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ABSTRACT

The investigations entitled “Pest complex of potégolanum tuberosum
L.) with special reference to management of whitebgn northern districts of
Kashmir Valley” were undertaken at Baramulla, Kupavand Bandipora districts
for two cropping seasons 2011 and 2012. A totdl2opests were recorded on the
crop right from sowing upto harvest which were Riegtle Chaetocnemapp.),
Semilooper Thysanoplusia orichalcga Aphid (Macrosiphum euphorbige
Cutworm @Agrotis ipsilor), White grub Brahmina coriaceaand B. poonensis
Wireworm (Melanotus horticornis Earwig Euborellia annulipe Stunt
nematode Tylenchorlynctus kashmiriensis Mahajan), Lens nematode
(Basirolaimus indicusshamsi), Spiral nematodelélicotylenchus dihyster&her.
and H. indicus Siddiqi), Root lesion nematod@®ratylenchusspp.) and Dagger
nematode Xiphinemabasiri Siddiqi).

Incidence of insect pests revealed that abovengrests appeared iff' 1
to 2% week of May and attains peak in June in plains mithills. Whereas, at
high hills the pests appeared by the end of May’tweek of June with a peak



incidence by end of June t6'Week of July. The overall incidence percentage of
above ground insect pests of 57.77 per cent wasded at Yarikha (Baramulla)
and Budnambal (Kupwara) for flea beetle followed28/33 per cent at Gurez
(Bandipora). However, the lowest incidence of 7p&f cent was recorded at
Sumbal (Bandipora) for semilooper and 4.99 per dentcutworm at Gurez
(Bandipora) with complete absence of semiloopdBiatnambal (Kupwara) and
Gurez (Bandipora). While as, rest locations shamtgrmediate incidence
percentage against each insect pest. For foliaggefe pooled mean severity of
20.56 per cent was observed for flea beetle asebtgiscale-2) and 5.06 per cent
as lowest (Scale-1) at Yarikha (Baramulla). Wheréas81 per cent for flea
beetle as highest (Scale-2) at Budnambal (Kupware) 11.03 per cent for
semilooper as lowest (Scale-1) at Handwara (Kupwamd 18.12 per cent for flea
beetle as highest (Scale-1) at Gurez (Bandipora)ewds, 5.12 per cent for
semilooper as lowest (Scale-1) at Ajas locatioBafdipora district. Severity of
foliage sucking insect pests range from 0.82 pet aeKunzer to 1.14 per cent at
Yonus of Baramulla and Kupwara districts, respetyiv(Scale-1 scattered
appearance of few aphids) and a range of 3.50qmdrat Budnambal (Kupwara)
to 5.62 per cent at Sumbal (Bandipora) for colksading insect pests.

Incidence of below ground insect pests revealatighsts appeared in last
week of May to ¥ week of June with peak in July to August in plaarsd
midhills. Whereas, they first appeared in last wetkune to % week of July and
attains peak towards the harvest of crop at higliles of northern Kashmir.The
overall incidence percentage for 201land 2012 fdow ground insect pests
revealed that 19.99 per cent incidence was obset/Bddnambal (Kupwara) for
wireworm followed by 18.88, 14.44 and 14.44 pertcér white grub at
Budnambal (Kupwara), Kunzer (Baramulla) and Ajasr(@pora), respectively
with low incidence of 5.55 per cent for earwig ilaips and midhills of Kupwara
and Bandipora district and wireworm at Ajas (Bawodg). However, earwig and
wireworms were completely absent at Kunzer andkfariocations of Baramulla
district. Whereas, earwigs were also absent at &uwhal (Kupwara) and Gurez
(Bandipora).

Infestation percentage of below ground insectpasBaramulla districts
revealed that white grub exhibits highest 19.00 and7 per cent on number and
weight basis, respectively at Kunzer whereas, %0d 8.59 per cent for
wireworm and 8.00 and 8.54 per cent infested tubmrgarwig on number and
weight basis, respectively at Pattan on white gkalbers. For Kupwara district
19.00 and 18.00 per cent; 20.00 and 21.17 periotdted tubers were recorded
due to white grub and wireworm at Budnambal on nemmdind weight basis,
respectively. Whereas, for earwigs the highestgeett infested tubers were 9.0
and 8.62 per cent at Yonus on both number and wdigbis on white peeled
tubers. High tuber infestation percentage of 1208 18.49 per cent was recorded
at Ajas by white grub on both number and weighi&sdlowed by earwig with
11.00 and 9.65 per cent at Sumbal on number anghivdasis in Bandipora



district. Further red peeled tubers were signifiyaresistant to tuber feeders than
white peeled tubers.

Severity of tuber feeding insect pests range &84 per cent at Sumbal
to 4.94 per cent at Ajas (Bandipora) for white grak08 per cent at Gurez
(Bandipora) to 4.02 per cent at Budnambal (Kupwérajvireworm and 3.48 per
cent at Handwara (Kupwara) to 5.28 per cent at Sdigidandipora) for earwig at
all locations of northern Kashmir (Scale-1 tubemdge from 1-20 %).

In vivo observation revealed that Imidacloprid (70WS) esdstreatment
registered 97.33, 96.66 and 96.66 per cent gocet$udt Kunzer, Budnambal and
Ajas, respectively followed byacillus thuringiensis Metarrhizium anisopliae
and Beauveria bassianaWhereas, Mustard cake as soil amendment recorded
lowest good tubers of 76.00, 76.66 and 76.66 pet atKunzer, Budnambal and
Ajas against 74.66, 75.33 and 74.66 per cent itrgbnmespectively. The overall
performances in descending order of different pes / cultural practices on the
basis of per cent good tuber wengidacloprid (96.88%) >Bacillus thuringiensis
(93.55%) >Metarrhizium anisopliag€91.10%) >Beauveria bassiané89.33%) >
Cultural practices (81.33%) Azadirachta indica(80.66%) > Phalada-111
C1(77.10%) >Brassica specief6.44%) against control (74.88%).
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White grub

Signature of Student Signature of Major Advisor

Dated : Dated:




ACKNOWLEDGEMENT

IN THE NAME OF ALLAH, THE MOST GRACIOUS, THE MOST
BENEFICIENT AND THE MOST MERCIFUL

"In the name of Almighty "Allah", the most beneficent and merciful, I would like to
praise and thank “Allah” the Almighty Who bestowed me with health and courage to
accomplish this goal”.

onesty, I began with the trembling confidence, but my respected guide

Prof. M. I. S. Waliullah taught me how to muster up the courage to reach
the destination without any failure. He never disregards or downgrades my
washy efforts in front of other, but saturated my spirits with his wisdom,
foresight and valuable guidance, which led me to achieve destination successfully
in a given period of time.

I would like to express my infinite indebtedness to Or. Abdul Rouf
Wani, co-advisor of my Advisory committee, who made available his Rnowledge,
valuable help and suggestions pertaining to this research problem.

I own a debt of gratitude to Prof. G. M. Mir, Head Division of Entomology for
his inspiration, affection and learned advice from time to time.

I express my outmost regards to Dr. Shafig-ur-Rehiman Professor and
Head Division of Environmental Science, SKUAST-K Dean PG Nominee of my
Advisory committee for his valuable guidance.

I also avail this opportunity to sincerely than Dr. Shabir Hussain Khan
Associate Professor Division of Vegetable Science, member of my Advisory
Committee for his valuable suggestions.

I own my sincere thanks to Or. Showkat Magqbool Assitant Professor,
Division of Agri-Statistics SKUAST-K, under whose supervision I carried out
statistical analysis of my research.

The guidance and extended by Dr. Shakeel Ahmad Mir, Head, Division
of Agri-Statistics shall remain ever adorable.

I own my sincere thanks to Prof. V.V. Ramamurthy, Principal Scientist
Division of Entomology, IARI New Delhi for the identification specimens.

The help rendered by Dr. A. A. Khan, Dr. Zakhir Hussain, Dr. M. Jamal
Ahmad, Dr. Barkat, Dr. Muneer Ahmad, Dr. Shaheena, Or. G. M. lone, and



Dr. M. A. Parrry, RK, Nehru and other teaching and non-teaching staff of
Entomology division is dully acknowledged for their help.

I am thankful to Dr. Arshad Abass for his cooperation and support he
did throughout my research worR,

I am also indebted to Mr Mohd yagoob and other Staff of Division of
Entomology for their cooperation and assistance.

I extend my sincere thanks for the help and association provided by my
colleagues and friends Sajad Mohi-u-Din, Sajad Hussain Mir, Mohmmad
Hussain Bhat, Bilal Ahmad Nazroo, Manzoor Ahmad Parray and Syed Ajaz.

My obligations are unmeasured with regards to persuation, blessing and
sustained inspirations of my respected parents Mr. Gh.Mohd. Khandy and

Rafiqga Begum.

I would [like to record my love and affectionate thanks to my Wife
Sumira, who even in her own inconvenience and difficulties give her full support
and encouragement throughout the course of study which led me to complete my
objective.

I am deeply indebted to my brother Er. Mohd. Mudasir for the financial

support and constant encouragement for higher studies.

I express my sincere appreciation to the Director Resident Instruction
and other staff members for their help to accomplish this task,

I am also thankful to the members of Central Library for their
continuous help during the course of my study.

Finally, I am also thankful to Mr. Younis Ahmad Bhat of Universal
Computers, Shalimar for typing and composing this manuscript beautifully with
interest.

Mohmmad Munib

Place :Shalimar, Srinagar
Dated :



CONTENTS

Chapter Particulars PNa(ge
1. INTRODUCTION 1-4
2. REVIEW OF LITERATURE 5-33
2.1 Pest complex of potat8glanum tuberosuin) 5
2.2 Management of white grub infesting potatoes 25
3. MATERIALS AND METHODS 34-39
3.1 Survey on pest complex of potato 34

3.2 Study on the incidence and severity of intesteof 35
potato insect pests

3.3 Management of white grub damaging potato 38

3.4 Statsiticaly analysis 39
4, EXPERIMENTAL FINDINGS 40-87

4.1 Survey on pest complex of potato 40

4.2 Incidence of potato insect pests 43

4.3 Severity of potato insect pests 49

4.4 Management of white grub 80



DISCUSSION

5.1  Survey on pest complex of potato
5.2 Incidence of potato insect pests
5.3  Severity of potato insect pests
5.4  Management of white grub
SUMMARY AND CONCLUSION
LITERATURE CITED

ANNEXURE

88-101

88

90

93

100

102-110

i-XVii

1-9




LIST OF TABLES

Table Particulars Page
No. No.
1. Pest complex (insects and nematodes) of potadtaium 41-42

tuberosumL.) at different locations of district Baramulla,
Kupwara and Bandipora during 2011 and 2012.

2. Incidence percentage of different insect pedtssting potato 44
(Solanum tuberosuni.) at different locations of district
Baramulla, Kupwara and Bandipora for the year 2011.

3. Incidence percentage of different insect pedtsting potato 46
(Solanum tuberosuni..) at different locations of district
Baramulla, Kupwara and Bandipora for the year 2012.

4. Pooled incidence percentage of different inspests 47
infesting potato $olanum tuberosumL.) at different
locations of district Baramulla, Kupwara and Barlg for
2011 and 2012.

5. Pest severity of foliage feeding insect pests potato 50
(Solanum tuberosum.) at Baramulla during 2011and 2012.

6. Severity of infestation by foliage feeders omapo Solanum 51
tuberosumlL.) at different locations of district Baramullarf
2011 and 2012.

7. Pest severity of foliage feeding insect pests potato 53
(Solanum tuberosuin.) at Kupwara during 2011and 2012.

8. Severity of infestation by foliage feeders otapo Solanum 54
tuberosumL.) at different locations of district Kupwara for
2011 and 2012.

9. Pest severity of foliage feeding insect pests potato 55
(Solanum tuberosum.) at Bandipora during 2011and 2012.

10. Severity of infestation by foliage feeders atapo Solanum 56
tuberosumL.) at different locations of district Bandiporarf
2011 and 2012.




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Monthly severity of foliage sucking insect esif potato
(Solanum tuberosuni..) at different locations of district
Baramulla, Kupwara and Bandipora during 2011 ari20

Pooled mean severity of foliage suckers ontpdfolanum
tuberosumL.) at different locations of district Baramulla,
Kupwara and Bandipora during 2011 and 2012.

Severity percentage of collar feeding insedtp®f potato
(Solanum tuberosuni..) at different locations of district
Baramulla, Kupwara and Bandipora during 2011.

Severity percentage of collar feeding insedtp®f potato
(Solanum tuberosuni.) at different locations of district
Baramulla, Kupwara and Bandipora during 2012.

Severity percentage of infestation by colladirs on potato
(Solanum tuberosuni..) at different locations of district
Baramulla, Kupwara and Bandipora for 2011 and 2012.

Infestation percentage of tuber feeding inpests on white
and red skined potatoes at Baramulla during 2081284.2.

Overall per cent infestation of tuber feedingeict pests on
white and red skined potatoes in district Baramudil&ing
2011 and 2012.

Infestation percentage of tuber feeding inpests on white
and red skined potatoes at Kupwara during 20112844.

Overall per cent infestation of tuber feedingeict pests on
white and red skined potatoes in district Kupwaraird
2011 and 2012.

Infestation percentage of tuber feeding inpests on white
and red skined potatoes at Bandipora during 20#112842.

Overall per cent infestation of tuber feedingeict pests
on white and red skined potatoes in district Baodip
during 2011 and 2012.

Severity of infestation by tuber feeders on tehpeeled
potato at different locations of district Baramulleupwara
and Bandipora on final harvest for 2011 and 2012.

64

65

68

69

74

77

79




23.

24,

25.

26.

27.

Severity of infestation by tuber feeders onapmtSolanum 81
tuberosumL.) at different locations of district Baramulla,
Kupwara and Bandipora on final harvest for 2011 20i&2.

Management of white grub by wusing different 83
pesticides/cultural practices at Kunzer (Baramubia)potato
crop during 2012.

Management of white grub by using different 84
pesticides/cultural practices at Budnambal (Kupyava
potato crop during 2012.

Management of white grub by using different tiocedes 85
/cultural practices at Ajas (Bandipora) on potatmpcduring
2012.

Overall performances of different pesticidekioal 87
practices against white grub damaging potatoesomtharn
Kashmir during 2012.




LIST OF FIGURES

. After
Fig. ,
Particulars page
No.
No.
1. Overall average incidence percentage of difteiaeect pests 47
infesting potato in northern districts of Kashmurithg 2011 and
2012
2.  Severity of infestation by foliage feeders ontapm crop at 51
different locations in Baramulla district duringZ0and 2012
3. Severity of infestation by foliage feeders ontapm crop at 54
different locations in Kupwara district during 20add 2012
4.  Severity of infestation by foliage feeders ontapm crop at 56
different locations in Bandipora district duringl20and 2012
5.  Severity index of foliage sucking aphid on potatop in northern 58
districts of Kashmir during 2011
6.  Severity index of foliage sucking aphid on potatop in northern 58
districts of Kashmir during 2012
7.  Severity of infestation by collar feeding cutwoon potato crop 64
in northern districts of Kashmir during 2011 and 20
8. Infestation percentage of tuber feeding insestgon white and 68
red peeled potatoes in Barammula district durinfyl2&nd 2012
9. Infestation percentage of tuber feeding insestgpon white and 72
red peeled potatoes in Kupwara district during 28dd 2012
10. Infestation percentage of tuber feeding inpests on white and 77
red peeled potatoes in Bandipora district duringyl2@nd 2012
11. Pooled severity of infestation by tuber feedingect pests on 79
potato at different locations in Baramulla, Kupwaend
Bandipora districts during 2011 and 2012
12. Performance of different pesticides/culturalgices against 87

white grub in northern districts of Kashmir durip@12




LIST OF PLATES

Plate : After
Particulars
No. page No.
1. Pest complex of potat&glanum tuberosuin) in northern 42
Kashmir
2. Foliage feeding insect pests (Flea be€legetocnemapp. 42

Stephans and SemilooperThysanoplusia orichalcea
Fabricus) on potato crop

3. Foliage sucking aphidMacrospihum euphorbia&éhomas) 42
on potato crop

4. Collar feeding cutworm Agrotis ipsilon Hufnagel) on 42
potato crop

5. Tuber feeding white grulBfahmina coriaceddope andB. 42
poonensig-rey) on potatoes

6. Tuber feeding wirewormMelanotus horticornisBlyth) on 42
potatoes

7. Tuber feeding earwigE(borellia annulipesLucas) on 42
potatoes




Chapter — 1
INTRODUCTION

Potato,Solanum tuberosur. the king of vegetables is a native of South
America; in Indian sub-continent people calledlit though also known as white
or Irish potato and no doubt it is an indispensaialg of Indian cuisine. As per
literature it is the most important vegetable crapking fourth after rice, wheat
and maize being a major staple food crop. As fgorasluction is concerned, it is
the fifth largest agricultural produced crop asIvileé largest tuber crop of the
entire world (Anonymous, 2011a). Screening of &itare revealed that different
varieties of potatoes are grown in more than 1afhtrees of the world and more
than a billion people eat it worldwide. The top termoducers in the world are
China, Russia, India, USA, Ukraine, Germany, Pol&&lgium, Netherlands and
France which together contribute about 70 per a#nthe total production
(Anonymous, 2011a). India ranks"4n terms of area and™3in terms of
production of potato across the globe, producirayiad 42.34 million tons from
an area of 1.86 million hectares (Anonymous, 201haportant potato producing
states of India are Uttar Pradesh, Uttaranchal éelgdWest Bengal, Bihar,
Punjab, Madhya Pradesh, Gujarat and Assam wheeg Btadesh is the largest
producer of potato with 13.57 million tons prodoatin 2010-2011 (Anonymous,
2011a).

In Kashmir province, potato is grown over an ardald thousand
hectares with a production of about 34.00 thougand (Anonymous, 2011b). It

is cultivated in large tracts and in home gardenwaell.

The potato tubers are highly nutritive, rich in lmainydrates, proteins,
phosphorus and minerals such as calcium, potassnghalso vitamin A and C. It
also contains significant levels of phenolic commas and vitamin C as potent
antioxidants (Brown, 2005) which inactivate reagtoxygen, reducing oxidative

damage, lead to improved immune functions and eedisk of cardiovascular



disease, cancer, cataract, diabetes and aging @aalr, 2004). Being a short
duration crop, it produces more quantity of dry teratgives energy and edible
protein in short duration of time compared to ckrdize rice and wheat. Hence,
potato may prove to be a useful tool to achieve rthtitional security of the
nation. Around 80 per cent of potato productioméhieved as a Rabi crop. The
rest of the production mainly comes from Karnatatae of India and other hilly
areas during long summer days. The Rabi crop isisovOctober and harvested
in March. But it is grown as a kharif crop in Maasintra, Himachal Pradesh,
Jammu & Kashmir and Uttarakhand where it is sowApnil-July and becomes
available in the market by August-October. The shafr kharif potato in total
production of potato in our country is about 12 pent. The major potato
producing states are Uttar Pradesh, West BengalarBiPunjab, Gujarat and
Assam where it is grown as a Rabi crop with norenap duration of 5-6 months.
Although potato is a seasonal crop it is grown iastmof the states based on
climatic conditions and harvested at different Sméus making it available

throughout the year.

Potato is a temperate or cool season crop whiedsha low temperature,
low humidity, less windy and bright sunny daysddies perform well under well-
distributed rains or moist weather situations tghhtemperatures. Moreover,
humidity and rains are not conducive to potato asmften suffered with insects,

nematodes and disease attacks.

Infact, insects, nematodes, rats and other pestdedrimental in reducing
the agricultural production of potato in tropicauatries (Waliullah, 2007; Ghosh
and Khan, 2010). Apart from the direct attack oanplsome of the insects and
nematodes are the vectors of virus particularlyséhof sap feeders viz., aphids,
Xiphinema, Longidoruspecies etc. They suck sap of leaves, shoots, atem
roots and causing diseases to plants and indiraffitqgt photosynthesis also. But
nevertheless inspite of all efforts the control inkects and nematodes is

challenging since vectors are usually mobile andllsim size and more so it is



very difficult to prevent colonization of some pesh fields (Chenulu, 1984;
Banjo, 2010).

It is well documented that this important vegetabitap in fields is always
subjected to qualitative and quantitative losses tubiotic and abiotic stresses.
Screening of literature revealed that potato comttacked by more than 100
arthropods and 156 species of plant-parasitic nesest that belonged to 52
genera all over the world. Out of these, 80 artbdspand 93 species of
nematodes fall under 40 genera have been repamed lhdia alone (Pandey,
2007). Important insect pests which feed on bottvaland underground parts of
potato include, cutworm, flea beetles, tobacco rpdlar, aphids, potato
leafhopper, lygus bugs, potato tuberworm, whiteflyireworm, earwigs and
white grub etc. Nematode speci€pboderaand Meloidogyneare among those
nematodes that have been reported as endopamasifotato crop (Waliullah,
1992). Among the insect pests, white grubdHofotrichia species belonging to
soil pests have been reported as serious threhistarop particularly in the high
hills. Further, it has been also deemed that actaadage to potato tubers is done
by 2 and ¥ instars grubs by making large, shallow and circtiales thus
rendering tubers to low market value. It is repoieat this pest may cause 15.5
to 80.0 per cent losses of tuber yield in endemeasilocated at the higher hills of
Himachal Pradesh, Uttar Pradesh, Jammu and Kasinmdialso in North-eastern
hills of India (Mishra, 1995; Misra, 2003).

Keeping in view the importance of above mentionedtg, attention has
been paid to manage that cause heavy loss to ttadoporop. It is worth to
mention here that informations from Jammu and Kasktate particularly from
the valley of Kashmir on the pest complex of potmstaegligible. Since, it is
mandatory for a researcher to have basic dataeopdst complex along with their
incidence, extent of damage and to develop an eeodly management strategies
against the white grub infesting potato crop. Thesent research work, therefore,

was planned with a view to monitor the pests assediwith the potato crop with



special attention on the management of the predammhiapecies of white grub
with the following objectives :

> To survey pest complex of potato in various potgtowing belts of

northern Kashmir,
> To study the incidence and severity of potato inpests and

> To manage white grub by using integrated pest nemagt strategies.



Chapter — 2
REVIEW OF LITERATURE

Screening of research literature revealed thabtaof work on pest
complex and management of white grub infesting fpof@olanum tuberosurn.)

have been carried out worldwide which is reviewerkhas under:
2.1 Pest complex of potatoSolanum tuberosum L.)

Britton (1918) while working on insects attackingpt@o crop in
Connecticut (USA) reported an number of chewingeats where the most
important were Colorado potato beetle and potata fieetle. He reported that
three lined potato beetle, tortoise beetle, blisgteetle, stalk borer, cutworm,
wireworm, white grub and European corn borer causszhsional damage and
according to him the principal sucking insect damggotato were potato aphid

species.

Eden and Garrett (1955) reported that wirewornrénarily the Gulf
wireworm and the imported fire ant were seriougpes the Irish potato crop in
the Gulf Coast Area of Alabama.

Sharma and Bhalla (1964) conducted a survey orrtipssts of economic
importance in Himachal Pradesh and reported 13cinpests belonging to

different orders from potato crop grown fields ifish

Getzendaner (1966) reported that European earwidsfen other insects,
plants, ripe fruit, and garbage. Plants that itdseen include clover, dahlias,
zinnias, butterfly bush, hollyhock, lettuce, stramy, celery, potatoes, roses,
seedling beans, beets, tender grass shoots arsd ltcadso damages sweet corn by

feeding on the silks.

Squire (1972) reported that the most importantangests in root crop
potato in Bolivia werd.iriomyzaspp., as the larvae of which feed in the stems.

The material collected by him includédquadrata(Mall.), L. brasiliensis(Frost)



and several undescribed species. The leaves wanked byAcordulecerasp. (a
Tenthredinid that feeds on the parenchyremypoasca fabiali®elLong,E. fabae
(Harris) andMacrosiphum euphorbia¢Solanifolii (Ashm.)); this last transmits
the viruses causing potato mosaic and leaf-cuxlef®¢ species dEpicautawere
noticed to feed on the leaves, akd adspersa(Klug) and E. vittata (F.)
occasionally destroy both leaves and young shddts. major species attacking
the tubers wer@remnotrypes latithoraxPierce)Phthorimaea(Gnorimoschema)
operculella(zell.). The tubers, particularly those growinghmmus or peaty soil
were also attacked by larvae Glyclocephala melanocephalé.), Bothynus
(Ligyrus) burmeisteri (Steinheil) and Ontherus sulcator (F.). However,

Leptinotarsa decemlinea{&®ay) was not recorded from Bolivia.

Sexana (1974) described some soil insect pestsliatefs, sap feeders

and storage pests of potato in India and gavenmdtions on their control.

Adashkevich (1975) pointed out in a review papet thhere were more
than 600 species of insect, mite and other inveatelpests of vegetable crops in
the Soviet Union and in the European part aloneenttoan 500 species of insect
enemies of such pests. The crops most studied daclamong field crops,
cabbage, tomato, potato and cucurbits; 75 per afetite enemies observed were
polyphagous and less than 5 per cent monophagbugsl reckoned that they
destroyed about half the pest population in genefak situation was less
favourable in the case df. decemlineata(Say), because the effect of its 50

species of enemies was small.

Dorozhkinet al. (1975) while working on combined protection of gtoes
in Byelorussia, reported that potato were attackgdnumerous diseases and
insect pests where the most important being decemlineata(Say) and

wireworms.

In an another study at least 38 species of insestspwere reported to

attack potato at Cusco (Peru) which was partly daseliterature and partly on

]



surveys carried out during 1972-73. These peste pwkced in 7 orders and 18
families including 12 new species that were recdfde the first time from potato
fields in Cusco (Escalante, 1975).

Menschoy (1975) made detailed studies on the insestis of potato and
their control. He found that the major pests attagkthe young plants were
noctuid larvae. The larvae &fhthorimaea operculelléeed on the young shoots
and other foliage parts of crop and those of teedaneration make tunnels in the
tubers. The larvae oManduca (Phlegethontius) sextsubsp. paphus feed
extensively on the foliage arfpicautaspp., Diabrotica speciosgGerm.) and
Epitrix parvula (F.) also damage the foliage. He also reportetlttteaimportant
aphids like Myzus persicagSulz.), M.euphorbia (Thos.), Solanifolii (Ashm),
Aulacorthum solan{Kalt) andAphis euonymk. which infested the potato crop at

Brazil.

Butani and Verma (1976) studied on pests of vedesdadnd their control
in India. They reported th&hthorimaea operculellaAgrotis ipsilonand other
Agrotis species were attacking both above and undergroarnd pf potatoM.
persicaeand 12 other species of aphids were associated ledtves whereas,
Gryllotalpa africanaand Eremotermesp., Microtermes obesand Odontotermes

obesusvere the major insect pests which infested therqihds of potato crop.

Koppenet al. (1976) conducted an experiment for monitoringatpests
of potato in East Germany especidllydecemlineataA. segetunand suggested
that sampling with the aid of a check plot methbdwd be based on certain
characters and independent of pest distributionnidddng of L. decemlineata
should also be done regularly that covers the stadpch are important for short-
term prognosis and that cause active damage dugmogving season. The
supervision ofA. segetuntovers young larvae and should be carried out $8 da
after adult flight where the period could be detdatith the aid of light traps.



Baconet al (1978) reviewed the damage caused by the mosbriam
pests of potatoPhthorimaea operculella(Zell.) and M. persicae (Sulz.) in
California by monitoring the populations Bf operculellain 1976 by means of
water-pan traps baited with synthetic sex pheromam@ found that in fields
imperfectly irrigated, where the soil was crackeatapo damage was heavier
because adults and larvae were able to gain ateeke tubers through the soil
cracks. However, more damage was causehll byersicaeto potato through the
transmission of leaf-roll virus. The population ntoring by means of water-pan
traps during 1970-1972 showed an annual declireumbers probably owing to
insecticide applications and improved weed conthalyvever, even short-lived
aphids feeding briefly on infected plants, if presevere able to transmit the virus

before being killed by the sprays.

