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INTRODUCTION




INTRODUGTION

The root kmot nematode Meloidogyne incognita
#Kofoid and White, 1913) Chitwood, 1949 is an important
pest causing serious damage to a large number of the
cultlvated <rops all over the world., Infestations by
this nematode have been causing much concern to most

vegetable growers {Sen, 1958) in India.

Kurka or Coleus parviflorus Benth., a tuber yielding
vegetable, is also found seriously affected by this pest,
Coleus is mainly cultivated in South East Asia in homesteads,
The plants yield small dark brown tubers with an unusual
flaveur. It is also commonly called Chinese Potato.

Coleus is a seasonal ¢rop cultivated from July to October
and harvested after 442 to 5 months le, from December to
i-areh (lainl, et al.1975). Very little or no tuber forma-
tion has been noticed wnen Kurka is grown in other seasons.

It yields 20 ~ 80 Q/ha (Hrishi et al., 1972).

Due to the attack of M. incoanita on coleus, conspi-
cuous gall-like swellings are formed on roots and tubers.
The galled roots soen rot and new root growth is prevented
(Nirula, 19613 Thozne, 1961). Severely affected plants are
stunted. Plants less seriously affected may survive but

have a sickly appearance amd yield poorly. Infested
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tubers are unfit for sale in the market, As the infeeted
plant wilts, dries up and dies before the tubers have
attained maturity the loss caused is often heavy, But
sufficient work has not been done on the crop losses
caused by the nematode and its control, the histopathology
of infected rcots and the keeping quallty of infested
tubers.

The present studies have been carried out with
the objectives of siudying the crop loss caused by the
nematode on solsus, the histopathology of infected roets
and the hoeping quality of infected tubers, and to evolve
a suatable conirol measure for the nemaiode under field

conditions.






4. REVIEW OF LITERATURE

A brist review of the literature on crop loss caused
by #. incognita, histopathology of infected roots, keeping

quality of infested tubers and control of the nematode is
presented below,

plant pa:aﬁitie nematode &mgiﬁg almost all the vegetable
erops in Keraka (Mammen, 1973}, It causes severe losses

_ o Coleus also. (Seshadri, 1965; Sathysrajan st al., 19663
tirishi and Mohankumar, 1976).

1.1 gv’i

 Root galls are cbscrved to bo formed on Toots of Coleus
due to infettion by the nematode (Pustkarnath and Roychoudhary
1958; Sathyarajan gt al., 19665 Hrishi and Mchankumar, 1976).
Similar observations have been made on other ¢rops also
(Tarjan, 19523 Krusberg and Nielsen, 1958; Nadakal, 1963;
Adesiyan ang Ddibirin, 1978). Nusber and size of galls
foraed on roots of plants depsnded on the number of larvae
per gall and the species of plants and nematodes involved

JiDropkin, 1954 & 1955). Scmetimas individual galls
coalesced intd amorphous masses containing large numbex

of nematodes in roots of severely affected plants,




A high positive correlation existed between gall area

and number of larvae in the gall (Dropkin, 1955):/

In sweet potato, primary root penetration by second stage
larvag occurred at the tips of young reots, in the region
of tissue differention, through loose ruptured cells of
enlarging roots or broken surface of root cracks,
Mxxrusberg and Nielsen, 1958). A direct correlation was
found to exist between the amounts of inoculum and the
resulting number of egg masses (z;rjan. 1952; Phukan gt al.,
1983).

L

Infection by M. incognita on plants restricied to
the root system in many cases while in few instances it
was noticed at the bases of stem below the soil level
(Nadakal, 1963)}. Swelling of the entire root and root tip
was gaused due to infection by the nematode, through
combination ef hypertrophy and hyperplasia of cells
(Krusberg and Nielsen, 1958; Babatola, 1985). The intensity
of root galling in ginger wes directly proporiional to the
increase in nematode inoculum (Phukan gt 2l., 1983; Sudha
and Sundararaju,1985) while Jagdale gt al., (1985},
working on betelvine, reported that increased rooi galling
and final nematode population waz not proportional to

initial population density. Similar results were also



obtained by Seinhorst (1961). He observed that, in all
his experimenis the higher the initial densilies of
population, the lower was the rate of increase., Relatively
low final population densities resulting from high initial
ones have been ascribed to damage inflicted on the host
plant and also the inter= and intrawspecific competition
for food. He also raported that all initial population
densities increased or decreased to a "eeiling level®

on good hosts.

