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1. INTRODUCTION 

Nematodes constitute an important group of animals on earth whose 

existence is intricately woven with man and his activities. In an 

undisturbed ecosystem, they remain in harmony with the environment 

dynamics and attain equilibrium in population density. Contrarily, agro- 

ecosystems tend to favour a few species which attain pest status, 

necessitating management decisions. Knowledge of pathogenic threshold 

of  the nematode pest thus becomes imperative as it is the keystone in any 

managenlent programme. Economic threshold of any pest is dependent on 

the host plant and the environment in which it exists. Soil being the 

habitat of most of the plant parasitic nematodes, its characteristics 

profoundly influence the population dynamics of the phytophages. Since 

soil environment varies from place to place, effective management of 

nematode pests is possible only if the damage potential of the pest under 

specific agro-climatic conditions is known. 

One of the important condiment crops of Kerala possessing immense 

commercial and therapeutic value is chilli (Capsicum annuum L.). The 

indispensable position occupied by chilli in the day to day life of Keralites 

is indisputable. It is consumed as spices, pickles and salad and is used i n  a 

number o f  other ways. It is cultivated in an area of 610 ha (FIB, 1999). 

One of the inlportant group of pests infesting chilli is the nematodes. 

Sophistication of agriculture has aggravated nematode problenls in the crop 

adding to the constraints in its production. Among nenlatodes. ~Me lu i r l og~~ r i e  

spp. is the only genera of importance in the crop (Cho el al., 1986). Its 

potential threat to the crop through direct damage (Saxena, 1986; Ahmad and 

Khan, 199 1 ; Khan, 2000) and association with disease complex (Kartl~ikeyan e/  

a/., 2000) is well documented. Prevalence of  Me/oidogj!nc incognilu 



(Kofoid and White, 1919) Chit\vood. 1949 in cllilli is kno\vn in Kerala. 

A l t l ~ o u g l ~  considerable work has been done on the association. distribution 

and pathogenicity of the nematode in chilli in other countries (Varela L./ (11 . .  

1986; Ahmad e /  01.. 1998) and parts o f  India (Rajagopalan e /  t i / . .  1969: 

Yadav and Mathur, 1993a) negligible information is available about its 

potency to cause damage to this important crop in the state. 

Considering the fact that damage threshold o f  a pest is location 

specific. the above mentioned reports cannot serve as  a reliable source 

o f  information for formulating effective management strategies. 

Hitherto, chemical nematicides have been the mainstay of nematode 

control programmes. However, ecological backlash to this 'miracle' tactic 

has created an unprecedented awareness of the hazards lurking behind this 

method o f  control. Ecofriendly methods are being increasingly sought 

after to ameliorate the adverse effects of nematodes. With organic farming 

fast becoming the cynosure of all agricultural concepts biomana, r~ement 

has become the watchword in pest management. Attention has been 

focused on the cultivation of resistant varieties and use of biopesticides 

for tackling nematode problems. 

Several varieties of chilli like Malagaclii Yello\\j, Jalandhari and 

Laichi -2 (Kaur and Mahajan, 1990), Pusa Jwala (Khan and Khan, 

1991) have been identified as  resistant to M. incognilu. Efficacy of 

bioagknts like arbuscular mycorrhizal fungi (Sharma e /  ul . .  1994: Asha. 

1996; Sundarababu e/  a / . ,  2001), fluorescent pseudomonads (Vertna el 

0 1 . ~  1998;  Mani el a / . ,  1998; Sheela c /  ul . ,  1999) and Triclioderrnu sp .  

(Khan and Saxena, 1997; Karlhikeyan e/  (11.. 3000) has been tested and 

found suitable for nematode nlanagenienl. Similarly. efficacy of organic 

an~endn len t s  in managing nematode in chilli is sufficientl! documented 

(Mishra er crl.. 1989; Jain and Gupta 1997). No such attempts lia1.e 

been made in the crop in Kerala. 



This backdrop necessitated the present study and the investigation 

was taken up with the following objectives. 

1. To determine the pathogenicity of M. incognilu in chilli. 

2 .  To assess the yield loss at differelit population densities of M. incognita 

3.  To evaluate local and high yielding accessions of chilli for their relative 

resistance/tolerance to M. incognifa 

4. To identify potential bioagents and suitable oilcakes for managing the 

nematode in chilli. 
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2. REVIEW OF LITERATURE 

Pathogenicity bf the root-knot nematode, Meloidog~ne incognita in chilli 

and relative susceptibility /resistance of different varieties to the neniatode and the 

efficacy of bioagents and oil cakes in suppressing the pest \\-ere studied in the 

present investigation . While the relevant literature pertaining to pathogenicity and 

management of the nematode in solanaceous vegetables is re\,ie\\,ed. literature 

seen on varietal resistance is restricted to chilli. 

2.1 PATHOGENICITY AND YIELD LOSS ASSESSMENT 

.A large number of plant parasitic nematodes are reported to be associated 

with chilli, an important vegetable and spice crop grown in tropical and 

subtropical areas of the world (Cliaturvedi and Kansal, 1984; Singh and Khera, 

1984; Saxena, 1986). M. incognita is the only important nematode damaging the 

crop (Cho ef a1 ... 1986). Chilli was observed to be a good host for 11% b~cognitrr 

(Khan et al., 2000), but non-host for Meloidogyrte,a~~a~iicu (Taylor and Sasser, 

1978; Khan et 01.. 2000). 

2.1.1 Pathogenicity of Root-knot Nematode in Chilli 

Considerable reduction in length and weight of shoot and root in plants 

inoculated with varying levels of M. incognila was reported (Chidambaranathan~atlial~ 

and Rangaswami, 1965). The plant growth parameters were perceptibly reduced 

when 1000 larvae of M incognita were inoculated in 45 days old chilli seedlings 

(Rajagopalan et al., 1969). Significant difference in plant growth and dry weight 

of shoots and roots between control plants and inoculated plants of C. c~11111c21111 

infected by M. irlcognitcr was observed at varying inoculuni le\rels (Varela er (11.. 

1986). The extent of damage caused by 1bl. incognilcr race 1 on chilli seedlings 

inoculated with 50, 500 or 5000 juveniles was directly proportional to nematode 

density with the reproduction factor, gall index and egg niass indes increasing 

with increasing neniatode density (Ahmad and Khan. 199 I )  .A silililar trend was 



observed when C. annuum variety Jaipur was inoculated with 10,100,1000 or 

10000 J2 of M 'incognita per pot (Yadav and Mathur, 1993a): ,A study on the 

effect of M javanica at 0, 1000, 2000 and. 3000 J2 (second stage juveniles) 

inoculum levels on six chilli varieties indicated a general trend of decrease in 

shoot parameters and an increase in root parameters with increase in inoculu~n 

levels (Ahmad el al., 1998). The percentage yield loss ranged from 19.7-33.0 

when infested with M. javanica (Bhatti and Jain, 1977). 

2.1.2 Pathogenicity of M. incognitn in other Solanaceous Vegetables 

Serious yield loss was observed in brinjal due to root-knot nematode 

infestation (Darekar and Mhase, 1988; Khan and Khan, 1990). Solanaceous 

vegetables like tomato and egg plant are also good host plants of root-knot 

nematode (Khan ei al., 1993; Khan and Khan, 1990,1996). Besides cyst 

nematode, the root-knot nematode was identified as major pests of potato both in 

India and abroad (Gill, 1974). M. incognita population density of 1 J2 /g soil can 

be considered as the damage threshold level in potato (Nagesh, 1996) 

Yield loss in tomato and brinjal to the tune of 46.2 and 27.3 per cent 

respectively was reported in a field infested k i th  M incognita @ 2800 to 3460 

larvae per kg soil (Bhatti and Jain, 1977). In another investigation the yield loss 

due to A% incogni~a varied from 28 to 43 per cent between brinjal and ladies 

finger. An inoculum level of 500 per plant of root-knot or I000 numbers of 

reniform nematode alone or in co~nbination resulted in 29 to 48 per cent yield 

reduction in brinjal (Jiji and Venkitesan, 1989), while an initial pop~~lation of 248 

rM incognita larvae per 250 g soil sanlple resulted in an avoidable loss of 20 and 

22 per cent in weight and number of fruits respectively (Kerala 

Agricultural University, 1993). Avoidable yield loss -in tomato to the 

extent of 71.9 per cent due to IM. incogr?ifa and 47.3 per cent due to 

IM. javanica have been reported (Jain el al., 1994) and yield loss of 42.05 

to 54.'42 due to 114 incognira in to~nato(Subramaniyan e/  01.. 1990). 



2.2 VARIETALSCREENING 

2.2.1 Screening for Resistance to Root-knot Nematode 

Resistant varieties offer the cheapest and most convenient method of pest 

management .Several varieties of chilli resistant 1 tolerant to root-knot 

nematodes have been identified. 

Among the 19 varieties of chilli screened in Coimbatore, five varieties viz., 

17-1-1, Bombay 760, Bombay 759, Ceylon and Annevum proved to be tolerant to 

M arenaria infestation (Rajagopalan et al., 1970). Pusa Jwala (Mohanty el a/., 

1988; Pandey and Trivedi, 1990), SL-1 and Pusa Sadabahar were also identified 

as resistant sources against M. incognila (Mohanty el a1.,1988). An initial 

inoculum level of 4 second stage juveniles (52) per gram soil significantly reduced 

the growth of chilli cultivar Mathani i-c, but the nematode did not have any 

significant adverse effect on the plant growth of cultivar Pusa Jwala indicating the 

relative susceptibility and tolerance of the ne~natode (Rama and Gill, 1989). Of 

31 chilli cultivars tested against M. incognira, Malagachi yellow 12-3-3. 

Jalandhari and Laichi -2 were resistant while 10 cultivars were moderately 

resistant (Kaur and Mahajan, 1990), Maidore local 1 and 2 were assessed as 

moderately resistant to M. incognita (Pandey and Trivedi, 1990), Jwala was found 

resistant to races 1,2 and 4 of M. incognita and immune to 3, Suryamukhi green 

and chilli P.C.l were susceptible to M. javgnicn (Khan and Khan. 1991). Pusa 

Jwala was also rated as resistant to races 1 and 3 of ILL javu17icrr (Khan and Khan. 

1991). Out of 79 genotypes of C. nnnu~tm screened for their reaction to 

1Ll. incognilrr, only K-2 was resistant while 14 genotypes were moderately 

resistant (Yadav and Mathur, 1993b). The chilli cultivars Cli-19. Ch-21 and LCl~l 

-206 were found to be moderately resistant to M. incognita (Shamia el (I/., 1994). 

Besides, the cultivar Khandari (Hussain el al., 1998) and Red Hot Short were also 

reported tobe  resistant to IM incognilcr. C fl1717~rl11tt hybrid AI: 2638 and Al: 2640 

were found to be resistant in an investigation to evaluate the reproduction of. 

M incognita race 2 on different sweet peppers (Santos er al., 2002). Among chilli 

cultivars screened, Patna Red, NP -34, Yolo Wonder, Suryamukhi, G-4 and 



Capsicum F-I- Bharat were susceptible to M. incognita races with gall index 

ranging between 3.0 and 5.0 .The cultivars Chilli 5-218 and Ruby King were 

resistant to all the races of M. incognita (Khan et al., 2002) . 

2.2.2 Screening for Resistance to Insect Pests 

The major constraint in chilli production is the damage caused by insect 

pests like aphids (Myzus persicae S.), whitefly (Bemisia /abaci G.),thrips 

(Scirtothrips dorsalis Hood.). 

The yield loss due to thrips and mite (Hemifarsonenzus lams B.) was 

estimated to a tune of 50 per cent (Ahmad et al., 1987;  anda as am^ et al., 1990): 

The losses in yield of green chillies due to thrips varied from 60.50 to 74.30 per 

cent due to insect pest attack (Pate1 and Gupta, 1998). In a study to screen out 

varieties resistant to pest infestation Pusa Sadabahar, Pant C-2' and Jawahar 

Mirch-2 were found promising recording less aphid, whitefly, thrips population, 

virus infection and in turn registered high yield (Singh et al., 1998). Variety Pusa 

Sadabahar was found to be outstanding amongst all other varieties .In another 

experiment the cultivars ACS-92-4 and G-4 were found susceptible to tlirips 

whereas both the local cultivars Jwala and S-49 were found to be most susceptible 

among all the genotypes tested (Panickar and Patel, 2001).However, both the local 

chilli cultivars, Jwala and S-49 proved to have higher yield potential. 

2.3 BIOAGENTS FOR THE MANAGEMENT OF ROOT-KNOT NEMATODE 

Biohazards associated with the use of chemical pesticides have been 

instrumental in the identitication and development of biocontrol methods for 

integrated inanagement of plant pa;asitic nematodes wit11 various types of 

antagonistic organisms. 