Jensenet al (1979) listed 67 species belonging from 24 genera
nematodes associated with potatoes. Among thenmtis¢ damaging were the
potato cyst nematodeGlobodera rostochiensisand G. pallida causing
tremendous losses in several countries. The otberatode species distributed
worldwide causing significant losses including $tybroot (Trichodorus and
Paratrichodorusspp.), root lesionRratylenchusspp.), potato rotitylenchus

spp.) andBasirolaminus indicugWaliullah, 1992).

Nagaichet al (1979) made a collection of leaf hopper faunanfieotato
and other adjoining crops from different agroclimategions of India and
collected 74 leaf hopper species.

Tsendsuren (1979) listed soil-inhabiting pests ionlgblia particularly
those which were much damaging to crops, pastutetard soil-consolidating
plants by wireworms, tenebrionids, cockchafersjdiepterous larvae and other
soil-inhabiting insects. Among 80 known species vafeworms, the most
injurious to field crops wereselatosomus latugF.), S. spretus(Mannh.), S.
aeneus (L.), Agriotes obscures(L.), A. sputator (L.), A. lineatus (L.), A.
meticulosusCand. andA. dahuricusCand. The larvae of those species damage



cereal crops especially maize in May-June and désnage potatoes, cabbage,
beet and onion. Further, over 100 species of saardb were recorded and the
most injurious includeAmphimallon solstitiale(L.), which damages maize in
irrigated soil in the south of the Mongol Altai reg and likewise potatoes, sugar-
beet and cereals, Other injurious beetles inclymkries ofEodorcadion Leaf-

feeding Lepidoptera in river valleys and other &g sites includeEuxoa

islandica Stgr.,E. tritici (L.) andA. exclamationigL.), which damage especially

vegetables, potato and other crops.

Kashyap and Verma (1982) conducted a survey ordaphfesting seed
crop of potato in Haryana (India) and reported dital of seven aphid species
infesting potato crop namebj. craccivora Koch, A. gossypii A. fabag M.
persicae Sulz., Rhopalosiphum nymphaeakinn., R. rufiabdominalis and

Tetraneura nigriabdominaliSasaki.

Radcliffe et al. (1982) have reviewed the insect pests of potedb were
belonged to 5 main headings: aphids (including @ptainsmitted potato viruses;
aphid life-cycles and biology; aphids and virus ngmission; population
monitoring and modelling; insecticide resistanced ahiological control),
leafhoppersLeptinotarsa decemlineatéSay), Phthorimaea operculellgzell).,
and pests of tubers and roots. A short sectionanietal resistance to insect pests

is also included.

Hookeret al. (1983) while studying the potato insect pests iiaz, their
status and future trends. They reported that the mpests of potato weri.
persicag(Sulz.), as the main species limiting to seed petidn (on account of the
viruses it transmits)Diabrotica speciosgGerm.) andeEpitrix spp., the larvae of
which feed on the tubers of both seed and tablgscand the adults of which feed
on the foliage andliriomyza huidobrensigBlanch.) which is highly important as
in some areas reduced yields by 30 per cent in,18®ile asP. operculella
(Zell.), elateridsA. ipsilon (Hufnagel.),M. euphorbiae(Thos.),Nezara viridula
(L.) andEpicautaspp. recorded as minor pests.

]



Velupillai and French (1986) conducted a survaeypeeviously reported
diseases and pests of potato on the main Islagdi dfanka. They confirmed that
most pathogens and pests recorded had been repoeeusly except some
fungi viz., Choanephora cucrditarum, Fusarium oxysporurthe aphid,
Rhopalosiphoninus latysiphddavidson and the miteolyphagotarsenemus latus
Banks.

Anwar et al. (1987) while recording the insect pests assatiaith potato
cultivar Multan in Pakistan that include@ryllus bimaculatusand Acrotylus
humbertianusThey further recorded peak population of aleyldemisia tabaci
(2.25 individual plarit) in the first week of February and the cicadefishrasca
devastang1.22 plart) in second week of January, whie persicag(1.68 aphid
plant®) in the first week of December to (9.01 pldnin the fourth week of
January and maximum attack of larvad”bthorimaea operculellavas also noted

in February with 13.5 per cent of tuber infestation

Hill et al. (1987) studied biology ofThysanoplusia orichalcea
(Lepidoptera: Noctuidae) in New Zealand and repbtitet plusiine noctuid moth,
T. orichalceawas a polyphagous pest with a host plant rangerohif from
Chrysodeixzs eriosornand more abundant th&h eriosomaon 7species of plant

could become a significant defoliating pest in iegs and brassicas.

Raodeo and Deshpande (1987) reported that whitesgBcarabaeidgean
Marathwada region of Maharashtra (India) were &itar the roots of various

crops including wheat, ground nut, potato, tomai sugarcane.

Sharmaet al (1987) while investigating the occurrence of oiggests on
stored potato tubers in an ordinary room tempega20r25°C and in cold storage
at 2-3°C, reported that potatoes in cold storage wereimfested, while the
tenebrionids Alphitobius laevigatus Tribolium castaneum the trogossitid
Tenebroides mauritanicuand the dermesti@irogoderma granariumvere found

with greatest infestation on tubers stored in @gimoom.



Tyagi and Misra (1987) while surveying for the entef damage done by
white grub speciesLachnosterna coriaceand L. longipenni$ in and around
Shimla during 1984 and 1985 on potato crop repdtiatiboth attained the status
of key pests of potato crop in certain pockets mh&thal Pradesh particularly at

Shilaroo and its adjacent areas.

Das (1988) conducted trial on insect pests of patadp and their control
in Tripura (India) which revealed that 23 speciésnsect pests were infesting
potato of which onlyOdontotermes obesus, Agrotis segetémipsilon, Aphis

gossypii, A. fabaandM. persicaenere of economic importance.

Das and Ram (1988) conducted a field study in Bihalia) during 1983-
84 and 1984-8 to determine the damage, incidendecamy-over of the noctuid
A. ipsilon on potato revealed that during 1983-84, damageulbers averaged
12.76 and 4.26 per cent during 1984-85. Further glamt damage was first
observed during the™Bweek of December and increased thereafter urgilZth
week of January and the tuber damaged was firgrebd during late December
that increased thereafter till harvest. No larvaenobserved in*1week after
harvest and from the™aweek of February until April. However, larvae gmapae
were found only on the following alternative hosargs: Chenopodium album,
Solanum nigrum, Portulaca oleracea, Amaranthusdigti Evolvulus alsinoides

and 2 unidentified weed species.

Misra and Agrawal (1988) while investigating on fhetato pests in India
and their control, reported that potatoes werektid by more than 80 insects and
several nematode pests in the fields. The peste wlassified into soil pests,
sucking sap feeders, defoliators and storage p@sisy further reported two

major nematode pests viz., root-knot and cyst fogwines infesting the crop.

Raiet al (1988) conducted a survey to record the insestispef potato at
the experimental fields of R.A.R. Station ChhindayaMadhya Pradesh and

reported three new insect pest species for thietiiin® on potato which were niger



capsule fly,Dioxyna sororculaWiedmann (Diptera: Tephritidae), niger green
bug, Creontiadessp. (Hemiptera: Miridae) and mirid bdaylorilygus pallidulus
Walk (Hemiptera: Miridae).

Rajagopal and Trivedi (1989) reported that amorggrttajor insect pests
that attack potato, the coccinelkgpilachna vigintioctopunctaté very important
in Asia which is widely distributed in South andsE&sia, Australia, America
and the East Indies where some of the speciesEardodecastigmaand E.
vigintioctopunctata E. ocellata and Henosepilachna sparsgE. sparsd
commonly attackSolanaceougplants. They further reported that the peak period
of infestation varied with region, but the peak wgaserally in July-August. The
pest also feeds on aubergine, tomato, tobacco, kiomand bitter gourd

[Momordica charantif

Sontakkeet al (1989) while studying the effect of climatic fact on the
phenology of foliage pests of potato in Orissa i@haluring the kharif and rabi
seasons of 1983-84 and 1984-85, reported thatgotap was attacked by the
aphidsA. gossypiiand M. persicae the chrysomelidChalaenosoma metallicym
the cicadellid Amrasca biguttula the coccinellid Henosepilachna
viginctioctopunctatdEpilachna vigintioctopunctatathe thripsThrips flavus the
tarsonemidPolyphagotarsonemus latasd the noctuid\. ipsilonin both seasons.
However, the phenology of the pests and the interdi their attack varied
considerably in the different seasons and regiofise correlation analysis
between various meteorological variables and tle&l@mce of the different pest
species during the kharif season revealed that deatyre was having positive
significant correlation with the incidence of madtthe insect pests, except
ipsilon. The population development Af ipsilonhas shown significant influence
by day temperature during the rabi season.

An interdisciplinary research project on the mamagnt of potato pests in
the highlands and coastal regions conducted at Pemtains chapters on the

intensification of potato production and pesticidge there, pest management



practices in the highlands, the endemic potato Pesnhnotrypespp., the storage
pestsPhthorimaea operculellandSymmetrischema plaesiosearal a case study

of Liriomyza huidobrensis the Canete valley (Ewedt al, 1990).

Lal (1990) reported that many insect pests causewgre damage to the
potato crop and the tubers in north-eastern Indieclwwere recorded for the first
time and were different in different crop stageshaf region. However, cutworms
(Agrotis ipsilon Ratt), white grubsL{@chnosterna coriacedlope), leaf-eating
caterpillars Prodenia lituraFab.), Heliothis armigeraHubn.) andPlusiasp. and
aphids Myzus persica&ulzer) were some amongst the common pests oloserve
throughout that region. The potato tuber md@htfiorimaea opercullel&eller)
caused severe damage only in Meghalaya, wherewesdhmore than 50 per cent
plant infestations and 70 per cent tuber damageerumadigenous storage
conditions. An Epilachna beetleHénosepilachna vigintioctopunctat&ab.)
caused severe damage to potato foliage in Assarb3%) and in Arunachal
Pradesh (30-70%). Red ant®ofylus orientalis Westwood) was prevalent in
Meghalaya and Arunachal Pradesh causing about 8728nper cent tuber
infestation, respectively. Mole crickeB(yllotalpa africanaPalisot de Beauvois)
was found damaging young plants only in Tripura8000).

Learmonth and Matthiessen (1990) studied the dambgdogy and
potential for the integrated control of the mainl snsect pests of potato in
Western Australia,Graphognathus leucolomand Heteronychus arator The
other pests causing damage to smaller areas indtrighonotus taeniatulys
Phlyctinus callosus Otiorhynchus cribricollis and Asynonychus cervinus

[Pantomorus cervings

Infact potatoes were attacked by several insectBelds as well as in
storage with severe damage caused by aphids, gassitivorms, termites, white
grubs, leaf eating caterpillars, epilachna and rotleetles whereas, tuber moth
larvae damage the crop mainly in stores inflicthmgnetimes considerable losses
in hills of Uttar Pradesh (Singh, 1990).



Trivedi and Verma (1990) while studying the popigiattrend of M.
persicaeSulzer on different stages of potato crop in Kaaka (India) reported
that the aphid population was significantly differeon 27, 38, 50 and 63 days
crop and there was no significant differences ina@8 69 day old crop which
indicate that stage of crop and its new emergirayds have definite role on
landing, settling and population build-up of aphafspotato in that region of the

country.

Zaki and Masoodi (1990) listed somel5 insect passociated with the
potato crop affecting both above and below grouadspof the plant. They also
considered soil inhabiting insects as a major sowfcdamage to potato crop in

the Kashmir valley.

Tiwari et al (1991) studied the species composition of whitabg
(Scarabaeidae) in Himachal Pradesh (India) andrteghdotal of 47 species of
white grub among them 19 species includitwpillia cyanea Xylotropes gideon

andBrahmina coraceavhich were collected for the first time.

There are reports that several constraints bewgjuyad which are biotic,
abiotic and agronomical that leads to both hectai@ud yield of the crop very
low. Insect pests are one of the biotic factorsnénitoring study of potato tuber
moth (PTM) and aphids was conducted at Holettafdar years and the peak
months with high PTM or aphid population were idiged and an attempt was
made to correlate aphid population fluctuation wsthme abiotic factors where
temperature and moisture found to affect aphid [atioun significantly. Besides,
work on aphid virus transmission was also conductbére onlyM. persicae
(green peach aphid) arMacrosiphum euphorbiaépotato aphid) gave positive

results (Anonymous, 1992).

Misraet al (1992) studied the impact/effect of different ptgpion levels
of cutworm, A. segetun(Schiffer) larvae on tuber damage and determimed t

economic threshold level (ETL) for two years durssgnmer crop season (March



to September) on both the table and seed cropsowitqes at Shimla. They
reported that a positive correlation was obsenatt/éen the number of cutworm
larvae released and damage caused by them to eetétiobers) on all the
recorded parametersiz., plant showing tuber damage (%), tubers damaged on
number basis (%), damaged vyield (%), and damageld yg/ha). Besides, the
population level of 40 larvae/plot containing lGmks (2.5 larvae/plant) was
responsible for highest damage and yield losses. édonomic threshold levels
(ETLs) on table and seed crops were worked ouperi/ely to be 2.88 and 1.20
larvae ofA. segetunper 10 M crop area. Hence, they suggested that judiciods an
need-based control programmes could be decideddicgly.

Waliullah (1992) collected a total of 267 soil arabt samples from 14
vegetable crops in the Kashmir valley. He obsertvieat potato crops S
tuberosumL.) were infested by several ecto and endopatasgmatodes viz.,
Tylenchorhynchuspp.,Basirolaimus indicusHelicotylenchusspp. Pratylenchus
spp.,Tylenchorhynchus mashhoatdTrichodorusspp. though their number and

occurrence varied with localities.

Mishra and Singh (1993) studied on the biology Hf longipennis
infesting potato in Uttar Pradesh and found thaltaeimergence began at the end
of May and noted its peak if®week of June. Eggs and' instar larvae were
found during June- July with"2and 3 instar larvae damaging tubers by the end

of July and during mid-August, respectively.

Rodriet al (1993) conducted a survey to determine inseds@ssociated
with potato and the extent of their damage in C&3ta and reported that a total
of 50 insect species were associated with potatpsciwherePhthorimaea
operculellaandScrobipalposis solanivorevere noted to cause high percentage of
damage. They further reported that greatest danwdgibers was done by
Phthorimaeaspp., followed byPhyllophagaspp. andEpicaerusspecies.



Zaki et al. (1993) conducted two experiments to assess thenexr
retrievable losses caused by plant parasitic nedeatin tomato and potato in
Kashmir. The results indicated that 9.34 and 1E0qgent retrievable losses in
tomato and potato, respectively were recordedexpfant population of 170, 123,
48.5 and 81 per ml soil in tomato and 45, 20, 1&i@ 21 per ml soil in potato of
lesion, spiral and stunt nematodes agténchusspp., respectively.

Pariharet al (1994) studied the distribution and extent of dgm to
potato byAgriotes and Lygus species in the Lahaul and Spiti, a dry temperate
region in the north-east of Himachal Pradesh (IndwaJuly-September 1987.
They have provided details of the tuber damagédpyotesspp.,Agrotis ipsilon
and the number dfygusspp. per 5 plants in 41 villages of Himachal Pshde

Mishra (1995) reported several species of insexttsp that damage
potatoes and foundliolotrichia coriaceaas the predominant species in north-
western hills of Himachal Pradesh. He further regmbthat the damage to potato

tubers ranged from 15.5 to 80.0 per cent on thghtdiasis.

Pariharet al (1995) while conducting a survey on insect péstsiaging
potato in Himachal Pradesh reported 31 speciessgict pests amongist them 9

species were found for the first time in this area.

Seyedoleslami and Naderi (1995) studied the populaibfThrips tabaci
Empoasca decipienand Trioza sp. and a common arthropod predators during
1985 and 1988 in Iran. Cicadellids and psyllids had distinct activity peak
periods, the % being from early June to late July and th&f@om late July to late
September. The relative density of thrips was lfiighn early June to late July and
parasitism of adult cicadellids was synchronisethvai peak in their activity. It
was noted that predators were most abundant in dadeJuly wherdrioza sp.

was more common on a few new potato varieties.



Chandelet al (1996) conducting a survey on white grub infestootato
in Lahaul valley of Himachal Pradesh (India) repditl. longipennisas a major

specie of insects infesting potato.

Fauziah and Siti (1996) carried out a field experninto monitor and
identify major insect pests of potato in the lovdarfrom mid-1993 to 1994 at
Selangor (Malaysia). Visual sampling on plants (Bx)Sungai Baging showed
that the population of mites was high (greater t48r000/100 shoots per plot)
followed by whitefly, aphids, and thrips. As peeithfindings on yellow-sticky
trap, whitefly was found dominant (greater thanO00) followed by leaf miner,
leaf hopper, aphids and potato flea beetle.

Nandhihalliet al (1996) conducted a survey on insect pests asedda
potatoes in Hassan area of Karnataka which reveaéedccurrence of 33 species

of insects belonging to 8 orders and 23 familie$ @so a species of mite.

Pernalet al. (1996) investigated the patterns of feeding injarypotato by
potato flea beetle (Coleoptera: Chrysomelidae) @nikbba and noted that flea
beetles exhibit preferences for feeding in spe@bdions of potato plants. These
preferences change in response to previous defoliathich were influenced by
meteorological conditions and according to theseaechers counting, feeding
and punctures would not be a reliable method otssisg whether control

measures for potato flea beetles are justified.

Peter (1996) reported about 18 insect and non tingests including
nematodes that damage both above and below groantsl @f the potato crop.
The insect pests include aphids, thrips, leafhappestato tuberworm, cutworm,
flea beetle, Andean potato weevil, white grub, wwmem, leafminer flies,
whiteflies, blister beetle and leaf beetles, wher@®n insect pests include
Globodera pallida, G. rostochiensis Meloidogysep, Pratylenchusspp and

Nacobbus aberrans



Resnais (1996) published the article summariziegntlain potato diseases
and pests (potato top rot, the invasion of aphmiseles of viruses, colorado
beetle, potato leaf dry spot disease, black scamnwn scab, dry rot, wet rot,
cockchafers, caterpillars and crackles caterp)llarslifferent regions of Latvia in
1995 and forecasts were given for 1996. He empéddizat in spring before the
choice of potato fields one must examine the nunalbgrests hibernating in the

soil in order not to exceed the critical number.

Min et al (1997) observed the occurrence pattern of magedt pests on
7 recommended cultivars of potato during growingss@ in Korea and reported
that Myzus persicaévlacrosiphum euphorbiaand Spodoptera exiguavere the
major insect pests damaging leaves whileéSatatosomus puncticollgestructive

to tubers.

Marediaet al. (1998) presented the available data on the ficstiwence
and the damage severity of the potato leafhoppéhennorth central and north
eastern United States collected during the 47 y€E®51-1997) which were
collected from a variety of sources including: poteeafhopper literature review;
published reports; pest alerts; pest surveys; atghdsurveys. It was noted that
first occurrence, severity data, arrival time otgto leafhopper and subsequent
damage severity varied substantially from yearedaryHowever, the correlation
analysis between date of first occurrence and ggwefr damage for Michigan,
Minnesota, Wisconsin, the north central region dhd north-eastern region
indicated no significant relationship between fiestival dates and damage
severity. The lack of a relationship between timeetiof arrival of the migrant
leafhopper and severity indicated that other fagtancluding frequency and
magnitude of arrivals, weather conditions during tirowing season and crop
management contribute to the eventual severityaaiafje caused to crops by this
migratory pest. The analysis of potato leafhopeeesty data showed significant

differences between years. There were no significhfierences in severity



among states within the north central region, iating that potato leafhopper

severity was a regional phenomenon.

Verma et al (1998) conducted field experiment during the meiop
seasons from 1984-91 and 1995-97 at/around C.PMR@ipuram Meerut (India)
and reported that aphM. persicaeappeared on the unprotected potato crop from
15" November onwards every year i.e. approximately &gsdhafter planting the
crop. They further mentioned that eithiet. persicaewas not serving as an
efficient vector or there was lack of the virus maufor Potato Virus-Y and potato

leafroll virus in and around the seed crop undermdtevailing conditions.

Chandlaet al. (2001) observed serious attack of white gitdghnosterna
coriaceain and around Fagu village fields of potato inrSllai during 1997. They
further recorded that soil type (sandy loam witbsle texture), lower elevation

and weather factors (rains) favoured pest actiwglly higher tuber damage.

Dharpure (2002a) conducted a survey in Madhya Bhadedia) during
1995-98 to determine the insect pests attackingrye and recorded a total of 28
pest species infesting potatoes from whithips palmj Scirtothrips dorsalisand

Haplothripsspp. were recorded for the first time as new pastgotato.

Dharpure (2002b) reported painted bggrada cruciferarunKirkaldy)
as a serious pest for the first time on potato iadMya Pradesh India which

otherwise was considered as the pest of crucifermyss.

Konar and Mohasin (2002) while recording the inoicke of Epilachna
beetle at different locations of West Bengal (Indraported that maximum
incidence of grub and adults was at Memari wheleass minimum at Boinchee
of Hooghly district. They further noted that vaiwes in incidence and damage of
pest from place to place and year to year were tduéhe variation in the

prevailing environment factors.

Sing (2002) reported that potato crop is attacked damaged by a

number of insect pests including wireworms, whitabg aphids, cutworm and



others as a result, the yield of the crop is addgraffected. Cutworms and Potato

peach aphid were the two devastating insect peskeispring crop.

Chandel and Chandla (2003) while working on the agament of the
tuber damaging pests of potato, reported that rii@e 100 insects attack potato
that caused most variable and complex problemstate farmers. These pests
can damage potato plants by feeding on leavescirgglphotosynthetic area and
efficiency by attacking stems, weakening plants guibiting nutrient transport
and also by attacking potato tubers destined farsemption or use as seed.
Among non-insect pests, snails, slugs and nematoalese economic losses, the

nematodes being more harmful than molluscs.

Chandelet al (2003) studied the population dynamics of potatute
grub by soil sampling in Shimla hills revealed higbpulation of Brahmina
coriaceaeHope representing all stages. Pupae were foutiteisoil during April
followed by the adults in May and eggs in June-Jufjrvae were present in the
soil from July to April while as, "8 instar grubs cause damage in September-
October and overwinter in earthen cells up to Apnidl adult emergence begins in

May, maximum being in mid-June.

Chib and Malik (2003) studied the population flatian of leaf hopper
under different treatments reported that leaf hoppes a serious pest of potato

and even relatively low numbers could cause sigaif yield reduction.

Garget al (2003) while studying the health status of potatmp in Leh
and Ladakh (J&K) reported that crop showed heagederation as was apparent
from sickly appearance marked with foliar symptoofsmosaics, wavy leaf
margins and leafroll at majority of locations whielas due to varied level (low to

fairly high) of aphid population.

Mogahed (2003) conducted a field experiment duthng winter season
(from December to April) of 1999-2000 and 2000-@harth Sinai Governorate
(Egypt) and reported that potato cultivars haddeggestation of cotton whitefly,



cotton thrips, potato leaf aphids and potato legigers when intercropped with
garlic and onion compared to the same cultivagsodéto grown as monocrop and
the average yield of potato tubers in plots of fwotgrown alone was lower

compared as to those of intercropped potatoes.

Singhet al (2003) conducted a survey to record the faunadpasition of
white grub in four hill districts of Garhwal (Uttamchal) India during 1996
and1997 and recorded 33 species of white grub belgrio eight sub-families on

51 host plants including potato crop.

Prasad (2003) while studying the intensity anddsup of cyst nematodes
in varying ecological situations at Nilgiri (Indidbund that nematodes were
encountered at varying levels from all potato grayiocalities of Nilgiri situated
at 920 to 2470 meters above sea level with thegitelow below 1550 and high
to very high at altitudes above 2000 meters.

Kumar (2004) surveyed the insect pests of agricallterops in high
altitude arid temperate regions of north westermadayas and noted several
species of insect pests on almost all the cropsreost of these species commonly
occurred in plains and low hilly areas as well. loer, he found that potato
crops were mainly infested by cutworm&g(otis spp.) and different species of

white grubs.

Singhet al (2004) while studying the nature and extent ahdge on 15
rainy season crops at 16 locations in Uttarandhdid) reported that larvae éf.
longipennisfeed on live roots, thereby plants show stuntemvgr, yellowing,
wilting and drying up. They further observed sigzaht symptoms of damage that
were not observed on the apical parts of potatbpagh the tubers were severally
damaged. The extent of damage reported to be ZA6B-&nd 4.96-62.92 per cent
in high and mid hills, respectively but very higiishshowed lower mean damage
(2.28-12.62%).



Lakra (2005) while monitoring the disease and ihpests of potato crop
during 2001 to 2005 in Haryana, reported high ieomk of apical leaf curl,
whiteflies Bemisia tabagi and JassidsAfmrasca biguttula on October sown
crops while as, crops exhibited moderated incidendé¢ovember sown crop. He
further noted that December planted crops weresgly attacked by an aphid
(M. persicag, early blight, leaf roll and severe mosacic cagdiigher yield loss

which was recorded upto 30 per cent.

Pandey (2007) reported that among pests, aphideahdoppers were the
most important vectors responsible for transmittng spreading of a number of
viral and mycoplasmal diseases. The other impopasts were to be cutworms,
white grubs, potato tuber moth and cyst nematddesurther reported that cyst

nematodes were confined to the southern hills ahh(H.P.) only.

Among vertebrates, rats were often noticed in thtatp fields in localities
where potato is grown. A few rat species have b&sen reported to attack plants

like floriculture crops including bulbs and cormsthe field (Waliullah, 2007).

Kamano and Mbata (2008) while studying the incigeand abundance of
insect pests of potatoes in the Fouta Djallon regibGuinea reported that insect
pests such as tuber motRhythorimmaea opercullel€22.7%), the variegated
grasshopperZonocerus variegatugl4.8%), the noctuid moth#grotis ipsilon
(13.2%) andHelicoverpaspp (9.2%), and the whiteflyBemisia tabaci(12.0%)
were infesting the potato crop. Insect infestatwas based on a method of
diagonal 20-point observation in each plot. Thayhfer observed that some plants
exhibited symptoms of viral attack and the promortof sampled plants suffered

with viral attack upto 7.5 per cent.

Omaret al.(2008) surveyed the occurrence of aphids and glisslases on
potatoes in Syria. Aphids were trapped in a yellgam with water in a Tissue
Culture Laboratory of the General Organization $&ed Multiplication (GOSM)
at Al Eeramoun from June, 2006 to June, 2007. Tumeber of winged aphids



trapped increased slightly in Autumn and attainedkpin Spring. On Autumn-
cultivated potato plants in the Aleppo and Hamasyraphid densities increased
from mid-October to early November just before tlagvest in 2006. On Spring-
cultivated potatoes aphid densities decreased flatm May, although the
densities were higher in Mid-April, just after sptimg, in 2007. Virus-infected
plants were common in both Autumn- and Spring-eatied potatoes in fields not
contracted to GOSM, but there were a few in cotgchfields in which virus-free
plants grew. Aphid species belonging to 13 genereuding M. persicag A.
gossypij A. fabae A. craccivora Schzaphis borealiand Lipaphis erysimiwere
identified among aphid samples collected from motatants. In addition,
Rhopalosiphum rufiabdominaligas found on rhizomes and roots of potato plants
in GOSM greenhouses in 2007. The major aphids &ggpests were considered

to beM. persicagA. gossypiandA. fabaeto a lesser extent.

Vallejo and Moron (2008) while studying on the dgsiton of immature
stages and redescription of adults Ahcognatha scarabaeoideErichson
(Coleopthera: Scarabaeidae: Dynastinae) a membsuiloivhite grub, described
for the first time. A & instar larva and a pupa @cognatha scarabaeoides
Erichson and adults of both sexes were also retbescin order to support the
study of the soil white grub species, assemblageoilombia, where it was found

to be associated with potato crop.

Waliullah et al. (2008) while studying the diversity of nematodes on
brinjal (S. melongen&.) in Jammu district of J&K state noted that fueqcy of

both endo and ecto-parasitic nematodes variedtivttage of crop and location.

