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Black pepper, Piper nigrum L. 1o one of the most ancient
and historic crops In India. The forest ghats of Kerala ad
the Kenare region of Karnataka are the original home of pepper
(Abraham, 1959). The cured berries form the black pepper of
commerce. The production of pepper as per official estimates
IN 1974-75 wsb 28,150 tonnes from an area of 121,820 hectares
which 1s nearly 25 per cent of the total world production.
During this period 26,341 tonnes of pepper were exported from
India earning a foreign exchange v/orth 344 .8 million rupees
(George, 1976). Kerala state covert over 90 per cent of
India’s pepner area rnd production. The rest is contributed

hy Karnataka end Tamil Iladu.

Black pepner Ip known to be effected by two typec of
"wilt diseases"”, one if called as "ouick wilt” and the ~“ther
as "slow wilt”. These dicer net are prevalent in the pepner
growing tracts iIn our country. Occurrence of "slow wilt" was
first reported by tlenon (1949) from South Viynad O'erala).
Recent studies indlooted that "quick wilt" was caused by
Phytophthors Bp. a fungal pathogen (pembinr and Serna, 1974).
But the etiology involved in "slow wilt" has remained un-
explored hitherto. The disease iIs attributed to various
opuses. Recent reports on the presence of the burrowing

nematode, Radopholue Blmllla (Cobb, 1895), Thome 1949 In

South India and the association of this nematode with banana



(Hair, et al.f 1966) and other plantation crops like pepper

and arecanut (D'Souza, &1l.t 1970) and coconut (Koshy, 1975)

has caused great concern with regard to its role In certain

diseases affecting these crops. Eventhough 23 species of
Radopholus have been reported (Sher, 1968; Colbran, 1970)

only, R.similis has been recognized es a major nematode

pathogen causing economic damage «0 several crops.

In recent years, the "slow wilt" of black pepper has
been observed to be affecting large numbers of vines in the
major Depoer growing regions. The typical symptoms of the
disease are, partial to comnlete yellowing of leaves, leaf
drop and withering of vines (ligr. 1, 2, 3 and 4). The
affected area covers about 10 ner cent of the total prpfrer
growing area. The sane nematode ws also reported to be
responsible for the "yellows dispose” of nepner in the
Island of Innkga during 1950's which resulted in the decline
of pep er Industry there (van d”r Vechfc, 1°50). Only b few

Investigations have been carried out relating to this nematode

particularly, on pepper In our country.

Therefore to gather some preliminary information on

the role of thin nematode In the "slow wilt" dieenee Iincidence,

the following inventlgationn were carried out.

1. Survey of nome iImportant black pepner growing areas

suspected to be affected by "slow wilt" In Kerala and
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Karnataka, to obtain information on the occurrence

and distribution of H.eimilis 1In these areaB.

The pathogenicity of B.similis to black pepper, In-

cluding the nature of damage to host.

To establish by experimental evidence, the biotype
status of the pepper i1solate of R.similiE and the
cross infective behaviour ol the populations of this
nematode isolated from pepper, banana, coconut and

arecanut, among them.

Screening ot some comrvn cultivars of black oepper
from Kerala and Kame teka including wild Piper spp.

againrt R.similis.

~onducttng oS pot culture studies to tist the

efi icacy o1 three nerruticid es n.'mcly, oldlet rb
sulfone, fennulfothion, 1 1 Cr and neem cake, In
controlling ®m.similis on bl» ck pepoer and their

effect on growth and vigour of the pepper vines.
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1. REVIEW ? LITERATURE

R.similis (Cobb, 1893) Thorne, 1949 popularly known
as the burrowing nematode has now become a widespread nematode
pathogen in tropical and subtropical parts of the world.
During Cobb's iInvestigations on the diseased banana root
materials, received from **iji In 1891 he observed male speci-
mens of a parasitic nematode, which he described Iin 1893 as
Tylenchus similis. In the same year he described the female
specimens as Tylenchu3 granulosus obtained from banana roots.
Again while studying roots of diseased sugarcane In Hawalian
Islands he came across both males and females of a species of
nematode, which in 1909, he described as ?ylenchus biformia .
Subsequent Investigations carried out by Cobb, with diseased
banana rhizomos, convinced lei— that the above three new
species described by him war? actually one .and the same and
therefore he retained Tylenchus nimilis as the type onecies In
the detailed rodoscilpli on public lied in 1915* Though it was
Included under various generic names, by ooveral subsequent
worf3rn, the present, generic name was proposed by Thorne (1949)
and considered till now an a valid name. Chor (196F) regards
T.granulosus, an an earlier synonym of T .similis and confirmed

as the type species of the genus.

Mtributhe PathQgea and the bisaaso Incidence

R.BImilis is found now associated with several important

crops and ornamental plants. Cher (1968) considered the genus



Fadopholus to be iIndigenous to Australia. Simmennann (1898)
found 1t associated with coffee Iin Java. It was established
as a potential parasite of tea In Java by Steiner and Buhrer
(1933 ). Van der Vecht (1950) reported this nematode from
Banvga Islands, Indonesia causing "Pepper yellows". In Florida,
the "Spreading decline of citrus-" was vnov/n since 1928, but

not linked with this nematode until, 1953 (Suit and DuCharme,
1953). Though Cobb (1915) reported this nematode as the cause
of the root disease of sugarcane and banana, only recently, it
was recognhised as the major banana root pathogen, replacing

the fungus Pusariun ( tover, 1972). In bcnann the disease
caused by ~.similis i1s ’'-novjn throughout the v;orld as Frdon hoi us
root rot, blackhead, blac’-hoad top »ling disease and decline.

It Is reported as associate 1 with banana from Pacific Islands
(Cobb, 1893), aOui.h last 'sir (Tarter and Allen, 1953),

Central and Couth ’'morlcn (dl.ovei and fielding, 175F ), the
Caribbean Inlands (Loach, 19r=P), Ivory co”st (T,uc and Vilardebo,
1961) and Australia (fln'-n, 1961). It, In also reported to be
present in franco ( .cott.o Tn faaoeae, 1967 ), Surinam (AnoU,
196flb), Ceylon associated with tea (r.ivapal an, 1968 ),in Low
veld of Thodenia (Anon, 1969a), Monambiquo ( Ivnristo, 1969),
Germany (Tturhan, 1970), flOuth Africa (iiuchane and Milne, 1969),
Ghana ( Addoh, 1971), Vest Indies (Anon, 1971b), Malawi (Anon,
1972) and in Taiwan (Huang, 1972). It Is present In anasania

and nenya (Ngunda and Taylor, 1973) and Zambia (Raomaekera and



Patel, 1973). Tarjan (1971) reported i1ts occurrence on

coffee 1IN Western hemisphere for the first time. It Ia

associated with betle vine In Kenya (Anon, 1974Db).

The occurrence of this nematode In South India has
been recorded as early as 1933 by T.Goodey. Nair at al.
(1966) reported i1t on banana for the first time, from Kerala.
Fecent surveys indicated i1ts association with banana, black
pepper, betle vine, cardamom (D1Souza, et al., 1970) and
arecanut (“umar gfc aJL., 1971). Though Van 'eerdt ot al.
(1960) established coconut as a host of T.similis in Florida,
Weischer's (1967) studies revealed i1ts occurrence for the
first time In the "coconut wilt" affected palms In Southern
Kerala. Venkitesnn (1972) reported its association with
blae7 pepper in Northern Kerala. The extent to which this

nematode 1s distributed In different states in south India

has not be ;n investigated so far.

Ooonorric Importance

Crops affected by I .similin result in unprofitable
returns, by reducing vilrour of host crops and subsequent
yield. Yield Increases of 3Q CO par cent were obtained by
adopting control measures in banana (l'lalo, 1972). Vohunt
and Edwards (196fi) reported that uninfooted banana plots

yield upto 17,000 Ibe par acre per year more fruitb, than



from infested plots. In Surinam, Hass (1969) reported
In 100 per cant infested plots banana yield was 37 tonnes
compared with 73 tonnes per hectare per year in less than

30 per cent uninfested fields. In Florida, the spreading
decline of citrus disease causes a yield reduction of 50-80
per cent In grape fruits and 40-70 per cent In oranges, In
Infested groves (Poucher et al 1967). "ealthy groves pro-
duced 535 boxes per acre conrnared to 25 boxes In infested
groves. In the Banvgn Island, Indonesia where over 22 million
"pepper trees" (vines) were flourishing well, at one time,
the "yellows" disease caused by .similis reduced tie vines
standing to a fewer than 2 million vines In the course of
two decades, 1.e. Dbetween. ly30 mb 1959. ' hen r garden pro-
duced for several decades, a olantiuy now hardly survives
for 3 to 5 years (Thorne, 1j61). In a survey on coconut iIn
Ilerala, ' .similis v/ias recovered fro ! runls of pal*,.a aiYeoted

by root-wili, die -nutj ( 'non, 157-i;1).
Host Pango

J;.0imills 1s n highly polyplwgouH nematode and has a
wide range ox hosts (poucher et al., 1967) including, mainly
banana, citrus, black pepper, coffee, ton”coconut, avocado
sugarcane, mi.7.0, several vegetables, grasses, tree crops and
Cfrroala. They reported mango, Inntnnn, marigold, oiotnlaria,
litutohi, turnip, lettuce, wild limo, darcia ug up. as some

Important non-hoata. New hosts roportod were potato, peanut,



rice,and wheat (Martin et al., 1969), Kallstroemia aaxima
(DuCharae, 1972), Monordica charantia (0* Bannon, 1973),

sorghum, sword bean, lima baan, sesbania, rabiza bean and

Ten hroaia vogelil and 4 weed apeciea (Edwards and l.ehhunt,
1971). In India Piner betl 3, llattaria cardamomun (DSouza
et al., 1970) and arocanut (Kumar si al», 1971) are reported

aa new hosts of this nematode. 2ven though largo number of
plant species have been reported as hosts of G.aimilia, this
nematode has been observed to have host preferences, among
different populations in different regions or tracts. Jioreover

Nno exhaustive studies have been conducted to determine the

host range.
Gymetonatology

In blacf poo jor duj to the infection by the burrowing
nematode, symptoms appoar at one or tnom spots in a peeper
garden unr; one or fnw vinos are nffucted and gradually
spreads until largo areas an involved. The vines stop grow-
Ing, the foliage turns yellow and there is dio-bacI and leaf
drop (Christie, 1997). According to vm dor Vocht (199'd) the
disease usually starts in isolated spots. hue to the active
dispersal of nematodes in roll thane spots extend gradually,
30 that large bald aren9 develop, surrounded by Diants iIn
various stages of dotarioration and yellowing, buoh areas

are with apparently healthy plants, roots of wliich, however



on examination show already light infestation. Sarly growth
stagnation i1n a few plants points to, already existing in-
festation of the soil. Usually, the typical yellowing symptoms
followed by leaf drop show up not earlier than during first
ripening of fruit3. Older plants may al90 suffer heavily

from the nematode infection and perish within a short period,
‘ooarently this is due to relatively slight lignification of

main roots, which may be nlle'l completely by ner.oisdes pene-

trating into wide medullar rays. Van der Vecht observed that
INn this case also, netstodes lenetrrte iInto "hair" roots. They
bore tunnels Into parenchyma tiEymu, Tri.nl} longitudinal ono3.
The oierced cells die nnl socn tunnels are visills as dar*r
3ootsi starting fior thin roots. ?ley often lenetr'ti intO
oarenchymatoue corticnL tie u”™ mil "l::0o into medullar rays
of thicker root3, which 1n cas-> 1J heavy infestation are cut
off comnletely . '™ un route show numarou* lesions and pro-
nounced discoloration. "™In main rontn are devoid of small
feeder root,a and er+”~nnive necrosis of the larger laterals
gradually dnvelon$. growth cranes, soon after the yellowing
of leaves, becomes nnpnrent and prndnctien of pepooi rapidly
declines. Severe dio-bncv and death of the vlner. eventually
follow. The first indication of yellows din vse of pepper is
the appearance of occasional yellowed leaves on vinio. Thla

Increases In numbers until within a year, large portion or

even all of the foliage nmay become Involved. Nambiar (1976)
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reported that alow wilt disease ma™es Its appearance after
south west monsoon. The symptoms are characterised by in-
itial yellowing of lower leaves, which gradually progress
upwards resulting in complete yellowing of the foliage and
simultaneous defoliation. The affected vines die gradually
after the appearance of external symptoms. The affected stem
and roots show vascular browning though not consistently.
Ting (1975) reported, .7eloido,gyne spo. as the most important
group of nematodes in "alnysin causing gradual decline of
fclacv pepper characterised 1;; u thrifty growth and yellowing

of loaves .

Biology

The burrowing norr.rtodo a tenda virtually i1s entire life
within host root-lots. lay attnC only !:?althy young succu-
lent feeder root-1 ‘% tips . Loji M. GZ. oti died 1le 11f > history
and habits of thenemn Lode attac7ing tan.ana.. The females laid
on an average >.5 to A.G 1,00 nr lay and continued to lay
for two wee-a. The eggs hatch'l within 5 to g days. Larval
period was 19 to | > days, but, matured tn adults in LI days.
Adults laid eggs In two days after the last moult. All larval
stages and £-'males “ers infective but "Inlon wore u able to In-

fect roots. The life cycle ton- 29-25 days to complete at

75-90°temperature. According to *mharma and "iico 1>66),

INn citrus the life cycle was completed in IP-20 days nt 75*2

to The number of ogj'ii laid ranged from one to six agga
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per day. Under controlled conditions iIn axenic root culture
they found the largest population Iin a colony started from
one female reached to 47,000 numbers In 85 days. In some
colonies, second generation females laid viable eggs and pro-
duced active colonies of males and females although no males
have been iIntroduced into the colony. Van der Vecht (1950)
studied the InXluence of P.similis infestation on 2 month old
pepper seedlings In ootg with sterile soil 1noculated with
20 females. 'fter six months, he could obtain about 2,500
nematodes from the roots and soil of inoculated not. be
observed that eggs are laid singly iIn the roots, after a few
days the larvae hatch, which develop Iinto adults In four to
five wee’-s. Males are found In the root tissues only at spots
where at least one veneration hs developed. The nature of
reproduction, embryology and oost-ombr”~voni ¢ development of
P.3Iml 11a have been studied in detail bv Van 'Gerdt (195P*

1950). BroeWj and Perry (1953) annarent. Parthenogenetic re-

produotion upto third generation.

Invasion, Boot Injury and >flgl.otn Mu>Jogy

BIflVg (1965) studying the invasion of K.similis on
Musa ornata seedlings observed that fourth stage larvae or
adult females had Invaded roots, 12 hours after i1noculation,
within 1 an of the root tip, although few iInvaded along the
whole length. Longitudinal and transverse sections of iIn-

fection courta showed that both adults and larvae toov w *
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feeding position between parenchyma cells In the cortex,
one to four cells beneath epidermis. The presence of these

nematodes caused contig'ous cells to separate, from an
f
Intercellular position they inserted their stylet through

primary cell wall, depressed cytoplasm and caused i1t to
Invaginate around their stylet tip. L'ithin 12 hours of their
entry, size of nucleus and nucleolus 1n? few ceils iImmediately
surrounding them had increased cignificanxly. about

24 hours the cytoplasm had begun to retract from cell wall
and after 36 hours, usually occupied loss than one third
volume of the coll. 'hes 2 observations sir'’eat that t sey
feed directly on cell cylopine -. oimil~r ct; igea occurred In
two or three cells around the hs™d of each nematode, suggest-
Ing that they feed iIn turn on these cells. The amount of
cytOpinem 1n cells on which thoy fed contin ed to be reduced
u til only nucleus and a small amount of cytoplasm remained,
then nucleus disintegrated, pri ‘'my cell wall ruptured, a
cavity formed and the nematodes usually moved into this apace.
Several nematodes were associated with each infection court
and these cavities formed by individual nematodes later
conlsr&KI. The nematodes enlarged these cavities by feeding
on peripheral cells and tunneI(mg laterally In cortex and
towards endodermts. ‘'typorplnain and liyportrophy wors rara
and necrosis was usually confined to cells lining cavities,

tunnels and to epidarifil cells Injured during invasion. The
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surface of root did not show evidence of invasion during the
first wee>, except a small puncture on epidermis, which could
be detected v/ith difficulty. After 10 to 14 days, iIncipient
lesions could be detected by necrosis of cells around infec-
tion court. In 21 to 28 days extensive cavities formed In
the cortex and deep longitudincl craC-s with raised margins
were evident on root surface overlying the lesion. Invasion
of stele was not observed, even where the innermost ceils of
cortex were destroyed. In banana roots, tee endodermis 13
strongly developed which jrob”bly prevents P.similis from

entering the stele through "the cortex.

In citrus OuCharme (1Jjv) observed t hat females and
larvae enter growing fejdeil roots nrr tij3 In tie region of
cell elongation arid root 1.air no .action, n penetration they
feed on cortical unrencriyma cel.lj and gradually burrow to-
wards stole, creating tunnels and c. vilios in tie tissue. They
accumulate 1n phloem and cambim ring region. Ibis part of
root i1s often com.iletoly destroyed, leaving a oavity filled
with them. ifypertruphy, lyperolaoia of norioyclo colls, tumour
formation and accumulation of wound gum result In parasitised
tissues. Infested roots bear numerous lesions. Jtarch grains
disappear from cells in and adjoining leBion oroa. Qm accu-
mulated tissues Impart a tnn-to-ambnr colour in older portion
of lesions. FE'ericycle tumours are also attached by them.

Tuit and DuCharme reported (Cited by pouoher at al., 1967)
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that the population In individual lesions varied from 1-739.

Cassidy (1930) obtained 2532 specimens of R.similis from one
linear inch of sugarcane root In Hawaliil. The female nematode
can usually enter a root In citrus In less than 24 hours. The
optimum temperature for root invasion and reproduction is
24°C, the mininum 12°C - 15°C and the maximum 29.5 - 32.5°C
(DuCharme, 1969).

In pepper root3 they bore tunnels Into parenchyma tissue.
The pierced calls die and soon tunnels are visible as dar>
spots. They also penetrate into medullary rays of thic’-er
roots leading to blocking of the vessels. The histological
changes brought out by their penetration and feeding In pepper
roots have not been studied and clearly understood. Information

Is also lacking in resooct of iInjuries caused by the nematode

to cither host croos |li'-e coffee, tea, coconut and arecanut.

Dio types of the Pathogen

The first ronort on the possibility of biolo i1cal races
In R.nl~-nl.llo was made by I1Inlly and Loydon (1971) when they
were unable to infect gj/pentonhi.on apus v;ith specimens obtained
from Coffea robusta. Later DuCharme and Hirohfield (1956)
iIdentified two physiologjcnl racoa of L.similis, ono, the
"citrus race" which parasitizes both citrus and banana, re-
corded only in Florida and sooond tha "banana race" which

parasitizes banana but not citrus. Thoy got the first
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evidence indicating the existence of physiological races,

from the observations that roots of banana (Musa nana)
adja-cent to a citru9 grove were heavily parasitized but

not the citrus roots. They reported the possibility of
existence of a third race in the field iInfecting citrus only.
They also studied 100 adult female specimens of both the
races and measurements ta”™-en, but could not fix ud any diffe-
rences between them by their morphological characters. They
did not study characters of larvae or adult males. Loos and
Loos (1960) studied the blaclt head disease of banana (Musa
accicninata ) in Jamaica and have given some evidence of the
existence of races of T.similis from different locations.