2.3.1 Arbuscular Mycorrhizal Fungi (AMF) 

Symbiotic association of AMF increase host plant resistance to several 

soil borne fungal plant pathogens and many plant parasitic nematodes (Schenck 

and Kellam,l978; Scho1ibeck,l979).Tliey are reported to affect the root exudation 

which in turn alter the chemotactic attractant on ilenlatodes to roots 



(Gerdmann, 1968; Hayman, 1982; Harley and Smith, 1983). Besides, they also 

compete for space with other semi-endo and endo-parasitic nematodes, which 

may account for reduced nematode infection on' root systems. Their association is 

also found to suppress t h e  root-knot nematode infestation in crop plants 

(Sitaramaiah and Sikora, 1982; Hussey and Roncadori, 1982; Grandison and 

Cooper, 1986). It has been demonstrated that there are inter-relationships between 

endomycorrhizal fungi, rhizosphere microflora and nematodes and the association 

can markedly alter host reaction in increased levels of resistance to pathogens 

(Francl, 1993). 

In field experiments to determine the effectiveness of the AMF, Glon7us 

rnosseae against 1\1 incognita in chilli cv. K-2, in comparison with carbofuran 2 

per cent at 1.0 kg ha-', it was found that although carbofuran caused a sudden and 

large reduction in the soil nematode population immediately after application. il 

did not give sustained suppression of nematodes as did G. 117osseae. .Further. 

seedlings treated with mycorrhiza produced significantly higher yield than 

carbofuran and untreated control (Sundarababu el ul., 200 I). 

The number of giant cells formed in mycorrhizal tomato when infected with 

the root-knot nematode was significantly low when compared with non- 

mycorrhizal plants (Suresh et al., 1985). G. fasciculatunz promoted the maximum 

growth of tomato plants compared to other mycorrhizae specics producing highest 

yield while minimum nematode popuiation of 368 was obseived on G. vers~fornze 

inoculated plants which recorded the nest best yield (Sundarababu el ul., 1993). 

Colonisation of the AMF. G. fasciculot1117? was found to reduce the root-knot 
. . 

infestation in tomato and application of AMF first followed by nematodes resulted 

in greater reduction in nematode infestation than the simultaneous inoculation 01. 

inoculation of nematode first followed by rnycoi~hiza (Sharma el ul., 1994). 

Study on the effect of G. ~fascic~1lul11177 on the penetration. survival and 

development of IM. incognita in tomato revealed that mycorrhizal seedlings 

produced less number of galls, egg masses per plant. eggs and juveniles per egg 

mass. The symbiont caused a reduction of 30 per cent in galls and egg masses per 



plant (Sharma et al., 1995). G. fasciculatum inoculated 15 days earlier than 

nematode inoculation enhanced the growth of tomato cv.Co-3 and suppressed M. 

incognita multiplication (Sundarababu et a l ,  1996) and brinjal (Asha,1996). 

Application of G. fasciculalum @ log kg-' soil was sufficient for the effective 

management of root-knot nematode infecting tomato (Sundarababu el al., 1998). 

The development of nematode stages in the roots of tomato plants and tlie 

nematode numbers in soil were differentLy suppressed by AMF with most 

pronounced effect witli G. jasciculritum, co~iiparatively less with G. muo-orc~rpum 

and G. rnurgarita (Labeena et al., 2002). 

The effect of AMF, G. fascicularuin and IM. incogr?ita on brinjal variety Pusa 

Purple Long indicated that mycorrhizal plants had the longest shoots than non- 

mycorrhizal plants with the longest shoots observed in plants inoculated with 

AMF at 300 spores per plant followed by those treated with 150 spores per plant 

and the control and application of AMF prior to nematode inoculation \\(as luore 

effective in reducing nematode infestation than the simultalieous application of 

AMF and nematode or nematode inoculation before AMF treatment (Borah and 

Phukan,2000).Plant growth was improved significantly over control witli 

application of G. nlosseae irrespective of dosage in brinjal infected with 

M. incognira. AMF colonizat ion was greatest in l o g  kg- '  followed 

by 5 g kg'' (Jothi and Sundarababu,  2001).  

2.3.2 Fluorescent  pseudomonads 

The biocontrol potential of fluorescent pseudomonads against root-knot 

nematode on tomato has been reported (Santhi and Sivakumar, 1995). 

P.rrerzcgiftosa and Paecilonrj~ces lilacin~o ~ ~ s e d  alone or together significal~tly 

reduced infection of ilifjavunicc~ and root infecting fungi on-chilli. P. ~ ~ e r ~ ~ g i r ~ o . ~ o  

being more effective than P. lilricinrrs in reducing nematode infection (Pcrveen 

el N/ . ,  1998). Root dip treatment with P. trerugirlostr with or \\.ithuul f i i c h u ~ / ~ ~ ~ ~ ~ r t r  

I1crr.ziar7~nr1. T. konirlgii and 7: hair~arun~ significantly controlled infection of roots 

by Ad jo~lonica on C. unn~iunz. Combined use of T. hr1rzianuir7 and P. ~1erlrgi170~r1 

caused greatest reduction in gall formation (Siddiqui el ol.,l999). All tlie three 



P. aeruginosa strains (IE-6, 'pa-7 and Pa-5) significantly reduced nematode 

population in soil, invasion, multiplication and gall formation due to M javanica 

on chilli (Siddiqui et al. ,2001) . 

Application of P. jluorescens at 10 g kg-' seed was effective in reducing the 

menace of root-knot nematode, M. incognita in tomato (Verma et al., 1998). The 

effectiveness of pf (1) strain of P. fluorescens against M incognito. has also been 

reported (Mani et a1.,1998). The bio control efficency of this bacteria has also 

been reported in brinjal (Sheela e! al., 1999). 

2.3.3 Trichodernia spp. 

It has been claimed that fungal filtrates of Trichodermo spp. has nematicidal 

effect against root-knot nematode. An increase in dry shoot and root weight of 

chilli cv.Co.2 was seen when T viride was used as seed treatment followed by 

P. lilacinzrs and T. harzianum (Karthikeyan ef  al., 2000). 

Fungal filtrates of T harzianum against root-knot nematode in tomato has 

been reported to have nematicidal activity (Sankaranarayanan et crl., 1997). Root 

dip treatment with cultural filtrate of T. viride was particularly beneficial in 

reducing 1M. incognifa damage on tomato (Khan and Saxena, 1997). 

2.4 ORGANIC AMENDMENTS 

The damage caused by plant parasitic nematodes can be reduced by soil 

incorporation of organic amendments and reports have demonstrated that va r io~~s  

organic matter like farmyard manure, green manures, crop residues, oil cakes etc. 

reduced the population of plant parasitic nematodes and hence the disease caused 

by them (Goswami and Vijayalakshmi, 1981). The reduction in nematode 

population is either promoted through promotion of natural enemies or release of 

toxic compounds (Bhattacharya and Goswami, 1987). The evaluation of available 

non- edible oil cakes such as neem and mustard alone or in combination with 

other chemicals has invariably shown an improvement in plant growth with 

corresponding reduction in  nematode population. 



Oil cake of neem was capable of reducing root - knot galls caused by root- 

knot nematode when incorporated into infested soil (Singh and Sitaramaiah, 

1966). They reported that when applied at about 1600 Lbs acre-', was most 

effective against M javanica in tomato and brinjal. The effectiveness of oil cakes 

in suppressing the population of many plant parasitic nematodes on field scale 

was highlighted by Singh and Sitaramaiah (1970). Neem cake was also found to 

possess residual effect in increasing the plant growth and reducing the nematode 

population in the next crop. A4 incognira infesting tomato was very effectively 

controlled by neem cake. Extracts of neem seed cake used against M incognilo 

not only reduced the hatching ability of eggs but also reduced penetration ability 

of Jz (Mishra et al., 1989). Neem products (neem kernel, neem cake, neem leaf 

extract, neem bark etc.) for management of plant parasitic nematodes have gained 

importance because of being economical as well as eco-friendly. They are known 

to possess nematicidal activity against nematode population (Zaki and Bhatti, 

1989; Darekar et ul., 1990) and mustard cake contain components that inhibit 

fungal growth and cause high mortalities to root-knot larvae (Rahnian el 01.. 

2000 - 200 1). 

12% irtcognifa infected tomato plants when treated with mustard cake 

showed minimum number of galls per plant (Hameed,l968). Application of 

organic amendments viz., neem cake, castor cake and nlahua cake each at 500kg 

ha.' were effective in increasing the plant growth parameters and reducing root- 

knot and renifor~n nematode populations in brinjal (Kumar and Vadivelu, 1996). 

Nematode population was ~ninimum (63.7 J2 /  250 g soil) I5 days after addition of 

neem cake used @ 80 q ha-' leading to 63.9 per cent reduction in nematode 

population over initial level in tomato (Jain and Gupta, 1997). Neem cake and - 
neem dus t  were found effect ive in the  suppress ion  o f  root-knot  

nematode,  1W. incogrlita in  tomato (Jacob and  Haq,  1998).  Neem 

cake  (@ 25q ha. ' )  is the best non-chemical alternative for management of 

neniatode in tonlato, however, carbofuran 3G @ 1 kg rr.i ha.' remained effective 

against root-knot nematode in tomato (Khan and Rathi, 2000). 



2.5 CHEMICALS 

Vydate oxamyl, Vc-13 and Dazomet when mixed in soil and used as bare 

root dip or as foliar spray were found to reduce significantly the population 

of plant parasitic nematodes around roots of chilli plants, C. frutescens 

(Saxena et al., 1974). In a study aimed at the control of root-knot nematode of 

chilli with nematicides, Temik 10 g at five doses ranging from 3-5 g per pot 

containing 1.5 kg soil and Furadan 3G at 0.5-2.5 g per pot, results indicated that 

for Furadan the gall numbers were 43-83 per plant, for Temik 61-10; per plant 

and for untreated control 216 per plant (Trivedi el a[., 1983). All the doses of 

pesticides except the lowest dose of phorate or diazinon suppressed gall and 

egg inass development in a study to manage root- knot of chilli in nursery 

applied with carbofuran, aldicarb, phorate or diazinon at 0.2, 0.1, 0.6 and 

0.8 gm-' (Yadav and Mathur, 1990). 

Aldicarb and aldicarb based chemicals were most effective in increasing 

tomato yield in M. javanica infested plots (Jain et ril., 1988). High percentage of 

increase in tomato growth occurred with aldicarb (77.30 per cent) where as 

trifluralin showed the least percentage of increase (12.50 per cent) and aldicarb 

and oxamyl effectively reduced nematode population within tomato roots as well 

as number of galls and egg masses (Amin et al., 1992). 

Carbofuran (0.60 a.i rn-" was most effective in reducing the number of galls 

per 25 seedlings in nursery as well as resulted in minimum gall indix (2.41) in 

brinjal (Mohanty el al., 1995). Bare root dip treatment of brinjal seedlings with 

monocrotophos, triazophos or carbofuran @ 0.05 per cent is beneficial in reducing 

the root-knot nematode population significantly and increasing the yield between 

34-80 per cent over check (Reddy ct al., 1997). . 



MATERIALS AND METHODS 



3. MATERIALS AND METHODS 

Pot culture experiments were conducted in the College of 

~ ~ r i c u l t u r e ,  Vellayani during 2002-2003 to determine the pathogenic level 

of the root-knot nematode, ~ L l o i d o ~ y n e  incognira in chilli and to identify 

tolerant varieties and effective biopesticides to manage the pest. 

3.1. DETERMINATION OF PATHOGENICITY 

3.1.1 Preparation of Denematized Potting Mixture 

Sieved field soil, sand and well decomposed farmyard manure were 

mixed in the ratio 2 : 1 : 1 and the mixture was spread on the g o u n d  in the 

form of beds of 15 cm thickness. The  beds were divided into blocks of 

one square feet and drenched uniformly with 10 per cenl formaldehyde 

solution and then covered with polythene sheet. The sheets were removed 

and the mixture raked well and exposed after two weeks. This 

denematized potting mixture was used for pot culture studies. 

3.1.2 Raising of Nematode Culture 

Pure culture of M. incognita was raised from a single egg mass 

collected from infested chilli roots and multiplied on chilli maintained in 

sterilized soil. Subculturing was done periodically to ensure availability 

of sufficient larval population for inoculation following standard 

procedures. 

Viable egg masses were handpicked from the infested roots of 

culture plants and kept on two layers of tissue paper s ~ ~ p p o r t e d  by 

aluminium wire gauge in 10 cm sized petri dishes filled with fi-esh water 

for obtaining required number o f  Jl (second stage jtiveniles). The 

population of J 2  of iM. in cog nit(^ in the suspension was determined by 

counting J2 in 11nl aliquot. Three such counts were made and the average 

of 3 counts was taken as population in l m l  suspension. The larval 



.concentration was adjusted to required number of juveniles per ml of 

suspension by adding required quantity of  sterile water. 