Basavarajuet al. (2009) studied the yield loss estimation due toomaj
insect and mite pests on potato in Madenur, Hasd&sekanahalli and
Chikmagalur (Karnataka) during 2004 and 2005 regabthat aphidd\. persicae
caused on an average 6 per cent loss in yield aeMa and 3 per cent loss in
Beekanahalli. The yield loss due $podoptera lituravas 8 per cent at Madenur

and 4 per cent at Beekanahalli. The yield loss tluepotato tuber moth,



Phthoremaea operculellvas 9 per cent at Madenur while it was 6 per cént a
Beekanahalli. The yield loss due to miRglyphagotarsonemus latwgas 26.80

per cent at Madenur and it was 4 per cent at Bediadin

Khan et al. (2009) mentioned some major pests of potato inhKus
Valley including spring tailsSinella curvisty cutworm A. ipsilor), white grub
(Brahmina coriaceaand H. longipenni$, green peach aphidi( persicag, root
knot (M. haplg and root lesion nematodBratylenchusspp.) causing heavy yield

losses in potato.

Khanal et al. (2012) conducted a survey to study the abundamce a
distribution of white grubs in three districts Makanpur, Tanahu and Chitwan
representing different ecological domains of Negating June-July 2010 by
installing two light traps for two nights in twodations each of districts and a
season long light trap at Mangalpur of Chitwanrdisfrom April to September
2010 for assessing scarab beetles flight activiéuealed that the dominant
species in Chitwan wer&nomala dimidiataHope (24%) followed byJaladera
affinis Blanchard (23.75%),A. varicolor (Gyllenhal) (23%), Heteronychus
lioderus Redtenbacher (14%) andolotrichia spp. with a flight activity and
species composition of scarab beetles in the thistacts noted to be different.

Prasannakumaet al. (2012) while investigating the influence of weather
parameters on pheromone trap catches of potatooomtws. litura (Fabricius)
(Lepidoptera: Noctuidae) during 2007-OBhérif and rabi) in and around 6
villages of Bengaluru rural district, Karnatakadia) to assess the percent potato
cutworm damage. The trap catches (21.30+15.28 rictpaveek) of potato cut
worm were maximum (47.21 moths/trap) durind'3fandard week. There was no
significant difference in trap catches, but higkignificant difference in moth
catches during weeks and their interaction. Thethéu revealed that there was a
significant difference in moth catches across weseid the trap catches lowered
the damage caused by the insect. However, the rpmafce of the pheromone

traps, lures and the activity of the pest wereugrficed by several weather factors



especially maximum and minimum temperatures, ewmor as well as wind
speed which exhibited positive effects on the trajches and per cent defoliation

caused by the pest.

In a recent study Chandet al.(2013) reported that more than 100 species
of insect pests attack that damage tubers inclugieevgrubs, cutworms, potato
tuber moth, termites, red ants and mole cricketgp-f8eding insects such as
aphids, leafhoppers, thrips and white files inflil@mage by directly feeding on
different parts of a plant and acting as vectorsplaint viruses. Aphids and
whiteflies constitute a major threat to the cultiva of seed potato because they
transmit viruses such as PLRV, PVY and Gemini \@sufrom one plant to
another in an efficient manner. Leaf-feeding insericlude several species
belonging to the orders Lepidoptera and ColeopfEn& important leaf-feeding
caterpillars aréSpodopteraspp. H. armigerg Plusia orichalceaand Spilosoma
obligua No doubt among coleopterans, the most destrugiests are hadda

beetle, flea beetle, blister beetle and chaffetlége
2.2 Management of white grub infesting potatoes

Semyanowet al (1981) conducted an experiment for the contraheéct
pests of potato in Lithuania (USSR). The pests ity to 3 groups, sucking
pests, leaf eating pests and soil pests. TheytexgptratAphis naturtiiKalt andA.
gossypiiGlov. accounted for more than 90 per cent of apbioulation on potato.
Pre-sowing soil treatments with dust containingnpicarb (Pirimor) and menazon
(Sayfos) against these pests helped in increasielgl Yoy 18 per cent over

untreated check.

Veenakumari and Veeresh (1982) conducted laboratwmegstigations on
the methods for infecting larvae Biblotrichia serrataF. with Bacillus popilliae
and reported that the percentage infection for tpothsc feeding was 84, for

carrot disc feeding 76, soil treatment 74, roopdig 70.6, larval dipping 56 and



topical application 8, while as intra-haemocoeligection killed the larvae
without causing disease symptoms.

Chandlaet al. (1988) while studying on the biology and contrdl o
scarabaeidH.coriacea (Brahmina coriacep on potatoes in Himachal Pradesh
reported that adults emerged in June and feedA@acia spp., peach, plum,
apricot, pear and apple trees before laying egbsy Turther observed that the
larval populations of 5.7 and 6.4 were in phoratd aarbofuran treated plots,
respectively but tuber damage were observed 2419387 in the treated plots

over 56.3 per cent in untreated ones.

Gour and Dabi (1988) investigated the effect oeatomopathogenic form
of Verticillium lecaniion larvae of the scarabaeltblotrichia consanguinean
laboratory and reported that after 10 days, thennmeartality ofH. consanguinea
was significantly superior to the control in all tBeatments given but soil
treatment was the most effective resulting in al&@uper cent mortality.

Romero and Raman (1988) conducted an experimefarraers fields in
Huanuco (Peru) during 1980-1981 with the major tue foliage insect pests of
potatoes and their natural enemies were identifioe improved cultivars,
Molinera and Revolucion harboured significantly &wpopulations ofEpitrix
spp., Myzus persicaeEmpoascaspp., andFrankliniella spp., a native variety
showed lowest infestation Hyiriomyza spp. All cultivars suffered with greater
than 50 per cent tuber damage by the larvae ofAthéean weevil and the
improved varieties Ranrahirca and Mariva showedisagantly less damage over
the other varieties. Renacimiento was the highedtlipg cultivar, with 35 t/ha.
At the same time they recommended for further studb identify useful natural
enemies, host plant resistance and other contropoaents so that to develop an
integrated control system for insect pests of potathe higher elevations of the

Andean region.



Golberget al. (1989) made an effort to control the damage cabsetthe
scarabaeidMaladera matridato sweet potatoes by comparing heptachlor with
other insecticides in Besor region of southern patsrael. Taking the percentage
of clean tubers at the final harvest as the catefiinsecticidal efficacy, the best
results were achieved with heptachlor (97.3 pet ctan tubers) and with the
synthetic pyrethroid Talstar (bifenthrin) (91.1 pmant clean tubers), while the

percentage of clean tubers obtained in 2 untreaiettol plots was 52.5 and 65.9.

Misra and Chandla (1989) while working on managdnoérwhite grub
infesting potatoes, suggested that both beetlesgaunos could be controlled by
using integrated approach including mechanical sigay, cultural and chemical

methods.

Kokateet al (1991) reported that quinalphos and phorate wéextive
in controlling the scarabaeld coriacea(Brahmina coriacepas that resulted in
cost: benefit ratio of 1:6.8 and 1:5.6, respectivel

Pawinska and Turska (1995) investigated new ingdetimidacloprid for
the control of potato insect pests viz., aphidscime of virus diseases) and
colorado beetlesLéptinotarsa decemlineatain the field condition. In the
experiment two formulations of imidacloprid wereeds Gaucho 70 WS and
Gaucho 350 FS. Imidacloprid showed a high effeaiss in aphids and colorado
beetles (eggs, larvae and adults), controled otha dry season 1994 and in the
wet season 1993. Infection of potato tubers wittaaoleaf roll virus after the use
of imidacloprid was significantly lower in compawisto the untreated field.

Salles (1998) conducted a field trial experimewnt évaluate the
performance of five commercial insecticides for tmntrol soil insect pests of
potato in Rio Grande do Sul (Brazil). Insecticidesre used at recommended
commercial dosage and applied in planting furrowdotiows: aldicarb 150G @
13 kg/ha, carbofuran 50G @ 40 kg/ha, disulfoton GR® 15 kg/ha, fipronil
20G @ 5 kg/ha, and phorate 50G @ 60 kg/ha. Caranfa0G and phorate 50G



showed the best field performances. Disulfoton GRAAd fipronil 20G were of

equal performance but lower than carbofuran 50G @pimatate 50G. Aldicarb

150G showed the lowest performance as a potata progector against insect
pest damage (mainly fromiabrotica speciosaandHeteroderessp. larvae). As

per their findings the soil insecticides increagedato yield and external tuber
quality.

Sharmeet al (1998) while studying the effect of temperatubesgrowth,
sporulation and biodiversity of entomofungi agawvkite grub H. consanguinea
reported that 2& was found most favourable for growth as well@srslation of
Metarrhizium anisopliaend the highest conidial production was found ia-#
Beauveria bassiangrow at temperature range of°2028°C, but 25C was the
best for conidial production in all isolates, wrese28C and 26C were most
favourable for growth and sporulation, respectivel. brongniartii. However at
35°C and 46C, there was some growth but sporulation was caelgl@bsent in

almost all the isolates of the test fungi.

Mishra (2001) conducted a field experiment in t#tehal to determine
the effectiveness of some insecticides againstewbrub H. longipenni$ on
potato cv. Kufri jyoti and revealed that chlorpgsf was the most effective

followed by quinalphos and phorate.

Anil et al (2002) while conducting on-farm participatory easch in
Shimla (H.P.) to address three problems of potedwers viz., use of degenerated
seeds, high incidence of late blight and high itafiégsn of white grubs
(Lachnosterna coriaced@ecommended that the application of phorate 10@0@

kg ha' helped in reducing of white grub infestation fréno 1 per cent.

Lacey (2002) enumerated insect pests of potatbamestern Hemisphere
(from southern Argentina to several provinces oh&a) and presented the
entomopathogens (bacteriae and fungi) and para@@emophilic nematodes

and parasitoids) that were proposed for the coofrtiiese potato pests.



Misra (2002) studied the impact of planting andvkating dates on the
incidence of white grubgiolotrichia spp., and reported that potato crop planted
on T April and harvested on*1September showed the least tuber damage by
white grub, but the incidence progressively inceglawith the delay in harvesting
l.e., 15, 30 September and 15 October. He furtbponted that two sprays on
ridges with chlorpyrifos 20 EC @ 0.5 kg a.i., halso failed in registering desired
protection to potatoes from the attack of whitebgrolotrichia spp., if harvested

late.

Misra (2003) conducted a field experiment for 2 rgean Shimla
(Himachal Pradesh) to estimate the avoidable ylekkes in potato through
management of white grulbjolotrichia spp. and reported that their damage on
potatoes was maximum during 1995 and 1996 thandimahg 1997 and 1998.
This was merely because he used chlorphyrifos 2@C2.5 litres/ha. for
suppressing the white grub population in the secgrat experiment 1997 and
1998.

Chandla and Chandel (2005) evaluated eco-frietfl schedule during
2002 and 2003 seasons using seven treatmentsef@ottirol of white grubs3.
coriacea and cutworm,A. segetumwhich are the major constraint in potato
production in higher hills of Himachal Pradesh amkealed that all the treatments
proved to be superior over control in minimizingupl and tuber damage by soil
pests. Phorate 10G alone and with garlic as irdprevas found the best for the
management of cutworm, while chlorpyrifos 20EC viasnd superior against
cutworms and white grubs botiBacillus thuringiensis(Bt) and Beauveria
bassianaproved to be effective when applied in combinatieith garlic and
Phorate 10G and that also resulted in maximum nele tuber yield and
benefit/ha. They further suggested that IPM scheedohsisting of bio-pesticides
+ garlic or bio-pesticide + synthetic pesticide arlig could be equally good as
alternate to synthetic pesticide for the manageroksobil pests in higher hills and

getting maximum net benefit/ha.



Chandelet al. (2005) conducted an experiment to determine thieaefy
of entomogenous fungi and nematode in controlBngoriacaea(Hope) grubs in
pot experiments and under field conditions, rembttetB. coriaceagrubs noted
to have medium to low susceptibility to funil, anisopliaesandB. bassianan
laboratory. Under field condition, both these fumin’'t provide satisfactory
control of potato white grubs bi. coriaceagrubs were highly susceptible to
nematodeHeterorhabditis indicaln laboratory assaysj. indica caused 100 and
80.46 per cent mortality of"2and & instar grubs, respectively. The application
of H. indicareduced the damage done by grubs to potato tuiosvsver, lesser
number of grubs were observed in nematode treatets @mnd white grub

infestation was 8.13 per cent as compared to lJdeP8ent in untreated plots.

Luceroet al (2006) while putting efforts on the integratedmagement of
white grubs on small farms in the Nario Departm€@wombia, reported that
entomopathogenic micro-organisms viBgauveria bassianand Metarrhizium
anisopliaecaused to 28.75 and 14.67 per cent of pest mgr@ditOspina and
Yacuanquer localities, respectively as compare®8®B9 and 18.82 per cent
against applying chemical insecticides, wisleinernemapp. caused 17.26 and

12.74 per cent of white grub mortality.

Yaginumaet al. (2006) while studying the friction associated cliguli
detachment of the entomopathogenic funBaauveria amorphdérom the cuticle
of a scarab grubAnomala cupreain the soil by treating the larvae with
imidacloprid to suppress the mobility and then teda with fluorescein
isothiocyanate labelled conidia of the entomopatieg fungusB. amorpha In
the case of non-paralyzed larvae without imidactbpreatment, conidia on the
vertex, dorsum and abdomen became detached by afteh application. In
contrast, the number of conidia on paralyzed lamvdk imidacloprid treatment
remained stable throughout the test period. Inlighraith conidial detachment
from non-paralyzed larvae, the number of coniditected in the rearing soil

increased. They found that the fungal conidia adbeto the surface of scarab



grubs were detached by friction with soil in asaton with the larval movement,
suggesting that insect movement might be an impbfector that affected the

infection with pathogens.

Zaki et al (2006) conducted an experiment to evaluate tfieaefy of
some insecticides and bio-pesticides against wdrite infesting potato in three
different patterns viz., soil treatment, seed treait and foliar sprays. They
reported that seed treatments with imidacloprid 3Q0and soil treatments with
chlorpyrifos 1.5 per cent dust and carbofuran 3@v/@d to be best against white

grub under rainfed conditions of the Kashmir valley

Chandla and Chandel (2007) conducted an experintemtvaluate the
efficacy of two biological pesticides and two sytib pesticides, singly or in
combination with garlic as intercrop against cutmwd@A. segetumand white grub
(B. coriaced on potato in Himachal Pradesh (India) and repittta@t phorate 10G
applied in furrows during planting at 1.5 kg aaAvas the most effective against
cutworms and white grubs with and without garlitdawed by chlorpyrifos 20EC
at 0.5 kg a.i./ha. While as, biological pesticidshuringiensisandB. bassiana
were more effective when applied in combinationhwgarlic and synthetic
pesticides in terms of the reduction of pest dansagekthese treatments also gave
the highest marketable potato yield and net béhafit

Keller and Schweizer (2007) experimented on wigtab control by
applying Metarhizium anisopliaealone or in combination withBeauveria
brongniartii using a commercial drill machine, exceptionallythwia rotary
machine reported that the fungi established instiieand reduced the white grub

populations so that no more damages were visible.

Pozenel and Rot (2007) while working on populatioh common
Cockchafer Melolontha melolonthd..) in Idrija region in Slovenia reported that
different methods (mechanical, biological and chlehireatments) were used to

reduce the population of the pest, but they wellg partly successful. In June



2005, by them 92 ha of grasslands were treated Baduveria brongniartiiThe
efficiency ofBeauveriasp., was 38.7 per cent. The total decrease inuhear of

grubs in the treated area was recorded to be 88eper

In another experiment Zalat al (2007) studied the efficacy of some
insecticides as post sown foliar spray against evhifrubs Kolotrichia,
Melolonthg Brahming AdoretusandAnomalaspecies.) and cutworma.(ipsilon
and A. segetuin infesting and revealed that the grub populationail the
insecticidal treatments were significantly low. Yhalso computed the highest
benefit : cost ratio (29.95:1) by the use of imidadd treatment followed by
chlorphyrifos (15.54:1).

Rangeret al (2009) evaluated the toxicity of eight botanibalsed bio-
pesticides against@instar of scarab larvae (Coleoptera : ScarabapRagillia
japonica, Rhizotrogus majalis, Anomala orientaiiad Cyclocephala borealis
using soil dip bioassays to obtain concentrationrtatity data 7 days after
treatment of larvae and reported that Armorex pcoeas one of the most active
formulations againstP. japonica, R. majalis, A. orientaliand C. borealis
Aromex the composed extract from diverse botarsoakces include sesame oll,

garlic oil, clove oil, rosemary oil and white pepptracts.

Raniet al. (2009) conducted field experiment against whitégo test the
efficacy of botanical extracts ofzadirachta indica Sapindus mukorossi
Jatropha curcasChrysanthemum cinerarifoliunNerium oleander, Urtica diocia
andVitex negundan bin cattle urine during 2007 and 2008. Theyorégd that all
the concentrations of extract were effective inuadg the grub population as

well as per cent tuber damage.

Sharmeaet al (2009) while studying the efficacy of the entorattypgenic
nematodes (EPN$. carpocapsa@ndH. indica against different developmental
stages ofB. coriaceaHope (Coleoptera: Scarabidae) under laboratory feshd

conditions, reported that in laboratory studiesnisigant mortality by S.



carpocapsae(68-93%) andH. indica (39-71%) after 7 days of treatment was
observed at three dosages viz.; 500, 1000 and RO&&ive juveniles(ij)/100g
soil while as, in fields at Fagu and Shimla a#l three dosages 8f carpocapsae
and H. indica (1, 3 and 6x10ij/ m?) were effective in reducing the grub
population, percent plant damage as well as pertgmér damage. Percent
reduction in grub population was 66-80 per cent wud. indicaand more then
83 per cent due t8. carpocapsaat Fagu. There was more than 60 and 50 per
cent reduction in grub population dueS3o carpocapsaendH. indica treatment

in 2007 and more than 80 per cent in 2008 at Shimdots treated with both the
EPN species at normal harvesting time. The leastbheu of grubs and damaged
tuber were recorded in case of treatment vthcarpocapsae® 6x16 ij/ m?

during both the years both at Fagu and Shimla és we

Wani (2009) studied on the biology and bio-inteasimanagement of
white grub in Kashmir valley. He reported 22 sps®é white grub beetles from
different orchards and vegetable fields. As per flidings B. bassiana(local
strain) at 1 x 1% spore mf" was the most promising treatment followed Ndy
anisopliae(local strain) at 1 x I8 spore mf and also chlorphyrifos 20 EC, 4
litre/hectare.

Chelviet al. (2011) made an attempt to control the white dgrulserrata
using entomopathogenic funigi.anisopliaeat field level for the first time in India
in sugarcane crop using different formulations, i-Balc, Lignite and Liquid
formulations at Vellore Co-operative Sugar mill nédge root zone of the cane at
5-10 cm depth and irrigated immediately after aggiion. They noted that the
liquid formulation of the biopesticidil. anisopliaewas efficient in the control of

sugarcane white grub. serrata



Chapter — 3
MATERIALS AND METHODS

In order to carry out the survey for pest compiegidence and severity of
insect pests and management of white grub infegtotgtoes in northern districts

of Kashmir valley the materials and methods adoptedjiven here under:
3.1  Survey on pest complex of potato

For this purpose, survey was carried out in northdstricts of Kashmir
Valley namely Baramulla, Kupwara, and Bandiporagreithree locations in each
district were selected at three different levelslgvations (plains, mid and high
hills). The crop was observed throughout the se26dd and 2012 to record the
pest complex associated with potato. The localdares

District Location Altitude

Baramulla Yarikhah High hills - 2481 metres
Kunzer Mid hills - 1761 metres
Pattan Plains - 1556 metres

Kupwara Budnambal High hills - 3120 metres
Handwara Mid hills - 1592 metres
Yonus Plains - 1551 metres

Bandipora Gurez High hills - 2468 metres
Ajas Mid hills - 1593 metres
Sumbal Plains - 1578.2 metres

3.1.1 Collection and preservation of pests

The pests of potato were collected from differetlities by using sweep
nets, light traps and also by hand picking. Théectéd samples were pinned or
preserved in 70 per cent ethyl alcohol and gottified at IARlI and SKUAST
Kashmir by the taxonomists.



3.1.2 Sampling of nematodes

The soil samples at the mentioned localities welkected from around
the roots of the potato crop by digging upto 25dmpth with the help of Khurpi
throughout the cropping season. The soil samplege wweocessed by using
Baermann’s funnel technique for isolating the nemas. Samples were
preserved in FA 4:1 formalin (10ml), acetic acian(lL glycerol (3ml) and water
(100ml) as hot fixative (Cobb, 1918; Christie anetrl?, 1951). Roots of potato
crop was examined under binocular at 40X in thenenuc laborarory/
Nematology laboratory of Division of Entomology, BKST-K, Shalimar
campus.

3.2  Study on the incidence and severity of infesian of potato insect pests
3.2.1 Foliage feeding insect pests

Incidence and severity of infestation of foliagedag insect pests were
ascertained at all the locations of 3 districtsventioned above and from each
location 10 plants were selected randomly fromedéht rows. The whole plant
was examined to work out the incidence of foliageding insect pests.

The incidence of damage was worked out by adoptiadgormula:

Number of plants infested

Total number of plants assessed 100

Each plant represents one replication and from eeplication 3 leaves
were marked randomly for recording severity of liedééstation by foliage feeding
insect pests at fortnight interval during the aetperiod of crop. The severity of

foliage feeding insect pests was determined bygustale 0-5.

- No leaf infestation.

- Leaf infestation from 1-20 per cent.
- Leaf infestation from 21-40 per cent.
Leaf infestation from 41-60 per cent.

- Leaf infestation from 60-80 per cent.

o A~ W N P+ O
1

- Leaf infestation above 81 per cent.



The mean per cent severity of leaf infestation e@sputed by using formula:

z ’\SnXva) % 100
Where,
n= Number of leaves infested
V= Infested leaves falling in grade/scale
N = Total number of leaves examined
G= Total number of grades/scale

3.2.2 Foliage sucking insect pests

For this purpose survey was carried out for recaydhe incidence and
severity of infestation of foliage sucking insecests in all the mentioned
localities of Kupwara, Baramulla and Bandipora riitss. From every locality
five (5) plants were randomly selected and fromheglant five (5) leaves were

examined for ascertaining the sucking insect pgsstation.

Per cent of incidence was computed by using foamul

— X100
Where,
n = Number of leaves infested
N = Total number of leaves examined

Severity of infestation was determined by using Se4le (Nagraret al,
2009) which is as under:

Grade: 1= Scattered appearance of few aphid.
Grade: 2= Moderate infestation of aphid on anylma@ch of the plant.

Grade: 3= Severe infestation of aphid on more thanbranch or half portion of
the plant

Grade: 4= Very severe infestation of aphid in thol& plant.



Further the Severity index (Sl) of sucking inspests was calculated by
selecting randomly 5 infested plants at fortnigiterval and graded on the basis
of appearance of sucking insect pest. The plants ws@nsidered infested even if a
single pest was observed.

Sum of total grade points (1-4 infestation gradet& G-
IV, respectively) of the infested plants

Severity index (S) = Total number of infested plants observed

3.2.3 Collar/Tuber feeding insect pests

Incidence and severity of infestation of collar amtber feeding insect
pests was recorded at all the locations ranging fpdains to higher belts of
districts Baramulla, Kupwara, and Bandipora. The pent severity of collar
feeding insect pests was calculated by adoptindottmeula:

_Number of plants with cutworm larvae
Total number of plants examined

Per cent incidence 100

_ Number of plants with partial and full cut
~ Total number of plants examined

Per cent severity x 100

Severity of infestation of tuber feeding insecttpgas worked out at final
harvest from both white skined and red skined twlb@sed on their number (50
tubers)/ weight basis (varied) by using formula.

_ Number of pits with tuber feeders

Per cent incidence Total number of pits digged

x 100

Per cent infestation _ Number of tubers infested

(number basis) ~  Total number of tubers examined' 100
Per cent infestation _ Weight of infested tubers % 100
(weight basis) Total weight of tubers



Further the scale 0-5 as mentioned earlier usedol@ge feeders was
used to calculate the per cent severity of infestadf tuber feeders and for that
purpose 5 kg of tubers were randomly taken and heeigthen examined for
tubers infestation done by tuber feeding insectspdacidence of tuber feeding
insect pests was worked out on the basis of ameaged (plant stand) and for this
purpose, at random five pits each having a siz80of 30 cm were digout upto
20 cm in depth to record the incidence of tubedifeg insect pest in standing

crop at fortnight intervals for each location.
3.3 Management of white grub damaging potato

Management of white grub damaging potato was chwoig by selecting
one location indicating high damage by white grubnf district Baramulla
(Kunzer), Kupwara (Budnambal) and Bandipora (Ags)ing the year 2012. For
this purpose randomized block design (RBD) was usedlifferent treatments

and each treatment was replicated thrice. Therdiftereatments were:

Treatment Concentration/quantity
T, Imidacloprid (70 % WS) 3 mg/kg seed
T, Beauveria bassianDaman) 5 gl/litre of water
T3 Metarrhizium anisopliagKalichakara) 5 gllitre of water
Ty Bacillus thuringiensigDoom) 3 g/litre of water
Ts Phalada-111 C1 1 ml/litre of water
Te Neem cakeA. indicg 300 kg/ha
T Mustard cakeRrassicaspp.) 300 kg/ha

Ts Cultural practices (Deep ploughing, vermicompos2@ kg/ ha, hoeing,
mass collection of beetles at dusk on light trapsst trees) were
followed.

To Untreated check (control)




3.3.1 Treatment application
The treatments were given by using different meshafdapplication viz.,
> Imidacloprid used as seed treatment.

> Beauveria bassianaMetarrhizium anisopliae, Bacillus
thuringiensis and Phalada-111 C1 drenched around the
roots of standing potato crop at an interval of&étl 80

days after sowing.

> Neem and mustard cakes used as soil amendment at th

time of field preparation.

The efficacy of individual treatments was worked @m the basis of
percentage of good tubers at final harvest and eoespbwith good tubers in

control i.e., both percentage good tubers in tckatel in untreated plots.
3.4  Statistical analysis

The statistical analysis of the data was carried ou R-software
implemented by Boxet al (1978) and OP-Stat to determine the incidence,
severity of insect pests and critical differencdd]Metween various treatments

used for management of white grub.



Chapter — 4
EXPERIMENTAL FINDINGS

The results obtained from the present investigagiatitled, “Pest complex
of potato Solanum tuberosurn.) with special reference to management of white

grub in northern districts of Kashmir Valley” areepented in this chapter:
4.1  Survey on pest complex of potato

A random survey was carried out in northern ditdrof Kashmir Valley
namely Baramulla, Kupwara and Bandipora where tloeations in each district
were selected at three different levels of eleveti(plains, mid and high hills).
The crop was examined throughout the season tordettee pest complex
associated with potato. A total of 12 pests inalgdr insect pests and 5 nematode
genera were found associated with the crop rightfsowing/germination upto
harvest which were Flea beetléhaetocnemapp.), SemilooperThysanoplusia
orichalceg, Aphid (Macrosiphum euphorbideCutworm @Agrotis ipsilor), White
grub Brahmina coriaceandB. poonensis Wireworm (Melanotus horticorni
Earwig Euborellia annulipel (Plates-1 to 7) Stunt nematodgylenchorlynctus
kashmiriensisMahajan), Lens nematod&4gsirolaimus indicusShamsi), Spiral
nematode Helicotylenchus dihyster&her. andH. indicus Siddiqi), Root lesion
nematode Rratylenchusspp.) and Dagger nematodéighinemabasiri Siddiqi)

(Table-1). The pests of potato were categorizeddas the plant parts damaged.

Foliage feeder: Flea beetle Ghaetocnemaspp. Stephans) and Semilooper

(Thysanoplusia orichalcegabricus).
Foliage sucker Aphid (Macrosiphum euphorbia&homas)

Collar feeder: Black Cutworm Agrotis ipsilonHufnagel).