Van Veardt (1957 ) ra-»ortod that the >o>ulations of | .similis
obtained from Luxus micros ir 11la variety Japonica, Calat haa
liotzel, hedye hiun coronarium Musa nanat acindp.ous aureus
and Citrus ainonai:;j on C.11nmon root atoct were used for
various cross inoculation studies. |Inoculations on to the
hoatn froT which onocimanS o.' originally extracted, were
succesoful. from citrus they readily infected Lycoperaicon
esculentun variety Put.gorn and 7ea mays variety Hantam, but
reinoculation to C.limon from these hosts were not successful,
rpeoimans from Musa nana and Tea mayo readily infested both
hosts. He stated that citrus should be called a poor host for
R.similis. H could not also find any morphological variations

between the different populations. rher (19P ) also studied



In detail, the morphology of specimens of K.similis from
several hosts and from different locations and was not able
to find mar-ed variations In their measurements and charac-
ters to differentiate them as to two or more separate species. '
Ayala and Poran (1963 ) observed in Puerto Pico that P.similis
widely distributed iIn banana and plantain soils. They further
reported that the coffee was infected by F.similis, but the
plantains and citrus roots intermingled with T.similis In-
fected coffee roots were free from the parasite, indicating
that a non-banana strain is ere3 nt in Puerto 1ico. L.similis
was not found iInfecting sugarcane and citrus iIin the areas they
surveyed. Laboratory studies conducted by them did not re-
sult In crons infections. Thus they postulated that within
banana rac'lthere noosered to he several strains as indicated
by host responses. Hnrtin el a}. (1969) observed In Rhodesia
that P.similis infected groundnut, maize, tobacco, potato,
rice, wheat, cotton, aoynbnnn,ougnrcano and tea, but not lemon.
They planted need lings of these cron clone to the pseudoetoms
of banana variety, dwarf cavendish, roots of which were heavily
Infested with £ .gmll.i3. 'Ixcent. Imon neidilnrn the nematode
was recovered from root,a of nil oro>n yrorm in the trial. They
considered the race of P.ainilla present there to ba a moat
aerioua parasite of groundnuts, as most of the underground
parts were heavily invaded. 'Mvardo and Vahunt (1971) toBtad

thirty six OTQOpa and sixty four weed spacing against two

populntiona (Panama and Honduras) of B.similis infecting
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banana areas, In central America. They found that both
populations, iInfected Iin coomon only Rabiza bean. Tephrosia
Candida, Sorghum bicolor, Calapogonium muscunoides and had
differential infectivity to all other plant species tested
by them, showing the different infective behaviour of tlie
two populations. In hatal (South Africa) reetch (1972) re-
ported his findings on the reaction of T.similis on over

40 commercially grown plant species. According to him the
race of 7.similis attaching dwarf cavendish banrana In ratal
caused moderate root injury on nborgino, coffee, tomato and
potato cultivars. It caused severe to very severe injury on
peanut, soyabean, jlantain L~nnnn, soighun, maize and sugar-
cane varieties. Tea, tobacco, lemon and several vegetables
were resistant on which tiro nematode did not mnr’-'dly in-
crease and only slight root damage occurred. erngrostis
curvula variety ermolLo, radio’, shallot, j2Imseolun atropur-
Ooreon, and spinach a»iaailed to be 1 leunl to attach. In
r“*naarbique (loin, Ih74) nnnlyn *s ox over 1000 samples shovod
that, the banana ecrpml nl.ion wan nuooriated with peanuts, cotton,
maize and tomato cro .n. o’'pouzn <t al. (1970) reported tho
occurrence ot J.similis on fnaa son., riper pigrum. Piper
beti/t and Illottsrla cardamonr in tho coffor>trnote of south
western India. They could not find coffee roots infested
with R.almlH a. In addition, Kumar fit. al. (1971) recorded
It on Arecn oateohu from coffee tracts. |In serais R.ailailil

has been obaervad to Infect ooconut and banana . ftudiaa con-
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ducted at “yamkulam revealed that the population of K.similis

from coconut, attacks roots of areca, banana, sweet potato,
sugarcane, groundnut, but not Citrus spp. It has been identi-
fied as "the banana race" (iloshy, 1975). The host range of

R.similis populations infecting other crops In India has not

been studied.

detraction of R.similis from Roots

The burr-oving nematode being a migratory endoparasite,
special techniques were followed for extracting them from roots.
A method of incubating noi3t roots by placing them in closed
jars containing a small amount of water was the popular tech-
nique followed in earlier years (Young, 1954). harme (1154 1
followed thin method for extracting tb? burrowing nematode In
hia preliminary atulies conducted for detei.minin tlu cause
and natuie of opreadin ' doclin? cl1 citrus. not (1 p7) reported
that incubating citrus ronL I in water inste | in a moist
chamber gov"l nuinlor and h ;h> r?covory rates 10r the burrow-
Ing nematode . Tjoof,o v/inr» wainli*d free of noil and cut iInto
length o1 5 - 1') cm, diameter or flenhv roots can bo split
longitudinally and 7eot in containers with a nnall quantity
of water at 20 — 25°C to enable nemntodon emerge. After
24 hours of iIncubation the water wan collected and retained
for examination. Rinn * and extraction continued by adding
fresh water and reoloning containers. Moat of the nematodes

were recovered within 4 -7 days. Tnrjen (1960a) found that
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polythene bags, which are permeable to oxygen, kept at 75°1*
gave better extraction than glass jars. Tarjan (1967) obtained
enhanced recovery of R.similis from roots of orange trees and
rough lemon root stock at temperature between 69 - 71°f with

addition of 1 - 3 par cent hydrogen peroxide . H stated that
this technique enhanced the chances of detecting F.similis iIn
root3 that contain only few numbers. Gowen (1973) reported
that higher recovery of R.similis from banana roots, when they
are cut into 1 —3 om bits, macerated for 10 seconds and INncu-
bating at 20.5 to 23,5°0 In pie-pano In a solution containing
1 per cent hydrogen peroxide to v;hich jo added commercial

detergont at the rat: of 1 mi per litre.

Control
Chemical methods

' orv carried out for the control of ' .simil-is has proved
iInfinitely more diiYicnt, dm to it: true endopnrasitic habit,
Its ability to aurvivo on vnriou I host slant species and its
concentration In deeper soil layers . In ¢ an of ST”reading
decline di.ecaee In Florida, dun to limited occurrence, made
It noaaible to dov'ao more uniform control measures applicable
to local conditions (Cohn, 1972). Whereas its world wide dis-
tribution with banana has made 1t a difficult problem to com
pletely eradicate the nematode, only resulting In iIts spread

to new frontiers. Several namaticldes have been tried against
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R.al milla to obtain satisfactory control. E D3, DD ad
DBCp were tried iInitially for control of R.similis In
citrus groves. Plots treated with 3 B Cp were >ept free

of R.similis for 9 months only (Suit and Feldman, 1961).

DB Cp applied along with sprinkler diminished infection

of R.sinilie In citrua, but trees still suffered from spread-
Ing decline. Then apolied as technical material it was less
nematotoxie than emulsifiable formulation (feldman, et al.t
1963). P B C2 ubhen applied through overhead irrigation,
F.similis was absent in roots till 14 nontha only, after
treat-ent, birt returned to the level of untreated trees after
32 months (Suit and foldnan, 1164). Collins and Jeldnan
(1966 ) ranortoil that 3 » Gp amolied at the rate of 100 U.3.
gallons per acre did not give control jf ne’ ai od « below

6 feet In soil. ut DB Cr wno successful ac a preplant
treatment at tin into of 10 U . gallons per acre and infoc-
tion was controlled over four years (suit, 1961). hse of
aysteiiio noneticide.u in Lin groins of organop hoap hates and
carbamates are being tried recently. Those chemicals are
tried as bare root. 'Upti for nwmery so’dlingo, soil drench,
nub-surfnee drench, iInjections and granular forms. Jomo
methods have given promising results. Tho reports of various
authors have been summarised In Table |I. Use of various
nematiciden for control of Il.similis on banana have been
tried, hut In most caaea the soill fumigation posse problems

due to edaphlc conditions and terrain under which banana



Chemical triad

Tfalonamiln, fenaolfot hi on
Prop boa

Aidi carb and Oranyl

3thyl 4 (Methylthi d)
a-tolyl-i13opropyl
p hoap horami data

P henaaiphoa

jBnaulfothion
Thionaziw
Prophoa

water treatment

Organic mercurial
(Aaventa)

Doaaga

IdCd pom

o.éjﬂw?

O —-0-: D ~
1221.*(5"'"C)
1*

TABL3 1

Control

duration and type
oX treatment

30—60 minutes bare root
di 'a

"onthly application
arou. u calathea plant

37 minutes dip9

In solutions ?j
I"ef or root di-=S8

L ninutoo nuro iIr:r

otoc’- di >in~ ox roupi
I*o on seedling.

.olr'" 7e 1'to [.jura
dij.

71).1 1; Jx root::
ornr~ont |: Xxor on3
10ur

oX Padouholua similis on oitruB

Sffect on hoat crop/
plants

Eradicated p.similis In
roots,

Comoleta eradication oX
P.similis

lo phvtotoxic effect,
eradicated T.similis
IN roots.

710 toxicity, number of
T.similis effectively,
reduced on seedlings .
lemncur foliardiu was
most effective, acted
as reoellent

cills 3NSImiglig In roots.

found to ’'-1ll nematodes

IN roots.

no phytotoxic effect.

INn f.lass house.

Rafaranoa

O'Bannon and

Taylor, (1967)
Ilaungena,
(1971)

O'Bannon and
Taylor, (1967)

O'Bannon and
Tomerlin,
(1971)

Birchfield,
(1954),
Spears,(1955)

Spears (1955)
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Thionazin S, 16 1 32 Ibs oar
acre a.1. 60 Iba/
acre 16 Iba' acre

D C 2 (Dicblo- 45, >

Frop ropena) - macre

Of C2(Techni- 1C A g ac:®

£ (_Cdalol) - 15 C acre
E)E cP 4 0L :/acr?
Ttdonazin 32 Ibs 'acre In
.0 r wa*.ar
w 'r2.~r 3n—~3

Jj*ansulfothion, 1C0, 20, 4-Cp t

Thdonc.zin,

prep noa

Jthion 7J-i)J 10£ X =

IADIIJS |

Duration and type or
treatment

3 applications to citrus

seeJli 1vs
Iiti grean house,
IN aoil columns

3 field molicnti one

Preolanting aoil
treatment In groves

riolc treat ,ervt In field
el sprinkler application
or injactien or granules

woil drench around

ub-s 'rface drench mixed
\.ith \\ater Iin n rsery con-
lairjr.

oil drenci on citrus
«3diin e, infected by
.atuil 's

-luonxa.:

Ireoa +
| ost-xr e"vl.ent water drench roots iIn

NSffeot on host crop/
plant a

Controlled P.similis from in-

Rafaranoa

Suit and

footion - vilied 1.similis upto jfeldman,

91 depth controlled for

3 months, increased twig
growt h.
Controlled infection for
4 years

-d o-

letter control of iIinfection

Increased feeder
Infected trees™

'renter

.similis was eradicated
In seedlings (rcughlemon)

re;itad plants produced
taller heavier aeri&i
parts;

heavier root system.

(1961)

Suit, (1961

Sult,et al.
(196I1T"

Collins ad

Feldman,
(1965)

Taylor and
0 Bannon,
(1968)

Tarjan and
Wouts, (1965!

o
o
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plantations axe raised in moat parts ol the world (BlaVe,
1961). But still nematicides In other forms namely, systemic
ones INn granules and those which can be applied along with
iIrrigation water are becoming popular. Use ol nematode iree
planting materials, by disinfestation has bean practiced In
a large way. Bougnon and Vilardebo (197B) observed initial
delay o1l growth due to toxicity ox young root system wten
DBCP ie used. Guerout (1970) observed hemacur P was
found most effective than "eracur P, mocap and -OB CP, In
a i1iold experiment in i1vory coast 1or control ol siirilis
In banana. The recor endations ior chemical control, oi

T.similis in bon'nr, based on the results obtained by various

workers are oresented In Table 1I1. In case ol citrus, 1or
control o1t ".similis, T?onninger et al. (195R) used hydro-
genated i1ish o1l and studied its eilectiveness. 'hen in-

fected sc sdLings o1 various ages wore either sprayed or
drenched with 1 or 1-o0 per cent solutions at a dosage ol
100-159 ml for each plant, 2—> times at 2 wqqV intervals, it
was observed that no ~hytol oxic effect occurred on the plants
and there was sign 1li Lean | reduction ol nemdi In infected roots

and no nematodes were Pound In iresh roots.

lion-chemical methods

/mrong the non-ohenionl net hods used i1or control of

R.ajmlliB. use of hot wntor treatment of root-atocub of citrua
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Control oi* Padopholua almllla on Banana

Cheaical tried Dosage Duration and type
ol treatment

sBCl! 3 C 0.5 tnl a.i./olant

SBC! (706) Solution based on ‘oot Jio
auao anai on
BBC! 1 .0 solution » Ninu't di >
P horata 8 - 11 ml "slant 15 60 ninetec din
P benamic h03 50 oo (v 'v?
(406)
SBC! 550 ml + 4C 1 cl-iv Dir i; t!"« solution
Pranilag® aoil + 50 1 water 1gQ 1'r.13jcor ls
SI1C? 0.5 emulsion ‘iv3 n.nli'aj di.:
case 0>t racist
le' hoars)
Phanaaiphoa 100 ppm (41 : :
emulsion) 3.i tin 13- Jio
P hensmip hoa, j j)i c 'iona at
Aldicarfa Lv 1 ntcrv U
mat ho«y;,0 j C?
BBC! 39 .9 ,1iha "no «in 10 .enr'r: spelled
(75- Y to 1" old " :ral’
Olan:ation
DBG! 3 ml/plant viic: P yeai in R inject-

lons around th) olnnt

3iTect on hoat orop/
plants

decreased infection

Control of P.similis

IHlimination ox iInfection

Plants completely free
from inx'estation

do nttacv or spread or

multiolication till
14 nonths

Total elimination of
I.11ectl on

Cotrl elimination

VO better results
and control, decreased
to) linr

ora mrowth and heavy bun-
circs, complete elimination
of Iniection.

no infestation, 4Qb in-
cronae In cron growth
and weight ox banana

Haftxanoa

Peachy & Hoopar
(1963¥

Beccari and
Ooavaxion, (1966

Caaaraayorfat al
(1966)

Taboado and
Caballaro, (1961

Vilardebo and
Fobin, (1969).

Decker, et al,
(1971)

Decker, et al,
(1971)

Coates, (1972)

Hutton and Chun,
(1973). ‘

Beugnon and
Vilardebo, (1973,



and pared banana aets are very popular. The thermal death
point or H.similis (from citrus) In vitro was determined to

be 10 minutes exposure at 122°? (Birchfield, 1954). This was
found to be the same for B.similis from banana (Blav©, 1961).
Various practices of heat therapy adopted by different wor”rs
have been summarised for citrus in Table I and for banana iIn
Table 111 . for citrus nursery stoci-, hot water treatment is
given before planting in new areas, such seedlings used for
heat therapy must have only stem and root thickness less t han
1& inches. The roots are cooled In cold water for 10 minutes
Immediately after heat-therany and they are cared for in the
planted sites by frequent watering (Cohn, 1972). Heat-therapy
for banana 1s successful only where cheap labour iIs available,
as paring of 3sts becomes a laborious nrocess. doecial hot
water t'-n’-s to maintin the requisite temaerntura have been

deoigned (Bla~e, 1960).

/| special control programmo ,'pusf and treat" mothod,
applicable for flojHda has been rammed for benefit of
citrus growers (Pouclier et. ILL™» 1967). flo >ding and fallowing
for 56 months eliminated ] .al 1lls 1ron bnnann fields iri
Honduran and Panama (Loos, 1961). flood-fallowing ie praoticed
In .Surinam for control of the burrowing nematodu, but bare
fallowing was unsuitable (naan, 1969). Colbrnn (1964) recom-
mended a two year fallow period with n cov?r orop of fanioum

maximum variety triohoglime in <«u«onalanU, /uatrnlia. Iri



TABLS 111

ot water treatment oi "yanana sets" 1or control oi r»aimilia

Taarparat ure JuraXion ol treat- Jyj] ol liiect on host Heierenoe
range COant tre3 txont
55°C N Tinuxaa In oreion treated setts irae iron ijaraira © al..
Ini3ction (1960). ~~
55aC 3J xinuxj; I- eroion l.ini UD loso oi crop . Plants dlave, (1961)

vmiO 1ron i1ron 1.similis 1or
ov?r 5 ye”rs

553C cO Xinut 33 |- 3rsi on Iilectiva control oi iniection Dlave, (1963)
55aC 2J ainat 33 """ :rol on ol Control joried and darapja Casamayor, at al.
32X3 g\ui'tli (1966)
"3r t
~itir)
55°C & 50-C 1: rinr33 1“mr o..on r dip iIn Control oi 1uioction,
1. Xinutis oi-"no x.3lcartel Ji1tlnllion 01 cro >1loss Sananayavo, (1969)
sol-"tiI :n
52 - 53°C 2. Xinuta33 " ir:i on tmoirl control iron iniection ?aylor# (1969)
553C 20 xinut 13 T.s1 '1l1? s vms totally T)ecver> at al.(1971)
g i 1Lil..1 11

s
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Ifev South Wales E.similis was not detected in soils siX
months after infested stools were mechanically uprooted
(Slave, 1969). Eotation of 5 months with sugarcane, Inme-
diately removing bananas from fields h”™ met with some
success (Loos, 1961). Attempts at biological control,
either by the use of nematode training fungi (Tarjan, 1962)
or by growing Tagetea erecta as r cover crop have not met

with any success under field conditions (Tarjan, 1960Db).



MATERIALS AND METHODS



I11. MATERIALS AND METHODS

Survey

Collection of soil and root samples

A survey was undertaken to vnow the occurrence of the
burrowing nematode R.similis associated with the slow wilt
disease suspected pepper vine gardens in Kerala and x™arnataka
rtates. A proforma with relevant details on field symptoms,
source of soil and root samples, was developed ( '‘ppendix 1).

An information sheet was also prepared, detailing the pro-

cedure to be followed, in collection, package and despatch of
the soil and root samples (Appendix 11). Thes-™ proformae and
Information sheets v/iere supplied to Junior tgricultural Officers
at various NEC blocks iIn the two districts of Cannonore and
Kozhikode In Kerala rtate and to the Taluk horticultural Officers
of the various districts in Karnataka tato, to collect and send
t m noil and root samples from the slow wilt suspected pepper

gardens for laboratory processing and examination.

Processing of aoil and root anmdoa

Immediately after the receipt of the soil samples, 100 ml
of aoil from each lot representing diseased and healthy areas
were processed by Cobb's sieving and sifting technique, using a
400 mesh sieve at the final sieving. The fine debris In the
nematode suspension was cleared through a modified Daermann's

funnel technique, urom the root samples racoived, the leader
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roots were sorted out, weighed and nematodea were extracted
by chopping them into bits of 0.5-1 an length and placing them

over a modified Baermann’s funnel.

Sstimation of nematode population in soil and
root samples

After forty eight hours of setting up of the Baermann’ a
funnel, the suspension containing the nematodes v/ias carefully

transferred to clean 100 ml glass bearers, alleged to settle

for about three hours and concentrated to five ml. The total
population of I .similis and other genera of plant parasitic
forms were countod and estimated. The nematodes In suspension
are than Inlled and fixed by adding equal quantity of boiling

5 per cent formalin and proservod for further studies. Nematodes
emerged from the root aamoles wero collected overy 24 hours and
counted. The daily counts of nematodes emerging from root-
sample 9 wore continued for 10-12 dqgvs till no nematodes were
observed to emerge from the roots consecutively for three days.
The total population of nomalLodes was computed to per gram root
weight of the samples. The nematode suspensions, from roots
were also preserved after billing and fixing. The collection
and processing of samples from Kerala wore onrried out during
the period from September 1974 to March 1975 and July 1975 to
September 1975, and from January 1975 to Maroh 1975 and Septembe

to October 1975 from uJdirnataka.
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Batablishment of Pure Culture of P.similis

Root aid soil samplesinfested with P.similis from pepper

vines collected from the Pepper Research Station, Panniyur
formed the original nucleus culture material. Pew specimens

of adult females and males were measured and confirmed that

the nematode In question is B.similis (Cobb, 1893 ), Thorne,

1949. Purther multiplication ox the nematode was dwie and

maintained either on pepper seedlings raised from seeds or

rooted cuttings of variety kalluvally. About $0 culture pots

of 15 om size were maintained for the experimental work. They

were periodically examined for oopulation build up and >ept

Isolated from other pots In the glass-house to maintain purity.

Came population was also maintained on local banana suc'-ors.

Likewise T.sinilis populations fro”™ banana und coconut collected

from Central Plantation Crons vos arch Institute, Bayami ulam

and population from arecanut collected from Main Research

Station, IfehhnT, were maintained separately on banana sucVora.

Perl loam soil from the fieids of grin Von emarch Station,

Febbal, free from clum > and atones was obtained and mixed with

compost In the proportion of 61l. This soil-compost-mixture was

sterilized (denematiaad) by methyl bromide fumigation at the
rate of 1 Ib per 100 oft and stored iIn clean conorate tanvs,

to avoid nematode contamination and for subsequent use In
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experimental wor>. ' henever this soil mixture was used Tor

patting, 1t was periodically examined and confirmed that no

other nematodes had contaminated the aoil mixture.

Preparation of Uutrient solution

Nutrient solution aa prescribed by Arnon and Noagland
(1940) for providing minor and trace elements to pot culture

plants was prepared and stored in polythene carboys, ready for

B3 whenever required.

