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ABSTRACT

Population trends dBrevicoryne brassicae, Pieris brassicae, Plutella xylostella and
some other pests on four varieties of cabbage viz., Golden Expr&sden Acre, Uttam and
Pride of India raised separately #harif andRabi seasons for head and seed crop in relation
to environmental factors were studied during the tnopping seasons of (Head crop) 1999
and 2000; Seed crd®98-1999 and 1999-2000, respectively.

The results revealed thd3. brassicae and P. brassicae were two major pests
associated with the crop from seedling to haneast, the population density reached to peak
during October and May-June coinciding with headni@tion and sprouting stage. There
was no distinct difference with the varietal difaces to the population of these pests.



The data of the two consecutive seasons alsoatatidhat all the varieties of cabbage
screened supported large populatiorBobrassicae during sprouting stage (May and June).
High temperature during September-October coulthbereason for high population of the
aphid ( Head crop) during the period.

Maximum percentages of plants were infested vhth iest during peak population
while as no plants were infested during winter rherdf January and February. The number

of infested plants and infestation index were gigantly low in November and December.

Other pests of some economic importance recordethg the studies included
Bagrada cruciferarum, Athalia proxima, Phylotretta cruciferae, Hellula undalis and Agrotis
ipsilon thus were categorized here as some other pest$.thélvarieties were free of
infestation during winter months of December —Fabyun both theRabi seasons of 1998-
1999 and 1999-2000. The population started inergalsom March onwards reaching to

peak during June when the crop was ready to harvest

All the varieties of cabbage screened were freenfinfestation during December-
February for both the cropping seasons of seed. crbpere were very low percentage
infestation in October-November and high in Aprikiy

The results indicated that head crop was alsctedewithP. xylostella throughout
growing period. However, population of these passe observed during the month of June,
which declined after July in both cropping seadeer. cent plants infestation and infestation
index did not follow any trend. HoweveB. brassacie and P. brassicae registered their
presence throughout the crop growing season wigh kiensity during June; and, all the

varieties screened showed little variation. Popamatieclined from the month of August.

The survival ofP. brassicae reared on four varieties of cabbage i.e. Goldenr&sgy
Golden Acre, Uttam and Pride of India during thearyd999 and 2000, separately on
consecutive generation revealed that there wasigmifisant difference in the survival of
larvae on four varieties of cabbage, however, figant proportion of population of the pest
was found to survival on Uttam variety of cabbage.

During 1999 (85.78%) larvae survived when rearedJttam, (82.22%) on Pride of
India , however, on Golden express and Golden Aareties survival level was low with
only (63.11 and 49.78%) larvae reached pupal stegeslarly during the year 2000 large
number of larvae survived on Uttam (84.0%) followsdPride of India (78%). There were
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no significant difference in the survival of larvaben reared on Golden Express and Golden
Acre reaching a survival of 72.89 and 73.33%, rethpely. Comparison of survival of the
pest for both the seasons also reflected a signifidifference in the larval survival. During
the year 1999,%land 29 generations larvae showed significantly highevisat than that the
last three generations, however, during 2008 29 and 4' generations showed non
significant survival as compared t&' &and &' generations which showed significant larval
survival.

Study on the development Bf brassicae carried out during two years separately on
four commercial varieties of cabbage for conseeugenerations during the year 1999 and
2000 indicated that developmental stages includgiegbation, larval and pupal period, sex
ratio and longevity of the moth showed non sigaificrelationship with varieties as well as
generations. During both the seasons the fecunéli®y brassicae varies from 113.1 to 124.7
eggs, which hatched within the range of 5.93 i@ &lays on the four varieties of cabbage.
The larval and pupal periods extended within 23t@325.60 and 10.1 to 11.27 days,
respectively while the sex ratio ranged betweeb 1001.25, longevity of males and females
14.9to 16.1 and 13.2 to 16.9 days, respectivetinduhe year1999 and 2000. However, the
data recorded on different generations showed mmifisant relationship during both years.
The highest fecundity was recorded in the thirdegation which were 123.1 to 127.8 eggs
per female, higher incubation period durifty generation ranged from 6.08 to 6.25 days,
longest larval period on4generation ranged from 24.17 to 25.58 days, ldnuesal period
on 5" generation 11.17 to 10.5 days, respectively. data further revealed that hibernation
period was extended for longer duration i*f Beneration. However, the interaction of
varieties and generations showed non significdatiomship during both the years in respect
of all varieties.

While working on the biology it was observed tRabrassicae eggs required 3.2 to
17.6 days to hatch and duration of larval, pupa adult longevity extended upto 5.6 to
14.7, 7.3 to 28.8 and 2.6 to 12.3 days, respdygtougring different seasons of crop growth.
Five generations of the. brassicea have been recorded on cabbage.

Mean population oP. brassicae on two varieties of cabbage i.e. Golden express and
Golden Acre during the two cropping seasons of 2884 2002 treated with different
insecticides/biocides gave significant control & Evel of significance on' 7th and 28
day of sprays over the control. However, there walas significant difference between the
insecticides and varieties in reducing the pesufatipn. With neem and Bt ori"&and 26'

day after spray gave higher control helping in meadg the population oP. brassicae. heem
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registered population off"®Hay were 10.8,10.8, 9.67 and 7.67 and dh&dy 16, 14 and 17,
14 on Golden Express and Golden Acre variety duttiegyear 2001 and 2002, respectively.
Population recorded on Bt treated plots hday were 9, 9 and 7.67, 6.67 and off' 2@y
25, 24 and 19, 19 on two varieties, respectivelynduthe two cropping seasons of 2000 and
2001, respectively.

Effect of different levels of potash on the popuaatof P. brassicae in combination
with different treatments gave excellent controlBhand 2¢' day of application. However,
there was no significant variation recorded betwaagpulation of the pest and different levels
of potash during the two cropping seasons andhevto varieties of cabbage tested.

DDVP and endosulfan exhibited the low population 3fhday which increased
slightly on " day. However, the population on trQQJiay was increased significantly.
However, population on'3 7" and 28' day after spray were significantly superior ovee t
control in all treatments and different levels ajtgsh on both the varieties during both
cropping seasons of 2001 and 2002.

Biocides, neem and Bt exhibited the lowest popoaton 7' and 28' day as
compared to other treatments and registered supenirol.

Observation recorded off 37" and 28" day of application of spray treatments on two
varieties of cabbage i.e., Golden Express and @Gadee in combination with 0, 40, 60 kg of
potassium per hectare during the year 2001 and,X)@®ved that all the treatments were
significantly superior to control in suppressing tiopulation oB. brassicae. However, there
was no significant variation between the differlaviels of potash and varieties during both
seasons of 2001 and 2002 ¢h 3" and 2" day after treatment.

Among the treatments Bt and neem at recommendeskgosved significantly more
effective in reducing the pest population Bf brassicae on 7" day of treatment with
population load of 77.66, 66.66 on Golden Expré8s33 and 61.0 on Golden Acre variety
for the year 2001. However, during the year 2@B&,population recorded was 54.66, 49.00
on Golden Express and 57.00, 53.00 on Golden Aareties.

Application of different levels of potash reducée taphid population significantly on
both the varieties tested during in year 2001 a&d@R2at 5% level of significance. Initial kill
of the aphid with carbaryl and quinalphos in coraliion with potash was higher on thé"20
day after treatment.
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Chapter-I
INTRODUCTION
Among variousCruciferous crops grown in Jammu and Kashmir state particularl

the valley of Kashmir, cabbagBr@ssica oleracea) var. capitata(Linnaeus) occupies major
status (Hill, 1975 and Anonymous, 1997). Cabbagaat only grown for the purpose of
vegetable, but it is a agro-based industry as ¢leel grown under temperate climatological
condition has better surveillance and earns theidgarexchange (Bose and Som, 1993).
Three crops are grown in a year, June-July (Heag)c August-September (Head/Seed

crop) and November-December (Seed crop) (AnonynizB0).

The cabbage occupies an area of about 1628 theiremtares in the world producing
25238 thousand tonnes of cabbage heads (Bhall¥@mda, 1990), while in India total area
under this crop is 78 thousand hectares producihghdusand tonnes of cabbage heads

annually (Kaul, 1998).

In Jammu and Kashmir the cabbage is grown botlsded and head purposes during
Rabi andkharif seasons, respectively (Sabherwal, 1995). The & under seed crop is
about one thousand hectares with annual productiicseed about 89.5 thousand quintals
fetching almost one hundred crore of rupees ampgaihonymous, 2000). In India, the total
area under seed crop is 94 thousand hectares witliverage yield of seed annually 84

thousand quintals.

The crop is well preferred by Europeans and Irglitlecause of its nutritive value as
it contains protein (1.4 %), carbohydrate (5.3%)l avater (92.4%). Besides, it is a rich
source of minerals like iodine, phosphorus, potassicopper and iron (Bose and Som,
1993). Out of various constraints insect and n@edh pests play an important role in
lowering the yield and consequently the seed qualitd quantity (Borode and Castellane,

1989; Mandakt al., 1994).



From India, twenty insect pests have so far beported feeding on various parts of
cabbage grown for seed and table purposes (Bhatlavarma, 1994 and 1995). Under
temperate conditions, the major insect pests a@abbage butterfly, Pieris brassicae
(Linnaeus) [Lepidoptera: Pieridae], Cabbage aptidevicoryne brassicae (Linnaeus)
[Homopetera: Aphididae], Diamond back mdthutella xylostella (Linnaeus) [Lepidoptera:
Plutellidae], Cabbage boreéfellula undalis (Fabricus) [Lepidoptera: Pieridae], Painted bug
Bagrada cruciferarum (Kirk), Mustard sawfly,Athalia proxima (Klug.); Cabbage flea beetle
Phylotreta cruciferae (Goeza) and Cutwormigrotis ipsilon (Rott.) (Malik et al., 1972;
Bhatia, 1986; Lasota and Kok, 1989; Bhatia and Verma 199%} et al., 1997 and Zaz,

2001).

Among the insect pests, the caterpillarsPof brassicae and P. xylostella feed on
leaves where as aphids suck the sap and infestedsleurl, crinkle or form cups (Butagti
al., 1977; Mailloux and Belloncik, 1995; Sabherwal, 399 Barranteset al., 1996 and
Jitenderet al., 2000).

The insect pest of cabbage are generally managatsécticidal sprays (Borode and
Castellane1989), but because of the highly profitable natfr¢he crop, the seed growers
schedule is of 15-20 spraying of insecticides witabout 7-8 months growth period of the
crop leading to environmental hazards and resistemnsect pests (Chander and Kushwaha,

1986; Dhura and Hameed, 1990 and Sreekanth and Baoum).

The indiscriminate discharge of pesticides in #®/ironment have resulted in
deterioration of the environmental quality and theubsequent effect on non target
organisms. (Butaret al., 1977; Rajputt al., 1986; Aniset al., 1999; Dhaliwalet al., 1997;
Sreekanth and Babu, 2001). The other problems belagelopment of resistant strains,
resurgence of target pests, secondary pest outlamedihuman health hazards (Dhura and

Hameed, 1990; Dhaliwat al., 1997).



Further the poor farmers having inadequate regsuattheir disposal may not be able
to afford the use of insecticides. The need, fbee is to develop a pest management
programme for cabbage particularly the seed, thdlige dependence on insecticide to bare
minimum and, has more ecological compatibility wgéneral production technology (Bhalla
and Verma, 1990; Kaul, 1998). Such a programmEa#tihecessity based on a perspective
appraisal of the seed bearing capacity of the arager the given agro- climatic conditions,
size of its pest complex, nature and extent ofdegaused by major insect pests, benefit/ cost

ratio’s of the pest control efforts and knowledddife system of the major pests.

So far no systematic study has been carried odammu and Kashmir on different
varieties of cabbage in respect of determinatiomcifience, population dynamics, influence
of environmental factors and effect of potash imbmation with insecticide treatment. So
this information is imperative for sound and outsi@ble management programme. It was
considered pertinent to undertake the proposecegron “Integrated management of some
important insect pests of cabbagBfassica olereacea var. capitata with the following

objectives:

1. To study the population dynamics of major insedtpen relation to abiotic factors
on different genotypes of cabbage.

2. To study the development @lieris brassicae on commercially grown varieties of
cabbage and

3. Integration of some pest control components for agament ofPieris brassicae X

Brevicoryne brassicae.
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Chapter-I1

REVIEW OF LITERATURE
The relevant information on the insect pest mamege on cabbage has been

reviewed as under:

2.1 Population build up of Brevicoryne brassicae, Pieris brassicae, Pluteltgylostella
(Linnaeus) and some other major pests

2.1.1 Population build up of Brevicoryne brassicaéHomoptera: Aphididae)

The population build up of the aphid has been fotondary from time to time during
crop growing stages. Deshpande (1937) and Pru®6Q) reported that the active period of
the aphid vary from December to March oruciferous vegetables (cabbage) in plains.
According to Atwal and Singh (1969) the peak popatabuild up ofB. brassicae reached
either in first or second half of February. Theplations ofB. brassicae were observed to
vary from year to year during 1965-66, it was 11tMiting 1966-67. Tandod al. (1977)
reported low population of the aphid in hills frabctober to January with peak during April
to May. During peak build up (April-May) period 880 124 aphids/ leaf were recorded

compared to 0 to 24 aphids/leaf during the periddw population (November-December).

Dhaliwal and Goma (1979) studied seasonal abumdaho/arious insect pests on
cabbage seed crop at Solan (H.P.), and foundBtHatassicae were present throughout from
mid October till harvest on all the stages of thepgrowth. High infestations were recorded
during November to April at upper Shilong and Nobemto March at lower Shilong
(Sachan and Gangwar, 1980). Initial population mudtiplication rate of the insect remained
low upto mid January and the peak population waeded in the mid of March. Infestation
percentage ranged from 30 to100 during differenttim® of the year. In severe cases the
entire plant were reported heavily covered with éipdid colonies. Deshpande (1937) and
Sachan and Srivastava (1975) have also reportedntjer period of aphid activity on

cabbage crop from November to March.
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Kotwal (1981) reported population build up of cagb aphid at Solan in the first
week of November 1979. Bhatia (1986) reportedt fpspulation of B. brassicae in
December and the peak population build up was @dtittiring second fortnight of March or
in first week of April. Bhalla and Verma (1990)patedB. brassicae infest cabbage crop
and resulted in the maximum infestation index 883n March. With 16.2 aphids/plant, the
aphids increased numerically from 13.8 to 25.64%0.447.9 and 36.39 to 158.8 plant during
November, December and January, respectively. Menveluring first week of February,
fall in the aphid population was noticed but théesapopulation rise steeply to 3489.1 per
plant during first week of March but in the lastaekeof April only 3.0 aphids/plant were
recorded. During 1980-81 the aphids populationewmticed to be very low with first peak
in first week of December (110.0 aphids/plant),osec in 3rd week of January (431.3
aphids/plant) and third (449.1 aphids/plant) dutimgd week of February. Bhalla and Verma
(1990) further reported infestation index Bf brassicae of 3.38 in March but at that time
high infestation index was recorded. But by thstfiveek of April, a slow decline in the
population level of the aphid was recorded. Howgeaethe time of harvest high infestation
was observed. Maximum number (8660) of the ajpledplant was estimated on March
17th, 1985 followed by 8506 on March 15th, 1983 asad 6163 on April $11984. The per
cent plant infestation during these three yearsfaasd to range between 12 to 100 (Bhatia
and Verma, 1994). However, in general, peak dgtofi B. brassicae was obtained from mid
of March to first week of April when 96 to100 peent plant infestation was recorded.
Mustafa and Masha (1994) recorded the populatioranycs in 1989-91 and flight activity
during 1986-90 ofB. brassicae in the central Jordan valley. During 1991-92, 80 pent
plants were found infested at the time of peak faimn density, (18 aphids/ plant) on
cabbage in late December (Bhadial., 1995).

Wiech and Jankowska (1994) recorded the infestation level of different crops by
B. brassicaenhich was abundant on cabbage. One month after transplantng (Bhatia et
al., 1995) reported 1% peak in Juneto July and 2™ peak during September to October in
Punjab.
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Jankowska (1995) revealed that changes in the gupdlation were similar on the
different varieties, but numbers differed signifidg. The pests were most abundant on white

cabbages and red cabbage.

Hildenhagen and Hommes (1997) have recorded twalatpn peaks oB. brassicae
on cruciferous crops (especially cabbage) during 1988-91 in GagmaThe f' peak was
observed in June-July and th& th September-October. The vyield was more affettgd
attack in 2% than the T peak period. Recently, Barwal (1997) reported paathvity period
of B. brassicae in May at Kullu (HP) and the aphid was found todanajor status in both
the vegetative as well as reproductive phases lef @ops. Cabbage was also found to be a
primary host of the aphid for over wintering a@il. aphids oB. brassicae per plant with 4
to 5 per cent plant infestation and 5 to 41 aplpds plant with 4 to 62 per cent plant

infestation has been registered (Bhatia and Vel 9@5).

The percentage of infested plants ranged from rhigebruary to April. 71 per cent
(Prasad, 1963), 76 to 84 per cent (Sachan ands&xixes 1972), 60 to 100 per cent (Dhaliwal
and Goma, 1979), 76 to 84 per cent (Sachan andv@angd980) and 30 to 100 per cent
(Kotwal, 1981) during different months. In seveeses the entire plant was reported heavily
covered with the aphid colonies 96 to 100 per ¢bhistafa and Masha, 1994) and 80 per
cent (Bhatieet al., 1995).

2.1.2 Population buildup of Pieris brassicad.innaeus (Lepidoptera: Pieridag

Population ofP. brassicae in an area tends to fluctuate drastically due he t

migration of the pest adults. From India, Rati®39) reported active period Bf brassicae
on cruciferous plants from October to April in thiins of Punjab. The pest was found
absent from May to September from plains wheredsilis it was recorded throughout the
year. Dhaliwal and Goma (1979) found cabbage treg@ from infestation oP. brassicae
till the end of February at Solan (HP). The adulése noticed in the middle of February but
the first egg clusters appeared towards the enthefmonth. Young caterpillars were
observed devouring cabbage leaves by the first wdeklarch till first week of April.
Thereafter a sharp decrease in the larval populatias noticed following complete
disappearance of the pest from cabbage fieldsdpeginning of May.
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Studied carried out at different altitudes in Mdglga during 1975-77 by Sachan and
Gangwar (1980) revealed a highest population rafdes to 25 larvae per plant of' And

2"%instars and 6 to 8 larvae per plant thahd 4" instars ofP. brassicae.

Gupta (1984) reported first appearancePobrassicae in mid of February at Solan
(H.P.) and recorded four generations until Augusthapa (1987) recorded the incidence of
P. brassicae on cabbage in early January which continuedatk |April in Nepal. The egg
clusters were maximum during early March and piafgstation was highest by late March
and peak population occurred in early April. IrkiBen, Mushtaque and Mohyuddin (1984)
recorded the highest infestation of 55 per centalbbage in the plains of Sialkot during
March, whereas in the hills of Muree and Abottalihd, maximum infestation were observed
in July. Raiet al. (1985) recorded incidence Bf brassicae during December in lower hills

of Uttar Pradesh but in March-April back migratiimnAlmore took place.

Zuranska and Ciepielewska (1985) observed the rmaxi number of eggs in August
and early September in the northern Poland, whike rhaximum larval abundance was

recorded 3 to 4 weeks after the appearance ofrtddrva in mid of August and September.

Sood (1992) recorded infestation of the buttedilying February at Nauni, Solan (H.
P.). The counts showed an instant increase follolmea sudden decline in the population
resulting in maximum value of infestation indextie second week of April (1.53). The pest
was observed to disappear from the crop by the thieek of May. The butterfly remains
absent from May to September in plains and furtiegorted breeding of the pest in the
mountains during hot summer months and back maatd Indo-Gangetic plains during
early October where it remained active till endhpfil.

Bhatia and Verma (1994) fourl®l brassicae to appear next t8. brassicae and P.
xylostella at Solan. Initially, the number of larvae per plarere observed to be higher than
per cent plant infestation and vice-versa duringrlatages of its infestation. The number of

larvae per plant ranged between 140.83 to 22215 pat cent plant infestation of 4 to 58.

Bhatia et al. (1995) found peak population d&?. brassicae on cabbage in mid-
December with 6580 and 6730 larvae per 100 plansngl 1991-92 and 1992-93,
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respectively. However, during 1976-78, Sachan @adgwar (1980) in similar studies at
Shillong, recorded a higher population range ob 820 larvae oP. brassicae per plant on

cabbage.

Bhatiaet al. (1995) recorded six insect pests attack in colp andNest Bengal out of

which Pieris brassicae was most serious pest of cabbage.

Highest infestation of 55 per cent on cabbage énpilain of Pakistan was recorded by
Mushtaque and Mohyuddin (1984) at Sialkote duringréh and March to July in Hills of
India,9 (Raiet al. 1985) during July and mid of February (Sood, 1992).

2.1.3 Population buildup ¢flutella xylostella Linnaeus (Lepidoptera: Plutellidae)

Abraham and Padmanban (1968) reported higher amgedof diamond back moth
(DBM) larvae at Kodaikanal, India on cabbage andiftawer during the hot weather period
especially April-May. They observed that larvapptation per plant ranged between 0.80
(February) to 18.80 (April), 0.16 (February) to &.@pril) and 0.28 (December) to 5.80
(April) during 1963, 1964 and 1965, respectiveljhe population of the pest was observed to
remain fairly high (3.84 to 4.48 per plant till Augt but declines thereafter. Moreover, in
some plots as many as 32 caterpillars were noticed plant. Vermat al. (1980) observed
severe infestation in cabbage fields around Hi@saryana) during August; whereas, Sachan
and Srinvastava (1972) recorded first incidencéhefpest in September and the increase in
the population was observed to be abrupt which gebay middle of February. The
population was noticed to be high upto the middi&arch and declined thereafter. On an
average 32 larvae per plant was found during tlaé period of infestation and in some cases
123 larvae were counted from a single plant. Qupeak period of activity 80 to 100 per
cent plants were found infested. However, the geadulations oP. xylostella was recorded
in February, Sachan and Srivastava (1972) in ReastApril-May in Tamil Nadu Abrahim
and Padmanban (1968), and March April in HimachadBsh (Dhaliwal and Goma, 1979).
Bindra et al. (1975) found the DBM on cabbage from October tst fweek of December
with maximum activity in October during 1973-74.hel pest was again found active from

end of February to the first week of March. Howewduring 1974-75, pest was recorded
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from end of August to the first week of Septemhad again from the end of January to the
first week of March. Deshrat al. (1997) observed. xylostella from March onwards with

peak activity from 2 fortnight of April at Palampur.

Dhaliwal and Goma (1979) found the presence ofalaref DBM on cabbage crop
throughout the winter from December onwards at iS¢t P.) However, the population (3 to
13 per 100 plants) was low upto February. Theeea& gradual increase in the population
was noticed till peak larval population reachedrbig of April. A sudden decline in the
population of DBM after April as only 34 larvae ¢dbe detected on six plants out of one

hundred plants and none thereafter.

Sachan and Gangwar (1980) recorded major vamiatidhe population of DBM at
three places in Meghalaya. At upper Shillong aidiaing areas this was noted as a pest of
warmer climates. In southern Ontario (Candada)géiterations were observed by Harcourt
(1986) in a year with population increasing earythe season, reaching at peak in third or
fourth generation and then declining. Khaire aasvdnde(1986) found the peak population
of DBM in the first fortnight of February in Mahasfatra, India. There were two population
peaks of DBM on cabbage plants in south-westergiMia (Lasota and Kok, 1989), larval
density were highest in June with progressive decto a minimum during November-
December in Aragua state. In Japan, Okada (1@@brted an increase in population density
from mid-April to early June and further he noticdecreased from late June to late July in

cabbage fields.

Studies on seasonal occurrence of the importaetinsests of cabbage, carried out
by Lee (1986) at Taiwan during 1982-84, revealed tme population peak & xylostella
occurred in February; two peak Biferis rapae crucivora in April and October, respectively
and one peak each . binotalis and Spodoptera litura occurred in November and
December respectively. However, the populationdebifula undalis; Tricoplusia ni; Pieris

striolata; Lipaphiserysimi andMyzus persicae were of very low densities.

Similarly, Lasota and Kok (1989) recorded two toeth peaks oP. xylostella on
cabbage in SouthWestern (USA). Annamatadl. (1988) have also recorded two peaks of
P. xylostella population on summer cabbage in Japan. Ong and @&89) also recorded
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two peaks ofP. xylostella on cabbage an@rassica alboglabra, in February-April and

November respectively, at Singapore.

Bhalla and Verma (1991) recorded first incidenc®dfrassicae from mid-February

and found first early instars gregarious but latstars segregated to adjacent plants.

Nirmala Devi and Deshraj (1991) reported prevaleoic®BM at Palampur (H. P.)
from March onwards with its peak activity duringrthweek of March and second week of
April. Bhalla and Verma (1991) found the infestatiof DBM starting from February at
Nauni, Solan (H. P.). Infestation of the larvaesétond week of December (0.35 larvae per
plant) on cabbage at Jobner, Rajasthan which agdinpto the first week of March (0.3 to 1

larvae /plant).

Studies carried out in Pakistan by Aleoal. (1994) revealed higher population of
DBM on summer cabbage than on winter cabbage. maklhal, it is a regular pest and
accoding to Bhatia and Verma (1994) larvae appeairéte end of January where the density

per plant were 3 to 11.

Parket al. (1993) studied the ecological characteristics idiclg larval density oP.
xylostella in cabbage fields of Cheju Island, Korea Repudhliing 1991-92 and recorded 11
to 12 generations of the pest round the year (fdummer; 2 to 3 in spring and 2 in autumn).
The peak larval density was recorded from mid-Oetdb early-November. Similar studies
on the ecology oP. xylostella carried out, during 1987-89 at Hyderabad, Pakistamo et al.
(1994) revealed significantly greater populatiofsPoxylostella on summer cabbages than

on winter cabbages. On the whole, cabbage andloadr were preferred hosts.

Rahim (1993) reported that Cabbage buttefflyprassicae L. is a serious pest of
cruciferous crops, namely cauliflower, cabbage,| kdwl etc., in the Punjab, NWFP and

Baluchistan in Pakistan.

Bhatia and Verma (1994) recorded DBM as a regueat pf cabbage at Nauni, Solan
but the larvae appeared on the crop by the endaonfialy of first week of February.

Thereafter, a gradual increase in number of lap@eplant and per cent plant infestation
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were noticed and at the time of peak incidenceattegage density were observed to be 3.11,
2.39 and 1.76 larvae per plant during three yeérsw@stigation. Peak population was
recorded between last week of March to third weleRpil. Larvae, pupae and adults Bf
xylostella survived until January or February but no livindiinduals were found in April, in

the cabbage fields of Hokkoido, Japan (Saito, 1994)

Studies carried out on 8 cruciferous vegetable®angladesh by Ali and Karim

(1995) indicated that cabbage and cauliflower weeeworst affected crops B xylostella.

Mailloux and Belloncik (1995) studied the seasopapulation fluctuations of.
xylostella during 1984-88 in Southern Quebec (Canada) andnod$e37 per cent level of
infestation (3.5 larvae d?. xylostella per plant) on untreated cabbages and 57 per ot le

of infestation on treated cabbages.

In similar studies undertaken by Dennill and Prie®(1995), a maximum population
of 0.4 larvae per plant of cabbages was recorddérétoria, South Africa, throughout the
study period (February 1991 to February 1992) @hthfrae per plant recorded at Dinokana,
where epidemic out-breaks Bf xylostella occurred from October to December during 1991,

2 to 6 larvae oP. xylostella per plant on cabbage crops.

However, on summer cabbage, Bhatia and Verma (1@@8yded 125 to 870 larvae
of P. xylostella per 100 plants (both years) with peak in ending 6U79/plant) and lweek
of August (8.70.plant) with corresponding infestas of 6 to 62% and 6 to 70%,
respectively, from 1983 to 1984 in mid hill regiasfsHimachal Pradesh. The population was
found to increase during April, but declined abhlpjt May. During April on an average 5
to 15 egg/larvae /pupae were found per leaf. Saaamd Bhalla (1996) mentioned first
appearance of DBM in the field at Palampur in tingt fiveek of March, 1995 and 1996 and
recorded 4.5 and 2.0 larvae per five plants, rdsmdg. Thereafter, the population were
observed to shoot up slowly to peak in the firsekvef April, 1994-95 and third week during
1996. Barrantes and Rodriguez (1996) reportedDBal were greatest in number after head
formation. Barwal (1997) reported DBM adults emmeggduring April at Kullu and recorded

extensive damage due to the pest during May-June.
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Barrantes and Rodrishez (1996) reported Ehatylostella as major pest of cabbage
(egg, larvae and pupae) occurred mainly on undersidthe leaves the infestation was
greatest after head formation. There is a corogldbetween pest infestation and damage

intensity.

Ushaet al. (1997) studied the seasonalityRfxylostella on cabbage during 1991-92
in Himachal Pradesh and recorded its peak larvalifadion in £' week of April during 1991
and 3 week of April during 1992.

2.2 Incidence of major pestson cabbage, Brassica oleraceaar. capitata

A number of insect pests have been reported frdrovalr the India which damage
cabbage at different growth stages. Cabbage déderdpas been reported as a key pest of
cabbage in Himachal Pradesh both at vegetativeeprdductive phases of the crop (Bhalla

and Verma, 1991).

Rattol (1959) reported active period Bf brassicae on cruciferious plants from
October to April in the plains of Punjab. The pests found absent from May to September

from plains whereas in Kullu valley it was recordbtbughout the year.

In Kashmir, Maliket al. (1972) recorded nine species of insect pests olifloaer,
cabbage, knol-khol and kale. These includecbrassicae and Agrotis ipsilon (March-
October),P. brassicae; Pontia glauconome; P. orichalcea; P. maculi pennis and Athalia
proxima (April-October); Diacrisia obliqua (May-September), 5 species of insect pests viz.,
Pieris brassicae; Agrotis ipsilon; Adoretus sp., Plutella xylostella and Plusia sp. were

recorded on cruciferous vegetables in Kashmir yghaonymous, 1997 ).

However, 7 major and 5 minor pests on cole cropgewecorded in Delhi by Butani
et al. (1977). The major pests includ@d xylostella; P. brassicae; B. brassica, L. erysimi.
A. proxima; B. cruciferarum, B. hilaris, C. binotalis and P. cruciferarum. The major pests

includingH. undalis; A. ipsilon; Diacrisia obliqua; Microtermes obesus andThrips tabaci.

Butaniet al. (1977) reportedP. brassicae as a major pest of cabbage in Katrine (HP).

The pest was found to over winter through diapaungkactive for rest of the year.
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Sachan and Gangwar (1980) observed great variatitimee seasonal incidence and
extent of damage bk. brassicae on cole crops from high hills (upper Shilong) totialls.
They further reported that the pest were presamiutthout the year in upper Shilong and
recorded seven to eight generations of the pestt the pest was found very active from
February to mid of October coinciding with majoobgping season of cole crops at higher
altitude. During November to mid of February irende were mild at mid and lower altitude

with extent of damage from mild to severe duringter months.

Similarly, Talekar and Lee (1985) recorded sevepartant insect pests of common
cabbage and Chinese cabbage during 1976 in Taiwhrundalis infested crop in hot wet
summer months whereas infestation with the othstsge. xylostella, P. rapae crucivora; T.
ni; P. striolata; M. persicae andL. erysimi occurred in the cool dry months. Although all the
species attacked both cropd, undalis; P. striolata and two species of aphids preferred
Chinese cabbage, while. xylostella, P. rapae crucivora and T. ni preferred common

cabbage.

Similarly, the incidence df. erysimi andM. persicae were recorded by Chander and
Kushwaha (1986) at Udaipur during 1978-80 from atiga March on cabbage and from

September to March on cauliflower.

Lee (1986) investigated the seasonal incidence afns@ct pests of cabbage in
Southern Taiwan during 1982-84 and arranged thedestending order according to their
sequence of appearance as folloRisxylostella was abundant in December-Maré&hrapae
crucivora (March-May & September-DecemberJricoplusia ni (September-December);
Phyllotreta striolata (all the year );L. erysimi (periodically during the dry season) aktd
persicae also occurred periodically late in November. Lasatal Kok (1989) studied the
seasonal variation, in abundanceAstogeia rapae (P. rapae), T. ni andP. xylostella on

cabbage in South-Western Virginia.

Seasonal abundance and distribution patterns amastgplants oP. xylostella were

studied by Ong and Soon (1989) in Singapore duti®83-87 on cabbage ar@tassica
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alboglabra. Other pests found on these crops includ@ngura; H. undalis; C. binotalis and

P. sinuata (P. flexuosa).

Similarly, Raju and Sivaprakasam (1989) recorBegrylostella, L. erysimi; T. ni and
A. ipsilon as widespread on cabbage in Nilgiris district omilaadu from February to June
1988. Studies carried out at Pune by Khaire angdabae (1986) during 1981-82 revealed
thatB. brassicae andChaetocnema indica as more important pests thBmpoasca devastans
(Amrasca devastans); Bagrada picta (B. hilaris) andAthalia proxima (A. lugens) on Chinese

cabbage.

The seasonality of insect pests of cole crops kas btudied extensively in India by a
number of workers: Sachan and Gangwar (1990) henardedP. brassicae; B. brassicae; A.
ipsilon, and A. flammatra as the major pests of cabbage, cauliflower and Ikhall in
Shillong area of MeghalayaP. brassicae was observed throughout the year with maximum
activity from February to October, whereas the otihe@jor pests were active from July to
December. The minor pests includiRtusia orichalcea, Tricoplusia sp.; P. xylostella and

L. erysimi.

The activity of the pyralidHellula undalis on cabbage was observed from April to
October in Punjab by Singh and Singh (1993). RayRande (1991) have studiederysimi
on cabbage in Tripura and recorded six generatdribe pest from November to April in

1987-88.

Singh et al. (1994) have recordeM. persicae as a key pest of cabbage and other

cruciferous crops in Manipur, India and was present on the thooughout the year.

Bhatia et al. (1995) in West Bengal have observed six insectspattacking cole
crops, of whichP. brassicae was the most serious and abundant, followedgosoma
obligua and both preferred to infest cabbage. The othetspacludedB. brassicae;
Thysanoplusia orichalcea; P. rapae andP. xylostella as low density pests on these crops.
Similarly, in Himachal Pradesh, (Bhatia and Vermi95) studied seasonal incidence of

major insect pests of summer cabbage and recoaledrégular pests on the host during
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1983-84. These includ®. brassicae (immediately after transplantingy, brassicae andP.

xylostella (from June till harvest) ani. orichalcea (from August to mid September).

Bhatiaet al. (1995) reported the studies undertaken for 2 yearseasonal incidence
of major insect pests of cabbages during summeerunaid-hill regions of Himachal
Pradesh, India. The observations indicated theattivere 4 regular pests of the crop. These
included (in order of importance). Brassicae, P. brassicae, P. xylostella and P. orichalcea

[ Thysanoplusia orichalcea]. The sequence of appearance was also in descerdieg

Sabherwal (1995) recordd®l xylostella as an important pest of cabbage at Jammu
both on early and late season crop. Cabbage &ohitlassicae was reported as key pest of

cauliflower/ cabbage both in vegetative and repctida phase of the crop.

Barwal (1997) reported peak activity Bf brassicae in Kullu valley and aphid was
found to have major status in both vegetative amtaductive phase of cole crops.
xylostella is one of the major lepidopteroussect pest attacking cole crops. Its period of
activity has been recorded from January to May Iajuela, Costa Rica (Barrantes and
Rodriguez, 1996); in January or February in Hok&ajdapan) under green house conditions
(Saito, 1994); from September to mid of March imBladesh on 8 cruciferous vegetables
including cabbage and cauliflower (Ali and Karin99b); from mid of October to early
November in Cheju island on cabbage (Perlal., 1993); from October to December in
Pretoria (South Africa) on cabbage (Dennill andté&tres, 1995) and on spring, summer and

autumn crops of cabbage in Jilin, China (Ma Chum, 3895).