Table-1 : Pest complex (insects and nematodes) obtpto (Solanum tuberosum L.) at different locations of district
Baramulla, Kupwara and Bandipora during 2011 and 202
District Location Foliage feeder Foliage sucker Collar feeder Tuber feeder Nematode
Baramulla Pattan Flea beetle{Chaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Stunt nematode (Tylenchorhynchus  kashmiriensis
spp. Stephans) and (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis ~ Mahajan),Lens nematode(Basirolaimus indicusShamsi),
Semiloopers(Thysanoplusia  euphorbiae Hufnagel). Frey),Wireworms (Melanotus Spiral (Helicotylenchus dihysteréSher. andH. indicus
orichalceaFabricus). Thomas) horticornis Blyth) andEarwigs Siddiqi), Root lesion nematode(Pratylenchusspp.) and
(Euborellia annuliped.ucas). Dagger nematodgXiphinema basirSiddiqi).
Kunzer Flea beetle{Chaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Lens nematode (Basirolaimus indicus Shamsi), Spiral
spp. Stephans) and (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis  (Helicotylenchus dihyster&her. andH. indicus Siddiqi),
Semiloopers(Thysanoplusia  euphorbiae Hufnagel). Frey). Root lesion nematode(Pratylenchusspp.) andDagger
orichalceaFabricus). Thomas) nematode(Xiphinema basirSiddiqi).
Yarikhah Flea beetle{Chaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Stunt nematode (Tylenchorhynchus  kashmiriensis
spp. Stephans) and (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis ~ Mahajan) ,Lens nematode(Basirolaimus indicusShamsi),
Semiloopers(Thysanoplusia  euphorbiae Hufnagel). Frey). Spiral (Helicotylenchus dihysteréSher. andH. indicus
orichalceaFabricus). Thomas) Siddiqi), Root lesion nematode(Pratylenchusspp.) and
Dagger nematodgXiphinema basirSiddiqi).
Kupwara Yonus Flea beetle{Chaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Spiral (Helicotylenchus dihystereSher. andH. indicus
spp. Stephans) and (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis  Siddigi) andRoot lesion nematoddPratylenchusspp.).
Semiloopers(Thysanoplusia  euphorbiae Hufnagel). Frey), Wireworms (Melanotus
orichalceaFabricus). Thomas) horticornis Blyth) andEarwigs
(Euborellia annuliped.ucas).
Handwara Flea beetlefChaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Stunt nematode (Tylenchorhynchus  kashmiriensis
spp. Stephans) and (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis  Mahajan), Spiral (Helicotylenchus dihyster&her. andH.
Semiloopers(Thysanoplusia  euphorbiae Hufnagel). Frey), Wireworms (Melanotus indicus Siddiqi) andDagger nematode(Xiphinema basiri
orichalceaFabricus). Thomas) horticornis Blyth) andEarwigs Siddiqi).
(Euborellia annuliped.ucas).
Budnambal Flea beetle{Chaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Stunt nematode (Tylenchorhynchus  kashmiriensis
spp. Stephans). (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis  Mahajan),
euphorbiae Hufnagel). Frey) andWireworms Spiral (Helicotylenchus dihysteraSher. andH. indicus
Thomas) (Melanotus horticorniBlyth).

Siddiqi), Root lesion nematode(Pratylenchusspp.) and
Dagger nematodgXiphinema basirSiddiq;i).



Table-1 Contd

District Location Foliage feeder Foliage sucker Collar feeder Tuber feeder Nematode
Bandipora Sumbal Flea beetleChaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Stunt nematode (Tylenchorhynchus  kashmiriensis
spp. Stephans) and (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis  Mahajan),
Semiloopers(Thysanoplusia  euphorbiae Hufnagel). Frey), Wireworms (Melanotus o o ) )
orichalceaFabricus). Thomas) horticoris Blyth) andEarwigs ~ -€nS nematode (Basirolaimus indicus Shamsi), Spiral
(Euborellia annuliped ucas). (Hellcotylenchus dihyster8her. andH. indicus Siddiqi) and
Root lesion nematodégPratylenchuspp.)
Ajas Flea beetle{Chaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Stunt nematode (Tylenchorhynchus  kashmiriensis
spp. Stephans) and (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis ~ Mahajan),Lens nematode(Basirolaimus indicusShamsi),
Semiloopers(Thysanoplusia  euphorbiae Hufnagel). Frey), Wireworms (Melanotus Spiral (Helicotylenchus dihystereSher. andH. indicus
orichalceaFabricus). Thomas) horticornis Blyth) andEarwigs Siddigi) andRoot lesion nematoddPratylenchusspp.)
(Euborellia annuliped.ucas).
Gurez Flea beetlegChaetocnema Aphids Black Cutworm White grub (Brahmina coriacea Spiral (Helicotylenchus dihystereSher. andH. indicus
spp. Stephans). (Macrosiphum  (Agrotis ipsilon HopeandBrahmina poonensis  Siddigi) andRoot lesion nematoddPratylenchusspp.).
euphorbiae Hufnagel). Frey) andWireworms
Thomas) (Melanotus horticorniBlyth).




Flea beetle(Chaetocnema  Semilooper(Thysanoplusia Aphid (Macrosiphum euphorbiae
spp. Stephans) orichalceaFabricus) Thomas)

Black Cutworm (Agrotis White grub (Brahmina White grub (Brahmina poonensis
ipsilon Hufnagel) coriaceaHope) Frey)

Wireworm (Melanotus horticornisBlyth) Earwig (Euborellia annuliped.ucas)

Plate-1 : Pest complex of potatoSplanum tuberosum L.) in northern Kashmir



Spiral nematode(Helicotylenchuspp.) Stunt neatode (Tylenchorhynchus
spp.)

Root lesion nematodd€Pratylenchusspp.) Dagger nematode (Xiphinema
spp.)

Lens nematodgBasirolaimus indicus



Flea beetle Chaetocnema spp. Stephans) Semilooper [Thysanoplusia orichalcea Fabricus).

Semilooper larvae on leaf

Flea beetleChaetocnema spp. Stephans) Adult moth of semilooper

Plate-2 : Foliage feeding insect pests (Flea beetl€haetocnema spp.
Stephans and SemilooperThysanoplusia orichalcea Fabricus)
on potato crop



Aphid on leaf

Aphids on apical part of plant Nymphs and adultson leaflet

Plate-3: Foliage sucking aphidiacrospihum euphorbiae Thomas) on potato crop



Full cut Cutworm larvae

Adult cutworm

Plate-4 : Collar feeding cutworm @grotisipsilon Hufnagel) on potato crop



White grub damage White grub larvae in potato
field

White grub (Brahmina poonensis Frey) White grub (Brahmina
coriacea Hope)

Plate-5 : Tuber feeding white grub Brahmina coriacea Hope and B.
poonensis Frey) on potatoes



Wireworm damage Larvae of wireworm

Larvae of wireworm Adult wireworm

Plate-6 : Tuber feeding wireworm Melanotus horticornis Blyth) on potatoes



Earwig damage

Nymphal stages of Earwig Adult earwigs

Plate-7 : Tuber feeding earwig Euborellia annulipes Lucas) on potatoes



Tuber feeder: White grub Brahmina coriaceaHope andB. poonensisrey),
Wireworm (Melanotus horticornisBlyth) and Earwigs Euborellia annulipes

Lucas).

Nematodes: Stunt nematodeTylenchorhynchus kashmiriensiahajan), Lens
nematode Basirolaimus indicusShamsi), Spiral nematodeHé€licotylenchus
dihysteraSher. andH. indicus Siddigi), Root lesion nematodBratylenchusspp.)
and Dagger nematod¥iphinema basirSiddiqi)

Among foliage feeders, semilooper was absent anBumbal (Kupwara)
and Gurez (Bandipora) while as, earwig and wirew@sntuber feeders were
completely absent at Kunzer and Yarikhah of Bardégmdistrict. In addition
earwig was also absent at Budnambal (Kupwara) aocezs(Bandipora) as
depicted in Table-1.

4.2 Incidence of potato insect pests

4.2.1 Incidence of above ground insect pests

Incidence of insect pests revealed that abovengrests appeared iff' 1
to 2% week of May and attains peak in June in plains mithills. Whereas, at
high hills the pests appeared by the end of May*teeek of June with a peak
incidence by end of June t8'Week of July (Annexure 1-9). The results depicted
in Table-2 during 2011 revealed that among abowvergt insect pests flea beetle
showed highest incidence of 60.00, 54.44 and 2388 cent at Yarikhah
(Baramulla), Budnambal (Kupwara) and Ajas (Bandi)orespectively while as,
lowest incidence of 12.22 per cent was recordedPatan and Kunzer of
Baramulla district. Semilooper incidence was reedrdiigh 11.11 per cent at
Pattan, Kunzer (Baramulla) and at Yonus of Kupwstrict and was completely
absent at Budnambal (Kupwara) and Gurez (Bandipdfaljage sucker aphid
showed 16.00 per cent highest incidence at Ajasdpara) and 8.00 per cent
lowest incidence at Gurez (Bandipora). Lowest ienike of 4.44 per cent was

observed for cutworm at Yonus (Kupwara) and @{Bandipora) during 2011.



Table-2 : Incidence percentage of different insecpests infesting potato $olanum tuberosum L.) at different
locations of district Baramulla, Kupwara and Bandipora for the year 2011

Baramulla Kupwara Bandipora

Pattan Kunzer Yarikhah Yonus Handwara Budnambal  Sunbal Ajas Gurez

Flea beetle 12.22+4.33 12.22+5.95 60.00+12.8 17.BA 17.77+7.95 54.44+12.8117.77+7.77 23.33%¥9.12 22.22+7.59
Semilooper 11.11+5.12 11.11+#5.63 7.77+3.64 11.111%6.10.00+5.27 X 6.66%£3.72  10.0+6.00 X
Aphid 15.55+5.56 12.88+4.65 12.44+4.59 13.77+4.08.71+4.76 10.22+3.65 13.77+4.16 16.00+4.98 8.0(*3.1
Cutworm 6.66+3.72  6.66+3.72 6.66+3.72 4.44+2.42 663FH72 6.66+3.72 5.55+2.93 6.66+3.33  4.44+2.42
White grub  11.11+4.84 15.55+#5.55 11.11+3.51 11.19%3 8.88+3.51 20.00+5.77 6.66+3.33 13.33+5.77 13131
Wireworm  13.33#4.71 X X 11.11+3.51 8.88+3.51 17524 8.88+3.51 4.44+2.93 13.33+4.71

Earwigs 8.88+4.84 X X 4441293 6.6614.71 X 4.4882. 4.44+2.93 X

*Data based on 10 random plants for foliage anthcééeder insects; 5 random plants with 25 leduesoliage suckers and 5 random 30-307cpits
upto depth of 20cm for tuber feeders

No. of observations in a year 9

Data expressed as Mean + SE



In the year 2012, incidence of flea beetle was feskhigh 61.11, 55.55 and
24.44 per cent at Yarikhah (Baramulla), Budnambélp{vara) and Gurez

(Bandipora), respectively with its lowest incidenoel11.11 per cent at Pattan
(Baramulla). For other above ground pests, sanmal tveas observed in the year
2012 (Table-3).

The overall incidence percentage for the year 261id 2012 (Table-4) of
above ground insect pests revealed that flea besttegded highest incidence of
57.77 per cent at Yarikhah (Baramulla) and Budndnf®apwara) followed by
23.33 per cent at Gurez (Bandipora) while as, &iwecidence of 11.66 per cent
at Pattan (Baramulla). Semilooper recorded higimeslence of 12.77 per cent at
Kunzer (Baramulla) with lowest incidence of 7.7F pent at Sumbal (Bandipora)
and complete absence at Budnambal (Kupwara) andzG@andipora). Aphids
recorded highest incidence of 15.77 per cent aaRdBaramulla) followed by
15.11 per cent at Ajas (Bandipora) whereas, 8.44cpat as lowest at Gurez
(Bandipora). For cutworm, the highest incidenc& @flL per cent was recorded at

Ajas (Bandipora) and lowest of 4.99 per cent ate@{Bandipora).
4.2.2 Incidence of below ground insect pest

Incidence of below ground insect pests revealetipgbsts appeared in last
week of May to 2 week of June with peak in July to August in plaars
midhills. Whereas, they first appeared in last wetkune to % week of July and
attained peak towards the harvest of crop at hidfilés in northern Kashmir
(Annexure 1-9). From Table-2, white grub showecdbkgj incidence of 20.00 per
cent, 15.55 and 13.33 per cent at Budnambal (Kupw&unzer (Baramulla) and
Ajas (Bandipora), respectively with lowest incidenaf 6.66 per cent at Sumbal
(Bandipora). Incidence of 17.77 per cent was rembras highest at Budnambal
(Kupwara) and 4.44 per cent as lowest at Ajas (Bemd) with complete absence
at Kunzer and Yarikhah of Baramulla district forrewwvorm. Earwig resulted
highest incidence of 8.88 per cent at Pattan (Balajfollowed by 4.44 per cent

at Yonus (Kupwara), Sumbal and Ajas of Baodapdistrict with complete



Table-3 : Incidence percentage of different insecpests infesting potato $olanum tuberosum L.) at different
locations of district Baramulla, Kupwara and Bandipora for the year 2012

Baramulla Kupwara Bandipora

Pattan Kunzer Yarikhah Yonus Handwara Budnambal  Sunbal Ajas Gurez

Flea beetle 11.11+3.51 13.33%#7.81 55.55+12.38.88+8.73 15.55+7.28 61.11+12.835.55+6.47 21.11+8.73 24.44+8.99
Semilooper 12.22+4.33 14.44+6.47 8.88+4.54  8.88%4.88.88+4.84 X 8.88+4.84 8.88+4.84 X

Aphid 16.00+£5.24 12.44+4.29 13.33%5.24 15.55+4.8A4.22+5.34 12.44+4.13 13.33+3.88 14.22+4.62 8.8832.8
Cutworm 5.55+2.93 5554293 555+3.37 6.66+3.72 55593  5.55+3.37 6.66+¥4.71 7.77+x4.00 5.55+2.93
White grub  8.88+3.51 13.33+4.71 8.88+3.51  8.88+3.511.11+4.84 17.77+5.21 8.88+4.84 15.55+6.47 13.3B&5
Wireworm 11.11+3.51 X X 8.88+3.51 11.11+4.84 22224 11.11+4.84 6.66%+3.33 11.11+3.51

Earwigs 6.6614.71 X X 6.66x4.71  4.44+2.93 X 6.6614. 6.66x4.71 X

*Data based on 10 random plants for foliage anthcééeder insects; 5 random plants with 25 leduesoliage suckers and 5 random 30-307cpits
upto depth of 20cm for tuber feeders

No. of observations in a year 9

Data expressed as Mean + SE



Table-4 :

Pooled incidence percentage of differenhsect pests infesting potatoSolanum tuberosum L.) at different
locations of district Baramulla, Kupwara and Bandipora for 2011 and 2012

Baramulla Kupwara Bandipora

Pattan Kunzer Yarikhah Yonus Handwara Budnambal  Sunbal Ajas Gurez

Flea beetle
Semilooper
Aphid
Cutworm
White grub
Wireworm

Earwigs

11.66+0.55 12.77+0.55 57.77+2.22 1&8F% 16.66+1.10 57.77+3.34 16.66+1.10 22.22+1.10.3281.10

11.66+£0.55 12.77+1.66 8.32+0.55 9.99%1.19.44+0.56 X 7.77£1.10 9.44+0.56 X

15.77+0.21 12.66+0.21 12.88+0.43 14.66+0.88.99+0.21 11.33+1.10 13.55+#0.21 15.11+0.88 8.4430.4

6.10+0.55 6.10+0.55 6.10+0.55 5.55+1.10 0860155 6.10+0.55 6.10+0.55 7.21+0.55 4.99+0.55

9.99+1.11 14.44+1.10 9.99+1.11 9.99+1.19.99+1.11 18.88+1.11 7.77+1.10 14.44+1.10 12.2P31.

12.22+1.10 X X 9.99+1.11 9.99+1.11 19.99#2 9.99+1.11 5.55+1.10 12.22+1.10

7.77£1.10 X X 5.55+1.10 5.55+1.10 X 5.5881. 5.55+1.10 X

*Data based on 10 random plants for foliage anthcééeder insects; 5 random plants with 25 ledoesoliage suckers and 5 random 30-30°cpits
upto depth of 20cm for tuber feeders

No. of observations in a year 9

Data expressed as Mean + SE
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absence at Kunzer, Yarikhah (Baramulla), Budnan{baipwara) and Gurez

(Bandipora) locations during 2011. The results (@&) for the year 2012

revealed that white grub exhibited highest incigdeon€ 17.77, 15.55, 13.33 and
13.33 per cent for Budnambal (Kupwara), Ajas (Bpoda), Kunzer (Baramulla)

and Gurez (Bandipora), respectively with the lowesidence of 8.88 per cent at
Pattan and Yarikhah (Baramulla), Yonus (Kupwaradl &umbal (Bandipora)

locations. Wireworm recorded highest incidence 222 per cent at Budnambal
(Kupwara) and lowest 6.66 per cent at Ajas (Bandipwith complete absence at
Kunzer and Yarikhah locations of Baramulla distridbwever, for earwig, the

highest incidence of 6.66 per cent was recordeRadtan (Baramulla), Yonus
(Kupwara), Sumbal and Ajas locations of Bandipasaridt with lowest incidence

of 4.44 per cent at Handwara (Kupwara). The pest w@mpletely absent at
Kunzer, Yarikhah of Baramulla district, Budnambd&upwara) and Gurez

(Bandipora).

The overall incidence percentage for 2011 and 20bble-4) of below
ground insect pests revealed that white grub rexbhdghest incidence of 18.88,
14.44 and 14.44 per cent at Budnambal (Kupwarahzku(Baramulla) and Ajas
(Bandipora) locations, respectively with the lowestidence of 7.77 per cent at
Sumbal location of Bandipora district. Wireworm oeted its highest incidence
of 19.99 per cent at Budnambal (Kupwara) and loveéss.55 per cent at Ajas
(Bandipora) locations but not found at Kunzer andrikhah locations of
Baramulla district. However, highest pooled inciceof earwig for the year 2011
and 2012 of 7.77 per cent was recorded at Pattara(Bulla) and 5.55 per cent as
the lowest for rest locations except Kunzer, YaaikhBaramulla), Budnambal

(Kupwara) and Gurez (Bandipora) were the pest wagptetely absent.



4.3  Severity of potato insect pests

4.3.1 Severity of foliage feeding insect pests

Among foliage feeding insect pests, flea beetle serdilooper were found
to infest the crop. On the basis of leaf area dauwa@-5 scale was used to
determine the pest severity. Highest mean flealdaetverity of 21.06 per cent
was recorded at Yarikhah while as, lowest 10.10cpet at Pattan during the year
2011 (Table-5). For semilooper, highest mean sgverdfi 15.44 per cent was
exhibited at Kunzer and lowest 5.26 per cent atkfiah. However, during 2012
the highest mean pest severity of 20.06 per cest ieeorded at Yarikhah and
lowest of 10.77 per cent at Kunzer for flea beéfihereas, semilooper recorded
highest severity of 15.08 per cent at Pattan aB@ der cent as lowest at Yarikhah
location in Baramulla district (Table-5).

The pooled data for two consecutive years of Batkan district showed
that these pests start feeding activity from Mag attain peak in June at Pattan
(plain) and Kunzer (mid hill) whereas, at Yarikh@igh hill), flea beetle starts its
feeding activity in May and semilooper in June whitth attaining peak in July.
The overall mean severity of infestation was reedrdhighest 20.56 per cent
(Scale-2) at Yarikhah and 10.56 per cent (Scalasljowest at Pattan for flea
beetle. However, the highest mean severity of tafes of 15.26 per cent (Scale-
1) at Pattan and lowest of 5.06 per cent (Scalatarikhah was recorded for
semilooper (Table-6).

The mean flea beetle severity at Kupwara durinjl2@ecorded highest
24.69 at Budnambal and 13.33 per cent as lowesbmiis. Whereas, semilooper
recorded highest severity of 14.16 per cent at ¥dollowed by 11.66 per cent at
Handwara with complete absence at Budnambal. Hoyeueing 2012 the mean
flea beetle severity was observed 24.93 per cehighest at Budnambal while as,

13.58 per cent as lowest at Handwara. Whersasilooper recorded highest



Table-5:

2011and 2012

Pest severity of foliage feeding insectepts of potato folanum tuberosum L.) at Baramulla during

Pattan Kunzer Yarikhah
Year Month  ----ooooooooo o U S T Lo
Flea beetle Semilooper Flea beetle Semilooper Fleaetle Semilooper
April 0.00 0.00 0.00 0.00 - -
May 12.44 12.44 7.00 3.99 2.00 0.00
2011 June 24.33 48.67 36.67 36.10 18.00 6.33
July 3.66 0.67 5.00 5.00 58.67 18.67
August - - - - 21.33 1.33
September - - - - 5.33 0.00
"""""""" Mean +SE  10.10+541 15441143  1216+8.29  I#834  21.06+10.10 526 +3.55
""""""""" Apil 000 000 000 000 - -
May 9.00 10.00 15.78 7.99 1.66 0.00
2012 June 32.00 42.33 26.66 29.00 16.33 5.66
July 3.10 7.99 0.66 1.66 55.33 16.00
August - - - - 20.33 2.66
September - - - - 6.67 0.00
o Mean +SE  11.0247.23 . 15.089.33  10.77 +6.42 ! *6B7 20.06+9.44 . 4.86 +2.97
Data based on 10 replications having 3 leavesgpicate

*Leaf area damaged Scale used for Severity (0-8)eSO= No damage, 1= Leaf damage from 1-20 pet; @enLeaf damage from 21-40 per cent, 3=
Leaf damage from 41-60 per cent, 4=Leaf damage 6b+80 per cent and 5=Leaf damage above 81 per cent
Data expressed as Mean + SE



Table-6 : Severity of infestation by foliage feedearon potato Solanum tuberosum L.) at different locations of district

Baramulla for 2011 and 2012

Pooled mean number of leaves damaged

Month Pattan Kunzer varkhah
Fleabeetle  Semilooper Fleabeetle Semilooper  Fleetle  Semilooper
April 0.00 0.00 0.00 0.00 - -
May 10.72+1.73 11.22+1.21 11.39+4.39 5.99+2.00 330817 0.00
June 28.16+3.84 45.5+3.17 31.66+5.01 32.55+£3.56 16¥D0.83 5.99+0.33
July 3.38+0.27 4.33+3.66 2.83+2.17 3.33+1.67 57106F 17.33+1.33
August - - - - 20.83+0.49 1.99+0.66
September - - - - 6.00+0.66 0.00
"""""" 2011  10.10#541 15441143 12164829  11.2348. 21.06%1010 5263355
o 2012 11.0247.23  1508$9.33 1077 642 0.666.67 20.06:9.44 486297
 Pooled Mean:SE 10564046  1526$0.17 11.47:0.60 046:0.80  20.56%0.49  5.06£0.19

Data based on 10 replications having 3 leavesqpdicate
*Mean no. of leaves damaged

Data expressed as Mean + SE
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severity of 14.24 per cent at Yonus followed by410per cent at Handwara and
complete absence from Budnambal location of Kupwigstrict (Table-7).

The pooled data of two years showed that thests gt feeding activity
from May and attain peak in June at Yonus (plaingl adlandwara (mid hill)
whereas, at Budnambal (high hill), flea beetletstés feeding activity in May
attaining peak in July with complete absence of ikmper at Budnambal
location. The overall mean severity of infestatwas recorded highest 24.81 per
cent (Scale-2) at Budnambal and 13.83 per centg99aas lowest at Yonus for
flea beetle. However, the highest mean severitinfefstation of 14.20 per cent
(Scale-1) at Yonus followed by 11.03 per cent (&d3l at Handwara was

recorded for semilooper (Table-8).

Similarly, mean flea beetle severity at Bandipaharing 2011 was
recorded 18.74 per cent as highest at Gurez a®dp@Bcent as lowest at Sumbal.
Whereas, semilooper recorded highest severity 80 Ser cent at Sumbal
followed by 4.83 per cent at Ajas with complete ealze at Gurez. However,
during 2012 the mean flea beetle severity was wbdet7.50 per cent as highest
at Gurez and 9.91 per cent as lowest at Sumbal.r&abesemilooper recorded
highest severity of 5.41 per cent at Ajas follovilyds.25 per cent at Sumbal with

its complete absence from Gurez location of Bandiplistrict (Table-9).

The pooled data of two years showed that thests gt feeding activity
from May and attained peak in June at Sumbal (plamd Ajas (mid hill).
Whereas, at Gurez (high hill) flea beetle starttsdfeeding activity in June
attained peak in July and semilooper was completietent at Gurez. The overall,
average flea beetle infestation was recorded high®42 per cent (Scale-1) at
Gurez and 9.39 per cent (Scale-1) as lowest at Surklowever, the highest
mean severity of infestation of 5.27 per cent (&dglat Sumbal followed by 5.12

per cent (Scale-1) at Ajas was recorded for serpéo¢Table-10).