Raising and maintenance of rooted cuttings of
oeooer vine

Ctem cuttings of matured vines of cultivi - Halluvally
with 5 — 6 nodes obtained from fee <er Tesearch ft lion, Panniyul
rnd lorticultural Research station, Ambninviyal, were slanted
after treatin'; them for ono irinuto with ri >mindole butyric
add solution, In wide oarthorn >nns cont 1 ing sterilised aoll.
?hey warn transplant id after 5m dgvs into jingle eta wlien they
struct roots and all over! to grow. stem cul tings with 2 nodes
warn tnInn from than* vines ami further planted Lor rooting.

Li“swiee large number of two nodes rooted cuttings weie multi-

plied for pot culture experiments.

gatho/ienecity _of li.fliaiLLo on.M act% f.omioj

IIXperinontal

A pot oultura experiment was conducted to establish the
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patbogenecity of R.similis on black pepper, under glass-house
conditions. The treatments included inoculation of the nema
todes In logarithmic levels of 10, 100, 1000 and 10000 numbers
per pot of 22.5 x 15 an size, holding 1500 ml soil, Including
a check pot without the nematodes. fifty five days old, two
nodes rooted pepper cuttings with uniform growth, stem girth,
node lengths, ?7-3 emerged leaves and with 5-6 lateral roots
were selected and transplanted singly into the pots. Cweek
after planting, the cuttings were inoculated with nematodes.
The exact number of leaven, length of anrouts of each plant

were recorded before addin'’ the nematode inoculum. tight re-
plicates were maintained for each treat-ent. The icts were

'-eat under the glass house honchos to allow partial shade, In
randomised way. T ? t emiaoralure iIn the glass house was main-

tained ~t 24 + 3°C throughout the experiment.

Hadatode i1noculum

Nomntode i1noculum wnu prnoarod hy extracting 1.similis
from the rootn of the nun culture ulantn. Nematode Inoculum
obtained within a period of 72 hours and stored under 5 + 1°C
In the low temoernt.ure incubator was used for the experiment.
The i1noculum wan added to the pots hy making five holes around
the stem about three com away, with seven cm in depth, by pour-
INng the suspension in equal proportions In all the holes, pot9

were Inoouleted with five ml aliguot suspension of 10, 100, 1000
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and 10000 nematodes of all stages. The holes were then covered
with loose soil and pots watered with 759 ml of water just to
moisten the soil In the whole pot. The checv pot was also given

an equal quantity of plain water.

Maintenance of plants and recording of the
observati ons

The pots were given all agronomic requirements. Nutrient
solirfcion was added at th-i rare of 100 ml to each pot at intervals
of four wee’s. Two spray3 with Hithane 2 IP at 0.2 per cent con-
centration were given during the period of the experiment to
check any fungal attac’-. Observations on tue growth of the
shoots, emergence of sido brandies, and number of leaves pro-
duced were recorded at intervals of ;0 drgs iroT the data of
iInoculation of nematodes. The final additional growth parameters
wore calculated sulCNractin. ti e observations reco-dod at the

time of adding th» inoculum.

the experiment was conclude! niter 150 dayn of nematode

inoculation. The shoot >ortionn (v.tn”*n) were out at the ground
(soil) level and fresh nhoot wsighl, n miliar of loaves and shoot
length were recorded. On the same dny the root system from each
pot wan carefully lifted Dby gentle tapping Ox tha pot on all
aldes and bottom and removing the loose soil. The roots were

cleaned of adhering soil partialea by gentle washing in water.
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These washings were collected, passed through 400 mesh sieve
and preserved for nematode count. The clean root system was
pressed between folds of bloting paper and fresh root weight,
length of main laterals were recorded. Nematodes from the root
system were extracted following the procedure described earlier.
The soil from each pot was thoroughly mixed and a representative
sample of 100 ml, was measured out and processed for extracting

the nematodes follov/ing the procedure mentioned earlier.

The nematode counts from the roots and soil were recorded
as per the procedure mentioned earlier. The final soil popu-
lation 1n each not was commuted from the count In 100 ml samole X
15. The total final population per pot wrn thus estimated by
addition of the counts from soil, roof, system and from the

washings collected at the time of v/nsiting each root system.

Foot Invasion and flaturo of Injury

To study tho i1nvasion of I'.simi 1.1n to popper roots, a
new technique was developed (uUig.5). Tooted pepper cuttings
with /25 lateral roots were lifted carefully from tho nursery
pans and the roots were washed free of adhering soil particles,
fmall eartherv pots of 6.5 x 5.0 cm size with holes sideways at
bottom were ta en. Keeping the stem cutting portion inside the

pots, the root ends of feeder roots wore brought outside through

the holes and the pot filled with acid washed fine sand. These

root ends (two om length), after surface sterilisation with 0.1



Fig. 5. Technique developed for inoculation of
pl'ilir under ]nboratord conditions
to study root iInvcolon ejid development

of lesions on pepper feeder roote
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pep cent FHeClg were introduced with least injury into plastic
cases (usually used as cover glass boxes) 2.5 x 3 an size, through
small holes (enough to pass the roots) drilled on their sides.
These cases were filled with acid washed sand, to support the
root ends. The sand In the plastic case v/as moistened with
sterile water. The pot was watered with sterile water. About
50 adult well developed female specimens of F.similis were
surface sterilised with 0.1 per cent HgClg for one minute and
Introduced near each root tip and the root portions were then
covered with just enough sand and moistened with sterile water.
The pots along with the cases were placed iIn petriplates and
left on the laboratory bench, where the temperature during the
studies was 27 + 2°C. Observations were r~rry .-r at interval
of every 24 hours by cutting the root bits and examining them
for invasion of the nenrrtodea by staining with acid fuchsin
lactophonol . The roots wor* observed 1111 the formati on of

lesions on them.

Foot bits from the boxes wore lifted and were thoroughly
washed free of soil adhering to thorn. Healtliy and infected
portions of roots (0.5 - 1 cm) were separated and free hand
out sections ware taken. Observations on the nature of root

Injuly by the nematodes viore recorded.
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Control of R.aimilis on black pepper

An experiment was carried out to find out the effects of
neemca”™e and three nematioides namely, D £ C P, fensulfothion

and aldicarb sulfone on B.similis infecting pepper.
Host plant material

Pepper cultivar - Kalluvally uas used for these studies.
Two noda3 stem cuttingswere used from the pure stock maintained,
as described earlier. The rooted cuttings were planted in 20 x 15
cq else earthen pots filled with densratiisod soil—om 0sx mix—
ture of 1500 ml capacity, rhe cuttings wore planted and one

weel period uas allcued fji tfji1 establishment.

flomaticides

"he chemical nomenclature of t’1 nmaticider, method of
application and source of supply rie given in "able IV. All the
dosages of mmaticl.den a e expressed In terms ox active ingre-
dient per hectare . ly common nr 11 of tim chomic la have been

used iIn the text,. The donaro nor pot wno worMd out baaed on

the surface srna of the not,.
mHoaagog and methods of application

Various dosages used vrere, ne.encave 1250, 2500 and 5000 Vg
per hectare, DB Cj? 22, 33 and 44 litre a.i. per hectare fenaul-

fobhion 2, 4 and fl Vg n.i. per hectare and aldicarb nulfone 2, 4,



Chemical cosrpoaition, formulation,

materials used for control

TABL13 1V

mat hod of application and the source of supply of tho

Trada
Comaon : . Tormulat-
nans Chemical coanooition fon
Ksea caVg Ca’-e jowder
DB CP yl22aeon 1, 2 - dicro-o0 o _ 1 C 75" viv
chloro-»rO':nn
fensulfo— I2.aar.it Di5t 1 (mot h i 5 G
t hi on altl  ®inyi . ohenll!
: h05);1000" hi "t 9
Aldicalb LC 21755 2 -et v:-2-(" et '1- 75 -
sulfone aulforyl erooional
daT™do O-y o «
carcl o3 m Gir*
5 C = Smulsdfiable concentra* 3= 1ronill 03

of l.«similia on pepper

Method of
application

Soil apuli-
cation

foil dranch

oil ap”™li-
cation

oil drench

Source

Non-edible oil and soap,
Industry, Khadi and

Village Industries
Commission, Poona,

Shell chemical company.

Layer India Ltd,,

Union Carbide, India Ltd,

M.e = \qgttable powder
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and 8 vg a.1. per hectare. Two methods of application i.e.

pre and post inoculation of the materials were adopted. In

the case of pre-inoculation treatments, the neencate was
applied to soil surface In the pots 10 days before the Inocu-
lation of nematodes and mixed with the soil thoroughly. DB CP
was applied seven days before fensulfothion and aldicarb sulfone
two day3 prior to inoculation of the nematodes. In the case

of £ B CP and aldicar'o sulfone, the calculated amount of
nematicide for each dosage was mixed with 200 ml of water and
then added to clay pots as soil drench. The quantity of water
(200 ml) required for drenching the coil was determined earlier.
Tensulfot hion (wasanit granules; was aa lied to the soil sur-
face and mixed wall inio the coil. The pot was immediately
iIrrigated with 200 ml of water. r.atode I1noculation was given
ten and seven days axtol a>lic tion ox neencah-o and O » CP
and two days after application ox aldicarb sulfono and fensul-
fothion In the case oi pre-inoculation lreatment nd seven

days before application of the nemat icicles In the capo of poet—
Inoculation treatments. Thus tha date of nematode iInoculation
was Vept same both in the case of pro 'nd post-inoculation
treatments. Three roolicntea of each treatments wore maintained

There were 25 such treatments including the ohecv pots.

iflintenan.Q B of alan to aid ra.Q.Qj33fn/i of Qbaaxvatfpnfl

The plaits were placed under the glnss house benches In

partial shade. The temperature in the glass house throughout



the experimental period was maintained at 24 + 1°G. The pots
were arranged in a simple randomised way. Observations on

growth characters viz. shoot growth, number of leaves produced,
were recorded at intervals of every 30 days and the experiment
was concluded after 150 days from the date of application of the
teat materials. The final observations on shoot and root length,
fresh 3hoot and root weight and soil and root population were

estimated following the same procedures described earlier.

TVter™ination of the race statue ox ~.aimilis fron
Panniyur pepper population

An experiment was c”rrie ! out to study the race status
of the population of .simil-in fro: pep pr collected from
Panniyur and its capability to infect citiw, coffee and banana.
Three citrus soecl.ec vis., Git-.-iIs 3inencla (:"o't or~nge’
C.retlculato (;*nndaj€ «<n oran ., <.aura.ntifolir (lire ), Coffoa
arable . local vaiioty of brnano ;nd iro..ji culiiv:r - Kalluve.ll.v
were used an differcnt inl fiapt: for comparative tnfoctivity by
F.aimilis. About dgyu old neorl lings/aucborP of banana/roo bed
cuttings of onch hoat i;0rj Dotted in 10 x 10 cm nine onrthon
pots filled with densmntined soil. ;pch pot was inoculated with
500 nematodes (all otnges) obtained from pure culture, i/lvo
replicates of citrus aneciar and three raplieatea of banana and
pepper wer™ maintained. Tiro nematodes VOre iInoculated seven

days after planting. ninety five days after inoculation of the
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nematodes, the plants were depotted and nematodes were extrac-
ted from the roots and soil. The final population in each pot
was estimated following similar procedure mentioned earlier.
Cross iInfectivity of nema isolates from pepper*
banana, coconut and arecanut hosts"

/jI experiment with R.similis population isolated from
pepper (Pepper research station, lanniyur), banana, coconut
(Central Plantation Crops research Institute, Illayaml.ulam) and

arecanut (Main research tntion, Jhjbbal) was conducted to study
their ability to infect and reproduce on the other three hosts,
Clay pots of 30 x 23 cn size wero filled with .si lilia Infested
aoill to seven litre volume. Ihj souice of infested soil was
from the previously builr, up pure culture potj] Ox the respective
population. 1 huo each pot cantrine !l ajn o:;i ;rt'ly ,vOIl .similis
In one sat of trireo such pots ccnt™iniity tlij se.i: population, nn
Infected host, plant and tue tuacot uQOjt ei.uit were Innted very
close together oo that ti J joots ox th* two host plants came iInto
close contact and intorninglod . The suncept hosL plants wore
raised In sterile aoil separately. In ceoo 0. popper (knlluvnlly
oultivar) banana (local) coconut, i1wcot const tall variety) and
arecanut (South jxannm variety) were used. In case of coconut
Isolate copulation, ft.slmilis infested coconut seedlings obtained
from the Central Plantation Crops leaonrch Institute, 1Myamkulnm
were used as such and planted In the pots. Thun four groups of

pots containing three pots In each group with the twin slanted
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hosts In each pot formed the treatments (jiga. 6, 7, 8 and 9).
The coconut seedlings were planted close to t he other infected
hosts after removing the husv portion, so that the fast growing
fleshy roots will come into contact with roots of R.similis in-
fected hosts. The plants were depotted, 140 days after planting
In case of oepaer, banana and arecanut ponulations, and 200 days
In case of the coconut population. The root systems of the
original infected hosts and amcoot host plants were carefully
lifted and thoroughly washed with r strong continuous spray of
water to remove all adhering debris and soil particles. The
nematodes were extractol from the roots, following tha proce-
dures as -entic-ned 1i1arlier. 'lho roots were examined for lesions.
A few lesions were cut anl tostod in few drona of water on a
slide and examined u.idJr m binocular ator 'o.-icrosco >0, to see
whether they contain.< all the st ;jj of the nenrtodo. b”asd on
those observations, the natuij of th) infectivity by u fforant
populations (i1aolo los ) was locoided.

lom hologloil charactors of b.sim lIts from nonper,

bnnnn-i, coconut and axew "ml

Ton nlinbora of selected (pic’-od out) adult females and
malea of the four populations wore Villcd and relaxed by gentle
heat. Temporary mounts of thes ' nemntodos were prepared iIn
weter. Measurements wore tn~on following the mothod of do Man 'a
formula (3outhey, 1970) uaing ooular micrometer scale. Thoy
were aleo critically oxamlnod for their differences iIn morpho-

logi oal oharactera.



studies on cross i1niectivivr

6- Pu*° plf>nted ~sether with ben-nr, cocor.ur ~nc aiecsnut plents
and Bepper, containing tie 'pen er isclPt="¢' ? Hr-Wc w
"double plant method" ™ N

Fig. - . lota planted together vit: nr canut, per cr ard coconut rilsnta

contarLning tho 'br/a’a 1oolkt.' of 7..sirills" bv
double plnnt LoUiLOd™ r.sirills

Pig. S. lota planted torct:tlr vith tarenr, cer:;r r=c -,xecPn;t rlento
Md_coconut _CO, ] "c-coni.t 1isolrte " cr :-..ri-iU= t-r
double plruiT 1L 'wti Odn

Pig. 9. .ota pl-nt.Pd to vilier =i .1l 10, br-.rrs me. coconut rlpcte
rn,i nroennut contrlning 'rrccnut isclrt ' cf R.sfilis bv

"double plant "iwtl. 00" s






Nine cultivars, each from Kerala and jiamataka, five
wild collections and four species of Piper (including "two
cultivated species) were screened for their resistance to
R»aimili3. Rooted cuttings of these cultivars and collections
wera raised following the procedure reported earlier. Rooted
cuttings of unii orm growth as standardised earlier were planted
In snail earthern pots (G x 5.0 on size) with 75 ml soil
capacity, filled with sterilised soil. These (fig.10) pots
were i1noculated with 100 at odes (all stages) of E.similis
collected from original culture of peeper population from
Panniyur. Inoculation was done by pouring the nematode sus-
pension I1n three ml water, -equally into the three holes of two
cm depth, about J.5cm nwav from t' e alem of the cutting In
the pot. '1'ne hole9were coveied 1 mediately after inoculation
with soil and pots drenched with water. Oareplicates for
each cultivn i/wild col.l notion wore maintained, whecI pots
without nematodes wore also ’'-out. tiv noma inoculation was
done seven daya after olanting ol the cuttings. Alter 90 days
of Inoculati on, the olantg were carefully lilted 1iron the pots
and washed X:roeof soil arid dehrio adhering to thorn. The rootB
wen dried In between the folds of blotting papers and freah
weight of the roots ware recorded. The entire soil from the
pots Itfa* eroceeeed for extraction of the nematodes. The
nematodes from roots were extracted to determine the final

population par pot following the procedures detailed earlier.
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V. experimental results

Survey

The location surveyed and the distribution of R.aimilis

In the pepper growing regions are shown in 1ig .11.

Incidence of 12.similis population in the samples

Soil and root samples from healthy and diseased vines
were collected from 19 and S locations in Cannanore and
N.ozhikode districts of Lerala state respectively. In jxarna-
tal:a altogether 16 samples were collected from locations
spread over six districts. Thus samples from a total number
of 41 locations In the disease suspected pepper growing tracts
of ilaral a and x”arnataka were examined for nematode populations.
Root samples from five locations In hernia and two locaticno
In Ajornataka were not received. The presence ol t.3imills
and 1ts counts in the samples collected from various locations

IN both the states are furnished 1n Table V.

Out of the 20 sol. I samples collected irom 1.Grain, sevon
undar hsalthy vimn and I* .mdnr diaanand vinos ravoalod tha
praaanca of ; .olml.Ua. Tha aoll population oi' t.olmllin ranged
from d - 22 par 100 ml of soil (avarngo 11.1) in hanlthy vinoa
and from 3 - dp par 100 ml aoll in dinanaad vinos. Only one
root aampla from healthy vino and nina opt of 20 root aomploa

from dlaenaad vinaa ravaalad tha praaonca of £.flImille. Tha
numbar of K.aimilt. racovarod from roots of haalthy vinaa was

10 par « of root and In oaaa of diaaaaad vinaa from 4 - 237

(avarags 53 ) per « of rOot-






TABLa V a4

Density of R.aimilis In soil and root Bamplea collected from
healthy and diseased pepper vines from different locations In
Kerala and 1"Marnataka

Nematode population
State

Dia- Locations Numbers Numbers Total
tri at oer ICC_)I mi per £ root
SOl
lleal- Itl.se- Heal— Iti.se— Heal- Dis<
thy ased thy ased thy a3el
Kerala Canna- 1iallody
nore HdilO™ara
Anfu>unnu
Vellamunda
Chemoeri |
Chemoori 11 2
Chemoeri 111 3
? ayat uc hal 8 6 14
A Chunduv unnu
eat Llail 12 28 4 12 32
Larindalam
iwinnanur 14 12 26
Manjeawar 22 7 - %693
Chearioady" 1G
Uliyil
?anniyur | | 33 LIr ”6-5 12%5
X.arimbam G | r 48 5 o
2orintllit a r "o 10 2>/
TnVmod
Calicut i\nivlami)oil — O 70 %g
| h' rib"larinnr U” - 13 — 4 11
rhalayad 4 11 — 79 1 38
Ch/P/ittnn-r®m 11 I'l —
Had uvnyal
Mundavnyal " 22 30 — 22 39
_ 13 19
Karnataka iddapur 13 |1? 4G 12 64
aolUwri 'ndy L2 7 326 IP 340
Bintwn 1 6 22
Snv lgolrp ui 42 121 91 102
61
putt.nr A9 . 4 16
-agar 4 ég IP 12 72
Thl rt hahnlly 12 T, 15 29
fiadipl P 13
Miidi 4 20
A::gé?:ra A 15 - B
1Marknl a _ 96 7 105
Lunita 7 9 .
I1.0ppa 1 - 42 50
Hringarl 3 (73 7 5 20
fir«l S
Homwarpat
examinad

Boot aamplo* w«ro no* rsooivsd snd



Dia- Loca-

+ 3+
bixaxa trict tion3

Observed mean

Itatiatical moan

(VX + 0.5 trano-
£ormati on)

r.-ln +

CD at 1) levol
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TABL3 V - (Contd.)

ITeciatode population

Humber per :luDiber3 per Total
100 ml soil £ root
Ileal- Diae- Heal- Diae- Illeal- Diae-
t hv aasd thv ased thv aaed
11 21 17 65 15 68
1.8 2.9 1.03 5.44 2.8 6.4
0./107 0.9766 0 .81
1 .05 1.97 2.089
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In Karnataka state 11 out of 16 locations revealed the
presence of the nematade. In soil samples from healthy vines
the population ranged from 3 —49 (average 21) per 100 ml of
soil. In root samples from healthy vines 3 out of 16 contained
R.simillst while in case of diseased vines 9 out of 16 contained
the nematode. The number of K.similis recovered from root
samples varied between 7 and 42 (average 20) per g of root In
healthy vines and 13 to 326 (average 77.5) per g of root In

di seased vines .