Studies by Tarjan (19%52) showed that on vegetables
the rooitw=knot nematods did not show significantly different
effect on plants receiving 1 and 10 egg masses. Plants
inoculated with 100 egg masses had significantly lower
root weights than plants receiving lesser amounts of
inoculum, Sharma and Swarup {1998) reported that one
thousand larvae of M. incognita per 400 g soil reduced
the root length, shoot length and shoot weights of tomate
plants. Significant reduction in plant growth was noted
in jute infected with M. incognita (Phukan gt al., 1983)
at 10,000 juvaniles per kg soil. However, the difference
in plant growth between inoculum levels of 100 and 1000
juvaniles were not significant., As high as 27,9 per cent
roduction in root and top weights were recorded with initial

inoculum levels of 1000 nematodes per plant over a period



of six months in patchouli by Prasad gt _9_,3_.,.,(\‘\}9@;
Sudha and Sundararaju {198%), while working on
ginger infected by M. incognita found that an indtial
inoculun level of 100 nematodes per plant was the
marginal threshold level for damaging plani growth
six monihs after imoculation. Pathogenicity of

Capsicun anuun infeeted by [i. incognita was studiad

by Varela gt al.,(1986). They observed significant
difference in plant growth and dry weight of shoots
and roots between conitzel plants and incculated plants
at all inoculum levels. Root weights of different
¢zops have been found to be reduced due to attack of
M. ineognita (Tarjan, 19323 Brodle and Cooper, 1964;
Rajagopalan, 19723 Prasad and Reddy, 1984; Sudha and
Sundararaju, 1985).

Beduction in root length has been reported in
different crops resulting from the attack by M.
incoonits (Sharma and Swarup, 1968; fGunasekharan gt al.,
19723 Rajagopalan, 1972; Chandramathy, 1973; Sudha and

Sundararaju, 19853 Anwaz, 1986).



Hotting of roots infected by X. incognita was
reported An vegetables (Golden and Vangundy, 197983
Sudhs and Sundararaju, 1985)., Golden and Vangundy {1975},
observed that zoots infecisd by H. incognity were highly
susceptible o Rhizocionia solani in the fleld, Root
decay by fungus cecourxed 4 to 5 wasks aftexr namatode
infection. Fungal sclerotia were found only on newatode
gall tissues. Fungus penetrated either directly or
through ruptures in the root. _R. _sglani colonised giant
cells and zoot xylem cells,

1.1.2 Zymploms on shoot

Above ground symptoms of root-knot nematode infection
on potato ware difficult to detsct in the fleld in the
#axly stagss of infection (Pushkarnath and Roycheudhary,
1958} . Chloxotic loaves on infected plants have heen
reparted in coleus and other crops {Pushkarnath and
HRoychouchary, 19583 Nadakal, 1963; Franklin, 1964;

Anon, 19783 Babatola, 19853 Melakebarhan gt 3i., 198%).
Reduction in sizs of lesves in infected plants has been
reportsd (Babatola, 108%; Jagdale, 1983).



infected plants also showed reduction in leaf number
in different crops (Jagdale et al., 19853 Sudha and
Sundararaju, 1985).

The shoot length and shoot woight of plants infected
with . incoonita was found to be less than that of
uninfected plants (Pushkarnath and Roychoudhary, 1958;
Nagakal, 1963; Brodie and Cooper, 1964; Franklin, 1964;
Bergeson, 1968; Sharma and Swarup, 1968; Rajagepalan, 19723
Apon, 1978, Caveness, 1982, Anwar, 1986).

Tavjan (1952} observed that increasingly greater
amounis of insculum resulied in significantly lower top
weights. Similar absexvations were also made by Gunasekharan
and Kalyanaraman, 9972; Phukan gt a3l., 1983; Prasad and
Reddy, 1984; Jagdale et al., 19853 Melakeberhan gt al., 19853
Sudha and Sundazaraju, 1985}. Studies of Tarjan (4952)
and Chapman (4960) showed that M. incognite infection
causes higher rooteknot indices and mese severe reduction
in dry weight of top shoot tnan other species of the same
nematode. Jilting, drooplng of ieaves and other premature
symptons of ageing have been obsexzved in several crops
infected by H. ipcosnits (Pushkarnath and Hoychoudhary,
19583 Franklin, 19643 Pillai, 1976; Mjuge and Estey, 1978).
Mjuge and Bstey (1978) suggested that drooping of leaves

can be explained by impaired absorption of water from soil



by damaged root system, thus leading to water deficit,

1.4.3 Sympiloms on tubers

Coleus tubers infected with M. incognita became
malformed and hypertrophied due to heavy galling and
become unsuitable for consumption and marketing {Pushkarnath
and Roychoudhary, 1958; Sathyarajan gi al., 19663
Pillai, 1976). Uneven knobbly appearance with small
necrotlc spots arcund nematodes have been observed in
infected tuber erops like yams. Rotting of tubers were
also recorded {(Anon., 1978).