3.1.3 ~ a i s i n g  of Chilli  Seedlings 

Chilli seedlings were raised by sowing seeds of the local accession 

~ e l l a ~ a n ' i  local 1 in pots containing sterilized soil. Three weeks after 

sowing, two seedlings of  uniform size and growth were transplanted in 30 

cm diameter earthen pots filled with denematized soil. The seedlings were 

thinned to one per pot after establishment of the plants. 

3.1.4 Evaluation o f  Pathogenicity 

Fifteen days after transplanting (DAT), chilli plants were inoculated 

with freshly hatched J 2  of M. incognira at the following densities. 

T I  - 50 J2 1 100 g soil 

T 2  - I00 J2 / I  00 g soil 

T3 - 200 J 2  I100 g soil 

T4 300 J 2  1100 g soil 

T j  Control (without nematode) 

Inoculation was done by boring five holes in the soil about 4 cm 

deep with a glass rod, 1.5 cm away from the base of the plant. The 

required suspension was pipetted out equally into five holes which were 

closed immediately. The pots were irrigated to keep the soii moist. The 

plants were maintained giving all the recomnle~lded agronomic practices 

(Kerala Agricultural University, 2002). The experiment was laid out in 

completely randolnised design with five replications. Ten additional plants 

were maintained for each treatment for destructive simpling at 30 and 60 

DAT. 

Yield was recorded during the experiment. When yield was reduced 

the plants were uprooted. Observations on height of plant, number of 

leaves and nematode population in soil and root were recorded. 



3.2 SCREENING OF ACCESSIONS 

Thirteen accessions as detailed below were screened for comparing 

the relative susceptibilityltolerance to root-knot nematode. The trial was 

laid out in Completely Randomised Design with three replications. 

Seedlings of  'the accessions were raised and transplanted as 

described in 3.1.3. The .I2 of M. irtcognifn were inoculated at the 

pathogenic level determined in 3.1.4. Sixty days after transplanting the 

plants were uprooted and observations on nematode population in soil and 



root and number of galls were recorded. Damage caused by the insect 

pests viz. ,  Scirtothrips dorsalis and Polyphagotursonemus latus was 

scored. 

3.3 EVALUATION OF BIOAGENTS AND OIL CAKES 

An experiment was conducted in 30 cm diameter pots to evaluate the 

efficacy oS bioagents and oil cakes in controlling M. ir7cog17irc1 in chilli in 

coniparison with carbofuran. 

3.3.1 Pot  cul ture  t r ia l  

The experinlent was laid out in conlpletely randomized design with 

seven treatments and three replications. The  treatments were: 

TI-Native AMF @ 250 spores per plant at planting 

T2-Fluorescent pseudomonads two per cent as  root dip and soil drenching 

30 days after transplanting 

T3-T,-ichoderr~1a sp. (organic matter enriched with T r i c h o d e r r i ~ ~  sp. at five 
- per cent level) at planting 

T4-Neem cake @ 1 t ha-' 15 days before planting 

T5-Mustard cake @ 1 t ha-' 15 days before planting 

T6-Carbofuran @ 1 kg ui ha-' two days after inoculation oS J?  

T7-Control (untreated) 

The  chilli plants were raised as  in 3.1.3 and inoculated with J1 of 

1 .  iricognilo at the pathogenic level determined in 3.1.4. I 5  days aficr 

transplanting. The observations recorded included hciglit o f  the planrs. 

number of leaves, shoot weight. root weight and nematode population i n  

soil and root. 

3.3.2 Prepara t ion  and  Application of AhIF  Inoculuni 

Perlite-vermiculite based Arbuscular mycorrhizal inoculum 

containing ~i i ixed cultures of Glu177us firsciczrlulutr~ and native isolates. 



G. tnonosporu~n and GIomtrs sp. (GI.1) having an infective pfopagule 

count of 250 spores per 50 g obtained from the Department of Plant 

~ a t h o l o g ~ ,  College of Agriculture, Vellayani was used for the experiment. 

Fifty gram of inoculum was applied per pot, mixed with top soil and seeds 

were sown over it. Three weeks after sowing the myco'rrhizal seedlings 

were transplanted to pots containing 50g of vermiculite based AMF 

formulation. 

3.3.3 Prepara t ion and Application of fluorescent pseudomonads 

The talc based formulation of fluorescent pseudomonads from the 

Department of Plant Pathology, College of  Agriculture, Vellayani was 

used for soil drenching. Drenching was done with two per cent 

suspension of the fo;mulation in water 30 days after transplanting. 

3.3.4 Prepara t ion a n d  Application of Tricltoderma sp. 

Dry cow dung and neem cake were taken in 9 : 1 ratio and powdered 

to a coarse texture and mixed well to use as food base for multiplication of 

Trichoderma sp. Talc based formulation of  Trichoderma sp. obtained 

from the Department of Plant Pathology, College of Agriculture, Vellayani 

was incorporated in the food base. The mixture was moistened by 

sprinkling water and covered with newspaper. Care was taken to maintain 

the moisture by sprinkling water as and when required. The food base was 

mixed on eighth and twelfth day to achieve uniform growth. On the 

fifteenth day the inoculum so developed recorded Trichodernm sp. 

population lo6 per gram (Sivaprasad, 1998). This inoculum was used for 

treatment at the time of planting. 

3.3.5 Application of oilcakes 

The nee111 cake and mustard cake were applied fifteen days prior to 

planting for decomposition. These oilcalces were applied at the rate of 1 t ha-'. 



3.3. 6 Mycorrhizal Colonization Percentage 

The percentage of mycorrhizal colonization in root was estimated 

following the procedure of Phillips and Hayman (1970). Cleaned root 

samples free of soil. particles were cut into 1 cm sized bits and fixed in 

FAA (formalin : acetic acid : ethanol, 5 : 5 : 90) for three hours. 

Softening of the root bits was done by simmering in ten per cent 

potassium hydroxide at 90°C for one hour. After cooling, the root bits 

were repeatedly rinsed in tap water to remove the excess of alkali and then 

acidified with two per cent hydrochloric acid. The root bits were then stained 

by keeping it in 0.05 per cent trypan blue solution [Trypan blue (Romali)- 

50 mg, lactophenol - 100 ml] in lactophenol reagent (Lactic acid 20 ml, 

phenol 20 ml, glycerol- 40 ml, distilled water 40 ml) at 90°C for three 

minutes. The excess stain from the root tissue was removed by clearing 

overnight in fresh lactophenol. Ten root bits were examined at a time for 

the typical Arbuscular Mycorrhizal infection under a light microscope. 

Each root bit was divided into four equal segments for recording the 

presence or absence of mycorrhiza and based on this different grades from 

0 to 4 were given depending on the extent of rnycorrliizal infection. The 

average value thus obtained from 100 root bits examined was taken as 

mycorrhizal index. 

Percentage of  Number of root bits having infection 
mycorrhizal infection = x I00 

Number of root bits subjected to observation 

3.3.7 Estimation of  Population of fluorescent pseudomonads and  

Triclrodernrn sp. 

~ o ~ u l a t i o n  of fluorescent pseudomonads and Tri?hoder,nn sp. i n  the 

rhizosphere soil was estimated by the dilution plate technique (Timonin, 

1940). One gram of rhizosphere soil was taken along ivith root material 

and transferred to 100 ml sterile water blank and shaken for five to ten 

n~inutes on a shalter. Different dilutions of  lo-', I 0 10.' and 10." 



were prepared from this stock suspension. The population of fungi and 

bacteria were estimated at and 10" dilutions respectively. King's B 

medium, Martins Rose Bengal agar medium and potato dextrose agar 

medium were used for plating fluorescent pseudomonads and Trichoderma 

sp. respectively. The composition of the media used were as follows : 

King's  B medium 

1)Peptone 20 grams 

2)Dipotassium hydrogen phosphate 1.5 grams 

3)Magnesium sulphate 1.5 grams 

4) Glycerol 10 ml 

5)Agar agar 20 mg 

6)Distilled water 1 litre 

7)PH - 7.2 

Martin's  Rose Bengal Agar  Medium 

1)Peptone 5 g 

2)Potassium dihydrogen phosphate 1 g 

3)Magnesium sulphate 0.5 g 

5)Rose Bengal 33 mg 

G)Agar agar 15 g 

7)Distilled water I litre 

8 ) p ~  6 - G.5 

After sterilization 3ml of  one per cent streptomycin sulphate solution 

per litre was added. One ml aliquots from the dilutions 10.' and 1 0 ' ~  were 

transferred to sterile petri plates. Melted and cooled media at 45OC was 

poured at 20 mI per dish and rotated gently for thorough mixing. The petri 



dishes were .then incubated at 28 k 1 "C for 96 hours. Observations were 

recorded as number of colony forming units (cfu) per gram of soil. 

3.4 ASSESSMENT OF RESULTS 

3.4.1 Height of Plants 

The height of plants was assessed at 30 DAT, 60 DAT and at 

harvest. Height was measured from the first node to the base of  the 

terminal bud and the average height was calculated. 

3.4.2 Number  of Leaves 

Total number of leaves on every plant was recorded at 30 DAT, 

60DAT and at final harvest and number of  leaves per plant was calculated. 

3.4.3 Shoot Weight 

Shoot weight of the plants at  the time of harvest was assessed by 

cutting off the roots and weighing the shoots separately for each plant and 

mean shoot weight per plant was determined. 

3.4.4 Root Weight 

The root system of each plant after proper washing and drying was 

weighed at final harvest and the mean per plant was ascertained. 

3.4.5 Nematode Population in Soil 

Soil samples were collected from each pot 30 and 60 days after 

transplanting and at final harvest and nematode was extracted from the 

respective soil samples follolving the  method of Cobb's sieving and 

decanting technique (Cobb, 1918) and modified Baermann's method. The 

population of the nematode thus extracted was counted under a . 
stereoscopic microscope. 

3.4.6 Nematode Population in Roots 

. Root samples collected were washed thoroughly in water under a tap. 

Five gram of the root was weighed and cut into small bits and placed'on 



tissue paper supported by the wire net placed on a petri plate. Emerging 

nematodes were collected at regular intervals of 24 hours up to four days. 

The nematode suspension thus collected were pooled and counted under a 

stereoscopic microscope. 

3.4.7 Root-knot Index in Pathogenicity and Management Studies 

The number of galls per plant was counted and the root-knot 

indexing was done as detailed below : 

3.4.8 Root-knot Index in VarietaI Screening 

The root-knot indexing in varietal screening was done as follows: 

Number of galls per plant 

0 - 25 galls 

26 - 50 galls 

51-75 galls 

76 - I00 galls 

> lo0  galls 

Root knot index 

1 

2 

3 

4 

5 

Reaction 

Highly resistant 

Resistant 

Moderately resistant 

Susceptible 

Highly susceptible 

No. of galls 
per plant 

0 

1-10 

11:30 

31-100 

>I00 

Root-knot 
index 

1 

2 

3 

4 

5 



a Ion 3.4.9 Danlage Score  of Pest Infest  t '  

Pest infestation was graded using the following damage score 

Damage score 

1 

2 

3 

Percentage damage 

0 - 1 0  

Reaction 

Resistant 

11 - 2 5  

26 - 50 

Moderately Resistant 

Susceptible 



RESULTS 
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4. RESULTS 

4.1 PATHOGENICITY AND YIELD LOSS ASSESSMENT 

The effect of varying population densities of M. incogniia on growth 

parameters of chilli at different intervals are presented in Tables 1 and 2. 

4.1.1 Effect of Different Inoculum Levels on Plant  Growth a t  30  a n d  

60 Days After Transplant ing (DAT) 

Significant decrease was seen in the height of chilli plants with 

increasing inoculum levels of A4. incognita at 30 DAT (Tablel). While 

t l ~ e  mean height of uninoculated plants was 23.90 cm, it was 19.42 crn in 

plants inoculated with 50 J2/ lOOg soil and the treatment differed significantly 

from ail other treatments. At 100 and 200 J2/ 100 g soil, the mean height 

of the plants was 17. .02 cm and 15.78 cm respectively and the treatments 

were on par. Maximum reduction in height was seen in plants inoculated 

with 300 J2 1100 g soil, the mean height of  the plants being 13.42cm. The 

treatment differed sig~lificantly from all other treatments. 

At 60 DAT too, significant decrease was noticed in the height of 

plants at all inoculum levels when compared to the nematode uninfested 

plants (41.92cm). While the mean height of plants receiving 50 J2/100 g 

soil was 35.86 cm, it was 29.52, 23.38 and 19.88 cm in plants inoculated 

with 100, 200 and 300 J2 I100 g soil. All the treatments differed 

significantly from each other. Again, maximum reduction in height was 

observed in plants treated with 300J2/100g soil. 