In Kerala the total area covered by sampling was 29-3
hectares, while 1n Karnataka 1t vn3 28 .5 hectares. The disease
InNcidence renorted from various locations accounted for 11.51

per cent of the surveyed area in Kerala and 12.5 per cent In

Namatnka.

Incidence of other )]Jant jar'sitic nonat odea

I-'Irnfc parasitic nematodes cthoi than 1 .nimilin i1roQuently
eneounio.otl iri noli oamnlou In tin curvayed aiean were floloid©-
gyna api., Tiotvlunohulno non., and bile otylone Ima spp. Oocaslon-
ally Crloonemoldga spp., Tylonchorhyncima apu., and oplolalnmug sp
ware also onaounterod. Only In one location 1.e. In oiddapur,
both soil and root aamples oontainod Pratvlionohuq opo. The number
of locations in which tha different genera of plant parasitic

forms ware encountered la presented In Table VI. It was observed

that samples fr<* Kerala contained {UIg"SCM "PP e «'<
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TABL3 Vi

Number of locations with frequencies on the occurrence
of different plant parasitic nematodes

Humber of locations

llerala jrarnatal:o Total
genera -alty Pi130— ; Dise- Dise-
ased lealt hy 2sed Leal thy 2sed
i\ T . ce. T - . \gn i.P- 1 "we S R.
T-adooholus 7 1 17 J 11 O 11 | 1B 4 25 18

Meloidoyyne 19 7 G G 12 A 9o O 31 11 25 9

Potylenchulus 19 . 19 . A a - 19 4 18 4
Helicoiylenchu~ 17 - 1G - 6 - P 23 . 24
Tg/rl]cL)chhorhyn- o : , A , ) -
Pratvlenchua - - - 1 1 1 1 1 1 1 1
Hoololaimuo 1 £ - - - - - 1 - 2
Criconemoides 1 - 1 2 1 2

In noil Hr It rnd.r
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Futy!l ejphulua app both In healthy and diseased vines with-
out gTeat variation In their number, Jjarnataka samples also
contained Meloidogyne spp . both in healthy and diseased vines.
But the presence of Kotylenchulus spp. was observed only In
few samples. The presence of n.similis was more In soil and
root samples collected i'rom the diseased vines. The pooula—
tion of other plant nematode genera were not found varying in

diseased vines when compared with healthy vines.

Occurrence o] .almill3 in different 3oi1l types

The data on soil types in which K.similis was present
showed that red latorite soil contained more followed by forest
blact soil. Loamy soils contained the nematode iIn few loca-
tions, and was not encountered in clayey soils. The details
pre prenenter! in table VII.

Occurrence 0l 7.nimills in rolntion to intercrooning

P 1lern

The survey revonled that popnor was mostly intercropped
with either one or mom ct 000 Livo banana, coconut, araoanut,
coffee, FE'irif'or, yam and cnooivo. ‘'elie details ox locations
where B.sImllla was onoo.mterod in relation to intororopo growr
am aunmariaed in Tnblo VIII. Aroonn.it palms form the major

Intarcrop with popper end are used no aupports lor trailing

the vinon whoroan others am planted ae s*ixed or no border
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TABLE VII

Presence op 1.similis in difi'erent soil types

Humber o1 locations
oil tvoes

resent '‘b3ent Total

Pad laterite 10 0 13
forest binel noil 7 / 14
T.ed loam 4 3 /
BlacV loam 2 0 2

0 0 2
Tandy loam
Laterite clay 0 10 12
Clay loan 0 ;

Total 25 16 41
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TABLE VIII
Occurrence ox* B.similis population in relation to the

Intercrops grown in pepper gardens

Humber oP locations
Ini ercrops

Present Absent Total
Arecanut 11 2 13
Coc onut 7 3 10
Bnnana 6 2 P
Cox'roe 0 6 6
Oinger 0 2 2

Ynm/Gnonnvn 1 l 2
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crops In pepper plantations. The occurrence of R.aimilia was
more In pepper when planted with arecanut followed by coconut
and banana. In locations where coffee or ginger were grown

R.aimilis was not encountered. The pattern of intercropping

IS given In jig.l1l2.

Pepoer cultivars afx’ectec! by disease incidence

The survey data in respect of the peooer cultivars affec-
ted by the disease showed that out of 14 cultivara, 11 were found
associated with h.similis. The details are presented in Table
IX. The common cultivars affected by r .similis wore Harimunda
and Kalluvally. Out of I'l cultivars four were from i™arnataka
and nine belonged to Herola. One cultivar (local) was found In-

fected with I .similis In five out of six locations.

pool invasion and losion formation

Observation of the stained roots rnvoaled that most of
the nematodea penetrated into roots within «M hours of inocu—
lation. They preferred root, 1llp region just abovo the elonga-
tion zone (rtg.13). 7hay ware alno obaerved to ponetrate
1-1.5 on above tide roglon. Though nomatodoa penotrnted
Individually, throa to nix nemntodeo woro found In ona ragion

Inaida the root (rflg.14). Tho oollo around the nito of pene-

tration ware found with brown discolouration. Laailona were
ob.arved aa minute data within 72 houra of inoculation (rtg.l15).

The oalla b.low the epidermal X.y.ra were dark brown in odour

near the anterior region of the neeatodee.
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TABLE IX

H.admilis population encountered with different
cultivara of pepper

Humber of locations
Hane of cultivara

IJresent Absent Total

I luvally 6 3 9
Narimunda 5 5 10
Panniyur-I 1 2 3
Arakulan nunda R 0 2
The>7enadan* 1 0 1
3ala n70txa* 0 2 2
Valiy «iyaZadan' 0 1 1
poonharan ’Jundn 0 1 1
Kundiv odi 1 0 1
Malle~eaaera | 1 2
Zarimall0/3033ora “ 1 0 1
|IJddal:vare 1 0 1
Oavnthi - 1 0 1
Local 13 1 6

Tntn1 21> If) 41

* prigk N Y *h _yBHAt met eRgi Al and  oxrml nod



Pg .:. KsLilla INn e process of papstaaon J
INto feiatr root tip region of black pEEOYT



Pig. 10. Techniaue used for screening cf ruoted
cuttings of different pepper cuitiverB
Inoculated v/ith a.ginllin for their

ree la tnr.ce






FiI£. 14. K.ulmlilH inside the root of Dbl&clc peppt*
In corticnl region

6- 5. Feeder root of black pepper showing leflio®
with blackened parenchyma cells by E.blj

N QN hours after nematode
inoculation






jfree hand transverse sections of healthy and infected
roots are shown in figures 16 and 17. In the infected root, the
parenchyma cells in the region surrounding the infection site
were blacvened and In a disarray. In advanced stages, these
became necrotic and by a gentle touch with a fine needle they
got separated very easily from healthy portions. The cells In
the region of the nematode advancement were darkened and granu-
lation of cell contents were observed (fig.18). The stelar
portions were not affected. It was Iso observed that eggs
were laid witliin the tissues wilLsin six d-ya of t: sir entry

Into the roots (fir.11).

P«thocrenecjty,, of .gimilis to blncv oeooer,

The object of this experiment wan to gain information
on tho rolo of thio nematode In causing damage, 0S expressod
In terma of plant growl h chnrnetrrre. Thc growth characters 1inQ
shoot length, franh ninnf, velrht, .loaf production, root length
and fresh root, weleht wnr™ recorded = Out ol eight, replicates,
plants In two rap!lenten, i1noculated with 1000 nematodes per
pot anlin three raplloatea inoculntnd with 10,000 nematcdes
par pot ahovad wlltinr symptoma after 90 doyB, and they diod
attar 11* days flf nomntode inocnlntion. hue to the death ol' the
plants Iin tho above treatments, tho statistical nnalvoi- Ww'-

aarrtad out following Tata. (1983) and Taylor (1949) aethoda.



_ n. action >f healthy feeder root
Pi*. 16. Tranavurfie oocti

Ilg uf black aeppor

Fig. 17. Cross section of feeder root °*
black pepper infected with K.B/iltf.

showing the daMged and blackened ( B
portion In cortical region witn






via 10, LongitudinrJL nection of feeder root of

black peppor infected with JI. 2 "Imii?

showing the nematode head fixed In parenchjna
colln end damaged cello eround the head

of trie lielliutode

r Ki I. Lain cal itfl P Mi  ~ Ifi

Fig. 19. Longitudinal section of black pepper feeder
shov/ing nematodes and eggs laid inside root

tissues by R.3iniills within six days of newt
Inoculation

*Q

K = Nematode E = egg laid inside
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Effect on ahoot length

The stunting of the plants increased as the inoculum
leyel of the nematodes increased from 100 to 10,000 per oot.
In case of plants i1noculated with 10,000 nematodes, shoot
growth was practically arrested (j«'1g3.20 and 21). The diffe-
rence in shootlengths of the plants at varying inoculum levels
recorded at 30 days interval from 30to 150 days were highly
significant and the data i1a summarised in Table X (fig.22).
It was found that olants mnoculated with 10,000 nematodes put-
forth shoot length of 2.9¢9 cm com >ared with 59.26 c<m produced
by the cracv slantn. Thus there was 20 fold decrease iIn shoot
growth of >lnntS inoculated with 10,000 nematodes which was
oorreaponding to a reduction of 9/»97 aor cent in shoot growth
as eoar,ar2- to control lants at the end of 1:;0 drys. eduction
INn shoot growth du = to other inocrlu, Levels r~nged from22.3 tc
93.8 per cent. The effects on ahoot, ] -ngtF between 1"00 fand
10000 nemntodeo Innculnl.j on lev-1'1, wn-'e not ni/;nific nt at
30, g) or 151 days, but at 60 -nl 120 days virle-v*In they exhi-
bited significant diuonnm. 7ho results inlic tud that when
th« Bwiiotodo inoculum lovil wan 100 .vir 1500 nl soil, i1t could
MU., over 70 nor oont roduotlon In growth In courno of 150 dny<
an 55 dnyn old ponpor cutting, "non thn inooulw. woo ovnr
1000 nesmtodan pnr 1500 nl noil, ovar 90 par cant reduction In

ehoot growth, naoT danth or «to, .««= of growth of plant in th.

psriod ware obssrvad.



Pathogenecity of H.blcilU b to blaok peppt*

nvot on Ur vinee by H.slail
Infect lori, vi th f~ur i1noculum leve

21. Cffect on growth of vines end the develop*™ J
went of root system ty P.similis infeeti<* |
with four iInoculum levels at 150 day*
nematode 1noculation
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TABLE X

F*thogenedty of R.aimilis to blaclr pepper. Shoot length(cm)
or pepper cutting at 30 days iInterval after nematode iInoculation

(Mean of eight replicatea)

Days
KOl
level 30 60 90 120 150
Checv 4.36 0.10 17.00 37.92 59.26
(0.6349) (0.9020) (1.2192) (1.57PP) (1.772P)
10 Nematodes 3.20 * 27 12.25 32.17 48 .46
per th (04355) (06365) (1_OP7*) (1.5074) (1.6855)
100 -d o- 2 .31 3.32 r.16 F 67 21.65
(0.3429 ) (0./1R45) (0.p'379) (0.93P3) (1.3383)
1000 -do- 1.91 2.50 2.90 3.34 3.73*
(0.37:/) (O~"23) (0.~546) (0.5203) (0.577)
10,0C0 -do- 1.31 .FO 2. 0" 2.78*m
(0.3013) (0.2117A) (0.3326 ) (0.3921) (0.4759)
0. 0.'/ > 3.T36 J.0lF/+ 0.04FIS
C.n.o ] 0.0219.0 0.0533&
0.06180
, 0.QDr2 0.1r.3l 0.2287 0.0621+ 0.13501
CD at 1’ level aR 0 081l 0 1A A
0.1275Cn

Values In pnr-ini heonu ore lor, irnnrjiol M ™ t.oniul.
e Mean of six mnlionten. M Menn of 1I-ivh replion tea.

e Significant at 5 par oont ]nvel

¢ Between onetf- and 10'0.t namaLudau inoculated pota

$ —do— 100 -do- -r1o-
* .do- 100 1000 -do- "éj-
A .do- 1000 10000 -do- -ao-
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Effect on fresh weight of ahoota

The effect of different inoculum levels of the nematode
on fresh shoot weight was recorded and the data are summarised
In Table XI (i1*1g.23). The average ahoot weight of chec> plants
was 24.76 g as compared to 15.3 g, 11.51 g, 5.15 g, and 4.56 ¢
of the plants inoculated with 10, 100, 1010, 10000 nematodes
respectively. Uglily significant reduction in the shoot weight
was observed between the 100 and 1000 nematodes inoculated
plants and the reduction in the shoot weight was 53.5 per cent
and 79.2 per cent compared to chocl plants (fig.24). however
no significant difference in snoot weight was observed between

slants Inocul'ted with 1000 and 10)00 nematodes.
Ofl act on leaf production

The number Ox leaves irorluced by the plants at 150 days

an,r nAnnt.0”g Inootd.nt.ion unn recorded to nncort.nin tlv> affect
Of nemeWle infect!on on lenf production. The fl.-t- W presented

IN Tnbln XXI N cl-ocv nl nnta -reduced on nvomro
7.5 lenvo.i, whiln I "ntn Inocninted with 10™ end 10000
nenet.odes orndoood only >eso tHwWn two lonvoe d.-rinr the

: i 'EAn nr* thee* »lants were smaller compared to the
period. The leaveS on .nee.

l,.»a. of ch,cv -lento. Ho tyoicel flowing of lueyes vn,

obaerya Im The plants inoculated with 10 ,»d 100

oroduced 6.1 and §(51 lm]r\\/vntx rn«"»otiv»ly end thodiff.reno.e

L * t.mnn choo" and plants inoculated with 10
worn significant batwe

fhjhlv eignlfioent difference was observed
and 100 nematodes.
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TABLE XI

o’\shootMVgS9 at TsTTdavl" + blacV PePPer. Presh weight
at 150 days after nematode inoculation
(Mean of eight replicates)
Nematodes per pot
C he c”
10 100 1000 10000

Wgight 24.76 16.30 11.51 5.15=* 4 . 56**
of 3hoot(g) (1.3912) (1.1835) (1.0604) (0.7057) (0.6537)

5.3c. + 0.0250 0.0277& 0.03210

Cv at L- level 0.07020 0.0777?! ND

Values In Derentneeoe ai ? log transformed means
* .dean ol 3ix replicates. * Naan of five replicates
Between checlr and 100 nematodos inoculated pots.

& Betvmen 10! and I'-O0 —d ] — -do—
£ Between 1000 " |OO000 - do- -do-
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TABL3 X1

°f I>lacv T)Cat)er « Number
todelnoculaucn: """~ ** 1H5° A N

(Keen or eight replicates)

“fnatod3 3 1er pot

Checv
10 100 1000 10000

Number of {.7-r, 6.125 3.000 1.500%* 1.400K*
leaves (2 .S5/02) (2.6-13 ) (1.964) (1.564) (1.541)
produoad
5.3n. + 0.12663 0.1405& 0.1626£
CDat 1 0.39543 0.0Q3P& NO

level

Valina 1n larenthanon are nmoan or X + 1 tranadfomnticn

% Between cnack and 100 nematodes inooulatad pota
) -do- 100 n 1000 -do- -do-
£ _r]o- 1000 " 10010 -do- -do-



59

“ °Dg PlaDt8 WUh Inowlum levels of 100 and 1000 nematodes

per pot. However no significant difference was observed
among plants Inoculated with 1000 and 10000 nematodes per pot.
xhe resultB indicated that effective production of leaveB
were affected by nematode infection at the level of 100 nema-
todes per 1500 ml soil and more markedly v/ihen this inoculum

level iIncreased to 1000 nematodes per 1500 ml soil.

Effect on the root len/rbh

he root cystea of olante i1noculated with R.simlliB
showed patchy brown discolouration, whereas It was creamy
white In colour In the check plants, with plenty ol feeder
roots and Irter-1 roots. :he root system of plants Inoculated
with 100 mnd 1000 ner.jotor ft; was devoid of feeder roots and
where feeder roots were nrosont, they were bl&ck In colour
and almost dec'.yeti. The root system of alanti Inoculated
with 10000 r-orr/'to(eo vex having orocticf Ily no feeder roots
and had only matured lateral roota. The length of roots re-

corded under different treatments are summarised In Table XIlIlI
(Fi1g.23) =

The maximum root length of 406.06 cm was recorded In

ease of check nlants as compared to 54.44 cm In plants I1noou-

lated with 10000 nematodes, HB diffrences between the

N the varying Inooulum levels were
treatmentn, aa affected W ying

_ . The percentage reduction In root length*
highly significant. In” e
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table Xiii

pathogenecity of K.sIlmills to black pepper. Length of
roots (cn) at 150 days after nematode inoculation.

(Mean of eight replicates)

Hematodes per pot
Check

10 100 1000 10000

Length of 406.06 278.70 213.05 90.26° 54.44
roots(cm) (2.6083) (2.4450) (2.3282) (1.9554) (1.7352)

Hgkin + 0.01148 0.0126& 0.0146£

CT at 1" level 0.03198 0.0355& 0.04009f

Values In pnrentheoer arc log trmoformed morns.

Mem of nix replicates. Mem ot live replicstes

| Between check and 100 nematodes Inoculot.ed pots

_do- 100 end 1000 -d o- -do-

do. 1000 and 10000  -do- -d 0-
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* . to different imnoculum levels were 31.4, 47.6> 67>8 ald

86.6 respectively In the plantB trested A N

end 10000 nematodes, compared to the check plants (Fig.24).
The above results indlpfaly #QF Gven an inoculum level of
10 nematodes per 1500 ml soil could cause retardation In
root development up to 31 per cent iIn course of 150 days In
55 days old freshly planted rooted pepper cuttings. With
Increase iIn the inoculum level in soil, the plants were
devoid of a well developed root system. This also showed

that the root growth was adversely affected with Increasing

nem2tode inoculum In the soil.

Zfiect on fresh root weight

Observ'tions recordeo on the fresh root weight of the

plants in five tre' tments are given in Table XIV (‘i1g.<-3). 1he
maximum root weight 01 8.006 p was recorded by check picnic
compered with the lo-et weight of 0.412 p in plcntr inoculeted

with 10000 nenntocler. >ho mtio o1 root weipht to root length

of the nlcte iIn the five tre-tmonte wore found to be 1:50.
1,70, 1:03.5. 1:100 end 1:13? respectively. The differences

in the root weight of pl*nte emonr the Jive trer tmcnte were

highly Blgnificrnt. Among dents inocul.ted with 10 nnd

difference wee olgnlflcent only et five
100 nematodes*

, Cnmnered to Check plants the per c
per cant lIcvol. Compare

_ _ _ ' nilnnte i1noculated with 10, 100,
weight reduction in ceee of plwt
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table XIV

pathogenecity of K.almlllIB to black pepper. Fresh root
weight (g) at 150 days after nematode inoculation

(Mean of eight reDlicctes)

llemotodes per pot

Check 10 100 1000 10000

Freeh root 0.006 3.990 2.280 0.896 0.412-'*
weight(g)  (0.9542) (0.6947) (0.5148)  (0.2778) (0.1493)

S.Em + 0.00 26f 0.0967& 0.0106£
C1l at It level 0.2318' 0.27145c 0.0297f
at 5" level 0.17 08

Vv -1 transformed mean
Values In paronthenoa arc lor ol X 3

_ Hem o) live repllc-'tee
* Mean of six renllonten.

prmatofler Inoculated pota
. rnfl 100
1 F:etween chrcV

1n 1000 _]T].O' 'dO'

© 'd 0- 10 ¢ 100 _,lO- -t*°.-
a o
t -dO0- 1000 *'10000 _do- _fle -
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1000 and 10000 nematodes were 2%4 71.6 88.8 and 94.5 res-

pectively (rig.24). The results euggeated that the Inoreaee

In nematod e inoculum 1in the soill reduced the root weight and
was detrimental to hoBt plant.