According to Griffin (1985), rooteknot nematode
affectes the quality rather than quantily of potato tubers.
Fatemy and Evans (1986), working with Globodera
rostochiensis on potato found that water stress resulted
an smaller shoot/root ratioes and decreased ituber produe
ction and decreased total P, K and :1g uptake. Poor or ne
yield have been reperted in all crops infected severely by
. incognita (Nadakal, 1963; Jolthof and Potter, 1972;
Barker g2t al., 1976; Prasad and Reddy, 1984; Reddy, 1985).
According to lielakeberhan st al,, (1985) reduction in
growth parameters and yield in infected plants might be
due to inhibited photosynthetic processes and enzyme systenms,
and the interfsrence caused by M. incognita in the trans-

location systems,
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1.1.4 Biochemical changes in plants due to infection
by M. incognita

Beevers (1976) observed that there was a decrease
in chlorophyll, protein and BNA levels in plants during
senescence, Symptoms similar to premature ageing have
been noticed on plants infected by M. incoagnita (Mjuge
and Estey, 1978; l:elakeberhan, 1985)., Khan and Haseeb
{1984) detected increased peroxidase activity in roots
of okra infected with M. incognita. Biochemical studies
by Agarwal et al., (1988) on okra seedlings infected
with M. incognita showed that there was significant
enhancement in protein and total free amino acids with
simulianeous increase in protease activity, increased
reducing sugar contents, Deamylase and invertase activity,
decreased levels of starch, non reducing sugars and total
sugars and increased levels of phenolic compound and IAA,
An increased production of growth inhibitors was observed
by Khan and Iftikharuddin (1985) in plants infected with
Me incognita when compared to healthy plants, Glazer et al.
(1986) noted increased ethylene production by nematodes
along wlth high level of IAA in infected roots than in

uninfected roots,.



1.1.9 Growth of sgolsus

Maini gt al..(1975) reported that the duration eof
coleus ¢rop is about 4%2 wonths and that its vwegetative

growth is matimun a8t the third month,

Vijayskumar and Shanmugavelu (1984) observed that
tuber initiation of coleus ocecurred 80 days after planting.
Growth of tuber continued till 130 days of planting.

The increase in tuber yield by weight after initiation
depended primarily eh the aerial parts, to synthesise the
nieeded assimilates for the rapld development of tubers,
which aet as a %"sink, The general decline in growth
rats cbserved after 100%h day may possibly be attributed
€0 the drain of assimilates from the aerial peritlon of

the plant io the developing tubers,

4.2 Histopathology of roots inoculated with M. incognita

Saffranlp was observed Lo be a sultable stain for
siudylng endoparasitic nematodes ia root tissues (McBeth
et al., 1941 vrikpatrick et al., 1997; Tayler, 1976).

Penetration of root~knot larvae was dirocily through
the root epidermis near the root tip, desiroying some
epidermal colls during penstration {Krusberg, 1943).

Onee in the cortex, larvae magrated intracelliularly.

Formation of characteristic glant cells on susceptible



plants due to Infection by i. incognita have beon reported
by several workers { Crittenden, 1958; Dropkin and Nelson,
1960; Littrell, 1966; Kozhokaru, 1985). There is differcnce
of opinion regarding the tissuc from which giant cells
originate. Accozding te Littrell {1966), they originated
from the prevascular strand while other workers (Birehfield,
19643 Taylor, 1976) reported that gisnt cells are formed
from phloem. Some workers found the formation of glant
cells from xylem and phloem parenchyma (Molina and Helson,
1983) , while some noted giant cell formation from the xylem
{Taylox, 19763 Jacob, 1977)}. Critienden (1958) reported
that gient cells cccurved frequently in the region of the
pexicycle. Giant cells were generally found adjacent te
the head of nematode (Crittenden, 16583 Ferver and
Crittenden, 1958; Dropkin and Nelson, 1960; Littrell,1966;
Taylor, 1976, Kozhokaru, 1985).