Inoculation of M. incognita in varying inoculum levels resulted in a 

corresponding decrease in the meall number of Ieavcs at 30 DAT too. 

However, there was no significant difference between the number ' o f  

leaves in plants inoculated with.50 52/100 g soil and nematode uninfested 



Table 1 Influence of population densities of M. incognita on plant growth 
parameters of C. annuurn at different intervals (mean of five 
replications) 

DAT - Days after transplanting 
*Significant at 5 per cent level 

Inoculum density 

nematode) 

CD (0.05) 1.664* 2.074* 6.503* 5.677* 



plants the mean number being 25.00 and 29.20 per plant respectively. At 

1.00 J2/100 g soil, the mean number of  leaves per plant was 20.60 which 

was on par with plants inoculated with 50 J2llOO g soil. Statistically, the 

treatment was also on par with plants inoculated with 200 J2/100 g soil, 

the mean number of leaves in the treatment being 18.80. Inoculation of 

300 J2/100 g soil resulted in the lowest number of  leaves per plant (16.40). 

A similar trend was seen at 60 DAT too. The average number of 

leaves in uninoculated plants was 55.40 which was on par with plants 

inoculated with 50 J2/100 g soil (50.20 per plant) which in turn was 

statistically on par with plants inoculated with I00 J2/100 g soil (48.40). 

The mean number of leaves in plants inoculated with 200 .J2/100 g soil was 

44.00 and the treatment was on par with plants inoculated with 300 J2 and 100 

J2/100g soil, the number of leaves being 40.60 per plant in the former 

treatment. 

4.1.2 Effect of Different Inoculum levels of M. irtcogrtifn on Plant  

Growth  a t  Final Harvest  

Tile results are presented in Table 2. 

Population of M. iizcogtti/a at all densities tested resulted in 

significant reduction in the height of plants at final harvest compared to 

the mean height of  uninoculated plants (52.30 cm). The mean height of  

plants inoculated with 50, 100 and 200 J2/100 g soil were 41.50, 35.60 and 

32.40cm respectively. Significant difference was seen between all the 

treatments. A progressive reduction was seen in the height of plants with 

an increase in the inoculunl density. Maximum reduction was seen in 

plants inoculated with 300 Jz/lOOg soil, the mean l;eight of the planls 

being 28.14 cin. 

There was no significant difference between the lnean number of 

leaves in plants inoculated with 50 J2/100 g soil (73.20) and uninoculated 



Table 2 Influence of population densities of M. incognita on growth parameters at final harvest and yield of C. annuurn 
(mean of five replications) 

Control (without I 52.30' 1 7 8 . 8 0 ~  I 5 7 . 2 0 ~  1 1 2 . 9 2 ~  I 35.60e I 140.06' 
nematode) 

Inoculum density 
(521100 g soil) 

5 0 

100 

Plant height 
(cm) 

4 1 . 5 0 ~  

35.60' 

CD (0.05) 

Number of 
leaves 

73.20'4 

67.80~'  

*Significant at 5 per cent level 

1.483* 

Shoot weight 
(g) 

50.14' 

4 1 . 0 2 ~  

8.094* 

Root weight 
(g) 

10.20'~ 

7.46abc 

6.303* 

Number of 
fruits 

2 4 . 4 0 ~  

19.80' 

3.173* 

Weight of 
fruits (g) 

115 .42~  

84.22' 

2.389* 5.847* 



plants (78.80). The number of leaves was lowest in plants inoculated witli 

300 J21100 g soil, being 50.60 per plant. The treatment was statistically 

inferior to all other treatments. Plants inoculated witli 200 J2llOO g soil 

had 60.40 leaves per plant and it was on par with the plants inoculated 

with 100 521100 g soil the number of leaves per plant being 67.80. 

4.1.2.3 Sltoot Weiglrt 

Significant reduction was also observed in the shoot weight of plants 

at different inoculum levels of M. incognira compared to uninoculated 

plants. While the shoot weight of nematode uninfested plants was 57.20g, 

it was 50.14g in plants inoculated witli 50 J2/100g soil which differed 

statistically from other treatments. The mean shoot weight of 100 .12/100 

g soil inoculated plants was 41.02 g which was on par with the shoot 

weight of plants in 200 J2/100 g soil (37.16 g). Minimum shoot weight 

was observed in 300 J21100 g soil inoculated plants (34.58 g) which in 

turn was on par with 200 J21100 g soil inoculated plants. 

4.1.2.4 Root Weiglrt 

A progressive decrease in the weight of roots was also noted with 

increase in the inoculurn levels of M incog~iiro. Plants inoculated \ V I L I ~  

300 J2/100 g soil recorded the lowest mean root weight (4.46 g). I t  was 

followed by 200 and 100 J21100 g soil levels (5.74 and 7.46 y 

respectively) which were statistically different from the uninoculated 

plants but on par witli each other. Plants inoculated with 50 J2/l00 g soil 

with the mean root weight of 10.20 g differed statistically from all other 

treatments but was on par witli uninoculated control plants (12.92g). 

4.1.2.5 Yield (per plant) 

The various levels of nematode population showed significant 

reduction i n  the yield of chilli' plants compared to i~ninoculated pla~rts. 

Tlie yield in terms of number of fruits was reduced signiticantl! in 

all the inoculum levels studied. The number of fruits was niininium in  



plants treated with ' 300 J2/100 g soil, being 10.60 per plant. When 

inoculated with 200 521100 g soi1,the plants yielded 14.60 chillies per 

plant. Inoculation of the plants with lower population l e v e l s  of 

M. incognita viz. ,  100 and 50J2/100g soil yielded significantly higher 

number of  fruits when compared to the plants receiving higher levels of 

the nematode inoculum. The number of fruits in the treatments were 19.80 

and 24.40 per plant respectively as against 35.60 fruits per plant in 

uninoculated chilli plants. All the treatments differed significantly. 

Considering the weight of fruits again a significant difference was 

seen in the different inoculum levels of  12% incognita. Lowest yield was 

recorded in plants inoculated with 300 J2/100 g soil (51.84 g) followed by 

plants inoculated with 200 J2/100 g soil (67.72 g per plant). The weight of 

fruits obtained from plants inoculated with 100 J2/100 g soil was 84.22 g 

per plant and 115.42 g per plant in 50J2/100g soil. Weight of fruits was 

maximum in control plants being140.06 g and it differed significantly 

from all other treatments. In addition, all the treatments exhibited 

significant variation among then~selves. 

4.1.3 Multiplication of Root-knot Nematode 

Multiplication of M. incognito in chilli in relation to initial inoculurn 

levels assessed in terms of nematode population in soil and root and 

reproduction rate at different levels is presented in  Tables 3 and 4. 

4.1.3.1 Net~zatode Mirltiplicntiorr nt 30 DAT 

4.1.3.1.1 Populat ion in Soil (No. p e r  100 g soil) 

Statistical analysis of the data indicated significant difference in the 

population of M. incognita in the soil at different inoculum densilies. 

Maximum nu~llber of nematodes (334.60) was observed in soil samples 

collected from pots inoculated with 300 J?/lOOg soil, while the mean 

number of nematodes seen in the rhizosphere of plants inoculated with 

200 521100 g soil was 245.00. It was 114.80 in 100 J2/100 g soil and GI .SO 



Table 3 Influence of initial population densities of M. incognita on population of the nematode in C. annuurn at different 
intervals 

Nematode population 

Initial 
population 
density (J2/ 

100 g soil) 

5 0 

300 

Control 
(without 

nematode) 

CD (0.05) 

30 DAT 

Rf = Reproduction rate 
Pi = Initial nematode population *Significant at 5 per cent level 
Pf = Final nematode population (soil + root) 
DAT = Days after transplanting 

334 .60~ 

- 

6.022" 

(60 DAT 

Soil 
(100 g) 

79.80" 

Reproduction rate 

(Rf= Pf / Pi) 

1 . 8 0 ~  

Soil 
(100 g) 

61.80a 

216 .60~  

- 

5.606" 

Root 
(5 g) 

28.40" 

Root 
(5 g) 

57.40a 

1.84" 

- 

0.067* 

Reproduction 
rate 

(Rf= Pf / Pi) 

2.74d 

342 .60~ 

- 

4.196* 

228.00~ 

- 

5.267* 

1 .90a 

- 

0.062* 



Table 4. Influence of initial population densities of M. incognilu on 
population of the nematode in C. annuurn at harvest (mean of 
five replications) 

Rf = Reproduction rate 
Pi = Initial nematode population 
Pf = Final nematode population (soil + root) 

nematode) 

CD (0.05) 

*Significant at 5 per cent level 

6.025* 5.923* 0.062* 



in 50 52/100 g soil. Significant difference was seen between all the 

treatments. 

4.1.3.1.2 Population in Root (No. per 5 g root) 

The larval population estimated from the roots too varied 

significantly in the different treatments with the highest number of  larvae 

being recovered from plants treated with 300 J2/100 g soil (216.60). The 

mean number of M. incognita obtained from the roots of chilli plants 

treated with 200 J2/100 g soil was 106.80, 72.00 in 100 521100 g soil and 

28.40 in 50 521100 g soil. Statistically the treatments differed significantly. 

4.1.3.1.3 Reproduction Rate 

statistical analysis of the data pertaining to the reproduction rate of 

nematodes revealed that all the treatments were significantly different. 

The highest reproduction rate'was noted for the 100 521100 g soil inoculu~n 

level (1.87) followed by 300 J2/100 g soil (1.84), 50 J2/100 g soil (1.80) 

and 200 521100 g soil (1.76). 

4.1.3.2 Nerr~atode M~rltiplicatiort a! 60 DAT 

4.1.3.2.1 Population in Soil (No. per 100 g soil) 

Assessment of population of M. incognita in the soil showed that the 

treatments were significantly different from each other with the maximum 

number of nematode recovered from 300 J2/100 g soil treated pots 

(342.60). An increase in nematode population was observed in 300 521100 

g soil, 100 J21100 g soil (138.60) and 50 J2/100 g soil (79.80) inoculated 

soil samples in contradiction to 200 J2/100 g soil inoculated ones (242.6'0) 

which decreased to this number from 245.00 recorded at  30 DAT. 

4.1.3.2.2 Population iri Root (No. per 5 g root) 

Maximum number of M. incognita larvae (228.00) was recovered 

from the root sample of plants inoculated with 300 J2/100 g soil. 

A progressive decrease was observed in the population of the nematode 



extractea from the roots of  chilli plants with decreasing inoculum levels. 

While the mean number of J2 obtained from roots of  plants receiving 200 

JzllOO g soil was 152.80, it was 100.20 in 100 J21100 g soil and 57.40 in  

50 JzllOO g soil . Significant difference was manifested between all the 

inoculum levels. 

4.1.3.2.3 Reproduction Rate 

Highest reproduction rate of 2.74 was found in the inoculum levcl 50 

521100 g soil which was statistically different from the treatment 100 

JzIIOO g soil (2.39). This treatment in turn also differed from the 

treatment 200 J2/100 g soil (1.98). An initial inoculum level of 300 J2/100 

g soil recorded the lowest reproduction rate, being 1.90 and i t  differed 

significantly from all other treatments. 

4.1.3.3 Ncn~rttodc Micltiplicntiori nt F i r i ~ l  Harvest 

4.1.3.3.1 Population in  Soil (No. per  100 g soil) 

The number of second stage larvae of  M. incogi7i/a extracted from 

the soil samples was significantly different in all the inoculum levels. 

Highest population of the nematode was present in soil samples collected 

from pots inoculated witli 300 J2/100 g soil (267.40), followed by 200 

J21100 g soil (191.00), 100 J21100 g soil (73.20) and 50 J2/100 g soil 

(32.60). 

4.1.3.3.2 Population in Root (No. per  5 g of roots) 

Estimation of the larval population i n  the roots also slio\\~etl 

significant variation in difierent treatments. Again masinii~m rii~mber ol' - 
IM ittcog17ilcr larvae was recovered fro111 plants inoculated iv i t h  300 .1?/100 g 

soil (21 1.00). Following i t  were the treatments 200 J21100 g soil witli mean 

nematode population of 144.40, 100 J2/100 g soil (81.40) and 50 J2/100 soil 

(45.20). 



4.1.3.3.3 Reproduction Rate  

The reproduction rate of the nematode was highest when the initial 

population density was 200 J2/100 g soil, being 1.68. This was 

statistically superior to all other inoculum levels . The other treatnlents 

were on par with each other, the reproduction rate being 1.56 for 50 32/100 

g soil, 1.55 for 100 J21100 g and 1.59 for 300 521100 g soil inoculum 

levels. 