Effect on shoot end root weight ratio

Ilhe r=cio between Bhoot and root weight waS calculated
from tire observ lions recorcet on fresh shoot end root weight,
and the data are summarised Iin '*ble XV (Fig.23). Highly
BigniiiC'lrb cii. erence: .tre observed between the shoot and
root weight ratios oi uhe nV nts inoculated with nematodes
and check ol- nr,. . nowever the r~tio between the olants inocu-
lated with 100 '1nd 1000 nematodes *as not rigni:icrnt. 1he
plants in jculateu with 10000 nematodes had r ratio oi 11.34
and war 2.5 times mere, co luared to the ratio ol 3.07? ol cheok
plants. i1hif: marked dif<erer.ee in the ratio could he due to
heavy root; d-r c<ur.cd by hirn nematode inoculum. In cnee
Of Olwtfl moan eked with 100 end 1000 nematodes the retioe
were 5.081 nd 5.705 which were 1.6 end 1.9 times more respec-

tively compered to me ratio C the check plentn. The results

ndicated th't with IR |pgreeep in nematode Inoculum in roil

«.. ,0,,1 .ro.th of "o

. of nen*toden in soil, roots, total
The flnnl population ol

_ Increase are summarised In Table rvi
population and percentage incre
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table XV

pathogenecity of R.simllis to black center Svnvt

weight/root weight raFTo of plante et 150 dags after
nematode inoculation

(Mean of eight replicates)

Nematodee per pot
Check e

10 100 1000 10000

Shoot veirht/ 3.078 3.923 5.081 5.793 11.134

root weight (0.4854 )(0.58nR) (0.7040) (0.7404) (1.0449)
ratio

s.Em + 0.03044 0.03370.0591*

CJd»t 1 Ilevel 0.0953S 0.1096C

Telu-e In p-rmtherei. am log trm'lovnod r.erna

: -Hrrtr- ...*N oi live repliertea
* Mean o" f'J* I’P-.lICI’ttO. . P

$ Between the ctech *n« 100 nenotodct Inooulcted pota.

* N0 100 "1000 -do- -40-

T -<jo- 1000 "i00OO -do-
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TABLE XVIi

Patihhofeneclty of R.simills to black peooer, 1inal

population INn venouB Inmoadum levels at s« das
after renmatoce INnoculation

(M of eightt replicates)

NA SOill Mean root poour-

i Nen total Rar oot
ITSS/L(Jallum pogeﬂag;n Férl TDL:: For g ﬁl?&m iNcrease/
Lo 139 186 43 5 5
10 0 377 497 199 82 8.32
100 0 665 2060 2300 27r2? 273
10000 X% 6036 1221 24 277 0.73

>x

NMen of air renllcetec

'*  fleon of 1lve rrplicetcB
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(n?-25)- was Observed that the rat. .o . ) )
rate of Increase In final

BWBtode population waB maximlnum t | 2 _
y 5”5 per cent in plants

iIsoculated with 10 nematodes. The rate8 of iInoreaee Qf N

total population In plants inoculated with 100 and 1000 nema-
todea were 8.32 and 2.73 per cent respectively. The fmal
nematode population declined to 0.73 per cent In plants Inoou-
lated with 10000 nematodes. The observations also revealed
that more nematodes were present In the roots than In soil, In
plants inoculated with 10, 100 and 1000 nematodes and vice -
versa In plants which /ere given an initial inoculum of 10000
nematodeB. The highest rate of multiplicstion(the factor on
final population increase over initial Inoculum, reproduction

rate) of R.simills in 3>k lits inoculated with lowest number of

nema t0d™E shover! th' t thr test nlnnt wef > suitable host.

f?clPt lonr.hln n1 int M- 1 1noculum level to vlc-.nt
growth charectoru

Various nl'nt rrnwth chnrf.cU.-rr were rtudiec with initial
iInoculum levels to know whether any relationship existed between

these two factors. Recession snnlysls ravelled correlation

. _ r n go In nil oases. The
coefficient of negative values of

: -..1-*. 4yinrn two factors follow n negative
results eurrfigted that then

of and 27), further eupportinr the evidence,
correlation (Figs. 26

LK LKy — - - *° pl1,
m . .o o— Ty e pl* * T
« « th.r. 1. “ "

Mil.






This experiment waB carried + _ _
to know the infectlvity

of pepperlsolateof R.BImllla. to olt,,,,,
PEPP XO cl-trus, coffee, banenaand

pepper and the data on nematodeB gﬁscfggltg %fﬁ the root and

_ .
oil are presented in Table eThe date revealed that none

of the threecitrus species and coffee plante wereinfected
when inoculated with the pepper isolate, where'ss banana and
pepper (Piper n.rruir.) were readily infected, loots of these
hoet (citrus, cojiee) nlants v,ore well developed with plenty
of feecer roots. ant e.hen vg theti and examined they were white
creamy In colour cn6 did net reveal pr<eence of any lesions.
The soil Bennies v.-cched i'rw tho pots oi these hosts did
revee 1 the presence of n.simills ot 160 - 285 nematodes per

pot of 500 ml coil, still surviving In free coil. In banana
and pepper the roots showed lesions end decay cc normally

Observed 1n r-.olmills infected nIlnnlo. The nematodes extracted

from roota ol there two hosts contained large numler of larvae

at different ntopen of development. The population recovered
from roota showed that the nematodes had increased 2.0-2.5

times mors than the origin*! inoculum in b-nnnn end pepper res-

] i,,,nfrted that these two plant* were
pBOtively. These renulta Inc

. e r this nematode. The overall Increase In

the favoured hosts for th
maioatsd that the pepper isolate of

population In b*n«n« nl*°

mnre *b 11 miitnhlc hoat.
thl. nematode fevoured banana more
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TABLE XVII

Infectivity of pepper iBolate of R.eymlliB to citrus.
co™-.eef and banrna. Tunber cf nematodes extracted

frcn roojJE and soil at 95 days after nematode Inoculation

(.lean of five replioatea)

Lumber ol nematodes Total finel
e | extn ctcd population
noculated  [fom roots from 100

Citrus sinensis — 42 210
Citrus reticulata — 59 195
Citrus aurantifolia — 57 285
Coffee errllce — 32 160
Baner-' 1232 129 1877
Pepper 1055 144 1775

Ortfl nl inoculum level 500 r.omntodco, per not of
500 m roll.

'fponu of 3 renlioeteo
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Cross Ipfectirity beha””" ¢
banana, coconut and areoa™TT er Isolate towards

On aepotting the seedlings from each set of pots, it
wee observed that the root system of both the plants were
entangled ad came into close contact with each other. Ilhey
were separated carefully without loBing root materials of
either of uhc planbe. -Lhe details on the number of nematodes
extracted -irom roots of the plants and Boil from the same pot
are summarised in Table XVIII. l.o lesions could he lound on
the roots oa coconut or rrecnut seedlings. vventhough, the
roots were kept tor over 10 days for extraction nematodes,
none coo Id oe recovered. In ¢ sc o banana and “en'er rootB,
patchy discolour*. tlor r;» rotting ( roots could be observed,
fi.siritlii. Ir. all vitv -0s. of dovelo ant v:ern readily obtained
from the rootf o1 fn'ir civ "Cmner. 1ver.thou>-h no nematodes
were obteir. ee roif  rr-un coconut mrd arccrnut,, the soil 1In
the pofcr. cor.tMr.cd the ncr,-todcs. rhror rrrult.r irdicrted

that the r>nnlyur L'ol«.to of r.rinlUr could Infect only

hen* nr but nof' orlé E i Apd nrecanut (Fig.28).

Grnss InfeotlvgyU>£hfvI°h
epner. o™mriut end nrecniw

, %,p root sveteui oOf both hoot plants In
In thle eeae nlc®° tne r‘°

w.«rved to be minplerl with each other, ea waahlng
ee0h pot was observed

..... nnp oarefully separating them, small
the root, of these plants and

lark spots could Ba

InoateO on the roota of pepper,
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table XVIIlI

Cross infectivity ol "peoper isolate " of R.similis
_ arecanut by "uouble plant”
method, ”~-oot weight ard mimi.er of nenetodes extracted

from roots and soil at 140 days after planting of the
host plants.

Lumber of nematodes
loot

_ extracted
Host plants weight Hoots per boil bper
( P
(r) i>la nt ICO ml-
oepper m R4 2574
63
Fkn'T.a 17.73 2344
Pepper .- 6.36 201 >4
Coconut - - 17.81 M
Pepper - r.37 2201 48
Areoanut 12.57 nil

« prom the some pot
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ETHe&init

UCDC amail epotB were

found to be lesions and thev were
y were separated and teased out on a

lass slide In few drone of water
g water. Fﬁ the roots of coconut,

pepper and arecanut, adult females, males and larvae could be
seen from such lesions, .he details on the number of nematodes
recovered from the roots ol susceptible hosts are presented In
the Table XIX. The number of nemetodes recovered from arecanut
roote wae connaratively less than the number collected from roots

of banana, pepper end coconut, -he recultc suggested that the

banana isolate could infect rn the three hoc”s (_19.28).

CroEE infectivity behaviour of cocorut Isolate to
pepper, ban' r." rind arrc™nut

On renorll oi the cs™ri Lirip from each not, it vac observed
that the root svstem oi rurce”tible hosts were entonpled with
roots of coconut sordllnrs. :o0-e rootsof the susccntlble hosts

were observed to h'vo evenpenotreted Into the huelf portion of
ooconnt seedling . The ,-tmir on the recovery of nemotodee

from the roots of orlrin-1 hort, susceptible boots n,d from soil

In eech of the nets ere nreBonlfd 1R n:. Txrmnntlon of

t\ﬁe roots revealeci' [he presence of lesions only on roots of

Irntft The roots of these two hosts yielded
pepper end boprno nV ntt .

. Q er end bnnonn roote comtrined
B.elmllle. Lesions from P BB

« of development, conflrratnr the Infeotlon
nemetodes of ell ste”e ol devero

. I'novfh the noil revenled the
end reproduction In the h

on termination of the experiment In the
Vrtaenoe of ne»®tode*
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table XIX

Cross iniectivity of "banana isolate” of R.similis to
pepper, coconut end arecanut by "double pTsnP metbod.
Root weight and number of nematodes extracted from

roots and eoil at 140 days after planting the host plants.

I'umber of nematodes extracted

1 ’ACoO

Hoot plants v/eipht Roobs per =01l per

(r) plant 100 mi"
Banana 43.35 5155 51
| epper 0.47 1680
Banpr.a 9,8 2317 45
Ooconut 41.14° 1156
Pau nn 4n.r-g, 7R40 57
Prenut I/l 7R 829

l ror Lhf ;' Pnt
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table XX

Cross iInfectivit, o1 "coconut i1solate” o1 u.similis

to pepper, bans m and erecanut by "double plaFt‘method.
Root v/eifht ~mlnu.”~cr of nep.etocea extracted from roots
end soil at 2CC da-ye eater nlrntinf the hoBt plants.

Lo.ol nematodes extracted

Root .
Host oiartE vjeirht Roots per Coil per
(r) rlant 100 mi
Coconut 31.70 1072 47
Pepoor 9-92 339
Coconut 33.MD 865 89
te nj 21.41 1520
Coconut ro.pr, 84 36
Arpcanut 16.85 nid

m>H the t'ot
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note planted with both hcrhR
nematodes could be extracted

the coconut popu-

nematodes recovered from banana roots .
suggested that i1t was

more favoured than the other hosts.

Cross infectivity behaviour of arecanut isolate
towards pepper, banana and coconut

Examination of depotted plants revealed intermingling
and entanglement of root system of both the host plants in
each pctc . The nu .bc-r or ncmsfodcr recovered from the roots
of original and susceptible hosts and from soil are presented
In the Table YYT. Jnot exmrin' tion showed well developed

lesions, partial dark discolouration and rotting on roots of

. favoured one
this host vpb the more

other two hoete.
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table XXl

Cross infectivity of "arecanut Isolatel of R.sImllls

to banana, coconut and pepper by "double planF*ethod.
Root weight and number of nematodes extracted from

roots and aoil at 140 days after planting the host plants.

Fumber of nematodes

Foot extracted
Host plants V.ol pht Bcotr per boll per
(r) plant 100 ml’
Arecanut 22.86 337
41
Banana 34 .57 2065
028
Arecr nut 27 .29 33
Coconut 37.20 nil
Arecanut 10.40 689 33
Pepper r-74 481

* From the enme pot






The details of measurements of females end males Of the
four 1solates of R.sImllls population are presented m Tables
XHI and XXIIl respectively. Measurements on all criteria
used for this nematode genus were recorded. The mean body
measurements of different isolates of R.sImllIB shoved slight
variations which were not significant, fbe range In the measur
aents recorded were v/ithin the morphologic limits of R.similiB.
Critical ex™nina-tion o' body organs did not reveal any special

features or deviations Ilron the already recorded characters.

Screening of black pepper cuti.ya.rs and wild species
against R.sinllie

ninecultiv-n each, from Kerala and Karnataka, two

cultivated spec lea, fwo wifd TNPOSAY 3 1vg V/ilo collections

i | P'>r> NnLr real stance against R.similis.
of Plper worescreened or t eli J

uri diitB of plants and nema-
Observntlons were recorded on ro

. These are enmmuariBed In
todeB recovered jrom soil nnf L

a 1h; t none of the plant types
Table XXIV. It woo observed

mhowed Immunity or reuletonoe to Ji.BImlIIIE.

., ﬁ)l nemntode multipliO0

The root weight reduotlo initial
= 1 nopuietlon Inorenae
»te (the factor on final P N T,,bl, m

f w}.e plant typ®6

Inoculum) for each of oent flu, tO

(flg.29). Root w.igM red"0*10" °f ° f(jur type.
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a of R.oInllIB from Pepper,

3.51 10 3.75 13
1 3.5-4.2 9-12 3-4 12-14
3.2 12.7 4.7 15.3
0 2.9-3.7 9-16 4-5 15-16
3.9 11.6 4.7 14
i 3.4-4.4 9-13 4-5  13-16
4.3 10 4.7 15.8
( 3.5-4.38 9-14 4-5 15-17
X100 t toti I Btylet Inrrth

o

Banana, Coconut «na Ar*

20.8

19-1/1

13

13-24

27

19-25

19.4

IX-'"M

58.61 *of | i
17.7 ic
L 1.J7
17-19 55-7-€5-"7 5.1-u 17.0"5.s 1<2W
18.1 56.07 3.3 736 117
17-20 55.4-6C.2 3.2-4.: u.u*:.z1.1-1
10 5 55 3 323 125
17-20 53.2-89,3 U --.7 *"-33.3 1-2-1.3!
17.8 08.4 hl.* L12
1 D61
17-10 "1 .1-fo o 52-55-5



Pepper
(Meen o)i
(?0.nre)
Banori&
(Mepn ci 12
ri
W
( FBriP'S)
Coconu 6
(Meen 10
X
(P" r.r r: )
» Fec - r.
(Mfi-'n ' r 10
YP
(.Rsnf;™)
1 H
9 1 CT
- W
4 Bt
c M
r

12

»

2!

Ji

SI

Body measurements (In

Water) of afluit feme

592 27.0 7 0 49 9.2
91 692 25.2-31.6 ¢ 4-7.7 s .94.5 a,l1-]
674 26 .7 8.0 5.5 10.6
539-783 25-29 5.3-9.9 4.2-6.5 9.1-1
64?7  26.7 4.4 9.5

522-721 24 .7-29.5 7.5-3.9 4.1-4.: 9.1-K

9.7
6 " 6.0

b.2-7-0 5.8-5.5 8.5-1"

Mr,-71& 25.2-2'1-* >

Hy.nl 1,10 frpr

CephrH*° j”’1 ?eHne,.r oree
Lorl.v width'» <¢ Btyiet length

.ty lrt length 4



Body mcapurcmrr.tir

opul”Mi oo
Vu

Ter:;'or

(irrr<’

in uatcr o adult noire c:

TABLE XXI111

R. eiraili 3 fror. ?er:erf

-./-5.E

7



S eening of
a

table

black

8 |ngi»; SimI|IS.
population extracte

per

fro

Cultivar/ lioot
’ : weilght
Wild ape ciea o, oh%co—
olant
Karimunda 1.345
Nalluvally 1.610
Othirankotta 1.825
?anniyur-I| 1.790
Scrttanadan 1.250
Balaniiotta 1.~270
ravulam cunda 1.970
Cheriya'-nniya-
vadan 1.620
Mundi’-odi 1.070
Vav,'al 7uw. ja 1.450
Sinfarc-3. N 1.275
Doddigye 1.r35
Moitiga 1.330
Motnvare 1.360
Earemenoin ai |-/LO
UddaVgra |.LA”O
Earemell 29¢J > ' 1 1.6C0
Belemalleye-a 1.390
Piper lonium ¢ -120
Fioer EIH %ﬁgdg
Piper ntben'intu' —
IIDinn?r hynmonoahe 1 640
Wild collection ' -100
(Vittel) '"©.430 .
do— M.J41 1.790
do- 1.0
.da- (Tnmil, Ond 1"
:Fn’% 1.3 0r
0.7 1.200

XXy

Boot

weight

0.450
0.150
0.705

0.155
0.230

0.420
0.710

0.255
0.505
0.409
0.270
0.550
0.359
0.585
0.425
0.759
9.4 90
0.260
1.990
1.00"'
1.335

1.710
0.915

0.430
0.395

0.235
0.450

%HT Yar%d

(Mean of two replicatea)

33.96

9.29
3p .35

8 .64
18 .40
21.45

35.65

15.70
3j .20
27 .40
21.15
29 .45
26.65
28 .20
27 .03
23.50
73 ,p0
IP .70
RA .82
27 7P
69 .10

7P .60
Pl. Jo

0 .56
76.3 0

21.50
37.50

and wild

dolants Hhd °© hehmatode

/8

aoeelea

Inoculated plants

9 root
weight
to chec*

Nematodes
501l Toot
38 572
17 236
17 57
256 510
37 195
39 198
69 466
120 370
63 297
14 98
33 193
26 135
35 214
36 166
I, 2062
58 254
57 2RA
48 329
34 436

R {7
39 81
/m 74
11 31
74 841
62 255
48 398
69 239

Total
nema-
todes

610
253

4
/66
232
237

535

490
360
112
226
161
249
202
287
312
341

377
470

895
120

114
75

915
317

446
308
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TABLS XX?

Screening of black peuDer mii+4.
against R.aimilis.  0f£ m .

and nematode multiplication rate

species,
°* r°ot reduotion

(Mean of two replicates)

_ _ _ Koot Kultipli
Cultivar/wild specie g reduc-

( cation

tion rate
llarirnunda 66.04 6.10
Jlalluvally 90.71 2 53
Othirankotta 61 65 0.74
Panniyur-I 91.36 7.66
Hottanadan 81.60 2.32
Balankotta 78 .55 2.37
Arabian munda 64.15 5.35
CheriyaVaniyavadan 84.30 4.90
Mundi>odi 67.80 3.60
oingare”™ano /8 .85 2.26
Doddigya 70.95 1.61
Morti.gr 73 .35 2.49
MataVara 71.80 2.02
Iilarananainkai 72.97 3213;
Uddavam ;ggg 3'41
IlaraTiell o'enaara 81'30 3'77
Belemella gans ara ' '

. 15.15 4.70
P!per lon 712.22 0.85
Piper notle 30.90 1.20
Piper atton’>ntim 21.50 1.14
Piper hvmenop r.yvlliim '

Willad Collectl%ny( ittal) :?OO'?TLA?S |7F; fg SZS
X . e 74.70 3.17
. dO_ 0 .3 48 4 46
. - 78 .50 :
1.1 0-  (Tairil !Adu);.o. - 62 50 3.08
_’JO— 'dO' 7 0 _ 7 ]
, 15.283 0.7016
o 1.9506
C}'gnat 1’ l]eveiL 42.487



Pig. 29. Screening of pepper cultivaro and v;ild species against F.s1mills
per cent root reduction and nec.otod* re ..rcc-ction rate at 90 days
after nematode Iinoculation

Culmvarsi\mld f citeE

1. Kariraunds -1rk'.re

2. Kelluvally r,. -rrer *=nsin 'ei

3.  Othirankotta A8r' nxe

4. Panniyur-I 1" . Vre”~ellegese era

5. Kottanadan 18. -cle-ellegcs*rra

6. Balankotta 19. 1pcr lonc-rr

7. Arakulam munda Fve i e tetle

8. Cheriyakaniyakanan 81. .lIrer «tteruaiun>

9. Mundikodi 22. 1iper hy”encphyHur-
10. Vakkal gunja 23- tle collection (Vittel) Wo.430
11. Singeremane 24. n KO.341
12. Doddigya 25. W rc.348
13. Mortiga Of " (Tacilnadu) No. 3

« 1. No. 7
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*llr

1F7 ryd m JLC . Fi|

.J__ = __

CULTIVARS AND WILD SPECIES AGAINST R.SIMILIS.