The number of gilant cells initiated by M. incoonita
in different crops showed variations {Orr et al., 1978).
In pepper 4 %o 6 giani cells were observed {Jacob, 1977);
while in vegetables 8 to 9 giant colls were usually seen
(Kozhokaru, 1985). Giant cells were observed to be larger
than the surzounding cells, had very dense cytoplasm with
a large number of nuclei in each cell (Crittenden, 19583

Dreopkin and Nelson, 1960; Birchiield, 1964; Taylor, 19763
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molina and Nelscn, 1983; Sosa Moss gt al., 1933;
Kozhokaru, 1985).

Increase in size of giant cells was reported to be
due %o incorporation of surrounding parenchyma cells

(Dropkin and Nelson, 19603 Birchfied, 19643 Littrell, 1966).

birchfield (1964) cbscrved progressive cell wall
dissolution in advance of the nematode which was foilowed
by the formation of thick walls around the feeding area.
The nucell of dissolved cells aggregated within eyncytia

and malntained nuclear membranes intact.

According to Littrell {1968), maultinucleate cells
were noted in plamts 72 hours after inoculation with the
nematode. He also observed mitosis without cell division.

A similar cbservation was made by Jones and Payne {1978)

who alse found that cell plate alignment in the giant

cells proceeded normally, but cytokinesis was unsuccessful,
They did not £ind any evidence of wall break down. Electron
microscope sStudies by Kozhokaru (1985) showsd that nuclei

of giant gells had lobate contours. Rootw=knot nomatodes
were found with its head cmbedded in the stele and body

in the cortex. {Ferver and Crittenden, 1958; Krusberg and
Nielsen, 1998).
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Enlargemasnt of the stele and cortex due %o
infection by M. incognita was reported by several workers
{Fexver and Critienden, 1998; Kwrusberg and Rielsen, 19583
Taylexr, 1976; Vavlas gt al., 1986) Hyperplasia also
accurred in the pericyelie (Littrell, 1966; Dropkin and
Nelson, 1960). 1In lnfected zooits, vascular tissue
differentiation was not observed., (Dropkin and Nelson,
1960}, Prominent disruptions in the stele, cortex and
pericycle were obssrved due to extensive hyporizophy

and hyperplasia in voots infected by M. incognita {(Fexver

and Crittonden, 1958; Dropkin and Nelson, 1960; Birchfield,
19643 Taylox, 19765 Sosa=iinss gt al., 1983; Vovlas gt al.,
1986} ,

Akhthar gt al. (1983) found that certain enzymes
were secreted Dy the nemalodes which reduced the concentra~
tion of lignin in the cell facilitating the movement of

the nematede within the host.

in late stages of roet infection by M. incounita,
normal development wes severely disiturbed so thalt only
remnants of the 4ylem and phloem remained (Dropkin and
Nelson, 1960}, Abnormal xylem formation in infected root
cells was reported by Juropkin and Helson {1960), Littrell
{19¢6} and Ozr si gl. {1978}«



Negrosis was observed in the cortex 30 days after
infection (Dropkin and Nelson, 1960; Veech, 1970; Sosaw
Moss gt al., 1983; Kozhokaru, 1985),

According io Krusberg and Nielsen (1958), as the
nematodes matured after oviposition, it either died or
stopped feeding as the giant cell protoplasm often dise
integrated and disappeared especially in young enlarging
roots where the glant cells usually collapsed. Studies
by Birchfield (1964) showed that older syncytla became
necrotic, hazd and crumbly. Dropkin and Nelson (9960)
found that the cortex In galls of glder roots sloughed
off; galls cobserved in mature soyabean plant contained

little or no cortex tissus,

1.3 Fleld experiment on ithe control of M. incognita

infesting colcous and other crops

Burning of dried vegetable cover in the field was
found to be an efficient means for reducing the population
of plant parasitic nematodes in soil (Arjunlal et al., 1983;
Venkitesan, 1984).

Furadan was found to give good control of M. incognita
and reduced gail index significantly (Johnson gt al., 1974;
Taylor and Sasser, 1979; Anon, 1983; Jagdale gt al., 1986)
Yield increase and control of the ncmatode in crops were

obtained due %o the application of furadan (Johnson and
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Cairns, 1972; Sivakumar et al., 1973; UWeingartner st al.
1974} .

Routaray and Sshoo (1985) worked on the integrated
control of roote~knot nematode on tomato and found that
the application of carbefuran @ 1 kg a.il./ha + neem cake
and urea, cach at 10 kg N/ha produced maximum yield with
lowest gall index and nematode population.

Application of ure3a was found to reduce the popula-
tion of plant parasitic nematodes in soil (Lall and Hameed,
1969; Sitaramiah and Singh, 1971). They also recommended
crop rotation and summer pioughing as effective control
methods.