4.1.4 Root-Itnot Index 

Root-knot index ranged from 1.00 to 3.60 (Table 4). The highest 

root-knot index was registered in the treatment 300 J2 / 100 g soil (3.60) 

followed by 200 J2 (3.00), 100 J2 (1.80) and 50 J2/ I00 g soil (1.00). 

4.2 SCREENING FOR RESISTANCE 

Results on the preference of M. incognita for di'fferent local and 

improved accessions of chilli assessed in terms of nematode population 

characteristics are presented in Table 5. 

4.2.1 Nernatode Population in Soil (No. p e r  100 g soil) 

Significant difference was observed in the population of the second 

stage juveniles recovered from the rhizosphere of  the accessions tested, 60 

days after inoculation. Anlong the varieties screened lowest population of 

M incogt~iia was recorded from the rhizosphere of Pusa Sadabahar, tile 

mean population being 85.67.11 differed significantly from the resistant 

check, Pusa Jwala which had a mean nematode population of 70.67. The 

cultivars released from Kerala Agricultural University viz., Jwalamulthi 

and Jwalasakhi supported a soil population of 140.33 and 151.00 and 

differed significantly fro111 each other and the resistant and si~sceptible 

checlcs viz., Vellayani local 1 which recorded a population of 261.33. A 

mean population of 151.00 was seen in the rhizosphere of accession 

Vellayani local 2. A significantly higher of the nematode was 

observed in Khandari' (168.67) and its effect was statistically different 



Table 5 Reaction of local and high yielding accessions of C. annuum to M. incognita (mean of three replications) 
I I ., . . . .. I I Root-knot index I 1 

h 
PO 

R f  = Reproduct ion rate,  Pi = Ini t ia l  nematode  popu la t ion ,  P f  = Final n e m a t o d e  populat ion (soi l  + roo t )  
'Significant at 5 per cent level 



from the susceptible check and other local accessions. Moru mulagu 

(221.00) and Byadagi (221.67) supported a large population of the 

nematode and were on par. Maximum nematode population (248.33) was 

found in the variety Fire which differed significantly fYom the suscepiible 

check Vellayani local 1, but was on par with Pant C- l  (241.33), G-4 

(240.33) and Inda~ii Jwala (239.33). The nematode population in local 

accessions Ettumanoor local (235.33) and Kolla inulagu (23 1.00) were on 

par with each other but differed significantly from the susceptible and 

resistant checks. 

4.2.2 Nematode Population in Root (No. per 5 g of roots) 

Significant variation was also seen in the nematode population 

obtained from the roots of  the different accessions. The cultivar 

Jwalan~uklii had the lowest population (70.67). However. statistically i i  

was inferior to the resistant check,Pusa Jwala (24.00). The mean root 

population obtained froni the accessions Pusa Sadabahar. Kolla mulagu 

and Moru mulagu were 101.33,106.33 and 107.67 respectively which 

were 011 par, but differed significantly froni both the resistant anti 

susceptible checks. A siniilar trend was displayed by tlie accessions 

Khandari, Indanl Jwala, Jwalasakhi and Vellayani local 2 where the 

population in roots was 131.67, 128.33, 121.00 and 121.00 respectively. 

A significantly higher population was recovered fro111 the root samples of 

the variety Fire (177.70) which differed significantly from all other 

accessions. The population of  the nematode in  the roots of Ettumanoor 

local, Pant C-l and Byadagi were154.00, 155.00 and 152.33 and 

statistically they were on par. Similarly. the susceptible check. Vellayan~ 

local 1 and (3-4 with a population of 234.70 and 728.00 \\.ere statisticall! 

on par in tlicir preference for the nematode. 

4.2.3 Reproduction Rate 

Significant variation was seen in tlie reproduction ratc of 

M. ir?cogrlirc~ in the different accessions. Reproduction rate of the 



nematode was significantly low in Pusa Sadabahar, being 0.66 and i t  was 

on par with the resistant check, Pus i  Jwala where the reproduction rate 

was 0.47 .In Jwalamukhi the nematode had a reproduction rate of 1.06 and 

differed significantly from all other accessions. ~ e ~ r o d u c t i o n  rate of 

M. incognita in Vellayani local 2 w a s  1.35 which was on par with 

Jwalasakhi (1.36).Accessions Khandari (1.54), Moru mulagu (1.64), Kolla 

~nulagu (1.69), Indam Jwala (1.84), Byadagi (1.87), Ettumanoor local 

(1.95), Pant C-1 (1.98) and Fire (2.14) were on par with each other . 

Similarly, the accession G-4 which recorded a reproduction rate of  2.33 

was on par with the susceptible check (2.48) in their effect 011 the 

reproduction of  the nematode. 

4.2.4 Root-Itnot Index 

The improved accession Pusa Sadabahar and the local accession 

Khandari registered a mean root-knot index of 3.00 and 3.30 respectively 

with the range of index being 3-3 for Pusa Sadabahar and 3-4 for 

Khandari. Highest root-knot index of 5.00 (5-5) was recorded in 

Vellayani local 2 and it was followed by the susceptible check .All other 

accessions viz., Moru mulagu, Ettumanoor local, Kolla mulagu, 

Jwalamulthi, Jwalasakhi, Pant C-1,Indam Jwala, Byadagi and Fire had a 

root-knot index of 4.00,the range being 4-4.G-4 possessed a root-knot 

index 4.30 while the susceptible check Vellayani local 1 had a root-Itnot 

index,4.60. Resistant check Pusa Jwala registered a root-knot index of 

2.00 with the range of index being 2-2. 

4.2.5 Reaction of Chilli Accessions to Nematode Infestation 

Considering the reaction of  the accessions to root-knot nematode. 

M. incogi7ita, based p n  the root-knot index, Khandari and Pusa Sadabahar 

were seen to be moderately resistant. The local accessions viz. ,  Moru 

mulagu, Ettumanoor local and Kolla mulagu were susceptible. The 

improved varieties Pant C-I ,  Fire, Indam Jwala, Byadagi and G-4 together 

with the KAU released varieties Jwalanlukhi and Jwalasakhi also showed a 



Table 6 Reaction of local and high yielding accessions of C. annultm to 
Scirrorhrips dorsalis and Polyphagofarsonemzrs larus (mean of , 

three replications) 

Pusa Sadabahar 

I (resistant check) I resistant 



susceptible reaction whereas the local accession Vellayani local 2 showed 

a highly susceptible reaction. 

4.2.6 Reaction of Chilli Accessions to Pest Infestation 

The score of the extent of damage caused by chilli thrips, 

Scirioihrips dorsalis and mite, Polyphagoiarsonemus lntus presented in 

Table 6 indicated a mean damage score ranging from 1.00 to 1.30 when 

observed at 15DAT. An increase in the damage was seen at 30DAT. The 

accessions Pant C-l (1.00), Pusa Jwala (1.3) and Jwalasakhi (1.70) had a 

lower damage score when compared to the other varieties. While the 

damage score of  G-4, Pusa Sadabahar and Jwalamulchi were 2.00, i t  was 

2.30 in Moru mulagu, Ettumanoor local, Fire and Vellayani local 1 and 

2.70 in Khandari, Vellayani local 2, Kolla tnulagu and Indarn Jwala. At 

45 DAT, Pusa Jwala, Pant C-1, Pusa Sadabahar and Jwalamukhi had a 

damage score of  2.00 and registered a moderately resistant reaction. 

Jwalasakhi with a damage score of 2.30 showed a moderately resistant 

reaction. All the other accessions'~~iz.,  Byadagi, Fire, G-4 and Indam Jwala 

(3.00) Vellayani local 1, Kolla mulagu, Vellayani local 2 and Moru 

mulagu (3.30) and Khandari and Ettumanoor local (3.70) were susceptible 

to pest attack. 

4.3 EFFECT OF BIOAGENTS AND OILCAKES 

4.3.1 Plant  Growth Parameters  

The results are presented in Table 7. 

. There was no statistically significant variation in height of chilli 

plants due to application of different management treatments at 30  DAT. 

The mean height of plants in the different treatments ranged from 15.03 

cm to 19.33 cnl as compared to 13.70 cm in nematode infested plants. 

However, a significant difference was noted in the height of  plants in 

the different treatments at 60 DAT. Maximu111 height was produced by 



Table 7 Effect of bioagents and oil cakes on the growth parameters of C. annuum infested with M. incognita (mean of 

Root 
weight 

(g) 

9.33' 

6.90'~ 

10.13'~ 

11 .30de 

1 0 . 3 6 ' ~ ~  

7 . 7 0 ~  

5.57a 

1.360* 

three replications) 

Treatments 

Native AMF @ 250 spores per 
plant at planting 
Fluorescent pseudomonads (2 
per cent root dip and soil 
drenching) 30 DAT 

Trichoderma sp. 5 per cent at 
planting 

Neem cake @ 1 t ha-' 15 days 
before planting 

Mustard cake @ 1 t ha-' 15 days 
before planting 

Carbofuran @ 1 kg ai ha-' 2 days 
after inoculation of Jz 

Control (untreated) 

CD (0.05) 

DAT = Days after transplanting, * 

Shoot 
weight 

(g) 

40.40' 

34.47b 

4 4 . ~ 3 ~  

49.30' 

4 ~ . 3 3 ~  

3 ~ . 9 2 ~  

30.67" 

3.340* 

Number of leaves Plant height (cm) 

30 DAT 

16.00 

14.00 

23.00 

20.67 

20.33 

14.33 

13.67 

NS 

30DAT 

19.23 

15.03 

18.80 

19.33 

19,07 

7,37 

13.70 

N S 

Significant 

60 DAT 

46.67abc 

38.00"~ 

66.67d 

87.67e 

7 1 . 0 0 ~  

41.67abc 

34.33" 

13.91 I*  

60DAT 

32.70abcd 

3 2 . 0 3 ~ ~ '  

31.23"~ 

4 1.27' 

39.40' 

32,07abcd 

28.67" 

5.671* 

at 5 per 

Final 
harvest 

74.67" 

5 8 . 0 0 ~  

80.00c 

10 1 .OOe 

93 .00~  

5 6 . 0 0 ~  

48.33" 

6.162" 

Final 
harvest 

4 1 . 2 3 ~  

36.50" 

45.00' 

5 0 . 6 3 ~  

47.43' 

4 0 . 5 0 ~  

35.83" 

2.604* 

cent level 



plants in neem cake@ 1 t ha" treated soil (41.27 cm) which was on par 

with plants treated with mustard cake @ 1 t ha-' (39.40 cm) and superior 

to all other treatments. The height of  plants treated with bioagents viz., 

AMF @ 250 spores per plant (32.70 cm), fluorescent pseudomonads 2per 

cent (32.03 cm) and Trichodernta sp.5 per cent (31.23 cm) did not differ 

significantly' from the nematode affected plants and were on par with 

carbofuran @ 1 kg ai ha-' (32.07 cm) and untreated control (28.67 cm). 

At final liarvest, again neem cake @ 1 t ha-' treated plants had the 

maximum height (50.63cm) which was significantly superior to all other 

treatments. Application of mustard cake @ 1 t ha-' also increased the 

height of  plants (47.43~~11) and was on par with Trichoderma sp.5 per cent 

treated plants (45.00 cm) but differed from nematode uninfested plants 

(35.83). A significant difference was seen in the treatments AMF a 2 5 0  

spores per .plant (41.23cm) and carbofuran @ 1 kg ai ha-' (40.50cm). 

Treatment with fluorescent pseudomonads 2 per cent (36.50cm) was on 

par with untreated control but differed significantly from other treatments. 

4.3.1.2 N ~ ~ t ~ z b e r  of Leaves 

There was no significant variation in leaf production in chilli plants 

at 30 DAT when treated with bioagents and oilcakes. The number of 

leaves produced in the different treatments ranged from 14.00 t o  23.00 

compared to 13.67 leaves in nematode uninfested plants. 

At 60 DAT the treatments showed significantly different variation in 

the production of leaves. The number of leaves produced was maxi~num 

in plants treated with neern cake @ 1 t ha-' (87.67) which differed 

significantly from all other treatments. Treatment with mustard cake 

@ 1 t ha-' also instigated Inore leaf (71.00) and was 

statistically on par with Trichodernza sp.5 per cent (66.67) which in turn 

manifested a significantly different reaction in relation to other 

treatments. The mean number of leaves in plants receiving AMF @, 250 

spores per plant was 46.67 and it was on par with plants treated with 



carbofuran @ 1 kg ai ha-' (41.67 ), fluorescent pseudomonads (38.00) and 

control (34.33 ). 

The number of leaves produced per plant showed statistically 

significant variation-at final harvest too. Again the neem cake @ 1 t ha-' 

treated plants produced maximum leaves (101.00) followed by mustard 

cake @ 1 t ha-' (93.00) and these two were statistically different and 

superior to other treatments and untreated control. The average number of 

leaves in untreated plants (48.33) was statistically different from other 

treatments. Fluorescent pseudomonads 2 per cent was on par with 

carbofuran @ 1 ai ha-' treated plants (58.00 and 56.00 respectively). 