PER C

RUCTION MM AT DO DATS after nematode inoculation

ROOT REDUCTIOI
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smcly Pylongum. P.hymencmhviiun, o o** _
-£-y IlUmx Z-attenuatum ana wild

(Y1U .I, P, Muttira M

' e K ""* 15'15" 21'50' “ e»> - 30.,0 C.pectiyely,

maximum multiplication rate gof 7r.66 times and root weight

reduction of 91.36 per cent were recorded in Panniyur - 1.
In caee of Cheriyakaniyekadan, Bellemellegeaaara and wild
collection (Vittalj 110.341, the root reduction varied from

75*45 to 84.3 per cent ana the multiplication rate from 3.47

to 4.9 times, though the nematode multiplication rate waB
from 3.6 to 6.1 times iIn iirakulammunda, Karimunda and r-Tundikodi
the root reduction ranged from 64.15 to 67.8 per cent. In
Kalluvslly the multiplication rate v;as observed to be 2.53
times, but the root reduction v/es as high as 90.7 timeB.
Belankotta anf Kott-nanan though recorded, root reduction of
78.55 rnd 81.66 ner cent resnectively the multinlicntion rate
In them wr. only 2.3 timer.. othirankottr recorded a decline

In final population of 0.74 per cent but chewed root reduction
of 61.65 P?r cent.

IN NN Uunio rates i1n Karnataka cultlvarB
Though the mu?tlpqe IIOInl

_ tl0p8 the root weight reduction
ranged from 1-12 to 3- (¢

| telween 70.5 to 81.3 Ppr Opnt m«l°at-
r.corded In then rangecf E)etween bt P )

ooy.fl hie P.hetle blbo recorded e

Ing met they were very bub P NN N N
decline In the final populflt on* oreened were
».Nnt The plant tyP88 80188118,5 Wer*

reduction of 72.22 par*
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classified mainly into four om,m. v
grup8 b6895 on their suscepti-

bility reaction towarda R.aimiila Thy» a + .
_ — n O detaills on the groupa
axe preeented in Table xxvi.

Chemical control of Tt.aimiHa m m
>0er

The aim of this experiment was to 1™ wthe reaction of
pepper plants to various treatments of neem cavQ and three

nematicidea and their efficacy Iin controlling R.similis on
pepper. Tne growth characters li“e shoot length, fresh shoot
weight, leai. production, root length, fresh root weight and
final nematode population wars recorded with respect to the
treatments adopted. A list oX traotienta aie oressnted In

Table XXVII.

ffect on shoot longth

The shoot lenrth of plants undel various treatments at
90 and 100 days altar nematicidal noalieati 'n ora ouiiinarieod
In Table >7VIII and XXIX. :tnt.lstical analysis rovealed sig-
nificant differences between choc* and various treatments,

between different nemsticiden, thnir dosages and methods of

. _ : 4m a hnnt }north of cliecl- plant fit
application. Tha 1ncrease 1IN "hoot, engrn

A rm eomonred to 11.56 on in plants unc
90 d™ya wes only <6 cmc o

- AT 7lend
T 12 followed by I 24, T 21 n

_ , lenrth by these treatments was over 2.25 times
crease in ahoot length oy

ml - 2.1 tl.Tos In rest of tha

N\

h at 150 daysafter nsmatioidal
treatments . The ehcotliength at 15

oomcared to the iIncrease °

Q ==
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auaeaotible
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TABLB XXVI

creening of black pepper cultivara and ,riia

againat H.ai”ilis, Reaction of the 3Pe°leS’

"types tested

Susceptible Less
susceptible

Fttgh MP.*> 3.0 TiOh M %8 ilgh RP 353 Lo, MR <£1.5
ffigh rR** >75 > .. : J
’ or Lou I-1 33 lou M 1.5 Jjjow HR C33/S
73 ; 3.0
Panniyur-I Sarimunda iIxnliuvn.lly v/ild collection
(Vittal) 430
Cheriy nkani i l-adnn /-rnkulnnrnundn Dninnvottn P . hymenophyllum
Belemellege309rn /'undi’-odi 3ott?nn.dnn P .Attennuatum
*aremel le onrn iJd collocti on Vnl:Val"untin
("iti.nl ) 3/P
UddaVvVVnre \*C .(T.Hndu) 7 JdinGnremnne
( .11 = collocrtion)
Wild collec- :
mtion (T, ladu) 3 p. lonium Hoadil gyyn
Wild ooliec— m;ota‘aro

Uon(VittalP41

ILarenenainini
Ot Itlran”ottQ

£. botle

# M m Mnhl tlplication rntn

** pr; m poot

Teducrfcion



table

XXVII

33

of R.simUia on blaov pepper

C%%e Poat-inoculation treat-

ments

T13 lleem cave 1250 kg/ha
T14 -d o- n 2500 kg/ha
T15 -d o- N 5000 kg/ha
Tie Dii CP 22 |/ha
T17 -do- 0 33 1/ha
T18 -do- N 44 l/ha
TIj fenauliotld on & 2 Kkg/ha
T20 -do- ~ 4 Kkg/ha
T21 -d o - n 8 Kkg/ha
122
™3 do- n 4 yrrfha
T4 do- n p vg/ha
T25 Chock

* * dooo level
T20, T11,T23 ... considered ne u

' dose level

T?1 T112. T24 are considered hi

Chemical control
List of treatments
Ccl)_lde Pre-inoculation
0 treatment3
T 1 Neem ca>e 1250 kg/ha
T2 —d a— g 2500 kg/ ha
T3 —d 0— ' 5000 10/ be
T4 DhCP N 22 1/ ha
T 5 -d o- 33 1/ha
T 6 -d 0— a 44 |/ ha
T 7 Jenaulfothion n 2 vg/ha
T 8 -d 0— n A vg/ ha
T9 ~do- 8 kg/ ha
210 Aldicarbnull one n 2 vi/ha
Til -d 0- n /1 v?/ ha
T12 _H0— n 8 vg/hn
Notoi 1) T1 TI3 T4, T8 T7
2) 72, T14, 715, T17, T8,
3) T3’ T15, TO, T18, T9,

1~1 ¢ 1x* 9

gh
In VFlI
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TABLS XX?111

Chemical control of 1
ahoot length ((¢m) at’ 90 dara'a-Pt™*"~ pepper. effect on

(Maan <£ threa apf licatio*
fa SI* Ta
CL 5.26 T7 6.63
5 73 T3 5.1 T19 8.43
14 3.93 T%O 9.7 T16 8 53 9 863 b
15 2?2 Til 10.3 T17 6.63 T23 9 43 |ength
T6 : 112 11.56 Tie 7.4 T24 11.53
725 4.6
Tenaticides Z dj333™ ™ aticidoa x methods of
=p l1ication
. 020 '2J lovelo ..-3-iiic ti on method
g ow f a3 ' .
. .. vaHJ i Pre-in Post In
tIC|d-jI — m// ocuisti :'n oculation
~n 1 3p .5 Nl 5.9 56.9 0.6
ca>(g
DB C2 37 37.5 40 .6 6.1 47.8 or.7
Panaul- ,- 5 55 0 57.9 p.6 67.9 87.2
Xot hi on
. 88.8
Aldicar- 55 9 0.2 69.3 10.2 95.7
baulfona
7.4 8.1

Mean 7.0 7" 0.5



TABLE!

DoBagea X

Application method

Pre In-
Dosagea oculat-
Ion
Low 76.6
Modiir 93.0
fdgh OR.7
?fgan 7.4
Ltcotrnento
hotv/~on _ o
v ITT.nt.icidoo
nmo anNngo
Mgt hodo

fTg-notlf)IdO3 * Onn WS
Hematici™s X -nathods

mot hods
triat-nnta

Dosagga X

C h oc 1- r

XXVIIlI _ (Contd.)

method Cf,application

Post

Inocula-

tion

92.1
95.0
107.2

8.1

e+

0.3712
0.3214

0.2625

ir.
0.2756

U
0.973

85

7.0

7.8

8.5

Onat

levol

0.9948
0.8 614

0.7035

0.7386

2.4369
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table XXIX

g).m3.j-i g
on flhoo Lt150 $

cation. L

(Mean of three replioatea)

Tm* SI* Ta S| .
m Ta Si Ta S|
8.4 T 7
T1 21.6 T13 8 4 T19 13.9
T2 8.9 T8 22 .8 T14
NS 9.1 T9 24.9 T15 - 120 1863 wrs-treatmen
| ' 9.7 T21  25.0
T4 13.1 TIG 21.8 T16 12.8 T22 23 2 *01= Choot
TS 15 .5 Ti1l 23 6 T17 127 ™3 23 9 length
T6 18.2 T12 27.8 its 16.5 T24 20 4
T25 8.1
Ifanaticldoc Xx doj 'l ‘rnaticidac  x methods of
andliertion
D03~" ' |a vol "at hod Ok application
Ifamati- 'rann ?to inocu- Poat
oldea Low ndtul Iflgh Intion Inocnlatiol
80.4
~0.6 pP.7 56.5  R.R 9.4
® >«
. 126.4
DBCB 7P0  fli.O 104.3 147 140.8
ftnaul- | ) 206.4 166.2
fothlon 106.9 117.7 15°-° 2°*p
Aldlotrb- i, N 219.8 230.0
mQlfone 135.4 142.7 171.7
18.0 16.7

Mat 15 .4 16.5 20.1



Dosages X

Dosages

Low

Medium

Mean

Bet Juan

Namst ici.dne v
Noraaticidea X

Doaago”

C hoc 1-

r

TAEL3 XXIX  (Contd .)

methods of application

Method3 of application

?7re 1Nnocu-

Post In-
lation oculation
195.4 175.5
212.9 185.1
2A9 1 242 .4
X 0-1mvn 13
g 0.416-5
| nticid na 0 3606
1a3r '03 0.29 AA
Met!odnfI ; 01211
o3nreD 0 ..5467
nat hodn
thod 0.5W
t Hethodn 1.019P

F ront-neritP1
b r

87

Mean

15.4

16.5
20.1

C D at
laval

1.1157
0.9664
0.7*%90
1.9725
0.9292
1.3665
2.7/331
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application i1n checv plants waa n t
an compared to the* nmH
mm ahoot length of 29.4 em a- |, caxi-
cm in plants under T 24 foUoW9d

* T 12, T 21 and T 9 with 27.8 em 25.0 Omand 24.9 an rea-
(«8.30,. 1Ita N _hoM

at 150 days after nematicidal . 1 _
application waa 3.64 times

higher in T A treatment and varied between 1.5 - 3.43 times
In other treatments compared to checv plants. But in case of
all treatments with neea cr'-e the iIncrease over the checv was

only between 1.04 -1.20 tir.os which was very negligible. She

results iIndicated that at yQ days, fonaulfothion and DB Cp

were more effective by no:t - iInoculation application, iIn
Increasing ahoot I-'itrth, uhnra”™s aluic-rb sulfone wea nore
effective vign aooliod bofora -.ato-lo i1noculation. At 150

daya t -n -7/ ™~-inorn' ~AJion n, Alien 11 n of ohomicaln in general,
were effective In incronsirt< the nhoot length, whereas aldicar
aulfone w>a found ~ tu nffncMvn nr poo+—tnocul-nt.ion applica-
tion. leiTi ca'-o v™u loaali offoctivo. Areng chemicals tried,

aldicnrb aulfone nnd fonoulfoithinn nt thn rate of 8 ’'-s per

hectare iIrrespective of nathed of opnll cation were found nore

effective in inducing aimat length.

r.n-r,ct an frenh ghoot wsIlEM

Tto data on <»« lr*”" LV
<V. .»,r pi,no.l." "I' "« FFEE © ey «
T .b I . )OO( y « y = » ! ) . .H » N 1] ‘ ‘ 1

I and all other tras*"3011*1’
Xi1aant differences between cie



TABIZ XXX
Chemical control of R.sitniUg on m
hwelght of ahootlgT~Tlso dat3a=ftrPpere . Effe°t on
applicati an3 after nematicidal
ooean
( of threa re p'lcatea)
Ta V6 Ta VIS
Ta WS Ta 7S
10.4 17
T1 R 16 .3 113 11.6 T10 12 6
12 12.4 & ?21.3 T14 12 6 ™G 2.9
13 13.2 ™ 285 TI5 143 T2 307
T4 8.3 o 25.3 T16 11 -3 T22 16.3
™ 12.1 Iml 24 .0 117 m .9 123 27 4
T6 14.7 b 35.0 T11 Ic.6 T74 35 .4
125 5.4
Ta = Trsar:mMm Nt of ohmt per pia
Reinat icilhn x do:n.e JeT:rtioiden y nethone of
nml lent ion
- j03n/\' 1y 1" - - inthOIDn LT I_’]ml iprtion
Nemati- _ imi re ino- i o-t-inocu-
oides flip! rill #t1on 1g11on
115-6
Neem- 06 T
oake
» I o 137.5
BBC p /9 I
w 109-M 1P6 .8
> ™ N m .3 177."
Aldlcarb- -6 H 737 .7 244 .5
mulfone 176.4 156.3 156.6 >
18 1 19.0
Kean  1/1.1 18.° 23.4
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TABLE XXX - (Contd.)

Losag es x methods gf application
Methods of application
LoeageB Pre-lnocu Post In-
lation oculation
Med ium . . 211.9 224.6
High 262 5 297.5
Mean. . 18.1 19.0
Tre? tmcntc s.Em +
Between | 0. 4359
*err t Lcidc-c
0.3775
Locrrell 0.3082
MethodF 0.7549
PemPtiolfl™!- * 0.6164
Hemetlcldes Xx me'.hod 0.5539

JjofIPPer * met,"rKB

1.0677
Check v, I&.re,bmenhe

90

14.1
18.2

23.4

CDBt Yj level

1.1682
1.0111
0.8260
2.0231
1.6520
1.4309
2.8614
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tortvaen renefcicidea, djff :
NeTent dosages and methods of appli-

cation. Significant diffQrenCQa .
J Qr ore also observed between

the interaction effectg due 18 ,in factors, Arong nemati-

cidea tried, aldicarb sulfone wea moat effective by both

methods of application In increasing shoot weight of plants,
which was 6 -7 times nore over checv plants. This chemical
was also superior to all other chemicals Iin their respective
doaat93 In effecting incrsaaed shoot weight. Post-inoculation

of chemicals 7”3 in ggnsral superior to pre—noculation aouli—

cation. Aldicarb sulfone at lov/ dosage or Xonsulfot hion at
medium dosage 'ore found i1on effective than DB C. at high
doaago. Post-inoculation ».licatj.on of noom ca-o, f b Cp
and aldicarb aulfono renultol In better ahoot weight whereas

pre-inoculo lun of lohsul .ffLiion Va. i.10li oxxoctive.

Iffoct | o™ production

Th nunhe’ m loaves roducod by ilnntn under various
treatments at 170 dnyn nit-r nomnticidnl nuplicntion are aura
marised In Table XXXt (Ar.M)- r.tntioUcal analyois of data

showed nd-ndftoont. dUTareecna between choc’- and various

treatment!, between nematiddon and their three dosages. Tb,

. -non dirl nut. ohov significant difference
two methods of npolicntion

oinnta under T 24 oroduend nmexinum rum 03

on I™af produotim. 1l-n

1l nt as compared to 3.3 leaves produced by
Of 7.6 leaves per pi N #n~ N N ov.r oh.ov
the checv plants, v NN

plants, Aldlcnrb sulfone wa
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control

table m

of R.BitamB On bis”v

92

leaf production at 150 days after nematloldal'a™noatlon
(Mean of three replicates)

11 3.3
(1.821)
T2 4.3
(2.079)
T3 4.3
(2.079)
14 3.0
(1.732)
5 3.6
(1.911)
T6 4.0
(1.939)
v®luee
Tb

| E

7

T8

29

11C

11

1/

In parent hef-afi

« Treatments

4.0
(1.989)

4.3
(2.079)

4.3
(2.079)

5.3
(2.307)

5.6
(2.379)

7.0
(2.C41)

j

Lp

4

Thb

T13

T14

T15

116

117

118

1

Lp

3.6
(1.911)

4.0
(1.939)

4.3
(2.079)

3.6
(1.911)

4.0
(1.939)

(21079)

Tb

T19

120

T21

122

123

124

T25

°n

Lp

4.0
(1.989)

4.3
(2.079)

5.3
(2.307)

4.3
(2.079)

5.0
(2.229)

7.6
(2.739)

3.3
(1.82a)

lor: tjr iibformed meor

number of lePTes produced
par plpnt



| <«tieides

X dosages

1Al /\
Ifematicide8 1 mtnodB of aooli

cation P
Dosage levels —— e
mommmmmmmmms oo Hear _ ui “PPUceti ™
Lo Med ium m gh |T®r_l Docu- ?06t-Ino<w7
etion jfltion
1B 11-196 12.204 12472 . 55 3
17.936 17936
1HHBCP 10927 19 70Cc 12204 1..:. 16.896
17.936
fand>b 11.936 12472 13.158 2.087 18.440
19.126
Aldicart
\A‘m 13-158 13 .8 2 2 - 2 .3 7 9
16.202 21 982 21.200
N 1.55 2.091 2.251
Lor® .oc x nethoc'u of Opplicntion
'>thode of fppllcntion
Lof.r Fnc J-rc-lInocu- I-'oBt-inocu-
Ir tion IBtion
L Ov 23. 550 23 .66 8
Vj.d 1Uri 25.340 24.858
'Flph 26.364 27.672
Trentr,priEn . 9 CL If level
Petv/een 0 0616 01651
fTmnat Jcl-1Ca O- O 1418
Jiopar”™a r
Methods US
NOm«tioideB X TC
HemstJold*s X raethocir NS
Loea*©e X mofchod» 150 0.4039
Ch™ok \B treatment:;* O. ’
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, U O«.d by fenaulfothlon. The eff9ct ,n .

fgailulfothion at high dosage was e.ual to x r o ™~ "* 10" *

en aldiearb sulfenge [EEA cake Bl Djj CPyun a’sage
nowed equal

ON Jeaf production at all the three dosages.

TSf-fect on root I™nH-.h

Foot length of plants under various treatments at 150
days of neiaticidal anplication are presented in Table XXXII
(ilg.33). statistical analysis revealed significant diffel
rsncefl , betweon nenaticidea, their dosages and between checv
and all the other treat enta. The maximum root length was
observed In plants under - 2~f with 273.4 com lollowed by plants
in T 12, T 21, 1 11, T 23 and T 9. The chec- plants recorded
only 30.6 an n t Im pth, which 1a p.9 tines loss than the
saximum racordo 1 root length. Anonm the cmmicric tested, al-
dlearb aulfono at I.i don.v 1 reaul Led In naximum root length,
followed by fensulxo tirlon, =>» Cf, and noam cn’-o. Aldicorb
mUIfone at mod lixp donn/;e nbowed equal exxeot no X'ansulx'otliion
et high dosage, In root length eroduotion ox plants, reneul-

fothion at low dosage, Dii « x at medium dosage or neem off* at

Mgﬁ gosage sr;[ewed ««|’l’12§< g)f(])‘(%gt, aimilerl.v aldicarb sulfono at

DBO 2 or neom ca’-o0 at

lon dosage wna more effective
k rnnfl was found auDflilor

~hsir high dosage. Thun oldicar

e*sr other ohemloals tested.
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control

application.

Is

T1

T2

T3

T4

T6

HI

3N.6
(5.53)

61.3
(-.76)

119.4
no.?7?'

72 .4
ro.m)

119.3
(10.93)

144.9
(12.04)

Treetmenie

table

ol

XX X111

(' ec’n of three renlicetes

17

T9

110

LI

R1

110.0
(10.91)

1*5.5
(13.62)

247.9
(V .760

910.1
0 4.51)

239.2
0o0.00

270.3
(l».44)

i

013

T14

15

LIP

117

T1R

Hi

R.elmllis on black pepper
on root length (cm) at 150 days after nematicidal

R1 1B
36.9 T10Q
(6.10)

69 .1 120
(8.33)
123.6 121
(11.13)
91*5
(0.57)
IIh.B T5

(10.1ll)
156.4 124
11i* .4 3)

T25
Boot lav*™*

95

Effect

R1

1171
(10.87)

176.4
(13.28)

255.7
(16.00)

213.9
(14°62)

246.1
(19-69)

275.4%
U6.55)

30.6
(6.56)

lier plnnt
tirnpforwBtion
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TABLE XXXII

Chemical control 0! R.Bimillb on hlack pepper. Effect

or root length (cm) et 150 dayB after nematicidal
application.