Studied undertaken by Usha et al. (1997) on seasonality of P. xylostellaon
cabbagein Solan revealed itsincidence from first fortnight of March till harvest.

Kaul (1998) recorded the first incidence of theidpturing November-December and
found peak population buildup during February—Maiioh cabbage seed crop. After

harvesting the crop the aphids increase was agdiced in the month of April.

Jitenderet al. (2000) reported that in lower Kullu valley of Hinted Pradesh, India,

8 insect speciesAfrotis ipsilon, A. segetum, P. brassicae, P. xylostella, Plusia orichalcea
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[ Thysanoplusia orichalcea], Helicoverpa armigera, L. erysimi, B. brassicae) were found to
infest the cabbage cv. Golden Acre crops plantezhatmonth interval from March to June
1992 and 1993. While aphidB, brassicae andL. erysimi, were found to infest only the
crops planted in March and Aprl{. armigera was not recorded in June transplanted crop;
other insect species being found throughout the yea

Chaudhuriet al. (2001) evaluated the seasonal incidence of seugsatt pest®.
brassicae; L. erysimi andP. xylostella infesting cabbage c&abitri in West Bengal, India,
during 1996-98 and recorded aphid, flea beetlebagé butterfly, leaf webber and moth
populations were maximum during th&, 2" 15 and 4" week of March, respectively, on

spring crop.

Nayaket al. (2001) conducted the survey to determine the sehdstiundance df.
erysimi at weekly intervals from %1 week of December toBweek of February. The
population per plant was less (6.08) on cabbage.highest population was recorded during

2" week of January (22.95) on cabbage.

Zaz (2001) reported on the incidence and populatioB. brassicae on cabbage at
Srinagar J&K and revealed that aphid population ass®ciated with cabbage throughout the
season with two population peaks in June and Oct&@2:8 aphids per plant with per cent

plant infestation 0O to 25.

2.3  Corréation of population mean with abiotic factors

Studies, on the influence of environmental factorsvertical distribution of important
pests of cole crops in Meghalaya, carried out 75197 (Sachan and Gangwar, 1980)
revealed that 50 species of butterflies and motbkidingP. brassicae migrate from plains
to Himalayan region as well as other hills to avextreme hot weather during summer.
However, Khaire and Lawande (1986) have recordedvdmum temperature of 3P@ and
85 per cent relative humidity during the peak patah ofB. brassicae on Chinese cabbage

in 1981-82 at Maharashtra.
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Annamalaiet al. (1988) recorded rainfall as one of major mortdi#gtor in the early
larval stage ofP. xylostella, on cabbage in Japan. Heavy rainfall in the hot sesison
appeared to be detrimental to infestation but dtl affect H. undalis (Talekar and Lee,
1985). Similarly, Wakisakat al. (1991) recorded rainfall as a major mortality fadto the
egg and larval stages & xylostella on broccoli in Japan. Temperature more tharfG0
tended to delay development and reduced the sdirgivemmature stages. Ong and Soon
(1989) reported that population peaks Rofxylostella on cabbage an®. alboglabra in

Singapore, were affected by temperature and rinfal

Zuranska and Ciepielewska (1988) in his investigegtion cabbage in the Olsztyn
region of northern Poland indicated distinct diéieces in the sensitivity of the eggs and
different larval stages d®. brassicae to climatic conditions, notably temperature. The
and 29 —instar larvae required higher temperature, tHaargl 4-instar larvae. The highest

mortality due to climatic factors occurred in tHéidstar and the lowest in th& #star.

Mustafa (1989) reported that in the Lenkoran regbrzerbaijan, the dynamics of
development (seasonal occurrence, number of gemesadnd percentage of the population
entering diapause) d?. brassicae were shown to be particularly influenced by change

day length and ambient temperature.

Studies carried out by Sachan and Gangwar (1996hiibng (Meghalaya) during
1976-78, indicated that extreme cold conditionsupper Shillong during November-
February, when maximum temperature ranged from°d770 16.48 C and go to the
minimum of 3.97 C and 7.534C and sometimes even belo®W@ were detrimental for the
multiplication of P. brassicae whereas the high rainfall during May-September dat

adversely affect the built up of its population.

Studies in Tamil Nadu, on the influence of weatta@tors on the incidence of pests
and diseases of cabbage, carried out by Rapal. (1993) revealed an increase, in larval
population ofP. xylostella of 2.67 for every unit increase in rainy days amghisicant

negative correlations &. ipsilon with morning relative humidity.
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Ranaet al. (1993) worked out significant negative correlatitor temperature,
relative humidity and rainfall with the incidenckaphid,L. erysimi during 1989-90 at Hissar
(Haryana). An average temperature of 19C18nd 85% and relative humidity were the most
favourable conditions for the development of thetpdrelative humidity ranging from 55.70
to 69.40% was most conducive factor for populatlmnldup whereas 50.90 per cent
minimum relative humidity resulted in decline oktlaphid population. Dry weather with

high temperature also resulted in population declin

Rahim (1993) reported that winter aphid populativere negatively correlated with
temperature and sunshine hours per day as wedtasrainfall; and, positively correlated
with average relative humidity. Flea beetle showpeditive correlation with average
temperate and sunshine hours per day. During gpaphid, flea beetle and cabbage
butterfly populations showed positive correlatioithwaverage relative humidity and total
rainfall, but negatively correlated with averageshine hours per day. Results indicated
that an increase in temperature, sunshine hoursd@grand rainfall, and decrease in
relative humidity favoured the multiplication ofethpests on spring cabbage. Spring

cabbage was infested by higher pest populationgaoed to winter cabbage.

Debrajet al. (1994) revealed that fluctuating population werergated with abiotic
factors (Temperature, Relative humidity and raipfial both the stages of the crop i.e. head
formation and sprouting stage (ratoon crop) whibbvwsed non-significant impact on the
population throughout the crop period, but humigtsyed crucial role in influencing the

aphid population buildup in ratoon crop.

Soodet al. (1994) in similar studies oR. brassicae on cabbage and cauliflower at
Solan, recorded the daily mean temperatures ob 23°tC in the £ and 22 to 29C in the 3¢
generation while the relative humidity varied betwe36 to 66 and 30 to 35% in the

corresponding generations.

Srivastavaet al. (1995) evaluated the impact of abiotic factors ba population
dynamics oL. erysimi (Kalt.) and observed the range of maximum tempeeat6.8 to 24.7

C, minimum temperature 10.2 to 15@ and relative humidity 61 to 65% prevailing in
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February were conducive for the rapid multiplicatiof the aphid on this crop and rainfall
during February/January was the main factor causamd multiplication while rainfall

during March was negatively correlated.

Debraj and Singh (1996) evaluated the aerial @djmud fluctuation ofB. brassicae
were monitored in yellow pan traps in a cabbage fie Imphal, India, during 1992-93. The
number of migrant aphids trapped increased fromt& B alates/ trap during thé& dveek of
January, followed by a peak of 25 alates/trap atetid of January and decline in peak during
March. Minimum temperature and rainfall were siigaintly negatively correlated with the

trap catches.

Anil et al. (1997) correlated the population data with différereather parameters in
Taria region of Uttar Pradesh. The populatoériP. xylostella L. was found to have positive
significant correlations with minimum temperatumedarainfall. The aphid population also

resgistered a positive and significant correlatotih wind velocity.

In ecological studies oR. brassicae carried out at Barapani, (Meghalaya) during
1990-92, Thakur and Deka (1997) observed that peesture ranging between 15.2 to’80
was ideal for the multiplication of the pest duriMpy-June whereas high temperature

directly influenced different stages of the pest.

Cividanes (2002) reported that apeter8udrassicae by visual search was found to
infest kale from July with peak population in Sepber. The rainfall and relative humidity
showed significant correlation witB. brassicae suggesting that these factors had important

functions to the mortality of the aphid.

24  Parastisation of some important insect pests of cabbage B. olericeae var.

capitata

Eighty per cent parasitism B brassicae eggs due tdrichogramma evanescens with
an average larval parasitism of 10 to 8 by thicEsehad been recorded. The major parasite,
reported on young larvae 6f brassicae has been firstly infested bApenteles glomeratus
(George, 1957). Per cent parasitism duPitareella rapae between 0.5 to 36.7 on cabbage

aphid and reported it to be about 7 per cent througcruciferous growing season (Atwal
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and Singh, 1969). He further reportBdrapae parastising on an average 0.01 and 40.7 per
cent cabbage aphid during February-March 1966 otispéy with an increase parasitism in

April (59.7) per cent and May (73) per cent.

Rattol (1959) reported thak. glomeratus appeared in March and disappeared in
April. Singh and Rawhat (1981) reported tBatrapae started its activity on dry season in
mid-February as 69.37 and 96.49 per cent parasitiene registered during"2and last

week of February respectively.

In Rominia 25 primary parasites were reported orvD&ut of whichD. fenestralis
was most abundant. From India fenestralis was reported important dominant larval
parasite of DBM (Bhalla and Chauhan 1994). Ka@9@). Observed thdD. fenestralis

active from March to May in H. P. (India).

According to Habib (1973) primary parasites Bf brassicae were D. rapae
Apheninus esychis (Walker) andEphedrus spp. Some ichenumonids were also found to be
useful larval and pupal parasiteffbrassicae. The larval parasite reported ddepierissae,

D. tibalis and Promising pupal parasiteBteromalus puparium (Linn) were reported

throughout the world (Mushtaque and Mohyuddi®g4).

Similarly different species of genlachameria were reported as pupal parasite of

B. brassicae (Mushtaque and Mehyuddin, 1984).

Kotwal (1981) foundAphididious spp. parasitising (29 to 28) per centRrbrassicae
population. However Aphididous spp. as important species of cabbage aphids. GL984)
reported 28 to 53 parastoid emerging from sindté fnstar larvae. Many species (Cotesia)
of (Apenteles ) were parastoids of the larvae Bf brassicae which includeA. glomeratus.

(Sood, 1992 and Barwal, 1997).

Gabryset al. (1990) reported that the degree of natural rednctibB. brassicae
population by the parasitold. rapae on differentBrassicae crops. Initially, the percentage of

parasitisation was very low (<5%). The maximumagdisation (<35%) occurred 2 weeks
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after initial parasitisation and coincided with thikecline of aphid population due to

migration.

Okadas (1991) reported that eggs, larvae and pafghe f/ponomeutid) P. xylostella
were sampled weekly in a cabbage field in Mie Ritefie, Honshu, Japan, during 1988. The
rates of parasitism by the larval parasitédiganteles plutellae [Cotesia plutellae] and the
pupal parasitoidDiadromus collaris (both specific parasitoids of this host) were higim
mid-June to mid-July, when the host was abundahlhe rate of parasitism by the egg
parasitoid Trichogramma chilonis increased after late June, when the host were less
abundant. A high rate of parasitism was also shbwietrastichus sokolowskii, a larval-
pupal parasitoid, after late July, when the hostewess abundant.Now it is known thiat
sokolowskii and Trichogramma chilonis are polyphagous parasitoids with very wide host

range.

Rahim (1993) reported that, there existed a vengdgcomplex of natural enemies on
it. However, the natural enemies were absent oergbd in very low numbers at Taxilla.
Therefore two parasite®. pierisae (Rao) andA. glomeratus L. were mass bred in the
laboratory and were released at these localitiesall, 40,000 adults of the parasites were
released in the cabbage butterfly infested fieldS alifferent sites. At the sites where
parasites were released, the infestation was rddiocc®1% against the control where the

infestation was 45% at the time of ripening of ¢thep.

Ranaet al. (1993) reported thaCoccinellid sp., appeared on cruciferious during the
month of December with the increasing numbers to/AQoer plant, after the end of
December negligible 0.2 and 0.3 in 1988 -1989 a®89190 which is mainly due to low
temperature. An increase in the population in Mat11.9 and, 18.0 per plant and decrease

in population of aphids by 2242.32 to 224.91 panpivere obtained.

Bartninkaite and Tyakayute (1994) reported thatehexisted an inter relationship
between theP. brassicae and A. glomeratus and showed that they were inter dependent on
the vegetative period of cabbage. Braconids wetesa active among larvae the average

number of braconides in one affected larvae were ©236.2.
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Mustafa and Masha (1994) worked on the aphid pasafB. brassicae which
showed mainly 2 periods of occurrence: the firstlyean the season during October-
November, and the second in April-May. The ratioparasitizedB. brassicae to apterae
early in the season were 10:100, and 0.2:100 aritleof season. The 2 parasitoids collected

in the field wereD. rapae andSyrphophagus aphidivours.

Jankowska (1995) reported tht rapae caused highest parasitism on kale and

Italian cabbage while lowest on Kohlrabi. He alsparted five syrphid species on cabbage.

Mitchell et al. (1997) reported that the density of syrphid predaBetasyrphus
serarius increased with the increase in the density of &hibrassicae on cabbage and that

its life-cycle ranged from 24 to 26 days.

Dhaliwal et al. (1997) evaluated neem formulations that were daféne parasitoids,
MicroplitissimilisandA. glomeratus [Cotesia glomerata], which parasitize. litura andP.
brassicae larvae, respectively. The feeding efficiency e tcoccinellid predatorC.
septempunctata on L. erysimi, treated with neem based insecticides, was hitfemn for

aphids treated with endosulfan.

Usha Chauharet al. (1997) reported that among nine parasitoi@sadegma
fenestralis, Diadromus collaris andCotesia spp. were the dominant species in parasitieing

xylostella L. and that 70% parasitism were observed in thtenask of April.

Mitchell et al. (1997) found thaiDiadegma insulare was the main parasitoid and
caused 72 per cent parasitism in early May for DBiWae collected from the cabbage

plants.

Metspaluet al. (2001) reported that massive development of larpgewcabbage
butterfly, P. brassicae may occur subject to numerous predators, pardsiand diseases.
glormerata (Hymenoptra —Braconidae) is a common braconid whap develop within the
larvae ofP. brassicae. Total infestation were 85 per cent, 68 per cdnthe caterpillars

parasitized out of that 20 per cent died due teatiss and 22 per cent pupates.

29



Nayaket al. (2001) conducted a survey for parastizatiorDbyapae on cabbage and
observed that the initial population commencedrduthe 3% week of December (4.36 per

cent). The highest parasitism was observedbwéek of February 62 to 29.

Zaz (2001) reported that the temperature at Shali8ranagar showed non significant
negative correlation with the population®fbrassica and negative relationship with overall

humidity and rainfall.

Cividanes (2002) studied the dynamics of aphid fimnsB. brassicae and estimate
its impact of natural enemies. He noted thatapae showed significant correlation witB.
brassicae. During the peak period ground spiders showed sagmt mortality related with

population density of the pest.

Haseena et al. (2002) conducted field survey at fortnight intesvab investigate
abundance of aphidophagus coccinellids and founedghing on aphids namel(.
transversalis, Menochilus sexmaculatus andHarmononia octomaculata which counted 52,

41 and 7 per cent of the cocinellids populatiopeesively.

25 Management of some important insect pests of cabbage B. olericeae var.
Capitata
Sachan and Srivastava (1975) reported the effextssefor fortnightly spray of 0.03
per cent endrin or 0.075 percent lindane or 0.02cpat carbaryl until harvest and 7 to 10
days sprays of 0.03 per cent, malathion, during hlagvest of cabbage, againd®. (

maculipennis Curt., T. ni Hb.) andL.erysimi (Kalt.).

Butaniet al. (1977) suggested the control of diamond back mBthyraccisae and
fleabeetle by spraying the cabbage crop with Orlcpat carbaryl and malathion or dusting

with 5 per cent carbaryl and malathion.

Halimeeet al. (1977) reported that efficacy of Karate, Apavapgbs Sumicidin (at
the rate of 395, 1235, 741 and 494 ml g/ha) agaipkidB. brassicae (Linn.) and Cascade,
Ataboron, Karate and Sumicidin (at the rate of 4%, 395 and 494 ml/ha) against cabbage
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butter fly, P. brassicae (Linn.) on cabbage in two different experiment$n the first
experiment Karate was compared with Sumicidin wAi@vap with Nogos and Pirimore as
candidate insecticides against aphid. Both camelidesecticides (Karate and Apavap) and
the standards i.e. Sumicidin, Nogos and Pirimoreeveéfective equally for the aphid control.
Insecticides decreased the population by 89.0320R3.71, 97.73 and 96.85 per cent pest
population three days after treatment. It was B39.17, 96.86, 97.64 and 99.17 per cent
seven days after treatment, respectively. In theorsd experiment, three candidate
insecticides i.e. Cascade, Ataboron and Karate wenepared with Sumicidin (standard).
They were comparable to standard against cabbatyerfbu The decreased 90.47, 92.68,
96.14 and 92.86 per cent pest-population three dag99.19, 100.00, 100.00 and 99.38 per
cent seven days after application, respectivelgweéler, Ataboron and Karate were found to

be the most effective followed by Sumicidin and ake.

Vermaet al. (1980) while evaluating the insecticides agaihstpest and predators
of mustard crop found the foliar sprays of phospidam 0.03 to 0.05 per cent to be best
followed by methyl demeton 0.03 to 0.05 per cend aiimethoate 0.2 to 0.4 per cent
malathion 0.05 per cent, endosulfan 0.05 to 0.1 gesrt and lindane 0.1 per cent were
comparatively less effective. The efficacy of insgdes giving more than 80 per cent
reduction ofL. erysimi, upto 10 days in the descending order were pargthosthyl

demeton, lindane, endosulfan, malathion, phosphaméthd dimethoate.

Krishnaiah and Jagan Mohan (1983) evaluated sosezticides for the control of
P. xylostella Linn., Crocidolmia binotalis Z., L. erysimi Kalt. andM. persicae Sulz. on
cabbage methamidophos, dioxathion each @ 0.5 kgraliendosulfan @ 0.7 kg a.i’/ha gave
effective control of P. xylostella for a fortnights while dipel+chlorphenamidine,
monocrolophos, phasolane methyl and malathion e@cii.0 kg a.i./ha suppressed the
population for a week. Chlorfenvinphos, quinalphcerbaryl and endosulfan controlled the

mustard aphid population for two weeks.

Gupta (1984) reported that out of seven insectigeed, endosulfan 0.5 per cent was

the most toxic insecticides against cabbage cdlampion cabbage followed by fenitrothion
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0.05 per cent, qunialphos 0.04 per cent fenthi0b @er cent. Malathion had lost its toxicity

within two days of application. But endosulfan gooed to give higher kill up to 7 days.

Rajputet al. (1986) in their studies on the efficacy of insddiés against diamond
back mothP. xylostella L. observed that insecticides including methoy0 2, quinalphos
250 g , carbaryl 800 g, monocrolophos 250g, methieton 250g and dichlorovos 2509
a.i./ha decamethrin @12.5 g a.i./ha were the nest tbeatments.

Kirshnaiahet al. (1983) evaluated the efficacy of neem extract inticdling pests of
cabbage under field conditions. The extract wampared with commercially available
insecticides proving sufficient control &. brassicae (1% and 2 instar). None of these

differed significantly from untreated plots through the season.

Mehta et al. (1988) studied the bio-efficacy of various insedis viz., malathion,
guinalphos and dichlorvos (0.05) per cent, phosgtam and dimethoate (0.03 per cent ) and
thiomate 0.025 per cent against mustard aphid erysimi (Kalt.) on cabbage. All the
insecticides proved effective in checking the apgtaghulation within 24 hours and remained

active till one week.

Borode, S. A-de and Castellane (1989) evaluatecetfextiveness of 6 treatments
[carbaryl at 2.1 and 2.6 litres/ha, DDVP (dichlosyat 70 and 100 ml/100 litres water and
chlorpyrifos at 0.6 and 1.5 litres/ha] against s pests, includingscia monuste orsels,
Thrips tabaci and theP. xylostella. The insecticides were applied weekly until 1G/9a
before harvest. All treatments were effective agaithe pests, with the exception of
carbaryl. The plants treated with carbaryl showee same symptoms of defoliation as

untreated plants.

DeshRaj and Kumar (1990) reported that fortnightiyrays of 0.05 per cent
endosulfan effectively checked the attack of cabbegterpillar,P. brassicae. Lal (1990)
studied the control schedule against insect pdstalibage seed crop. The aphiderysimi
was recorded before bolting, however, infestatievels of B. brassicae and P. brassicae
occurred until the harvesting of seed crop. Insatgs like endosulphan at 500 g. a. i. gave

most active control followed by phoslone and phaspidon at the same concentration gave
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better results. Aphids treated with these insetd& were ten times higher than that of

control.

Nawaleet al. (1991) reported that  quinalphose was economicald ahighly
effective in cabbage yield. It was followed by eadlfan and malathion 0.05 per cent in order

to merit.

Narkiewicz-J (1995) evaluated the effectivenessanbosulphan (Marshal 25 EC) for
the control ofB. brassicae and P. brassicae on cabbage. Marshal 25 EC applied @ 0.6

lit/hectare destroyed 95 to 100 per cent of the. pes

Mandalet al. (1994) conducted studies in Orissa to screen #Bties of cruciferious
crops for resistance to aphids. The varieties S&etsa bold and Kranti were least effective
where aphid variations varied from 88 to 141 apRidsm both the years of 1991-92 and
1992-93.

Saucke (1994) reported that neem kernel extracBK@) gave excellent control for
diamond back mottR. xylostella and associated pests in cabbage. Further theiqudiuse
of Bt products with growth regulators and biologicantrol techniques was most effective

and sustainable use for IPM in cabbage.

Vasicek and Ricci (1995) evaluated the modificatiomn biological parameters &
brassicae taking two varieties of cabbages red and greeneterthine varietal preference.
Results showed th&. brassicae has four moults before adult hood, concerning nunabne
duration of nymphal stages, pre reproductive anst peproductive period, the number of
daily rearing per female and longevity. Ovetalbrassicae showed a greater preference for

the green cabbage variety.

Dhaliwal (1997) conducted field study with 2 forratibns of neem: Achook and
Nimbecidine for the control of insect pests on @# The neem formulations were
evaluated at 1, 2 and 4 kg/ha and compared todabikha of endosulfan used as the control.
The mortality of insects were highest with 4 kgtifathe neem formulations, 7 days after

treatment. The mortalitgf L. erysimi in Achook, Nimbecidine and endosulfan was 95.77,
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91.24 and 97.24 per cent, respectively. Mortalityvith P. brassicae were 80.00, 73.33 and
86.66 per cent in which endosulfan was the moice¥e against all the insect pests,

followed by Achook and Nimbecidine.

Sannaveerappanavar and Viraktamath (1997) condaicédsi in cabbage fields in
India using novel insecticides indicated that fhdruron (at 37.5 g a.i./ha) and teflubenzuron
(at 56.25 g a.i./ha), and aqueous Neem seed kextedct (4%) were highly effective in
suppressing. xylostella, followed by four Bt products, Biobit (at 500 g/h&elfin (at 750
g/ha), Eipe 8 L (at 1125 ml /ha) and Centari (ab @ha). Cartap hydrochloride and

diafenthiuron gave a moderate level of control

Liu (1999) evaluated seven experimental formutatiof Bt sub sp. (Kurstaki) in the
field for controlling cabbage loopefrichoplusia ni (Hubner), and diamond back mot,
xylostella (L.), on cabbage in 1997-98. Dipel DF, a comnararmation of Bt and SpinTor
(spinosad,Saccharopolyspora spinosa), were used for comparison in some experiments.
Under field conditions, effectiveness of theé&ethuringiensis formulations varied greatly.
When pest pressure were high, all formulations weoee effective againft. xylostella than
T. ni; whereas, no difference occurred when pressure ovas Five weekly applications of

B. thuringiensis formations significantly reduced larval populasarf both pest species.

Rahmaret al. (1999) studied the efficacy of four different ingeicles viz., Florbac,
Atabron, Commondo and Nogos agaiRsbrassicae at Tarnab, Peshawar. The experiment
laid out in randomized complete block design wiive ftreatment and three replications.
Results revealed that Nogos and Commondo gave rhigbetality (99.69 and 98.29 per cent)
of the pest while FlorbacB( thuringiensis ) and Atabron were statistically similar in
controlling the pest and caused 77.86 and 76.9tqydr mortality of the pest.

Ashok (1999) worked on biocides and found that f8tam-positive (Bacillus) and 4
Gram-negative phylloplane bacterial isolates frablage and cauliflower were selected for
delivery of B. thuringiensis subsp. (Kurstaki) insectidical toxins to pest &&v

Geethaet al. (2000) conducted field experiment in Andhra Pradeststudy the
individual effect of K (0, 50, 100 and 200 kg/hadanoted the highest dry matter production
and increases the yield.
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Lin et al. (2001) studied on resistance to cabbage buttd?flyapae larvae in
transgenic insects resistant cabbage sprayed withirBe death rate of the pest were 11.11,
12.5, 35.7, 66.67, 33.33 and 50 per cent*at?’, 39 4" and %' instar at the pupal stage
respectively with total death rate of about 94.44 gent compared with a mortality of about
15 per cent in control. While in field the deatheraf the pest was 46.59 with control
mortality of about 21 to 25 per cent.

Sreeknat and Babu (2001) evaluated imidaclopricE®0(0.008 to 0.02 per cent),
silafluofen 20 EC (0.2 per cent), deltamethrin andaephos 36 EC (0.075 per cent),
profenphos 50% EC (0.65 per cent) diaafenthiuronp®® cent, WP (0.025 per cent)
diachlorovos 76EC (0.1 per cent) and mono croto@@per cent (0.05 per cent) agaibst
eryssmi on cabbage variety Golden Acre. The first one isstmeffective among the

insecticides followed by the third.

Lal et al. (2002) conducted field experiments on cabbage tyafBolden Acre to
determine the efficacy of different insecticidestricghtly against the cabbage aphid. Among
the insecticides (endosulphan) significantly reduttee aphid population to 74.43, 88.8 and
87.68 in first spray 56.29, 82.56 and 48.40 in sdcgpray.

Sengonce and Liu (2002) evaluated the effect ofibeo GCSC-BtA on population
dynamics of cabbage, pests, iRe. xylostella (Plutellidae), B. brassicae (Aphididag, L.
sativae (Agromyzidag, P. vittata (Chrysomelidagin common head cabbagB. (oleracea
var. capitata) fields in the southeastern China. Thmulte showed that, at the end of
sampling, the pest populatioosP. xylostella, B. brassicae andP. vittata reached average of
39.7, 68.3 and 6.2 individuals /30 plants in thet iteated with GCSC-BtA, which were
about 1.5, 11 and 0.7 times lower than those tileatdy methomyl, respectively. The GCSC-
BtA biocide demonstrated greater effectivenessantrolling the cabbage pests, el.,
xylostella, B. brassicae and P. vittata, having final decreasing ratios of 83.60, 97.5 &B®b7
per cent compared to 57.63, 64.89 and 30.88 pemadmthe methoxmyl insecticide.

Lal et al. (2002) evaluated two insecticides (diflubenzuramd Cartap hydrochloride)

against the pupae & brassicae andP. xylostella serious pests of cabbage and cauliflower
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in (H. P.) India. Pupa d®. brassicae when dipped in dieflubenzuron (375 to 300 ppm) had
18 to 84 per cent mortality. Fé xylostella dieflubenzuron (25 to 200 ppm) gave mortality
of 22 to 86 per cent compared with mortality in ttoh 6 per cent while as cartap
hydrochloride 31 to 250 ppm registered 16 to 8& qamt. While as irP. xylostella the

mortality varied from 16 to 86 per cent.

Hussainet al. (2002) evaluated the effect of K (30 and 60 kgtma)chilli in Orissa
during 1995-96 and plant height, number of brangieplant, flowering, fruit maturity and
yield were significantly affected. However, therere/ no relationship between the efficacy of

insects with insecticides.

Sugiyamaet al. (2002) conducted an experiment to study the efféetpplication of
K before 20 days of transplant which reduced tifiestation oB. brassicae andP. brassicae

to the maximum of 36 to 76 per cent.

Vandanaet al. (2002) evaluated sixteen varieties of cabbage totalsility and
production potential at U. P. The highest biologigald was observed in Pt-23 followed by
Pt-22 and green cornet. The maximum number of kawere observed in Krishan and the

minimum in Pt-5.

2.6 Development of P. brassicae

Rattol (1959) studied on the biology Bf brassicae and reported that the eggs were
laid in clusters both on upper and lower surfacthefleaf. Each cluster containing 50 to 80
eggs. The eggs hatch in 3.2 to 17.6 days in e@iffemonths. The young caterpillars on
hatching first feeds on its own eggs shell and ifegdf the lead caterpillar stages occupies
5.6 to 14.7 days in different months during thatetiit moulds four times, the caterpillars
remains gregarious except when forced to dispensea scarcity of food. Pupation takes
place on stem and leaves and rarely on host ptamal stage completed in 7.3 to 28.8 days

depending upon the season. Mating lasted 60 toi0tenthe females started laying eggs in
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cluster @ 4.5 eggs/minute. The next day after detigm. The adults live form 2.6 to 12.3

days in different months.

Gupta (1984) recorded the first appearanceP.obrassicae in mid of May and
reported that the pest completed pre-pupal andl@tigpges occupying 5 to 7, 15 to 30, 1.5 to
2.0 and 8.5 to 10.0 days respectively.

Four generations dP. brassicae at low and mid altitudes and 2 to 3 generations at
high altitudes were recorded on cabbage at Barapdeghalaya, from November 1990 to
November 1992 (Thakur and Deka, 1997) and alscategie¢hat there were four generations
with two overlaping generations at low and midtattes and 2 to 3 generations at high

altitudes ofP. brassicae. The winter generations were having longer life-eyttlan summer.

Ritu et al. (1999) worked on the development of cabbage whiteelfly (P. brassicae
) on cabbages and cauliflowers under laboratoryditioms. Each developmental stage was
studied for its duration. The incubation periods éggs were 3.6 and 4.7 days for cabbage
and cauliflower, respectively. Larvae completedalepoment in 12.4 and 12.5 days on

cabbage and cauliflower, respectively.
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CHAPTER-III

MATERIALSAND METHODS

The materials and methods adopted for the stuslétled “Studies on Integrated
Management of cabbageBr@ssica oleracea var. Capitata Linnaeus)” having different
objectives are briefly given as under:

3.0 Population dynamics of major insect pest®iation to abiotic factors on different
genotypes of cabbage

The studies were carried out at Entomological Rebe&arm, Sher-e-Kashmir University
of Agricultural Sciences and Technology of Kash(®KUAST-K), Shalimar during two
consecutivekharif seasons of 1999 and 2000 for Head crop and &hicseasons of 1998-
99 and 1999-2000 for seed crop, respectively. Eoommercially grown varieties of
cabbage obtained from Division of Olericulture, SK®I-K, Shalimar, namely Golden
Express, Golden Acre, Uttam and Pride of Indieofelhg the recommended package of
practices SKUAST(K) (Anonymous, 1997).

A recommended dose of NPK were applied to all platseties @ 80 kg N, 40 kg P
and 40 kg K hd as a basal dose in addition to well rotted FYM @téhnes hd The seeds
were sown on the raised beds durifij\Beek of August for bothabi season (seed crops)
and 2° week of April forkharif seasons of head crop. The transplanting weréedaout
after twenty-five days of sowing of seeds for th@thbconsecutive seed and head crop,
respectively. The seedlings were transplantetienptots maintaining plant to plant and row
to row distance of 2860 cm apart. All cultural practices were carriad during the crop
growing period when required. For recording thpuyation build up of major insect pests of
cabbage on seed crop started from October —Juntahdad crop from June-September for
bothrabi andkharief seasons of two consecutive years. The populétidd up of different
insect pests were recorded as follows:

3.1 Population build up of Brevicoryne brassicae, Pieris brassicae, Plutellaxylostella
and some other pests
3.1.1 Population buildup of B. brassicagL .) [Homoptera: Aphidida€]
Aphid population was determined by the method ofwéd, (1981). Weekly samples
from 10 randomly selected plants in each variegyesmaken using random row, plant and
leaf coordinates to determine aphid density pemtpl&rom each selected plant, three leaves,

one each from outer, middle and inner whorl werangred for aphid population. When
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population of the aphid was low, the count wasdliyemade on leavem situ. However,
when the aphid density was high, the sample leaxs put in polythene bags separately
and brought to laboratory for determination by gdienzene 0.1 per cent as anesthecia and
removed on to a white paper with the help of canaél brush and the mean aphid population

per plant was worked out.

At higher population levels, the aphids were digled and put in plastic tubes
containing 70 per cent ethanol. Five samples foheach) from five different tubes were
drawn. The alcohol were drained out first and taphids were packed in one ml volume.
Thereafter, the number of aphids contained in oheamples were counted and the average
worked out as 752 ( n=5). The number of averadpdapcount per ml to work out the total
aphids in the sample multiplied the total volumetlod weekly samples. The method was
used during 1998-99 only because during 1999-20@)aphid population was low) situ
method was mostly employed.

The per cent plant infestation . brassicae was also worked out by counting
number of infested plants and for this purposefeihg formula was used:

Number of infested plants

Per cent plant infestation = x100

Total number of plants
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3.1.2 Population build up of P. brassicae, P. xylostelland some other major pests

For recording the population buildup of these ihp&sts, population counts were
carried out on the same crops as raise@ftrassicae duringrabi seasons of 1998-99 and
1999-2000 andharif seasons of 1999 and 2000 of the same four comrigrgiawn
varieties of cabbage

Twenty plants were randomly selected for weekly @asusing random row and
plant co-ordinates to determine number of larvae. brassicae andP. xylostella per plant.
While counting of larvae dP. xylostella, it was ensured that the leaves were not violently
disturbed since the larvae Bf xylostella were very sensitive to disturbance and drop to
ground even at slight jerk.

The level of infestation ofP. brassicae and P. xylostella was determined by
examining 100 plants. Infestation index of theidepterous pests were calculated by using

the following formula given by Bhalla and Verma @09:
Mean larval population x Per cent plant irdé&isin

Infestation index = (log) = +1

100

3.1.3 Effect of abiotic factorson the pest complex

Data on various weather factors like temperatUl@} ¢elative humidity (%), rainfall
(mm) and sunshine hours were obtained from Metegrchl Laboratory, Division of
Agronomy, SKUAST(K), Shalimar, Srinagar, Kashmir.

Weekly means for maximum, minimum and average teatpee {C), relative
humidity (%), rainfall (mm) and sunshine (hoursiydaere worked out for both the crop
growing seasonggbi, 1998-99 and 1999-2000) separately and Head crogpseat 1999
and 2000.

Multiple regression equation worked out by poolihg data for both the years 1998-
99 and 1999-2000 of seed crop, coefficient) (Rere also calculated for determining the
impact of various abiotic factors on the populatiouild up of the pests associated with

cabbage crop.
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3.1.4 Prevalence of biocontrol agents associated with B. brassicae, P. brassicasnd P.

xylostella infesting cabbaage

The studies were carried out in Post Graduate ladbiyr of Division of Entomology,
SKUAST (K), Shalimar by collecting eggs/ nymphaivihe/ pupae ofB. brassicae andP.
brassicae at 7 day intervals from fields. The insect stage#iected were reared separately in

petri-dishes/perforated glass/jars/cages for enmeryef predators/ parasitoids.