Fumigants like EDB and Nemagon were found to control
root~knot nematodes on potato successfully but a dis-
advantage was their relatively high cost (Nirula, 1961).
eingartner {1974) observed that non velatile nematicides
were generally more effective than soil fumigants,
Accoxrding to Pillai (1976}, post planting treatment after
one month with Nemagon or Terracur P was highly effective
in redueling root-knot infection of coleus thereby leading
to higher production of quality tubers, Phorate was also
found to give good control of root~knot nematode
{Rodriguez -Kabana gt al., 19763 Jagdale et al., 1985).
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Idicula et al. {1988) reported that carbofuran
appeared to be more toxie and more effective than aldicaxd
against second stage larvae of ). incoonita, Carbofuran
treated plots gave maximum yield.

1.4 igsaciicide repicyes in tuber crops

Bacon {1963) could nat detect any residue of phorate,
applisd to seed pleces or to soil st planting time, In
potato tukers at hagvest., satnpal et al., (1993) found
that no residue of phorate was present in tubors of potato
at harvest 90 days after planting. Residues from all
troatments dissipated completely in a period of 2-3 months,

JAisra and Agrawal (19687) observed a residue of 0,123 ppm
of carcefuran in tubers at harvest when the nematiclde was
appiled at 3.379 kg a.i. per ha at planting. According to
#ithyanihe 8% al., {1977), carbofuran residues in potato
tubers after the apslication of dosages ranging from 1,125
to 3.340 kg @.i, per ha to tne soll at planting ranged from
Q.047 to 0,493 ppm in different treatments. The tolerance
limic fixed by L.H.0 for carbofuran is 0.5 ppm (Anonymous,
1977) .

In sweet potato, Palaniswami (1983} found that the
application of insecticides between 50 and 80 duys after
planting was effective for controlling the sweet potato
waevid.
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Respiration and weioht losses of tubers incroased
With temperature during storage (Butehbaker ot gl., 19735
pambroth, 1970).

Damdged Cassava tubers were observed to start
rotting earlier than undamaged tubers (Booth, 1974;
Maini-and Dalagopal, 1976)« lmmersion of Diascoria tubers
in hot watew at 4617°C for 65 minutes and B0VC for 3.5
niputes was récommended by Acosta and Ayala (1976), for
Gonpleds LontEdl B the nenatodss wETHOWS sepisusty -



MATERIALS AND METHODS



2, MATERIALS AND METHODS

2.1 Assessment of the effect of different levels of
population of Meleidogvne incognita on the growth

and yield of Coleus parviflorus

The experiment was conducted at the College of

Agriculture, Vellayani from August 1986 to December 1986,

Thirty earthen pots of 10 litre capaciiy were taken
and £illed with potting mixture which was sterilized two
weeks earlier with aqueous solutlon of formaldehyde. The

soil used was of red loam type.

A terminal cutting of coleus, 10 ¢m long, was planted
in each pot. Fertilizers weve applied at two split doses
at 30:60:50 kg N, P and K per hectare at the time of plant-
ing and 30 kg N and 50 kg K pexr hectare 45 days aftier
planting. Forty five days afier planting 1 litre steri-
lized soil per pot was applied at the base of the plant

to promote tuber formation.

The soil was inoculated with nematodes 15 days
after planting. Inoculation was done & 0,100, 1000, 2500,
5000 and 10,000 nematodes per pot. The experiment was
laid out in completely randomised design with five replie-

cations for each treatment.



M. incognita culture was maintained on ornamental
coleus roots in greenhouse. At the time of inoculation,
egg masses were picked from roots and kept for hatehing

in cavity dishes containing waterz.

Larval population in the nematode suspension obtained
from cavity dishes was ascertalned using a counting dish,
This suspension was then diluted with sterile water for
getting the desired concenitration of nematodes. The
suspension was then applied at the root zone of the plant
through holes made in soil with a thin stick. In conirol
pots, distilled water wes simllarly applied at the root

Zone.

The number of leaves and shoot leagth in the treat-
ments were observed at monthly intervals, and at the time
of harvest the population of M. incognita, and weights of

shoot and tubers were also recorded..
The percentage increase/decrease in the number of

leaves as compared to control were calculated as follows:e

(v -%) x 100

number of leaves in conixol and

]

where Y

P4 pumber of lecaves in the different treatments

il

Suimllarly percentage increase/decrease in shoot length also

viere galculated.
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Nematodes from soil were extracted by the Cobbts

Sieving technlque as modified by Christie and Perry {1951).

Split plot analysis was done with levels of treate
ment as major factor and mopths afier inoculatlion as minor

factor .