Table-7 : Pest severity of foliage feeding insecepts of potato $olanum tuberosum L.) at Kupwara during 2011and 2012

Yonus Handwara Budnambal
Year Month  -----o---mmmmom e oo msenenenineseiloliliiciiooiooooooooo L EC LT Sommememnes
Flea beetle Semilooper Flea beetle Semilooper Fleaetle Semilooper
April 0.00 0.00 0.00 0.00 - X
May 12.33 7.33 7.66 3.33 3.33 X
2011 June 30.33 34.00 37.66 35.00 31.00 X
July 10.66 15.33 11.33 8.33 55.50 X
August - - - - 32.33 X
September - - - - 1.33 X
"""""""" Mean +SE  13.33#6.29  14.16+7.31  14.16+8.18  1#8®6  24.69+1014
""""""""" Apil 000 000 000 000 - o x
May 12.00 5.33 7.33 2.33 4.67 X
2012 June 33.00 35.33 36.33 31.33 32.00 X
July 12.33 16.33 10.67 8.00 54.67 X
August - - - - 31.66 X
September - - - - 1.66 X
"""""""" Mean +SE  14.33#6.85  14.24%7.8 135879 10218 249398
Data based on 10 replications having 3 leavesqpicate

*Leaf area damaged Scale used for Severity (0-8)eS0= No damage, 1= Leaf damage from 1-20 pet; @enlLeaf damage from 21-40 per cent, 3=
Leaf damage from 41-60 per cent, 4=Leaf damage 6d+80 per cent and 5=Leaf damage above 81 per cent
Data expressed as Mean + SE



Table-8 : Severity of infestation by foliage feedearon potato Solanum tuberosum L.) at different locations of district

Kupwara for 2011 and 2012

Pooled mean number of leaves damaged

Month yowus ~ Handwara | Budnambal
Fleabeetle  Semilooper Fleabeetle ~  Semilooper ~  Fleaetle  Semilooper
April 0.00 0.00 0.00 0.00 - X
May 12.16+0.16 6.33+1.00 7.49+0.16 2.83+0.49 3.960. X
June 31.66+1.33 34.66+0.66 36.99+0.66 33.16+1.83 .5£8149 X
July 11.49+0.83 15.83+0.49 11.0+0.32 8.16+0.16 80041 X
August - - - - 31.99+0.33 X
September - - - - 1.49+0.16 X
"""""" 2011 1333629 14164731 1416818  116687.9 24.69+1014 x
"""""" 2012 1433685  142447.80  1358%7.9 104147.18 2493:985 x
 Pooled Mean:SE ~ 13.83%0.49 1420003  13.87:0.290 11.03#062 2481011

Data based on 10 replications having 3 leavesqpdicate
*Mean no. of leaves damaged
Data expressed as Mean + SE
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Table-9 :

Pest severity of foliage feeding insectepts of potato folanum tuberosum L.) at Bandipora during
2011and 2012

Vear  Month  —eoeeeeemeeeeeead Sumbal Alas ... Guez
Flea beetle Semilooper Flea beetle Semilooper Fleaetle Semilooper
April 0.00 0.00 0.00 0.00 - X
May 6.67 0.66 7.67 0.66 - X
June 26.66 19.00 29.33 17.33 7.00 X
2011 July 2.22 1.55 5.33 1.33 38.67 X
August - - - - 25.66 X
September - - - - 3.66 X
e OGO e o o o X o
Mean +SE 8.88 £6.08 5.30 +4.57 10.58 +6.45 4.83 £4.17 18321
April 0.00 0.00 0.00 0.00 - X
May 7.33 1.33 8.33 1.66 - X
June 28.00 18.00 32.50 18.33 6.00 X
2012 July 4.33 1.66 6.33 1.66 37.00 X
August - - - - 23.66 X
September - - - - 3.33 X
e OOMODT ] o o o X e,
Mean +SE 9.91 +6.21 5.25 +4.26 11.79 £7.12 5.41324 17.50 £7.91
Data based on 10 replications having 3 leavesqpicate

*Leaf area damaged Scale used for Severity (0-8)eSO= No damage, 1= Leaf damage from 1-20 pet; @enLeaf damage from 21-40 per cent, 3=

Leaf damage from 41-60 per cent, 4=Leaf damage 6d+80 per cent and 5=Leaf damage above 81 per cent
Data expressed as Mean + SE



Table-10:  Severity of infestation by foliage feeds on potato Solanum tuberosum L.) at different locations of district

Bandipora for 2011 and 2012

Pooled mean number of leaves damaged

Month Sumbal Ajas Gurez
Fleabeetle  Semilooper Fleabeetle Semilooper  Fleetle  Semilooper
April 0.00 0.00 0.00 0.00 -
May 7.0+0.32 0.99+0.33 8.0+0.32 1.16+0.49 -
June 27.33+0.66 18.5+0.49 30.91+1.58 17.83+0.49 +0649
July 3.27+£1.05 1.6+0.04 5.83+0.49 1.49+0.16 37.8330
August - - - - 24.66%1.00
September - - - - 3.49+0.16
"""""" 2011 8881608  530:457 10584645 483417 874821 x
"""""" 2012 991621  525%426 11794712 541432 750791  x

Pooled Mean+SE 9.39 +0.51 5.27 +0.02 11.18 +0.60 125+0.29 18.12 +0.61

Data based on 10 replications having 3 leavesqpicate
*Mean no. of leaves damaged

Data expressed as Mean + SE
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4.3.2 Severity of foliage sucking insect pests

Aphid (M. euphorbia¢ was recorded as a single foliage sucking insect
pest on the potato crop. The results presentedddldl) revealed that aphids start
their feeding activity in May and attained peak &oels June at Pattan (plain),
Kunzer (mid hill) and Yarikhah (high hill) havingean severity of infestation
0.79, 0.85 and 0.97 per cent, respectively in Bat@amdistrict. However, in
Kupwara the pest started feeding in April at Yor(p$ain) and in May at
Handwara (mid hills) with peak severity in both ations in June with mean
severity of infestation 1.12 and 1.00 per centpeetively. While, at Budnambal
(high hill), the pest started feeding during Jund attained peak in July with 0.97
per cent mean severity of infestation. Similar dremas observed in Bandipora
district as the pest started feeding from Apriambal (plain) and Ajas (mid hill)
attaining peak towards June with mean severityntdstation 1.09 and 1.17 per
cent, respectively. Whereas, at Gurez (high hifihid infestation started from
June and attained peak towards July with mean isg\arinfestation 0.87 per

cent during the year 2011.

During 2012, similar observations (Table-11) wezeorded as the aphid
started feeding activity in May and attained peakards June at Pattan (plain),
Kunzer (mid hill) and Yarikhah (high hill) havinge mean severity of infestation
1.00, 0.79 and 1.07 per cent, respectively in Batindistrict. At Kupwara the
pest started feeding/sucking in April at Yonus ifpleand in May at Handwara
(mid hill) with peak severity in June with mean esty of infestation 1.17 and
1.07 per cent, respectively. While as, at Budnangtbigih hill), the pest started
feeding during June and attained peak in July wi@b per cent mean severity of
infestation. However, in Bandipora district the @ap$tarted feeding from April at
Sumbal (plain) and Ajas (mid hill) attaining peakvards June with mean severity
of infestation 1.07 and 0.90 per cent, respectividigwever in Gurez (high hill),
the aphid infestation started from June and atthpeak towards July with 0.92

per cent mean severity infestation.



Table-11:  Monthly severity of foliage sucking inset pests of potato $olanum tuberosum L.) at different locations of
district Baramulla, Kupwara and Bandipora during 2011 and 2012

- . Severity of infestation *(Severity Index
Year District Location  ------r-oomioomoomoe e oo y of Infestation *(Severt Y noex N

April May June July August September  Mean £SE

Pattan 0.00 1.06 1.60 0.50 - - 0.79 +0.34

Baramulla  Kunzer 0.00 1.00 1.40 1.00 - - 0.85 +0.29

Yarikhah - 1.00 1.20 1.20 0.50 - 0.97 +0.16

Yonus 0.50 1.20 1.80 1.00 - - 1.12 £0.26

2011 Kupwara Handwara 0.00 1.00 2.00 1.00 - - 1.00 £0.40

Budnambal - 0.00 1.00 1.90 1.00 - 0.97 +0.38

Sumbal 0.50 1.10 2.10 0.66 - - 1.09 £0.35

Bandipora Ajas 0.50 1.30 1.90 1.00 - - 1.17 £0.29
B Gurez S o 050 150 100 050 087023

Pattan 0.00 1.40 1.80 0.80 - - 1.00 £0.39

Baramulla  Kunzer 0.00 1.26 1.40 0.50 - - 0.79 +0.32

Yarikhah - 1.00 1.60 1.20 0.50 - 1.07 +0.22

Yonus 0.50 1.10 2.10 1.00 - - 1.17 £0.33

2012 Kupwara Handwara 0.00 1.00 2.30 1.00 - - 1.07 +0.47

Budnambal - 0.00 1.00 2.20 1.00 - 1.05 £0.45

Sumbal 0.50 1.00 1.80 1.00 - - 1.07 £0.26

Bandipora Ajas 0.50 1.10 1.50 0.50 - - 0.90 +0.24

Gurez - - 0.50 1.70 1.00 0.50 0.92 +0.28

Data based on five infested plants
* Severity Index grade used for severity (1-4) GrddeScattered appearance of few aphids, 2= Modergstation of aphids on any one branch of thetpld= Severe infestation of aphids
on more than one branch or half portion of the fpdantd 4=Very severe infestation of aphids in thelplant.

Data expressed as Mean + SE
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From the pooled data (2011 and 2012) the highestnnseverity of aphid
1.02 per cent (Scale-1) was recorded at Yarikhahl@amest 0.82 per cent (Scale-
1) at Kunzer for Baramulla district. However, thighest mean severity of aphid
1.14 per cent (Scale-1) was recorded at Yonus@ndst of 1.01 per cent (Scale-
1) at Budnambal in district Kupwara. At Bandipo&ambal location received the
highest mean severity of 1.08 per cent (Scale-Jredms, a lowest mean severity
of 0.89 per cent (Scale-1) was recorded at Guregtiton (Table-12).

4.3.3 Severity of collar feeding insect pests

Cutworm . ipsilon) as a collar feeder that cuts the stem near tBe ba
were found associated with the potato crop. Theersgv of cutworm was
determined by selecting 10 random plants which vex@mined at fortnightly,
based on partial and full cut. The data presented@lable-13 for the year 2011
revealed that the severity percentage was higratiaf®and Kunzer during May
whereas, at Yarikhah it was noted high in June withan severity of 3.75, 3.75
and 3.00 per cent, respectively in Baramulla distifhe severity percentage was
noted high in May at Yonus while, in June at Hanéwand Budnambal locations
of Kupwara district with mean severity of 3.75, 8.Aand 3.00 per cent,
respectively. However, in Bandipora district, Suinbzcation indicated high
severity percentage during May and June wheredmatand Gurez locations, per
cent severity was noted to be high during JuneJahygl respectively with mean

severity of 5.00, 3.75 and 3.75 per cent, respelstiv

Severity of collar feeding cutworm observed higl2D12 as compared to
2011 (Table-14) where Pattan and Kunzer locatiosxseived high severity
percentage during May whereas at Yarikhah locapeak per cent severity was
observed in June with overall mean severity of 6257 and 5.00 per cent,
respectively in Baramulla district. Almost simil@end was observed in Kupwara
district where Yonus location exhibit highest s@yagpercentage in May while as,

Handwara and Budnambal locations receive pmalerity in June with mean



Table-12:  Pooled mean severity of foliage suckeo potato Solanum tuberosum L.) at different locations of district
Baramulla, Kupwara and Bandipora during 2011 and 2@.2

*Severity Index

Baramulla Kupwara Bandipora
D =2
Pattan Kunzer Yarikhah  Yonus Handwara Budnambal Sumbal Ajas Gurez
2011 0.79 0.85 0.97 1.12 1.00 0.97 1.09 1.17 0.87
2012 1.00 0.79 1.07 1.17 1.07 1.05 1.07 0.90 0.92
Pooled Mean+SE 0.89 0.82 1.02 1.14 1.03 1.01 1.08 1.03 0.89
- +0.09 +0.02 +0.04 +0.02 +0.02 +0.03 +0.009 +0.13 +0.02

Data based on five infested plants

* Severity Index grade used for severity (1-4) GrddeScattered appearance of few aphids, 2= Modertstation of aphids on any one branch of the
plant, 3= Severe infestation of aphids on more thr@branch or half portion of the plant and 4=Vagyere infestation of aphids in the whole plant.

Data expressed as Mean + SE



Table-13:  Severity percentage of collar feeding sect pests of potatoSolanum tuberosum L.) at different locations
of district Baramulla, Kupwara and Bandipora during 2011

Monthly severity of infestation

District 00 110 T
April May June July August September Mean +SE
Pattan 0.00 10.00 5.00 0.00 - - 3.75 £2.39
Baramulla  Kunzer 0.00 10.00 5.00 0.00 - - 3.75+2.39
Yarikhah - 0.00 10.00 5.00 0.00 0.00 3.00 £2.00
S Yous 000 1000 500 000 - - - 375:239
Kupwara Handwara 0.00 5.00 10.00 0.00 - - 3.75 £2.39
Budnambal - 0.00 10.00 5.00 0.00 0.00 3.00 £2.00
- Sumbal 000 1000 1000 000 - - 500288
Bandipora Ajas 0.00 5.00 10.00 0.00 - - 3.75 +2.39
Gurez - - 5.00 10.00 0.00 0.00 3.75 £2.39

*Data based on 10 random plants
Data expressed as Mean + SE



Table-14:  Severity percentage of collar feeding gect pests of potatoSolanum tuberosum L.) at different locations
of district Baramulla, Kupwara and Bandipora during 2012

Monthly severity of infestation

District 0Tt L0 SRR
April May June July August September Mean +SE
Pattan 0.00 15.00 10.00 0.00 - - 6.25 +3.75
Baramulla  Kunzer 0.00 13.30 5.00 0.00 - - 4.57 +3.13
Yarikhah - 10.00 15.00 0.00 0.00 0.00 5.00 +3.17
S Yous 000 1500 500 000 - - 5004353
Kupwara Handwara 0.00 5.00 15.00 0.00 - - 5.00 +£3.53
Budnambal - 0.00 15.00 5.00 0.00 0.00 4.00 +2.91
- Sumbal 000 1000 1500 000 - - 6254375
Bandipora Ajas 0.00 10.00 10.00 0.00 - - 5.00 +2.88
Gurez - - 5.00 15.00 0.00 0.00 5.00 +3.53

*Data based on 10 random plants

Data expressed as Mean + SE



severity of 5.00, 5.00 and 4.00 per cent, respelgtivThe pest showed high
severity percentage in May and June at Sumbal 3gas lAcations of Bandipora
district whereas at Gurez location, the crop rezeivigh per cent severity in July
with mean severity of 6.25, 5.00 and 5.00 per erfumbal, Ajas and Gurez,

respectively.

Pooled mean severity of cutworm during 2011 and22QTable-15)
showed that Pattan location exhibited highest sigvef 5.00 per cent and lowest
4.00 per cent severity at Yarikhah location of Bam#la district. Whereas, equal
range of severity 4.37 per cent as highest wasrdedoat Yonus and Handwara
locations and lowest 3.50 per cent severity at Budwmal location of Kupwara
district. However, in Bandipora, Sumbal locatiooeai@wes high severity 5.62 per
cent whereas, Ajas and Gurez locations recordedl dgBi7 per cent severity.

4.3.4 Infestation of tuber feedings insect pests owhite and red skinned
potato tubers

Insect pests which were identified as tuber feederhide white grub,
wireworm and earwig. Infestation percentage of amentioned on white and
red peeled varieties were calculated on number weight basis for which

number of tubers remained fixed (50 tubers) whengagyht of tubers varied.

The results obtained during the year 2011 in Batmdistrict as
presented (Table-16) revealed that white peeleiétyaexhibited 16.00, 20.00 and
14.00 per cent infestation by white grub on numiesis at Pattan, Kunzer and
Yarikhah, respectively which was comparatively kghhan recorded in red
peeled variety as 4.00 per cent infestation at ézwdtion. Damage by wireworm
was recorded only at Pattan location on white pkesiety with infestation 6.00
per cent on number basis. However, the pest wamnalhs Kunzer and Yarikhah
locations. Another insect pest earwig, showed tates of 8.00 and 2.00 per cent
on number basis for white and red peeled varietiespectively at Pattan and
remained absent at Kunzer and Yarikhah locatioigao&dmulla district.



Table-15:  Severity percentage of infestation by dar feeders on potato Solanum tuberosum L.) at different
locations of district Baramulla, Kupwara and Bandipora for 2011 and 2012

Pooled mean severity of collar feeders

Baramulla Kupwara Bandipora
D ==
Pattan Kunzer Yarikhah  Yonus Handwara Budnambal Sunbal Ajas Gurez
2011 3.75 3.75 3.00 3.75 3.75 3.00 5.00 3.75 3.75
2012 6.25 4.57 5.00 5.00 5.00 4.00 6.25 5.00 5.00
Pooled Mean +SE 5.00 4.16 4.00 4.37 4.37 3.50 5.62 4.37 4.37
- +0.56 +0.40 +1.00 +0.62 +0.62 +0.49 +0.62 +0.62 +0.62

*Data based on 10 random plants
Data expressed as Mean + SE
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Fig. 7 : Severity of infestation by collar feedingcutworm on potato crop in northern districts of Kashmir during

2011 and 2012



Table-16 :  Infestation percentage of tuber feedingnsect pests on white and red skined potatoes at &enulla during
2011 and 2012

*Per cent Infestation

Variety *Damage Pest 2011 2012
Pattan Kunzer Yarikhah Pattan Kunzer Yarikhah
White grub 16.00 20.00 14.00 14.00 18.00 16.00
Number bases Wireworm 6.00 X X 8.00 X X
) Earwigs 8.00 X X 10.00 X X
White peeled _
White grub 15.71 18.73 14.59 12.73 16.81 15.12
Weight bases Wireworm 7.16 X X 10.03 X X
Earwigs 7.70 X X 9.39 X
White grub 4.00 4.00 4.00 2.00 2.00 2.00
Number bases Wireworm 0.00 X X 2.00 X X
Earwigs 2.00 X X 4.00 X
Red peeled _
White grub 3.96 4.22 4.38 2.04 2.28 2.30
Weight bases Wireworm 0.00 X X 2.97 X X
Earwigs 1.98 X X 3.90 X X

*Number bases = 50 and weight varied
Data expressed in percentage



Similar infestation percentage was observed duzidyl on weight basis
by white grub on white peeled variety with infegiat15.71, 18.73 and 14.59 per
cent at Pattan, Kunzer and Yarikhah locations,aet®gely. Whereas, infestation
on red peeled variety by white grub on weight bass recorded 3.96, 4.22 and
4.38 per cent at Pattan, Kunzer and Yarikhah lonatirespectively. Wireworm
damage on weight basis for white peeled variety oles®rved only at Pattan with
infestation 7.16 per cent. However, the pest wawmtbat Kunzer and Yarikhah
locations. Further, red peeled variety was compldtee from wireworm damage
at all three locations of Baramulla district. Daradyy earwig on weight basis was
recorded only at Pattan location with infestatioi@O7per cent on white peeled
variety and 1.98 per cent on red peeled varietyrgds the pest was completely

absent at Kunzer and Yarikhah locations in Baraandiktrict.

During the year 2012 (Table-16), white peeled atgrirecorded 14.00,
18.00 and 16.00 per cent infestation by white gruBattan, Kunzer and Yarikhah
locations, respectively. While as, red peeled wariexhibited 2.00 per cent
infestation by white grub each at all the threeatmms in Baramulla district.
Wireworm damage on number basis was recorded dnBa#an location with
infestation 8.00 and 2.00 per cent on white andpexeled varieties, respectively.
Whereas, the pest was completely absent at Kunzeér Yarikhah locations.
However, earwigs infestation of 10.00 and 4.00qeert on white and red peeled
varieties, respectively on number basis was recbrale Pattan location with
complete absence of pest at Kunzer and Yarikhadtitots in Baramulla district.

On weight basis, the infestation 12.73, 16.81 abdl2 per cent was
observed on white peeled variety at Pattan, Kuraed Yarikhah locations,
respectively. While as, on red peeled variety, ittiestation 2.04, 2.28 and 2.30
per cent was recorded at Pattan, Kunzer and Ydrikbeations, respectively.
Damage due to wireworm on white and red peelecettas was recorded only at
Pattan location with infestation 10.03 and 2.97 gnt, respectively. Infestation

by earwig on weight basis was recorded only ataRdthication with infestation



9.39 and 3.90 per cent on white and red peeledties| respectively. Whereas,
Kunzer and Yarikhah locations were damage free ibgworm and earwig.

Overall infestation percentage of tuber feedersmbiite and red peeled
varieties during the year 2011 and 2012 in Baraandi$trict as presented (Table-
17) revealed that white peeled variety exhibit 05.09.00 and 15.00 per cent
infestation by white grub on number basis at Pattamnzer and Yarikhah,
respectively. Whereas, red peeled variety reco®é@ per cent infestation at
each location. Damage by wireworm on white and peeled varieties was
recorded only at Pattan location with infestatiorf07 and 1.00 per cent,
respectively on number basis. However, the pest a@sent at Kunzer and
Yarikhah locations. Another insect pest earwig,vaéte pooled infestation of 9.00
and 3.00 per cent on number basis for white angeeded varieties, respectively
at Pattan and remained absent at Kunzer and Yérildwations of Baramulla
district.

On weight basis, pooled infestation percentagerdsxl on white peeled
variety by white grub at Pattan, Kunzer and Yartkhacations was 14.22, 17.77
and 14.85 per cent, respectively. Whereas, recegeadriety recorded infestation
3.12, 3.25 and 3.34 per cent at Pattan, Kunzer ¥adkhah locations,
respectively by white grub. Wireworm damage on wihaihd red peeled varieties
was observed only at Pattan with infestation 813® h48 per cent, respectively.
Damage by earwig on weight basis was recorded anlipattan location with
infestation 8.54 and 2.94 per cent on white andpesgled varieties, respectively.
While as, wireworm and earwig were completely absg¢rKunzer and Yarikhah

locations in Baramulla district.

The results obtained during the year 2011 in Kupveistrict as presented
(Table-18) revealed that white peeled variety rdedrl2.00, 12.00 and 20.00 per
cent infestation by white grub on number basis anws, Handwara and
Budnambal, respectively. Whereas, red peeled yargtorded 2.00, 2.00 and

6.00 percent infestation at Yonus, Handwana Budnambal, respectively.



Table-17:  Overall per cent infestation of tuber feding insect pests on white and red skined potatoes district
Baramulla during 2011 and 2012

Pattan Kunzer Yarikhah

Variety Pest DamMaAge - oo oooooooooooooooooooooooooooo
2011 2012 MeanxSE 2011 2012 MeanzSE 2011 2012 MesB+

Number basis 16.00 14.00 15.00+1.00 20.00 18.00 00¥3.00 14.00 16.00 15.00+1.00

White grub _ _
Weight basis 15.71 12.73 14.22+1.48 18.73 16.81 77#D.95 14.59 15.12 14.85%0.26
White _ Number basis 6.00 8.00 7.00+1.00 X X X X X X
Wireworm _ _
peeled Weight basis  7.16 10.03  8.59+1.43 X X X X X X
Number basis 8.00 10.00 9.00+1.00 X X X X X X
Earwig _ _
Weight basis 7.70 9.39 8.54+0.84 X X X X X X
Whit b Number basis 4.00 2.00 3.00+1.00 4.00 2.00 3.0m1.04.00 2.00 3.00+1.00
ite gru
J Weight basis 3.96 2.28 3.12+0.83 4.22 2.28 3.2520.94.38 2.30 3.34+1.04
Red _ Number basis 0.00 2.00 1.00+1.00 X X X X X X
Wireworm _ _
peeled Weight basis 0.00 2.97  1.48+1.48 X X X X X X
) Number basis 2.00 4.00 3.00+1.00 X X X X X X
Earwig _ _
Weight basis 1.98 3.90 2.94+0.95 X X X X X X

* Number bases=50 and weight varied
Data expressed as Mean + SE
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Fig. 8: Infestation percentage of tuber feeding isect pests on white and red peeled potatoes in Bamenula

district during 2011 and 2012



Table-18 :  Infestation percentage of tuber feedingnsect pests on white and red skined potatoes at Kwara during

2011 and 2012

*Per cent Infestation

Variety *Damage Pest 2 011 _________________________________________________ 2 012 ________________________
 Yonus  Handwara Budnambal  Yonus  Handwara Budnambal
White grub 12.00 12.00 20.00 14.00 14.00 18.00
Number bases Wireworm 6.00 4.00 22.00 4.00 6.00 18.00
White peeled Earwigs 8.00 8.00 X 10.00 10.00 X
White grub 11.21 12.15 19.24 12.77 13.12 16.77
Weight bases Wireworm 7.26 4.92 23.65 5.11 7.18 18.69
Earwigs 8.05 7.07 X 9.20 8.43 X
"""""""""""""""""""""""" Whitegrub ~ 2.00 200 600 400 400 400
Number bases Wireworm 2.00 2.00 8.00 2.00 2.00 6.00
Red peeled Earwigs 4.00 4.00 X 6.00 2.00 X
White grub 2.27 2.20 6.20 4.25 3.69 4.09
Weight bases Wireworm 2.84 2.56 8.64 2.59 2.39 7.26
Earwigs 4.55 4.22 X 5.55 1.66 X

*Number bases=50 and weight varied

Data expressed in percentage



Wireworm infestation on white peeled variety wasoreed 6.00, 4.00 and 22.00
per cent on number basis at Yonus, Handwara anch&uobdal, respectively.
Whereas, red peeled variety recorded 2.00, 2.008201@l per cent infestation at
Yonus, Handwara and Budnambal, respectively. Amothsect pest earwig,
showed infestation of 8.00 per cent each on nurbasis at Yonus and Handwara
on white peeled varieties and remained absent dh&@ubal location. Whereas,
red peeled variety recorded 4.00 per cent infestagach at Yonus and Handwara
on number basis and its complete absence at Budddodation in Kupwara

district.

On weight basis infestation 11.21, 12.15 and 19&4cent was recorded
on white peeled variety by white grub at Yonus, ¢isara and Budnambal
locations, respectively. Whereas, red peeled wareztorded infestation 2.27, 2.20
and 6.20 per cent by white grub at Yonus, Handvaa Budnambal locations,
respectively. Wireworm infestation on white peeleatiety was recorded 7.26,
4.92 and 23.65 per cent at Yonus, Handwara and @ubal, respectively.
Whereas, red peeled variety recorded 2.84, 2.568z6wl per cent infestation at
Yonus, Handwara and Budnambal, respectively. Eashigwed infestation of
8.05 and 7.07 per cent at Yonus and Handwara, ctgply on white peeled
varieties and remained absent at Budnambal locafithereas, red peeled variety
recorded 4.55 and 4.22 per cent infestation at ¥@nd Handwara, respectively
on weight basis and were completely absent at Bubahlocation in Kupwara
district.

For the year 2012 results presented (Table-1®wset that white peeled
variety possess 14.00, 14.00 and 18.00 per ceestatfon on number basis by
white grub at Yonus, Handwara and Budnambal lonaticespectively. While as,
red peeled variety exhibited 4.00 per cent infemtatach at all the three locations
in Kupwara district. Infestation by wireworm on wéipeeled variety was
recorded 4.00, 6.00 and 18.00 per cent on numiss ba Yonus, Handwara and
Budnambal, respectively. Whereas, red peeled vyaregtorded 2.00, 2.00 and



6.00 per cent infestation at Yonus, Handwara andinBmbal, respectively.

Earwig recorded infestation of 10.00 per cent eatimumber basis at Yonus and
Handwara on white peeled varieties and remainedratzg Budnambal location.

Whereas, red peeled variety recorded 6.00 and @&0@ent infestation at Yonus
and Handwara, respectively on number basis and awaspletely absent at

Budnambal location in Kupwara district.

On weight basis, the infestation 12.77, 13.12 a6d/7 per cent was
observed on white peeled variety at Yonus, Handwach Budnambal locations,
respectively. While as, on red peeled variety, ittiestation 4.25, 3.69 and 4.09
per cent was recorded at Yonus, Handwara and Bugganocations,
respectively. Infestation by wireworm on white pekl/ariety was recorded 5.11,
7.18 and 18.69 per cent at Yonus, Handwara and @ubal, respectively.
Whereas, red peeled variety recorded 2.59, 2.397&288l per cent infestation at
Yonus, Handwara and Budnambal, respectively. Eastigwed infestation of
9.20 and 8.43 per cent at Yonus and Handwara, ctgply on white peeled
varieties and remained absent at Budnambal locafihereas, red peeled variety
recorded 5.55 and 1.66 per cent infestation at ¥@nd Handwara, respectively
on weight basis and were completely absent at Bubahlocation in Kupwara

district.

Pooled infestation on percentage of tuber feederahite and red peeled
varieties during the years 2011 and 2012 in Kupwdisirict as presented in
Table-19 revealed that white peeled variety exahit3.00, 13.00 and 19.00 per
cent infestation by white grub on number basis a&ns, Handwara and
Budnambal, respectively. Whereas, red peeled yargtorded 3.00, 3.00 and
5.00 per cent infestation at the respective loaatidnfestation by wireworm on
white peeled variety was recorded 5.00, 5.00 and®0n number basis at Yonus,
Handwara and Budnambal, respectively. Whereas,pesdled variety recorded
2.00, 2.00 and 7.00 per cent infestation at Yormiendwara and Budnambal,

respectively. Another insect pest earwig, sttbvweoled infestation of 9.00 per



Table-19:  Overall per cent infestation of tuber feding insect pests on white and red skined potatoes district
Kupwara during 2011 and 2012
) Yonus Handwara Budnambal
Variety Pest Damage  ----orromrr e e oo oo ooooooooooooooooooooooooo
2011 2012 MeantSE 2011 2012 MeanztSE 2011 2012 MesBt
White grub Number basis 12.00 14.00 13.00+1.00 12.00 14.00 0033.00 20.00 18.00 19.00+1.00
Weight basis 11.21 12.77 11.99+0.78 12.15 13.12 63D.48 19.24 16.77 18.00+1.23
White _ Number basis 6.00 4.00 5.00+1.00 4.00 6.00 5.0@1.022.00 18.00 20.00+2.00
peeled VrEWOM Weight basis 7.26 5.11  6.18+1.07 492 7.18 6.031.123.65 18.69 21.17+2.48
Eamwig Number basis 8.00 10.00 9.00£1.00 8.00 10.00 9.0@mt1 x X X
Weight basis 8.05 9.20 8.62+0.57 7.07 8.43 7.7830.6 X X X
""""""""" W hltegrubNumber basis 200 400 3.00£1.00 200 4.00 3.0@:1.06.00 400 5.00+1.00
Weight basis 2.27 4.25 3.26+0.99 2.20 3.69 2.9440.76.20 4.09 5.14+1.05
Red _ Number basis 2.00 2.00 2.00+0.00 2.00 2.00 2.0@0.08.00 6.00 7.00£1.00
peeled Wireworm Weight basis 2.84 2.59 2.71+0.12 2.56 2.39 2.4730.08.64 7.26  7.95+0.68
Eamwig Number basis 4.00 6.00 5.00£1.00 4.00 2.00 3.0@1.0 x X X
Weight basis 4.55 5.55 5.05+0.49 4.22 1.66 29812 X X X

* Number bases=50 and weight varied
Data expressed as Mean + SE
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Fig. 9 : Infestation percentage of tuber feeding isect pests on white and red peeled potatoes in Kupva district

during 2011 and 2012



cent each on number basis at Yonus and Handwavéhide peeled varieties and
remained absent at Budnambal location. Whereaspeeted variety recorded
5.00 and 3.00 per cent infestation at Yonus anddwara, respectively on
number basis and was completely absent at Budnatabation in Kupwara

district.