3.2 Developmental stages of P. brassicaen commercially grown varieties of cabbage
The studies were undertaken in the PG. Laboratdrpivision of Entomology,
SKUAST(K), Shalimar during 1999 and 2000 on fourieties of cabbage i.e. Golden
Express, Golden Acre, Uttam and Pride of India.bdratory culture ofP. brassicae was
started on collected egg masses in March. Thebeggng leaves were kept in petri plates
(10 cm diameter) over a wet filter paper for hatghi Newly hatched larvae were transferred
to fresh leaves collected from all the four vaastseparately and replicated thrice and reared
upto third instars. The later instars were rearedjlass chimneys (20 x 15 cm) provided
with fresh leaves of cabbage. The caterpillarsapegb on chimney walls were detached and
kept for adult emergence in glass jars (10 x 15 owgr a thick layer of filter paper. The
adults were sexed and five pair of adults werd keplylon screened oviposition cages 50 x
50 x 50 cm for mating and oviposition cotton swabaked in 5 per cent honey solution and
some flowering shoots of mustard were kept insidedage as adult food. A pot with plant

of cabbage was also kept in each cage to stimetgjdaying.

Another set of experiment on the same pattern waigsih laboratory on all the four
varieties replicated thrice, observation on hatdligb incubation period and per cent
survival were recorded from 15 eggs masses. Th# kuhgevity, pupal and larval period
were determined sampled regularly from a cohoftQdf larvae of pupae.

3.3 Integration of some pest control components foragament oB. brassicae andP.

brassicae

A field trial comprising of two varieties e.g. Gela Express and Golden Acre was
conducted in thekharif seasons of 2001 and 2002 at Entomological Resdaied of
SKUAST(K), Shalimar, Srinagar in split plot desigith three replications. Each replication
was divided into seven main treatmentsne=mgold 0.03% Bacillus thuringinsis (Kurstaki)
0.5% dichlorovos 0.05% carbaryl 0.01% endosulfan 0.05% quinalphos 0.05%and control
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(water). Each main plot was further divided intaeth subplots to accommodate three
different levels of Potassium i.e. 0 kg, 40 kg &3dkg per hectare. A recommended dose of
NPK was applied to all the plots as a basal dosaldition to well rotted FYM. Insecticides
were applied after twenty days of transplantingldoth cropping season of 2001 and 2002
and control plot was sprayed with water only, winitgash dose were applied 25 days before
transplanting. The seedling were transplanted eénplbts measuring 3x 3 meters maintaining
plant to plant distance of about 25 cm x 50 cm tafjpam row to row. The transplanting was
carried during & week of May for the bottkharif seasons of 2001 and 2002. All the
insecticides/biocides were sprayed with the helfoof sprayer at the rate of 600 liters per

hectare.

The treatments were laid out as per following detai

Variety : Golden express, Golden acre
Treatments:

)] Neem - Neemgold 0.03%

i) Bt . Kurstaki 0.5%

iii) Endosulfan : Thiodan 35 EC

iv) Dichlorovos : Nuvan 76 EC (DDVP)
V) Quinalphos : Ekalux 25 EC

Vi) Carbaryl : 25 EC

vii)  Control : Water

3.3.1 Recording of observation

The B. brassicae population was recorded from top of 10 cm of thetic# shoot of
five randomly selected plants/plot while Bsbrassicae population was recorded from five
randomly selected plants of each plot at 3, 7 ahdl&ys after spray for both the years of
2001-2002 and varieties, respectively.

3.3.2 Statistical Analysis

Data recorded on management trial were transform&dg mean square root
transformation ( x+1).|/€UrreIation co-efficients recompared for their significance.The
experimental data pertaining to all the experimesagied out in both the crop growing
seasons were subjected to statistical analysisiewberequired as per the procedure given
by Snedecor and Cochran (1967).
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Chapter -1V

EXPERIMENTAL FINDINGS

Population dynamics

Population trends dBrevicoryne brassicae, Pieris brassicae, Plutella xylostella and
other minor pests on four varieties of cabbage Gelden Express, Golden Acre, Uttam and
Pride of India, raised separately for seed and loeal in relation to certain environmental
factors like temperaturé @), relative humidity (%), rainfall (mm) and sunséi(hrs) were
studied for two cropping seasons of 1998-99 an®2aMO for seed crop; 1999 and 2000

respectively for head crop.

Seed crop

The results of population dynamics of differentieaes of cabbage (seed crop)
revealed thaB. brassicae and P. brassicae were two major pests associated with the crop.
The population densities of these two major pesashied to their peak during October and
April-June coinciding with head formation and sgiog stage of the crop (Table 1,2,8 and
9). There were no distinct differences in the etaliresponse to the population of these pests

(Fig 1-4).

While no incidence oP. brassicae was noticed during January-February, very low
and insignificant population oB. brassicae was observed during the winter months of
January and February. Other pests of minor ecanomportance recorded during the
studies (Oct-June) includdgbhgrada cruciferarum, Athalia proxima, Phylotreta cruciferae,
Hellula sp. andAgrotis ipsilon which also were found absent on the crop duringtevi

months of January — February.

B. BRASSICAE
The data on the population trend Bxfbrassicae on four varieties Golden Express,
Golden Acre, Uttam and Pride of India during 1998-&nd 1999-2000 suggested two

population peaks in October-November and March-Jooiciding with two distinct stages
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of head formation and sprouting of inflorescendée population of aphid supported by the

varieties did not differ significantly during th&a crop seasons (Table 1 and 2).

The association ofB. brassicae with the crop was for about nine months from
(October to June) with significantly low populatsoruring January-February 1998-1999.
The first incidence of the pest was recorded in ftret week of October in all the four
varieties screened during the cropping season-299H8owever, during the year 1999-

2000, initial population was noticed in the whilstlaveek of September..

The data of two consecutive cropping seasonsiatioated that all the varieties of
cabbage screened supported large populatid® bfassicae during sprouting stage (April-
May) than head formation stage of the crop in Oetdbovember. In 1998-99, the population
levels as high as 175, 144, 242 and 204 were obderuring the last week of June on
Golden Express, Golden Acre, Uttam and Pride ofalmdspectively, at weekly average
temperatures was 13%, relative humidity 67 per cent and 59.7 sunstiinars with the
completion of head formation and a rainfall of 4ifn recovered in the first three weeks of

November and fall in maximum and minimum tempegur

The population of aphid declined reaching lowes8,0f, 12 and 10 in the IV week of
February on all the varieties tested. During Jayx@bruary, the maximum temperature was
between 2.%-9.3C while the minimum temperature gone below freezinmt reaching to

5.8°C.

With the increase in temperature during the sedortdight of February (Fig 1) and
with the initiation of sprouting stage in Marchgtpest gradually buildup its population to
attain its second peak in April-May. The populatiof B. brassicae during May ranged
between 133-152; 109-124; 183-209 and 154-176 fddéh Express, Golden Acre, Uttam
and Pride of India, respectively. In the monthMdy, average temperature varied between
16.1-18.8C, RH 47-67 per cent with 44.3 —72.0 hours of SimeshThe population data also
shows that there was a slight increase in the apbpllation density in the IV week of

March reaching 69-92 from 93-125 as a consequemgerexipitation of 39.4 mm. A
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decrease in the maximum temperature from 6.8 11.0°C and Sunshine hours from 43.2

to 13.2 hours were recorded during this week.

During the cropping season of 1999-20B0brassicae attained two population peaks
in October and April-June, coinciding with headnfiation and sprouting stages of cabbage

(Table 2).

In first population peak in the months of Octobesvidmber, aphid density was lower
than observed in 1998-99, ranging between 79-99375.00-125 and 82-102 for Golden
Express, Golden Acre, Uttam and Pride of Indiapeetively at climatic regime which was
almost similar to that of the previous croppingssea However, temperature was slightly
higher in September-October and resulted in higlbeulation of the aphid in October.

As the maximum and minimum temperatures decreasedhaad formation was
completed, the aphid population declined graduadhching its lowest in January. Lowest
population ranging between 6.0 to 7.0 was recorddtie third week of January in all the
four varieties screened, at average temperatufe’6f 82 per cent Relative Humidity, 5.8

hours of sunshine and 9 mm rainfall.

The aphid population slightly increased with therease in temperature in February.
However, in March with the formation of sproutsg ttensity of the pest increased gradually
to attain second peak population. In April-May, Hegt aphid populations were recorded
which ranged between 133-138; 126-131; 168-1751&7d143 for Golden Express, Golden

Acre, Uttam and Pride of India varieties, respestiv

Correlation between population of B. brassicaeand environmental factors

The correlation between population Bfbrassicae on different varieties of cabbage
and environmental factors for two cropping seassfins998-99 and 1999-2000 are depicted
(Table 3a &b).
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It is evident from the data that population buildwfB. brassicae was having positive
non-significant correlation with maximum temperat(r = 0.389-0.399), minimum
temperature (r = 0.602-0.613) in all four varisted cabbage during 1998-99 screened

during the present study.

However, at 5 percent level of significance, a gigant positive correlation existed only
between maximum temperature and population buildlibough a high positive

correlation was observed between minimum tempesatnd the aphid density.

Among the factors, relative humidity and rainfddbth showed positive non-
significant correlation with the aphid populatidmdughout the cropping season. It exercised
little impact on the pest population of cabbagefdat, it influenced the population &.
brassicae when humidity was minimum but rainfall showed witegative relationship with
the population of cabbage aphid through out theopmirgg season. The aphid population
declined with the rainfall to resurge again aftee influence was over as a result of its

multiplication capacity.

I nfestation Index

The data as recorded in Table 5 showed that thecgr@ plant infestation ba.
brassicae and also the infestation index was higher in 12090 compared to 1998-99 for
all the varieties of cabbage screened. It may la¢sooted that while aphid population density
was very low in January-February (Table 5), thenber of plants infested and also the

infestation index increased even in winter months.

In 1998-99, the per cent plant infestation weseMeen 10-66, 9-64, 8-66 and 11-68
with corresponding infestation index varying betwée396-2.248; 1.173-2.377; 1.191-2.472
and 1.173-2.478 for Golden Express, Golden Acrgartand Pride of India varieties,
respectively. While colonization of cabbage plamgs initially slow in October-November,
it subsequently increased in December 1998 to Jgnud®99. Highest number of plant
infestation and also the infestation index wereorged in April-June, coinciding with the

sprouting stage. Rainfall of 43.4 mm in first foght of March resulted in decrease in
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infestation index and also the percent plant iafest in March for all the varieties of
cabbage.

During 1999-2000, infestation index and also peEwt@lant infestation by the aphid
followed the same trend as that of the previoupmirgg season. However, the more number
of plants were colonized in the month of Octobersasvident from the per cent infestation

and infestation index compared to 1998-99.

The plant infestation ranged between 27-68; 28ZE369 and 31-69 per cent with
corresponding infestation index of 1.292-2.47858-:2.483; 1.462-2.482 and 1.399-2.475 on
Golden Express, Golden Acre, Uttam and Pride ofalneespectively. Coinciding with the
sprouting stage of the crop more number of plarsevinfested as is evident from the higher
per cent plant infestation of 61-67 per cent arnfesiation index of 2.277-2.417. During
January 2000 precipitation of 98.2 mm was recordédch resulted in lowering of the
infestation level and also the infestation indeastically in all the varieties of the cabbage

screened (Table 4 & 5)
Correlation between infestation index of B. brassicaavith certain abiotic factors

Relative humidity (%) and sunshine (hrs) were fotmébe negative non significantly
correlated with infestation index & brassicae in all the varieties of cabbage tested. While
the correlation coefficient values of rainfall raagbetween 0.075 to 0.250 and 0.267 to
0.305 suggesting a positive non-significant cotietathan r values for relative humidity (-
0.037 to -0.176 and -0.628 to -708) indicating kighegative correlation. Sunshine hours
indicated a negative non significant correlatianth the infestation index with r values
ranging between (- 0.264 to - 0.426 and -0.5130t619) for four varieties of cabbage
tested.Maximum temperature was positive non-sicguifily correlated with population as r
values ranging between 0.313 to 0.540 and 0.4&26@1. However, minimum temperature
was found to have also positive non-significantatiehship with population as r value
ranging from 0.332 to 0.494 and 0.373 to 0.486peeBvely on four varieties of cabbage
during 1998-99and 1999-2000.

Correlation between Homogeneity of B. brassicaewith abiotic factors
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Temperatures and sunshine hours showed the pokiivegeneity with all the four
varieties of cabbage screened when the p value@5>were 0.997 to 0.999, relative humidity
and rainfall showed negative homogeneity duringhbatopping seasons of 1998-99 and
1999-2000 (seed crop), respectively (Table 7Ri&is brassicae

There was no incidence &. brassicae on any of the four varieties of cabbage
screened during January and February in both theporg seasons of 1998-99 and 1999-
2000. (Table 8 &9). It may also be seen fromdat that the pest registered two population
peaks in October and May-June. These two populgigaks synchronized with the head

formation stage and sprouting stage of the crop.

While no significant variation in the populatiohf brassicae supported by the four
varieties screened was recorded except that odnUtand Pride of India, varieties.
Maintained relatively higher population of the pdating the month of October compared to
Golden Express and Golden Acre during 1998-99. él@m during 1999-2000 no such
variation in the population dP. brassicae supported by the varieties tested was observed
(Table 8). During 1998-99, mean population of testpranged between 232-284 and 200-
245 on Golden Express and Golden Acre varietiebereas it was as high as 421-512 and
386-485 on Uttam and Pride of India, In Octobegerage temperature ranged between 13.5
to 16.5°C, relative humidity 66-70 per cent and 51.3 td@5Tours of sunshine and also no
rainfall was recorded during the month. Low levefspopulation ofP. brassicae were
noticed in November-December that disappeared fileencrop in January-February. And
were in the range of 50-170; 58-198; 105-356 ar@t3¥B on Golden Express, Golden Acre,

Uttam and Pride of India varieties, respectively.

An upsurge in the population of the pest was remwric March reaching its second
peak in May-June. Highest population of the pess$ wbserved in the month of June when
the mean number d?. brassicae (egg and larvae) were 323, 278, 582 and 552 odéaol
Express, Golden Acre, Uttam and Pride of Indiaetas, respectively at average temperature

of 18.8°C, relative humidity of 58 per cen't and 66.3 hafrsunshine were recorded.
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In the first two weeks of November about 43.5 naimfiall was recorded resulting in
the drastic reduction of pest population. Anotbeell of rainfall of about 39.4 mm in the
second week of March caused a spurt in pest popuala82-155, 114-133, 239-279 and 226-

265 on Golden Express, Golden Acre, Uttam and Rridedia varieties, respectively.

In 1999-2000, the results of population dynamic®.dorassicae on twovarieties of
cabbage Golden Express and Golden Acre were highrapared to Uttam and Pride of
India (Table 9). However, there were slight vadas in the population of the pest on Uttam
and Pride of India among the varieties screenethgludctober as were observed during
1998-99. November-December recorded very low mamrs and the crop was free from

the infestation of the pest during winter monthgaruary and February.

Population ofP. brassicae started building it up in March to attain its sedgeak in
May-June. Highest population of the pest was oleskiv the last week of June reaching 328,
258, 296 and 379 on Golden Express, Golden ActntJand Pride of India varieties,
respectively at average temperature ranging fror &924.3°C, relative humidity 62-64%

and 56-79 hours of sunshine.
Correlation between the population of P. brassicaend certain abiotic factors

The correlation between populationffbrassicae and abiotic factors temperatures,

relative humidity, rainfall and sunshine hours @agresented in (Table 10a & b).

The data suggests a positive non significant d@ssoc between the population Bf
brassicae and temperatures both minimum and maximum fotredl varieties of cabbage
screened during two crop seasons of 1998-99 ané-2000. The magnitude of correlation
coefficient ( r) for maximum temperature was betw8e110-0.429 for 1998-99 and 0.457-
0.476 for 1999-2000 for all the varieties screene&imilarly r value for minimum
temperature for the year 1998-99 and 1999-200@ddretween 0.634 to 0.642 and 0.509 to
0.520, respectively. This explains low level ofpptation of the pest during November-
December as registered 58-198, 50-170, 105-356180eB38 for Golden Express, Golden
Acre, Uttam and Pride of India varieties, respeadtivduring 1998-1999 and 54-159, 43-126,
65-192 and 61-179 respectively during 1999-2000.
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Rainfall was negative non-significantly correlateith the population mean of the
pest in both the cropping seasons.  However, a egabn significant correlation was
recorded between the population Rf brassicae and sunshine hours in all the varieties
screened during 1998-99 and 1999-2000. During pegklation ofP. brassicae in the first
week of May in 1998-99 and®and 4" week of May 1999-2000 maximum sunshine hours

were received.

I nfestation Index

The trend in the fluctuation of the population Rf brassicae during the cropping
seasons of 1998-99 and 1999-2000 got reflecteldempércentage of cabbage plants infested.
Higher percentage of the plants was infested wighpest during peak population density in
October and April to June, while as no plant wasntb infested during winter months of

January and February (Table 11).

In 1998-99, per cent plant infested in Octobergemhbetween 22-28, 23-27, 43-51
and 45-51 with corresponding infestation index 12 — 1.686, 1.544 — 1.654, 2.169 —
2.420 and 2.225 - 2.380 in Golden Express, Goldae,AUttam and Pride of India varieties,
respectively. The number of infested plants wasicantly low in November-December
while no plants from the varieties tested were tbunfested during January-February
corresponding with the pest population during teequ. Rainfall did influence the plant
infestation. During first week of November wherpptation fell to 6 as a result of rainfall
(1.00-13.00 mm) only one per cent plants were ofegkto be infested with tHe. brassicae.

Infestation of crop plants started in March reagtighest in first week of May when
33to 49 per cent plants were noticed to be infegtiél infestation index of 1.830 to 2.318 in
all the varieties screened. This synchronized withpeak population ¢. brassicae on all
varieties during the corresponding period. Simidahaviour of the four varieties of cabbage
was recorded in 1999-2000, (Table 12). Plant tatesh percentage, which ranged 19-27;
22-25; 21-28 and 22-26 in October, declined dralyiagn November and December. During
winter months of January-February plants were ofeskto be free from the pest infestation,

which however, increased in March to reach maxinmtast week of May. As many as 38-
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42 per cent plants were recorded to be infestethénlast week of May in all the four

varieties tested.
Corrdation between infestation index of P. brassicaand abiotic factors

A positive significant correlation between infdégia index of P. brassicae and
different varieties of cabbage with temperaturesegm minimum and maximum) was
recorded during both cropping seasons of 1998-891889-2000. The values of correlation
coefficient varied between 0.872 — 0.928 and 0880874 for maximum temperature and
0.553 — 0.654 and 0.781 — 0.796 for minimum tentpegafor 1998-99 and 1999-2000,

respectively for all the varieties of cabbage wste

High humidity and rainfall were found to be deteimtal to population buildup d?.
brassicae. The correlation coefficient ranged between —0.@00.796 and —0.764 to 0.793
for relative humidity and —0.434 to —0.470 and #@.30 0.407 for rainfall for the cropping
season of 1998-99 and 1999-2000 respectively.

Sunshine hours had a direct positive significafdtionship with infestation index of
P. brassicae with r values ranging between 0.838-0.893 and 0t310.753 for 1998-99 and
1999-2000 respectively for four varieties of caldagcreened.Correlation between

Homogeneity oP. brassicae with abiotic factors

Temperature and sunshine showed the positive heneity with all the four varieties
of cabbage screened when the p values > 0.05 w@é& @o 0.999, relative humidity and
rainfall showed negative homogeneity during bothargeof 1998-99 and 1999-2000
respectively, (Table 14ab).

Some other pests

Besides,B. brassicae, P. xylostella and P. brassicae constituting major insect pest
group, cabbage crop was found to be infested wothesother pests of minor economic
importance. These minor insect pests inclitBula sp., Phylotreta cruciferae, Athalia
proxima and Bargada cruciferarum and for convenience were grouped under some other
pests.
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For both cropping seasons of 1998-99 and 1999-20QRe four varieties of cabbage
screened were free from the incidence of this groupecember, January and February

(Table 15).

During 1998-99, the mean population of this grawgs 13-16, 6-15; 23-29 and 18-21
in October while it was considerably low in Novembed ranged between 7-11; 5-9; 12-20
and 9-12 for Golden Express, Golden Acre, Uttam Rnde of India varieties, respectively,
corresponding to this period the average tempezawaried between 7C and 16.5°C,
relative humidity 67-81 per cent and sunshine h@$7.9. As much as 47.7 mm rainfall

was received during October-November (Table 15).

While the crop was free from the infestatidrttos group during December, January and
February at average temperature ranging betwedn51€2, the population started increasing
in March reaching maximum of 15-21; 10-iG; 25-37 and 19-28 in June for the varieties
Golden Express, Golden Acre, Uttam and Pride ofialnd respectively. The mean
temperature in the month of June was between®Cia@hd 21.2C. Relative humidity varied
between 54-63 per cent and sunshine hours wereebet®w4.5-74.3. The pest population

was comparatively low in June prior to harvestiogdll the varieties screened.

Similar trend in population fluctuation by thisogp of insect pests was observed
during 1999-2000. Maximum population of this groups recorded in the month of June
with population ranging between 21-23; 11-13:330and 24 - 28 on Golden Express,
Golden Acre, Uttam and Pride of India varietiesspectively, at maximum temperature of
22.7- to 28.2C minimum 5.6 to 9.8C, relative humidity of 47-67 per cent and 44.3 202
hours of sunshine. As much as 23.9 mm rainfall vem®rded during the month of June

(Table 16) .

At maximum temperature varying between %€4-12.2°C; minimum (-4.8 to -0.2
°C ), relative humidity of 68-88 per cent and 03®.1 hours of sunshine, there was no
incidence of the pest on any of the four variebésabbage screened during December to

February (Table 16).
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However, relatively low pest population were natige October-November ranging
between 5-19; 3-10; 8-28 and 6-22 on Golden Exprésdéden Acre, Uttam and Pride of
India varieties, respectively. During these twonths the average temperature ranged 4.8
9C-17.3°%C, relative humidity 63-75 per cent and sunshimers 15.3 to 58.9.

After being absent from the crop in December tdr&ary, this group of pests
resurged in April with populations ranging betweés, 4-5, 10-12 and 8-10 for Golden
Express, Golden Acre, Uttam and Pride of Indiaetaes, respectively. During this month
the average temperature increased and varied hetl@8-14.6C.

I nfestation index

The per cent plant infestation and infestation indeother minor pests on different
varieties of cabbage during the year 1998-99 arg9-P®O0 is reflected in (Table 17&18).
It may be seen that all varieties of cabbage sexkemere free from the pest infestation
during December-February in both the cropping seaso However, very low plant
percentage was found to be infested in October-hineg and March-June. During these
months, low population density of the pest was méeo (Table 17). However, the number of
plants infested was relatively high in April-May lioth the cropping seasons in keeping with
the population density in corresponding period (@dl8).

During 1998-99, percentage of plant infestationgel between 1-6 in all the
varieties screened in October-November, while dudpril-May as high as 5-15 per cent
infestation was recorded. Similar trend was olesgtriv the cropping season of 1999-2000
when the infestation varied between 0-6 in Novenmdoad 5-15 in April-May for all the

varieties of cabbage screened.

Correlation between abiotic factor and population of some other major pests

The relationship of abiotic factors including termgiare, relative humidity rainfall
and sunshine hours with the per cent plant infestaind infestation index of other pests of
minor economic importance worked out through singmerelation analysis as recorded in
Table 19a&b.

The data for the cropping seasons 1998-99 and-2000 on correlation suggests a

positive non-significant correlation between infestindex and population of this group of
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insects with temperature and sunshine. Howeveggative non-significant correlation was
observed between infestation index and relativeititiyrand rainfall.

Correlation coefficient (r) for all the varietiesreened varied between 0.316-0.424
and 0.121- 0.168 for maximum and minimum tempeeat@spectively during 1998-99.
Similarly positive non significant values of r rang between 0.316-0.336 and 0.253-0.260
were worked out for maximum and minimum temperauespectively during 1999-2000.

Rainfall and relative humidity were found to beraeental to the infestation index
and also percentage plant infestation in both #asaens. The infestation index was found
negatively correlated with relative humidity in B399 (r = -0.714 to —0.724) and 1999-2000
(r =-0.405 to —0.520); rainfall for 1998-99 (r 6236 to —0.245) and 1999-2000, (-0.340 to -
0.393), respectively.

Sunshine exercised direct and positive influentehe infestation index. Direct and
positive non significant relationship between sumshand the percentage plants
infested/infestation index were observed with lugaranging between 0.645 — 0.667 and

0.483 to 0.598 for 1998-99 and 1999-2000 respdgtiVable 20).
Correlation between Homogeneity of some other peistsabiotic factors

Temperature and sunshine showed the positive hensity with all the four varieties
of cabbage screened when the p values > 0.05 w@®& @o 0.999; relative humidity and
rainfall showed negative homogeneity during botle tears 1998-99 and 1999-2000,
respectively (Table 14 a & b).

Head crop

Four different varieties of cabbage main crop (heemp) transplanted during first
week of May and harvested in last week of Septerfdydooth the cropping seasons of 1999
and 2000 was screened for population trends of itappbinsect pests. The results showed
that the main crop was infested wighbrassicae, P. brassicae andP. xylostella from June to
September.

Density of population oB. brassicae was higher in the month of June and declined

with the head formation in July. Howevé, brassicae registered two population peaks in
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June and SeptembeP. xylostella on the other hand was observed to be low in nunmber
the month of July compared to other months.
B. brassicae

The results presented in the Table 22 & 23 indatahat the pest registered its
presence throughout the growing season of thewitbphigh density during June in both the
cropping season. It was also evident from the daaé all varieties of cabbage screened
showed little variation in supporting the populatiaf the pest.

The population oB. brassicae during the first three weeks of June in 1999 raggi
between 91 to 204 in all the four varieties of s screened. The population declined
between 49 to 95 during first week of the Julyethiurther increased to reach 63 to 122 in
the last week of September.

During the cropping season of 2000 the populatias Wghest in the month of June
ranging between 108 to 216 in all the varietiesetks A sharp decline in the population of
the pest was noticed in July, 96 to 156, which meddo its lowest level 76-148 in the month
of AugustCorrelation between population of B. brassicaeand environmental factors

Th correlations between aphid population and abi@tttors on different varieties of
cabbage for two cropping seasons are recordedhie 4 a &b.

From the data it was observed that a positive significant correlation (r=0.319-
0.363) existed between populationBfbrassicae and maximum temperature during 1999.
However, this relationship was lower in the crogpseason of 2000 with r values ranging
between 0.227 to 0.351; minimum value being fordgnl Acre and maximum for Uttam.
Similar association-ship were observed betweendapbpulation and minimum temperature
where r value for 1999 ranged between 0.286 to20&a8] 0.052 to 0.120 for the cropping
season of 2000.

It is interesting to note that population Bf brassicae and the relative humidity
exhibited a negative relationship in head croplbthe four varieties tested. Rainfall worked
but to has negative correlation with the populatdrihe aphid in Uttam and Pride of India
variety during both the years of 1999 and 2000,levhs positive relationship in Golden

Express and Golden Acre varieties of cabbage obdeduring both the cropping seasons.
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Value of coefficient of correlation varied betwe@ri70 to 0.176 in 1999 while as it was
0.012 to 0.021 in the year 2000.
I nfestation Index

Infestation index and the per cent plant infestatibB. brassicae as recorded (Table
25a &b) showed that these were related to pomuiatensity of the pest. At higher density
the infestation index was observed to be highee phrcentage infestation of plants by
aphids ranged between 16-66, 14-65, 12-66 and lf&6&olden Express, Golden Acre,
Uttam and Pride of India varieties, respectivelyfmdorresponding infestation index varying
between 1.335 to 2.139, 1.303 to 2.149, 1.252 16&and 1.252 to 2.192 during 1999,
respectively.

However, during the year 2000, the per cent infestaand also the infestation index
was relatively low. The per cent infestation wasween 8-48 in all the varieties with
infestation index ranging between 1.139 to 2.02&ayg be seen from the Table 25 (a,b) the
population of the aphids was comparatively low I tyear 2000 and hence why the

infestation index was observed lower.

Correlation between infestion index of B. brassicaeand certain abiotic factors
Head Crop

Positive non significant correlations were obsdrwath temperatures (maximum,
minimum and mean) and non significant correlatiothwainfall and relative humidity,
however, negative relationship with sunshine hewas observed during the year 1999. The
coefficient values of mean temperature varied betw8.895 — 0.920, relative humidity
0.113- 0.146, rainfall 0.010 — 0.062 and sunshima$(-0.635 to —0.665).

However, during the year 2000 positive non sigatiit relationship were observed
with mean temperature 0.030-0.152, relative humi@li658 — 0.629, rainfall 0.072- 0.133
and negative relationship with sunshine hours ®# —0.507) in all the varieties tested.
Pieris brassicae

Fluctuation in Population d?. brassicae on different varieties of cabbage is recorded
in Table 27 & 28 and the results indicate thairduthe entire period of growth, plants were

infested withP. brassicae larvae. The infestation d?. brassicae commenced in the first
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week of June during both cropping seasons of 198D 2000. The crop registered pest
population for ten plants varying between 231 33 th 1999 and 204 to 457 in the year
2000 on all the varieties of cabbage in the morfitbume. However the density of the pest
started declining in July during both the croppsegisons.

Lowest population of the pest was recorded in Augiuring both the cropping
seasons of 1999 and 2000 on all the varieties ldfage tested. In 1999 the pest population
during the August recorded were 235-274, 220 to, 286 to 402 and 278 to 324 while it
was 294-310, 225-240, 406-436 and 337-356 in da 2000 on Golden Express, Golden
Acre, Uttam and Pride of India varieties, respeaativ August recorded an mean temperature
of 20.7 to 24.5C; 58 to 71 per cent relative humidity, 5.1 to47Bours of sunshine in 1999
and 21.8C to 23.2°C, average temperature 66.0 to 74.0 per centivelaumidity and
12.00 to 60.5 hours of sunshine in 2000. As mue2@00 and 16.1 mm rainfall was
recorded during August in 1999 and 2000, respdgtiBeptember registered higher density
of the pest which ranged between 365 to 417; 38P@ 278 to 612 and 432 to 494 in 1999
and 305 to 409; 233 to 313; 421 to 566 and 34F@id 2000, while it was 294 to 310; 225
to 240; 406 to 436 and 337 to 356 during the y@@&02uring the month of August. At mean
temperature of 18.00-23°8 and 16.7C to 22.4°C, relative humidity 67 to 71 and 64 to 78
per cent and sunshine hours 49.0 to 59.9, and tdB8.2, respectively during the year 1999
and 2000.

Correlation between Pieris brassicaeand certain abiotic factors

The correlation between population Bf brassicae and abiotic factors affecting
different varieties of cabbage (Head crop) for tevopping seasons of 1999 and 2000 are
recorded in Table 29 a & b.

From the data it was observed that positive ngnifstant correlation ( r= 0.196 to
0.199) and (0.159 to 0.205) existed between populadf P. brassicae and maximum
temperature during 1999 and 2000, respectively,imum value were for Uttam and
maximum for Golden Acre with similar relationshigttveen population and minimum
temperature were (r = 0.353 to 0.355) and (r =®.#10.0420) for the cropping seasons of
1999 and 2000, respectively. It is interestingt ttedative humidity has a negative non

significant relationship with population & brassicae on Golden Express and Golden Acre
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varieties and positive non significant relationsih population on Uttam and Pride of
India varieties, during both the cropping seasunaevestigation.

Rainfall worked with negative relationship for #ike varieties tested during 1999 and
positive non significant relationship during 2008 &olden Express and Golden Acre
varieties and negative relationship on Uttam andeRof India variety.

I nfestation Index

Infestation index and per cent plant infestatiorPobrassicae on four varieties of
cabbage in 1999 and 2000 are presented in Talle, 30

It may be seen that the plant infestation andstafeon index were directly related to
the pest population. Lowest plant infestation weorded in August varied between 2 to 17
and 3 to 8 with corresponding infestation index eckhranged between 1.028 to 1.379 and
1.050 to 1.140 in both the cropping seasons 8B1&hd 2000, respectively. During this
month the pest population varied between 220-4@R 225-406 during the year 1999 and
2000, respectively.

During the month of September when pest populatias highest, the plant
infestation and infestation index varied betweent@gl®2 and 40 to 60 with corresponding
infestation index which varied between 2.103 to42.&nd 1.646 to 2.003 during 1999 and
2000, respectively. Mean pest population durirggglriod were ranging 278 to 593 and 233
to 586, respectively.

Correlation between infestation index of P. brassicaeand abiotic factors (Head crop)

A non significant positive correlation was obsshbetween the infestation index of
P. brassicae and temperature for both the cropping seasonsllovageties of cabbage
screened. The value of the coefficient of corretafound between 0.124 to 0.551 in 1999
and 0.56 to 0.231 in the cropping season of 2000.

Relative humidity was found to have negative catreh with infestation index d®.
brassicae. Similarly rainfall was observed to has a positiva rsignificant influence on the
infestation index. However, sunshine hours diduiefice periodically in the horizontal spread
of the infestation in both the seasons with (r gajwarying between 0.128 to 0.507 during
the year 1999 and 0.393 to 0.515 during the ye@020

Plutella xylostella
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Fluctuation in population oP. xylostella on four varieties of cabbage for two
cropping seasons 1999 and 2000 are recorded i Tabland 33.

Population means were 13 to 34 and 10 to 34 ne Jor different varieties of
cabbage in 1999 and 2000, respectively which dedlio 3-8 and 3-9 in July. There were
uniform population during the entire crop-growingripd for both the years of 1999 and
2000. During 1999 the maximum temperature in Janged 27 to 38C and minimum 9.7
to 3.9°C while as it ranged 26 to € and 13.2 to 17.4C for cropping season of 2000.
Rainfall 10.8 mm and 22.6 mm and relative humi@iy63 per cent and 52-64 per cent were
observed during the year 1999 and 2000 respectivBlyring the period of growth, means
temperature ranged between 14.6 to 24.7 and 1624.8°C respectively for both seasons
with 51 to 71, 62 to 81 per cent relative humidithd 12 to 16 and 1 to 26.7 mm rainfall.

The results suggest no significant variation ie tiesponse of four varieties of
cabbage screened in supporting the populatidh gflostella. The population build up of the
pest was almost similar in all the varieties dudagh the cropping seasons.

Correlation between mean population of P. xylostellawith certain abiotic factors

The correlation between mean population and abfattors are depicted in Table
34a&b. The mean population ranged between 19.84#4 and 17.06 to 30.75 during the
year 1999 and 2000, respectively. Significant pesitrelationship determined with
temperature during 1999 in all the varieties soedenNegative relationships were observed
with relative humidity on Uttam and Pride of Indvarieties. Similarly, with railfall on
Golden Express and Pride of India varieties andtigesrelationship with Golden Acre and
Uttam varieties. However, sunshine observed p@sition significant relationship with the
population toP. xylostella, r-values ranged from 0.415 to 0.486.

During 2000 the population mean varied from 17t0630.75 in all the varieties
tested. Positive non significant relationship wdssesved with mean (r=0.176—0.400)
temperature.  Relative humidity observed positiven nsignificant relationship with
population of Plutella on Golden Express and Golden Acre varieties andatieg
relationship on Uttam and Pride of India varietibile as rainfall observed negative

relationship with Golden Express and Golden Acraeti@s and positive relationship with
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Uttam and Pride of India varieties, respectivelypwéver, sunshine had indicated positive
relationship in all the varieties tested and r ealtanged from 0.183 to 0.353.

I nfestation Index

The percentage plant infestation and also the teties index ofP. xylostella on
different varieties of cabbage during 1999 and 28@0given in Tables 35a&b.

It may be seen from the table that infestation xnded per cent plant infestation did
not follow the trend as seen in population densityP. .xylostella. Even during low
population period of July the infestation level diot vary much from other peak population
period.

In 1999 infestation percentage were between 1bfd1 to 17; 10 to 14 and 10 to 16
for Golden Express, Golden Acre, Uttam and Pridindfa varieties, respectively. Plant per
cent infestation was between 10 to 14 in diffenearieties of cabbage during the month of
July. This plant infestation level was found toddeser to the figures recorded in month of
June, August and September. Similar trend wasrebéden the cropping season of 2000,
where plant infestation level was 8 to 16 in ak tharieties of cabbage screened. Overall
plant per cent infestation in 2000 was 8 to 160 45; 8 to 16 and 8 to 12 per cent for
Golden Express, Golden Acre, Uttam and Pride ofialndarieties, respectively.
Corresponding Infestation index varied between 4.@81.198 during 1999 and 1.033 to
1.218 during 2000, respectively.