('"'E?n of three replicatee)

T8 R1 i G R1 Th R1 B Rl
T1  34.6 T7  119.0 113 36.9 119 119.1
(5.53) (10.91) (6.10) (10.87)
IP  1p5.p T14  69.1 120 176.4
12 (5?_17'2) (13.62) (3.53) (13-28)
TQ 247.9 915 123.6 221 255.7
T3 %118'453) 19 (1770 (11.13) (16-00)
213.9
Ti0 21055  Cl6 91.3 222
T4  72.4 (14.62)
(3.31) (U1 .51) (0.57)
117 116.8 Mc3  246.1
T5  119.J I (235-2) (10.81) (15.69)
(10.93) 1 9 .95 2734
T18 156.4 24 -
Te  144.9 Tl (12670‘;3/1) (12.43) U6.53)
(12.04) T?5  30%6
(5.56)

Root length rer plant

m Treatments root trrneformatlon
tn nflrenthe®*0 glveTi
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Femetlcides * dosage

"ANhaplnneat”™ 0™ °of
toBE-pe levels

Neraatl- TTeLnoos of appxicatlon
cideB Lov; Medium  High Mear Dre-inocy- .
Lation Poet 1N -
Heern oculation
35.94 49.13 6G.20 8.91
cake 714.67 76.60
BE CP 5513 65.24
' ' 73.43 10.76
i | 95.33 98.45
ensul- 65.35 30.69
fothion 95.21 13.91 120.86 120.45
Aldicarb-
Bulione
8§7.33 95.00  9gr.91 15.63  140.79 140.50
['lean 10.16 12.09 13.91
Lot.' /s¢ 7z rl/HiotL O rnolic- tion
LLit.all O. <poliC' tion
Lor' ren 'TO-1N0CH- ‘gt Ir-
I'. Lion oculction
Lov/ 120.32 123.48
1.1 .. 14.84 144 .22
rrjrti 1<r-.51 168.30
_j. 0s t,monte p.i + CV Bt
1 level
Hetween 1.2282
: : e 0.4583 -
TrHi L jcldfif n.3960 1.0637
Tl'jiill re - c I\b
r\&fchodB T NS
Nemptied a* * doongeB ND
jemr t IcideB x methods NR
Porr”pr X methods 1.1225 3.0083

Check x treatments
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Effect on Trash root vm

The data collected on fresh r00t Welght of / N

various treatments are aummarieed In table Mm i1ll (fig.33).
Statistical analysis showed significant differences between
the checv and various treatments. Significant differences
were also observed between the namaticidaa, throe doaages,
and the two met nods 01 application . The nmaxinum root weight
was recorded by plants in treatment 1 24 with 12.90 g as com-
parod to 2.07 g by planta In treatment 0 25, sad the difference*
w22 over mix folds. —an" the nenoticidoa, aldicnrb sulfona
was found airoerig. ni th« 1 r -0 dos'g~:G comiar ;d to all the
othar nemeticidec. O"ever hotter reoultc weio obtained with
other ne”oticide;' under treMm-»nt. T 71, T 17, 7 24, and T 9
which recorded on increase iIn root ‘'eight of 5 » 5.9, 4.8,
ond 4.7 ti'Mefi e i*tnetivel'r ovev the ch'C"-. In general

poHt-inoeulatlon a. .lin-tl. -n of dioTical.n was found superior

to are—1 nodi’aht >nh 1 e |li<ellen.

Effect on tnNw nem)t,ocfo pcpl\’/lfi LJJ! 3"'\ ilnn—r&qg:[-'-q--ﬁm---s-g)'l

The data on n -rto-l. counts rocoideu in nil treatment,
from roots and soil «« csoWsod in Tnbla XXXIV. T.» *=*.

tails on final nannteda population oounta par p

lays after n— tirfd.s appl.onti-n «. p ..-** *»

a , . Th. atatiaticai » L .

aific#noe between the ohe ) _ action intotal
...-tion . Haxi«u» reduction In

IMag*and wthods of «PP o , 21, T **

.. ] aln T 24follow,d IDT* «e
>gpHiation was obaarvad in



fre*h root weight (gj'"F 155~a?y8b™terPDe™tJ ?!feot on
(M OF three replicates)

Tb R Te RWV Th
T2 4.45 T3 7 35 T14
13 5.09 T9 9. 74 T15
15 4 .65 Til 3 54 117
Heineticides x dos-"ec
i Loe-1re level
Ncmati-
cides Lov :Tetilun Zillh
Keem 25.00 26.27 3f'.63
cake
BBCP 19.72 Ze ¥ 4061
Fenmil- 62 32
33.23 45.17
Aldlonrb- 0
mUlfoe 47.93 59 .4 4 2.
H.an S5.2a 6.62 0.59

table

XX X111

I n

4.55

5.14

7.32

n /P

Rw Tb
4.08 T19
4.30 T20
5.10 T21
4.10 T22
6.07 T23
7.51 T24

T25

98

4.81
7.70
11.30
7.90
9.90
12.90

2.07

Hematic idee x method e of

iclaal aPHPllcataon

Te=Treat

menta

Rw=?re8h

root
weigh
per
plant

ethocr ol

Jre-1iK-cu-

lii tion

41.41

39.33

70.07

07.69

6.51

pplicetion

application

Noet

inocu
letion

40.47

53.10

70.65

02.72

7.17
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table xXxXnn - (Conta.)

Dosages VB nethoas of .
application

Methodl of appiiontl g

Eosa”rce s
Ir.0CU- " Ppoet in- Mean
tion oculation
low 63.18 62.70 £ o8
fed tum 75.01 84.05 6.62
Hirh 93.31 109.87 3. 59
4.ecn 6.31 7.13
Ire' tmentE S.bn + Cllat 1 level
Between
icl aon 0.1414 0.3790
i.".1."25 o. B
nFih  f (1.1000 0.26R0
tlr 50°r x dornp-cL 0.2449 0.6563
jcUloH x mt.hodn 0.2000 0.5360
0.1732 0.4642

1o0: ran X rjothodn
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TABLE XXXIV

Chemical control of K.simiiis on Mr, |I.
on the number of reratodee recoves { PYoer. Efiect

eoll at 150 days after reraaticidee goplUcal * x

(Mean o1 three replicates)

Treatments "umber oi nematodec recovered
I, roots/ ir tioil/
Plant aot Total
T1 124 905 1629
12 666 765 1431
T3 roo 685 1207
T4 682 580 1162
T5 529 390 919
n 566 340 906
77 "11 335 646
PQ 199 150 349
o 87 95 182
tio 116 730 340
T 1 YR >ih 113
T12 — 6> °°
p’33 R90 1731
T13
1A 666 738 1403
-5445 AQ 6 713 1209
. 553 625 1178
4 35 936
501
T17 . 698
T18 378 . 477
287
T19 201
133
120 20 98
28
T21 421
96 325
T22 104
69 35

T23 15 15



2S

13

T4

T6

'Chemical
Effect

pot at 150 days after

TABLE XXIV

control
on final

(Mean of three

of R.aimllls on black pepper.
nematode population per plant/
nematicide application

replicatee)

101

I*D S Lp
1629 27 64 6
(40.36) (25.42)
1431 HQ VA N2
(37.73) (1f1.71)
1207 T9 182
(34.75) (13.51)
1162 HO 346
(34.10) '18.61)
pald 11 U3
(30.84) : IU.61)

90)6 L 2
(30.10) (M. 67)
Tb
Value* jn ppr*nthe*«B nrf>

a K JB
n.3 1731 T19 477
(41.55) (21.83)
14 140 7 3% 201
(37.46) (14.18)
115 1209 121 98
(34.77) (9.86)
b 1179 12f 421
M Ty (20.49)
936 X.0 10A
17 (30.59) (10.22)
= 124 15
21- .42) (3.52)
T25 3559
(59.64)
pp . IIP -"tocler Por plant/pot

N tr™ nsfon”™- tlon
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table X33V - (Contd.)

Fenatlcides x dosages
Hematicldes * methods Of

application

Losage levels . .
J Methods of epplicatio:

eidee Lov Med turn M gh [leen Pre-inocu- Post inocu

lation letion

ftfB- 245.887 225.783 208.587 37.792  338.731 241 B

fite '

BBCP 205.311 18*.340 169.560 31.067  “sc 144 74 OG7

fothion 141.799 08.692 70.151 17.25%* 172.977 137 665

Aldicarb

nifone 117.335 62.512 34.7N 11.924 111.8"3 102.738

Nen 29.597 23.805 20.128 25.245 23.777
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TABLE XXXV - (Contd.)

Dosages x methods of application

Methods of application

Mean
Losa res Pre-inocu Post iIn-
lation oculation
L ov 355.523 3BA80E 209597
Medium 293.909 277.%13 23.805
Hirh 250 513 223760 2C.128
“ic: n 25.243 23.777
Tro't morfH S I'm 4 C D 1% level
Between 1 0956
{if mflLlc1drp 0.4088 '
: , 0.3/39 0.9*85
lopt'f '
0.2891 0.7748
Me lhode
0.7000 1.8974
flamnrtlolda > doeage(l 1 5493
0.5781 -
pemaUoldot Xx method p
Dopager y methodb '
1.00X7 2.6835

Cheole *fJ] trO1 u‘entO



Fig.

Fig.

Fig.

Fig.

35.

36.

37.

38.

Control of K.sit:ills on Hack pepper

Effect of Neem cake at three dor age levels, under tv/o methods
of applications at 150 days after re, aticidal application or
growth of vines and root develop.xnt

Effect of | at three dosrge levc_ s, uraer tvrc rethods c?
applicatioj< 8v 150 dpva after necaticid”™l b-~plica ticn on
growth of vin- a and root Cevelc. rent

Effect of lensulfethion ax three dosage lev Is , uncer tvc cetfcods
of applications at 151 days rii*xr nematic ical application or
growth of vines and root development

Effect of Aldicarb sulfone nt ti.ree c03ape levels, under tve

methods of applications nt I5C days after nenaticitial
application on growth of vines and root covexOpmerit
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N In the above PV +
6tr9at"en”, theper cent ra-

dnetion in originalinoculum OODnlatt

7Q5 and 77 4 P°pnlatione were97, 87, 80.4,

79m2 and 77.4rsapectivelv *u _
Jhereas tha final nematode

opulation in T 25 (oham » * :
POB ( ) In°r0ased to 3559 which waa 7>1

timea more than the ort?gl-;nng‘ Jnoculum (fig.34). Among the

chenicala triad, aldicarb sulfone was found to be most
affective, followed by fensulfothion, Da Cf and neem ca'-e
3':5, uj cnd 3r), ‘Idic-rb aulfone at high dosage
profarrtad the loots Irooi nematode infection. M nematodes were
recover-d from t: roous Qi jlantc treated with tina chemical.
In general, gopulatlon counts were much lees in plants treated
with aldic rl nulfann 03; fonaulfat[rLon. fonsulfothion at low
dosage waa not nc effective a al licp.rli aulfone, hut nt high
dosage it waa aa oxfeclivc aj nidicaj u aulf*ne at medium
dosn . "a >ael-1r ocu laH >n treatments in g”ner: 1, wore
nore effective 1In I1ringin,” dawn tin nematode opul'tion, wlieroas

IN oaae of nem r-— .,r,-1 rmcni nH.NN L.r'nt~=>n1 won found to

be more effective.



DISCUSSION



T* Discussio®

The black pepper contributes a n , _
eB a lion»8 Bhare of foreirm

«Xehange earnings ancn, thp B . oreign
nong the ePlce m India. preBent

reporte indioate the prevalent ~ . _ _
of the slow wilt” disease

hich is destroying the vi | 5 i
which s destroying the vines o 188 Henper growing tracts.

Hence, 1t was considered 'MREFaYNe i a study he initiated
to understand the nature g3 tHa proplem, especially the role

of the burrowing nematode, Kadopholus simills in "slow wilt"

disease.

Ihis 1s the iirst time that such a study has been made
IN India. 1hough black pepper was recorded as a host of

R.BImllls by Tom Goodey (1936), a preliminary study of the
damage caused by this nematoce was conducted only fourteen

years later (van der Vecht, 1950). Christie, (1957) based

on his tour conducted In the Island of Lengkn, confirmed the
findings of van der Vccht. Thome (1961) considered this

nematode an rnnklnr. hi ph nmonk the moot important plant para.

flitic nematodes ih tHép tp(')%r}loo and no the major economically

Important species in thodk FEGIRRAN. Uboura et si. (1970)

reported the occurrence of V—I%“HUHS on pepner for the first

_ T 1j. _ Rhev did not Invee
time In SouthWestern India- iney

er Venkltesan (1972) reported the preeence of

problem further. venKi :
. In the northern parte of Kemla end

thie nenntode on pepper In
4+, "slow wilt" <3lsenBe.

suspected i1ts aBBociation w
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The field symptoms of "Blow wi

present study are similar to th ° SerT8d ** th®

(1950) and Christle ( °B reP™ nNoo- - Vecht

celly . Z T 5" 4>' ¢« * % pto1-
and decay symptoms were observed

In the case of affected vines v

ove ground Bymotoms are mani-

fested by occasional or -1 .
or cl to complete yellowing of leaves

(FIgc .2 and 3). Cecsrtlon of growth of vines was followed by
gradual leaf drop and final death of vines (llg.4). Examina-
tlon of rootsystemof affected vines shov/ed extensive necrosis
and decey Olroots, Iceder roots viere completely destroyed. In
such cases the vires could be pulled out easily. lrom the tine
of infestation to death of the vines, a period ol tv-o to three
years may elaosr-. jJ-he jinrl stages o:i lerf drop to death of
Tines hov/ever occur In thl course of three to four months. The
disease comes to the notice ol the former only at this final

stage by which time the vines ere ira* trl £A/flhly lo* c.

The preaant nurvey ravenled the nreoencr of K.rimllls in

25 out Of 41 loc- tlonr., In rn.'" "round the dloenoe suspected

Tines. .M, <n 60.9 nor cent of the tofl ares surveyed. The

. oo tMpr |n the roots of diseased vines
nemntode population wne !ﬂgﬁgr |n

I'n The semotes collected from
and the poll around the rootn. the aem.

_ . revealed the presence of the nematode
healthy looking vinos reve
Tno In the corresponding locations, poll

In 18 out of 41 peniil«» *n
. Vlnea contained the nematode, but the

around healthy looking _ ._.tnde Wide
pontainert praotlcrlly no nematode. /lde

roote of these vines con.
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difference In nematode populating ,
density haB been observed
This could probably be due to the time

« _, _ _ sampling, effect
of iIntercropping or different ami *
BU Wpee In the dlseaeed

area (Tables Vii and VIII).

The other plant paraaltle forms encountered In the
samples were Heloldogyne spp., Botylenchuliis spp., axd
HellcotylenchuE anp. (Table 6). Their population levels
did not vary markedly between the healthy and slow wilt
affected vines and areas, B.simlllc was associated with
several oopular cultivars In the disease affected plantations
(Table 1X). similar observations have been made by several
workers who studied the nematode Incited root diseases.
Mountain and Boyce (1953), also reported similar findings
Investigating the peach replant problem in Canada who found
that only 50 per cent of the orchards surveyed with a history

of replant problem conti Incd the suopected nematode pathogen

Praj[ynench%r pggpgper}(%x( i-hC}l also observed a higher populn-

tlon In the samples i repf-a(im BF8M.8H nrcnn thin In the

.. ,hel 1uChnrme (1953) 'loo observed n
healthy areas, “~uit n u

. .of n tne spreading decline of
similar el tuntlon In renprot of the B

p.i that frequent sampling may
citrus In Florida. *hey reported

, . vhe nematode won found, faillure to deteci

be neoeoenry before A rair*Bvs 1b
., the <ollected dUring

|.fIilE U i® in « e A not necCBBorlly Indloste that

not thereforo unuflu t fle | t B wide

t aeaocilated with the nematode.
the dieeaee not
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oecurrenca In the diaeaaed areas ans +u

i ] ) presence of root
lesions In all cases of diaMQ«(Q
plants strongly point to

g.aimilia being the ineitent of alow uilt ..
_ wiix disease of pepoer.
thixt ey T LAAAXJ-

were not contig™ua In the dia9a39 traot. Th98e are

along with other locstione from which the nematode was detected

IN the samples . Thus the survey data could he considered
adequate to postulate the close association of the nematode
with the slow wilt disease of pepper. The results of patho-
genicity of } .similis on popper reported in this thesis

strengthen this conclusion.

The 1nvasion of the roots by the nematodes leading to
formation of lesions was studiod. This was done in the labo-

ratory, Simulating as far as possible conditions prevailing In

nature (J*ig.l13). The invasion and establishment of tho pathogen
arc closely similar to thoan reported by OuChnpno (1959),in

case of P.alnllt.n on eltr-n rootn. Hand ooctiono of the in-

nlfVin n] n fogdo on the root
fscted root, showed that the no

| I Mellon in root tissues (i/'igs.IP nnd 19)
parenchyma cells and multioil

o i+h tho observations roportod by van dor
These findings conform with the oosor

mm ) in citrun nnd Vilaoni
Vacht (1950) in papper, n,.«*!'me W jO)

~ _Irlnanr infacted by E.alnllia-
Jt gl. (1975) In oliai °i

*mta proved the p.

The Inooulntion axporl m' o _ . 9ra oon_
oot, pathogenicity arperimante
fi.JiSIUa on pepper roo . N Mountain (1960) for

ductsd as por tha tsehniQ1II3
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cvalufiting

alixp. 1ha83 expexl-
mants were conducted on whole oi ,
9 planta (rooted cuttings) In

pots with fumigated soil and ui+y _ o
non-sterile monospecific

Inoculum. The enhancement of intensity of symptoms with in-
creasing dosages of the pathogen was very striving (Ifig3.20,
21 and 23). The above ground symptoms observed on the plants
InN this experiment closely resembled the slow wilt symptoms in
the field except for the lacl of pronounced chlorosis In ex®

perircentnl plarTts. It iIs considerod that those results con-
clusively establish the pathogenicity of H.aimills on pepper
and as the incitant of slow wilt dineaco. ThiBOthe first re-
port in this regard. Though van dor Vocht (1959) inoculatod
pepper seedlings with K.simills, ho did not conduct oxperi-
ments with differential Inoculum levels. H could not thore-

fora arriva at the anna throohold lovol of inoculum for proving

patiogeni? ofl’oct. ino PABRRE rooults linvo ohoan fchrt th®

thraahold laval of inooiilun to IM"QQW%’UH' avnntoma on §5 dnys
+h_ mj nf In0 dnya is 1900
old rooted cuttings Oi P/~PPor

Ve .- coll or attaining n noon population
nematodes per 150" nl 01
of rOot. Livowiso under fiold
laval of ahout. 2309 par Tram of roo

o* dopillatlon laval Inorannnn to thin ntaga,

oonditiona vhanavar the IMP _ .uyainsed
.- loading to tha diaonsea

It may bring N of£ the 8lirvay -bowed that tbs

oondition of tha v nna N betwoen 3-61

moil population around f N -01l.However this population
21) nematodea p«r 100 * N growth of vine* and

level may vary depending «Pon
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got! factors. Van der Vecht (igro’i

: } COUId not also reproduce
the yellowing of leaves in inoculated +

plants. However,
Ilynptoma of decline of above ffrn.mH
6 ground P ~ts, necrosis and decay

of roots and destruction of fe®d®-n
roots were well reproduced

and closely resembled field symptoms.

Tha rol9 of other plant parasitic nematodes encountered

In the soil samples In "slow wilt" disease iIs questionable.

The conspicoua reduction In growth and orounoed root rot In
plants i1noculated with K.aimilia at threshold level as above,
strongly indicate that this nematode alone could cause all the
symptoms of alow wilt, further "into (1972) reported that,
M.iincognita and M.javanica caused reduction in plant weight of
pepper seed lings by 37.~ and 19.2 per cent rospoctively to those
of controls. This ha observed 10 months after of Inoculation

with these nematodes, burner et nl. (1971; reported thnt

5 - .. ,-nr xotvlonc billus ronifognia and that
? .nigrun a n poor noji ’tyj =

- : fn |nnn than two times. These obsoj>
its multiplication rot, wno loan

o .. nHinr nenn todoa found iIn popper
vatlona i1ndicated that the

,nr rOlI0 m alow wilt dispose. It
field aoil do not have any mnj

.. 4 th,90 nomatodoB an pathogens of tho
la also probable that tho

plant. u.«d as standards of pappar vine

1H |jontion and high population build u

Th. ranld multi .1 ly IndlOnl9a
lowW 1noculum xsvox
IN Inoculated plants at powevar there
lat pepper i1s * favours * - * the highaat inooulua lavol

IS s deoline in population 1l«*



e '"10<w- S1* ur 7 " 1** *ey » K ath

Usaa IsSssa « N u7uh 2

« , uw.n th. W M ,oll, ptt<jitiji ~ »

IS dependent on and related to the a v I

a_ | -
availability of nutrition

Thi ident . i
and aubatratum Is was gvigent j.rom the specimens of the

nematode with sluggish movement nd empty body cavities re-
covered from soil washing3 of the abovo treatment, suit ad
Drfhanne (1953) observed that ].simllis Invade feeder roots
of 1/16 inch diameter. The popper plant3 used for pathogeni-
city teat had fewer leader roots. LI'hen lev/ roots are inocu-
lated with such large numbers of nematodes as 10000, the
population per unit area of available root 1a ao high, that
the feeder roots are quicMy damaged, fresh root production
was too slow to replnco the roots lost. The high population
pressure and severe competition for xood would have lend to

a high mortality which could not bo compensated by the rata

of multiplication. :.uch n situation had boon reported by
_ l-.ru r ) T|,0y poatulntod that auch a phono-
DJGharmo and frice (1960;. noj p

manon oould alao occur un 91 natural oonditiona. they

that after 55 days, the actual population began to fall due to

population pressure.