Correlations between the tuber yield and the growth
characters and soil population of 3. incecgnita were also
studied through statistical analysis of the data,

2,2 Deterioration of coleus tubers infected by M. incognita

in storage

For the study tubers having 10«15 galls wers selected
and kept in storage and the external and internal symptoms
were recorded once in 3 days for a period of 15 days

uninfected tubers sexved as control.

2,3 histopathology of C. parvif{lorus inoculated with

M. incognita

Ten pots of ten litre capacity, filled with sterie
lized potting mixture, were planted with terminal cuttings
of coleus. Two weeks after rlanting 10,000 onewday old
M. incognita larvae each were inoculated in five pots.

The remaining five pots served as control.

Galled roots were ¢ollected from each imoculated pot
at monthly intervals and microtome sections were taken

{(Johansen, 1940}. Microphotographs of selected sections
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were also taken at 25X and 30X magnification.

2.4.1 Field experiment on the comtrol of M, incoagnita

infesting G. parviflorus

The field experiment was laid out at the Insiructional
farm, College of Agriculture, Vellayani during 1936 to
evolve an effective technology for the control of root-knot

incidence on C. parvifiorus.

The field used for the experiment was kept fallow
during the previous season and it was incculated uniformly
with ji. incagnita larvae and egg masses collected from
infested ornamental coleus planis in the college garden.
Impediately after inoculation, bhindi seeds were sown in
the field. After 30 days the plants were uprooted and the
roots were chopped and incorporated in the seil uniformly.
This ensured adequate population of nematodes uniformly
distributed in the experimental plots. Then the land was
prepared and plots were laid outi Planting of coleus was
done one week after land preparation, The terminal cuttings
used for plant:ng were obtained from seed tubers planted

in pots containing sterilized potting mixture.
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The experiment was lald out in randomised block
design with eight treataents each replicated thrice
{vide Table 4). The plot size was 2,5 x 2 n, Preplanting
counts of nematodes in plots were rescorded, In relevant
plots 30 kg each of dried plant material was spread
uniformly and burnt. All other plots recelved 5 kg ash
to compensate the extra nulrients received by way of
burning plant material. After 24 hours, when %the seil
got cooled planting was done, The cultural operations
and fertilizer applications recommended in the Package
of Practices were adopted {KAU, 1981). The nematicides
required were applied at the root zone and it was raked
inte the seil. Watering was done immediately after nemati-
cide applicatien. The plants were irrigated daily and
harvesting was done 442 months after planting.

On harvest, the shoot lenglh, shooit weignt, tuber
yield, soil peopulation of nematodes and root population
of nematodes were recorded, Rootekmnoi index was worked out

from the data in 0«4 scale.

Data were analysed using analysis of covariance with
initial population as independent variable and the obser-

vations at harvest as cofactors.



2.,4.2 Estimation of insecticides residues in tubers

e e e e e 3 i A . I S PP AE

Tubers selected at random from each treaiment were
analysed in the laboratory to assess the residue of
carbofuran and phorate present, adopting the techniques
of Getz and Watts {(1964) and Gupta and Dewan (1973)

respectively.

2.4.3 hssesswment of the keepling guality of siored
coleus wubers

Samples of infected tubers {500 g) taken from each
treatment in the field experimenit and one sample of
uninfected cubers were stored in two litre glass jars,
covercd wlth muslin cloth and kept in store. One sample
each ot galled and infected tubers {500 g) were treated
in hot water at 955-57°C for five minutes. Then they were
dried in shade and also stored as two trealments in the
enperiment, From the data, percenlages of ihe weight of
spoiled wubers in ecach treatment compared to the weight
of tubers in control during the corresponding periods of

observation were worked out.



RESULTS



3. HRESULTS

3.1 Ihe effeect of differont levels of pspulation of
#. incognita on the growith and yleld of C. parviflorus

e incognita larvae weze found teo affect the
growth of £, parviflorus., The different growth para-
meters like nuuber of leaves, shoot length, fresh shoot

weight and weight of tubers were observed (Plates I A to F}.

3.1.1 Rumber of leaves

The number of leaves per plant in control showed
a gradual increase uplo the third month. The numbexr in
third month was 932, Then the number gradually decreased,
and at the time of harvesi it was 737 per plant enly
{Table 1}.