Correlation between infestation index and abiotic factors

The correlation between infestation index and cerdiotic factors are presented in
the Table 36. The infestation indexmfxylostella ranged between 1.121 to 1.149 and 1.111
to 1.134 during 1999 and 2000 on four varietiesafbage viz., Golden Express, Golden
Acre, Uttam and Pride of India varieties, respeativ Positive non significant relationship
were determined with mean temperature ( r= 0.235464) and ( r= 0.052 to 0.301) during
the two cropping seasons, respectively. Relativaiflitly and sunshine were having negative
relationship with infestation index of Golden Aaed Golden Express varieties of cabbage
for both the cropping seasons. It was positivéJtiam and Pride of Indian varieties while as

rainfall were positive relationship for all therieties tested.
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Development of Pieris brassicae

The development d®. brassicae on four commercially cultivated varieties of cabbag
was observed for consecutive generations durin@ 3@ 2000 and the results are recorded
in Table 37a&b.

Larval period

There was no significant difference in the duratwdmthe larval period oP. brassicae
when reared on different varieties of cabbage dutie year 1999 and 2000 (Table 37 a &
b). Mean larval period varied from 23.27 to 23d&gs in 1999 which, however, was slightly
higher in 2000 ranging between 24.67 to 25.60 ddiysnay be seen that larval period was
longer in year 2000 as compared to its duratioto@o.

Similarly, duration of larval period for conseadigenerations d?. brassicae during
the year 1999 and 2000 did not exhibit any sigaiitcdifference (Table 38a &b ). It ranged
between 23.17 to 24.17 days during the year1999%aihdeen 24.67 to 25.58 days during
2000. It is also evident from the data that lapatiod was slightly prolonged 1.50 to 2.00
days during the year 2000 as compared to 1999.

Pupal period

Duration of pupal period d?. brassicae reared on different varieties of cabbage did
not differ significantly (Table 37 a&b), pupal ped ranged between 11.27; 11.07; 10.93 and
11.13 during the year 1999 when developed on Uttande of India, Golden Express and
Golden Acre, respectively. However, during thary2000 the duration of pupal period was
between 10.1 and 10.7 days slightly lesser thamgli999. While Golden express recorded
pupal period for 10.20 days, it was 10.1, 10.9 @48 days for Golden Express, Golden
Acre, Uttam and Pride of India varieties, respeasiiduring the year 2000.

Similar trend was observed in the duration of pyesiod in different generations of
P. brassicae (Table 38a&b ). The pupal period ranged betwekf@to 11.33 days during
the year 1999 compared to 10.17 to 10.50 duringy#tes 2000. The duration of pupal
periods were 11.00, 11.33, 11.00, 11.11 and 11a3@ tbr £ 29 39 4" and ¥' generation
during 1999 respectively. However, during 2000 mpapal period were 10.17 and 10.42

days for £ and &'; 10.50 for 29, 4" and %' generation, respectivelfecundity
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There was no significant difference in the fecupdif P. brassicae reared on
different varieties of cabbage during the year 18688 2000. Mean number of eggs laid by
each female was recorded as 116.1, 113.1, 119.9148d! reared on Golden Express,
Golden Acre, Uttam and Pride of India, varietiespextively during the year 1999.
However, a slight increase during fecundity waseobsd during the year 2000. On an
average 122.6, 124.7, 122.1 and 117.9 eggs laidabi female were recorded on Golden
Express, Golden Acre, Uttam and Pride of Indiaetas, respectively during the year 2000.

Fecundity of different generations Bf brassicae did not differ significantly for in
both the years of study. During 1999 mean numlbezggs laid by each female ranged
between 111.2 and 123.1 with minimum recordedrst ieneration and maximum in case of
females of third generation. During the year 2@®® mean number of eggs laid by each
female was slightly higher compared to 1999. Thenlber of eggs laid by female varied
between 111.3 to 127.8 with first generation recmydninimum and maximum in case of
females of B generation. As many as 127.6 mean number of wggsrecorded in females
of 3 generation.

L ongevity of cabbage butter fly

Adult male cabbage butterfly lived for 15.87 tod®days during the year 1999 and
14.9 to 16.1 during the year 2000 when reared dierdnt varieties with no significant
difference in their longevity (Table 39). Male cale butterfly lived for more days as
compared to female. Longevity of male cabbageebiljtwas similarly 15.87, 15.80, 16.00
and 15.87 days during the year 1999 and 16.1, 1@ and 14.9 days in 2000 when
developed on Uttam, Pride of India Golden Express &olden Acre varieties, respectively.

Female butterflies also did not differ significlgnon their longevity during the year
1999 & during the year 2000 when reared on diffexamieties. Longevity of adult females
was recorded as13.80, 13.20, 14.33 and 13.87 daysgdthe year 1999 compared to 16.1,
16.1, 16.9 and 16.5 days during the year 2000 wbared on Golden Express, Golden Acre,
Uttam and Pride of India varieties, respectively.

Longevity of adult male and female cabbage buytesf P. brassicae of different
generations was not significantly different duringth the years of study. Male butterflies

lived between 14.92 to 16.33 days during the y@&®9land between 15.01 to 16.17 days
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during the year 2000. Longevity of female cabblhggerfly of different generations varied
between 13.33 to 14.25 days in 1999 as compardd.#? to 18.25 days during the year
2000.

It may be seen from the results that longevityeohale cabbage butterfly was more
during the year 2000 compared to 1999 in respethage reared on different varieties and
was not observed in the longevity of male cabbagtetily developed on different genotypes
and also in various generations.

Pooled data for development®fbrassicae during the year 1999 and 2000 presented
in Table 39 & 40, did not show any significant \aion in the duration of larval period and
pupal period on different varieties screened orousr generation of the pest. Larval period
lasted for 20.67 to 25.67 days while pupal periaded between 10.33 to 12.00 days for
different generations of the pest reared on fouietias of cabbage and similarly, the
fecundity did not vary significantly within genei@t or among cabbage butterfly ranked on
different generations.

Longevity of male and female cabbage butterfly vedso at par with the five
generation raised on four different varieties dilzzge. Male cabbage butterfly lived longer
than females. On an average longevity of maleewi&67 to 17.67 days while females
longevity was between 11.67 to 15.67 days.

The incubation period of eggs by five generatioared on different varieties of
cabbage did not differ significantly and variedvibetn 5.33 to 6.00 days during both years
of 1999 and 2000.

Survival

Eggs ofP. brassicae fed on various varieties of cabbage for consecugseerations
in a year for two cropping seasons were studieaddonpletion of larval period and also the
emergence of adults to determine the survival ait pader laboratory conditions. The
results so derived are depicted in Table 41 a&b.

The data shows that there were significant diffeeein the survival of larvae reared

on different varieties of cabbage for both the ping seasons of 1999 and 2000.
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During 1999, significantly the number of larvaersved when reared on Uttam
(85.78 per cent) and Pride of India ( 82.22 pert)cetHowever, on Golden Express and
Golden Acre survival level was low with only 63.atd 49.78 per cent larvae reached pupal
stage. Similarly, during the year 2000 signifi¢gdrge number of larvae survived on Uttam
(84.00 per cent) followed by Pride of India (78.06r cent). There was no significant
difference in the survival of larvae when reared Golden Acre and Golden Express
recording a survival of 72.89 and 73.33 per cesgpectively. Integration comparisons for
both the seasons also reflect a significant diffeeein the survival larvae. During the year
1999, first and second generation larvae showadréfisantly higher survival than the last
three generations. However, during the year 200), 3 and 4" as showed significant
survival compared to*land %' generations which showed significant larval suaiv

Data for various varieties and generations duthng year 1999 indicate not only
variation in the survival percentage of larvae edaon different varieties but also in various
generations. Over all larval survival on Golderrddwas significantly less as compared to
other varieties. Similarly, per cent survival afuae was significantly low in respect df.3
4" and %" generation during the year 1999, when reared temtyand Pride varieties.

Overall survival during the year 1999 worked otiteraemergence of adults showed a
significant difference in the survival among véige as well as generations. The survival
varied between 28.88 and 68.89 per cent withgeneration on Golden Express recording
highest survival percentage on™ enerations on Pride of India the lowest, lastehr
generations ('3 4" and %) recorded low level of survival when reared ihtlaé varieties of
cabbage.

During the year 2000 there were uniform per cenvigal and per cent adult
emergence with slight differences in all the getiens except & which were comparatively
lower per cent survival on Golden Express varigtg aigher on Golden Acre, Uttam and
Pride of India varieties, respectively. The surVikate varied between 40.00 to 73.33 per
cent.

I ntegration of Pest M anagement
Efficacy of different insecticides againBt brassicae and P. brassicae on Golden

Express and Golden Acre varieties of cabbage.
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B. brassicae

Observations recorded or?37" and 28" days of application of insecticide on
Golden Express and Golden Acre varieties of cabbadieated that all the insecticidal
treatments significantly suppressed the populatioB. brassicae during the year 2001 and
2002, respectively (Table 45-50).

Among the treatments Bt and neem at recommendeazsdpsoved significantly more
effective in reducing the pest population dhday of treatment with aphid population as low
as 77.66, 66.66 and 70.33, 61.00 for the year 26054.66, 49.00 and 57.00, 53.00 for the
year 2002 on Golden Express and Golden Acre vesietespectively. It may be also noted
that initial kill by dichlorovos and endosulfan svaignificantly higher on "3 day. Here
reduced population to 113.0, 66.3 and 115.33, 9du0ihg the year 2001 and 88.67, 67.00
and 94.00, 105.33 during the year 2002 on Goldgmrdss and Golden Acre varieties of
cabbage, respectively were observed.

While the population recorded off day on DDVP and endosulfan treated plots was
84.00, 54.66 and 95.30, 85.33 during the year 200163.33, 64.33 and 70.66, 73.00 during
the year 2002 on Golden Express and Golden Acreeties, respectively. The aphid
population in untreated plots increased from 22Q®®@77.66 and 224.33 to 246.66 on
Golden Express variety and from 197.33 to 240.66 faom 202.00 to 261.00 on Golden
Acre variety during the year 2001 and 2002, respelgton 7" day of application. However,
on 20" day of application of the insecticide (carbarytl@ndosulfan), a slight increase in the
aphid population was recorded in almost all treatisie suggesting the initiation of
deterioration of effectiveness of the treatmentsnduboth the seasons. Aphid population of
149.00, 134.33 and 131.00, 121.33 on Golden Acrietyaand 117.00, 118.33 and 105.66,
133.33 on Golden Express variety were recordechduhie year 2001 and 2002, respectively
against the 273.66, 349.33 and 327.00, 338.66ntralmplots.

After 20 days of application of insecticides, Neand Bt, work significantly most
effective in suppressing the population Bf brassicae on both the varieties of cabbage
during 2001 and 2002 followed by DDVP and endosulf@uinalphos and carbaryl although
reduced the pest population significantly but whrss effective as compared to other

treatments.
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Effect of potassium on the population of B. brassicae

The results recorded (Table 45-50) clearly dedithat application of different levels
of potassium significantly reduced the populatidnBo brassicae on Golden Express and
Golden Acre varieties of cabbage during the ye@12&nd 2002 cropping seasons at 5 per
cent level of significance. It was also eviderdnirthe data that there was no significant
difference in the population of the pest in thetplveated with the application of 0, 40 and
60 kg h& of potassium.

While the initial kill of the aphid with the apphtion of DDVP and quinalphos in
combination with 40 and 60 kg haf potassium was significantly higher. The pest
population was significantly low aftef"7and 26 day of application of Neem and Bt with
these two doses of potassium, in significantly [mst population on"7day after treatment
was recorded. Two varieties of cabbage Golden é&sgpand Golden Acre did not show any
significant variation in their response to the tmeents, combination of insecticides and
various doses of potassium in respect of the ptipul@af B. brassicae during the cropping
seasons of 2001 and 2002.

Endosulfan and carbaryl treatments in combinatidth 60 kg ha of potassium
recorded 123, 137 and 101, 117 population '8rddy of application of spray treatments on
Golden Express and Golden Acre varieties, durimgysar 2001, while it was 105, 117 and
118, 143 population during the year 2002. Howetlee, population recorded on the plots
applied with 40 kg ha of potassium was 117, 132 and 97, 113 on Goldewess variety
and 94, 112 and 108, 134 on Golden Acre, varietigig the year 2001. However, during
the year 2002 population of the aphids recordec\®68.67, 259.17 and 213.67, 256.00.

There was slight increase in the aphid populatémorded on 20 day of application
of the insecticides 133, 158 and 116, 143 durirgyytkar 2001 and 105, 125 and 134, 126
during the year 2002 on Golden Express, Golden Awmeeties respectively, with the
application of 60 kg ha of potassium. However, with the application of K§ ha' of
potassium recorded the population of 127, 151 &% 137 during the year 2001 and 98, 119
and 123, 120 during the year 2002 on Golden Exprassty on 28 day of application of
spray treatment. Similar trend was recorded duttiregboth years with the population of the

pest which did not differ significantly on the ajsplion of 60 and 40 kg of Haof potassium.
66



P. brassicae

Data on the mean population Bf brassicae on Golden Express and Golden Acre
varieties of cabbage during the year 2001 and Z0@ble 51-56) indicated that all the
insecticidal treatments were significantly supetmthe untreated control at 5 per cent level
of significance in suppressing the pest populatidifference in the observations further
reveal that there were also significant differenbesveen the insecticides in reducing the
pest population with neem registering significaritigher control followed by Bt on"7and
on 20" day after spraying on Golden Express and Goldee Aarieties of cabbage during
the year 2001 and 2002, although the initial ¢dlthe pest after treatment as recorded 'Bn 3
day was significantly very low.

Among the insecticides DDVP and endosulfan werendosignificantly superior to
other treatments in reducing the pest populati@puRation levels of. brassicae were 29,
25 and 27, 25 on Golden Express and Golden Acrietyaespectively on plots treated with
neem and Bt on"8day of spray treatment which came down to 16, 2%50lden Express
and 14, 24 on Golden Acre varieites ofi day with the application of neem and Bt,
respectively during the year 2001. Similar trermswoticed during the year 2002 cropping
season on both the varieties of cabbage. Howeavslight increase in the pest population
was recorded on 30day of application. The pest population on neemh Bhtreated plots
increased to 17, 14 and 19, 19 on both the vasiali@ing the year 2002. During the
corresponding period the population in untreateatspincreased to 41, 43 and 53, 55 on
Golden Express and Golden Acre varieties ofi @8ys of spray treatment during the year
2001 and 2002 respectively.

Quinalphos treated plots exhibited the populatibri® 18, 37; 32, 19 and 17 on
Golden Express and Golden Acre varieties, respagtiuring the year 2001 as compared to
18.67, 18.33, 29.00 and 21.67, 19.33, 32.00 duting/ear 2002 on8, 7" and 28 days of
spray treatment while as the population recordethercontrol plots were 32, 33, 41 and 34,
35 and 43 during the year 2001 on Golden Express@wmiden Acre variety. However,
during the 2002, the population were 27.67, 32.6@ 83.00 and 33.33, 34.00, 55.00 on
Golden Express and Golden Acre variety on 3ft and 28' day.

67



Effect of potassium on the population of P. brassicae

The results as recorde(lable 51-55) showed that application of differkels of
K reduced the population of tiie brassicae on Golden Express and Golden Acre varieties of
cabbage during the year 2001 and 2002 croppingssag 5% level of significance. It was
also evident from the data that there was no sagmt difference in the population of the
pests in the plots treated with the applicatiod®fand 60 kg h&of potassium. Population
of the P. brassicae in the combination with potassium levels dh Gay after application of
treatment during the year 2001 were 14.83 and 17t88ted with DDVP and endosulfan,
respectively as compared to control 32.33 whiledasng the year 2002 were 14.89 and
17.33, respectively on Golden Express and Goldene Aarieties. During both the years of
2001 and 2002 the population ofi @ay significantly reduced in combination with Kréds
6.83 and 8.17 on plots treated with Bt and neenilevets on 28 day of spray treatment —the
population increased during the both years, theetdwopulation recorded on the plots
treated with neem (15.44 and 14.50) followed byZt17 and 19.50) during the both years
of 2001 and 2002 as compared to control with a [adimn of 41.35 and 54.5, respectively.

Mortality of Pieris brassicadyy the application of different insecticides in combination
with levels of potassium on varieties of cabbage

Observations on the mortality & brassicae recorded on 3 7" and 28' day of
application of spray treatment on two varietiecalbbage i.e. Golden Express and Golden
Acre during the year 2001 and 2002 (Table 51-9Bata revealed that lowest mortality 9.6
and 10.9 per cent of the pest on tffeday was recorded in the plots treated with neem.
While as mortality of 1.9 and 17.3 per cent wasorded with the application of Bt on
Golden Express and Golden Acre varieties, respagtiApplication of DDVP registered
higher mortality of 56.7 and 27.1 followed by quptaos 40.7 and 40.4 on Golden Express
and Golden Acre varieties. However, endosulfan nazmb the mortality of 40.7 and 41.7

during the year 2001.

On 7" day of spray treatment the lowest mortality reedravere on plots sprayed

with quinalphos (45.5 and 45.6) followed by cay&4.5 and 51.5 on both varieties i.e.
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Golden Express and Golden Acre. Highest mortaétgorded were on plots sprayed with Bt
72.9 and 74.2 followed by neem 62.9 and 77.3 ond&vlExpress and Golden Acre,

varieties, respectively.

However, on 20 day of spray treatment during the year 2001, lowesertality
recorded on plots sprayed with quinalphos 21.7 Eh@ followed by endosulfan 24.3 and
23.2 on both the varieties of cabbage. Howevehdsgmortality recorded on plots sprayed
with neem were 61.2 and 67.5 on both varietiesatibage, respectively. The data further
revealed that all the treatments were significaetfgctive in suppressing the population after

3, 7 and 20 days during the year 2001.

Observation revealed that mean mortality Fof brassicae during the year 2002
recorded on "8 day of spraying was lowest on plots sprayed wigem (15.0 and 15.1)
followed with Bt ( 22.5 and 21.3) on the both eties of cabbage i.e. Golden Express and
Golden Acre. However, maximum mortality recordedtie plots treated with DDVP were

51.9 and 51.2 and Endosulfan 40.7 and 45.4 ohdtievarieties.

Oon 7" day of spraying the maximum mortality of 87.28,7/6/7.6 and 70.5 on the
plots treated with Bt and neem on Golden Acre antdéh Express varieties, respectively.
However, minimum mortality were 44.1 and 42.9 relear on the plots treated with
quinalphos followed by carbaryl 47.1 and 48.1 ond@o Express and Golden Acre varieties
of cabbage. However, on ®@lay of spraying maximum mortality recorded were068nd
73.1 on the plots sprayed with neem followed with@&.0 and 63.4 minimum on plots
treated with quinalphos 45.1 and 38.3 and endas#f@.0 and 42.2) on both the varieties

respectively.

The data further revealed that all the treatmemése given significant results
suppressing the population during both croppingaes of 2001 and 2002, respectively at

5% level of significance.

Effect of Potash on the mortality of P. brassicae
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The data revealed that treatments in combinatigh potash level gave significant
results in suppressing the populatiorPobrassicaeon 3%, 7" and 28 days of application

(Table 51-56).

Lowest mortality recorded were 13.65 and 13.4 lo& plots sprayed with neem
followed by Bt 22.38 and 19.1 and highest mortatity plots treated with DDVP 54.7 and
52.50 followed by endosulfan (48.59 and 33.23) 6hday of application of insecticidal
treatment during both the cropping seasons of 20@{12002 respectively. Of'7day the
lowest mortality were recorded on the lots sprawéti quinalphos 47.88 and 43.0 followed
by endosulfan 57.24 and 24.60 respectively dutimg year 2001 and 2002. Highest
mortality recorded on the plots treated with BtZ7@nd 64.2 followed by neem 75.0 and 73.4
respectively, during the year 2001 and 2002. Theesd mortality recorded on the plots
treated with quinalphos were 47.48 and 15.1 folbwey carbaryl 50.39 and 27.4,
respectively and highest mortality on plots treatdth Bt (74.97 and 41.4) followed by neem
(72.99 and 62.80) on7and 28' day of application, respectively on plots in conation
with potash.

Observations recorded or®37" and 28' of application of spray treatment in
combination with 0, 40 and 60 kg haotassium during the year 2001 on Golden Express
and Golden Acre varieties, respectively given digant results at 5 per cent level of
significance. However, there were no significantiattons among the different levels of

potash and varieties of cabbage.
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Chapter-V

DISCUSSION

The trial and error approaches to pest controhaut understanding the role of the
attributes of individual organisms or the envirommnespecially the compositions of host
plants have led to more serious consequences. &tentr histroy of insect resistance,
resurgence of pests and outbreaks of secondarg peshouncedly suggest that the pest
management requires a holistic approach. It has hees admitted that high death rates do
not often hold down pest numbers. It is, therefdmme to recognize the fundamental
weakness of our preoccupation with lethal agerttis preoccupation has prevented us from
recalling that the insect pests have been survingery hostile environment much longer
than we have been trying to destroy them. Ceddaptation has undoubtedly allowed them
to evade extinction. The endeavour should be toisely identify weaknesses in their life
styles, which could be exploited. Because of ihrorance heavy prices have been paid
every time and conventional programme of pest cbrtave failed. These conventional
programmes of pest control whether chemical ordgickl have been based on the admission
that indiscriminate increases in mortality wouldveeus well. But methods that increase
mortality have not helped to regulate the numbepest consistently or predictably. Several
indiscriminate methods have created graver problbans that they were intended to solve. It
is, therefore, imperative that more attention fabe paid to understand the strategies of

survival by the insect pests so that these aretecagtied effectively and more consistently.

The procedure may include scanning the environnfremb the organism point of
view to ascertain functional relationship and htites of pest population and the
environment including the food source. Severalistitiave been reported the dependence of
pest outbreaks on environmental conditions inclgdiomposition of host plants and whether

conditions in a number of Lepidoptera and Homoptera
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The cabbagdrassica oleracea var. capitata is an important cruciferious vegedabl
crop grown commercially all over the country. Irdig and abroad the various insect pests
recorded and given major pest status on the crolude Brevicoryne brassicae, Pieris
brassicae, Plutella xylostella, Hellula undalis, Athalia proxima, Bagrada cruciferarum,
Phylotretta cruciferae; (Malik et al. 1972; Butaniet al., 1977; Talekar and Lee, 1985;
Bhatia and Verma, 1994, Bhaghal., 1995; Sabherwal, 1995, Jitendetral., 2000 and Zaz,
2001).

5.1 Population buildup of major insect pests ofbage in relation to certain abiotic
factors on different varieties of cabbage

The weekly population build up of various insecstgeincludingB. brassicae, P.
brassicae, P. xylostella and other pests on four commercial varieties ofbagke namely
Golden Express, Golden Acre, Uttam and Pride ofalmdised separately for seed and head
crop were studied. Population of the pests wereeladed with certain abiotic factors, Per
cent infestation and infestation index were furtbemelated to certain environmental factors

for two cropping seasons.

B. brassicadSeed crop)

The data on the population trendBfbrassicae on four varieties of cabbage screened
during two cropping seasons suggests two populgtesks in October and May-June,
coinciding with two distinct stages of head forroatiand sprouting of inflorescence. The
population of aphid supported by the varieties wad differ significantly during the two
cropping seasons. It is also evident from the da#d the infestation of the crop with
brassicae was for nine months from October to June with digantly low population during
January- February. The first incidence of the pestrded in the first week of October in all
the varieties, however, low population was recordedride of India and higher on Uttam
variety. The population in all the varieties raddeetween 75- to 204 aphids/plant, when the

average weekly temperature was 2C2RH 56 per cent and sunshine 74.3 hrs.
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B. brassicadHead crop)

The pest registered its presence throughout theigg season of the crop with high
density in June ranging between 91 to 216 aphidplaat followed by population level of
63 to 158 per plant in September on four varietiesabbage screened. A sharp decline in
population was recovered in July reaching as low@&448 aphids per plant in August.

Studies carried out elsewhere also suggests pgakatimn ofB. brassicae in May and June.

Studies carried by Hildenhagen and Hommes (199¥iyated two population peaks
of B. brassicae in cabbage with first peak in June and the secon&dptember-October
corroborating with present finding. Similarly, Bleatand Verma (1995) recorded the peak
density (61 aphids per plant) in the beginningwielon the cabbage; Tanderal. (1977);
Dhaliwal and Goma (1979); Sachan and Gangwar (198@ire and Lawande (1986) and
Bhatia and Verma (1994) have also observed Apri-Ma peak period of activity ds.
brassicae. Barwal (1997) reported peak activity periodBobrassicae in May at Kalu (H. P).
Kaul (1998) recorded peak population during Felbrdarch in H. P. on cabbage. The
present findings are also in agreement with theeotagsions of Zaz (2001) who while
observing infestation of the pest during the engirewing season recorded two population

peaks in June and October.

Per cent infestation and infestation index

In the present studies the higher per cent infiestaif aphids was recorded during
May-June ranging between 61-69 per cent with cpmeding infestation index of 2.311 to
2.475 on all the four varieties tested for two qiog seasons of seed crops 1998 —99 and
1999-2000 and another higher per cent infestatias recorded during the month of October
ranging between 36-46 per cent with correspondnfigstation index of 1.755-1.993 on all
the four varieties tested during both seasons. sdlodservations are in line with the work
carried by Sachan and Gangwar (1980), Kotwal (1984ystafa and Masha (1994), Bhatia
and Verma (1995), Sabherwal (1995), and Hildenhagel Hommes (1997) who reported

higher per cent infestation during the crop growsegsons. Jankowska, (1995) in a similar
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investigation reported that aphid populations wemmilar on the different varieties of

cabbage, but number differed significantly, thesmorts confirm the present investigation.
Pieris brassicae

P. brassicae was recorded as most abundant pest on cabbagmsdsp for causing
maximum damage. The pest was absent in crop ddangary-February, its population also
depicted two peaks, one in October and the anath&tay-June synchronizing with head
formation and sprouting stages of the crop, resgdygt  Population of larvae recorded
during the month of October ranged between 200g&t210 plants. No significant variation
recorded in population d?. brassicae supported by the four varieties screened, religtive
higher population varying between 485-566 was m@drin Uttam and Pride of India,
varieties during two cropping seasons compareddiol€h Express and Golden Acre during
1998-99. However, during 1999-2000 no such vamatio the population oP. brassicae

supported by the four varieties tested was observed

An upsurge in the population of the pest recordedng March reaching its peak in
May-June with 323, 278, 582 and 552, populatiorihef pest on Golden Express, Golden
Acre, Uttam and Pride of India varieties, respesiiy corresponding to mean temperature
ranging from 19.6 to 24.3C, RH 64% and 56 to 79 hours of sunshine. In Seipée-
October the population recorded on two Head crapged between 233-566 on all the four

varieties tested.

In a similar investigation carried out in Kashmalley, Zaz (2001) recorded two
peaks ofP. brassicae on cabbage with 3.6 larvae in the month of Junee Tighest
population range of 0-16 larvae on cabbage perlaftpwas recorded in thé’3veek of
August. Sachan and Gangwar (1980 & 1990) haverieg similar observations on the
population ofP. brassicae. Bhatia and Verma, (1994) observations are irr@pmately to

the results obtained in the present studies.

Dhaliwal and Gom (1979) and Sood (1992) found egklcrop free from infestation
of P. brassicae till the end of February at Solan, (H. P.), withultsl emerging in February to
lay eggs by the end of month. Similarly, Gupta,84Preported the appearance of adults of
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P. brassicae in mid of February. Bhatiat al. (1995) found peak population & brassicae
on cabbage in December with 65.8 and 67.3 larvaepfamt. These report are the land

support to the results of present studies.

Per cent infestation and infestation index (Seed crop)

The trend with the fluctuations in the populatiohP. brassicae during cropping
seasons got reflected in the percentage of cabtlages infested. High percentage of plant
was infested with the pest during peak populatiemsity in October and April-June, while as

no plant was infested during winter months of Jayirebruary.

Per cent infestation d?P. brassicae recorded during the two consecutive seed crops
ranged between 22-51 during the month of Octob#én serresponding infestation index of
1.512-2.380 on all the four varieties tested. Femtthe highest per cent infestation recorded
during the month of May-June ranged between 139 eorresponding infestation index of

1.307-2.318 on all the four varieties tested.

Head crop

Plant infestation withP. brassicae and infestation index was found directly related to
pest population. Lowest plant infestation was réed in September during the year 1999
and August during the year 2000 which varied betw&2-21 and 8-14 on all the four
varieties and corresponding infestation index wa%2 -1.431 and 1.136- 1.247in both the
cropping seasons of 1999 and 2000, respectivéharing this period pest population varied
between 49-110 and 98-148 in 1999 and 2000, rasplct During the month of June when
pest population was highest the plant per cemtstation varied between 62-82 and 36-48
with corresponding infestation index of 2.078-2.180d 1.739-2.025 during 1999 and 2000,
respectively. Mean pest population during thisqeewas 91-204 and 127-216, respectively.
The present investigation is in line with the wodarried out different workers reported as
under. Zaz, (2001), 0-20 per cent infestation ,h&acand Gangwar (1990) also recorded
almost same range of infestation level though Bhatid Verma, (1994) and, Mushtaque and

Mohyuddin (1984) recorded infestation level of 4&&1 55 per cent, respectively.
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Plutella xylostella

There were uniform populations on both Head aretlSgop with little fluctuations.
Population ofP. xylostella during two cropping seasons varied between 16t2722; 23-39
and 19-31 for the year 1999; 17-24, 10-19; 2334 23-29 for the year 2000 on Golden
Express, Golden Acre, Uttam and Pride of India,etes, respectively. Suggesting no
significant variation in the response of the fouarigties. The infestation index and
percentage plant infestation did not follow thentreas seen in population density Bf
xylostella even during low population period. The infestatiewel did not vary much from

other peak population periods.

The per cent infestation &. xylostella during the cropping seasons of 1999 ranged
from 10-17 on all the four varieties with corresdmy infestation index of 1.123-1.221.
However, during the year 2000 it ranged from 9-lthworresponding infestation index of
1.100 to 1.218. The infestation index was furtbemrelated with certain abiotic factors for
determining the r values significance. The averageperature was highly significant, while
as maximum and minimum temperatures were positigsggificant during the year 1999.
However, during the year 2000 all r-values of ak @biotic factors were non-significant.
Bhatia and Verma (1994) recorded 4-68 per centtpidasted, Prasad (1963) reported 8-
28%. Barrantes and Rodriguez (1996) reported ggeatumber after head formation. The
per cent infestion and corresponding infestion xndethis pest ranged from 8-17 and 1.109

to 1.221for two cropping seasons on all the fourreties.

In a similar investigation infestation level of 3akvae per plant oP. xylostella was
recorded on cabbage (Zaz, 2001). Altal. (1994) recorded higher population (0-6 larvae)
of P. xylostella per plant on cabbage. Sachan and Gangwar (1980)dexd one larva per
plant. Further, the above workers in a separaperaxent, during the year 1990 recorded
(1-2) larvae per plants. Sachan and Gangwar (19Bbatia and Verma (1994) reported 1.76
larvae per plant. Two peaks Bf xylostella were recorded on cabbage (Lasota and Kok, 1989
and Annamalagt al., 1988). Khaire and Lawand@986) recorded pest population during
February, which were in confirmity to the presentdings. However, Lee (1986) recorded

only one peak of the pest. Dennil and Pretoriud%)®ecorded a maximum population of O-
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4 larvae per plant. Whereas Mailloux and BellondiR95) recorded a maximum 3-5 larvae
per plant. Bhatia and Verma, (1995) recorded 1.Z5k&vae per plant. Different workers
have recorded different peak periodsPokylostella viz., in February, Sachan and Srivastava
(1972), March —April, Dhaliwal and Goma (1979); Bhaand Verma (1994); in April, Usha
et al. (1997); April-May, Abraham and Padmanaban (19€R}ober-November, Past al.
(1993) and in March, Kaul (1998).

SOME OTHER PESTS

Hellula undalis, Bargada cruciferarum, Athalia proxima and Trichoplusia ni are of
less economic important were absent from Decembdtebruary duringrabi seasons of
1998-99 and 1999-2000. The population during Octdbmvember were 7-16, 5-12, 12-24
and 9-21; 5-19, 3-10, 8-24 and 6-12 on Golden &sgrGolden Acre, Uttam and Pride of
India, varieties, respectively. Peak populatiorthef pests were recorded during May-June
which ranged between 15-21, 10-51, 25-37 and 18t2Bg 1998-99 and 21-27, 11-15, 30-
39 and 24-32 during 1999-2000 on Golden ExpresgjgacAcre, Uttam and Pride of India,

varieties, respectively.

This findings corroborates with Butagtial. (1977) who reported 7 major insect pests
Sachan and Gangwar, (1980 & 1990), Bhatia and V€19@4); Bhatiaet al. (1995); Bhatia
and Verma (1995) and Malit al. (1972) who recorded 7-9 insect pests of cabbaberev
as Talekar and Lee (1985); Lee, (1986); Lasotakuid(1989) and Raju and Sivaprakasam
(1989). Ong and Soon (1989) recorded 7 to 8 inzests. The per cent infestation were very
low during the seed crops of 1998-99 and 1999-2ACHI the varieties tested ranging from
2-13, 3-15, 5-13 and 4-13 with corresponding irgesh index of 1.011-1.221, 1.028-1.221,

1.666-1.222 and 1.018-1.022, respectively.

Correlation between population of different ingeests with certain abiotic factors
B. BRASSICAE
Non-significant positive correlation was obserweith maximum, minimum, mean

temperature and relative humidity and negative significant correlation with sunshine and
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rainfall during the both seed crop of 1998-1999 &8€9-2000. In a similar work Zaz (2001)
observed negative non-significant correlation gbydation with overall temperature relative
humidity and rainfall. Sachan and Gangwar (198ppbred increase in the population Bf
brassicae with increase in temperature. Similarly, Ragtaal. (1993) observed negative
correlation with temperature, relative humidity amathfall. Chander and Kushwaha, (1986),
Lee (1986) observed adverse effect of rainfalaphids. The findings of these workers are

in line with the present findings.

Positive non-significant correlation was obsenadhead crop of 1999 and 2000
between maximum, minimum, mean temperatures anshgun (hrs) whereas, negative non-
significant correlation was observed between netaliumidity and rainfall. However, when
the infestation index was correlated with certadbiofic factors during seectops of 1998-99
and 1999-2000, non significant positive correlatimere observed between maximum,
minimum, mean temperature and rainfall and negativa significant relationship with
relative humidity (%) and sunshine (hrs) and during head crops of 1999 and 2000,
positive and significant correlation was observetiMeen infestation index and maximum,
minimum and mean temperature during the year 13%®®wever, correlation between

infestation index and temperatures during the 2880 was positive but non-significant.

Ranaet al. (1993) worked out significant negative correlatimetween incidence of
aphids with temperature, rainfall and relative hdibgi Rahim, (1993) observed that the
population of aphids was negatively correlated wetimperature, sunshine hours, rainfall and

positive correlations were computed with mean taatpee and relative humidity.