, tlon isolated from papper. when Inocu-
Th, L.simUle populatio N ro

lated to citrus, coffee, banana a In(Uefiting that

produce and multiply only *n P°Pp
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tba pepper i1solate belonged to a di ==

“ terent race (Pi1g.28)
Coffee was not infected, thus s.,™ -*

“o 'iring the findings of
D'Soma at al® (1970) , ho could not »h. _ _
not obaerve any infection of

g.jifilia on coxxee roots dUrin3 thsir survey.

Cross Infectivity behaviour of the four populations
(isolated fro?, banana, popper, coconut and aracanut) indi-
cated the presence of four "host types"” (:i3.2h). All popu-
lation3 Injected bpn™n? and multiplied beat on banana. The
infectivity behaviour of the four populations was as follows.
The pepper isolate did not infect coconut nnd arscanvtjbut
infected banana, "he bonana isolate infected pepoer, coconut
and erecannt. ? coconut isolate infected banana and pepper
and not arec-anwt. Tha nrocan”™t, isolata infected banana and
pepper but not cocan .t. n Ir. difficult to soy whetherthe

four i1solfftos encountered 9 ro represent four "races" of the

nematode, 'or t.v- inden%, ’Erlt?gm)r(%rr. H.: ?;‘y hoadvisable to
X oo X X . .vent tv,on" an has been observed by Partin
esignate n-",on m &"

, (10703 nnd Milno and Kootch (1976). It

at al. (1969), r~tch (1)7. o _
nr in intorplontod with banana,
la cl™ar hovov”™r that when pop’

_ X 1t 1s liable to be infectsd by heat
erecalmt or coconut, It _ . AT»eanut
, W I1ts own "host typo ¢ Alecanul,

tyoaa" from thoao plonte on

rttable ntandnrda for peppor -inoe
and coconut are nloo una N vMoh panB

they encourage "ulttpU®“ t* “B " 0) Hfifl pointed out that th.

on to pepoer* Man _ _ mt could bo from
d of infection to pepp.r

probability end apren
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Pln 7 . ,na <eW
p~rolatlon I>nm> ~ A -
K ,.»tl.l InXactivity 1,atc,1,B , 0>>

*erflla Uoahy, 1975 ) the coconut BQIBHI%.ttiierll wa3 iound infect-

IDg banana, pepper and arecanut. But the present atudl9a in-
dicated that the coconut population infect only pepper
banana and not arecanirt. This indicates the possibility of a
milture of "host typss" In norela coconst population, which
sight infect other hosts, liechler (1901) and Steiner (1925)
postulated a hypothesis of evolution of strains or host types
or races with host selectivity. Van ’''eervit (1957) also found

that population of t.similis is olatod from different hosts had
Inconsistent infoctivity behaviour. turhan (1971) reported
that every locaj population O j.slmilia had a considerable

amount of genetic variability, regarding host specificity.

Thia author also observed that lie obtnired i1solates o1 L.aimilip.

only from pepoer '/inn roots and not from arocnm.t roots usod

Hn A aimilarinfoctivit be-
taatandarla for the popper vine. A m i y

htvlourwag observed I\lgy prF'rrbnﬁa and.-enhndri (1971) In case

, I1+1i two nopulnlions, collectod
of Fotylenchuluo roni loimJL w

from Andhra Pradesh.

A 1l I -
Iti nnf differ gisi-Ligghtly In meaaure

The four l.olnten nl)> Th9 version In
manta or moiphology (Tobins Godfry (193!),
. ~4inr to those rap0Ol _
°°dy msasurementa vara aiml X , tha population!

[1flf nnd 3her (19>p' |
"HarmB and nirohfiald (15 »
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) ™
from different hoots, y™ Veerdt [(i958) foun(J thgt

aeaaurements of progenies froa

single xemale isolated from

different hosts varied, but he was ,,»H +
unable to separate them
Into different arjecilile BF%'LTE) . Thorne (1961) suggested

that variation of ten qgar CA”T nl. :
per cent or even moie could be expected

In any population. I!fe further stated that specimens from

favouraole and unxavourable hoat3 may exhibit maiiced diffe-

?;13 poppor cnltiv-ra, wild collections and other Piper

species scxe r.al did not rove-lany |I--unity or resistance to
l.aimili 3. 'oviv ir, tho ~"t-r-lals we?o0 grouped into four
categories, ' -hie Z2"'l). ‘his 1s h; svl on their reaction
to | .aimllla i tod to t! o percjnt root reduction nnd nulti-

plicati or. ratr* ,x the n'tlngon Iin the host ilant ('ig.29).

The criteria ju;- - ox B IEn R §fnnriiicction nrn those of
fohde (I1X.5). eeocOorM.r: to hin. realstand is lo bo measured
In terms rL ,1,111V - »n 1-~aoit, In survive nnd multiply

i I N ninnt In Y1r

and not alwnya dlroc .1; 1 -

_ _ on noant odo control also
report ( Anon, 196*0) tin co-n-iUee

, renroduction be detemlnod while
rscon~endel that tie ra o t =

_ M ,, Ot al. (195p). »* <> nsVoral
aasensing roalatonce. = - ..—.nina.

4 , ,, 9ImiUa firat by selective screening.
oitrus plants agnin. . I-A— - - f£ Infaotion In soil tan¥*,

subjecting the candidate a® N ability of

were later teaten
Those showing leea damn, and ffsintnin

dn fl rOOtIf 108y
nN*«*todnn to p«natr» 1
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populations. The screening In th« _
"o INn tha present studies was done

using rooted cuttings and not se»dHnN,,= , _ _ _
ae-alings. Genetic uniformity

was therefora maintained. Bay aid Sar-r hocn _
N udrr U951) used an index-

Ing method based on the nunber and size of legions on walnhut
roots against rratylonchus yulnus. GUch a set hod was impracti-
cable In tne present studies. This 13 dua to the fact that
pepper roots infected with .sinilia changed to dar> brown and
turned blac’- Iin colour. In such condition tha lesions could
not be distinguished clearly, finea the hone of pepper is

India (Abraha~, 159) and several wild species of”ioar ara
Vnoon to occur in thehill region of the sub continent (Anon,
1959b) further screening has to be done to find no™o suitable
resistant material. Moreover information on the decree of In-

fection and da-nun li'-eJy to bn caused by populations from

other hosts nn to ho observed and studied.

i e 1 A[FIfU O onie c@NIYyol 0. . _.similio
1jQ exi/j A ' 1 il o k
Tunoulj-otld >n at high
iIndicated twit nldicaxw u

QC. IV 1, camnjlota alienation of root

dosage Lavelc wan _ _ 1 r tn3p)
, ,iant growth (figs.33 and 35 to 3P).
iInfection and Im”™rovonon Ifotldon,

ntralv. oldic”~b fluliQn°’ - 113,J3Iroudon’
B /\ /\

lon. ox the material-. hlgh doena tried

f R o T AT S
to tho papper cuttings- thro* doeago
warn oonaiotnnt
mulfone nnd fanaulfothi Qp, nimiiar
a to noom cova « d
levels tried 00 compflro Colstons mavcttana in-

%mine aldlour”® —
raaulfce ware obtain# 1
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f.eted with E.sinilia (neungen3f |, }

th zratjrienchua spp.  (DAVIAS 80 Coaedia, "1972). AIIOERE™

IUIfone la a sulfone derivative of _ . _
icarb and this wa the

W ., r« c«t,! « b, an> b>

various authors (Looa and Loos iif’Jf)fJ'> V& 4ebo and Robin, .+ ... -

Zaetch, 1973) the present results wore not encouraging. DBCP

penetration use insufficient for complete Id.lIl of this nematode

In banana ('JlaF3, 1961). It failed to control Pratylenchua

/
penetrans in antirrhiurn and chryganthemun and in reducing root
and noil oOoulntion3 (frunfiberg, 1971). been cale waa nracti-

cally 1nedXgctivG.

Too pv3JH I1>ulL =ti™n uv..5eintu J coXl™
wog fouri™ 'Tjoriti 1j j .§ NMivi—hOcj Lg crjiit iiJubu* . IED
was comlst-inM . > nifAc t i InflUjncir.c tin improvomont of

plant grow”-. ~nly in t°~8' 3 ﬁ#gi?;:ﬂj, ] @ 1 tao olanls, tin

) 1/010 four. * rupoiior. (do

pre—Inoowl alior B N-a \-xl-

nn» @ n Ynoll vo aj tilolapouxontfi,
ahows thnt t h-" r. -vri.c e» wo?: n r .

.0 inl ir>pl.oder nnd aluo possibly
inactivating and 'm111%n6 [

* NM on Teddy end -enlmdri (1971) ro™Qr e
preventing further .
, of nldionrb treatment ngninrt li-1aa2fr

the anm<a phonomanon in cna ? f , nt
1 aJdionrb auU’'ono la 0o non-xiioigant

flita on tomato. “he ¢ '?r" cfl + /| f) can net

, 1 only int«™ *"t0 PJrnt ayDtO '
-/

myetemlc ra ticide am inactivnting or HIUna them.

upon the n.metod.a whil* feed ne .elution Inhibited

1 +i1«t nldicarb In w*
Nalmea (1970) observed the
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jocoiotion In case of 1arvae

+ X X ] ] ~ r ccra roatochlanal o
post-plant treatment giV8n in

X control K.aimilla

failed (Cohn, 1972) apparently because
ecause of poor soil penatra-

tion and diffusion of fujni~an+Q +u
fumigants through aub-aoil and the deep

rooted nature of citrus trees, which aided In aurvival of

nematode3 Iin roet-lets In d99por layer8 0, 3Qil> ~

was effectively controlled In citrue seedlirngs in closed eon-
tainera when soil was treated with aqueous solutions of D 13 Cp,
fenaulfothion (daa”nit', and oldicnrb (temit) (duit, 1965).
lensulfothion (da3-r.it) was us-d in granular fon which night
have accounts'l Jo? its low efficacy, whan con .ared to r.ldicarb

aulfon 1 w'nica 'an aa 111l r iusou'j solution and dronchoJ around

the plants.

The investigations can iod out more rovoalod that .siniUS

had wideaoreal occurienco nnd close association with the slow

wilt disease of popoer, Vie ,nLhogonodty experimental results

proved that fi.aimilin was the incitant oX the Oa,llow uil't diooaao.

The otO39inactivity studlegh or t]hha fourrlsolates 'Tont poppor.

nnl indicated the presence of four
banana, coconut and aroonn =

n more favoured host for those
‘host typos', and banana wan

r,n(linf,0 have significant rolovnnco

four N 7 I8p I~ ,d so a subsidiary crop
eropoing pattern where hens tIOM ,f paps.r,
INn th, Initial phase of raining N N infected by all
<§[ Moreover, P H . : .
coconut or «r«cwnut. -1“ri vhilo Introauo-
_ h*« to be .
tha Isolates. Hence ceutio araoanut, which

, . lonR with coconut or
Ang pepper as mixed or
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already infected with l.aimiiie.

Cultivara and wild species of
i Pepperscreened fortheir

resistance against F.aimilie showed that a few ,, ,
o _ w have leae suscep-
tibility « ocrsening all ava-n _

an avallable germ plasm is therefore

necessary which could aerv* «, n nn, _
as a 30urce of resistance or tole-

rancefor evolving sidtar-le 15\34885. TR &emicaltontrol re-

sults have shown that aldlcar#E) aﬂhfonr?g, %noneci by fensulfothiol

(Dasanit) at el -rt a.l . par hectare prsvented infection of
E.81Till 3 on wee or. ‘hesa mnoticides could now be tried under

field conditions to exilore the possibilities of controlling this

nematode and e’'er' te spread ob the diabase.

Thus the 1i1ieoant i1 nveal.ig'tiona havi opened a new thinking
on tto alov wilt dinoa*c3 orobion and IN013 lacunao exist Iin our
VnovledP'e on vnri oup 83 jecin ox thin nonifltodG and i1ts host plant,
the pepper vine. It La not whether all the con,on standard
used for trailin'- ..on.or vl non pto nl.no Infoctd by tide nomatod,

Studies on these naooeto would ho vnlnablo to advocate effoctive

i nn |-l
Control practices, ,'urthor research on e b<0]08§// of tho noma—

_ _ _ Involved tn the host-parasite re-
tod«f biochem icnl mechanisms Invoi
_ _ I 1 rnrtOTfl raBponalblo for tho
lationohioe and the ecol.ogic
_ ~ettr would be qgiiito rewarding to
wscurmincef e-nread end envoi <U

. on black pappnr.
control this nomatode problem
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kxprow g Jlsius ), in ., 10>

*11t" disease of blacv palg;er Pin», _
I nigrum L., prevalent In

H,;nataka and Kerala. Srr]% gg”e»r% ﬁKndi'ngs of these inveati-

gationa ars ausrsarised below.

A aurVQy waa conducted in Karanataka and Kerala in the
pepper growing areas where slow wilt disease is prevalent. A
total of 28.5 and 29.~ hectares were covered by the survey In
laranatal-ra and Kerala rosaoctively. The oorcentaces of disease
Incidence In the surveyed arens -are 12.50 nnd 11.51 iIn

Aarnataka and Kerala respectively.

f.ajnalea 1ron 41 locations collector! from both the states,

revealed the nresenco of T.oil-.ilis In 1* healthy csd in 25

disease ausaoctod vines.

Tho nopulntion of “ninilio ran3ed from 3 to 49 In

,» L« 3 .. <" »7 W' -1 “11 " oU'4
Thn M .o
kMItlgr o«,»r..1 to « to 3* » « — e*’17” "
Im ajsaa. 0011 m([]Joa ,
L, r, rngmntw B M xleneho™
eurvoysd locntiona. N N roo0rdo(1. L ull-
rhrnohua spi. nnd UoalolSiffiL- N(] root or*?1®8 only

_ . d both in fIOIA
linohua app = was ob.arvao

from Siddtp ut (iwarnaint* )e
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Infected pepper and banana but not *

Jjh 4 1 rQcanut. Population of
g.iinilia isolated from arecanut infects

but not coconut Thee** Infected pepper and banana

-findings indicated that the four
Isolates are different "host types".

The four populations isolated from p9Ppor, ban3na, cooonut

and arecan'Jt did not differ significantly m their morphologic

dinenaiong and ?rODOrtion3 or anatomical foaturaa.

Eightean cultivate, four Piper species, and five wild
collections Ox floor, screened against I .air,ilia did not reveal
any immunity or xesistar.co. nut wild collection (Vittal)

No0.430, g .hymenoohyHum, and J .attonuatum recorded less than
33 per cent root reduction and 1.5 time3 of nematodo reproduction,

showing less 3ueceotibility.

Anon / tr.e tnruo nor.iiticidos namely aldicarb oul-iono,

Xsnsulfotftion nnd 0 b Cf and noom cai-o tostad for control or
L.Simula on nop .or, -ldionrb oulfono was found to bo the boot

. - - | hectare preventing root infection
at b 8osage ol f ya Qe = a ldot hec P J

: ni- iLnt rowth, (loflf production,
end resulting In |mprovement or plan 8

I.-ntlrion was next hast In this res-
ehoot and root growth), r'onsul

tiaom cn>B was i1nafractlvo
psct followsd by ull Cf .

thod. tostad, poat-inoculfd-i°n appli-

riatwoon tho two no. aun9rlor ovar tha pre-
Htyd to bo supon
ottion of tin chemicals wnS

iInoculation mot hod of



The survey ravoaled that rod laterltic soil typ.. oww.
tained more P.ulmilla This nematode was not ot.served In

tic clay or clay loamy soils

1-similis uaa fourid frequently In araab where pepper vti
interoroyped with areoanut, followed by coconut and banana. But

tlila nematode was not encountered wlori pepper wts Interoroyped

with coliiloj or girigor.

091 oX the corn on cultivarJd ox poppor grown in liarnetakt
and Harale wore obcrrve'i to ha infected with i..0izlliB In the

Dlanta ti ona.

h.aimilis invadod popper foodor roots proferlng the root
tip region, above the elongation zone. Lo3ions were formed

witliin 72 houra ol nematode 1nhoculation to the roots.

The neraaxodos v.'ero observed to xeod cortical parenchyma

cells. The cells at infection site were turned brown and finally

to black in colour. Stelar portion of root wa3 not affected. {

E.similla effected 93.8 and 79.2 and 94.97 and 81.6 per
cent reductions iIn shoot length and weight In 55 days old papp*l
rooted cuttings when inoculated with 1000 and 10000 nematode*

respectively, at the end of 150 days coaoared to the check PUBL™.

When check- plants produced an average of 7.5 n«d)er
leaves per plant, the plants inoculated with 1000 and I0OOOna***1

todes per pot containing 1500 ml eoil produoed only 1-5 *** 14
leaves respectively 1
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Yob/U O
0) Cn-onor-.ont o1 'scny u oolh
xttatrlbution o1 Moeasad Loo’-InR | Osn8ral/ LooallB9d
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QOnnnna/ Arooanu t/Coconut
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APPEKDIX 11
survey op p..
m *m (SLOW WILT) CF PEPPER
JULLPQTI OR'SETgDIRG (P SOIL/ROOT SAVPLES

The 'Slow wilt* Qi /
"pepper yellows" 1e bubopc”™ 8* £1ISEH) al BO known as
tode (Radouholus Bimini SLto ?? (Hiused by the burrowing nema-
Anfnrmati nn on tv,?!'\ ' 1he object of this survey iIs to gather
nematode in the ne-nopr °f diBtril:)ufcion and prevalence of this
cai°e of thP Showing areas i1n our state end its role on
thl . o 2f,th! / 1Se?Ee- | a*t nematodes are primarily soil

organi as injecting roots, hence soil and rootE snmnles” are re-
quired for laboratory examination.

_ xhe follow ng doints may please be strictly adhered to
while taking and sending the soil and root samples.
1. lo not trke samples Iron spots of completely died out vines.

2. i.emove 3-5 cm surface soil, collect soil upto 55 cm depth
‘round feeder root zor.es of nnnr.pr vires.

bool 3-4 such crmr.ler and trke a represent-tive sample

of 950 .
AL e 20-30 f ol feeder roots jrom same vines (Plants).
7/r cfl't'mly -ut the roil - rd root sernales together iIn

polvther e hags, put onr la.cl* iInsit e with given code

nuT er .. tie the teg with p rubber band to make air
ti .u. </ rppc n'tior Inhie cuteinc. 1ol™thcne bags

</ |:'belB"err' ..rovldrd -lor I th this for th

“f irp two scroll r-mfiyoc from (1) ne.-lthy vinos, (21
I eareri Vi net- vjii’:rn' disc-to rprc d IS suspected,;

H i g e Lition.

7 M U IN th- detnili IN the dot- sheet O, the spot of
B''"r1"'T,r" IP ,,npp t- ran er In hot plncee
1.0 r'.t nTnor- th f ,.t. M1U Kkill the licn.ntodea.
pp ATVJIU O° SOIL
: . Jn rPt holes etc. ar it vill re-
9 ho not nnow th- hf pnil drylnr of roll -nd rooto.
“sult In mol nt'ir- -nr n
1l op the same day as far an
10 j-rnnr- to Itnolf of t-Xinp enmple
" porolhln or nt. In
without 1'l1. u n,fcd(fi m cloth bnpn or

11 Ii-nd the enmnlen hy ° p’ IBtered rout nrcel, to th-
enrd hoerd tovenbJd <« (12).

eddreen *lvon»", lor » CholPr> liepeitment of Plunt
12 bri T... ™~ 2~ ‘iturei College. ".Kh. Hehhnl,