On weight basis, pooled infestation percentagerdst during the year
2011 and 2012 on white peeled variety by white gatityonus, Handwara and
Budnambal locations were 11.99, 12.63 and 18.00 qmart, respectively.
Whereas, red peeled variety recorded infestati@f,32.94 and 5.14 per cent at
Yonus, Handwara and Budnambal locations, respdgtivinfestation by
wireworm on white peeled variety was recorded 66185 and 21.17 per cent at
Yonus, Handwara and Budnambal, respectively. Wiseread peeled variety
recorded 2.71, 2.47 and 7.95 per cent infestatior¥@us, Handwara and
Budnambal, respectively. Earwig showed infestatb®.62 and 7.75 per cent at
Yonus and Handwara, respectively on white peelegteas and remained absent
at Budnambal location. Whereas, red peeled vargtgrded 5.05 and 2.94 per
cent at Yonus and Handwara, respectively on weigisis and were completely
absent in both the years at Budnambal locationupwara district.

In Bandipora district, the results obtained duritie year 2011 as
presented in Table-20 revealed that white peeletktyarecorded 12.00, 18.00
and 14.00 per cent infestation by white grub on Ipeinasis at Sumbal, Ajas and
Gurez, respectively. Whereas, red peeled varietgrded 4.00, 4.00 and 2.00 per
cent infestation at Sumbal, Ajas and Gurez, reppaygt Infestation by wireworm
on white peeled variety was recorded 6.00, 8.00 @00 per cent on number
basis at Sumbal, Ajas and Gurez, respectively. Bawrred peeled variety
recorded 2.00 per cent infestation at Ajas. Howewdr Sumbal and Gurez
locations tubers were free from wireworm infestatidnother insect pest earwig,
showed infestation of 12.00 and 8.00 per cent ombmar basis at Sumbal and

Ajas, respectively on white peeled varietaesd remained absent at Gurez



Table-20: Infestation percentage of tuber feedingnsect pests on white and red skined potatoes at Badipora during
2011 and 2012

*Per cent Infestation

Variety *Damage Pest 2011 2012
© Sumbal Aas Gurez  Sumbal  Ajas Gurez
White grub 12.00 18.00 14.00 14.00 16.00 12.00
Number bases Wireworm 6.00 8.00 6.00 8.00 6.00 4.00
White peeled Earwigs 12.00 8.00 X 10.00 10.00 X
White grub 11.90 19.68 14.17 12.63 17.30 12.17
Weight bases Wireworm 8.12 8.12 6.54 8.62 6.57 4.16
Earwigs 10.07 6.87 X 9.24 9.61 X
"""""""""""""""""""""""" Whitegrub ~ 4.00 400 200 200 200 400
Number bases Wireworm 0.00 2.00 0.00 2.00 4.00 2.00
Red peeled Earwigs 4.00 2.00 X 2.00 4.00 X
White grub 4.08 4.62 2.27 2.00 2.35 4.22
Weight bases Wireworm 0.00 2.50 0.00 2.18 4.90 2.38
Earwigs 3.53 1.92 X 1.81 3.92 X

*Number bases=50 and weight varied

Data expressed in percentage



location. Whereas, red peeled variety recorded 4r@2.00 per cent infestation
at Sumbal and Ajas, respectively on number basisisncomplete absence at

Gurez location in Kupwara district.

On weight basis infestation 11.90, 19.68 and 14dr7cent was recorded
on white peeled variety by white grub at SumbalasApnd Gurez locations,
respectively. Whereas, red peeled variety recomdiegtation 4.08, 4.62 and 2.27
per cent by white grub at Sumbal, Ajas and Gureztlons, respectively.
Wireworm infestation on white peeled variety wasoreled 8.12, 8.12 and 6.54
per cent at Sumbal, Ajas and Gurez, respectiveljeMas, red peeled variety
recorded 2.50 per cent, infestation at Ajas locatihile as the tubers were
damage free at Sumbal and Gurez locations. Eaeuigrded infestation of 10.07
and 6.87 per cent at Sumbal and Ajas, respectivmelywhite peeled varieties and
remained absent at Gurez location. Whereas, rddgeariety recorded 3.53 and
1.92 per cent at Sumbal and Ajas, respectively eight basis and the pest was

completely absent at Gurez location in Kupwararidist

During the year 2012, the results presented (F20)eshowed that white
peeled variety possess 14.00, 16.00 and 12.00ep¢rirtfestation by white grub
on number basis at Sumbal, Ajas and Gurez locatiespectively. While as, red
peeled variety exhibited 2.00, 2.00 and 4.00 pet odestation at Sumbal, Ajas
and Gurez locations, respectively in Kupwara distinfestation by wireworm on
white peeled variety was recorded 8.00, 6.00 a@@ ger cent on number basis at
Sumbal, Ajas and Gurez, respectively. Whereaspeeted variety recorded 2.00,
4.00 and 2.00 per cent infestation by wireworm amBal, Ajas and Gurez,
respectively. Earwig recorded infestation of 10p@0 cent each on number basis
at Sumbal and Ajas on white peeled varieties anthiieed absent at Budnambal
location. Whereas, red peeled variety recorded ar@4.00 per cent infestation
at Sumbal and Ajas, respectively on number bagisveas completely absent at
Gurez location in Bandipora district.

On weight basis, the infestation 12.63, 17.30 4@dL7 per cent was

recorded on white peeled variety at Sumbal, Ajasl &urez locations,



respectively during 2012. Whereas, on red peele@tya2.00, 2.35 and 4.22 per
cent infestation was recorded at Sumbal, Ajas ancktlocations, respectively.
Infestation by wireworm on white peeled variety wasorded 8.62, 6.57 and 4.16
per cent at Sumbal, Ajas and Gurez, respectivelieMdas, red peeled variety
recorded 2.18, 4.90 and 2.38 per cent infestattoBumbal, Ajas and Gurez,
respectively. Earwig showed infestation of 9.24 8r6ll per cent at Sumbal and
Ajas, respectively on white peeled varieties anthaieed absent at Gurez
location. The red peeled variety recorded 1.81 2192 per cent infestation at
Sumbal and Ajas, respectively on weight basis ardevcompletely free from

infestation at Gurez location in Bandipora district

Pooled infestation percentage of tuber feedersvbite and red peeled
varieties during the year 2011 and 2012 in Bandipdistrict as presented in
Table-21, revealed that white peeled variety exéhi3.00, 17.00 and 13.00 per
cent infestation by white grub on number basis amal, Ajas and Gurez,
respectively. Whereas, red peeled variety recoBl@d per cent infestation each
at respective locations. Infestation by wireworm white peeled variety was
recorded 7.00, 7.00 and 5.00 per cent on numbeés BaSumbal, Ajas and Gurez,
respectively. Whereas, red peeled variety recoddéd, 3.00 and 1.00 per cent
infestation consequently at Sumbal, Ajas and Guienther insect pest earwig,
showed infestation of 11.00 and 9.00 per cent ombar basis at Sumbal and
Ajas locations, respectively on white peeled vaggeand no infestation absent at
Gurez location. Whereas, the red peeled varietyrdad 3.00 per cent infestation
each at Sumbal and Ajas locations on number basisvas free from infestation

at Gurez location in Bandipora district.

On weight basis, pooled infestation percentagerdszi on white peeled
variety by white grub at Sumbal, Ajas and Gureatmns was 12.26, 18.49 and
13.17 per cent, respectively. Whereas, red peedeiegty recorded infestation of
3.04, 3.48 and 3.24 per cent at Sumbal, Ajas angGlocations, respectively.
Infestation by wireworm on white peeled variety wasorded 8.37, 7.34 and 5.35



Table-21:  Overall per cent infestation of tuber feding insect pests on white and red skined potatoes district
Bandipora during 2011 and 2012
) Sumbal Ajas Gurez
Variety Pest Damage  ----oooorrrr e oo oo oooooooooooooooooooooooooo
2011 2012 MeantSE 2011 2012 MeanztSE 2011 2012 MesBt
White grub Number basis 12.00 14.00 13.00+1.00 18.00 16.00 00%Z1.00 14.00 12.00 13.00+1.00
Weight basis 11.90 12.63 12.26x0.36 19.68 17.3 9849 14.17 12.17 13.17+1.00
White _ Number basis 6.00 8.00 7.00+1.00 8.00 6.00 7.0@1.06.00 4.00 5.00+£1.00
peeled Wireworm Weight basis 8.12 8.62 8.37+£0.24 8.12 6.57 7.3440.76.54 416  5.35%1.19
Earwig Number basis 12.00 10.00 11.00£1.00 8.00 10.00 #9.00 X X X
Weight basis 10.07 9.24 9.65+0.41 6.87 961 8.2&B1. X X X
""""""""" W hltegrubNumber basis 4.00 200 3.00£1.00 400 200 3.0@1.02.00 400 3.001.00
Weight basis 4.08 2.00 3.04+1.04 4.62 235 3481.1227 422  3.24+0.97
Red _ Number basis 0.00 2.00 1.00+1.00 2.00 400 3.0@1.00.00 2.00 1.00+£1.00
peeled Wireworm Weight basis 0.00 2.18 1.09£1.09 2.50 490 3.7*1.10.00 2.38 1.19+1.19
Earwig Number basis 4.00 2.00 3.00+£1.00 2.00 4.00 3.0@1.0 x X X
Weight basis 3.53 1.81 2.67+0.85 1.92 3.92 292x1.0 X X X

*Number bases=50 and weight varied

Data expressed as Mean + SE
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per cent at Sumbal, Ajas and Gurez, respectiveljeMas, red peeled variety
recorded 1.09, 3.70 and 1.19 per cent infestatioBumnbal, Ajas and Gurez,
respectively. Earwig showed infestation of 9.65 &8ri2¥l per cent at Sumbal and
Ajas, respectively on white peeled varieties andaieed undamaged at Gurez
location. Whereas, red peeled variety recorded ar@V2.92 per cent at Sumbal
and Ajas, respectively on weight basis and showedamage in both the years at

Gurez location in Bandipora district.
4.3.5 Severity of tuber feedings insect pests ootato tubers

For this purpose 5 kg of tubers of white peeledetgwere examined at
final harvest by using scale 1-5 to obtain the sgvef infestation by tuber
feeders. The results presented (Table-22) revedad Ajas (Bandipora),
Budnambal (Kupwara) and Kunzer (Baramulla) locaiorecorded highest
severity 5.28, 5.08 and 4.56 per cent, respectibglyvhite grub during the year
2011. Whereas, wireworm as tuber feeder recordeddbseverity at all locations
except Budnambal (Kupwara) were 4.64 per cent okr#y was recorded.
However, the pest was completely absent at Kunadr¥arikhah locations in
Baramulla district. Earwig was completely absenthagh altitudes including
Kunzer and Yarikhah (Baramulla), Budnambal (Kupwaed Gurez (Bandipora)
locations in northern Kashmir. However, the highsesterity of 4.96 per cent was
recorded at Sumbal (Bandipora) followed by Pat@arémulla) with severity
4.12 per cent while as, the lowest severity 3.44cpat was recorded at Handwara
location in Kupwara district during the year 2011.

Similarly, during the year 2012 (Table-22), Aj&atdipora), Budnambal
(Kupwara) and Kunzer (Baramulla) recorded highesesty of 4.60, 4.48 and
4.20 per cent, respectively by white grub. Whereasgworm recorded lowest
severity range of 0.88 to 1.76 per cent at all ioos except Budnambal
(Kupwara) were 3.40 per cent of severity was reedrds highest. However, the
pest was completely absent at Kunzer and Yarikimtations in Baramulla

district. Earwigs were completely absent at ragiudes including Kunzer and



Table-22:  Severity of infestation by tuber feeder®n white peeled potato at different locations of idtrict Baramulla,
Kupwara and Bandipora on final harvest for 2011 and2012

Severity of infestation (%age)

Year Pest Baramulla Kupwara Bandipora
Patan  Kunzer VYarkhah Yonus Handwara Budnambal Sumbal Ajas  Gurez
White grub 3.84 4.56 3.12 2.84 3.36 5.08 2.80 5.28 3.68
2011  Wireworm 1.40 X X 1.40 0.88 4.64 1.28 1.60 1.28
Earwigs 4.12 X X 3.92 3.44 X 4.96 3.52 X
White grub 3.20 4.20 3.52 3.44 3.60 4.48 3.08 4.60 3.36
2012  Wireworm 1.76 X X 1.04 1.36 3.40 1.68 1.28 0.88
Earwigs 5.28 X X 4.36 3.52 X 5.60 4.80 X

Data based on 5 kg tubers and expressed in pegeenta

*Tuber area damaged, Scale used for Severity @c8)e: 0= No damage, 1= Tuber damage from 1-2@q&r 2 =Tuber damage from 21-40 per cent,
3= Tuber damage from 41-60 per cent, 4= Tuber darfragn 61-80 per cent and 5= Tuber damage aboeBtent.
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Yarikhah (Baramulla), Budnambal (Kupwara) and Guiandipora) locations in
northern Kashmir. However, the highest severit$.60 per cent was recorded at
Sumbal (Bandipora) followed by Pattan (Baramullahveeverity 5.28 per cent.
The lowest severity (3.52%) was recorded at Handwacation in Kupwara
district during 2012.

Pooled mean severity of infestation by tuber feead® potato during the
year 2011 and 2012 seasons at different locatibasstyict Baramulla, Kupwara
and Bandipora on final harvest as presented ineF2B) revealed that severity of
494, 4.78 and 4.38 per cent was recorded as higited\jas (Bandipora),
Budnambal (Kupwara) and Kunzer (Baramulla) respebti Whereas, lowest
severity 2.94, 3.32 and 3.41 per cent was recomtedumbal (Bandipora),
Yarikhah (Baramulla) and Yonus (Kupwara), respedsivby white grub.
Wireworm recorded severity of 4.02 per cent as ésglat Budnambal (Kupwara)
and 1.08 per cent as lowest at Gurez (Bandiporaweier, the pest was
completely absent at Kunzer and Yarikhah locatiamsBaramulla district.
Severity of infestation by earwig was recorded bgjht.28 per cent at Sumbal
(Bandipora) whereas, lowest 3.48 per cent was decbat Handwara (Kupwara).
However, the pest was completely absent at KunzdrYarikhah (Baramulla),

Budnambal (Kupwara) and Gurez (Bandipora) locations
4.4 Management of white grub

The field experiment was conducted at Kunzer (Batk)) Budnambal
(Kupwara) and Ajas (Bandipora) during 2012 to wotk per cent good tubers at
final harvest using nine treatments viz., Imidaddép/0 WS (3 mg/kg seed),
Beauveria bassiang5 g/litre of water),Metarrhizium anisopliag5 g/litre of
water), Bacillus thuringiensiq3 g/litre of water), Phalada-111 C1(1 ml/litre of
water), Neem cake (300 kg/ha), Mustard cake (30Baig Cultural practices and
untreated check (control). The per cent good tulretseatments were compared
with per cent good tubers in control to work o thost effective treatments for

the management of white grub.



Table-23:  Severity of infestation by tuber feedersn potato Solanum tuberosum L.) at different locations of district
Baramulla, Kupwara and Bandipora on final harvest for 2011 and 2012

Pooled mean severity of infestation (%age)

Pest Baramulla Kupwara Bandipora

Pattan Kunzer Yarikhah Yonus Handwara Budnambal Sunbal Ajas Gurez

White grub  3.52+0.31 4.38+0.17 3.32+0.19 3.41+0.28.48+0.11 4.78+0.29 2.94+0.13 4.94+0.34 3.52+0.15

Wireworm  1.58+0.17 X X 1.22+0.17 1.12+0.23 4.0240.6 1.48+0.19 1.44+0.15 1.08%0.19

Earwig 4.70+0.58 X X 4.14+0.21  3.48+0.03 X 5.2840.34.16+0.63 X

Data based on 5 kg tubers.

*Tuber area damaged, Scale used for Severity Beg)e: 0= No damage, 1= Tuber damage from 1-2@err 2 =Tuber damage from 21-40 per cent,
3=Tuber damage from 41-60 per cent, 4= Tuber darfrage61-80 per cent and 5= Tuber damage aboveBtgnt.

Data expressed as Mean + SE



Observations on per cent good tubers recordedusizét (Baramulla)
(Table-24) revealed that Imidacloprid (seed treattnprovide the most effective
control of white grub by exhibiting 97.33 per cegpbod tubers that differ
significantly with theB. thuringiensiswvhich resulted 94.00 per cent good tubers.
However,M. anisopliae and B. bassian@ere statistically on par yielding 90.66
and 89.33 per cent good tubers, respectively. @llforactices and Neem cake
were statistically on par vyielding 80.66 and 80.pér cent good tubers,
respectively. Treatments like Phalada-111 C1 andtdMd cake resulted 76.66
and 76.00 per cent good tubers, respectively ag&@iostrol (untreated) recording
74.66 per cent good tubers.

Similar observations were recorded at Budnambahtion of district
Kupwara during the year 2012 (Table-25) which sgtgpk that Imidacloprid
(seed treatment) is effective control measure throgr96.66 per cent good tubers
which differ significantly with theB. thuringiensiswvhich resulted 93.33 per cent
good tubers. Bioagents likd. anisopliaeand B. bassianavere statistically on
par resulting 91.33 and 90.00 per cent good tubespectively. Cultural practices
and Neem cake were statistically on par yieldindd84and 83.33 per cent good
tubers, respectively. However, treatments like &thel111 C1 and Mustard cake
exhibited 77.33 and 76.66 per cent good tubergerwely against Control
(untreated) which yielded 75.33 per cent good sibehich were statistically on

par.

At Ajas location of Bandipora district, similaregiormances were
recorded (Table-26) in which Imidacloprid (seeéatment) was the most
effective yielding 96.66 per cent good tubers diffg significantly with B.
thuringiensis which vyielded 93.33 per cent good tubers. Treatnda M.
anisopliaeandB. bassianaesulted in 91.33 and 88.66 per cent good tubershwh
statistically differ from each other. Cultural ptiaes and Neem cake exhibited
79.33 and 78.66 per cent good tubers and werestgtatly on par. However,
Phalada-111 C1 and Mustard cake yielded 77.3F&rGb per cent good tubers,



Table-24:  Management of white grub by using diffeent pesticides/cultural practices at Kunzer (Baramila) on
potato crop during 2012

Treatment Pesticide\Cultural Trade name Concentration/quantity *Per cent good tubers

T, Imidacloprid Gaucho 70%WS 3 mg/kg seed 97.335@e.

T, Beauveria bassiana Daman 5 gl/litre of water 89.33 (70.93)c

T3 Metarrhizium anisopliae Kalichakara 5 gllitre of water 90.66 (72.20)c

Ty Bacillus thuringiensis Doom 3 g/litre of water 94.00 (75.82)d

Ts Phalada-111 C1 Phalada-111 C1 1 ml/litre of water 76.66 (61.11)a

Te Azadirachta indica Neem cake (Indigenous) 300 kg/ha 80.00 (63.43)b

T, Brassica species Mustard cake (Local) 300 kg/ha 76.00 (60.66)a

Tsg Cultural practices Deep ploughing, vermi-compos@kg/ha, hoeing, mass 80.66 (63.91)b
collection of beetles at dusk on light traps/ Hoses

To Control (untreated) - - 74.66 (59.77)a
CD (p <0.05) 3.06

*Data based on mean of three replications each
No. of tubers examined 50
Values in parenthesis are Arcsine transformed galue



Table-25:  Management of white grub by using diffeent pesticides/cultural practices at Budnambal (Kugvara) on
potato crop during 2012

Treatment Pesticide\Cultural Trade name Concentration/quantity *Per cent good tubers
T, Imidacloprid Gaucho 70%WS 3 mg/kg seed 96.664(Me
T, Beauveria bassiana Daman 5 gllitre of water 90.00 (71.56)c
T3 Metarrhizium anisopliae  Kalichakara 5 gllitre of water 91.33 (72.87)c
Ty Bacillus thuringiensis Doom 3 gl/litre of water 93.33 (75.03)d
Ts Phalada-111 C1 Phalada-111 C1 1 ml/litre of wate 77.33 (61.56)a
Te Azadirachta indica Neem cake (Indigenous) 300 kg/ha 83.33 (65.90)b
T, Brassica species Mustard cake (Local) 300 kg/ha 76.66 (61.11)a
Tsg Cultural practices Deep ploughing, vermi-comp@t 200kg/ha, hoeing, 84.00 (66.42)b

mass collection of beetles at dusk on light tréwost trees
To Control (untreated) - - 75.33 (60.21)a
CD (p <0.05) 2.05

*Data based on mean of three replications each
No. of tubers examined 50
Values in parenthesis are Arcsine transformed galue



Table-26:  Management of white grub by using diffeent pesticides /cultural practices at Ajas (Bandip@) on potato
crop during 2012

Treatment Pesticide\Cultural Trade name Concentration/quantity *Per cent good tubers
T1 Imidacloprid Gaucho 70%WS 3 mg/kg seed 96.664(M9
T, Beauveria bassiana Daman 5 gllitre of water 88.66 (70.32)d
T3 Metarrhizium anisopliae  Kalichakara 5 gllitre of water 91.33 (72.87)e
Ta Bacillus thuringiensis Doom 3 gl/litre of water 93.33 (75.03)f
Ts Phalada-111 C1 Phalada-111 C1 1 ml/litre of wate 77.33 (61.56)b
Te Azadirachta indica Neem cake (Indigenous) 300 kg/ha 78.66 (62.48)c
T, Brassica species Mustard cake (Local) 300 kg/ha 76.66 (61.11)b
Tg Cultural practices Deep ploughing, vermi-comp@t 200kg/ha, hoeing, 79.33 (62.95)c

mass collection of beetles at dusk on light tréwost trees
To Control (untreated) - - 74.66 (59.77)a
CD (p <0.05) 1.99

*Data based on mean of three replications each
No. of tubers examined 50
Values in parenthesis are Arcsine transformed galue



respectively and were on par against Control (at&e which yielded 74.66 per
cent good tubers and differed significnatly withte¢atments.

The overall performance as presented (Table-2Aeated that
Imidacloprid as seed treatment proved to be mdettfe in yielding 96.88 per
cent good tubers which was statistically differamih B. thuringiensisresulting
93.55 per cent good tubers. Howevlt, anisopliaeand B. bassianayielding
91.10 and 89.33 per cent good tubers differ sieaiby with each other. Cultural
practices and Neem cake yield 81.33 and 80.66 gqargood tubers, respectively
and were statistically on par. Treatments like Ri@l111 C1 and Mustard cake
resulted 77.10 and 76.44 per cent, respectivelyvear@ statistically on par with
each other. Descending order for different pest®icultural practices on the

basis of per cent good tuber were:

Imidacloprid (96.88%) > B. thuringiensis(93.55%) > M. anisopliae
(91.10%) >B. bassiana(89.33%) > Cultural practices (81.33%)Azadirachta
indica (80.66%) > Phalada-111 C1 (77.10%Brassica specie§/6.44%) against
control (74.88%).



Table-27 :  Overall performances of different pesticles/cultural practices against white grub damagingpotatoes in
northern Kashmir during 2012

eatment  PesticidelCutural  Trade name | Concentration/ " Per cent good tubers  cumulative

quantity Kunzer Budnambal  Ajas mean

Ty Imidacloprid Gaucho 70%WS 3 mg/kg seed 97.33 96.66 96.66 96.88
(80.59)e  (79.47)e  (79.47)g (79.84)g

T, Beauveria bassiana Daman 5 gllitre of water 89.33 90.00 88.66 89.33
(70.93)c  (71.56)c (70.32)d (70.93)d

T3 Metarrhizium anisopliae Kalichakara 5 gllitre of water 90.66 91.33 91.33 91.10
(72.20)c  (72.87)c (72.87)e (72.64)e

Ta Bacillus thuringiensis ~ Doom 3 gllitre of water 94.00 93.33 93.33 93.55
(75.82)d  (75.03)d  (75.03)f  (75.29)f

Ts Phalada-111 C1 Phalada-111 C1 1 ml/litre of water ~ 76.66 77.33 77.33 77.10
(61.11)a  (61.56)a (61.56)b (61.41)b

Te Azadirachta indica Neem cake 300 kg/ha 80.00 83.33 78.66 80.66
(Indigenous) (63.43)b 65.90)b (62.48)c (63.91)c

T7 Brassica species Mustard cake 300 kg/ha 76.00 76.66 76.66 76.44
(Local) (60.66)a  (61.11)a (61.11)b (60.96)b

Tsg Cultural practices Deep ploughing, vermi-compost @ 80.66 84.00 79.33 81.33

200kg/ha, hoeing, mass collection 0f(63.91)b (66.42)b  (62.95)c (64.42)c
beetles at dusk on light traps/host trees

To Control (untreated) - - 74.66 75.33 74.66 74.88
(59.77)a (60.21)a (59.77)a (59.91)a
CD (p <0.05) 3.06 2.05 1.99 1.45

No. of tubers examined 50
Values in parenthesis are Arcsine transformed galue
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Chapter -5
DISCUSSION

The results of the present investigations “Pestpiex of potato $olanum
tuberosumL.) with special reference to management of wigiteb in northern

districts of Kashmir Valley” are discussed heré¢his Chapter.
5.1 Survey on pest complex of potato

Survey on pest complex of potato crop was carriedim two cropping
seasons 2011 and 2012 at locations Pattan, Kuviagkhah (Baramulla district);
Yonus, Handwara, Budnambal (Kupwara district) angmBal, Ajas, Gurez
(Bandipora district). From survey a total of 12 tsesere recorded infesting both
above and below ground parts of potato plant rigith sowing/germination upto
harvest, including 7 insect pests which were idexcti as Flea beetle
(Chaetocnema spp.), Semilooper Thysanoplusia orichalcga Aphid
(Macrosiphum euphorbige Cutworm Agrotis ipsilor), White grub Brahmina
coriacea and B. poonensis Wireworm Melanotus horticornis Earwig
(Euborellia annulipesand 5 nematode genera were also found assoeidtethe
crop which were identified as Stunt nematodglénchorlynctuskashmiriensis
Mahajan), Lens nematodeB4sirolaimus indicusShamsi), Spiral nematode
(Helicotylenchus dihyster&her. andH. indicus Siddigi), Root lesion nematode
(Pratylenchusspp.) and Dagger nematodgighinemabasiri Siddiqi). Pests of
potato were categorized into five groups basederptant parts they damage.

Foliage feeder: Flea beetle Ghaetocnemaspp. Stephans) and Semilooper

(Thysanoplusia orichalcegabricus).
Foliage sucker Aphid (Macrosiphum euphorbia&homas)

Collar feeder: Black Cutworm Agrotis ipsilonHufnagel).



Tuber feeder: White grub Brahmina coriaceaHope andB. poonensisrey),
Wireworm (Melanotus horticornisBlyth) and Earwigs Euborellia annulipes

Lucas).

Nematodes: Stunt nematode TfylenchorlynctuskashmiriensisMahajan), Lens
nematode Basirolaimus indicusShamsi), Spiral nematodeHélicotylenchus
dihysteraSher. andH. indicus Siddigi), Root lesion nematodBratylenchusspp.)
and Dagger nematod¥iphinemabasiri Siddiqi).