Debrajet al. (1994) reported that the fluctuating populatiorswelated with certain
abiotic factors in both the stages of cabbage ceogHead and ratoon crop. In another study
Debraj and Singh (1996) reported that the minimamgerature and rainfall had significant
negative correlation with the population and Civida (2002) also reported that the relative

humidity and rainfall showed significant relatiofnsh
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PIERIS BRASSICAE

Positive non significant correlation between papioh of P. brassicae and certain
abiotic factors was observed and also with maximammimum, mean temperature and
relative humidity during the botRabi seasons of 1998-99 and 1999-2000. Negative and non
significant relationship was observed with rainfalld sunshine hours in this study but when
infestation index was related with certain abidictors. Positive significant relationship was
observed with sunshine hours, minimum and maximamperature during the twBabi
seasons. High humidity and rainfall were found idegntal to the population buildup &
brassicae, and abiotic factors were found to have significaagative association with the
population of the pest.

In a similar studies carried out by Zuranska amief@wska (1988) reported that' 1
and 29 instar larvae required higher temperature thdraBd 4" instars of P. brassicae.
Mustafa and Masha (1994) indicated that the dangtke and temperature affected the
percentage of population. Sachan and Gangwar (198@kur and Deka (1997) and Sasid
al. (1994) in a similar studies oBR. brassicae recorded that mean temperature indicated
significant role in population build up of the specBhalla and Chauhaat al. (1994)
recorded the influence of certain abiotic factdreese reports support the findings of the

present investigation.

PLUTELLA XYLOSTELLA

Positive and significant relationship was observetiveen population of the pest and
mean, maximum and minimum temperature. Howeveafiogiship of population with mean
temperature was recorded non-significant. Positelationship was noticed with relative
humidity, rainfall and sunshine hours during theary@999 and 2000. Population Bf
xylotella showed positive and non significant correlationhwiemperatures and relative
humidity on Golden express and Golden Acre, vasetind negative relationship with other
varieties and sunshine. However, when the infestaitndex of the pest was related with
certain abiotic factors, it showed positive nonngigant relationship with maximum,

minimum, mean temperature and rainfall and negative significant relationship with
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relative humidity and sunshine hours during thenbbimad season crops of 1999 and 2000 on
all the four varieties of cabbage tested.

Annamalaiet al. (1988) in a similar studies reported rainfall asnartality factor,
whereas Talekar and Lee, (1985) and Wakisdlkal. (1991), reported that temperature of
more than 30C to delay developmental and survival stages. GugSoon (1989) reported
that temperature and rainfall affected the popoitatpeaks. Rajiet al. (1993) reported
significant and negative relationship with relatiuanidity.

5.2 Development oPierisbrassicea on commercially grown varieties of cabbage
Survival ofP. brassicae

The survival ofP. brassicae reared on four varieties of cabbage i.e. Goldepré&ss,
Golden Acre, Uttam and Pride of India during thearyd999 and 2000 separately on
consecutive generations revealed that there wasgmificant difference in the survival of
larval of the insect species on three varieties@Golden Express, Golden Acre and Uttam,
however, significant proportion of population wasuid to survive on Uttam variety of
cabbage. During 1999 (85.78%) larvae survivednmeared on Uttam, (82.22%) on Pride
of India, however, on Golden Express and GoldereA@rieties survival level was low as
only 63.11 and 49.78% larvae, respectively reaqhgehl stage. Similarly during the year
2000 large number of larvae survived on Uttam (&).followed by Pride of India (78%).
There were no significant difference in the surl/oflarvae when reared on Golden express
and Golden Acre reaching a survival of 72.89 andB3%, respectively. Comparison of
survival of the pest for both the seasons alsectdtd a significant difference in the larval
survival. During the year 1999%&and 2° generations larvae showed a significantly higher
survival than the last three generations, howestering 2000 %, 3 and 4" generations
showed non significant survival as compared Yoaid ' generations showing significant
larval survival.

In the present studies only five generations weporded while Thakur and Deka
(1997) recorded four generations with two overlagpgenerations in a year, while Sogd
al.(1994) reported three generations in a year. HasimiiMehmmod (1985) recorded four
generations in a year. Present studies are iwlititethe work conducted by different workers

and thus confirming the present studies.

80



Developmental stage &% brassicae

Study on the development Bf brassicae carried out during two years separately on
four commercial varieties of cabbage for conseeugenerations during the year 1999 and
2000 indicated that developmental stages includgiegbation, larval and pupal period, sex
ratio and longevity of the butter fly showed nogrsficant relationship with varieties and
generations, respectively. During both the seatom$ecundity ofP. brassicae varied from
113.1 to 124.7 eggs, which hatched within the raofg&.93 to 6.13 days on four varieties of
cabbage. The larval and pupal period extendedm&B.23 to 25.60 and 10.1 to 11.27 days
respectively while the sex ratio ranged betweeb 1001.25, longevity of males and females
14.9to 16.1 and 13.2 to 16.9 days, respectivetinduhe year1999 and 2000. However, the
results recorded here on different generations sdaven significant relationship during both
years. The highest fecundity recorded in the tlgeheration was 125.45 eggs, higher
incubation period during"® generation ranges from 6.08 to 6.25 days, lorayeal period on
4™ generation ranges from 24.17 to 25.58 days, lopgpal period on'®generation 11.17 to
10.5 days, respectively. The results further reagethat hibernation period was extended for
longer duration in %' generation. However, the interaction of varieteesl generations
showed non significant relationship during bothykars in respect of all varieties.

Similar observations were recorded by Rattol (39@8ile working on the biology of
P. brassicae and reported that hatching of eggs within 3.2 To61days and duration of
larval, pupal and adult longevity extending upt® @ 14.7, 7.3 to 28.8 and 2.6 to 12.3 days,
respectively during different seasons of crop gloand five generations of the brassicae
have been recorded on cabbage in testing in theeprestudies. Thakur and Deka (1997)
reported four generations with two over lapping egations in Meghaliya. Gupta (1984)
reported that 5 to 7, 15 to 30, 15 to 20 and 8.3ad days, respectively, as incubation,
larval, prepupal and pupal periods. However, Ritwal. (1999) studied the biology d®.
brassicae in laboratory and reported that incubation petasied 4.7 days with larval period
extending upto 12.5 days.
5.3 Integration of some control components for ag@mentof P. brassicae and B.

brassicae

P. brassicae
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Mean population oP. brassicae on two varieties of cabbage i.e. Golden express and
Golden Acre during the two cropping seasons of 28ad 2002 treated with different
insecticides/biocides gave significant control % Bvel of significance on'3 7" and 26
day of spray treatment over the control. There wlas significant difference between the
insecticides and varieties in reducing the pesufatipn. Neem and Bt on™7and 28' day
after spray gave higher control in reducing theytagoon of P. brassicae. Neem treated
plots registered population off' flay were 10.8,10.8, 9.67 and 7.67 and dh @y 16, 14
and 17, 14 on Golden Express and Golden Acre yadating the year 2001 and 2002,
respectively. Population recorded on Bt treatedsptm 7' day were 9, 9 and 7.67, 6.67 and
on 20" day 25, 24 and 19, 19 on two varieties, respegtistering the two cropping seasons
of 2000 and 2001, respectively. In a similar wogkried by different workers reported the
same observations as observed in the present igatsh. Dhaliwalet al. (1997) reported
73.66 per cent control by Neem while Aetsal. (1999) reported 78.25 per cent control by Bt
on 7" day. Linet al. (2001) reported 50 per cent control by Bt and km&ah and Jagan
Mohan (1977) reported 60 per cent control uptal@y by spraying 4 per cent NSKE.

Among insecticides DDVP and endosulfan were sigaiftly superior to other
treatments. Population recorded sty were 14, 22 and 10.0, 16.67 on plots treaiét w
DDVP and 17, 17 and 16.67, 18.67 with endosulfarGatden Express and Golden Acre
varieties during the 2001 and 2002, respectively. 73 and 28' day of spray treatment,
population ofP. brassicae recorded on the plots treated with the DDVP andsualfan were
significantly lower as compared to other insectsiéxcluding biocides, e.g. neem and Bt.

Present findings are in line with the work condddy Gupta (1984) who reported
endosulfan gave higher kill upto 7 days with endfasy Des raj and Kumar (1990) reported
that 0.05 per cent endosulfan effectively checkedattack of cabbage caterpillars uptd' 20
day. Lal (1990) and Narkiewicz (1995) reportedt tiadosulfan destroyed 95-100 per cent
of the pest on " day. Rajputet al. (1986) reported that DDVP was the best treatmént o
cabbage caterpillars.

Effect of potash on the population®fbrassicae
Effect of different levels of potash on the popuatof P. brassicae in combination

with different treatments gave excellent controlBhand 2¢' day of application. However,
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there was no significant variation between popatatof the pest and different levels of
potash during the two cropping season and on thesasieties of cabbage tested.

DDVP and endosulfan exhibited the low population 3fhday which increased
slightly on 7" day. However, the population on"@ay was increased significantly. The
population on %8, 7" and 28" day after spray were significantly superior ovee tontrol in
all treatments and different levels of potash othlibe varieties during two cropping seasons
of 2001 and 2002.

Biocides (neem and Bt) exhibited the lowest popataon 7' and 28' day as
compared to other treatments and registered supmgidrol. Work conducted by Sugiyama
et al. (2002) and Hussaid al. (2002) who reported the same findings, confirmspresent

investigations.

Mortality of P. brassicae

Observation recorded off 37" and 28" day of application of spray treatments on two
varieties of cabbage i.e., Golden Express and @ofdmge in combination with 0, 40, 60 kg
of potassium per hectare during the year 2001 &@,2showed that all the treatments were
significantly superior to control. However, ther@svno significant variation between the
different levels of potash and varieties duringhbsg¢asons of 2001 and 2002 &h 2" and
20" day after treatment.

Data revealed that mortality recorded &hdgy on plots treated with Neem were 9.6
and 10.9 followed by and Bt 21.9 and 17.3 on GolB&press and Golden Acre varieties,
respectively. On“‘}’day mortality recorded on neem and Bt treatedsphare 72.9, 74.2 and
62.9, 77.3 and on 30day 61.2, 67.5 and 39.1, 44.1 during the croppiegson of 2001,
respectively. However, during the year 2002, mitytabcorded on '8 day was 15.0, 15.1
and 22.5, 21.3, th7day 87.20, 76.70 and 77.6, 70.5 and of @ay 68.0, 73.1 and 64.0, 63.4
on Golden Express and Golden Acre varieties, résede Different workers have reported
similar results which are in accordance with thesptn investigations. Krishnaiah and Jagan
Mohan (1977) reported mortality of 73.8 per cenilevfhal (1990), Liu (1999) and Anist
al. (1999) reported mortality of 50 and 78 per cen?Bulay.
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DDVP exhibited mortality to the level of 56.7, 27on 3 day which increased to
60.0, 62.2 on ? day reaching 34.2, 34.8 on"™@ay during the year 2001 and 51.9, 51.2,
61.2, 63.8 and 52.2, 55.7 off,37" and 28" day of application of treatments on Golden
Express and Golden Acre varieties, respectively.

Quinalphos exhibited lowest mortality of 40.7, 4@nd 33.7, 36.1 on3day 45.5,
45.6 and 45.1, 38.3 or"day 21.7, 13.9 and 33.7, 36.1 orl"2fay during the year 2001 and
2002 on Golden Express and Golden Acre varietiespactively. Endosulfan exhibited
highest mortality of 54.5, 31.8 and 40.7, 45.4 8hday, 54.57, 43.80 and 53.3, 54.9 éh 7
day, 24.3, 23.2 and 47.0, 42.2 of"2fay of spray treatments on Golden Express ande@old
Acre varieties during the year 2001and 2002, raspsey.

In a similar observations Narkiewicz (1995) répdr95 per cent mortality uptdh7
days by spraying with DDVP and 50 per cent witkasulfan and 15 per cent mortality in
control. Linet al. (2001) and Butargt al. (1997) recorded mortality of 73 and 66 per cent by
applying Endosulfan and DDVP after 3 to 5 days,peesively. These observations

corroborate with the present findings.

Effect of potassium on the mortality of P. brassicae

Mortality of P. brassicae recorded on plots treated with Bt and neem in coatimn
with different levels of potash orf%3ay were 13.65, 13.45 and 22.38, 19.1 which irszea
to 72.99-75.00 and 74.97-79.20 dh day and lowered to 62.8, 73.4 and 41.4, 64.2 &h 20
day of application of treatments during the yea®@22@&nd 2002 on Golden Express and
Golden Acre varieties, respectively.

DDVP treated plots exhibited mortality of 54.72.% on & day 60.26, 60.5, on"7
day and 33.4, 54.2 on $@lay during two cropping seasons of 2001 and 20@Ram two
varieties i.e., Golden Express and Golden Acrepeevely. Quinalphos treated plots
exhibited mortality of 41.57, 35.3 off 8lay, 47.48, 43.0 orf"7day and 15.1, 46.0 on %@lay
of application during the year 2001and 2002, ondéolExpress and Golden Acre varieties,
respectively. The findings of Sugiyama (2002) &hdgssainet al. (2002) on the effect of

potassium and the mortality Bf brassicae confirmed the present observations.
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B. brassicae

Among the treatments Bt and neem at recommendeskgosved significantly more
effective in reducing the pest population oh day of treatment with population load of
77.66, 66.66 on Golden Express, 70.33 and 61.Galden Acre variety for the year 2001.
However, during the year 2002, the population réedrwere 54.66, 49.00 on Golden
Express and 57.00, 53.00 on Golden Acre variefidge present findings are in line with the
observations of Liu (1999), Saucke (1994), Dhaliwa®97), Sannaveerappanavar and
Viraktamath (1997), Ashok (1999), Sengonce and (RiR02). These workers reported that
NSKE (4%) was highly effective followed by Bt up®' day of application. They have
further referred that Bt was effective for the gohof aphids.

In the present investigation the population owotgpltreated with DDVP and
endosulfan on'$ day were 113.2, 66.3 and 115.33, 92.00 duriag/éar 2001; 88.67, 94.66
and 105.33, 87.00 during the year 2002, respégtiwhile the populations recorded off 7
day were 84.00, 54.66 and 95.33, 85.33 during da y2001; 63.33, 64.33 and 70.66, 73.00
during the year 2002 on Golden Express and Goldze arieties respectively.

Effect of Potassium on the populationBforassicae

Application of different levels of potash redudbée aphid population significantly on
both the varieties tested during the year 200128402 at 5% level of significance. However,
there was no significant difference on the plotsted with different levels of potash off 3
7" and 28 days of spray treatment. Initial kill of the #gbvith carbaryl and quinalphos in
combination with potash was higher off &d 28 days after treatment. The population on
the plots treated within endosulfan and carbaryl36hday of application recorded was
103.67, 100.00 and 119.67, 123.00 during the yéad Zand 2002, respectively and were
90.33, 71.22 and 114.17, 94.5 oA day. The population levels on"@ay of application
during the year 2001 were 80.5, 83.83, 98.33, 1715.86.06 and 141.3 on neem, Bt, DDVP,
endosulfan, quinalphos and carbaryl treated ptetpectively, however, population of the

aphid was lower during the year 2002 than 2001l itiha treatments in all levels of potash.
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In a similar investigation Sugiyanghal. (2002) reported that effect of potash before
20 days of transplanting reduced the infestatioB.ddrassicae to the maximum of 52.20per
cent. It is interesting to note here Hussainal. (2002) reported that on no relationship
between the efficacy of insects with insecticidesaspect of potash at 30 and 60 kg per

hectare.

Parasitization of some important insect pests bbage
Weekly samples of egg, larvae and pupa®.dfrassicae from different varieties of
cabbage in the field were collected and broughiabmratory for observing emergence of
predators as well as parasites. The following pesipredators were recorded and got
identified from the Division of Entomology IARI, NeDelhi.
Predators
» Coccinella septumpunatata (Linnaeus)
» Hippodamia variegata (Goeza)
Family : Coccinellidae
Order : Coleoptera
Parasites
»  Sceliphron madraspatanum pictum (Smith)
(Hymenoptera : Sphecidae)
» Campoletis chloridae (Vehida)
(Ichneumonidae)
Diaeretiella rapae

Hymenoptera tchneumonidae

86



CHAPTER-VI

SUMMARY AND CONCLUSION

Present studies on integrated management of sompertant pests of cabbage
Brassica oleracea, Var. capitata (Linnaeus) were carried out at Donsiof Entomology
SKUAST (K) Shalimar during the year 1998-99 and 32900. The salient findings and
conclusions drawn are summarized here under:

6.1 Population buildup of major insect pests in relation to abiotic factors on
different varieties of cabbage

Brevicoryne brassicae, Pieris brassicae and Plutella xylostella were the major pests
recorded during the two Head crops in the year 18892000 and two Seed crops during
the year 1998-99 and 1999-2000. The other pestyded wereHellula sp. Athalia sp.,
Bargada sp. etc. during twoabi season crops of cabbage on all the four varieBe§olden
Express, Golden Acre, Uttam and Pride of India. @beation of seed crop and head crop
were 9and 4 months, respectively.

The population oB. brassicae was recorded throughout the calender year with low
population during December to February for bodbi seasons of 1998-99 and 1999-2000
with population ranging as low as 8 to 60; 7 to 52to 81; 10 to 69 and 6 to 38; 5 to 36; 7 to
48 and 7 to 39 on Golden Express, Golden Acre,nuttand Pride of India varieties,
respectively.

Population ofB. brassicae was comparatively lower duringabi 1999-2000 ( 5 to
175) as compared t@bi 1998-99 (7 to 245) on all the four varieties tdstdwo population
peaks were recorded, one during October, (92 tg 488 (75 to 100) and another peak
during June (99 to 245) and (126 to 175) coingdmth the head formation and sprouting
stage of cabbage, during thabi season crop of 1998-99 and 1999-2000, respectoreiil
the four varieties tested. The maximum populatémB. brassicae was recorded on head
crops during the year 1999 and 2000 the first palkg the month of June, (91 to 204) and
(108 to 216) and minimum population were recordedng the month of August (49 to 110)
and (78-148), respectively, on all the four vaestiested. However, maximum population

was recorded on Uttam and minimum on Pride of Irtllieing the two cropping season of
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head and seed crops, respectively. There wasstiodivariation in population among the
varieties tested. The relationship between megulption and certain abiotic factors on
different varieties of cabbage was worked out &oitbwing observations recorded.

Seed Crop

Positive non-significant relationship were obserweth temperature r values ranged
from (0.418-0.505) and relative humidity r valuegad from (0.508-0.556). Negative non
significant relationship were observed with raihfalalue ranged from (-0.025 to —-0.153 )
and sunshine hours r value ranges from (-0.2180td95) during the two seed crops of
1998-1999 and 1999-2000. The per cent infestagioth corresponding infestation index
during the two seed crops ranged from 8-68, 1.993.458 and 36-69, 1.755-2.482 and the
two head crops ranged from 12-68, 1.252-2.16 ad8,8.136-2.025 on all he four varieties
tested.

Infestation index correlation for the build up @dpulation on different varieties of
cabbage (Seed crop) during the two seasons tarcafistic factors has shown positive non-
significant relationship with temperature (0.35968) and rainfall (0.075-0.305) and
negative non-significant relationship with R48.037 to 0.708) and sunshine hours (-0.204
to —0.619).

Correlations between population and certain abifaintors were also worked out on
the two head crops during the two years of 1999 20@D on all the four varieties tested.
Positive significant relationship with temperatuf@.895 to 0.920) and positive non-
significant relationship with relative humidity {3 to 0.629) and rainfall (0.010-0.133) and
negative non-significant relationship with sunshivaurs (-0.476 to 0.605) during the two
head crops of 1999 and 2000 have been computednhiie study.

P. brassicae

The pest was absent during the winter months afalgrand February on seed crops
1998-99 and 1999-2000. First population peak irh yatars was recorded during the month
of October (200-512) and (148-282) coinciding wiitle sprouting stage and head formation
stage of cabbage, and another peak was recordetydbe month of June (216-666) and
(208-369) during the year 1998-99 and 1999-200@véd@r, when population was correlated

with the certain abiotic factors positive non sfgrant relationship was observed between
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population with temperature (0.493 to 0.545), reeahumidity (0.545-0.614) and negative
non significant relationship with sunshine ro(#0.252 to —0.578) and rainfall (-0.034 to
—0.0177) during the two head crops of 1998-99 &8912000.

Positive non-significant relationships were alssaried with temperature (0.101-
0.173), sunshine (0.071-0.255) and negative namfgignt relationship with relative
humidity (-0.058-0.192) and rainfall (0.016-0.12R)ring the two head crops on all the four
varieties tested during the year 1999 and 2000.

Per cent infestation and infestation index of tvead crops 1998-99 and 1999-2000
were also worked out. The per cent infestationiedafrom 1-51 with corresponding
infestation index of 1.000-2.380 and per cent itasn 2-42 with infestation index of 1.016-
2.102 on the four varieties tested during the tvapping seaons.

Some other pests

BesidesB. brassicae and Plutella xyloxtella and someother pests includinglellula
sp., Athalia sp., Bargada sp. etc were recorded on cabbage. Thpesewere absent from
December-February on both seasons of head crop.hifhest population was recorded
during the month of June in both the season cradgs population ranging from 12-39 and
10-37. Lowest population recorded during the moathMarch were 5-15 and 3-12,
respectively during the year 1998-99 and 1999-28i0@ll the four varieties tested.

Population was correlated with certain abiotictdes during the course of study.
Positive non-significant relationship was obserweth temperature (0.164-0.363), sunshine
(0.150-0.488) and negative non-significant relattop with relative humidity (-0.105 to —
0.304), rainfall (-0.321 to —0.394) during the ta@ed cropeasons on all the four varieties
tested.

Per cent infestation and infestation index of ffest on the four varieties varied from
1 to 15 corresponding index 1.006-1.267 during8t9999 and 3 to 19 with 1.028-1.432
during 1999-2000. Correlation between infestatimex with certain abiotic factors on the
four varieties of cabbage showed significant pesitielationship with temperature (0.809-
0.827) during 1998-99 and positive non significaatationship with temperature (0.594-673)
and sunshine (hrs) 0.483-0.667 during the year -P@@®and negative non significant
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relationship with relative humidity (-0.405 to —@4), rainfall (-0.236 to —0.346) during the
both season crops on four varieties of cabbagedest
Plutella xylostella

The population of. xylostella was recorded only on head crop of 1999 and 2000.
There was uniform population during the period mipcgrowth (June-September) in both the
seasons with population range from 13 to 39 dutireggyear 1999 and 16 to 33 during the
year 2000, respectively on all the four varietestéd.

Population ofP. xlostella was also correlated with certain abiotic factord positive
non-significant relationship was observed with tenapure (0.094-0.0997) and positive
significant relationship with sunshine hrs. (0.41886), relative humidity (0.226-0.261) and
rainfall (0.004-0.110) during the year 1999. Hueit significant relationship with
temperature (0.176-0.549) and rainfall (0.195-0)3®&ring the year 2000, on all the four
varieties tested were observed. There were unifjoemcent infestation and corresponding
infestion index of the pest during the period adpcigrowth i.e. June to September and the
two cropping seasons of 1999 and 2000 on the fatietes. The per cent infestation varied
from 10 to 14 with corresponding infestation inde%23 to 1.156 during the year 1999 and it
also varied from 8 to 16 with corresponding inféstaindex of 1.117 to 1.208 during the
year 2000.

Correlation between infestation index of populatiwith certain abiotic factors on
four varieties of cabbage during the two croppiegsens of 1999 and 2000 also showed
non-significant positive relationship with tempenat (0.052-0.404), rainfall (0.105-0.654).
Negative non significant relationships with relativumidity (-0.771 to —0.478) and sunshine
(-0.032 to —0.475) were computed.

6.2 Development of Pieris brassicaen commercially grown varieties of cabbage

There was no significant variation in the duratmlarval and pupal period d?.
brassicae when reared on different varieties of cabbagenduti999 and 2000. Mean larval
period (23.27-23.60 and 24.67-25.60); pupal per{@6.93-11.27 and 10.1-107) eggs;
incubation period (5.93-6.13 and 5.92-6.19) dagsufdity (113.1-119.9 and 117.9-124.7);
longevity of female butter fly (13.2-14.3 and 16.8.9); longevity male butter fly (15.8-16.0
and 14.9-16.1) days respectively during the ye&918nd 2000 on all the four varieties
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tested. However, larval period (23.08-24.17 and)-2%.58), pupal period (11.0-11.3 and
10.17-10.50) incubation period (5.83-6.25) fecundit11.2-123.1 and 111.3-127.8) days,
longevity of female moths (13.33-14.25 and 15.422%8days; longevity male moths (14.92-
16.33 and 15.01-16.17) days, respectively duriregybar 1999 and 2000 on all the five
generations recorded during the course of invesiga

Developmental stages of different generation$obrassicae on four varieties of
cabbage during 1999 and 2000 were compared. De¢alezl that there was no significant
variation in the duration of incubation, larval amagpal period which showed non significant
results both on different generations of the pedt@n different varieties screened.

Longivity of butterflies (male and female) was a&t@ar with five generations raised
on different varieties of cabbage. Male butterfllaeed longer than females. Incubation
period also did not differ significantly during tlyears 1999 and 2000.

Survival

Eggs of P. brassicae reared on various varieties of cabbage for corsecu
generations in a year for two cropping seasons stmied for completion of larval period
and also the emergence of adults to determineuttvéval of the pest. There were significant
difference in hatchability (96.6-98.98 and 89.86®%), larval survival (49.78-85-78 and
72.89-84.0 %) and adult emergence (41.78-50.6748n66-62.67%) on the four varieties
tested during the year 1999 and 2000 respectivEhe comparison for both the seasons also
indicated a significant difference in the larvahsual were given significant difference on
hatcability ranged between (93.33-98.33 and 90389 %), larval survival (65.00-78.89
and 73.33-80.00%), adult emergence (35.00-59.4448167-55.56 %), respectively during
the year 1999 and 2000 on the four varieties obagb tested.

Integration comparison for both the seasons aldwated a significant difference in
the survival of larvae during 1999, the first an generation larvae showed significant
higher survival than the last three generations dodng the year 2000, 3and 4"
generation, larvae showed significant higher swaviv

Data on various varieties and generations indigat@tion in survival percentage.
Over all level of survival on Golden Acre varietgrsficantly was less as compared to other

varieties. When compared with generations highevisal rate observed on®land 2°
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generation during the years of investigations. Ey@ece of last three generations i.8, 2"
and %" recorded low levels of survival.
6.3  Integration of some pest control components for management of P. brassicaend

B. brassicae
P. brassicae

All the insecticidal treatments were significanfyperior over the control at 5 per
cent level of significance in suppressing the pegtulation. There were also significant
difference between the insecticides in reducing ghst population with neem registering
significantly higher control followed by Bt, on"7and 28' days after spraying on both
varieties of cabbage during two crop growing sessalthough the initial kill of the pest on
3 day of spraying was very low.

Population levels oP. brassicae on Neem and Bt treated plots were 29 and 27 on
Golden Express variety, 25 and 25 on Golden Aaréety on & day which came down to
16 and 14 on Golden Express variety 25 and 34 alde® Acre variety on 20day during
both cropping seasons of 2001.

Among the insecticides DDVP and Endosulfan werentbsignificantly superior to
other treatments in reducing the pest populatioB*bday of spray treatment.

The population levels oP. brassicae on 3% day after treating with DDVP and
Endosulfan during the year 2002 were recorded B0@016.67, and 16.67 and 18.67; 6h 7
day 12.67 and 15.33; 12.33 and 15.33 on Golden ésspand Golden Acre varieties,
respectively. However, on 2ay of spray populations recorded were 25 and238&nd 32
on both the varieties, tested. The populationthefpest recorded during the year 2002 on
two varieties of cabbage were comparatively lesslithe plots treated with insecticides and

biocides as compared to year the 2001.

Effect of potash on the population of P. brassicae

Observations recorded on the population of the pesiombination with different
potash levels i.e. 0, 40,60 kg han 3° day on the plots treated with DDVP exhibited
population (14.83 and 14.89) and endosulfan (1ar@817.34) were significantly superior to
biocide i.e. neem ( 25.17 and 27.00); Bt (28.0d 25.63) in suppressing pest population.
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Overall, all the treatments and levels of potashewsegnificantly superior over the control
(32.33 and 31.00) during the two crop growing seaso

On 7" day of spray treatment, the population reducedifidgntly in all the
treatments. However, Neem (9.28 and 8.17) and BO(&nd 6.83) gave superior control as
compared to insecticidal treatments. Although,tladl treatments with all levels of potash
gave significant control as compared to check. &i@w, on 28 day of spray treatment the
population increased during both year, the lowestupation recorded on plots treated with
neem (15.44 and 14.50) followed by Bt (24.17 andb@Pwhich were superior to control
with a population of 41.39 and 54.50, respectivelypoth the varieties during the year 2001
and 2002, respectively.
Mortality of P. brassicae

Observation recorded ord?37" and 28' day of application of spray treatments in
combination with 0, 40, 60 kg of potassium per aexturing the year 2001 and 2002 on two
varieties of cabbage showed that all the treatmargssignificantly superior to control.
However, there were no significant variations bemvéhe different levels of potash during
both seasons among the varieties, tested.

Data revealed that lower mortality were recorded33 day on plots treated with
neem 9.6 and 10.9 and Bt 21.9 and 17.3 on GoldgmeSg and Golden Acre varieties.
Higher mortality on ¥ day mortality recorded were 72.9, 74.2 and 62793 and on 20 day
mortality decreased to (61.2, 67.5) and (44.14M4tluring the cropping season of 2001.
However, during 2002 it was (15.0, 15.1) and (225.3) on & day; (87.26, 76.70) and
(77.6, 70.5) on ¥ day and (68.0, 73.1) and (64.0, 63.4) off @@y on Golden Express and
Golden Acre varieties, respectively. DDVP exhibitéghest mortality on'8day which was
56.7, 27.1, this however, increased (60.0, 62m2y'bday and the population decreased 27
and 38 on 26 day during the year 2001. Mortality of 51.9, 5162.2, 63.8 and 52.2, 55.7
were observed on'3, 7" and 28' day of application of DDVP on Golden Express and
Golden Acre varieties during the year 2002, respelgt Quinalphos exhibited mortality of
(40.7, 40.4) and (33.7, 36.1) off Bay, (45.5, 45.6) and (44.1, 42.9) dhday (21.7, 13.9)
and (45.1, 38.33) on 20day during the year 2001 and 2002 on Golden Ezpaas Golden

Acre varieties, respectively.
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Endosulfan exhibited mortality of (54.5, 54.57)daf#0.7, 45.4) on '3 day, (31.8,
43.8) and (53.3, 54.9) of"day, (29.3, 28.0) and (47.0, 42.2) o'2{ay of spray treatments
on Golden express and Golden acre varieties dtiimgear 2001and 2002, respectively.
Effect of potassium on the mortality of P. brassicae

The data revealed that treatments in combinatiadh patash levels i.e. 0, 40 and 60
kg ha' gave significant results in suppressing the pdjmraof P. brassicae on 3¢, 7" and
20" day of application during two years on four vaestof cabbage over the control.

Low mortality was recorded on plots treated vBthand neem in combination with
different levels of potash or®day were (13.65, 13.45) which increased Brday (72.99-
75.00) and slightly lowered on ’Q@iay of (62.8, 76.4) of application of treatmentsig the
year 2001 and 2002 on Golden Express and Goldes Vsgreties, respectively.

DDVP exhibited higher mortality of (54.79, 524 39 day, (60.26, 60.5) on"7day
and decreased to (33.4, 54.2) off' 24y during two cropping seasons and on two vaseti
tested, respectively.

Lowest mortality recorded on plots treated witlingiphos on % day (41.57, 35.3),
on 7" day (47.48, 43.0) and on®@ay (15.1, 46.0) of application during the twaatreents
on Golden Express and Golden Acre varieties. Howekie mortality recorded was superior
over control in suppressing the population.

B. brassicae

Observations recorded off 37" and 28' day of application of insecticides on two
varieties of cabbage i.e., Golden Express and @Gofdge during the two cropping seasons
of 2001 and 2002 showed that all the treatmentsfggatly suppressed the populationBf
brassicae.

Among the treatments Bt and neem at recommendezs gweved significantly more
effective in reducing the pest population dhday of spray treatment with population as low
as 70.66 and 66.66 on Golden Express variety 7&r8B861.00 on Golden acre varieties
during the year 2001 and 54.66 and 49.00 on Goldgmess variety, 57.00 and 53.00 on
Golden Acre variety were registered during the 412,

It may be noted that population recorded on the/Band endosulfan treated plots

on 3% day were 113.2 and 66.30 on Golden Express, 11&n83 92.00 on Golden Acre
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varieties during the year 2001 and slightly lowarinlg the year 2002 on both the varieties
tested. The population recorded df day was 84.00 and 54.66 on Golden Express; 95.33
and 85.33 on Golden Acre varieties during the y2@01 and simultaneously lower
population during the year 2002. The populatiacorded was 63.33 and 64.33 on Golden
Express variety, 70.66 and 73.00 on Golden Acreetras during the year 2001 and 2002.
Aphid population recorded on control plots durihg two cropping seasons were 273.66 and
249.33 on Golden Express, 327.00 and 338.66 odeBdAcre varieties as compared to plots
treated with carbaryl 149.00 and 134.33 duringyar 2001 117.00 and 118.33 during the
year 2002 followed by quinalphose 131.0 and 1211%%.66 and 133.33 during the year
2001 and 2002 on 20day of spray treatment. The application of neerd Bt found
significantly effective in suppressing the pest ylagion in both the varieties of cabbage

during both years followed by DDVP and endosulfan.

Effect of potassium on the population of B. brassicae

The initial kill of the aphid with the applicatioof carbaryl and endosulfan in
combination with 40 and 60 kg of potassium/hecteeee significantly higher on"7and 28'
day of application of spray treatment. Endosulfard aarbaryl treated plots exhibited
population of 103.67 and 100.00; 119.67 and 123€€pectively on "8 day of application
followed by 90.33 and 71.22; 114.17 and 94.50,eetyely on 7' day of application during
two cropping seasons of 2001 and 2002.