The mean nusber of leaves in different treatments
including that of canirol did not show statistically
significant variations, The percentage decrease in the
nunbar of leaves compared to the uninoculated cheek in
the treatment where 100 nematodes were inoculated was
3.%6 after one month, whereas the percentage reduction
was 19.68 in the treatment which received 10,000 nematodes
per plant, 1In plants inoculated with 100 larvae the

decrease in leaf nupber was less than 10 per cent upto
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Table 1., Effect of different inoculation levels of
M. incognita on number of leaves of Coleus

at monthly intervals.

Number of ilean number of leaves observed at monthly
nematodes intervals
inoculated
1 2 8 4 S
] 337 T64 932 759 737
100 325 698 77 523 166
(3.56) (8.64) (6.00) (31,09} (77.48)
1000 153

321 682 841 462
{4.78) {10,723} (9.86) (39.13) (79.29)

2500 318 653 B34 461 129
(5.64) (14.53) (10,61) (39.26) {82.50)

5000 285 644 793 428 93
{15.43) (15.71) (15.01) {43.61) {86.70)

10,000 270 606 716 399 91
{19.88) (20,60 23,26 47,43} (87,65)

C.D NeS N.S NeS N5 N.S

* Mean of 9 values
C.D for comparing variations betweon months = 10,088

Figures in parenthesis represent the percentage decrease
when compared to conirol.



thres months after inoculation, Subsequently there

was a drastic reduction in leaf number snd by the end

of the £ifth month 77.48 per cent reduction was observed,
A gimilar trend was observed in plants inoculated with
1000 nematodes.

In planis inoculated with 2300 nematodes the
reduction In leaf pumber was more than 10 per cent even
from the second month onwards. At the end of the fifth
month the reduction reached the level of B2.50 pex cent.

in planis given 5000 and 10,000 nematodes the
reduction in mean leaf number excecded 10 per cent in
the first month itself., But at the time of harvest the
decrease was 86,7 per cont and 87.65 per cent respectively
and these were comparable with the effect observed in the

treaimenis with lower levels of nematode populations,

The plants inoculated with different levels of
nematode population remained wilted during day time from
the ibird month after inoculation, even with daily irrige-

tion, while no wilting was noticed in control.
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3412 _Shoot length

The mean shoot length of C. parviflorus in contzol
showed a gradual increase from the first month upto
hazvest (385.86 lo 53 cms), The shooi length observed in
pots where 100 nenmetodes were applied per plant during
the €irst and second months were significantly diffevent
{35.08 and 41.74 cnz), The shoot length observed during
the fourth and fifih months were on par and significantly
higher than the shoot length observed during the first
month {Table 2},

In all the treatments the shoet length of the plants
showed significant increase between the first and socond
month after inoculaticn with nematedes. In pots in which
the plants were inoculated with 1000 to 3000 larvae the
shoot lsngth length from the second to fifth month remained
on par. In pots inogulated with 10,000 larvas the shoot
length of the plant in the first and third month showed
significant differsnces {26.% and 37.58 cms} while the
latter came on par with the shoot length observed at the
fourth and £ifth months.

The percentage reduction in the shoot lengtih of
the planis in various itreatments ranged from 2,18 to
24.99, 7.82 to 30.00, 5.95 to 20.04, 10.59 to 12.64 and
12.08 1o 25,09 during the first, second, third, fourth
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Table 2, Effect of %‘\.fferent inoculation levels of
%nsngng & on shoot length of coleus at
monthly intervals
Rumber of iean shoot longth observed at monthly intervals (com)
nematodes
inoculated, 1 a a 4 5
4] 35.86 45,28 47,00 50,60 53.00
100 35,08 41,74 44,20 45,24 46,60
{2.18) {7.82) (9.95) {10.59) (12.08)
1000 33,04 40,78 43,80 45,20 45,20
{7.86) {9.94) (6.81) {10.67) (14.72)
2500 32.98 38,62 42,30 42,80 42,90
(8.03) {(14.71) {10,00) {5.42) {19.086)
5000 29.%58 38,24 40,90 41,14 46,80
{17.51) {15.55%) {12.98) {18.69) {23.02)
1¢,000 26,90 31.24 37.58 40,66 39,70
{24.99) {(30,00) (20.04) (19.64) (25,0%)
G.D. N.8 N.5 N.S N.8 N.S

* Hean of % values
C.b. for comparing variatlions between months = 5,264

Figures in psrenthesis represent the percentage decrease
when compared te control.



Plate I. Above ground symptoms on G, parviflorus caused

by varying levels of M. incognita larvae
inoculated in pols observed at one monith and
five months after inoculation.

