
geographical regiongdournal of Applied and Natural Science 8:1629-33.

Ram B, Sharma KC, Chandel VGS and Devi N. 2017iafans in developmental biology
and morphometrics of diamondback mottRlutella xylostella (Lepidoptera:
Yponomeutidae) collected from different geograpaieas of north IndiaEnvironment
and Ecology 35(2A):829-33.

Ramchandran S, Buntin GD, All JN and Raymer PL.8L%amondback moth (Lepidoptera:
Plutellidae). Resistance drassica napus and B. oleraceae Lines with different leaf
characteristicsJournal of Economic Entomology 91:987-92.

Ramegowda GK, Patil RS, Gumprasad GS and Naik 10062 Biology of diamondback
moth, Plutella xylostella (L.) on mustard in laboratoryJournal of Entomological
Research 30(3):241-43.

Reddy CN and Singh TVK. 1998. Rate of increase stattle-age distribution dPluetlla
xylostella on cabbage at Hyderabdddian Journal of Entomology 60:329-33.

Saeed R, Sayyed AH, Shad SA and Zaka SM. 2010ctEdfedifferent host plants on the
fitness of diamondback mothPlutella xylostella (Lepidoptera: Plutellidae).Crop
Protection 29(2):178-82.

Saeed S, Saeed Q, Jaleel W, Muhammad NN, MuhamrBadQurat UA, Lei Y, Zhao R,
Yurong H and Lihua L. 2017. Effects of three diéfiet cultivars of cruciferous plants on
the age-stage, two-sex life table traitdPbdtella xylostella (L.) (Lepidoptera: Plutellidae).
Entomol ogical Research 1-7.

Salaria AS and Salaria BS. 2030to Z Horticulture at a glance. Jain brother publications,
New Delhi, India.

Salas MD, Mendoza B, Salazar E and Rivera VM. 1993vival and reproduction of
diamond back moth on crucifefBurrialba 43:242-46.

Sarfraz M, Dosdall LM and Keddie BA. 2007. Resis@anf some cultivated Brassicaceae to
infestations by Plutella xylostella (Lepidoptera: Plutellidae)Journal of Economic
Entomology 100:215-24.

Sarfraz M, Keddie AB and Dosdall LM. 2005. Biologiicontrol of the diamond back moth,
Plutella xylostella: A Review.Biocontrol Science and Technology 15:763-89.

Sarfraz RM, Dosdall LM, Keddie AB and Myers JH. 201arval survival, host plant
preferences and developmental responses of theoddimack mothPlutella xylostella
(Lepidoptera: Plutellidae) on wild brassicaceousecggs. Entomological Sciences
14(1):20-30.

49



Shakeel M, Farooqg M and Nasim W. 2017. Environnmmsituting conventional chemical
control compared to an environmentally friendly IP&pproach for control of
diamondback mothPlutella xylostella (L.) in China: A ReviewEnvironmental Science
and Pollution Research 24:14537-550.

Sharma SK, Devi N and Deshraj. 1999. Binomics aagtization of diamondback moth,
Plutella xylostella (L.) (Lepidotpera: Plutellidae)Journal of Entomological Research
23:309-14.

Shelton AM, Hatch SL, Zhao JZ, Chen M, Earle ED &@ab J. 2008. Suppression of
diamondback moth using Bt-transgenic plants aaadrop.Crop Protection 27:403-409.

Silva R and Furlong MJ. 2012. Diamondback moth osifion: effects of host plant and
herbivory.Entomologia Experimentalis et Applicata 143:218-230.

Singh SP and Singh D. 1982. Influence of crucifer¢wst plants on the survival and
development ofPlutella xylostella (L.). Journal of Punjab Agriculture University
Research 19:100-04.

Southwood TRE. 1976. Ecological Methods with pattc reference to the study of insect
population. Mathuen and Company, Ltd., Londan 391 p

Sow G, Diarra K, Arvanitakis L and Bordat D. 201Bhe relationship between the
diamondback moth, climatic factors, cabbage croypkreatural enemies in a tropical area.
Folia Horticulturae 25(1):3-12.

Stapathi CR. 1990. Biology of diamond back mdhtella xylostella (L.). Environmental
Ecology 8(2):784-85.

Syed TS and Abro GH. 2003. Effect Bfassica vegetable hosts on biology and life-table
parameters oPlutella xylostella (L.) under laboratory condition$akistan Journal of
Biological Sciences 6(22):1891-96.