The above findings are supported by Zaki and Mdis¢b990) who in
there preliminary studies reported that potato asomfested by 15 insect pests
and 6 nematode genera. They further reported théawocm, white grub,
wireworm and spring tails are the important pes$tghe crop in central region of
Kashmir. Khanet al. (2009) mentioned some major pests of potato inhKes
Valley including spring tailsSinella curvisty cutworm A. ipsilor), white grub
(Brahmina coriaceaand H. longipenni%, green peach aphidMfzus persicae
root knot (Meloidogyne haplpand root lesion nematodératylenchusspp.)
causing heavy yield losses in potato. These firglarg also supported by Birtton
(1918), Eden and Garrett (1955), Sharma and Bl{&aB&4), Dorozhkinet al.
(1975), Escalante (1975), Menschoy (1975), Butamd &erma (1976), Das
(1988), Misra and Agrawal (1988), Singh (1990), ilFar et al. (1995),
Nandhihalliet al. (1996), Peter (1996), Dharpure (2002a), Sing (20Chandel
and Chandla (2003), Pandey (2007) and Chaetal. (2013) who reported that
the crop is infested by number of insect pests reemdatodes while working on
pest complex of potato in India and across the dvaithich include flea beetle,
colorado potato beetle, blister beetle, potato rtubneth, cutworm, wireworm,
white grub, leaf eating caterpillar, termites, egtwaphids, thrips, jassids,
whiteflies, root knot nematode, spiral nematodentstnematode, root lesion
nematode and cyst nematode. They further conclilladthese pests damage
potato plant by feeding on leaves, reducing phattistic area and efficiency by
attacking stems, weakening plants and inhibitingrieat transport which



ultimately affect the yield of crop and were cléissi into soil pests, sucking sap
feeders, defoliators and storage pests.

5.2 Incidence of potato insect pests
5.2.1 Incidence of above ground insect pests

The present studies carried out during 2011 an@ 28tealed that above
ground pests appeared ifi tb 2' week of May and attains peak in June in plains
and midhills. Whereas, at high hills the pests apge by the end of May to™'1
week of June with a peak incidence by end of JonE'tveek of July. It is also
evident from the data that overall incidence petag® of above ground insect
pests, flea beetle recorded highest 57.77+2.22 aikNah (Baramulla) and
Budnambal (Kupwara) followed by 23.33+1.10 per ceémtidence at Gurez
(Bandipora). Whereas, lowest incidence percentdgé630.55 was recorded at
Pattan (Baramulla) which suggest that its incidemas high at high hills and low
in plains and mid hills which is in close proximityith Vig and Marké (2004,
2005) who reported that incidence of flea beetles Wwagh at high altitudes as
attributed due to availability of secondary hosts the particular genera
(Chaetocnemaspp.) was reported to be found on wide varietyhabitats in
forests and as well on field crops.

Semilooper recorded highest incidence percent2gér11.66 at Kunzer
(Baramulla) and lowest incidence percentage 7.70tAt Sumbal (Bandipora).
However the pest was completely absent at Budnaifdagbwara) and Gurez
(Bandipora) which may be attributed due to highvalen and difference in
climate. These findings suggest that damage donselylooper was evident at
most locations which is similar to the findings tthiehysanoplusia orichalcea
(Fab) damages the soybean crop from August to 8dyete during kharif and
March to May duringabi season and the infestation can result upto 30 q&r c

undeveloped pods and about 50 per cent yield Wsle as, in case of heavy



infestation caterpillars are also found to feedflowers and pods (Anonymous,
2007).

Incidence percentage for cutworm was observethesig 7.21+0.55 at
Ajas (Bandipora) and lowest 4.99+0.55 at Gurez (Baora) which suggest that
the pest remains consistent at all locations irtheon region of Kashmir valley.
These findings are in close conformity with Das &wam (1988) who reported
that plant damage was first observed during tflew&ek of December and
increased thereafter until th&2veek of January and the tuber damaged was first
observed during late December that increased tfteretdl harvest. No larvae
were observed in*lweek after harvest and from th& week of February until
April; and larvae and pupae were found only on filowing alternative host
plants: Chenopodium album, Solanum nigrum, Portulaca olesacAmaranthus
viridis, Evolvulus alsinoideand 2 unidentified weed species and Singh (1990)
reported that use of undecomposed manure providabii hiding places to

cutworm.

While as, aphids registered highest incidence ggeage 15.77+0.21 at
Pattan (Baramulla) and lowest 8.44+0.43 at Gurean@pora). However, rest
locations shared intermediate incidence percerdggast each insect pest. These
results suggest that although aphids occur but theidence remains low which
is supported by Vermaet al. (1998) who reported that aphids appear
approximately 35 days after planting on the potatop and there low
multiplication rates were due to low temperaturbede findings are also is close
proximity with Misraet al. (2003) who reported that in north western highs h
i.e., from Kashmir to Kumaon and in north easteiis,hithe critical level aphids

generally reaches by the end of July.
5.2.2 Incidence of below ground insect pest

Incidence of below ground insect pests revealed ttiese insect pests

started their activity in last week of May t8°2veek of June with peak in July to



August in plains and midhills. Whereas, they fappeared in last week of June to
2" week of July and attains peak towards the harvestap at higher hills in
northern Kashmir. From the data it was evident Wiate grub registered highest
incidence percentage 18.88+1.11, 14.44+1.10 and414.10 at Budnambal
(Kupwara), Kunzer (Baramulla) and Ajas (Bandiporespectively, Whereas,
Sumbal (Bandipora) registered lowest 7.77+1.10 pent incidence. These
findings suggest that white grub incidence var@chtion-wise which is in close
conformity with the results obtained by Chaneéelal. (1996) and Singlet al.
(2003) who reported varied population of white gmlall surveyed locations of
Garhwal hills and variation in grub populationilely to occur from one place to
another that depends on temperature and rainfahisl and Singh (1993) found
that emergence of adult white grub began at theoémdlay and noted its peak in
2" week of June. Eggs and ihstar larvae were found during June- July with 2
and 3 instar larvae damaging tubers by the end of Jaty during mid-August,
respectively. Chandlat al. (2001, 2003) reported that larvaeBfcoriaceawere
present in the soil from July to April wherea& Bistar grub cause damage to
potato tubers in September-October. They also tegahat soil type (sandy loam
with loose texture), lower elevation and weathertdes (rains) favoured white
grub activity.

Wireworm recorded highest 19.99+1.11 per centdeece at Budnambal
(Kupwara) and 5.55+1.10 as lowest incidence peaggntat Ajas (Bandipora).
However, the pest was not seen at Kunzer and Yanikbcations in Baramulla
district. Kamano and Mbata (2008) reported thatdecce and severity of potato
pests depends upon weather of region that sustaenslevelopment of these

agents for crop losses.

Another below ground insect pest earwig registefet¥+1.10 per cent
incidence as highest at Pattan (Baramulla) and dowe55+1.10 at other
locations, except Kunzer and Yarikhah (BaramulB)dnambal (Kupwara) and

Gurez (Bandipora) were the crop was free from eamé@mage. These findings



suggest that earwigs prefer plains were moistursoils is adequate as they are
moisture loving which is in agreement with Weemd 8kelley (1998) who noted
that earwig were eventually widespread in New Emgjland middle Atlantic
including western states, especially where them@bisndant rainfall or irrigation

that provides food and water.
5.3 Severity of potato insect pests
5.3.1 Severity of foliage feeding insect pests

Severity of foliage feeders indicated that thesstpatart their feeding
activity from May and attain peak in June at Paffain) and Kunzer (mid hill).
Whereas at Yarikhah (high hill), flea beetle statdsfeeding activity in May and
semilooper in June with both attaining peak in Juilyh mean per cent severity as
highest (Scale-2) at Yarikhah and lowest (ScalatBattan for flea beetle While
as, semilooper recorded highest (Scale-1) at Paitah lowest (Scale-1) in
Yarikhah of Baramulla district.

The results from Kupwara suggest that these ptats feeding activity
from May and attain peak in June at Yonus (plaimdl &landwara (mid hill).
Whereas, at Budnambal (high hill), flea beetletstés feeding activity in May
attaining peak in July. Whereas, semilooper wagrabat Budnambal. Per cent
severity was highest (Scale-2) at Budnambal ance$vwWScale-1) at Yonus for
flea beetle. However, semilooper registered thehdsyy mean severity of
infestation (Scale-1) at Yonus followed by Handwdf&cale-1) in Kupwara
district.

Similarly, from district Bandipora these pestsristaeding activity from
May and attain peak in June at Sumbal and Ajas.rédse flea beetle starts its
feeding activity in June attaining peak in July @urez and another pest
semilooper was found absent at Gurez. The resdtsrded in Bandipora suggest
that highest mean severity of infestation was meor(Scale-1) at Gurez and

(Scale-1) as lowest at Sumbal for flea beetle. Hanesemilooper recorded the



highest mean severity of infestation of (ScaletlSambal and lowest (Scale-1) at

Ajas in Bandipora district.

The above findings are in close conformity withurdteuil (1963) who
reported thatChaetocnema concinnaverwinters as adults which emerge at the
end of March and the beginning of April when theaperature is above 8-9°C in
Europe. They search for appropriate host plants taedfeeding of adulC.
concinnais characterized by numerous small holes bordeyed barrow line of
dead brown leaf parenchyma. Pernet,al. (1996) reported that rainfall and
temperature interfere with patterns of flea begtjery; injury was concentrated
on lower leaflets during weeks of greater rainfadtd upper leaflets were injured
most during weeks with higher average temperatdiesy further concluded that
flea beetles exhibit preferences for feeding incgmeportions of potato plants
and that these preferences change in responseetwops defoliation and are
influenced by meteorological conditions. Harish 8P reported that green
Semilooper, Thysanoplusia orichalceaneonate larvae feed on leaves by
scratching the green matter, grownup larvae conduenére leaves and the pest
was noticed defoliating at vegetative stage of ¢hgp. Maximum number of
larvae recorded were 6.50, 6.20 and 8.60 larvae#ne woticed during 08-06-06,
27-06-06 and 08-07-06 dates of sowing, respectioplgoybean crop.

5.3.2 Severity of foliage sucking insect pest

From the two consecutive year data, the highesinnseverity percentage
of the aphid 1.02+0.04 (Scale-1) was recorded aikifah and 0.82+0.02 (Scale-
1) as lowest at Kunzer in Baramulla district. Hoeewhe highest mean severity
percentage of the aphid 1.14+0.02 (Scale-1) wawrded at Yonus and lowest of
1.01+0.03 (Scale-1) at Budnambal in district KupavaAt Bandipora, Sumbal
location receives the highest mean per cent sgvefit1.08+0.009 (Scale-1)
whereas, a lowest mean severity percentage offthiel 8.89+0.02 (Scale-1) was
recorded at Gurez location. The above findings ssgthat severity index of the

aphid was low at all nine locations in north Kashfailing in Scale-1 which



indicates that aphids do less damage to potata dro@ present findings are in
close proximity with Trivedi and Verma (1990) wheported that the aphid
population was significantly different on 27, 3&) &nd 63 days crop and there
was no significant differences in 63 and 69 dayatap. It clearly indicates that
stages of crop and its new emerging leaves are@pawynificant role on landing,
settling and population build up of the aphid origpo in that region of India.
Vermaet al. (1998) reported that aphM. persicaenot serving as an efficient
vector as there was lack of the virus source fo¥ Rvd PLRV in and around the
seed crop under the prevailing conditions. Howettroker et al (1983) has
listed M. euphorbiaeas a minor pest of potato crop in Brazil.

5.3.3 Severity of collar feeding insect pests

From the present findings, it was noted that Rdtiaation having severity
percentage of 5.00£0.56 as highest but 4.0+1.00ceet as lowest at Yarikhah
location in Baramulla district. Whereas, equal engf severity percentage
4.37+0.62 was recorded as highest at Yonus and wimad locations and
3.50+£0.49 as lowest at Budnambal location in Kupwdistrict. However, in
Bandipora, Sumbal location receives high severiggcentage of 5.62+0.62
whereas, Ajas and Gurez locations shared equak@.@Z per cent severity.
These findings suggest that pest pressure was aéqaoal at all nine locations in
north Kashmir which is supported by number workees (1988), Sing (2002)
and Khanet al. (2009) who reported cutworm as a devastating fhedtcauses
heavy losses in potato. Chandla and Chandel (2®rted cutworm to be a
major constraint in potato production in higherlshibf Himachal Pradesh as
polyphagous pests causing heavy damage and yistg¢tdato many horticulture
crops including potato.

5.3.4 Infestation of tuber feedings insect pests awhite and red skinned
potato tubers

Infestation percentage on number basis of tubetefiss on white and red

peeled varieties in Baramulla district, revealeat tithite peeled variety exhibited



15.00+1.00, 19.00+1.00 and 15.00+1.00 per centstafon by white grub at
Pattan, Kunzer and Yarikhah, respectively. Whereas peeled variety recorded
infestation percentage of 3.00+1.00 at each lonatioOverall damage by
wireworm on white and red peeled varieties was nazmb only at Pattan location
with infestation percentage 7.00+1.00 and 1.0041r@8pectively on number
basis. However, the pest was absent at Kunzer anéhah locations. However,
earwig showed per cent infestation 9.00+1.00 af8+3..00 on number basis for
white and red peeled varieties, respectively ataRaand remained absent at

Kunzer and Yarikhah locations in Baramulla district

On weight basis, the overall infestation perceatag white peeled variety
by white grub at Pattan, Kunzer and Yarikhah laretiwas recorded 14.22+1.48,
17.77£0.95 and 14.85%0.26, respectively. Wheread,peeled variety recorded
infestation percentage of 3.12+0.83, 3.25+0.97 a13d+1.04 at Pattan, Kunzer
and Yarikhah locations, respectively by white griireworm damage on white
and red peeled varieties was observed only atrPatité infestation percentage
8.59+1.43 and 1.48+1.48, respectively. However, gbst was absent at Kunzer
and Yarikhah locations of Baramulla district. Damdyy earwig on weight basis
was recorded only at Pattan location with per defgstation 8.54+0.84 and
2.94+0.95 on white and red peeled varieties, rasmyg. While as, the pest was

completely absent at Kunzer and Yarikhah locatiarBaramulla district.

Infestation pooled percentage of tuber feedersvbite and red peeled
varieties revealed that white peeled variety exahil3.00+1.00, 13.00+1.00 and
19.00£1.00 per cent infestation by white grub ommbar basis at Yonus,
Handwara and Budnambal, respectively. Whereas peatfed variety observed
3.00+£1.00, 3.00+1.00 and 5.00+£1.00 per cent infestaat the respective
locations. Infestation percentage by wireworm onitevtpeeled variety was
recorded 5.00+1.00, 5.00+1.00 and 20.00£2.00 on bmunbasis at Yonus,
Handwara and Budnambal, respectively. Whereas, pesfed variety found to
have 2.00+0.00, 2.00+0.00 and 7.00+£1.00 per cemé¢station at Yonus,



Handwara and Budnambal, respectively. Earwig, skoweoled infestation
percentage of 9.00+1.00 each on number basis aisrand Handwara on white
peeled varieties and remained absent at Budnamteation. Whereas, red peeled
variety observed 5.00+1.00 and 3.00+£1.00 per cefdsiation at Yonus and
Handwara, respectively on number basis and was leteiypabsent at Budnambal
location in Kupwara district.

On weight basis, overall pooled infestation petage recorded on white
peeled variety by white grub at Yonus, Handwara Badnambal locations was
11.99+0.78, 12.63+0.48 and 18.00+1.23, respectivélihereas, red peeled
variety recorded per cent infestation of 3.26+0.994+0.74 and 5.14+1.02 at
Yonus, Handwara and Budnambal locations, respéygtilefestation percentage
by wireworm on white peeled variety was noted 61.8F, 6.05+1.12 and
21.17+2.48 at Yonus, Handwara and Budnambal, réspbc Whereas, red
peeled variety recorded 2.71+£0.12, 2.47+0.08 af8+0.68 per cent infestation
at Yonus, Handwara and Budnambal, respectivelywigashowed infestation
percentage of 8.62+0.57 and 7.75+0.68 at YonusHamtwara, respectively on
white peeled varieties and remained absent at Budaklocation. Whereas, red
peeled variety recorded 5.05£0.49 and 2.94+1.28cpet infestation at Yonus
and Handwara, respectively on weight basis and wenepletely absent in both

the years at Budnambal location in Kupwara district

Infestation pooled percentage of tuber feedersvbite and red peeled
varieties during 2011 and 2012 in Bandipora distrevealed that white peeled
variety exhibited 13.00+1.00, 17.00+£1.00 and 13100@ per cent infestation by
white grub on number basis at Sumbal, Ajas and Guespectively. Whereas,
red peeled variety recorded 3.00+1.00 infestatiercgntage each at respective
locations. Infestation percentage by wireworm onitevipeeled variety was
recorded 7.00+1.00, 7.00£1.00 and 5.00+1.00 on murbhsis at Sumbal, Ajas
and Gurez, respectively. Whereas, red peeled yanetorded 1.00+1.00,
3.00£1.00 and 1.00£1.00 per cent infestation at BimAjas and Gurez,



respectively. Another insect pest earwig, showedlgmb infestation percentage
11.00+£1.00 and 9.00+1.00 on number basis at Surahdl Ajas locations,
respectively on white peeled varieties and remaiabsent at Gurez location.
Whereas, red peeled variety recorded 3.00+1.00cpet infestation each at
Sumbal and Ajas locations on the number basis asdoempletely absent in both
the years at Gurez location in Bandipora district.

On weight basis, pooled infestation percentagerdsxl on white peeled
variety by white grub at Sumbal, Ajas and Gurezatmns was 12.26%0.36,
18.49+1.19 and 13.17£1.00, respectively. Wheread, peeled variety recorded
per cent infestation of 3.04+1.04, 3.48+1.13 arZ480.97 at Sumbal, Ajas and
Gurez locations, respectively. Infestation percgaty wireworm as a pooled on
white peeled variety was recorded 8.37+0.24, 7.342@nd 5.35+1.19 at Sumbal,
Ajas and Gurez, respectively. Whereas, red peetetbty recorded 1.09+£1.09,
3.70£1.19 and 1.19%£1.19 per cent infestation at BimAjas and Gurez,
respectively. Earwig showed infestation percentag®65+0.41 and 8.24+1.36 at
Sumbal and Ajas, respectively on white peeled tiageand remained absent at
Gurez location. Whereas, red peeled variety recb2l67+0.85 and 2.92+1.00
per cent infestation at Sumbal and Ajas, respdgtiva weight basis and were

completely absent in both the years at Gurez looati Bandipora district.

The above findings suggest that white grub reabrdiee highest
infestation percentage among the tuber feedingcinsests ranging from 2.94 to
19.00 infested tubers followed by earwig with iné&®n percentage ranging from
2.67 to 11.00 infested tubers. However, wirewormorded lowest per cent
infestation ranging from 1.00 to 8.59 at all ninedtions in north Kashmir except
Budnambal (Kupwara) were the pest registered highgd7 per cent infested
tubers. These findings are in close conformity Wittagi and Misra (1987) and
Kumar (2004) who reported white grub as a majot pépotato in various parts
of Himachal Pradesh. Mishra (1995) reported tHalotrichia corciaceawas the

predominant species in north-western hills of HihecPradesh. He further



reported that the damage to potato tubers ranged ft5.50 to 80.00 per cent
(based on the weight of total and damaged potatdelsan et al. (2009)
mentioned white grubBrahmina coriaceaand H. longipenni$ as a major pest
that causes heavy yield losses in potato. It wathdu noted that red peeled
variety were highly resistant to tuber feeders cara@ to white peeled variety.
This resistance in red peeled variety was belieeito hard flash and presence

of glycoalkaloids especially liptines and commeiser(Sinderet al., 1980).
5.3.5 Severity of tuber feedings insect pests ootato tubers

Mean severity of infestation by tuber feeders omafm during the year
2011 and 2012 at different locations of districtr&aulla, Kupwara and
Bandipora on final harvest revealed that severiggcentage of 4.94+0.34,
4.78+0.29 and 4.38+0.17 was recorded as highégaat(Bandipora), Budnambal
(Kupwara) and Kunzer (Baramulla), respectivelyif@lunder Scale-1. Whereas,
lowest severity 2.94+0.13, 3.32+0.19 and 3.41+Ov28 recorded at Sumbal
(Bandipora), Yarikhah (Baramulla) and Yonus (Kupsjarespectively by white
grub falling under Scale-1. Wireworm recorded siygrercentage of 4.02+0.61
as highest at Budnambal (Kupwara) and 1.08+0.18vesst at Gurez (Bandipora)
both falling under Scale-1. However, the pest wampetely absent at Kunzer
and Yarikhah locations in Baramulla district. Sétyepercentage by earwig was
recorded highest 5.28+0.31 at Sumbal (Bandiporareds, lowest 3.48+0.03 per
cent severity was recorded at Handwara (Kupwardl)ndgaunder Scale-1.
However, the pest was completely absent at KunzdrYarikhah (Baramulla),
Budnambal (Kupwara) and Gurez (Bandipora) locatioftee damage level by
wireworm was noted very low which may be becaugeptbst is known to make
narrow tunnels inside the potato tuber. These figdvere supported by Singh
al. (2004) who reported that larvae Idf longipennisfeed on live roots thereby
plants show stunted growth, yellowing, wilting addying up. They further
observed significant symptoms of damage that weteobserved on the apical

parts of potato, although the tubers were seveddinaged with the extent of



damage 5.67-65.16 and 4.96-62.92 per cent indmghmid hills, respectively but
very high hills showed lower mean damage (2.2862%,).

5.4 Management of white grub

White grubs were managed by using different treatmeand their
performances were calculated on the basis of pdrgmod tubers at final harvest
as the criterion of pesticides/cultural practicécaty at three locations in north
Kashmir. Observations recorded at Kunzer (Baramuallaing the year 2012 on
the basis of per cent good tubers suggest thaaktodrid 70WS (seed treatment)
exhibited maximum per cent good tubers 97.33 fa#ldwyBacillus thuringiensis
94.00,Metarrhizium anisoplia®0.66, andBeauveria bassian89.33 per cent and
were statistically on par. Treatments like Cultupabctices and Neem cake
showed intermediate performances and were staiigtion par yielding 80.66
and 80.00 per cent good tubers, respectively. Hewdhalada-111 C1, Mustard
cake and Control (untreated) were on par recorltivwgst 76.66, 76.00 and 74.66

per cent good tubers, respectively.

Similar observations were recorded at Budnambahtion of district
Kupwara during the year 2012 which suggested timéddcloprid 70WS as seed
treatment is effective control measure, recorditg6® per cent good tubers
followed byB. thuringiensi®©3.33,M. anisopliaed1.33 and. bassian®0.00 per
cent and were statistically on par. Cultural peegi and Neem cake were
statistically on par yielding 84.00 and 83.33 pentcgood tubers, respectively.
Whereas, Phalada-111 C1, Mustard cake and Contnaire@ted) exhibited
minimum 77.33, 76.66 and 75.33 per cent good tulrespectively and were

statistically on par.

At Ajas location of Bandipora district, similar j@mances were recorded
in which Imidacloprid 70WS as seed treatment wasniost effective treatment
recording 96.66 per cent good tubers followed Baythuringiensis93.33, M.

anisopliae91.33 and. bassian®8.66 per cent good tubers and were statistically
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on par. Cultural practices and Neem cake weressitatily on par recording 79.33
and 78.66 per cent good tubers, respectively. fireats like Phalada-111 C1,
Mustard cake and Control (untreated) were stagibyion par yielding minimum
77.33, 76.66 and 74.66 per cent good tubers, ragplc

The study indicated the descending order on pedooma basis of various
pesticides/cultural practices based on per centlgabers at final harvest as
Imidacloprid> B. thuringiensis> M. anisopliae> B. bassiana> cultural practices

> Azadirachta indica> Phalada-111 C1 Brassica species control (untreated).

Present findings are in line with the work conddctey Pawinska and
Turska (1995), Sharnmet al (1998), Chandla and Chandel (2005, 2007), Chandel
et al. (2005), Luceroet al. (2006), Yaginumeet al(2006), Zakiet al (2006,
2007), Keller and Schweizer (2007), Pozenel and (R007), Wani (2009) and
Chelvi et al. (2011) reported that imidacloprid was the effeztoontrol measure
followed by bioagents for the control of white gsuinfesting potato in India and

other parts of the world.
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Chapter — 6
SUMMARY AND CONCLUSION

Investigations on the “Pest complex of potaBolanum tuberosurh.)
with special reference to management of white grulmorthern districts of
Kashmir Valley” were carried out during the two gping seasons of 2011 and
2012, at nine representative localities viz., Fatt&unzer and Yarikhah
(Baramulla); Yonus, Handwara and Budnambal (Kupyvaral Sumbal, Ajas and
Gurez (Bandipora) districts in north Kashmir. Thedings and conclusions drawn

are summarized here under:

For the pest complex of potato, the survey was eoted in northern
districts of Kashmir valley. From survey a total i pests including 7 insect
pests and 5 nematode genera were found associdtiedh& crop right from
sowing/germination of potato seeds upto harvestclwvhare Flea beetle
(Chaetocnema spp.), Semilooper Thysanoplusia orichalcga Aphid
(Macrosiphum euphorbige Cutworm Agrotis ipsilor), White grub Brahmina
coriacea and B. poonensis Wireworm Melanotus horticornis Earwig
(Euborellia annulipes Stunt nematode Tglenchorlynctus kashmiriensis
Mahajan), Lens nematodeBdsirolaimus indicusShamsi), Spiral nematode
(Helicotylenchus dihyster&her. andH. indicus Siddigi), Root lesion nematode

(Pratylenchusspp.) and Dagger nematod@ghinemabasiri Siddiqi).

Incidence of above ground insect pests carrieddating 2011 and 2012
revealed that above ground pests appeared to 2'® week of May and attained
peak in June in plains and midhills. Whereas, gh Hiills the pests appeared by
the end of May to Slweek of June with a peak incidence by end of Jon&'t
week of July. It is also evident from the data ttvagrall incidence percentage of
above ground insect pests of 57.77+2.22 was redaée highest at Yarikhah
(Baramulla) and Budnambal (Kupwara) for flea bedtidowed by 23.33+£1.10

per cent incidence at Gurez (Bandipora). Wherehs, lbwest incidence
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percentage 11.66+0.55 was recorded at Pattan (BédegrBemilooper recorded
its highest incidence percentage 12.77+1.66 at BuiBaramulla) and lowest
incidence percentage 7.77+1.10 at Sumbal (Bandipbtawever the pest was
completely absent at Budnambal (Kupwara) and G(Bandipora). Incidence
percentage for cutworm was observed highest 7.35t8t Ajas (Bandipora) and
lowest 4.99+0.55 at Gurez (Bandipora) which sugdbst the pest remains
consistent at all locations in northern region aiskKmir valley. While as, the
aphid registered highest incidence percentage 16.ZY at Pattan (Baramulla)
and lowest 8.44+0.43 at Gurez (Bandipora). Howevest locations shared
intermediate incidence percentage against eachtipsst.

Incidence of below ground insect pests revealetiliblow ground insect
pests started their activity in last week of May2t8 week of June with peak in
July to August in plains and midhills. Whereas,ytliest appear in last week of
June to ¥ week of July and attains peak towards the harvestap at higher
hills in northern Kashmir. From the data it wasdevit that white grub registered
highest incidence percentage 18.88+1.11, 14.44+labtd 14.44+1.10 at
Budnambal (Kupwara), Kunzer (Baramulla) and Ajaar(@pora), respectively,
Whereas, Sumbal (Bandipora) registered lowest 1.ADtper cent incidence.
Wireworm recorded highest 19.99+1.11 per cent Ewo® at Budnambal
(Kupwara) and 5.55+1.10 as lowest incidence peaggniat Ajas (Bandipora).
However, the pest was not seen at Kunzer and Yanikbcations in Baramulla
district. Earwig registered 7.77+1.10 per cent decice as highest at Pattan
(Baramulla) and lowest 5.55+1.10 at other locati@xsept Kunzer and Yarikhah
(Baramulla), Budnambal (Kupwara) and Gurez (Bandipavere the crop was

free from earwig damage.