AMF a 2 5 0  spores per plant (74.67) and Trichodermu sp. 5 per cent 

(80.00) treatments were on par and superior to control. 

There was statistically significant variation in shoot weight of chilli 

plants : Treatment with bioagents and oilcakes also exerted a significant 

influence on the shoot weight of chilli plants.The mean shoot weight of 

the treated plants ranged from 34.478 to 4 9 . 3 0 ~  as against the mean 

weight of 30.678 in untreated plants. The shoot weight was maximum in 

neem cake treatment @ 1 t ha-' (49.30g) which was significantly superior 

to other treatments. It was followed by mustard cake treatment @ 1 L ha" 

(45.33g) which was statistically on par with soil application of 

Trichoder~ita sp.5per cent (44.838). Significantly higher shoot weight was 

also seen in plants treated with AMF@250 spores per plant (40.40g). 

When compared to the control plants effect of carbofuran @ lkg  cri ha-' 

and fluorescent pseudomonads 2 per cent on shoot weight was on par the 

weight of shoot in the treatments being 35.92 and 34.47g respectively and 

was significantly superior to untreated. 

4.3.1.4 Root Wcigltt 

Statistical analysis of the data pertaining to the root weight of chilli 

plants under various treatments revealed significant difference between 



control and other treatments. Maximum root weight was recorded in plants 

treated with neem cake@ 1 t ha-' the mean root weight being 11.30g which 

was on par with root weight of plants treated with mustard cake@ 1 t ha-' 

(10.36 g) and Trichoderma sp. 5 per cent (10.13 g) treatments. Mustard 

cake @ 1 t ha-' on the other hand statistically differed from carbofuran 

@ 1 kg ai ha.' (7.70 g). Effect of application of AMF@250 spores per 

elant was superior to treatment with carbofuran @ 1 kg ai ha-',fluorescent 

pseudomonads 2 per cent (6.90 g) and untreated control (5.57 g) while it 

was on par with mustard cake @ 1 t ha.'. Similarly, root weight of plants 

treated with fluorescent pseudomonads 2per cent was on par with 

carbofuran @ 1 kg ai ha.'. 

4.3.2 Nematode Population 

4.3.2.1 Nen~afode Pop~rlafio~l in Soil (No. per 100 g soil) . 
The results relating to the effect of bioagents and oilcakes on the 

population of the root-knot nematode in chilli rhizosphere at 30,60DAT 

and final harvest are-presented in Table 8. 

Inlposition of management practices showed a significant decrease 

in the population of the nematode at 30 DAT. Analysis of the data 

revealed that the mean population of nematode was lowest in carbofuran 

@ Ikg ai ha" treated pots (120.67) and the treatment was superior to all 

other treatments. This was followed by application of mustard cake @ 1 t 

ha-' and treatment with vermiculite based AMF a 2 5 0  spores per plant 

.The population of the nematodes in these treatments were 138.33and 

140.33 respectively and they were on par. Amendment of the soil with 

neem cake @ 1 t ha-' also reduced the nematode population significantly 

(149.67) when compared to control. These treatments were statistically 

different from untreated control. (189.67). Effect of fluorescent 

pseudomonads 2 per cent (174.67) and Trichodernia sp. 5 per cent. 

(166.33) was statistically on par and significantly superior to untreated 



Table 8 Effect of bioagents and oil cakes on the population of M. incognita infesting C. annuum (mean of three 

Root- 
knot 
index 

1.30 

2.30 

2.00 

2.00 

2.00 

3.00 

- 

replications) 

Treatments 

Native AMF @ 250 spores per plant at 
planting 
Fluorescent pseudomonads (2 per cent 
'root dip and soil drenching) 30 DAT 

Trichoderma sp. 5 per cent at planting 

Neem cake @ 1 t ha-' 15 days before 
planting 

Mustard cake @ 1 t ha.' 15 days before 
planting 

Carbofuran @ 1 kg . a i  ha-' 2 days after 
inoculation of J2 

Control (untreated) 

CD (0.05) 

DAT = Days after transplanting, *Significant 

Nematode population 

Soil (100 g) Root (5 g) 

harvest 

80.67"'" 

i05.00e 

93 .00~  

88.30abcd 

78,80ab 

9 0 . 6 7 9 6 . 7 0 '  

295.67f 

11.853* 

30 DAT 

133.00' 

156 .67~  

121 .00~ 

1 6 1 . 0 0 ~  

141.00' 

1O4.0Oa 

173.67' 

11.497* 

30 DAT 

140,33b 

174 .67~ 

1 6 6 . 3 3 ~  

149.67C 

138,33b 

120,67a 

189.67' 

9.035* 

at 5 per 

60 DAT 

98.33ab 

192 .00~  

128.00C 

124.00' 

,07,67b 

260.70e 

11.958* 

cent level 

60 DAT 

9 8 . 0 0 ~  

122.33' 

7 7 . 6 7 9 1 . 6 7 a  

138 .00~ 

116.33' 

217.33' 

8.016* 

Final 
harvest 

67.67b 

88.00' 

11 1 . 0 0 ~  

80.33' 

70 .6792 .33" .00  

250.33' 

9.608* 



plants as was AMF @ 250 spores per plant with mustard cake @ 1 t ha.', 

but these treatments were inferior to carbofuran @ 1 kg ai ha" as far as 

reducing nematode population was concerned. 

Analysis of the data relating to the number of larvae in the root zone 

of chilli plants at 60 DAT showed significant reduction when compared to 

untreated check (260.70). Reduction in population was maximum in 

carbofuran @ 1 kg ai ha-' treated plants (90.67) followed by AMF (98.33) 

and both the treatments were on par .In the pots amended with mustard 

cake @ 1 t ha-' the population of the nematode was 107.67 which was on 

par with AMF treatment. Significantly lower population of the nematode 

was also seen in the pots treated with neem cake (124.00) and 

Trichoderma sp. 5 per cent (128.00). Similarly, though inferior to all other 

treatments application of fluorescent pseudomonads 2 per cent (192.00) 

also reduced nematode population significantly when compared to control. 

At final harvest, too the lowest population of M. incognila was 

recorded in carbofuran @1 kg ai 11a-l treatment (76.70). This was followed 

by application of mustard cake @ 1 t ha'' (78.80).and AMF (80.67). All 

the three treatments were on par in the effect in reducing the nematode 

population. Fluorescent pseudomollads differed significantly from other 

treatments in reducing nematode population and was inferior to all. 

Application of neem cake @ 1 t ha-' and Trichoderma sp. 5 per cent also 

reduced the population of the nematode in soil significantly, the number of 

nematodes per lOOg soil being 88.30 and. 93.00 respectively. Both the 

treatments were on par and Trichoderma sp. 5 per cent differed 

significantly from AMF @ 250 spores per plant and mustard cake @ 1 t 

ha-' treatments. Root dip and soil drenching with. fluorescent 

pseudornonads 2 per cent, though inferior to other treatments, reduced 

population of IM. incogr?ila sig~lificantly (105.00) when compared to 

untreated control. 



. . 
4.3.2.2 Nematode Populafiort in Root (No. per 5 g of roofs) 

Significant reduction was also observed in the population of  the 

nematode in the root in all the treatments compared to untreated plants 

when observed at 30DAT.The mean population of J2 in the root samples 

ranged from 104.00 to 161.00 in various treatments as against 173.67 in 

untreated control. Minimum nunlber of nematode was seen in the roo1 

samples of carbofuran @ Ikg ai ha-' treated plants (104.00) which thus 

established its. superiority in reducing root-knot nematode over other 

treatments. It was followecl by Trichodernzcl sp. 5 per cent (121.00) which 

was also significantly superior to all other treatments in reducing 

nematode population in root. Mustard cake @ 1 t ha'' and treatment with 

AMF @ 250 spores per plant application also reduced the root population 

o f  the nematode, the population being, 141.00 and 133.00 respectively and 

the treat~nents were on par. Compared to other treatments, population of 

the nematode was higher in the roots of neeln cake treated plants (161 -00). 

However i t  was on par with the effect of fluorescent pseudomonads 

(156.67) and was superior to untreated control. 

Application of all the management treatments significantly reduced 

the number of root-knot nematode in root samples at 60 DAT too. The 

mean p o p ~ ~ l a t i o ~ l  of the larvae ranged from 70.67 to 138.00 i n  the 

treatments as against 217.33 in untreated control. Again lowest number of  

the nematode was seen in the roots of  carbofuran @ 1 kg ni ha-'  treated 

plants (70.67) followed by Triclloderina sp.5 per cent (77.67) treated 

plants and both the treatments were on par. Roots of plants treated with 

AMF @ 250 spores per plant also had significantly. low population of 

root-knot nematode (98.00). Similarly, root dip and soil drenching with 

fluorescent pseudomonads 2 per cent (122.33) and n l~~s ta rd  cake @ 1 t ha-' 

(1 16.33) supported significantly lower population 01-the nematode and the 

treatments were on par. Comparatively. population of the nematode w a s  



high in plants treated with neem cake @ 1 t ha-' (138.00) in  root, but it 

was superior to untreated control. 

A11 the management practices significantly reduced the nematode 

population in root at final harvest also. Contrary to the observations 

recorded at 30 and 60DAT maximum reduction in the population of the 

nematode was seen in the roots of plants treated with Trichoderma sp.5per 

cent (51.67). However the treatment was on par with carbofuran @ 1 kg ui 

ha-' (52.33) treatment. Treatment with AMF @ 250 spores per plant also 

, reduced the nematode population in the roots of chilli plants significantly, 

the population being 67.67 per 5g root. Application of mustard cake @ 1 t 

ha-' and treatment with fluorescent pseudomonads 2per cent were on par 

in their effect in reducing root infestation by the nematode, the population 

recorded in the treatments being 80.33 and 88.00 respectively. Again 

application of neem cake @ 1 t ha" (1 11. 00) was inferior to all other 

treatments but superior to untreated control. 

4.3.3 Root-knot Index 

The number of galls produced in the different treatments differed as 

indicated by the root-knot index. Lowest number of galls was seen in 

plants treated with AMF @ 250 spores per plant (1.30). While the gall 

index in treatments Trichoderma sp. 5 per cent, neem cake @ I t ha-'. 

mustard cake @ 1 t ha-' and carbofuran @ 1 kg ai ha" was 2.00 i t  was 

2.30 in fluorescent pseudomonads compared to 3.00 in untreated control. 

4.3.4 Yield (per plant) 

Consequent to the treatments, a significant increase was observed in the 

yield of chilli plants (Table 9). Maximum number of fruits was obtained from 

plants treated with AMF @ 250 spores per plant, the n~nllber of fruits being 44.00 

per plant and the treatment was on par with soil application of Trichoder-nici sp.5 

per cent (41.67) which in turn was on par with the effect of plants treatcd \\.ill> 

fluorescent pseudomonads 2 per cent (36.67) and mustard caltc @ 1 t ha-' (37.33). 

Both these treatments were on par with carbofuran @ 1 kg ni ha" (35.33) and 



Table 9 Effect of bioagents and oil cakes on the yield of C. annuum 
(mean of three replications) 

Treatments 

Fluorescent pseudomonads (2 per 
cent root dip and soil drenching) 

*Significant at 5 per cent level 



neem cake @ 1 t ha-' (34.00) treated plants. The untreated control plants yielded 

the lowest number of fruits, being 24.67. 

Considering the weight of fruits, maximum weight was recorded in AMF 

@ 250 spores per plant treated plants which was on par with soil treatment with 

Trichodernm sp.5per cent, the weight of fruits in the treatments being 167.57g and 

160.93 g respectively. The weight of fruits obtained from plants treated with 

mustard cake @ 1 t ha-' was 156.50 g and it was on par with weight of fruits 

obtained from ~richoderma sp.5 per cent and fluorescent pseudomonads 2per cent 

treated plants being 155.17 g. The weight of fruits obtained from plants treated 

with neeln cake 1 t ha-' and carbofuran @ 1 kg ai ha.' was on par and 

con~paratively lower being 149.57 g and 144.97 g though superior to control 

(121.17 g). 

4.3.5 Estimation of bioagents from the roots and rhizosphere of chilli 

plants 

Re-isolation of fluorescent pseudomonads from the rhizosphere 

recorded 13 colonies in 10.' dilution .In the case of Trichoderrl~a sp. , at 

10-' dilution there was 8 colony forming units (cfu). The colonization 

percentage of AMF in the root was 74 per cent. 