The population trend on 2@lay of application was highest 141.3 and 126.06lots
treated with carbaryl, quinalphos and lowest papaha were recorded on the plots treated
with Bt and neem 83.33 and 80.33, respectivelyrdutine year 2001 and significantly lower
population was during the year 2002 on all platatied with insecticides in combination with
potash levels

The application of different levels of potassiuigngicantly reduced the population
of B. brassicae on Golden Express and Golden Acre varieties di2B@L and 2002 cropping
seasons at 5 per cent level of significance. #is® evident from the data that there were no
significant, variations in the population of thespéreated with different levels of potash,

insecticidal treatments and varieties.
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Table 1: Population buildup of Brevicoryne brassicaén relation to certain abiotic factors on different varieties of cabbage (Seed crop) during the year

1998-99
(Population plant™)
Month/ Varieties of cabbage Abiotic factors
Week Golden Golden Pride of India Max. Temp. Min. Temp. [Mean Temp.| RH (%) |Sunshine Rainfall
Uttam 0 0 (hrs)
Express Acre O O (mm)
(C)
October 137 112 188 158 25 8 16.5 66 52.8 0
I
I 113 92 155 131 22.9 4.3 13.6 69 56.8 0
1] 113 92 154 130 23.6 3.4 135 70 51.3 0
v 114 93 156 132 24.4 2.7 13.6 67 57.9 0
November 95 78 131 110 20.6 2.3 115 67 42.4 22.6
I
I 76 62 104 88 14.3 4.2 9.2 81 31.1 20.9
1] 77 63 105 89 14.9 35 9.2 78 32.8 3.6
v 58 48 80 67 12.8 11 7 80 25 0




December 54 44 74 62 14.2 -1.3 6.5 79 38 0
I
1 42 34 57 48 12.7 -2.8 5 77 39.1 0
" 34 28 47 40 12.7 -4.5 4.1 73 394 0
v 28 23 39 33 12.6 -5.8 3.4 86 38.8 0
January 16 13 22 19 5.9 -2.1 1.9 83 0 4.2
|
1 12 10 16 18 4.3 -1.5 1.4 88 6.5 27
" 15 12 21 13 6.2 -2.6 1.8 85 16.2 17.8
\Y] 8 7 12 10 2.5 -0.5 1 92 0 70
Cont.........
February 24 20 32 27 6.5 -0.9 2.8 83 235 3.8
I
11135 29 48 40 7.4 0.8 4.1 82 4.2 10.8
111160 50 81 69 9.7 4.3 7 82 2.8 6.4




V|52 43 71 60 9.3 2.9 6.1 81 9 19.9
March |68 41 93 79 15.3 1 8.2 67 43.3 4
1|64 52 88 74 11 4.4 7.7 85 13.2 39.4
75 61 103 86 14.8 3.2 9 71 25.2 2
V|71 58 98 83 13.1 4 8.6 77 21.2 15.3
April 11102 84 140 118 19.8 4.7 12.3 62 37.9 4
112 92 154 130 21.2 5.8 135 57 51.9 2.4
122 100 168 142 21.6 8 14.8 57 36.6 5.3
V{123 101 169 144 24 5.6 14.8 a7 56.7 0
May 147 120 202 170 28.2 7.1 17.7 a7 71.5 0
I
111133 109 183 154 22.7 9.5 16.1 67 45.2 17
1135 110 184 156 22.7 9.6 16.1 61 44.3 6.5
IV|152 124 209 176 27.5 9.1 18.3 59 72 0.4
June 121 99 166 140 27 12.1 14.6 63 63.9 2.6




111{148 121 203 171 26 9.7 17.8 58 54.5 8.2
178 146 245 206 29 13.9 215 54 72.4 0
V175 144 242 204 30 12.3 21.2 56 74.3 0




Table 2: Population buildup of Brevicoryne brassicaén relation to certain abiotic factorson different varieties of cabbage (Seed crop) during the year

1999-2000
(Population plant)
Month/ Varieties of cabbage Abiotic factors
Week Golden Golden Uttam [Prideof India Max. Temp. Min. Temp. | Mean Temp. | RH (%) |Sunshine Rainfall
EXpress Acre (°C) (°C) (°C) (hrs) (mm)
October 99 93 125 102 25.9 8.7 17.3 65 49.5 0
I
I 83 79 105 86 24.3 4.9 14.6 65 51.3 0
" 86 81 108 89 26.5 3.6 15 64 58.9 0
v 79 75 100 82 25.6 2.1 13.9 63 58.3 0
November 67 64 85 70 20.3 3.2 11.8 67 36.1 0
I
I 50 47 63 51 15.1 2.2 8.7 71 30 14
1] 44 42 56 46 13.1 2.5 7.8 75 15.3 8.5
v 27 26 35 28 10.9 -1.3 4.8 72 34.1 1
December 23 22 29 24 10.2 -2.2 4 76 26.7 9.2
I
I 27 26 35 28 10 -0.3 4.8 75 22.5 0




" 27 25 33 28 9.6 -0.2 4.7 82 27.3 9.4
v 28 26 34 29 12.2 -2.6 4.7 84 325 2
January 17 16 22 18 10.9 -4.8 3 75 37.1 0
|
1 14 13 17 14 5.8 -0.2 2.4 88 0 74.2
" 6 5 7 6 4.4 -4.4 0 82 5.8 9
\Y] 19 10 24 20 7.7 -0.9 3.4 82 20.6 15
Cont............
February 19 25 21 8.3 -1.3 3.5 83 28.4 22
|
I 21 27 23 8.3 -0.5 3.8 76 22 1.4
" 21 28 23 9 -1.1 3.9 77 35.3 13.4
v 36 48 39 13.4 -0.2 6.6 68 52.7 334
March 33 45 37 12.5 0.1 6.2 68 37.8 12




Il 35 46 38 12.4 0.3 6.4 70 33.3 16.4

1l 69 92 76 14.3 1.2 7.7 68 40 1

A 67 89 73 18.9 6.6 12.8 67 29 10
April 74 98 81 20.2 4.6 12.4 61 52.4 0.6
I

Il 89 118 97 22.6 4.8 13.7 65 56.2 9.2

1l 95 127 104 23.2 7.8 16.5 66 58 8

v 114 153 125 27.5 7.8 17.7 58 58.7 0
May 111 148 121 29.9 12.4 21.2 65 66.6 15.7
I

Il 115 153 126 29.1 12 20.5 57 69.8 5.8

1l 102 135 111 30.2 12.4 21.3 63 72.2 8.5

v 106 141 116 26.1 114 18.8 67 55.8 20.9
June 126 168 137 26 13.2 19.6 64 65 10.6




1l 127 170 139 32 14.6 23.3 62 79
1l 128 172 141 30.5 16.7 23.6 62 56
A 131 175 143 31.1 17.4 24.3 64 59.2




Table 3a: Correlation between population buildup of Brevicoryne brassicaevith certain abiotic
factorson different varieties of cabbage during 1998-99 (Seed crop)

. Mean M ax. Min. Mean Relative Sunshine | Rainfall
Variety | population | Temp. Temp. | Temp. | Humidity
plants* ‘c) ‘c) ‘c) (%) (hrs) (mm)
Golden | 85.81 0.390 0.604 0.496 0.555 -0.221 0.028
Express
Golden
Acre 69.86 0.399 0.613 0.505 0.556 -0.227 0.030
Uttam
119.8 0.389 0.602 0.495 0.553 -0.218 -0.025
Pride of
India 99.36 0.390 0.604 0.496 0.554 -0.220 -0.025

All values = N. S.



Table 3b: Correlation between population buildup of Brevicoryne brassicaavith certain abiotic
factorson different varieties of cabbage during 1999-2000 (Seed crop)

. Mean M ax. Min. Mean Relative Sunshin Rainfall
Variety | popylatio | Temp. Temp. Temp. Humidity e
n plants” | (°C) (°C) *(°C) (%) (mm)
1 (hrs)
Golden 66.68 0.376 0.448 0.420 0.509 -0.493 0.152
Express
Golden
A 63.03 0.379 0.449 0.421 0.513 -0.495 0.153
cre
Uttam
84.33 0.375 0.447 0.418 -0.508 -0.492 -0.145
Pride of
India 69.22 0.375 0.448 0.419 -0.508 -0.492 | -0.150

All values = N. S.




Table 4: Percent infestation and infestation index of Brevicoryne brassicaen different varieties of

cabbage (Seed crop) during 1998-99

Per centage | nfestation

Infestation Index

Month /Week | Golden Uttam Prideof | Golden Uttam Pride of
Express (Golden India | Express Golden India
Acre Acre

October 16 14 11 13 1.341 1.497 1.235 |1.277
I

14 13 9 12 1.696 1.276 |1.191 |1.256

113 10 9 11 1.579 1.215 |1.193 |1.233

V|10 9 8 9 1.36 1.194 1.173 |1.173
November 19 19 20 20 1.8336 (1.398 |1.417 |1.419
I

21 23 24 25 1.439 1.482 1.503 [1.525

124 25 24 24 1.497 1.519 1.499 [1.495

V|27 24 20 22 1.554 |1.49 1.412 |1.452
December 37 36 38 39 1.721 [1.699 |1.739 |1.763
I

11138 35 36 40 1.37 1.656 |1.678 |1.754

141 38 42 41 1.339 1.67 1.743 [1.721

V|42 41 43 41 1.695 1.68 1.892 |1.69
January 45 44 46 45 1.526 1.533 |1.551 |1.551
I

1148 47 49 48 1.615 1.627 1.669 |1.633

1143 46 46 46 1.543 1.597 1.611 |1.602

V|46 47 47 48 1.628 1.628 |1.639 |1.66
February 36 45 47 50 1.567 1.726 |1.748 |1.793
I




1133 45 48 50 1558 [1.792 |1.818 [1.86
34 46 49 53 1.644 |1.867 |1.935 |2.007
V|38 a7 50 53 1.746 |1.937 |1.966 |2.052
March 1|27 26 24 28 2.166 |1.541 |1.498 |1.584
1129 34 34 36 2.045 [1.669 |1.675 |1.703
34 39 39 38 2076 |1.812 |1.805 |1.79
V41 40 41 41 2.086 (1.847 |1.87 |0.863
April | |46 44 51 51 1969 |1.931 |2.076 |2.083
1152 54 52 54 2.105 |2.149 |2.109 |2.143
51 56 53 52 2.094 |2.203 |2.147 |2.114
V|50 58 53 53 2.082 |2.253 |2.148 |2.146
May | 162 62 58 58 2369 |2.371 |2.277 |2.279
11159 58 59 60 2.3 2.279 |2.298 |2.324
1158 62 61 64 2227 |2.369 |2.341 |2.414
V|56 56 54 54 2.23 2.229 |2.187 |2.188
June 1164 54 66 67 2406 |2.408 |2.452 |2.475
11166 63 64 62 2436 |2.377 |2.397 |2.352
11/66 63 63 68 2412 |2.354 |2.35 |2.458
V|64 64 63 67 2232 |2.248 |2.22 |2.303




Table 5: Percent infestation and infestation index of Brevicoryne brassicaen different
varieties of cabbage (Seed crop) during 1999-2000
Per cent Infestation
Infestation Index
Month /Week | Golden |Golden| Uttam | Pride | Golden |Golden| Uttam | Pride of India
Express | Acre of India| Express| Acre
October 38 1.757 | 36 1.755 38 1.763 38 1.747
I
Il 40 1.807 | 41 1.854 42 1.857 | 42 1.83
1] 41 1.837 | 42 1.893 44 1918 | 43 1.876
v 43 1885 44 1.944 46 1.993 | 45 1.955
November 46 1.934 | 48 1.938 46 1.97 45 1.938
I
Il 47 1.926 @ 48 1.911 48 1.973 | 48 1.986
1] 41 1.778 | 40 1.743 42 1.814 | 41 1.832
v 43 1.83 44 1.787 44 1.861 | 44 1.856
December 45 1771 | 47 1.776 48 1.855 50 1.866
I
Il 47 1.759 | 50 1.801 51 1.911 54 1.897
1] 48 1.78 50 1.794 52 1.926 54 1.88
v 51 1.783 | 53 1.808 54 1.874 | 56 1.859
January 27 1.292 28 1.358 29 1.462 31 1.409
I
Il 29 1.349 29 1.388 31 1.409 31 1.399
1] 34 1.365 | 36 1.466 38 1.378 38 1.485
v 39 1.458 | 39 1.512 40 1494 | 41 1.577
February 41 1.753 | 42 1.649 44 1.717 | 45 1.684




Il 42 1.652 44 1.694 46 1.78 a7 1.767
i 43 1.71 45 1.692 46 1.785 48 1.771
A 46 1.743 48 1.773 49 1.862 51 1.82
March I 51 1.97 53 2.022 52 1.972 53 1.962
Il 56 2.032 58 2.112 54 2.03 57 2.073
1l 58 2.1 61 2.2 55 2.061 58 2.154
v 63 2.205 64 2.339 59 2.182 61 2.238
April I 67 2.417 66 2.402 61 2.277 64 2.311
Il 66 2421 68 2.424 64 2.356 67 2.394
1l 66 2421 68 2.483 67 2.436 67 2.415
v 68 2.478 70 2.249 69 2.482 69 2.475
May I 58 1.163 51 2.12 53 2.136 53 2.15
Il 56 1.758 59 2.309 53 2.15 50 2.078
i 56 1.505 59 2.275 53 2.154 58 2.286
v 54 1.141 56 2.223 58 2.257 50 2.079
June I 44 1.892 46 1.913 48 2.025 40 1.848
Il 43 1.884 | 44 1.89 44 1.951 39 1.819
i 41 1.857 42 1.858 40 1.85 38 1.791
v 40 1.867 39 1.797 38 1.815 36 1.739




Table 6a: Infestation Index correlation for the buildup of Brevicoryne brassicae on different
varieties of cabbage (Seed Crop) in relation to certain abiotic factors during 1998-99

Variety Infestation Max. Min. Temp. Mean Relative | Sunshine | Rainfall

I ndex Temp. °c) Temp. | Humidity (hrs) (mm)

(’C) (c)
(%)

Golden 1.8093 -0.379 0.394 0.373 -0.070 -0.383 0.082
Express
Golden
Acre 1.7833 0.313 0.332 0.359 -0.037 -0.264 0.075
Uttam

1.8201 0.540 0.494 0.500 -0.176 -0.426 0.250
Pride of
India 1.8084 0.474 0.425 0.456 -0.133 -0.423 0.144

All values = N. S.



Table 6b: Infestation Index correlation for the buildup of Brevicoryne brassicae on different
varieties of cabbage (Seed Crop) in relation to certain abiotic factors during 1999-2000

Variety Infestation Max. Min. Temp. Mean Relative | Sunshine | Rainfall

Index Temp. °c) Temp. | Humidity | (hrs) (mm)

(’C) (’C)
(%)

Golden 1.7579 0.569 0.387 0.456 -0.695 0.588 0.268
Express
Golden
Acre 1.7344 0.482 0.373 0.389 -0.628 0.513 0.267
Uttam

1.7766 0.601 0.486 0.566 -0.708 0.619 0.305
Pride of
India 1.7653 0.581 0.479 0.506 -0.700 0.614 0.303

All values = N. S.



Table 5a: Homogeneity Correlation of Brevicoryne brassicaebetween different varieties of cabbage

(Seed crop) and certain abiotic factorsduring the year 1998-99

Aboitic factors

Varieties

Golden Golden Uttam Pride of Pvalue

Express Acre India
Max. Temp. (°C) 0.9678 0.9676 0.9696 0.9689 0.999
Min. Temp. (°C) 0.8295 0.8242 0.8352 0.8313 0.999
Mean Temp. (°C) 0.9724 0.9711 0.9739 0.9725 0.997
Relative Humidity (%) -0.8729 -0.9722 -0.9777 -0.8735 0.999
Sunshine (hrs.) 0.8990 0.8890 0.8919 0.8910 0.999
Rainfall (mm) -0.3917 -0.3893 -0.3934 -0.3919 0.999




Table 5b: Homogeneity Correlation of Brevicoryne brassicaebetween different varieties of cabbage
(Seed crop) and certain abiotic factorsduring the year 1999-2000

Aboitic factors

Varieties

Golden Golden Uttam Pride of Pvalue

Express Acre India
Max. Temp. (°C) 0.9412 0.9411 0.9441 0.9429 0.999
Min. Temp. (°C) 0.8887 0.8819 0.8950 0.8908 0.995
Mean Temp. (°C) 0.9432 0.9405 0.9456 0.9440 0.998
Relative Humidity (%) -0.8325 -0.8318 -0.8345 -0.8332 0.999
Sunshine (hrs.) 0.7851 0.7834 0.7875 0.7872 0.999
Rainfall (mm) -0.3422 -0.3391 -0.3440 -0.3426 0.999

p-value >0.05 implies homogeneity of correlation of population with abiotic factors




Table 8: Population buildup of Pieris brassicaén relation to certain abiotic factorson different varieties of cabbage (Seed crop) during the year 1998-

99
(POPULATION PER 10 PLANTS)
Month/ Varieties of cabbage
Aboitic factors
Week Golden Golden Pride of India| Max. Temp. Min. Temp. | Mean Temp. RH Rainfall
Uttam 0 o
Express Acre o ®) ("C) %) Sunshine (mm)
(hrs)
October 284 244 512 485 25 8 16.5 66 52.8 0
I
i 234 201 421 460 22.9 4.3 13.6 69 56.8 0
"y 232 200 481 386 23.6 3.4 13.5 70 51.3 0
IvV| 234 245 422 401 24.4 2.7 13.6 67 57.9 0
November 198 170 356 338 20.6 2.3 115 67 42.4 22.6
I
| 158 136 285 270 14.3 4.2 9.2 81 31.1 20.9
iy 159 138 286 271 14.9 3.5 9.2 78 32.8 3.6
V| 120 104 217 206 12.8 11 7 80 25 0




December 112 96 201 191 14.2 -1.3 6.5 79 38 0
I
1 86 74 155 147 12.7 -2.8 5 77 39.1 0
" 70 61 127 120 12.7 -4.5 4.1 73 394 0
v 58 50 105 100 12.6 -5.8 3.4 86 38.8 0
January 0 0 0 0 5.9 -2.1 1.9 83 0 4.2
|
1 0 0 0 0 4.3 -1.5 1.4 88 6.5 27
" 0 0 0 0 6.2 -2.6 1.8 85 16.2 17.8
\Y] 0 0 0 0 2.5 -0.5 1 92 0 70
Conti...........
February 0 0 0 0 6.5 -0.9 2.8 83 235 3.8
I
I 0 0 0 0 7.4 0.8 4.1 82 4.2 10.8
" 0 0 0 0 9.7 4.3 7 82 2.8 6.4




v 0 0 0 0 9.3 2.9 6.1 81 9 19.9

March || 141 121 254 241 15.3 1 8.2 67 43.3 4
I 132 114 239 226 11 4.4 7.7 85 13.2 39.4

iy 155 133 279 265 14.8 3.2 9 71 25.2 2
V| 148 127 267 253 13.1 4 8.6 77 21.2 15.3

April Il 211 182 381 362 19.8 4.7 12.3 62 37.9 4
| 232 200 418 397 21.2 5.8 135 57 51.9 2.4

"y 255 219 459 435 21.6 8 14.8 57 36.6 53

V| 258 221 459 436 24 5.6 14.8 a7 56.7 0

May I| 304 262 549 520 28.2 7.1 17.7 a7 71.5 0
i 277 238 499 473 22.7 9.5 16.1 67 45.2 17

"y 279 240 500 474 22.7 9.6 16.1 61 44.3 6.5

IvV| 315 271 567 538 27.5 9.1 18.3 59 72 0.4

June I 251 216 453 429 27 12.1 14.6 63 63.9 2.6




| 306 263 552 523 26 9.7 17.8 58 54.5 8.2
iy 370 318 666 632 29 13.9 21.5 54 72.4 0
V| 365 314 657 623 30 12.3 21.2 56 74.3 0




TABLE 9: POPULATION BUILDUP OF PIERISBRASSICAE IN RELATION TO CERTAIN ABIOTIC FACTORS ON DIFFERENT VARIETIES OF
CABBAGE (SEED CROP) DURING THE YEAR 1999-2000

Month/ Varieties of cabbage
Aboitic factors
Week Golden Golden Pride of India| Max. Temp. Min. Temp. | Mean Temp. RH Rainfall
Uttam 0 0
Express Acre o) (®)] O %) Sunshine (mm)
(hrs)
October 233 183 282 263 25.9 8.7 17.3 65 49.5 0
I
i 197 155 238 222 24.3 4.9 14.6 65 51.3 0
" 202 159 245 228 26.5 3.6 15 64 58.9 0
IvV| 188 148 227 211 25.6 2.1 13.9 63 58.3 0
November 159 126 192 179 20.3 3.2 11.8 67 36.1 0
I
i 117 92 142 132 15.1 2.2 8.7 71 30 14
i 105 83 127 119 13.1 2.5 7.8 75 15.3 8.5
v 65 51 78 72 10.9 -1.3 4.8 72 34.1 1
December 54 43 65 61 10.2 -2.2 4 76 26.7 9.2
I




I 65 51 78 73 10 -0.3 4.8 75 225 0

1] 63 50 77 71 9.6 -0.2 4.7 82 27.3 9.4

v 64 51 78 72 12.2 -2.6 4.7 84 325 2

January 0 0 0 0 10.9 -4.8 3 75 37.1 0

I

Il 0 0 0 0 5.8 -0.2 2.4 88 0 74.2

1] 0 0 0 0 4.4 -4.4 0 82 5.8 9

v 0 0 0 0 7.7 -0.9 3.4 82 20.6 15

Conti......oeevnn

February | 0 0 0 0 8.3 -1.3 35 83 28.4 22
I 0 0 0 0 8.3 -0.5 3.8 76 22 14
1] 0 0 0 0 9 -1.1 3.9 77 35.3 134
v 0 0 0 0 134 -0.2 6.6 68 52.7 33.4

March | 84 66 101 94 12.5 0.1 6.2 68 37.8 12
I 86 68 104 97 124 0.3 6.4 70 33.3 16.4




iy 104 82 126 117 14.3 1.2 7.7 68 40 1
V| 173 136 209 195 18.9 6.6 12.8 67 29 10
April Il 168 131 202 188 20.2 4.6 12.4 61 52.4 0.6
I 185 145 223 208 22.6 4.8 13.7 65 56.2 9.2
i 223 175 269 251 23.2 7.8 16.5 66 58 8
V| 239 188 289 269 27.5 7.8 17.7 58 58.7 0
May Il 286 225 346 322 29.9 12.4 21.2 65 66.6 15.7
i 277 217 334 328 29.1 12 20.5 57 69.8 5.8
288 226 347 324 30.2 12.4 21.3 63 72.2 8.5
V| 254 200 306 286 26.1 114 18.8 67 55.8 20.9
June I| 265 208 319 298 26 13.2 19.6 64 65 10.6
I 315 247 280 354 32 14.6 23.3 62 79 0
iy 319 250 285 359 30.5 16.7 23.6 62 56 3
IvV| 328 258 296 369 31.1 17.4 24.3 64 59.2 9




Table 10a: Correlation between population buildup of Pieris brassicaeavith certain abiotic factors on
different varieties of cabbage during 1998-99 (Seed crop)

. M ean M ax. Min. M ean Relative Sunshine | Rainfall
Variety | pop, Temp. | Temp. Temp. Humidity
(C) c) Cc) (%) (hrs) (mm)

Golden 165.1 0.420 0.639 0.540 0.605 -0.262 -0.046
Express
Golden
Acre 143.3 0.429 0.642 0.545 0.614 -0.272 -0.088
Uttam

299.1 0.410 0.634 0.530 0.597 -0.252 -0.034
Pride of
India 283.4 0.420 0.638 0.539 0.604 -0.260 -0.041

All values = N. S.



Table 10b: Correation between population buildup of Pieris brassicaavith certain abiotic factors on
different varieties of cabbage during 1999-2000 (Seed crop)

. M ean M ax. Min. M ean Relative Sunshine Rainfall
Variety | pgp, Temp. | Temp. Temp. Humidity
c) | (°C) (%) (hrs) (mm)
Golden | 141.8 0.475 0.519 0.508 0.585 -0.577 -0.115
Express
Golden
Acre 111.5 0.476 0.520 0.509 0.586 -0.578 -0.117
Uttam
162.9 0.457 0.509 0.493 0.548 -0.576 -0.099
Pride of
India 160.1 0.474 0.518 0.507 0.583 -0.577 -0.115

All values = N. S.



Table 11: Percent infestation and infestation index of P. brassicaeon different
varieties of cabbage during 1998-99

Per cent Infestation Infestation Index
Month G. G. Acre| Uttam| P. of G. G. Acre|Uttam| P. of India
/Week Express India | Express
Oct. 28 24 51 48 1.686 | 1.573 | 2.42 2.289
I
" 22 27 43 45 1.512 | 1.654 |2.169 2.192
26 25 44 51 1.628 1.6 |2.196 2.38
v, 22 23 48 46 1.514 | 1.544 | 2.285 2.225
Nov. 1 5 9 13 1 1.085 | 1.177 1.274
I
I 5 8 9 12 1.085 | 1.153 [1.176 1.249
i 5 10 8 12 1.087 | 1.196 [1.154 1.248
v 4 8 10 11 1.063 1.15 1.2 1.223
Dec. 3 5 5 7 1.045 | 1.084 |1.083 1.13
I
Il 4 5 7 11 1.062 | 1.083 | 1.13 1.224
11 8 7 10 12 1.151 1.13 1.2 1.247
v 6 8 11 14 1.107 | 1.153 |1.233 1.301
Jan. 0 0 0 0 0 0 0 0
I
Il 0 0 0 0 0 0 0 0
i 0 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0 0




Feb. I 0 0 0 0 0 0 0 0

Il 0 0 0 0 0 0 0 0

1] 0 0 0 0 0 0 0 0

v 0 0 0 0 0 0 0 0
March 2 2 4 1 1.01 1.01 |1.062 1.006
I

I 13 9 10 13 1274 | 1.177 | 1.03 1.276

Il 2 15 11 10 1.017 | 1.325 | 1.224 1.2

v 13 7 10 3 1.275 1.13 | 1.03 1.043
April 34 32 25 34 1.86 1.802 | 1.597 1.859
I

i 31 19 16 33 1473 | 1.434 1 1.354| 1.829

m 19 13 20 22 1.434 | 1.276 | 1.461 1.514

v 27 19 22 24 1.655 | 1.434 |1.513 1.572
May 47 42 49 33 2.254 21 |2.318 1.83
I

| 33 13 42 33 1.829 | 1.307 ' 2.104| 1.829

i 35 41 44 31 1.889 | 2.069 | 2.163 1.774

v 17 32 49 29 1.381 1.8 |2.319 1.711
June 36 26 43 31 1.922 | 1.629 | 2.131 1.77
I

I 26 26 38 27 1.626 | 1.629 | 1.98 1.656

m 33 27 38 27 1.829 | 1.657 | 1.979 1.657

vV 29 25 378 29 1.713 16 | 1.98 1.712




Table 12: Percent infestation and infestation index of P. brassicaeon different varieties of cabbage
during 1999-2000

Per cent Infestation Infestation Index
Month /\Week |G. Express G. Uttam P. of G. G.Acre | Uttam |P. of India
Acre India | Express
Oct. I 24 24 24 25 1572 | 1.572 1.57 1.598
I 21 24 22 23 1.489 1.57 1.517 | 1.544
i 19 22 21 22 1432 | 1.517 | 1.487 | 1.515
\% 15 15 17 15 1325 | 1.325 | 1.377 | 1.327
Nov. I 9 9 12 11 1.176 | 1.177 1.25 1.225
Il 7 9 8 9 1.13 1.83 1.151 | 1.175
i 3 4 4 5 1.045 | 1.065 | 1.065 | 1.085
\% 3 3 4 4 1.042 | 1.043 | 1.062 | 1.064
Dec. I 3 3 4 3 1.045 | 1.044 | 1.062 | 1.046
Il 3 4 3 3 1.043 | 1.062 | 1.044 | 1.043
i 3 3 3 3 1.045 | 1.045 | 1.042 | 1.043
\% 27 25 28 26 1.657 1.6 1.686 | 1.692
Jan. I 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0
i 0 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0 0
Feb. I 0 0 0 0 0 0 0 0
Il 0 0 0 0 0 0 0 0
1l 0 0 0 0 0 0 0 0




v 0 0 0 0 0 0 0 0
March I 2 2 3 3 1.016 1.02 1.032 | 1.033
Il 3 3 3 3 1.046 | 1.045 | 1.045 | 1.046
1l 12 11 10 10 1.249 | 1.224 | 1.199 1.2
v 13 12 11 11 1.273 | 1.249 | 1.225 | 1.226
April I 26 25 23 24 1.626 | 1.599 | 1.544 | 1.573
Il 27 27 27 27 1.658 | 1.656 | 1.645 | 1.657
1l 32 33 32 31 1801 | 1.833 | 1.799 | 1.772
v 33 33 32 34 1.83 1.832 | 1.802 | 1.859
May I 36 38 35 35 1.921 | 1.978 | 1.892 1.89
Il 38 37 36 36 1.982 1.95 1.92 1.921
1l 39 40 38 37 2012 | 2.039 | 1.982 | 1951
V| 42 41 40 38 2.102 2.07 2.04 1.981
June I 37 37 36 37 1948 | 1.949 | 1.921 1.95
Il 36 36 35 35 1918 | 1.918 1.89 1.892
Il 34 34 33 34 1.859 | 1.859 | 1.831 | 1.859
v 26 29 27 30 1.627 | 1.712 | 1.692 | 1.745




Table 13a: Corréation of Infestation Index with aboitic factors on different varieties of cabbage
(Seed Crop) against Pieris brassicaaluring 1998-99

Variety Infestation Max. Min. Temp. | Average | Relative | Sunshine | Rainfall

Index Temp. °c) Temp. | Humidity | (hrs) (mm)

(’C) (c)
(%)

Golden 1.228 0.880* 0.606 0.819* -0.757 0.850* -0.464
Express
Golden
Acre 1.105 0.872* 0.553 0.794* -0.707 0.838* -0.434
Uttam

1.269 0.928** 0.654 0.863* -0.796 0.893* -0.470
Pride of
India 1.228 0.892* 0.651 0.838* | -0.772 0.852* | -0.469

*Significant at 5% level of significance

**Highly significant at 1 % level




Tablel3b: Correation of Infestation Index with aboitic factors on different varieties of

cabbage (Seed Crop) against Pieris brassicaeluring 1999-2000
Variety | Infestatio Max. Min. Mean | Mean Sunshine | Rainfall

n Index Temp. | Temp. (°C) | Temp. | Humidity | (hrs.) (mm)

(°c) (°c)
(%)
Golden 1.163 0.870%* 0.781 0.862* -0.788 0.747 -0.395
Express
Golden
Acre 1.160 0.850* 0.771 0.843* -0.764 0.711 -0.397
Uttam
1.188 0.874* 0.796 0.863* -0.793 0.753 -0.407

Pride of
India 1.164 0.870* 0.794 0.860* -0.791 0.750 -0.403

*Significant at 5% of level of significance



Table 14a: Homogeneity Correlation of P. brassicaebetween different varieties of cabbage (Seed
crop) and certain abiotic factors during the year 1998-99

Aboitic factors

Varieties

Golden Golden Uttam Pride of P value

Express Acre India
Max. Temp. (°C) 0.9678 0.9676 0.9696 0.9689 0.999
Min. Temp. (°C) 0.8295 0.8242 0.8352 0.8314 0.999
Mean Temp. (°C) 0.9724 0.9711 0.9739 0.9725 0.997
Relative Humidity (%) -0.8729 -0.8722 -0.8777 -0.8735 -0.999
Sunshine (hrs.) 0.8990 0.8890 0.8919 0.8910 0.999
Rainfall (mm) -0.3917 -0.3893 -0.3934 -0.3919 -0.999




Table 14b: Homogeneity Correlation of P. brassicaebetween different varieties of cabbage (Seed
crop) and certain abiotic factors during the year 1999-2000

Aboitic factors

Varieties

Golden Golden Uttam Pride of P value

Express Acre India
Max. Temp. (OC) 0.9412 0.9411 0.9441 0.9429 0.999
Min. Temp. (OC) 0.8887 0.8819 0.8950 0.8908 0.995
Mean Temp. (OC) 0.9432 0.9405 0.9456 0.9440 0.998
Relative Humidity (%) -0.8325 -0.8318 -0.8345 -0.8332 0.999
Sunshine (hrs.) 0.7851 0.7834 0.7875 0.7872 0.999
Rainfall (mm) -0.3422 -0.3391 -0.3440 -0.3426 0.999

If p-value >0.05 implies homogeneity of correlation of population with abiotic factors



Table 15: Population buildup of some other pestm relation to certain abiotic factors on different varieties of cabbage (Seed crop) during the year

1998-99
Month/ Varieties of cabbage Aboitic factors
Week Golden Golden Pride of India| Max. Temp. Min. Temp. | Mean Temp. | RH (%) Rainfall
Express | Acre Jtam o) °c) (°c) Sunshine (mm)
(hrs)
October 16 12 29 21 25 8 16.5 66 52.8 0
I
Il 14 9 23 18 22.9 4.3 13.6 69 56.8 0
i 13 10 23 18 23.6 34 13.5 70 51.3 0
v 14 10 24 19 24.4 2.7 13.6 67 57.9 0
November 11 9 20 15 20.6 2.3 115 67 42.4 22.6
I
Il 9 6 15 11 14.3 4.2 9.2 81 31.1 20.9
1l 9 7 16 12 14.9 3.5 9.2 78 32.8 3.6
v 7 5 12 9 12.8 11 7 80 25 0
December 0 0 0 0 14.2 -1.3 6.5 79 38 0




[
Il 12.7 -2.8 5 77 39.1 0
1 12.7 -4.5 4.1 73 39.4 0
v 12.6 -5.8 3.4 86 38.8 0
January 5.9 -2.1 1.9 83 0 4.2
[
Il 4.3 -15 1.4 88 6.5 27
1 6.2 -2.6 1.8 85 16.2 17.8
v 25 -0.5 1 92 0 70
Cont.........
February 6.5 -0.9 2.8 83 235 3.8
[
Il 7.4 0.8 4.1 82 4.2 10.8




[l 0 0 0 0 9.7 4.3 7 82 2.8 6.4
v 0 0 0 0 9.3 2.9 6.1 81 9 19.9
March I 8 6 14 11 15.3 1 8.2 67 43.3 4
I 8 5 13 10 11 4.4 7.7 85 13.2 39.4
[l 9 6 15 12 14.8 3.2 9 71 25.2 2
v 9 6 15 11 13.1 4 8.6 77 21.2 15.3
April I 12 9 21 16 19.8 4.7 12.3 62 37.9 4
I 13 10 23 18 21.2 5.8 13.5 57 51.9 2.4
[l 15 10 25 19 21.6 8 14.8 57 36.6 5.3
Y 15 10 25 20 24 5.6 14.8 a7 56.7 0
May 18 12 30 23 28.2 7.1 17.7 a7 71.5 0
I
I 16 11 27 20 22.7 9.5 16.1 67 45.2 17
1l 16 12 28 21 22.7 9.6 16.1 61 44.3 6.5




Y 18 12 29 24 27.5 9.1 18.3 59 72 0.4
June 18 13 31 19 27 12.1 14.6 63 63.9 2.6
I

[l 15 10 25 23 26 9.7 17.8 58 54.5 8.2

1l 18 12 30 28 29 13.9 21.5 54 72.4 0

Y 21 15 37 28 30 12.3 21.2 56 74.3 0




Table 16: Population buildup of some other pestm relation to certain abiotic factors on different varieties of cabbage (Seed crop) during the year

1999-2000
Month/ Varieties of cabbage Aboitic factors
Week Golden Golden Pride of India Max. Temp. Min. Temp. | Ave Temp. Rainfall
Express Acre Utam o) °c) (°c) Sunshine (mm)
(hrs)
October 19 10 28 22 25.9 8.7 17.3 65 49.5 0
I
Il 16 9 23 19 24.3 4.9 14.6 65 51.3 0
i 17 9 24 20 26.5 3.6 15 64 58.9 0
v 15 8 22 18 25.6 2.1 13.9 63 58.3 0
November 13 7 19 15 20.3 3.2 11.8 67 36.1 0
I
Il 10 5 14 11 15.1 2.2 8.7 71 30 1.4
i 9 5 12 10 13.1 2.5 7.8 75 15.3 8.5
v 5 3 8 6 10.9 -1.3 4.8 72 34.1 1
December 0 0 0 0 10.2 -2.2 4 76 26.7 9.2




I
Il 0 0 0 0 10 -0.3 4.8 75 225 0
i 0 0 0 0 9.6 -0.2 4.7 82 27.3 9.4
v 0 0 0 0 12.2 -2.6 4.7 84 325 2
January | 0 0 0 0 10.9 -4.8 3 75 37.1 0
Il 0 0 0 0 5.8 -0.2 24 88 0 74.2
i 0 0 0 0 4.4 -4.4 0 82 5.8 9
v 0 0 0 0 7.7 -0.9 3.4 82 20.6 15
Cont............
February 0 0 0 0 8.3 -1.3 3.5 83 28.4 22
I
Il 0 0 0 0 8.3 -0.5 3.8 76 22 1.4

1l 0 0 0 0 9 -1.1 3.9 77 35.3 13.4




Y 0 0 0 0 13.4 -0.2 6.6 68 52.7 33.4
March I 7 4 10 8 12.5 0.1 6.2 68 37.8 12
I 7 4 10 8 12.4 0.3 6.4 70 33.3 16.4
1l 8 5 11 9 14.3 1.2 7.7 68 40 1
Y 87 5 12 10 18.9 6.6 12.8 67 29 10
April I 14 8 20 16 20.2 4.6 12.4 61 52.4 0.6
I 15 8 22 18 22.6 4.8 13.7 65 56.2 9.2
1l 18 10 26 21 23.2 7.8 16.5 66 58 8
Y 19 11 28 23 27.5 7.8 17.7 58 58.7 0
May 23 13 34 28 29.9 12.4 21.2 65 66.6 15.7
I
I 22 12 33 27 20.1 12 20.5 57 69.8 5.8
1l 23 13 34 28 30.2 12.4 21.3 63 72.2 8.5
v 21 11 30 24 26.1 11.4 18.8 67 55.8 20.9
June 22 12 31 25 26 13.2 19.6 64 65 10.6