Severity of foliage feeders indicated that thesstpatart their feeding
activity from May and attained peak in June at &waiffplain) and Kunzer (mid
hill). Whereas at Yarikhah (high hill), flea bee#iarts its feeding activity in May

and semilooper in June with both attaining peakJuty with mean per cent
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severity as highest 20.56+0.49 (Scale-2) at Yahklaamd lowest 10.56%0.46
(Scale-1) at Pattan for flea beetle While as, smopkr recorded highest
15.26+£0.17 (Scale-1) at Pattan and lowest 5.06xQSk&le-1) in Yarikhah of
Baramulla district. The results from Kupwara sugdgleat these pests start feeding
activity from May and attained peak in June at Yo(plain) and Handwara (mid
hill). Whereas, at Budnambal (high hill), flea Heettarts its feeding activity in
May attaining peak in July. Whereas, semilooper alasent at Budnambal. Per
cent severity was highest 24.81+0.11 (Scale-2) atinBmbal and lowest
13.83+0.49 (Scale-1) at Yonus for flea beetle. Hmavesemilooper registered the
highest mean severity of infestation 14.20+0.03a(&4) at Yonus followed by
Handwara 11.03+0.62 (Scale-1) in Kupwara distrigtmilarly from district
Bandipora, these pests start feeding activity fMay and attained peak in June at
Sumbal and Ajas. Whereas, flea beetle starts édirig activity in June attaining
peak in July at Gurez and another pest semiloopsrfaund absent at Gurez. The
results recorded in Bandipora suggest that highesin severity of infestation
was recorded 18.12+0.61 (Scale-1) at Gurez andt0.82 (Scale-1) as lowest at
Sumbal for flea beetle. However, semilooper readrihe highest mean severity
of infestation of 5.27+0.02 (Scale-1) at Sumbal kovadest 5.12+0.29 (Scale-1) at

Ajas in Bandipora district.

From the two year data, the highest mean seveeitgentage of the aphid
1.02+0.04 (Scale-1) was recorded at Yarikhah aB@8#0.02 (Scale-1) as lowest
at Kunzer in Baramulla district. However, the highmean severity percentage of
the aphid 1.14+0.02 (Scale-1) was recorded at Yamds lowest of 1.01+0.03
(Scale-1) at Budnambal in district Kupwara. At Bgoda, Sumbal location
receives the highest mean per cent severity of+0.089 (Scale-1) whereas, a
lowest mean severity percentage of the aphid 0.82+«5cale-1) was recorded at

Gurez location.

Cutworm registered 5.0+0.56 per cent severityiglsast at Pattan location

and 4.0x1.00 per cent as lowest at Yarikhah lonaiio Baramulla district.
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Whereas, equal range of severity percentage 4.8Zx@as recorded as highest at
Yonus and Handwara locations and 3.5+0.49 as loateBudnambal location in
Kupwara district. However, in Bandipora, Sumbalaliban receives high severity
percentage of 5.62+0.62 whereas, Ajas and Gureatitos shared equal

4.37+0.62 per cent severity.

Infestation pooled percentage of tuber feedersvbite and red peeled
varieties in Baramulla district, revealed that whipeeled variety exhibited
15.00£1.00, 19.00+1.00 and 15.00+1.00 per centstafon by white grub on
number basis at Pattan, Kunzer and Yarikhah, réspgc Whereas, red peeled
variety recorded infestation percentage of 3.0021a0 each locations. Overall
damage by wireworm on white and red peeled vasetias recorded only at
Pattan location with infestation percentage 7.00&Xnd 1.00+£1.00, respectively
on number basis. However, the pest was absentradfand Yarikhah locations.
However, earwig showed per cent infestation of £1000 and 3.00£1.00 on
number basis for white and red peeled varietiespaetively at Pattan and

remained absent at Kunzer and Yarikhah locatiorBaoamulla district.

On weight basis, the overall infestation perceatag white peeled variety
by white grub at Pattan, Kunzer and Yarikhah laregiwas recorded 14.22+1.48,
17.77£0.95 and 14.85%0.26, respectively. Wheread,peeled variety recorded
infestation percentage of 3.12+0.83, 3.25+0.97 a13d+1.04 at Pattan, Kunzer
and Yarikhah locations, respectively by white griireworm damage on white
and red peeled varieties was observed only atrPatih infestation percentage
8.59+1.43 and 1.48+1.48, respectively. However,gbst was absent at Kunzer
and Yarikhah locations of Baramulla district. Damdxy earwig on weight basis
was recorded only at Pattan location with per deféstation 8.54+0.84 and
2.94+0.95 on white and red peeled varieties, rdspdyg. While as, the pest was

completely absent at Kunzer and Yarikhah locatiarBaramulla district.

Infestation pooled percentage of tuber feedersvbite and red peeled
varieties revealed that white peeled variety exahil3.00+1.00, 13.00+1.00 and
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19.00£1.00 per cent infestation by white grub ommbar basis at Yonus,
Handwara and Budnambal, respectively. Whereas,pesled variety recorded
3.00£1.00, 3.00£1.00 and 5.00+1.00 per cent infiestaat the respective
locations. Infestation percentage by wireworm onitevipeeled variety was
recorded 5.00+1.00, 5.00+1.00 and 20.00+2.00 on bmunbasis at Yonus,
Handwara and Budnambal, respectively. Whereas,pesdled variety recorded
2.00£0.00, 2.00£0.00 and 7.00+1.00 per cent infestaat Yonus, Handwara and
Budnambal, respectively. The earwig, showed podlddstation percentage
9.00+1.00 each on number basis at Yonus and Haadovawhite peeled varieties
and remained absent at Budnambal location. Wheredqeeled variety recorded
5.00£1.00 and 3.00+1.00 per cent infestation at Worand Handwara,
respectively on number basis and was completelgratza Budnambal location in

Kupwara district.

On weight basis, overall pooled infestation petage recorded on white
peeled variety by white grub at Yonus, Handwara Badnambal locations was
11.99+0.78, 12.63+0.48 and 18.00%1.23, respectivélfhereas, red peeled
variety recorded per cent infestation 3.26£0.99420.74 and 5.14+1.02 at
Yonus, Handwara and Budnambal locations, respdgtitigfestation percentage
by wireworm on white peeled variety was recordetiB61.07, 6.05+1.12 and
21.17+2.48 at Yonus, Handwara and Budnambal, réspgc Whereas, red
peeled variety recorded 2.71+£0.12, 2.47+0.08 af8+0.68 per cent infestation
at Yonus, Handwara and Budnambal, respectivelywigashowed infestation
percentage 8.62+0.57 and 7.75+0.68 at Yonus andlwiaa, respectively on
white peeled varieties and remained absent at Budahklocation. Whereas, red
peeled variety recorded 5.05£0.49 and 2.94+1.28cpet infestation at Yonus
and Handwara, respectively on weight basis and wenepletely absent in both

the years at Budnambal location in Kupwara district

Infestation pooled percentage of tuber feedersvbite and red peeled

varieties during the year 2011 and 2012 in Bandibstrict revealed that white
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peeled variety exhibited 13.00+1.00, 17.00+1.00 &®100+1.00 per cent
infestation by white grub on number basis at Suml¥g§hs and Gurez,
respectively. Whereas, red peeled variety recor@@0+1.00 infestation
percentage each at respective locations. Infestgt@centage by wireworm on
white peeled variety was recorded 7.00+1.00, 7.00&4nd 5.00+£1.00 on number
basis at Sumbal, Ajas and Gurez, respectively. Bawrred peeled variety
recorded 1.00£1.00, 3.00+£1.00 and 1.00+1.00 pefrioéstation at Sumbal, Ajas
and Gurez, respectively. Another insect pest earshgwed pooled infestation
percentage 11.00+£1.00 and 9.00£1.00 on number lmsiSumbal and Ajas
locations, respectively on white peeled varietiad amained absent at Gurez
location. Whereas, red peeled variety recordedt3.@0 per cent infestation each
at Sumbal and Ajas locations on the number basiswaas completely absent in

both the years at Gurez location in Bandipora idistr

On the weight basis, pooled infestation percentag®rded on white
peeled variety by white grub at Sumbal, Ajas andre@ulocations was
12.26+£0.36, 18.49+1.19 and 13.17+£1.00, respectivélfhereas, red peeled
variety recorded per cent infestation of 3.04+1.8418+1.13 and 3.24+0.97 at
Sumbal, Ajas and Gurez locations, respectively.edtdtion percentage by
wireworm as a pooled on white peeled variety wasnaed 8.37+0.24, 7.34+0.77
and 5.35t£1.19 at Sumbal, Ajas and Gurez, respdgtivWhereas, red peeled
variety recorded 1.09+1.09, 3.70+1.19 and 1.19+1p#9 cent infestation at
Sumbal, Ajas and Gurez, respectively. Earwig shoméestation percentage of
9.65+0.41 and 8.24+1.36 at Sumbal and Ajas, res@dgton white peeled
varieties and remained absent at Gurez locationerdds, red peeled variety
recorded 2.67+0.85 and 2.92+1.00 per cent infestait Sumbal and Ajas,
respectively on the weight basis and were not foundoth the years at Gurez

location in Bandipora district.

Mean severity of infestation by tuber feeders otajp for 2011 and 2012

at different locations of district Baramulla, Kupmgaand Bandipora on final
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harvest revealed that severity percentage 4.94+@.38+0.29 and 4.38+0.17 was
recorded as highest at Ajas (Bandipora), Budnaniapwara) and Kunzer
(Baramulla), respectively falling in Scale-1. Wheselowest severity 2.94+0.13,
3.3240.19 and 3.41+0.29 was recorded at Sumbal diBara), Yarikhah
(Baramulla) and Yonus (Kupwara), respectively byitevigrub falling in Scale-1.
Wireworm recorded severity percentage 4.02+0.61highest at Budnambal
(Kupwara) and 1.08+0.19 as lowest at Gurez (Bandjpboth falling in Scale-1.
However, the pest was not observed at Kunzer andkh&h locations in
Baramulla district. Severity percentage by earwaswecorded highest 5.28+0.31
at Sumbal (Bandipora) whereas, lowest 3.48+0.03pst severity was recorded
at Handwara (Kupwara) falling in Scale-1. Howewtre pest was completely
absent at Kunzer and Yarikhah (Baramulla), Budnani§apwara) and Gurez

(Bandipora) locations.

White grubs were managed by using different treatsm and their
performances were calculated on the basis of pergmod tubers at final harvest
as the criterion of pesticides/cultural practicgacy at three locations in north
Kashmir during 2012. Observations recorded at KuriBaramulla) during the
year 2012 on the basis of per cent good tubersestigigat Imidacloprid 70WS as
seed treatment exhibited maximum per cent goodrsuB&.33 followed by
Bacillus thuringiensis94.00, Metarrhizium anisopliae90.66, andBeauveria
bassiana89.33 per cent which were statistically on par.afireents like Cultural
practices and Neem cake were statistically on paowed intermediate
performances with 80.66 and 80.00 per cent goodrs lvespectively. However,
Phalada-111 C1, Mustard cake and Control (untr¢atede statistically on par
yielding 76.66, 76.00 and 74.66 per cent good wjbeespectively. Similar
observations were recorded at Budnambal locatiaistfict Kupwara during the
year 2012 which suggested that Imidacloprid 70Vé8ddreatment) was effective
control measure recording 96.66 per cent good sulodiowed byB. thuringiensis

93.33,M. anisopliae91.33 andB. bassiang0.00 per cent and were statistically
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on par. Cultural practices and Neem cake weressitatily on par recording 84.00
and 83.33 per cent good tubers, respectively. Véseiehalada-111 C1, Mustard
cake and Control (untreated) were on par yieldin@3, 76.66 and 75.33 per cent
good tubers. Ajas location of Bandipora distriegarded similar performances in
which Imidacloprid 70WS as seed treatment was tlostneffective treatment
recording 96.66 per cent good tubers followed Baythuringiensis93.33, M.
anisopliae 91.33 andB. bassiana88.66 per cent good tubers which were
statistically on par. Cultural practices and Neeakecrecorded 79.33 and 78.66
per cent good tubers, respectively and were statiilst on par. Treatments like
Phalada-111 C1, Mustard cake and Control (untr@atede statistically on par
with 77.33, 76.66 and 74.66 per cent good tubdms. gresent study indicated the
descending order on performance basis of variossiques/cultural practices
based on per cent good tubers at final harvesnatatloprid >B. thuringiensis>

M. anisopliae> B. bassiana cultural practices Azadirachta indica> Phalada-

111 C1 >Brassica species control (untreated).
Conclusion

> A total of 12 pests comprising 7 insect and 5 nexatgenera viz., flea
beetle Chaetocnemapp.), semilooperThysanoplusia orichalcgaAphid
(Macrosiphum euphorbige cutworm @Agrotis ipsilor), white grub
(Brahmina coriacea and B. poonensis wireworm (Melanotus
horticornis), earwig  Euborellia  annulipes stunt nematode
(TylenchorlynctukashmiriensisMahajan), Lens nematodBgsirolaimus
indicus Shamsi), spiral nematodei€licotylenchus dihyster&her. andH.
indicus Siddiqi), root lesion nematoddératylenchusspp.) and dagger
nematode Xiphinemabasiri Siddigi) were associated with potato crop in
northern districts of Kashmir valley.

> Some insect pests which were not been mentiongests of potato crop

earlier in Kashmir valley have appeared to causeerdamage on both the
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above and below ground parts of the potato crop, iiea beetle,
semilooper as foliage feeders and Earwig as tudestdr.

Pests like aphid and wireworm, although presenbutiinout the crop

season but the status of their damage is negligible

Pests like white grub and cutworm are seemingly tvapor constraints in
the successful cultivation of potato crop as weretl to infest the crop at

each location in north Kashmir.

Below ground pests resulted in yield loss by reimgdethe damaged tubers

unfit for marketing.

For the management of white grub, seed treatmetit uwmidacloprid
followed by bioagents and cultural control pradipeovided better results

on comparing with the untreated (control).
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Annexure — 1 : Fortnight incidence of potato insecpests at Pattan (Baramulla)

Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
1% April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16" April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1% May 10.00 0.00 8.00 0.00 0.00 0.00 0.00
2011 16" May 10.00 10.00 20.00 30.00 0.00 0.00 0.00
31" May 20.00 20.00 36.00 20.00 0.00 0.00 0.00
15" June 40.00 40.00 48.00 10.00 20.00 20.00 0.00
30" June 20.00 30.00 24.00 0.00 20.00 20.00 20.00
15" July 10.00 0.00 4.00 0.00 40.00 20.00 40.00
30" July 0.00 0.00 0.00 0.00 20.00 40.00 20.00
o Mapil 0o0 0oo 000 000 000 000 000
17" April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2" May 10.00 10.00 12.00 0.00 0.00 0.00 0.00
2012 17" May 20.00 20.00 28.00 20.00 0.00 0.00 0.00
1% June 20.00 30.00 36.00 20.00 0.00 20.00 0.00
16" June 30.00 30.00 40.00 10.00 20.00 20.00 0.00
1% July 10.00 20.00 20.00 0.00 20.00 20.00 0.00
16" July 0.00 0.00 8.00 0.00 20.00 20.00 20.00
31 July 0.00 0.00 0.00 0.00 20.00 20.00 40.00

Data based on 10 random plants for foliage andcédleder insects; 5 random plants with 25 leawesadliage suckers and 5 random 30-30 cpits
upto depth of 20cm for tuber feeders.



Annexure — 2 : Fortnight incidence of potato insdgests at Kunzer (Baramulla)

Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
3 April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18" April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 May 0.00 0.00 8.00 0.00 0.00 0.00 0.00
2011 18" May 20.00 10.00 20.00 30.00 0.00 0.00 0.00
2" June 30.00 20.00 32.00 20.00 20.00 0.00 0.00
17" June 50.00 50.00 36.00 10.00 20.00 0.00 0.00
2" July 10.00 20.00 16.00 0.00 40.00 0.00 0.00
17" July 0.00 0.00 4.00 0.00 40.00 0.00 0.00
1% August 0.00 0.00 0.00 0.00 20.00 0.00 0.00
S 1 April ooo o000 000 | 0oo o000 0o0 0.00
16" April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1% May 0.00 0.00 4.00 0.00 0.00 0.00 0.00
2012 16" May 10.00 20.00 16.00 20.00 0.00 0.00 0.00
31" May 30.00 40.00 28.00 20.00 20.00 0.00 0.00
15" June 70.00 50.00 32.00 10.00 20.00 0.00 0.00
30" June 10.00 20.00 24.00 0.00 20.00 0.00 0.00
15" July 0.00 0.00 8.00 0.00 20.00 0.00 0.00
30" July 0.00 0.00 0.00 0.00 40.00 0.00 0.00

Data based on 10 random plants for foliage andcédleder insects; 5 random plants with 25 leawesadliage suckers and 5 random 30-30 cpits
upto depth of 20cm for tuber feeders.



Annexure — 3 : Fortnight incidence of potato insecpests at Yarikhah (Baramulla)
Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
30" May 20.00 0.00 12.00 0.00 0.00 0.00 0.00
14" June 60.00 0.00 28.00 30.00 0.00 0.00 0.00
29" June 90.00 10.00 40.00 20.00 0.00 0.00 0.00
2011 14" July 100.00 30.00 16.00 10.00 0.00 0.00 0.00
29" July 100.00 20.00 8.00 0.00 20.00 0.00 0.00
13" August 90.00 10.00 8.00 0.00 20.00 0.00 0.00
28" August 60.00 0.00 0.00 0.00 20.00 0.00 0.00
12" September 20.00 0.00 0.00 0.00 20.00 0.00 0.00
27" September 0.00 0.00 0.00 0.00 20.00 0.00 0.00
- 28"May 1000 000 goo 1000 000 000 0.00
12" June 40.00 0.00 32.00 30.00 0.00 0.00 0.00
27" June 70.00 10.00 44.00 10.00 0.00 0.00 0.00
2012 12" July 100.00 20.00 20.00 0.00 0.00 0.00 0.00
27" July 100.00 40.00 12.00 0.00 0.00 0.00 0.00
11" August 80.00 10.00 4.00 0.00 20.00 0.00 0.00
26" August 70.00 0.00 0.00 0.00 20.00 0.00 0.00
10" September 30.00 0.00 0.00 0.00 20.00 0.00 0.00
25" September 0.00 0.00 0.00 0.00 20.00 0.00 0.00

Data based on 10 random plants for foliage andcédleder insects; 5 random plants with 25 leawesadliage suckers and 5 random 30-30 cpits
upto depth of 20cm for tuber feeders.



Annexure — 4 : Fortnight incidence of potato insecpests at Yonus (Kupwara)

Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
5™ April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20" April 0.00 0.00 4.00 0.00 0.00 0.00 0.00
5" May 10.00 0.00 12.00 0.00 0.00 0.00 0.00
2011 20" May 20.00 0.00 20.00 20.00 0.00 0.00 0.00
4™ June 40.00 30.00 24.00 10.00 20.00 20.00 0.00
19" June 70.00 50.00 36.00 10.00 20.00 20.00 0.00
4" July 20.00 20.00 20.00 0.00 20.00 20.00 0.00
19" July 0.00 0.00 8.00 0.00 20.00 20.00 20.00
3 August 0.00 0.00 0.00 0.00 20.00 20.00 20.00
- 3%Apil 000 000 000 000 000 o000 0.00
18" April 0.00 0.00 4.00 0.00 0.00 0.00 0.00
3“ May 10.00 0.00 8.00 0.00 0.00 0.00 0.00
2012 18" May 20.00 0.00 28.00 30.00 0.00 0.00 0.00
2" June 30.00 20.00 28.00 20.00 0.00 0.00 0.00
17" June 80.00 40.00 40.00 10.00 20.00 20.00 0.00
2" July 30.00 20.00 24.00 0.00 20.00 20.00 0.00
17" July 0.00 0.00 8.00 0.00 20.00 20.00 40.00
1% August 0.00 0.00 0.00 0.00 20.00 20.00 20.00

Data based on 10 random plants for foliage andicédleder insects; 5 random plants with 25 leagesdliage suckers and 5 random 30-3( cpits
upto depth of 20cm for tuber feeders.



Annexure — 5 : Fortnight incidence of potato insecpests at Handwara (Kupwara)

Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
6™ April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
215 April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6" May 0.00 0.00 8.00 0.00 0.00 0.00 0.00
2011 21 May 30.00 0.00 16.00 20.00 0.00 0.00 0.00
5" June 50.00 20.00 28.00 30.00 0.00 0.00 0.00
20" June 60.00 40.00 40.00 10.00 20.00 20.00 0.00
5" July 20.00 30.00 24.00 0.00 20.00 20.00 0.00
20" July 0.00 0.00 8.00 0.00 20.00 20.00 40.00
4™ August 0.00 0.00 0.00 0.00 20.00 20.00 20.00
- s"Apil 000 000 000 0oo 000 000 0.00
20" April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5" May 0.00 0.00 4.00 0.00 0.00 0.00 0.00
2012 20" May 20.00 0.00 16.00 10.00 0.00 0.00 0.00
4" June 40.00 20.00 32.00 20.00 0.00 0.00 0.00
19" June 60.00 40.00 44.00 20.00 20.00 20.00 0.00
4" July 20.00 20.00 24.00 0.00 20.00 20.00 0.00
19" July 0.00 0.00 8.00 0.00 40.00 40.00 20.00
3" August 0.00 0.00 0.00 0.00 20.00 20.00 20.00

Data based on 10 random plants for foliage andicédleder insects; 5 random plants with 25 leagesdliage suckers and 5 random 30-3( cpits
upto depth of 20cm for tuber feeders.



Annexure — 6 : Fortnight incidence of potato insecpests at Budnambal (Kupwara)
Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig

28" May 20.00 0.00 0.00 0.00 0.00 0.00 0.00

12" June 60.00 0.00 12.00 20.00 0.00 0.00 0.00
27" June 80.00 0.00 20.00 30.00 20.00 20.00 0.00
2011 12" July 100.00 0.00 32.00 10.00 40.00 20.00 0.00
27" July 100.00 0.00 16.00 0.00 20.00 20.00 0.00
11" August 80.00 0.00 8.00 0.00 20.00 40.00 0.00
26" August 40.00 0.00 4.00 0.00 40.00 40.00 0.00

10" September 10.00 0.00 0.00 0.00 40.00 20.00 0.00

25" September 0.00 0.00 0.00 0.00 0.00 0.00 0.00

- 30"May 3000 000 000 0oo 000 000 0.00

14" June 80.00 0.00 12.00 30.00 0.00 20.00 0.00

29" June 90.00 0.00 24.00 10.00 20.00 20.00 0.00
2012 14" July 100.00 0.00 36.00 10.00 20.00 20.00 0.00
29" July 100.00 0.00 20.00 0.00 20.00 40.00 0.00
13" August 80.00 0.00 12.00 0.00 40.00 40.00 0.00

28" August 60.00 0.00 8.00 0.00 40.00 40.00 0.00

12" September 10.00 0.00 0.00 0.00 20.00 20.00 0.00

27" September 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Data based on 10 random plants for foliage andicédleder insects; 5 random plants with 25 leagesdliage suckers and 5 random 30-3( cpits
upto depth of 20cm for tuber feeders.



Annexure — 7 :  Fortnight incidence of potato insecpests at Sumbal (Bandipora)

Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
2" April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17" April 0.00 0.00 4.00 0.00 0.00 0.00 0.00
2" May 10.00 0.00 12.00 0.00 0.00 0.00 0.00
2011 17" May 30.00 0.00 16.00 20.00 0.00 0.00 0.00
1% June 50.00 20.00 28.00 20.00 0.00 0.00 0.00
16" June 60.00 30.00 36.00 10.00 0.00 20.00 0.00
1 July 10.00 10.00 20.00 0.00 20.00 20.00 0.00
16" July 0.00 0.00 8.00 0.00 20.00 20.00 20.00
31% July 0.00 0.00 0.00 0.00 20.00 20.00 20.00
- a"api 000 000 000 o000 0.00 000 000
19" April 0.00 0.00 8.00 0.00 0.00 0.00 0.00
4™ May 10.00 0.00 12.00 0.00 0.00 0.00 0.00
2012 19" May 30.00 0.00 20.00 20.00 0.00 0.00 0.00
3% June 40.00 20.00 28.00 40.00 0.00 20.00 0.00
18" June 50.00 40.00 32.00 0.00 0.00 0.00 0.00
39 July 10.00 20.00 16.00 0.00 20.00 20.00 0.00
18" July 0.00 0.00 4.00 0.00 40.00 40.00 40.00
2" August 0.00 0.00 0.00 0.00 20.00 20.00 20.00

Data based on 10 random plants for foliage andicédleder insects; 5 random plants with 25 leagesaliage suckers and 5 random 30-3( cpits
upto depth of 20cm for tuber feeders.



Annexure-8 :  Fortnight incidence of potato insect psts at Ajas (Bandipora)

Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
4™ April 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19" April 0.00 0.00 4.00 0.00 0.00 0.00 0.00
4" May 30.00 0.00 20.00 0.00 0.00 0.00 0.00
2011 19" May 50.00 0.00 28.00 20.00 0.00 0.00 0.00
3% June 70.00 30.00 40.00 20.00 0.00 0.00 0.00
18" June 50.00 50.00 32.00 20.00 20.00 0.00 0.00
3% July 10.00 10.00 16.00 0.00 20.00 20.00 0.00
18" July 0.00 0.00 4.00 0.00 40.00 20.00 20.00
2" August 0.00 0.00 0.00 0.00 40.00 0.00 20.00
-~ e"apil 000 0.00 oo 000 000 000 000
215 April 0.00 0.00 8.00 0.00 0.00 0.00 0.00
6" May 10.00 0.00 24.00 0.00 0.00 0.00 0.00
2012 21 May 40.00 0.00 28.00 30.00 0.00 0.00 0.00
5" June 50.00 20.00 36.00 20.00 0.00 0.00 0.00
20" June 70.00 40.00 24.00 20.00 20.00 0.00 0.00
5" July 20.00 20.00 8.00 0.00 40.00 20.00 20.00
20" July 0.00 0.00 0.00 0.00 40.00 20.00 40.00
4™ August 0.00 0.00 0.00 0.00 40.00 20.00 0.00

Data based on 10 random plants for foliage andicédleder insects; 5 random plants with 25 leagesaliage suckers and 5 random 30-3( cpits
upto depth of 20cm for tuber feeders.



Annexure — 9 : Fortnight incidence of potato insecpests at Gurez (Bandipora)

Observation

Year date Flea beetle Semilooper Aphid Cutworm White grub Wieworm Earwig
10" June 0.00 0.00 0.00 10.00 0.00 0.00 0.00
25" June 20.00 0.00 8.00 20.00 0.00 0.00 0.00
10" July 40.00 0.00 16.00 10.00 20.00 0.00 0.00
2011 25" July 70.00 0.00 28.00 0.00 0.00 20.00 0.00
9" August 30.00 0.00 12.00 0.00 20.00 20.00 0.00
24" August 20.00 0.00 4.00 0.00 20.00 40.00 0.00
8" September 20.00 0.00 4.00 0.00 20.00 20.00 0.00
23¢ 0.00 0.00 0.00 0.00 20.00 20.00 0.00
September
8" October 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S g"June 000 000 000 1000 000 000 0.00
23th June 30.00 0.00 12.00 20.00 0.00 0.00 0.00
8" July 50.00 0.00 16.00 20.00 0.00 20.00 0.00
2012 237 July 80.00 0.00 24.00 0.00 0.00 20.00 0.00
7" August 30.00 0.00 16.00 0.00 20.00 20.00 0.00
22" August 20.00 0.00 8.00 0.00 20.00 0.00 0.00
6" September 10.00 0.00 4.00 0.00 40.00 20.00 0.00
21% September 0.00 0.00 0.00 0.00 40.00 20.00 0.00
6™ October 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Data based on 10 random plants for foliage andicédleder insects; 5 random plants with 25 leagesdliage suckers and 5 random 30-3( cpits
upto depth of 20cm for tuber feeders.
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