Varela AM, Seif A and Lohr B. 2003 guide to IPM in Brassicas as production in Eastern
and Southern Africa. The international Centre of Insect Physiology &uwdlogy (ICIPE),
Nairobi, Kenya. 95p.

Wakisaka S, Tsukuda R and Nakasuji F. 1992. Effedtsnatural enemies, rainfall,
temperature and host plants on survival and remtamiu of the diamondback moth and
other crucifer pests. In:Proceedings of the Second International Workshop, AVRDC,
Taiwan (Talekar NS, ed.pp.15-26.

Wan MTK. 1970. The bionomics and control of thendieadback mothrPlutella xylostella L.
(P. maculipennis Curt.) (Lepidoptera: Plutellidae) in Sarawak (Mealan Borneo).
Sarawak Museum Journal 18:377-98.

Warwick Sl, Francis A and Mulligan GA. 200Brassicaceae of Canada. Government of
Canada.

50



Zalucki MP, Shabbir A, Silva R, Adamson D, Shu-Shen and Furlong MJ. 2012.
Estimating the economic cost of one of the worldgjor insect pestflutella xylostella
(Lepidoptera: Plutellidae): Just how long is a pieaf string?Journal of Economic
Entomology 105:1115-29.

Zhang PJ, YB Lu, MP Zalucki and SS Liu. 2012. Retship between adult oviposition
preference and larval performance of the diamorklibauth Plutella xylostella. Journal of
Pest Science 85:247-252.

51



APPENDIX-I

1. Analysis of variance for egg stage d?. xylostella

Source of Variation| DF [Sum of SquaresMean Squares F-Calculated | Signficance

Treatment 2 16.179 8.090 17.940 0.0000
Error 231 104.167 0.451
Total 233 120.346
2. Analysis of variance for first instar larva of P. xylostella
Source of Variation| DF [Sum of SquarefMean Square$F-Calculated | Signficance
Treatment 2 13.633 6.817 13.098 0.000Q0
Error 177 92.117 0.520
Total 179 105.750
3. Analysis of variance for second instar larva oP. xylostella
Source of Variation| DF |[Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 29.346 14.673 33.671 0.000Q0
Error 153 66.673 0.436
Total 155 96.019
4. Analysis of variance for third instar larva of P. xylostella
Source of Variation| DF |Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 11.652 5.826 11.865 0.000Q2
Error 129 63.341 0.491
Total 131 74.992
5. Analysis of variance for fourth instar larva of P. xylostella
Source of Variation| DF |Sum of SquaregMean SquaresF-Calculated | Signficance
Treatment 2 4.667 2.333 4.148 0.0183P
Error 108 60.757 0.563
Total 110 65.423
6. Analysis of variance for total larval period of P. xylostella

Source of Variation| DF |[Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 151.694 75.847 45.769 0.00000
Error 108 178.973 1.657

Total 110 330.667




7. Analysis of variance for pupal period ofP. xylostella
Source of Variation| DF [Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 26.741 13.370 21.262 0.0000Q0
Error 105 66.028 0.629
Total 107 92.769
8. Analysis of variance for total developmental periof P. xylostella
Source of Variation| DF [Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 3,302.796 1,651.398 341.444 0.000P0
Error 105 507.833 4.837
Total 107| 3,810.630
9. Analysis of variance for pre oviposition period ofP. xylostella
Source of Variation| DF |Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 2.167 1.083 2.700 0.07325
Error 81 32.500 0.401
Total 83 34.667
10.  Analysis of variance for oviposion period oP. xylostella
Source of Variation| DF [Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 31.738 15.869 6.792 0.00188
Error 81 189.250 2.336
Total 83 220.988
11. Analysis of variance post oviposition period oP. xylostella
Source of Variation| DF [Sum of SquarepMean Square$F-Calculated | Signficance
Treatment 2 0.095 0.048 0.063 0.938911
Error 81 61.143 0.755
Total 83 61.238
12.  Analysis of variance for female longevity oP. xylostella
Source of Variation | DF [Sum of SquarepMean Square$F-Calculated | Signficance
Treatment 2 42.310 21.155 5.441 0.00606
Error 81 314.929 3.888
Total 83 357.238
13.  Analysis of variance for male longevity of. xylostella
Source of Variation| DF |[Sum of SquarefMean SquaresF-Calculated | Signficance
Treatment 2 15.292 7.646 4.335 0.01899
Error 45 79.375 1.764
Total a7 94.667
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