1l 26 14 37 30 32 14.6 23.3 62 79
[l 26 14 38 31 30.5 16.7 23.6 62 56
v 27 15 39 32 31.1 17.4 24.3 64 59.2




Table 17: Percent infestation and infestation index of Some other pesten different varieties

cabbage during 1998-99

of

Percent Infestation

Infestation Index

Month /Week | Golden | Golden | Uttam | Prideof | Golden | Golden Uttam Pride of
Express | Acre India | Express Acre India
October 4 3 6 6 1.018 1.027 1.075 1.081
I
Il 4 3 6 5 1.049 1.028 1.076 1.063
Il 4 4 6 6 0.016 1.044 1.076 1.082
v 5 4 6 5 1.058 1.043 1.077 1.057
November 2 2 2 2 1.015 1.016 1.011 1.015
I
Il 2 2 1 2 1.016 1.015 1.006 1.013
Il 1 3 2 3 1.006 1.028 1.016 1.027
v 3 2 4 2 1.027 1.013 1.043 1.016
December 0 0 0 0 0 0 0 0
I
Il 0 0 0 0 0 0 0 0
Il 0 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0 0
January | 0 0 0 0 0 0 0 0
Il 0 0 0 0 0 0 0 0
Il 0 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0 0
February 0 0 0 0 0 0 0 0
I
Il 0 0 0 0 0 0 0 0




Il 0 0 0 0 0 0 0 0

A 0 0 0 0 0 0 0 0
March 4 4 3 3 1.043 1.044 1.025 1.025
I

Il 4 5 3 5 1.044 1.058 1.027 1.018

1] 4 5 3 2 1.043 1.057 1.028 1.011

v 4 5 4 4 1.044 1.057 1.041 1.044
April 7 6 5 5 1.016 1.084 1.067 1.02
I

Il 7 7 7 6 1.102 1.102 1.104 1.084

1] 6 7 8 7 1.082 11 1.119 1.023

v 6 5 8 5 1.084 1.066 1.122 1.02
May 9 15 11 13 1.141 1.267 1.179 1.022
I

I 10 13 11 9 1.159 1.225 1.181 1.142

11 14 12 13 1.179 1.245 1.2 1.022

v 13 15 13 12 1.221 1.265 1.221 1.201
June 2 5 6 6 1.011 1.019 1.073 1.075
I

Il 3 3 5 4 1.028 1.028 1.066 1.018

1] 3 3 6 6 1.028 1.033 1.081 1.081

v 0 3 7 8 0 1.031 11 1.12




Table 18: Percent infestation and infestation index of Some other pestsn different varieties of cabbage
during 1999-2000

Month /Week Percent I nfestation
Infestation Index
Golden Golden Uttam Pride of Golden Golden Uttam Pride of
Express India Express India
Acre Acre
October 4 3 6 1.018 1.027 1.075 1.081
|
I 4 3 6 1.049 1.028 1.076 1.063
11| 4 4 6 0.016 1.044 1.076 1.082
AV 5 4 6 1.058 1.043 1.077 1.057
November 2 2 2 1.015 1.016 1.011 1.015
|
I 2 2 1 1.016 1.015 1.006 1.013
11| 1 3 2 1.006 1.028 1.016 1.027
\Y 3 2 4 1.027 1.013 1.043 1.016
December 0 0 0 0 0 0 0
|
Il 0 0 0 0 0 0 0
11| 0 0 0 0 0 0 0
\Y 0 0 0 0 0 0 0
January | 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0
11| 0 0 0 0 0 0 0
\Y 0 0 0 0 0 0 0
February 0 0 0 0 0 0 0
|




I 0 0 0 0 0 0 0 0

i 0 0 0 0 0 0 0 0

Y 0 0 0 0 0 0 0 0
March 4 4 3 3 1.043 1.044 1.025 1.025
I

I 4 5 3 5 1.044 1.058 1.027 1.018

i 4 5 3 2 1.043 1.057 1.028 1.011

Y 4 5 4 4 1.044 1.057 1.041 1.044
April 7 6 5 5 1.016 1.084 1.067 1.02
I

I 7 7 7 6 1.102 1.102 1.104 1.084

i 6 7 8 7 1.082 11 1.119 1.023

Y 6 5 8 5 1.084 1.066 1.122 1.02
May 9 15 11 13 1.141 1.267 1.179 1.022
I

I 10 13 11 9 1.159 1.225 1.181 1.142

i 11 14 12 13 1.179 1.245 1.2 1.022

Y 13 15 13 12 1.221 1.265 1.221 1.201
June 2 5 6 6 1.011 1.019 1.073 1.075
I

I 3 3 5 4 1.028 1.028 1.066 1.018

[l 3 3 6 6 1.028 1.033 1.081 1.081

\Y 0 3 7 8 0 1.031 11 1.12







Table 19a: Correlation between Population buildup of some other pests with certain abiotic factors
on different varieties of cabbage during 1998-99 (Seed crop)

_ M ean M ax. Min. Av. Relative Sunshin | Rainfal
Variety | pgp, Temp. | Temp. Temp. | Humidity | e [
(C) (c) (c) (%)
(hrs) (mm)
Golden | 8.94 0.338 0.140 0.185 -0.218 0.433 -0.384
Express
Golden
A 6.31 0.424 0.168 0.363 -0.304 0.488 -0.394
cre
Uttam
15.28 | 0.316 0.121 0.164 -0.205 0.411 -0.321
Pride of
India 11.83 | 0.319 0.138 0.167 -0.208 0.414 -0.381

All values = N. S.



Table 19b : Correlation between population buildup of some other pests with certain abiotic factors
on different varieties of cabbage during 1998-99 (Seed crop)

_ M ean M ax. Min. Av. Relative Sunshin | Rainfal
Variety | pgp, Temp. | Temp. Temp. | Humidity | e [
(C) (c) (c) (%)
(hrs) (mm)
Golden 12.75 | 0.334 0.263 0.311 -0.131 0.167 -0.355
Express
Golden
A 5.97 0.336 0.270 0.319 -0.139 0.177 -0.357
cre
Uttam
15.69 | 0.316 0.253 0.295 -0.105 0.150 -0.351
Pride of
India 13.03 | 0.331 0.260 0.306 -0.126 0.159 -0.355

All values = N. S.



Table 20a: Correlation of Infestation Index with aboitic factors on different varieties of cabbage
(Seed Crop) against some other pestsduring 1998-99

Variety Infestation Max. Min. Temp. | Average | Relative | Sunshine | Rainfall

I ndex Temp. °c) Temp. | Humidity | (hrs) (mm)

(’C) (c)
(%)

Golden 0.7143 0.787 0.743 0.819 -0.721 0.658 -0.238
Express
Golden
Acre 0.1737 0.778 0.735 0.809 -0.714 0.645 -0.236
Uttam

0.7164 0.797 0.753 0.827 -0.724 0.667 -0.245
Pride of
India 0.7161 0.794 0.751 0.825 -0.723 0.664 -0.245

All values = N. S.




Table 20b : Corréation of Infestation Index with aboitic factors on different varieties of cabbage
(Seed Crop) against some other pests during 1999-2000

Variety Infestation Max. Min. Temp. | Average | Relative | Sunshine | Rainfall

I ndex Temp. °c) Temp. | Humidity | (hrs) (mm)

(’C) (c)
(%)

Golden 0.7022 0.664 0.603 0.648 -0.428 0.511 -0.344
Express
Golden
Acre 0.6508 0.632 0.525 0.594 -0.405 0.483 -0.340
Uttam

0.7226 0.689 0.628 0.673 -0.520 0.598 -0.340
Pride of
India 0.7193 0.686 0.627 0.670 -0.449 0.531 -0.346

All values =N. S.



Table21a: Studies on homogeneity correlation of some other pests on different varieties of cabbage
with abiotic factorsfor the year 1999-2000

Aboitic factors

Varieties

Golden Golden Uttam Pride of P value

Express Acre India
Max. Temp. (OC) 0.9412 0.9411 0.9441 0.9429 0.999
Min. Temp. (OC) 0.8887 0.8819 0.8950 0.8908 0.995
Mean Temp. (OC) 0.9432 0.9405 0.9456 0.9440 0.998
Relative Humidity (%) -0.8325 -0.8318 -0.8345 -0.8332 0.999
Sunshine (hrs.) 0.7851 0.7834 0.7875 0.7872 0.999
Rainfall (mm) -0.3422 -0.3391 -0.3440 -0.3426 0.999




Table 21b: Studies on homogeneity correation of some other pests on different varieties of cabbage
with abiotic factorsfor the year 1999-2000

Aboitic factors

Varieties

G. Express | G.Acre Uttam P.of India | Pvalue
Max. Temp. (°C) 0.9412 0.9411 0.9441 0.9429 0.999
Min. Temp. (°C) 0.8887 0.8819 0.8950 0.8908 0.995
Mean Temp. (°C) 0.9432 0.9405 0.9456 0.9440 0.998
Relative Humidity (%) -0.8325 -0.8318 -0.8345 -0.8332 0.999
Sunshine (hrs.) 0.7851 0.7834 0.7875 0.7872 0.999
Rainfall (mm) -0.3422 -0.3391 -0.3440 -0.3426 0.999

If p-value >0.05 implies homogeneity of correlation of population with abiotic factors




TABLE 22: STUDIESON POPULATION BUILDUP OF BREVICORYNE BRASSICAE ON DIFFERENT VARIETIES OF CABBAGE (HEAD
CROP) FOR THE YEAR 1999

Month/ Golden Golden Prideof India| Max. Temp. | Min. Temp. Ave. Temp. | RH (%) Rainfall
Express Acre Uttam °C) (°c) (mm)
Week ‘c) Sunshine
(hrs)
June | 103 95 183 140 27 12.1 14.6 63 63.9 2.6
I 109 91 177 135 26 9.7 17.8 58 54.5 8.2
" 122 101 197 151 29 13.9 215 54 72.4 0
v 126 105 204 156 30 12.3 21.2 56 74.3 0
July | 58 49 95 73 29.3 14 21.7 61 62.9 8.6
I 66 55 107 82 33.7 15.7 24.7 51 79.7 0
1] 67 56 109 83 32.1 16 24.1 53 62.9 0
v 68 57 111 85 31.9 16.3 24.1 57 70.7 7.7
August 68 57 110 84 32.8 16.2 24.5 58 70.9 0




Il 58 49 95 72 30.1 13.9 22 68 72.4 4
1] 68 57 110 84 30.5 16.2 23.4 71 60.7 16
v 59 49 95 72 27.5 14 20.7 71 45.1 0
September 91 76 147 112 29.5 13.7 21.6 68 59.9 1.2
I
Il 94 78 152 116 31.1 13.4 22.3 67 68.4 0
1] 98 82 158 121 31.1 15.5 23.3 70 59 12.8
v 76 63 122 94 251 11 18 71 49 10.4




TABLE 23: POPULATION BUILDUP OF BREVICORYNE BRASSICAE ON DIFFERENT VARIETIES OF CABBAGE (HEAD CROP) FOR THE

YEAR 2000
Month/ Golden Golden Pride of Indial Max. Temp. Min. Temp. | Ave. Temp. | RH (%) Rainfall
Express | Acre Uttam (°c) (°c) (mm)
Week ‘c) Sunshine
(hrs)

June | 127 108 174 131 26 13.2 19.6 64 65 10.6

I 151 128 207 207 32 14.6 23.3 62 79 0

" 153 130 210 210 30.5 16.7 23.6 62 56 3

v 158 134 216 216 31.1 17.4 24.3 64 59.2 9
July | 106 90 145 145 31.8 16.3 24 67 68.6 3.2
I 113 96 155 155 30 17.5 23.8 71 43.2 13.3

1] 113 96 155 155 29 17.4 23.2 74 30.6 14
v 114 96 156 156 27.8 17.5 22.7 81 31.8 26.7




August 108 91 147 147 28.9 16.6 22.8 73 55.1 7
I 103 87 141 141 30.5 15.9 23.2 69 60.5 0
1] 93 78 127 127 29.6 14.3 22 66 56.2 3
v 108 91 148 148 26.6 16.6 21.6 74 12 6.1

September | 94 79 127 127 30.4 14.3 22.4 68 60.2 2
I 132 112 181 181 30.1 10.4 20.3 64 68.2 0
1] 125 106 171 171 25.5 12.9 19.2 78 41.2 26.2
v 109 92 149 149 24.6 8.8 16.7 74 51.8 1




Table 24a : Correation between population buildup of Brevicoryne brassicaavith certain abiotic
factorson different varieties of cabbage during 1999 (Head crop)

. M ean M ax. Min. Mean Relative Sunshin | Rainfal
Variety | pgp, Temp. | Temp. Temp. | Humidity | e I
C) C) (%)
(c) (hrs) (mm)
Golden 83.19 0.360 0.329 0.292 -0.221 0.444 0.172
express
Golden
acre 70.00 0.319 0.286 0.250 -0.219 0.407 0.170
Uttam
135.75 | 0.363 0.332 0.392 -0.253 0.445 -0.176
Pride of
India 103.75 | 0.361 | 0.331 0.294 |-0.222 0.444 -0.174

All values = N. S.



Table 24b: Corréation between population buildup of Brevicoryne brassicaevith certain abiotic
factorson different varieties of cabbage during 1999-2000 (Head crop)

. Mean | Max. Min. Av. Temp. | Relative Sunshine Rainfall
Variety | pgp, Temp. | Temp. (°c) Humidity
) |0 (%) (hrs) (mm)
Golden | 69.60 | 0.229 0.052 0.157 -0.471 -0.296 0.021
express
Golden
acre 69.01 | 0.227 0.052 0.156 -0.363 -0.213 0.019
Uttam
74.31 | 0.351 0.120 0.267 -0.475 0.308 -0.021
Pride of
India 71.37 |0.230 0.052 0.157 -0.473 0.301 -0.021s

All values=N. S.



Table 25a: Infestation Index correlation for the buildup of Brevicoryne brassicaeon different varieties of cabbage (Head Crop) in relation to certain abiotic
factors during 1998-99

Percent Infestation Infestation Index
Month /Week Golden Golden Acre Uttam Pride of India Golden Golden Acre Uttam Pride of India
Express Express
June 64 64 66 67 2.408 2.406 2.452 2.475
I
Il 66 63 64 62 2.377 2.436 2.397 2.352
m 66 63 63 68 2.354 2.412 2.35 2.458
\Y 64 64 63 67 2.248 2.232 2.22 2.303
July I 61 58 60 56 2.076 2.13 2.118 2.04
Il 64 59 62 60 2.073 2.159 2.128 2.088
I 66 64 64 58 2.185 2.214 2.184 2.068
\Y 66 65 60 60 2.166 2.19 2.083 2.084
August I 47 45 49 50 1.792 1.83 1.867 1.889
Il 48 48 50 51 1.832 1.828 1.87 1.886




[l 46 48 48 46 1.813 1.773 1.816 1.785
Y 44 46 a7 46 1.75 1.72 1.771 1.756
September | 18 14 12 12 1.236 1.302 1.202 1.199
I 16 16 16 13 1.282 1.281 1.281 1.228
1l 18 18 16 14 1.28 1.33 1.288 1.255
Y 21 18 19 17 1.328 1.393 1.349 1.316




Table 25b: Infestation Index correlation for the buildup of Brevicoryne brassicaeon different varieties of cabbage
(Head Crop) in relation to certain abiotic factor s during 1999-2000

_ I nfestation Index
Per cent Infestation

Month /Week Golden Golden | Uttam | Prideof | Golden | Golden Uttam Prideof India
Express Acre India | Express| Acre
June 44 1.892 46 1.913 48 2.025 40 1.848
I
Il 43 1.884 44 1.89 44 1.951 39 1.819
1 41 1.857 42 1.858 40 1.85 38 1.791
\Y 40 1.867 39 1.797 38 1.815 36 1.739
July 13 1.234 10 1.197 8 1.144 10 1.182
I
Il 11 1.201 11 1.196 11 1.199 8 1.139
1 13 1.238 14 1.251 11 1.199 12 1.196
\Y 12 1.217 12 1.217 14 1.139 16 1.242




August 12 1.209 14 1.247 10 1.174 11 1.17
[

Il 10 1.168 12 1.211 10 1.172 12 1.183

1 9 1.149 12 1.207 9 1.152 11 1.17

v 8 1.136 9 1.148 9 1.149 12 1171

September 21 1.347 12 1.376 21 1.33 23 1.406
[

Il 23 1.379 24 1.402 24 1.389 25 1.445

1 24 1.405 28 1.467 27 1.452 29 1.55

v 26 1.434 28 1.46 20 1.335 21 1.405




Table 26: Correlation of I nfestation I ndex with Aboitic factorson different varieties of cabbage (Head Crop) against B. brassicaeduring 1999 and 2000

Variety Infestation Index Max. Temp. Min. Temp. (°C) Mean Temp. | Relative Sunshine (hrs.) Rainfall (mm)
(c) (°c) Humidity (%)

1999 2000 1999 2000 | 1999 2000 | 1999 | 2000 | 1999 | 2000 | 1999 2000 1999 | 2000




Golden
Express

Golden
Acre

Uttam

Pride of
India

1.888

1.886

1.915

1.899

1.465

1.403

1.427

1.414

0.898*

0.890*

0.903*

0.901*

0.061

0.016

0.109

0.078

0.928**

0.927**

0.929**

0.900*

0.156

0.140

0.254

0.199

0.904

0.895

0.920

0.911

0.057

0.030

0.152

0.093

0.126

0.113

0.146

0.134

0.606

0.558

0.629

0.617

-0.650

-0.635

-0.665

-0.662

-0.492

-0.476

-0.507

-0.800

0.028

0.010

0.062

0.036

0.118

0.072

0.133

0.131

* Significant at 5% level

** Significant at 1% level




TABLE 27: POPULATION BUILDUP OF PIERIS BRASSICAE ON DIFFERENT VARIETIES OF CABBAGE (HEAD CROP) FORTHE YEAR 1999

Month/ Golden |Golden Acre Pride of India Max. Temp. Min. Temp. |Mean Temp.| RH (%) Rainfall
Express Uttam c) ) (mm)
Week 49 Sunshine
(hrs)
June 247 231 362 292 27 12.1 14.6 63 63.9 2.6
I
Il 301 281 441 356 26 9.7 17.8 58 54.5 8.2
i 363 340 533 430 29 13.9 21.5 54 72.4 0
v 358 335 526 424 30 12.3 21.2 56 74.3 0
July | 236 221 347 280 29.3 14 21.7 61 62.9 8.6
I 265 248 389 314 33.7 15.7 24.7 51 79.7 0
" 270 252 397 320 32.1 16 24.1 53 62.9 0
v 275 257 404 326 31.9 16.3 24.1 57 70.7 7.7
Aug. 274 256 402 324 32.8 16.2 245 58 70.9 0




Il 274 256 402 324 30.1 13.9 22 68 72.4 4

[l 235 220 345 278 30.5 16.2 23.4 71 60.7 16

Y 237 221 347 280 27.5 14 20.7 71 45.1 0
Sept. 365 341 536 432 29.5 13.7 21.6 68 59.9 1.2

I

I 377 352 553 446 31.1 13.4 22.3 67 68.4 0

[l 394 368 278 446 31.1 15.5 23.3 70 59 12.8

Y 417 390 612 494 251 11 18 71 49 10.4




TABLE 28: POPULATION BUILDUP OF PIERISBRASSICAE ON DIFFERENT VARIETIES OF CABBAGE (HEAD CROP) FORTHE YEAR 2000

Month/ Golden Golden Pride of Max. Temp. Min. Temp. Ave. Temp. | RH (%) Rainfall
Express Acre Uttam India (°c) (°c) (mm)
Week ‘c) Sunshine
(hrs)
June I 267 204 368 306 26 13.2 19.6 64 65 10.6
I 317 242 438 363 32 14.6 23.3 62 79 0
11 321 245 444 268 30.5 16.7 23.6 62 56 3
v 330 253 457 379 31.1 17.4 24.3 64 59.2 9
July | 326 250 451 374 31.8 16.3 24 67 68.6 3.2
I 324 248 447 371 30 17.5 23.8 71 43.2 13.3
11 315 241 436 361 29 17.4 23.2 74 30.6 14
v 309 236 427 354 27.8 17.5 22.7 81 31.8 26.7
August 310 237 429 356 28.9 16.6 22.8 73 55.1 7




Il 315 240 436 362 30.5 15.9 23.2 69 60.5 0

1] 299 229 414 343 29.6 14.3 22 66 56.2 3

v 294 225 406 337 26.6 16.6 21.6 74 12 6.1
September | 305 233 421 349 30.4 14.3 22.4 68 60.2 2

I 409 313 566 470 30.1 10.4 20.3 64 68.2 0

1] 345 265 479 398 255 12.9 19.2 78 41.2 26.2
v 335 256 462 384 24.6 8.8 16.7 74 51.8 1




Table 29a:Corrdation of population mean of Pieris brassicaavith abiotic factorson different
varieties of cabbage during 1999 (Head crop)

. M ean M ax. Min. Mean Relative Sunshine Rainfall
Variety Pop. Temp. | Temp. Temp.* Humidity*
o) |0 (c) (%) (hrs) (mm)

Golden | 305.5 | 0.199 0.355 0.103 -0.189 0.074 -0.018
express
Golden
acre 285.6 | 0.199 0.355 0.103 -0.192 0.074 -0.018
Uttam

429.6 | 0.196 0.353 0.101 0.181 0.071 -0.016
Pride of
India 360.4 | 0.198 0.0354 0.102 0.188 0.072 -0.017

All values = N. S.




Table29b : Studieson Correlation of population mean of Pieris brassicaavith abiotic factorson

different varieties of cabbage during 2000 (Head crop)

_ Mean | Max. Min. Av. Relative | Sunshine | Rainfall
Variety | pop, Temp. | Temp. Temp.* | Humidity
(OC) (OC) (OC) * (%) (hrs) (mm)

Golden 302.8 0.170 0.419 0.168 -0.065 0.214 0.109
express
Golden
acre 231.2 0.205 0.420 0.173 -0.098 0.255 0.128
Uttam

417.7 0.159 0.413 0.150 0.058 0.203 -0.103
Pride of
India 3435 |0.171 |0.419 0.163 0.063 0.203 -0.103

All values = N. S.







Table30a: Percent infestation and infestation index of P. Brassicaepestson different varieties of cabbage during 1999

Percent Infestation

I nfestation I ndex

Month /Week Golden Uttam Pride of | Golden Uttam Pride of
Express |Golden Acre India Express |Golden India
Acre

June I 36 26 43 31 1.922 1.629 2.131 1.77
Il 26 26 38 27 1.626 1.63 1.98 1.656
Il 33 27 38 27 1.829 1.657 1.98 1.657
v 29 25 378 29 1.812 1.6 1.882 1.713

July I 23 35 24 11 1.542 1.892 1.555 1.225
Il 21 33 20 11 1.486 1.831 1.462 1.224
Il 21 31 22 11 1.486 1.771 1.517 1.228
v 26 31 29 12 1.629 1.774 1.709 1.25

August I 2 3 15 13 1.028 1.045 1.326 1.276
Il 2 4 13 13 1.027 1.065 1.276 1.279




1] 3 4 13 10 1.043 1.047 1.276 1.2

v 2 4 17 9 1.028 1.065 1.379 1.778

September | 51 62 43 50 2.465 2.842 2.168 2.35
Il 44 43 43 43 2.198 2.166 2.165 2.133

1] 44 50 42 52 2.198 2.223 2.103 2.142

v 48 58 40 62 2.326 2.413 2.072 2.732




Table 30b: Percent infestation and infestation index of P. brassicaen different varieties of cabbage during 2000

Month /Week .
Percent Infestation Infestationindex
Golden Uttam |[Pride of| Golden Uttam | Pride of
Express Golden India Express |Golden India
Acre Acre
June I 37 37 36 37 1.749 1.733 1.769 1.785
I 36 36 35 35 1.74 1.729 1.756 1.736
1] 34 34 33 34 1.711 1.695 1.701 1.708
Y 26 29 27 30 1.564 1.593 1.579 1.615
July [ 24 24 24 28 1.433 1.474 1.429 151
I 21 20 22 24 1.385 1.362 1.4 1.418
1] 19 18 19 21 1.348 1.324 1.345 1.343
v 14 17 17 19 1.244 1.308 1.338 1.288
August I 7 7 8 7 1.122 1.124 1.14 1.108
I 6 7 6 7 1.101 1.123 1.103 1.107
1] 4 4 4 4 1.066 1.069 1.068 1.062




Y 3 3 3 3 1.051 1.05 1.05 1.043

September | 41 40 41 42 1.68 1.684 1.646 1.741
I 49 47 45 46 1.809 1.822 1.729 1.82

1l 57 55 45 49 1.963 1.452 1.755 1.93

Y 60 58 48 53 2.003 1.986 1.806 2.022




Table 31: Correlation of Infestation Index with Aboitic factors on different varieties of cabbage (Head Crop) against P.
brassicae during 1999 and 2000

Variety | Infestation Index Max. Temp. Min. Temp. Average Temp. | Relative Sunshine (hrs.) | Rainfall (mm)
(°c) (°c) (°c) Humidity (%)

1999 2000 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000




Golden
Express

Golden
Acre

Uttam

Pride of
India

1.680

1.665

1.748

1.728

1.475

1.470

1514

1.498

0.276

0.124

0.551

0.420

0.125

0.056

0.231

0.200

0.407

0.237

0.562

0.545

0.621

0.561

0.665

0.646

0.331

0.117

0.518

0.469

0.429

0.421

0.545

0.516

-0.110

-0.097

-0.537

-0.140

-0.234

-0.219

-0.397

-0.308

0.139

0.128

0.507

0.165

0.415

0.393

0.515

0.454

0.030

0.005

0.063

0.046

0.007

0.004

0.240

0.016




TABLE 32: POPULATION BUILDUP OF PLUTELLA XYLOSTELLA ON DIFFERENT GENOTYPES OF CABBAGE (HEAD CROP) FOR THE

YEAR 1999
Month/ Golden |Golden Acre Pride of India M ax. Min. Temp. Ave. Temp. | RH (%) Rainfall
Express Uttam Temp. (°c) (°c) (mm)
Week Sunshine
(C) (hrs)

June I 16 13 23 19 27 12.1 14.6 63 63.9 2.6
Il 20 16 28 23 26 9.7 17.8 58 54.5 8.2

1] 24 19 34 28 29 13.9 21.5 54 72.4 0

v 23 19 34 28 30 12.3 21.2 56 74.3 0
July | 24 20 35 28| 293 14 21.7 61 62.9 8.6

Il 27 22 39 32| 33.7 15.7 24.7 51 79.7 0

1 26 22 38 31 321 16 24.1 53 62.9 0
v 27 22 39 31 31.9 16.3 24.1 57 70.7 7.7

Aug. 27 22 39 32| 32.8 16.2 24.5 58 70.9 0




Il 24 20 35 29| 301 13.9 22 68 72.4 4
1l 26 21 37 30| 305 16.2 23.4 71 60.7 16
v 23 19 33 27| 275 14 20.7 71 45.1 0
September 24 19 35 28| 29.5 13.7 21.6 68 59.9 1.2
I
Il 24 20 36 29] 311 13.4 22.3 67 68.4 0
1l 26 21 37 30 311 15.5 23.3 70 59 12.8
v 20 16 29 23| 251 11 18 71 49 10.4




TABLE 33: POPULATION BUILDUP OF PLUTELLA XYLOSTELLA ON DIFFERENT GENOTYPES OF CABBAGE (HEAD CROP) FOR THE

YEAR 2000
Month/ Golden |Golden Acre Pride of India Max. Temp. Min. Temp. Ave. Temp. | RH (%) Rainfall
Express Uttam (°c) (°c) (mm)
Week ‘c) Sunshine
(hrs)
June 20 16 27 24 26 13.2 19.6 64 65 10.6
I
I 23 10 33 28 32 14.6 23.3 62 79 0
" 24 19 33 28 30.5 16.7 23.6 62 56 3
v 24 19 34 29 31.1 17.4 24.3 64 59.2 9
July | 24 19 34 29 31.8 16.3 24 67 68.6 3.2
I 24 19 33 29 30 17.5 23.8 71 43.2 13.3
" 23 19 32 28 29 17.4 23.2 74 30.6 14
v 23 18 32 27 27.8 17.5 22.7 81 31.8 26.7




Aug. 23 18 30 25 28.9 16.6 22.8 73 55.1 7
I
Il 23 19 32 27 30.5 15.9 23.2 69 60.5 0
1l 22 18 32 28 29.6 14.3 22 66 56.2 3
A 22 17 31 26 26.6 16.6 21.6 74 12 6.1
Sept. 22 18 31 27 30.4 14.3 22.4 68 60.2 2
I
Il 20 16 28 24 30.1 10.4 20.3 64 68.2 0
1l 19 15 27 23 25.5 12.9 19.2 78 41.2 26.2
v 17 13 23 20 24.6 8.8 16.7 74 51.8 1




Table 34a: Corrdation of population mean of Plutella xylostellawith abiotic factorson different
varieties of cabbage during 1999 (Head crop)

Mean Max. Min. Mean Relative Sunshine Rainfall

Variety | pop. Temp. Temp. Temp. (°C) Humidity
(’c) (c) (%) (hrs) (mm)

Golden 23.81 0.873* | 0.851* | 0.997** 0.242 0.446 0.063
express
Golden
acre 19.44 0.893* | 0.854* | 0.997** 0.261 0.486 0.110
Uttam

34.44 0.856* | 0.837* | 0.994** 0.226 0.415 0.004
Pride of
India 28.00 0.876* | 0.837* | 0.995** | 0.229 0.422 0.046

* Significant at 5%

**Highly significant at 1%




Table 34b : Correlation of population mean of Plutella xylostellawith abiotic factorson different
genotypes of cabbage during 2000(Head crop)

Mean Max. Min. Temp. | Mean Relative Sunshine Rainfall

Variety | pop. Temp. (°c) Temp. Humidity
(0 (°c) (%) (hrs) (mm)

Golden | 22.06 | 0.162 0.333 0.376 0.532 0.329 -0.386
express
Golden
acre 17.06 | 0.286 0.390 0.400 0.549 0.353 -0.395
Uttam

30.75 | 0.008 0.236 0.176 -0.256 0.183 0.195
Pride of
India 26.37 [0.024 |0.293 0.205 |-0.428 0.232 0.199

All values=N. S.




Table 35a: Percent infestation and infestation index of Plutella xylostellaon different varieties of cabbage (Head crop) during 1999

I nfestation I ndex
Percent Infestation

Month G. G. Acre | Uttam [P. of India G. G. Acre Uttam P. of India
/Week Express Express
June 10 12 11 13 1.123 1.141 1.138 1.166
I
I 13 14 13 15 1.153 1.172 1.166 1.188
1 15 17 14 16 1.198 1.221 1.168 1.193
v 10 11 12 13 1.012 1.119 1.163 1.163
July I 10 13 10 11 1.078 1.117 1.078 1.052
I 10 11 10 11 1.09 1.105 1.09 1.066
11 10 11 12 13 1.084 1.114 1.101 1.101
v 10 14 13 14 1.084 1.126 1.101 1.108
August 10 11 12 14 1.115 1.119 1.12 1.13
I




Il 10 13 10 12 1.123 1.114 1.124 1.147
i 13 14 13 14 1.172 1.144 1.135 1.221
v 13 13 13 12 1.163 1.149 1.14 1.168
September | 11 12 10 12 1.129 1.141 1.123 1.144
Il 11 14 13 14 1.129 1.156 1.16 1.168
1l 11 13 12 10 1.138 1.166 1.137 1.23
v 13 11 10 12 1.156 1.122 1.123 1.147




Table 35b: Percent infestation and infestation index of Plutella xylostellaon different varieties of cabbage (Head crop) during 2000

Per cent I nfestation I nfestation I ndex
Month /Week |G. Express Uttam P.of India | G. Express [ G. Acre Uttam P. of India
G. Acre
June 9 10 9 8 11 1.128 1.117 1.109
I
Il 12 12 11 12 1.033 1.137 1.143 1.158
i 16 15 16 14 1.218 1.181 1.208 1.172
v 9 9 10 10 1.1 1.115 1.13 1.111
July I 10 11 12 11 1.084 1.099 1.052 1.066
Il 8 9 8 9 1.048 1.07 1.043 1.07
i 9 9 10 10 1.07 1.086 1.09 1.047
v 11 12 11 12 1.093 1.125 1.105 1.057
August 9 9 10 10 11 1.115 11 1.136
I
Il 12 11 12 10 1.148 1.334 1.134 1.111




1l 10 12 11 10 1.125 1.192 1.152 1.12
v 10 11 11 10 1.115 11 1.119 1.134
September | 10 10 12 12 1.115 1.132 1.144 1.141
Il 12 12 11 10 1.137 1.114 1.135 1.125
1l 12 11 10 12 1.151 1.099 1.125 1.165
v 12 9 8 9 1.37 1.115 1.08 11




Table 36: Correation of I nfestation Index with Aboitic factorson different varieties of cabbage (Head Crop) against P. xylostelladuring 1999 and 2000

Variety | Infestation Index | Max. Temp. (°C) | Min. Temp. (°C) Average Temp. | Relative Sunshine (hrs.) | Rainfall (mm)
(°c) Humidity (%)

1999 2000 1999 2000 1999 2000 1999 2000 | 1999 | 2000 (1999 |2000 | 1999 | 2000




Golden
Express

Golden
Acre

Uttam

Pride of
India

1.1292

1.1217

1.1495

1.1391

1.1139

1.1109

1.1341

1.1173

0.337

0.332

0.418

0.411

0.172

0.163

0.236

0.229

0.221

0.122

0.516

0.237

0.071

0.018

0.281

0.080

0.237

0.235

0.404

0.268

0.139

0.052

0.301

0.176

-0.077

-0.073

0.498

0.461

-0.251

-0.077

0.453

0.363

-0.184

-0.132

0.475

0.326

-0.210

-0.032

0.270

0.281

0.105

0.654

0.332

0.270

0.255

0.138

0.386

0.288

All values = N. S.