5. DISCUSSION 

The ubiquitous root-knot nematode, M. incognita is an important pest 

of solanaceous crops like tomato, brinjal and chilli. Besides the direct 

damage caused, the nematode is associated with damping off and wilt 

disease of chilli resulting in substantial loss of the plants. Though 

occurrence of the nematode in chilli is known, its pathogenic potential has 

not been adequately. documented in Kerala. Information on the damage 

threshold and yield loss at different population densities is essential for 

cost effective management of the pest. Considering the role of the 

nematode in disease complexes, identification of resistant 1 tolerant 

varieties would be highly desirable for widespread cultivation. Potential 

biopesticides too if available and adoptable might be an effective 

nematode management decision in chilli. 

5.1 DAMAGE THRESHOLD 

The need for determining the damage threshold of plant parasitic 

nematodes in each and every crop and under different agro- climatic 

conditions is widel:y accepted as it is greatly dependent on the  host plant 

/species and the soil environment in which it exists. 

The trial conducted on the pathogenicity of M. incognira on 

C. annuunt revealed significant reduction in the growth parameters of 

chilli plants inoculated with different inoculum levels. A progressive 

decrease was observed in the plant growth characters with increasing 

population densities. Both the stature of plants and number of leaves were 

significantly reduced at 30 and 60 DAT and at final harvest .The 

percentage reduction in the height of plants ranged from 18.74 to 43.84 at 

30 DAT, 40.45 to 52.57 at 60 DAT and 20.65 to 46.19 at final harvest at 

the different population densities ( F i g ) .  ~ i m i l a r l ~ ,  the percentage 

reduction in the number of leaves ranged from 14.38 to 43.33 at 30 DAT, 





9.38 to 26.71 at 60 DAT and 7.1 to 35.78 at final harvest (Fig.2). Shoot 

weight also showed a progressive decrease being 12.34, 28.29, 35.03 and 

39.55 per cent at 50,100,200 and 300 J2 1100 g soil respectively (Fig.3). 

The decrease in root weight ranged from 21.05 to 65.48 per cent in the 

different inoculum densities (Fig.3). Similar influence of varying 

population densities of M. incognita on the growth parameters of chilli has 

been made earlier. Considerable reduction in the length and weight of 

shoot and root in plants inoculated with varying levels of M. incognita was 

observed by Chidambaranathan and Rangaswami (1965) and Varela er al. 

(1986). The extent of damage was observed to be directly proportional to 

nematode density when inoculated with 50, 500 and 5000 Jzlpot and 10, 

100 and 1000 J2 per pot (Ahmad and Khan, 1991) and 10, 100, 1000 or 

10000 J2 per pot (Yadav and Mathur, 1993a). Reduction in root weight 

was noted in chilli by Rajagopalan el al. (1969). Contrarily, an increase in 

the weight of roots with increase in inoculum levels was reported by 

Ahmad el al. (1998). 

The reduction in the different growth characters, led to an overall 

reduction of 15.28, 29.11, 38.00 and 46.75 per cent in the total growth of 

chilli plants when infested with 50,100,200 and 300 Jz 1100 g soil 

(Fig. 4). This growth reduction was reflected in the yield of the crop. 

While 50 and 100 J2 1100 g soil resulted in 17.59 and 39.87 per cent 

reduction in yield re.spectively, 200 and 300 J2 1100 g soil contributed to 

51.65 per cent and 62.99 per cent reduction in yield of chilli .An average 

yield loss of 26.00 per cent has been reported in chilli due to infestation 

of M. incognita by Bhargava and Sharma (2001) and 39.76 to 53.36 per 

cent by Yadav and Mathur (1993a). M. incognita is known to disrupt the 

vascular tissue of roots, causing reduced uptake and translocation of 

nutrient elements and water within a plant system which directly or 

indirectly affect plant host physiology (Melakeberhan et al., 1985; Been and 

Shomaker, 1986). Added to this, the photosynthetic pigments (chlorophyll and 

carotenoids) are reduced leading to reduced photosynthesis (Ashaq er al., 



J2 I 1 OOg soil 

Fig. 2 Percentage reduction in number of leaves of 
C annnvnr at different population densities 
of M. incogniur 



J, 1 1 OOg soil 

Fig. 3 Percentage reduction in shoot and root weight of 
C onnvvrn at Merent population densities 
of M. inwjpita 





1999). Thus these sequence of events may have led to the reduced yield 

observed in the chilli plants inoculated with varying levels of population 

densities. 

The initial population level of nematodes in the soil is crucial since 

the build up of the population is density dependent. Results presented in 

para 4.1.3 indicated a general increase in the reproduction rate, root-knot 

index and final nematode population in relation to initial densities 

conforming to earlier findings (Yadav and Mathur, 1993a). A critical 

analysis of the multiplication of the nematode in the study showed an 

increasing trend up to 60 DAT followed by a decline at final harvest 

(Fig.5). While the increase in the population at 30 DAT ranged from 75.90 

to 86.80 per cent in the different inoculum levels, i t  ranged from 3.50 to 

52.10 per cent at 60 DAT. At final harvest, the decline in population 

ranged from 16.16 to 43.30 per cent. Evidently at 30 DAT there was not 

much difference in the rate of increase in the nematode population at 50. 

100, 200 and 300 JzllOOg soil. This may be due to the availability of 

congenial conditions (nutrition and space) for the normal growth and 

development of nematodes at all population densities which did not 

hamper the normal reproduction as indicated by the reproduction rate 

presented in para 4.1.3.1.3. At 60 DAT nematodes in 50 and 100 J: 

inoculated per lOOg soil treatments had better conditions $1 

multiplication as indicated by the higher reproduction rates (2.74 and 2.39 

respectively) than in the higher inoculum densities where the reproduction 

rate was significantly lower. The increase in population at the two 

inoculum levels was 52.10 and 27.80 per cent respectively. The decrease - 
in population observed at final harvest (16.16 to 43.32 per cent) at all 

inoculum levels may be due to the non-availability of nutrition as it was 

the fag end of the crop. 

While determining the pathogenic level of a plant parasitic nematode 

several factors have to be taken into account. The value of the host plant is 



30 DAT 60 DAT .Harvest 

Fig. 5 Mdtiphtion of M. ko&u in &tion to its popnl8tion density at 
pmiaarr gontL iatcml of C 011nImm 



of prime importance. Considering the commercial value and rate of 

consumption of chilli in the state, 40 per cent loss in yield seen at an 

initial population density of 100 JzI100g soil is quite substantial. As the 

nematode plays a significant role in the incidence of wilt and damping off 

disease in chilli, significant aggravation of disease can be expected at this 

population density leading to sizeable loss in plant density. Moreover, the 

population build up during the reproductive phase of the crop was quite 

high (1.87) compared to that at the higher inoculum levels of 200 and 300 

J21100 g soil implying that this initial population density is optimal for 

increase of the nematode to destructive levels at the crucial stage of the 

crop. Considering these factors the pathogenic level of M. incognita in 

chilli may be fixed at 100 J21100g soil. 

5.2 SOURCES OF RESISTANCE 

Cultivation of a resistant cultivar is more effective in managing 

nematodes especially in monocultures as it is simple and involves no 

additional cost over normal production practices. With this objective 13 

accessions including. local and high yielding ones of chilli were screened 

for their relative resistanceltolerance to M. incognita. 

Of the 13 accessions evaluated, the local accession Khandari and the 

high yielding variety Pusa Sadabahar with a root-knot index of 3.0 were 

observed to be moderately resistant to M. incognita. Both the accessions 

had already been reported as resistant to M. incognita (Mohanty et a/., 

1988; Hussain et al., 1998) The local accessions Moru mulagu, 

Ettumanoor local and Kolla mulagu and the improved varieties Pant C-I, 

Indam Jwala, Fire, G-4 and Byadagi with a root-knot index of 4.0 

registered a susceptible reaction to the nematode. The two high yielding 

accessions released from Kerala Agricultural University with a root-knot 

index of 4.0 were also susceptible. A local accession commonly 

cultivated by farmers of the state viz., Vellayani local 2 was seen to be 

highly susceptible, the root-knot index being 5.0. However, the 



reproduction factor of the nematode in the different varieties showed 

inconsistent relation with the root-knot index in certain accessions. While 

the reproduction factor was comparatively low, being 1.06 to 1.36 in the 

accessions Jwalamukhi, Jwalasakhi and Vellayani Local 2, appreciable 

number of galls were seen in these accessions and hence these were rated 

as susceptible. On the other hand, in the accession Khandari rated as 

moderately resistant, the reproduction factor of the nematode was high 

being 1.54. Evidently, number of galls per plant cannot be solely relied 

on for rating resistance behaviour of a cultivar. The peroxidase activity, 

potassium and phenolic content of the root should also be considered side 

by side with the number of galls /plant before categorizing a cultivar as 

resistant or susceptible (Chakrabarti and Mishra, 2002). Hence 

biochemical studies need to be conducted for confirmatory results. 

Often, cultivation of varieties rated as resistant to nematodes do not 

give the desired yield. This is because, a variety resistant to a nematode 

may be susceptible to insect pests which are a major limiting factor in the 

cultivation of crops. In the course of selection of a resistant cultivar, the 

factor is often over-looked. Hence in the present study the extent of pest 

damage in the secessions too were recorded. While all the local accessions 

were susceptible to infestation of chilli mite and chilli thrips, two major 

pests of chilli in the state, the high yielding varieties Pant C-1 and 

Pusa Sadabahar were moderately resistant. The nematode resistant check 

Pusa Jwala was also seen to be moderately resistant to pest attack. The 

varieties released by Kerala Agricultural University viz., Jwalamukhi and 

Jwalasakhi and Pant C-1 though susceptible to nematode were moderately 

resistant to pest infestation. Among the accessions only Pusa Sadabahar 

and Pusa Jwala showed tolerance to both M. incognita and mites and 

thrips of chilli. These two varieties may be preferred for cultivation in 

areas where both the nematode and thrips and mites are important pests. 

Thus the study indicated the need for evaluating nematode resistant 

varieties for tolerance to major insect pests too and also the need for 



selecting and cultivating varieties based on overall assessment of the pest 

situation in a locality. 

5.3 MANAGEMENT 

Soil amendments and bioagents offer alternate strategy to the 

prevalent use of nematicides for nematode management due to their 

selective toxicity to target pests and safety to non-target organisms and 

environment. Sufficient information is available in literature on the 

efficacy of oil cakes in nematode suppression (Alam et al., 1979; 

Mojumder and Mishra, 1994). Similarly, the remarkable potential of AMF 

(Schonbeck, 1979;Grandison and Cooper, 1986; Sharma er al., 1994; 

S u n h b a b u  et al., 2001), Trichoderma spp. (Saakaranarayanan, 1997) 

and Pseudomonas spp. (Santhi and Sivakumar, 1995; Verma et al., 1998, 

Sheela et a!., 1999) in reducing root pathogens is also well documented. In 

view of the changing concept of pest management strategies, an attempt 

was made to identify potential bio management practices for managing 

root knot nematode in chilli. 

Application of the bioagents vermiculite based AMF, fluorescent 

pseudomonads and Trichoderma sp. and amendment of soil with oilcakes 

reduced the population of root-knot nematode significantly. The 

percentage reduction in the population of M. incognita ranged from' 7.91 

to 36.38 per cent at 30 DAT, 26.34 to 65.22 per cent at 60 DAT and 64.49 

to 74.06 per cent at final harvest in soil and 7.29 to 40.12 per cent at 30 

DAT, 36.50 to 67.48 at 60 DAT and 55.66 to 79.36 per cent at final 

harvest in root (Fig.6). 

Among the bioagents, AMF colonization drastically reduced - 
nematode infestation as seen by the poor galling of roots. Similar effect 

had been observed earlier in chilli (Sundarababu et al., 2001) and the 

result is in conformity with the report. Mycorrhizal association is 

reported to alter root physiology of plants by increasing amino acids and 

reducing sugar content in the root and wall thickness of cortical root cells 



Fig. 6 Pemtage dec- in total population (soil and root) of M. ineogrrilrr in 
C annuurn treated with b-nts, oil c&ea and arbotpran 



(Schenck and Kellam, 1978). This altered root physiology may not be 

favourable for the penetration and multiplication of root-knot nematode 

larvae. It has been suggested that lignins and phenols get increased in 

mycorrhizal plants and thus may be responsible for expressing resistance 

against nematode invasion.Thus the mycorrizha induced resistance to root- 

knot nematode observed in the study could be linked to decreased 

penetration and slower development of the JZ'S in mycorrhizal root of 

chilli (Singh ef al., 1990). 

Trichoderma sp. too exerted a distinct influence in restricting the 

growth and development of the nematode. The antagonistic ability of 

Trichoderma sp. against root-knot nematodes have also been recorded. 