Table 37a: Variations in the development stagfe. brassicae raised on different varieties of cabbage

during 1999
Variety Fecundity | Incuba- | Larval Pupal SEX RATIO LONGEVITY OF
tion period | period BUTTERFLIES
period (DAYS)
(days) (days) Male Male Female
(days) Female
Golden express 116.1 6.00 23.47 11.07 1.11 1.00 15.87 13.80
Golden acre 113.1 5.93 23.27 10.93 1.06 1.00 15.80 13.20
Uttam 119.9 6.13 23.60 11.27 1.21 1.00 16.00 14.33
Pride of India 118.4 6.07 23.53 11.13 1.13 1.00 15.87 13.87
NS NS NS NS NS NS NS NS
C.D




Table 37b: Variations in the development stage?. bf assicae raised on different varieties of cabbage

during 2000

Variety Fecundity | Incubation Larval Pupal SEX RATIO LONGEVITY OF

period period period BUTTERFLIES
(DAYS)
(days) (days) (days) Male Male Female
Female

Golden express 122.1 6.00 25.13 10.2 1.22 1.00 15.8 16.1

Golden acre 117.9 5.93 24.67 10.1 1.18 1.00 14.9 16.4

Uttam 124.7 6.13 25.60 10.7 1.25 1.00 16.1 16.9

Pride of India 122.6 6.07 25.53 10.6 1.25 1.00 16.0 16.5

NS NS NS NS NS NS NS NS
C.D




Table 38a : Variations in the development stagd? bfassicae raised on different generations of cabbage

during 1999
Generation | Fecundity] Incubation Larval Pupal SEX RATIO LONGEVITY OF
period period period BU'l(_I'ERFSI).IES
days days days DAY
(days) (days) (days) Male Male Female
Female
Ist 111.2 6.167 23.17 11.00 1.06 1.00 14.92 14.25
2" 115.8 6.250 23.67 11.33 1.10 1.00 15.50 14.01
3" 123.1 5.917 23.08 11.00 1.18 1.00 16.33 13.83
4" 118.9 6.000 24.17 11.11 1.21 1.00 15.67 13.33
5t 115.2 5.833 23.25 11.17 1.09 1.00 15.75 13.50
NS NS NS NS NS NS NS NS
C.D




Table38b : Variationsin the development stages of P. brassicaeaised on different generations of
cabbage during 2000

Generation | Fecundity | Incubation | Larval Pupal SEX RATIO LONGEVITY OF
period period period BUT(TERFISIES
days days days DAYS
(days) (days) (days) Male Male Female

Female
Ist 111.3 6.25 24.67 10.17 1.19 1.00 15.01 15.42
2" 120.2 6.08 25.33 10.50 1.18 1.00 15.42 16.67
3" 127.6 6.08 25.00 10.42 1.18 1.00 15.83 15.83
4t 122.2 6.00 25.58 10.50 1.12 1.00 16.17 18.25
5t 127.8 5.92 25.58 10.50 0.9 1.00 15.92 16.25
NS NS NS NS NS NS NS NS
C.D




Table 39: Summary of developmental stages of different generations of Pieris
brassicaeof cabbage during 1999

Variety

Gene

ratio

Fecundity

Incubatio
n period
(days)

Larval
period
(days)

Pupal
perio
d(day

SEX RATIO LONGEVITY OF
BUTTERFLIES

(DAYS)
Male Male Female

Female




Golden
express

Golden
acre

Uttam

Pride of
India

119.67

100.00

126.67

111.33

122.67

119.33

124.33

126.00

120.67

101.67

100.67

113.67

119.67

129.00

102.67

105.33

125.33

120.00

114.67

134.00*

30.91

6.00

6.33

5.67

6.00

5.67

6.00

6.33

6.00

6.00

6.33

6.33

6.00

6.00

6.00

6.00

6.33

6.33

6.00

6.00

5.33

25.33

24.00

21.00

24.67

22.67

23.00

24.67

23.00

22.33

24.33

23.67

23.00

25.33

24.00

22.00

20.67

23.00

23.00

25.67

24.00

11.33

10.66

11.00

11.33

12.00

10.67

11.67

10.67

11.00

11.33

11.33

11.00

11.00

10.33

11.00

10.67

12.00

11.33

11.33

10.33

0.8

1.3

1.2

0.8

1.3

1.2

11

13

1.2

0.8

1.02

1.03

1.37

1.38

1.28

1.25

1.02

0.86

0.02

1.06

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

14.00

16.00

16.00

16.00

17.33*

17.33*

16.33

16.33

15.67

13.67

14.33

14.67

15.33

13.67

16.00

14.00

15.00

17.67*

17.33*

16.00

15.33*

15.00*

13.00

12.67*

15.67*

15.67*

14.33

14.67*

13.33

11.33

14.33

13.00

13.00

13.67

12.00

11.67

14.00

14.679

13.67

15.00*




*Significant at 5% level of significance.



Table 40: Summary of developmental stages of different generations of Pieris brassicaeof cabbage

during 2000
Variety Gene | Fecundity | Incubatio | Larval | Pupal SEX RATIO LONGEVITY OF
- n period | period | perio BUTTERFLIES
days days) | d (DAYS)
ratio (days) (days) (days Male Male Femal
Y Female

e




Golden
express

Golden
acre

Uttam

Pride of
India

93.33

97.33

131.00

132.33

156.00*

121.67

130.00

140.00*

129.33

102.33

105.00

136.67*

130.00

128.00

111.00

122.33

116.67

109.33

99.33

141.67*

6.00

6.00

6.33

6.67

5.67

6.00

6.00

5.67

6.33

6.33

6.67

5.67

6.33

5.67

6.00

6.33

6.67

6.00

5.33

5.67

25.33

24.00

21.00

24.67

22.67

23.00

24.67

23.00

22.33

24.33

23.67

23.00

25.33

24.00

22.00

20.67

23.00

23.00

25.67

24.00

10.67

10.33

10.33

10.00

9.67

9.67

10.33

10.33

10.33

10.00

10.33

10.33

11.00

10.67

10.67

10.00

11.00

10.00

11.00

11.62

1.40

1.17

1.25

1.40

1.07

1.22

1.17

1.15

0.85

0.95

1.12

0.91

1.46

1.34

0.85

1.30

1.53

0.93

0.76

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

16.33

14.67

15.67

16.00

17.67*

15.00

16.67

15.67

16.67

15.00

15.00

16.67

16.67

16.33

15.33

14.00

13.67

15.33

15.67

15.67

20.33

20.67

14.00

13.33

14.33

12.00

19.67

16.33

19.67

13.00

13.00

14.33

19.00

19.33

18.67

16.33

12.00

14.00

20.67

19.00




* Significant at 5% level of significance



Table4la: Percent Survival of different generations of Pieris brassicaen cabbage during 1999.

Generation Percent eggs | Percent larvae | Percent Per cent Survival
hatched survival Adults
emerged

Ist 98.33* 78.89* 59.44* 59.44*
2" 97.78* 76.11* 55.56* 55.55%
3" 98.33* 65.00 37.22 37.77
4t 96.67* 65.56 37.22 37.22
5t 93.33 65.56 35.00 35.00

3.33 5.90 4.87 4.71
C.D

* Significant at 5% level of significance



Table 41b : Percent Survival of different generations of Pieris brassicaen cabbage during 2000.

Generation Percent eggs | Percent  larvae | Percent Per cent Survival
hatched survival Adults
emerged

Ist 93.33% 80.00* 53.33% 533

2" 90.56 77.78 52.22%* 52.2

3" 93.89* 75.56 55.56* 55.6

4" 92.22 73.33 46.67* 46.7

5th 90.00 78.89* 65.00* 65.0

3.25 5.22 3.09 NS
C.D

* Significant at 5% level of significance.




Table 42a: Percent Survival of Pieris brassica®n different varieties of cabbage during 1999.

Variety Percent eggs | Percent larvae | Percent Per cent Survival
hatched survival Adults
emerged
Golden express 96.00 63.11* 43.56 43.55
Golden acre 96.00 49.78* 41.78 41.77
Uttam 98.98* 85.78* 50.67* 51.11*
Pride of India 98.67 82.22%* 43.56 43.55
2.98 5.28 4.35 4.21

C.D

* Significant at 5% level of significance.




Table42b : Percent Survival of Pieris brassica@n different varieties of cabbage during 2000.

Variety Percent eggs | Percent  larvae | Percent Per cent Survival
hatched survival Adults
emerged
Golden express 90.22 73.33 52.89** 52.8
Golden acre 89.78 72.89 47.56 47.5
Uttam 96.00* 84.00* 62.67* 62.6
Pride of India 92.00 78.00* 55.11* 55.1
291 4.67 2.77 NS
C.D

* Significant at 5% level of significance.




Table 43 : Summary of percent survival of Pieris brassica®n different generations of cabbage

during 1999
Variety Gener- Percent eggs | Percent larvae | Percent  Adults | Percent
ation hatched survival emerged Survival
Golden 1 100.00* 88.89* 68.89* 68.89*
express
2 100.00* 86.67* 62.22* 62.22*
3 97.78* 88.89* 42.22 44.44%*
4 95.56* 84.44%* 42.22 42.22%*
5 100.00* 80.00* 37.78 37.78
1 97.78* 84.44%* 53.33* 53.33*
2 100.00* 80.00* 55.56* 55.55%*
Golden
acre 3 97.78* 86.67* 37.78 37.78
4 95.56* 82.22%* 37.78 37.77
5 88.89 77.78* 33.33 33.33
1 97.78* 80.00* 57.78* 57.78*
2 93.33 80.00* 53.33* 53.33*
3 97.78* 44.44 33.33 33.33
Uttam
4 10.00* 48.89 33.33 33.33
5 95.56* 62.22* 40.00* 40.00*




Pride
India

C.D

of

97.78*

97.78*

100.00*

95.56*

88.89

6.66

62.22*

57.78*

40.00

46.67

42.22

11.80

57.78*

51.11*

35.56

35.56

28.88

9.74

57.78*

51.11*

35.55

35.55

28.89

9.42

* Significant at 5% level of significance.




Table 44 : Summary of percent survival of Pieris brassica®n different generations of cabbage

during 2000
Variety Gener- | Percent eggs | Percent larvae | Percent Adults | Percent
ation hatched survival emerged Survival
Golden 1 97.78* 84.44%* 60.00* 60.00*
express
2 95.56* 82.22% 62.22* 62.22*
3 95.56* 82.22%* 64.44* 64.44*
4 97.78* 82.22%* 53.33* 53.33*
5 93.33* 88.89* 73.33%* 73.33%*
1 95.56* 82.22% 53.33* 53.33*
2 91.11 80.00* 53.33* 53.33*
Golden
acre 3 93.33* 77.78* 57.78* 57.77*
4 93.33%* 73.33 51.11%* 51.11%*
5 86.67 77.78* 60.00* 60.00*
1 91.11 77.78* 53.33* 53.33*
2 88.89 75.56* 48.89* 48.89*
3 91.11 73.33%* 53.33* 53.33*
Uttam
4 88.89 62.22 42.22 42.22




Pride
India

C.D

of

88.89

88.89

86.67

88.89

95.56*

91.11

6.51

75.56*

75.56*

73.33*

68.89

75.56*

73.33*

10.44

66.67*

46.67*

44.44

46.67*

40.00

60.00*

6.19

66.67*

46.66*

44.44

46.66*

40.00

60.00*

6.189

* Significant at 5% level of significance.




Table 45:; Effect of different level of potash and treatmentson the population of B. brassicaeon cabbage for the year 2001

Mean population/ 5 plants ( 3days afteatment)

VARIETY TREATMENT
POTASH LEVELS NEEM BT. DDVP CARBARYL ENDOSULFAN QWALPHOS CONTROL MEAN

(KG HAY (0.03%)  (0.03%) (0.05%) (0.01%) (0.05%) (WATER)
Golden Express 0 133.00 126.00 101.00 119.00 106.00 112.0 206.0 129.00

40 153.00 138.00 115.00 132.00 117.00 123.0 222. 142.86

60 164.00 145.00 123.00 137.00 123.00 128.0 232.0150.28

M ean 150.00 136.33  113.00 129.33 115.33 121.0 220.0 140.71
Golden Acre 0 126.0 116.0 57.0 101.0 81.0 107.0 176.0 109.14

40 134.0 127.0 68.0 112.0 94.0 118.0 202.0 122.14

60 142.0 133.0 74.0 117.0 101.0 125.0 214.0 B9.4

M ean 134.0 12533 66.3 110.0 92.0 116.66 197.33 120.24

Potash x Treatment

0 129.5 121.0 79.0 110.0 93.0 109.5 191.0 119.07

40 143.5 132.5 91.5 122.0 105.5 120.0 212.0 B32.4

60 186.0 139.0 98.5 127.0 112.0 126.5 223.0 P44.6



Mean 153.0 130.83  89.67 119.67 103.67 118.67 208.67 132.04
C.Dat 5%
Variety = NS Variety Potash = 13.590
Potash = 9.6092 Varietyi reatment = 20.758
Treatment = 14.6783 PotasfTreatment = 25.4235
Variety Potask Treatment = 35.9542



Table 46: Effect of different level of potash and pesticides on the population of B. brassicaeon cabbagefor the year 2001

Mean population/ 5 plants ( 7 days dfteatment)

VARIETY TREATMENT
POTASH LEVELS ~ NEEM BT. DDVP CARBARYL  ENDOSULFAN QWIALPHOS CONTROL MEAN
(KG HAY (0.03%)  (0.03%)  (0.05%) (0.01%) (0.05%) (06p (WATER)
Golden Express 0 68.00 5800  73.00 10.01 85.00 96.00 25600  106.43
40 80.00 68.00  86.00 122.00 97.00 110.00 282.0020.71
60 85.00 7400  93.00 129.00 104.00 117.00 295.0028.14
M ean 77.66 66.66  84.00 120.00 95.33 107.66 277.66  118.43
Golden Acre 0 60.00 5200  44.00 99.00 75.00 80.00 21600  89.43
40 72.00 63.00  57.00 110.00 87.00 93.00 242.00 3.4B0
60 79.00 68.00  63.00 116.00 94.00 99.00 264.00 1.851
M ean 70.33 61.00  54.66 108.33 85.33 90.67 24066  103.24

Potash x Treatment

0 64.00 55.00 58.50 104.00 80.00 88.00 235.00 97.93
40 76.00 65.50 73.13 116.00 92.00 101.50 262.0012.31



60 82.00 70.00 78.00 122.50 99.00 108.00 2795 9.801

Mean 74.00 63.50 69.89 114.17 90.33 99.17 250.17  110.08
C.D at 5%
Variety = 0.7929 Variety Potash = 1.3733
Potash = 0.9711 Varietyf'reatment = 2.0977
Treatment = 1.4833 Potasreatment = 2.5692

Variety Potask Treatment = 3.6334



Table 47: Effect of different level of potash and pesticides on the population of B. brassicaeon cabbagefor the year 2001

Mean population/ 5 plants ( 20 days aftesttment)

VARIETY TREATMENT
POTASH LEVELS NEEM BT. DDVP CARBARYL ENDOSULFAN QWIALPHOS CONTROL MEAN

(KG HA'l) (0.03%) (0.03%) (0.05%) (0.01%) (0.05%) ((O0)3) (WATER)

Golden Express 0 73.00 78.00 97.0.0 138.00 114.00 120.00 252.00 12457
40 85.00 86.00 111.00 151.00 127.00 133.00 272.0037.86
60 92.00 90.00 119.00 158.00 133.00 140.00 297.0047.00

M ean 83.33 84.66 109.00 149.00 124.66 131.00 273.66 136.47

Golden Acre 0 67.00 72.00 78.00 123.00 95.00 110.00 226.00 110.15
40 80.00 85.00 91.00 137.00 109.00 124.00 253.0025.57
60 86.00 92.00 97.00 143.00 116.00 130.00 269.0033.28

M ean 77.66 83.00 88.66 134.33 106.66 121.33 249.33 123.00

Potash x Treatment

0 70.00 75.00 87.50 130.50 104.50 114.67 239.00 117.31

40 82.5 85.5 101.00 143.67 118.00 128.50 312.3338.79
60 89.00 91.00 108.00 149.83 1245 138.00 282.8340.02



Mean 80.50 83.83 98.33 141.33 115.67 126.06 278.06 132.04
C.Dat5%
Variety = 0.6142 Variety Potash = 1.0638
Potash = 0.7522 Varietyi reatment = 1.6249
Treatment = 1.1490 PotasiTreatment = 1.9901
Variety Potask Treatment = 2.8144



Table 48: Effect of different level of potash and treatmentson the population of B. brassicaeon cabbage for the year 2002

Mean population/ 5 plants ( 3 days difteatment)

VARIETY TREATMENT
POTASH LEVELS ~ NEEM BT. DDVP CARBARYL  ENDOSULFAN QWIALPHOS CONTROL MEAN

(KG HAY (0.03%)  (0.03%)  (0.05%) (0.01%) (0.05%) (6P (WATER)

Golden Express 0 118.00 11200  75.00 106.00 82.00 92.00 190.00  110.71
40 129.00 122.00 91.00 113.00 97.00 107.00 231.0027.14
60 134.00 127.00  100.00 117.00 105.00 115.00 0P52. 135.71
M ean 127.00 120.33  88.67 112.00 94.66 104.66 22433 12452

Golden Acre 0 132.00 129.00  74.00 119.00 90.00 93.00 18500  117.43
40 149.00 144.00  89.00 134.00 108.00 110.00 P06.0134.28
60 158.00 152.00  98.00 143.00 118.00 120.00 P15.0143.43
M ean 146.33 141.66  87.00 132.00 105.33 107.66 202.00 13171

Potash x Treatment

0 125.00 120.5 74.50 114.0 86.00 92.50 18750 11431
40 139.00 133.00  90.00 125.00 102.50 108.50 220.0131.19

60 146.00 139.50 99.00 130.00 111.50 117.50 P33.5139.57



Mean 136.67 131.00 87.33 123.00 100.00 106.00 21367 128.36
C.D.5%
Variety = 0.8240 Variety Potash = 1.4272
Potash = 1.001 Varietylreatment = 2.1800
Treatment = 1.5415 PotasiTreatment = 2.6700
Variety Potask Treatment = 3.7759



Table 49: Effect of different level of potash and treatmentson the population of B. brassicaeon cabbage for the year 2002

Mean population/ 5 plants (7 days afteatment)

VARIETY TREATMENT
POTASH LEVELS NEEM BT. DDVP CARBARYL ENDOSULFAN QWIALPHOS CONTROL MEAN
(KG HA'l) (0.03%) (0.03%) (0.05%) (0.01%) (0.05%) (WATER)
Golden Express 0 46.00 42.00 53.00 83.00 59.00 73.00 234.00 84.28
40 56.00 50.00 65.00 95.00 73.00 82.00 270.00 7198.
60 62.00 55.00 72.00 102.00 80.00 87.00 290.00 6.860
M ean 54.66 49.00 63.33 93.33 70.66 80.66 246.66 96.62
Golden Acre 0 50.00 47.00 54.00 87.00 64.00 78.00 242.00 88.86
40 58.00 54.00 66.00 98.00 75.00 89.00 263.00
100.43
60 63.00 58.00 73.00 103.00 80.00 95.00 278.00 7.140
M ean 57.00 53.00 64.33 96.66 73.00 87.33 261.00 98.14
Potash x Treatment
0 49.50 44.50 53.50 86.00 61.50 75.50 238.00 586.9
40 57.00 52.00 65.50 95.00. 74.00 85.50 250.00 .986
60 61.50 56.50 72.50 102.50 79.50 91.50 281.00 6.480
M ean 56.00 51.00 63.83 94.50 71.72 84.00 256.00 96.79



C.D.5%

Variety
Potash

Treatment

1.2785

1.5660

2.3918

Variety Potash
Varietyf'reatment
Potasreatment

Variety Potask Treatment

2.2144

3.3825

4.1427

5.8587



Table 50: Effect of different level of potash and treatmentson the population of B. brassicaeon cabbage for the year 2002

Mean population/ 5 plants ( 20 days aftesttment)

VARIETY TREATMENT
POTASH LEVELS NEEM BT. DDVP CARBARYL ENDOSULFAN QWALPHOS CONTROL MEAN

(KG HAY) (0.03%)  (0.03%) (0.05%) (0.01%) (0.05%) (3 (WATER)
Golden Express 0 51.00 58.00 76.00 106.00 85.00 96.00 291.00 109.00

40 62.00 71.00 88.00 119.00 98.00 107.00 332.0025.28

60 68.00 78.00 95.00 125.00 105.00 114.00 358.0034.86

M ean 60.33 69.00 86.33 117.00 96.00 105.66 327.00 126.04
Golden Acre 0 55.00 60.00 79.00 109.00 115.00 122.00 308.00 121.14

40 64.00 68.00 91.00 120.00 127.00 135.00 344.0035.57

60 68.00 73.00 98.00 126.00 134.00 143.00 364.0043.71

M ean 62.33 67.00 89.00 118.33 125.33 133.33 338.66 133.47

Potash x Treatment
0 53.00 59.00 77.50 107.50 100.00 109.00 29950 115.07
40 63.00 69.50 89.50 119.50 112.50 121.0 338.0030.48



60 680.00 75.5 96.50 126.00 119.50 128.50 361.0039.29

Mean 61.33 68.00 87.83 117.67 110.67 119.50 332.83  128.26
C.D.5%
Varieties = 9.7101 VariexyPotash = 16.8190
Potash = 11.8931 Varietyreatments = 25.6921
Treatments = 18.1670 Potasfireatments = 31.4662

Variety Potask Treatments = 44,5000



Table 51: Effect of different level of potash and treatmentson the population of P. brassicaen cabbagefor the year 2001

M ean population/ plant ( 7 days after treatment)

VARIETY TREATMENT
POTASH LEVELS NEEM BT. DDVP CARBARYL ENDOSULFAN QWIALPHOS CONTROL MEAN
(KG HAY 0.03 (%) 0.03 (%) 0.05 (%) 0.1 (%) 0.05 (%) 0.05 (%) WATER
Golden Express 0 23 20 10 17 13 15 26 17.62
(11.5) (23.1) (61.5) (34.6) (50.0) (42.3) -- (31.86
40 30 26 15 23 18 20 33 23.90
(9.1) (21.2) (54.5) (30.3) (45.4) (39.4) -- @B
60 34 29 17 26 20 22 37 26.48
(8.1) (21.6) (54.0) (29.7) (49.9) (40.5) -- (6%°))
M ean 29 25 14 22 17 19 32 22.67
(9.6) (21.9) (56.7) (315) (31.8) (40.7) - (29.84)
Golden Acre 0 19 18 16 18 12 13 23 15.86
(17.4) (21.7) (30.4) (21.7) (47.8) (43.5) -- @n).
40 28 26 23 25 18 19 32 23.1
(12.5) (18.7) (28.1) (21.9) (43.7) (40.6) -- &0
60 34 31 27 29 21 22 35 29.19
(2.8) (11.4) (22.8) (14.3) (40.0) (37.1) -- @s
M ean 27 25 22 24 17 18 34 22.75



(10.9) (17.3) (27.1) (19.3) (43.8) (40.4) -- (21.64)
Potash x Treatment
0 20.83 19.00 10.00 16.50 12.50 14.00 24.83 16.81
(16.11) (23.48) (59.73) (33.55) (49.66) (43.62) -- (32.31)
40 28.67 26.00 15.50 23.00 16.00 19.50 34.17 235
(16.09) (23.91) (54.64) (32.69) (52.68) (42.93) - (31.85)
60 34.67 30.5 19.00 27.67 21.50 23.50 38.00 27.83
(8.76) (19.74)  (50.0) (27.18) (43.42) (38.16) -- (26.75)
M ean 28.07 25.17 14.83 22.39 17.33 19.00 32.33 22.73
(13.65) (22.38)  (54.79) (31.14) (48.59) (41.57) (- (30.30)
C.Dat5%
Variety = NS Variety Potash 1.648
Potash = 1.165 Varietyl reatments 2.517
Treatments = 1.780 Potasfreatments 3.083
Variety Potask Treatments 4.360

*Values in parenthesis denote percent mortalitapplication of treatment as compared to control



Table 52; Effect of different level of potash and treatmentson the population of P. brassicaen cabbagefor the year 2001

M ean population/ plant ( 7 days after treatment)

VARIETY TREATMENT
POTASH LEVELS ~— NEEM BT. DDVP CARBARYL  ENDOSULFAN QUVALPHOS CONTROL MEAN
(KG HAY) 0.03 (%) 0.03(%) 0.05 (%) 0.1 (%) 0.05 (%) 0.05(%)  WATER
Golden Express 0 8 7 11 14 13 15 28 13.38
(71.4) (75.0)  (60.7) (50.0) (53.67) (46.40) - 1)
40 10 9 13 16 15 18 34 16.43
(49.8) (735)  (61.8) (52.9) (55.9) (47.0) - @8
60 12 11 15 18 17 21 37 18.71
(67.6) (70.2)  (59.4) (51.3) (54.0) (43.0) - @9
Mean 10 9 13 16 15 17 33 16.17
(62.9) (729)  (60.6) (54.4) (54.5) (45.5) - (49.70)
Golden Acre 0 7 8 12 15 13 17 31 14.71
(77.4) (74.2)  (61.3) (51.6) (58.1) (45.2) - G2
40 7 9 13 16 16 19 34 16.19
(79.4) (735)  (61.8) (52.9) (52.9) (44.1) - )
60 10 10 17 20 19 21 40 19.62

(75.0) (75.0)  (57.5) (50.0) (52.5) (47.5) - @)



M ean 8 9 14 17 16 19 35 16.84
(77.3) (742)  (60.2) (51.5) (54.5) (45.6) - (51.87)
Potash x Treatment
0 7.83 7.50 11.50 14.50 11.50 16.00 29.50 14.05
(73.46) (74.58)  (61.02) (50.85) (61.02) (45.76) - (52.38)
40 8.50 9.00 13.17 16.00 15.50 18.50 33.50 16.31
(74.63) (73.13)  (60.69) (52.24) (53.73) (44.78) -- (51.30)
60 11.50 10.50 16.17 19.00 17.00 20.50 39.50 16.17
(70.89) (77.21)  (59.06) (48.10) (56.96) (51.90) - (52.02)
Mean 9.28 9.00 1361 16.50 14.67 18.33 34.17 15,51
(72.99) (74.97)  (60.26) (50.39) (57.24) (47.48) -- (51.90)
C.D at 5%
Variety = NS Variety Potash = 1.466
Potash = 1.037 Varietyl reatment = 2.240
Treatment = 1.584 Potashlreatment = 2.743
Variety Potask Treatment = 3.879

*Values in parenthesis denote percent mortalitgpplication of treatment as compared to control



Table 53: Effect of different level of potash and treatment on the population of P. brassicaen cabbagefor theyear 2001

M ean population/plant ( 20 days after treatment)

VARIETY TREATMENT
POTASH LEVELS ~— NEEM BT. DDVP CARBARYL  ENDOSULFAN QUVALPHOS CONTROL MEAN
(KG HAY) 0.03 (%) 0.03(%) 0.05 (%) 0.1 (%) 0.05 (%) 0.05(%)  WATER
Golden Express 0 13 22 24 26 28 30 37 25.60
((64.9) (405)  (35.1) (29.7) (24.3) (18.9) - @9)
40 16 25 27 29 31 32 41 28.60
(61.0) (39.0)  (34.1) (29.3) (24.4) (21.9) - @5
60 19 28 30 32 34 34 45 31.40
(57.8) (37.8)  (33.3) (28.9) (24.4) (24.4) - i)
Mean 16 25 27 29 31 32 M 28.50
(61.2) (39.1)  (34.2) (29.3) (24.3) (21.7) - (29.98)
Golden Acre 0 12 22 26 27 30 34 39 27.14
(69.2) (43.6)  (33.3) (30.8) (23.1) (12.8) - (30.40
40 14 24 28 32 34 38 44 29.81
(68.2) (45.4)  (36.4) (27.3) (22.7) (13.6) - f=00)
60 16 26 30 34 35 39 46 33.05
(65.2) (435)  (34.8) (26.0) (23.9) (15.2) - @9
M ean 14 24 28 31 33 37 43 30.00



(67.5) (44.2) (34.8) (28.0) (23.2) (13.9) -- (30.2)
Potash x Treatment
0 12.50 22.00 25.00 26.50 29.00 32.60 37.67 26.38
(66.8) (41.6) (33.6) (29.6) (23.0) (13.45) -- @29
40 15.83 24.50 27.50 30.5 31.50 34.50 40.00 29.19
(60.4) (38.7)  (31.2) (23.7) (21.2) (13.7) - @7
60 18.00 26.00 30.00 33.00 35.50 38.00 46.50 324
(61.3) (44.0) (35.5) (29.0) (23.6) (18.3) - @30
M ean 15.44 24.17 27.50 30.00 32.00 34.83 41.39 29.33
(62.8) (41.4) (33.4) (27.4) (22.6) (15.1) - (28.9)
C.D at 5%
Variety = NS Variety Potash 1.88698
Potash = 1.33429 Varietyrreatment 2.88241
Treatment = 2.03817 PotasfTreatment 3.53020
Variety Potask Treatment 4.99250

*Values in parenthesis denote percent mortalitapplication of treatment as compared to control



Table 54: Effect of different level of potash and treatments on the population of P. brassicaen cabbagefor the year 2002

M ean population/plant ( 3days after treatment)

VARIETY TREATMENT
POTASH LEVELS ~— NEEM BT. DDVP CARBARYL  ENDOSULFAN QUVALPHOS CONTROL MEAN
(KG HAY) 0.03 (%) 0.03(%) 0.05 (%) 0.1 (%) 0.05 (%) 0.05(%)  WATER
Golden Express 0 17 15 10 14 11 12 21 14.28
(19.0) (286)  (52.4) (33.3) (47.6) (42.8) - (32.0)
40 25 23 14 22 18 20 29 21.57
(13.8) (20.7)  (51.7) (24.1) (37.9) (31.0) - @5
60 29 27 16 26 21 24 33 25.14
(12.1) (18.2)  (51.5) (21.2) (36.7) (27.3) - @3
Mean 23.67 2167 100 20.67 16.67 18.67 2767 2033
(15.0) (225  (51.9) (26.2) (40.7) (337) - (27.1)
Golden Acre 0 21 19 10 16 11 14 25 16.57
(16.0) (24.0)  (60.0) (36.0) (56.0) (44.0) - @3
40 30 28 18 25 20 23 35 25.57
(14.2) (20.0)  (48.6) (28.6) (42.8) (34.2) - @6
60 34 32 22 30 25 28 40 30.14
(15.0) (20.0)  (45.0) (75.0) (37.5) (30.0) - @1

Mean 28.33 26.33 16.67 23.67 18.67 21.67 33.33 24.09



(15.1) (21.3) (51.2) (46.5) (45.4) (36.1) -- (30.8)
Potash x Treatment
0 19.00 18.67 10.00 15.00 11.00 13.00 23.00 15.67
(17.4) (18.8) (56.5) (34.8) (17.7) (43.5) -- (26.9)
40 30.00 27.50 16.50 24.50 19.00 22.50 33.50 4.7
(10.4) (17.9)  (50.7) (26.9) (43.3) (32.8) - @6
60 32.00 29.00 18.17 25.83 22.00 25.67 36.50 227.0
(12.3) (20.5) (50.2) (29.2) (39.7) (29.7) - @5
M ean 27.00 25.06 14.89 21.78 17.33 20.39 31.00 22.49
(13.4) (19.1) (52.5) (30.3) (33.2) (35.3) -- (26.3)
C.Dat5%
Varieties = 1.8574 VariexyPotash = 1.65367
Potash = 1.1693 Variety reatments = 2.52604
Treatments = 1.7862 Potasfireatments = 3.09370
Variety Potask Treatments = 4.37520

*Values in parenthesis denote percent mortalitapplication of treatment as compared to control



Table 55:; Effect of different level of potash and treatments on the population of P. brassicaen cabbagefor the year 2002

M ean population/ plant ( 7 days after treatment)

VARIETY TREATMENT
POTASH LEVELS NEEM BT. DDVP CARBARYL ENDOSULFAN QWALPHOS CONTROL MEAN
(KG HAY 0.03 (%) 0.03(%)  0.05 (%) 0.1 (%) 0.05 (%) 0.05 (%) WATER
Golden Express 0 8 6 11 14 12 15 28 13.42
(71.4) (78.6) (60.7) (50.0) (57.1) (46.40) -- (52.0)
40 10 8 13 18 16 19 34 16.85
(70.6) (76.5) (61.8) (47.0) (52.9) (44.1) - @0
60 11 9 14 20 18 21 36 18.43
(69.4) (75.0) (61.1) (44.4) (50.) (41.7) -- @g.
M ean 9.67 7.67 12.67 17.33 15.33 18.33 32.67 16.23
(70.5) (76.7) (612 (47.1) (53.3) (44.1) - (50.4)
Golden Acre 0 6 5 10 15 13 17 29 13.57
(79.3) (82.7) (65.5) (48.3) (55.2) (41.4) - @3.
40 8 7 13 18 16 20 35 16.71
(77.1) (80.0)  (62.8) (48.5) (54.3) (42.8) - (52.2)
60 9 8 14 20 17 21 38 18.14
(76.3) (78.9)  (63.1) (47.4) (55.3) (44.7) - ®p



Mean 7.67 6.67 12.33 17.67 15.33 19.33 34.3 16.14
(77.6) (87.2)  (63.9) (48.1) (54.9) (42.9) - (52.5)
Potashx Treatment
0 7.00 5.50 10.50 14.50 12.50 16.00 28.50 13.50
(75.4) (80.7)  (63.1) (49.1) (56.1) (43.8) - (52.6)
40 8.50 7.00 13.33 16.50 13.17 18.50 34.17 15.88
(75.1) (79.5) (61.0) (51.7) (61.4) (45.8) - &3
60 9.00 8.00 15.17 18.00 15.83 21.50 35.50 17.57
(74.6) (775)  (57.3) (49.3) (55.4) (39.4) - ®0
Mean 8.17 6.83 13.0 16.33 13.83 18.67 32.72 15.65
(75.0) (79.2)  (60.5) (50.0) (57.6) (43.0) - (52.2)
C.D. 5%
Variety = NS Variety Potash 1.44164
Potash = 1.01939 Varietyreatment 2.20210
Treatment = 1.55715 Potasfreatment 2.69710
Variety Potask Treatment 3.81420

*Values in parenthesis denote percent mortalitapplication of treatment as compared to control



Table 56: Effect of different level of potash and treatments on the population of P. brassicaen cabbagefor the year 2002

M ean population/ plant ( 20 days after treatment)

VARIETY TREATMENT
POTASH LEVELS NEEM BT. DDVP CARBARYL ENDOSULFAN QWALPHOS CONTROL MEAN
(KG HAY 0.03 (%) 0.03(%)  0.05 (%) 0.1 (%) 0.05 (%) 0.05 (%) WATER
Golden Express 0 14 17 22 24 25 26 46 24.86
(69.6) (63.0) (52.2) (47.8) (45.6) (43.5) - @p.
40 18 20 25 28 29 30 54 29.14
(66.7) (63.0) (53.7) (48.1) (46.3) (44.4) - @6
60 19 20 29 29 30 31 59 30.85
(67.8) (66.1) (50.8) (50.8) (49.1) (47.4) - @y
M ean 17.0 19.0 25.0 27.0 28.0 29.0 53.0 28.28
(68.0) (64.0)  (52.2) (48.9) (47.0) (45.1) - (46.4)
Golden Acre 0 11 15 19 22 26 28 50 24.43
(78.0) (70.0)  (62.0) (56.0) (48.0) (44.0) - (51.1)
40 15 20 24 28 31 33 56 29.57
(73.2) (64.3) (57.1) (50.0) (44.6) (41.0) - @y
60 16 22 26 31 33 35 50 31.71
(68.0) (56.0) (48.0) (38.0) (34.0) (30.0) - 39



Mean 14.0 19.0 230 27.0 30.0 320 55.0 28.57
(73.1) (63.4)  (55.7) (48.0) (42.2) (38.33) - (45.8)
Potash x Treatment
0 13.00 17.50 22.00 27.50 26.00 25.50 49.50 25.86
(73.7) (64.6)  (55.5) (44.4) (47.5) (48.5) - (47.5)
40 14.50 19.50 25.50 29.00 28.00 30.50 56.50 729.0
(74.3) (65.5) (54.9) (48.7) (49.5) (46.0) - @8
60 16.00 21.50 27.50 30.50 30.00 32.50 5750 &0.7
(72.2) (62.6) (52.2) (46.9) (47.8) (43.5) - “@p
Mean 14.50 19.50 25.00 29.00 28.00 29.50 54.50 28.57
(73.4) (642)  (54.2) (46.7) (48.3) (46.0) - 47.4)
C.D. 5%
Variety = NS Variety Potash = 2.06361
Potash = 1.45919 Varietyrreatment = 3.15220
Treatment = 2.22895 Potasfreatment = 3.86070
Variety Potask Treatment = 5.45980 2.74348

*Values in parenthesis denote percent mortalitgpplication of treatment as compared to control