(Sankaranarayanan et a[., 1997).The percentage reduction in the nematode 

population was 12.31, 50.89, 68.55 per cent at 30 DAT, 60 DAT and at 

final harvest in soil. Among the bioagents, fluorescent pseudomonads was 

less effective compared to AMF and Trichoderma sp. Nevertheless its 

effect was superior to untreated control. Similar biological activities were 

already reported by several workers. The potential of fluorescent 

pseudomonads as nursery and seed treatment was reported in various crops 

by several workers. Santhi and Sivakumar (1995) and Sheela er al. (1999) 

reported the effectiveness of fluorescent pseudomonads as nursery 

treatment against M. incognita in tomato and brinjal respectively. The 

mechanism responsible for the reduction of nematode population may be 

due to the ability of this bacterium to envelope or bind the root surface 

with carbohydrate-lectin thereby interfering with the normal host 

recognition process as reported by Oostendrop and Sikora (1990). 

Competition for spaoe and nutrients, production of antibiotics, volatile and 

anti-microbial substances and compounds such as iron chelating 

siderophores and HCN were also reported as activities of fluorescent 

pseudomonads responsible for regulating root pathogens (Siddiqui er ul.,  

1999). Any one of these factors might have contributed to the reduction in 

the population of M. incognita. 



The reduction in total nematode population (soil + root) in pots 

amended with oilcakes, viz.. neem cake and mustard cake, was 14.49 and 

23.12 per cent at 30 DAT, 45.19 and 53.14 per cent at 60 DAT and 63.49 

and 70.87 per cent at final harvest (Fig.6). The result agreed with the 

findings of Singh and Sitaramaiah (1966) and Goswami and Vijayalakshmi 

(1981>, Anti-nematode effect of oilcake may be attributed to ammonia, 

phenol, aldehydes, amino acids and fatty acids released during its 

degradation (Reddy. et al.. 1997) apart from its stimulating effect on 

predaceous fungi. The nematicidal effect of neem cake was also due to the 

release of nimbidine and azadirachtin after dissolution of the neem cake in 

water. Azadirachtin is well recognized for its strong growth regulatory, 

antifeedant and reproduction inhibitory effect besides its direct toxicity. 

The antifeedant property affects the physiological process of nematode 

(Parmar, 1997). 

Both the bioagents and oilcakes had a significant effect on the 

growth parameters of chilli .All the treated plants were taller and had 

more number of leaves than nematode infested plants. While plant stature 

increased from 9.71. to 41.09 per cent in the different treatments at 30 

DAT, it ranged from 8.93 to 43.95 per cent at 60 DAT and 1.87 to 41.3 1 

per cent at final harvest (Fig.7). Similarly 2.41 to 68.25, 10.70 to 155.37 

and 15.87 to 108.97 per cent increase in the number of leaves was noted at 

30 DAT, 60 DAT and final harvest (Fig.8). The per cent increase in shoot 

and root weight ranged from 12.39 to 60.74 per cent and 23.88 to 102.87 

per cent respectively (Fig.9). This level of vegetative growth implied that 

the rate of photosynthesis and hence accumulation of organic matter was 

higher for the treated plants. - 
Among the bioagents, AMF and Trichoderma sp. showed good 

vegetative growth, the per cent increase in plant height ranging from 14.06 

to 40.36 from 30 DAT to harvest in AMF and 8.92 to 37.23 in 

Trichoderma sp. Fluorescent pseudomonads was on par with carbofuran. 
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Fig. 9 Percentage increase in shoot weight and 
root weight of C. annuurn treated with 
bioagents, oil cakes and urbofurnn 



Symbiotic association of AMF is known to improve plant growth through 

better host nutrition and improved P205 uptake (Grandison and Cooper, 

1986). 

Comparatively, better vegetative growth was seen in plants raised in 

oilcake treated soil. This could be attributed to the fact that apart from 

their adverse effects on M. incognlfa, oilcake treatments enriched the soil 

with their nutrients. Moreover, amended soil show increased microbial 

activity which increases conversion of nitrogen to nitrate form. This in turn 

stimulates nitsate ductase activity. Plants utiiize the nitrate form of nitrogen in 

nature. Hswever, it must be reduced to ammonia before incorporation into the 

nitrogenous compounds of plants. This reaction is mediated by enzymes such as 

nitrate reductase (Timi et al., 2002). 

Compared to the treatments with oilcake and bioagents, the 

vegetative growth in carbofuran treatment was less. Though carbofuran 

was effective when compared to control, it was inferior to the bioagents 

and oilcakes in improving plant growth and yield. 

The signifimt reduction in nematode infestation as indicated by the 

reduced number of galls and improvement in plant growth by the different 

treatments was reflected in the yield of chilli (Fig. 10). The increase in yield 

ranged from 19.64 to 38.29 per cent. Maximum yield was obtained from AMF 

(38.29 per cent) treated plants followed by Trtchoderma sp. (32.81per cent) 

treatment. Fluorescent pseudomonads (28.06 per cent) though inferior to these 

treatments was on par with the oilcakes (23.44 and 29.16 per cent for neem 

cake and mustard cake respectively). The yield obtained from oilcake treated 

plants did not commensurate with the vegetative growth exhibited. 

Nevertheless, compared to the yield obtained ftom nematode infested plants i t  

was significant. Though overall assessment of the results indicated that 

bioagents and oilcakes are effective for managing root-knot nematode in chilli. 

several factors favour the exploitation of bioagents. A serious constraint in the 

use of oil cakes is the large quantity and high cost involved. Further, 



Fig. 10 Influence of bioagents, oil ah and arboforan on total growth and 
yield of C annunm 
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incorporation in soil two to three weeks prior to pianting of crops at times is 

not practical. Moreover use of oil cake as cattle feed takes priority over 

nematode management. In this context potential bioagents would be a better 

option for managing M. incognita in chilli. In addition, the ability of AMF to 

increase host plant resistance to soil borne root pathogens would definitely be 

of advantage in a crop like chilli which is highly susceptible to diseases. 

Based on the findings of the study, the pathogenic level of IM. incogniro 

in chilli can be fixed at 100 J2/ 100 g soil. Preference may be given to the 

cultivation of nematode tolerant varieties, Pusa Jwala and Pusa Sadabahar in  

root-knot nematode endemic areas as both the varieties are tolerant to 

infestation of chilli thrips and mites too. As biocontrol agents are cost 

effective. reliable and its efficacy can -be  potentiated in  co~~.jugation with 

resistant cultivar, application of vermiculite formulation of AMF 250 spores 

per plant or Trichoder~i~a sp. 5 per cent would be ideal for raising "organic 

chilli". 

Identification of more high yielding varieties tolerant to both the 

nematode and insect pests should be the future thrust in research. The 

susceptibility1 resistance should be confirmed through biochemical studies. 



SUMMARY 
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6 .  SUMMARY 

The root-knot nematode, M. incognita is an important pest of 

vegetables and is a major constraint in the cultivation of chilli. Besides 

the direct damage caused, association of the nematode in disease 

complexes enhances its damage potential in the crop. Information on the 

damage threshold of any pest is vital for its effective management. In 

view of the widespread occurrence of the nematode in chilli in the state, 

a pot culture study was conducted to determine the pathogenicity of the 

nematode. High yielding varieties and local accessions of chilli were 

screened to identify sources of resistance to the nematode. The efficacy 

of bioagents and oilcakes in controlling the nematode was also 

determined through a pot culture experiment. 

The salient results of the study are summarized below. 

Significant reduction was observed in the growth parameters of 

chilli plants inoculated with 50,100,200 and 300 J2/100 g soil 

at 30,60 DAT and final harvest. While the reduction in total 

growth of the plants was 15.29, 29.11,38.00 and 46.75 per 

cent, the reduction in yield was 17.00,40.00,52.00 and 63.00 

per cent at the different population densities of M. incognita. 

The rate of multiplication of the nematode was high at 50,100 

and 200 J2/100 g soil. Considering the comn~ercial importance 

of the crop in the state, the nematode's association in disease 

complexes, 40 per cent loss caused in yield - and multiplication 

of the nematode in relation to its initial density, the damage 

threshold of the nematode was fixed as 100 J2/100 g soil. 

Among the high yielding varieties and local accessions 

screened for resistance to M. incognita, the high yielding 



varieties Pusa Sadabahar and the local accession Khandari 

were found to be moderately resistant to the nematode. The 

local accession, Vellayani local 2 commonly cultivated by 

farmers was highly susceptible .Infestation of the insect pest 

S. dorsalis and the acarine pest P. la fus  was low in the variety 

Pusa Sadabahar, Pusa Jwala and Pant C-I and the accessions 

were recorded as  moderately resistant to pest attack. 

Khandari was susceptible to the pest.  

The two high yielding varieties, Jwalasakhi and Jwalamukhi 

released from Kerala Agricultural University were found 

susceptible to nematode infestation but 'showed tolerance to 

pest attack. 

Application of  bioagents and oil cakes reduced nematode 

population, improved plant growth and increased yield 

significantly. Though amendment of soil with oil cakes 

resulted in better growth of plants, treatment with bioagents 

afforded better protection to chilli plants from nematode 

infestation. Comparatively, yield was higher in plants treated 

with bioagents. Among the bioagents, treatment of soil with 

vermiculite based formulation of  AMF containing 250 spores 

per plant at planting and application of Trichotlrrn~cr sp. 5 per 

cent was equally effective in reducing n e n ~ a ~ o d e  infestation 

and increasing yield. 

Similarly, amendment of soil with neem cake and mustard cake 

@ 1 t ha-' 15 days before planting were on par in their effect 

on A4 iincognifa. Application of carbofuran @ l k g  ai  ha-' 

though reduced nematode population sig~lificantly was inferior 

in its effect on plant growth and yield. 



Thus  at  100 J2/100 g soil M. incognilu is a potential threat to the 

cultivation o f  chilli. Cultivation of  the high yielding varieties Pusa Jwala 

or  Pusa Sadabahar would be a viable option in nematode and insect pest 

prone areas, as  both these varieties are moderately resistant to 

M. incogr~irn and S. dorsalis and P. laius, two major pests o f  chill i .  

Application of  the vermiculite formulation of  AMF @ 250 spores per 

plant o r  Trichoder,i~n sp. 5 per cent at planting can be recommended for 

. inclusion in integrated nematode management programnles in chilli. 
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ABSTRACT 

A study was conducted in pots to determine the of the 

root-knot nematode, Meloidogyne incognita (Kofoid and White, 1919) 

Chitwood, 1949 on chilli (Capsicum annuum L.). A significant reduction 

was seen in the growth parameters at 30, 60 DAT and final harvest when 

chilli plants were inoculated with 50, 100, 200 and 300 J2/100 g soil. 

A progressive reduction in yield was also observed \\.ith increase in the 

inoculum levels, the reduction in yield ranging from 17.59 to 62.99 per 

cent. Multiplication of the nematode was high at 50 and I00 J2/100 g soil. 

Considering the importance of the crop in the state, 40 per cent loss in 

yield and multiplication of the nematode in relation to its initial density at 

100 J2 I100 g soil, thk damage threshold'of the nematode was fixed as 100 

J2IIOO g soil. 

Thirteen accessions including high yielding varieties and local 

accessions were screened in pots for resistance to 11.1. ir~cognila. Pusa 

Sadabahar and Khandari were moderately resistant to the nematode. Pusa 

Sadabahar,Pusa Jwala and Pant C-1 were moderately resistant to 

infestation of chilli thrips, Scirtorhrips dorscilis and chilli mite, 

Polyphagotursonelnus latus. The high yielding varieties, Jwalamukhi and 

Jwalasakhi released by Kerala Agricultural University were susceptible to 

the nematode but moderately resistant to pest infestation. 

Three bioagents viz., AMF @ 250 spores per plant, fluorescent 

pseudo&onads 2 per cent and Trichoderrnu sp. 5 per cent and oilcakes via., 

neem cake and mustard cake @ 1 t ha-' were evaluated for their efficacy in . 
controlling M. incognita in comparison with carbofuran @I  kg ai ha-' in 

pots. Treatment with the bioagents protected chilli plants better from the 

infestation of the nematode while amendment of soil with oilcakes 

resulted in better growth of plants. Yield was also higher in plants treated 

with bioagents. Anlong the bioagents, application of AMF @ 250 spores 



per plant and Trichodcrma sp. 5 per cent \\.ere equally effecti\,e ill' 

reducing nematode infestation and increasing !.ield of chilli. 

Based on the results of the study, I\[. iirlcogiiirrr call be considered as a 

potential threat to the cultivation of chilli at 100 J2/100 g soil. Cultivation 

of the varieties Pusa Jwala or Pusa Sadabahar would be a viable option in 

areas where root-knot nematode and chilli mite and thrips are a major ' 

problem. Application of  the vermiculite formulation of  AMF 9 250 

spores per plant or Trichodernia sp. 5 per cent at planting can be 

recommended for inclusion in integrated nematode management 

programmes in chilli. 
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