A. Planis cbhserved one month after inoculation,
T1 - Contrel TQ ~ 2800 larvae
T2 = 100 larvas T5 - 5000 larvae
Iy = 1000 lazvae Té - 10,000 larvae

B. flants obsorved five months afier inocculation

‘I.1 - Control TZ - 100 larvae
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Plate X, (mo )

€ 1, «cContral
1'3 « 1000 nematodes per plant

b

Tq = 2500 nematodos per plant
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Plats X. (contd.)

E

T, - Comtrel

t‘ = 10,000 asmatodes pexr plant
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and £ifth months after inoculation respectively. A
significant increase in shoot length was abserved in
centrol plants during the fifth menth as compared to
plants inoculated with 90,000 larvae/plant,

3o1e3 Shoot weight

A significant reduction in the mean shoot weight
was noticed in the different treatments at the time of

harvest (Table 3),.

The maximum shoot weight of 167.6 g per plant was
recorded in control plants and it wes significantly higher
than the welghts recorded in other trestments. The shoot
weights of the plants inoculated with 100, 100C, 2500 and
5000 larvae were on par (108.9 g to 77.4 g) and signie-
ficantly lower than that of control. The sheot weight
of plants inoculated with 10,000 larvae per plant came
on pat with shoot weight of plants inoculated with 5000
larvae but the former was signifacantly lower than tho
shoot welghts in the remaining tre«tments including

control.
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Table 3. Effect of different inoculum levels of M. incognita
on the shoot weight, tuber yileld and final populae
tion of . incognita per 100 ml seil.

Treatm Number Shoot weight  Tuber Final population
ment of nema- per plant vield of M. incgonita
todes (g} per in soil
inocula~ plant (100 w1}
ted pex (g)
Pl ant.
T1 0 1867.6 198.92 [} {1.000)
Ty 100 108.% 76.24 312.8 (17.714)
T3 4000 104,14 57.22 416.4 (20,402)
T, 2500 90,1 37.24 515.6 {22.710)
Ty 5000 77.% 31.40 939,0 (20,640}
Tg 10,000 40,5 15.44  1522,8 (38,900)
C.D 42,98 102,39 {2.938)

#* Mean of 5 values

Figures in pavenihesis are |/ x + 1 values,
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3.1.4 Tuber vield

The mean tubcr yields obtained from the uninoculated
plants (198,92 g) was significantly higher than those of
inoculaied plants {15.44 g to 76.24 g). The variations
petween yield of lnoculated plants were not statistically
significant., The yield showed 2 negative relationship
with the nunber of larvaeo inoculatad. The lowest tuber
yield of 15.44 g was recordsd in plants rzeceiving an
inoculum of 10,000 larvae per pot and highest yield among
the trestments was from plants given an inoculum af 100
larvae per pot (76.24 g).

3.1.5 The population of i. incoanita in soil observed
at_harvest

A highly significant increase in the mean final
population of nematods was observed at the time of harvest
of the ¢xop {Table 3).

A maximun @ean soil population of 1522,.8 nematodes
per 100 g soil was recorded in plants given ia inoculum
of 10,000 larvae, The minimum mean population of 332.8
nematodes was recorded in plants which were glven an
inoculun of 10D larvae/ plant. There was no 4. incognita
larvae in soil of contrel. Plants which were given 10,000
larvae had a significantly high pepulation than the plants



Plate 1I. RBoot of &, £ inoculated with
o # laxvaw ot
cbserved at different intervals after
inaculation.

1. Infectad roots shserved two months after
ingculation,

2. Infsciad roots observed three months afler
inoenlation,

3. Infectad roots observed five months after
inoculation,

4, Uninfested roots cbsarved five months
after inoculation.






given 100, 1000, 2500 and 5000 nematode larvae, Seil
populations of nematodes from planis given 1000 and 2500

nenatodes were sn par,

3.1.5.1 Correlation Analysis

A signilicantly high positive correlation of 0.64
and 0.49 was observed betwesn the weight of tuber and
the number of leaves and shooi weight of voleus respec-

ively.

Gn path analysis the number of leaves was found
to have direet &ffect en the weight of tuber while shoot
weight had only an indirect offect., Shoot length did
not influence tuber yield significantly.

A high negative coxrelation (=0,50) was cbserved
between tuber weight and the population of M. Incognita
in soll at harvest. Population of M. incogniia in soil
at harvest had a direct eoffect on weight of tuber,

3.%.6 Deterioration of Colsus roots infected by
M. incognita

Roots of §. parviflorus observed two months afier
inoculation with M. incognits showed profuse galling
{Plate II 1)+ Rotting was obsezxved to start by the third



Plate III.

1.
2.

3.

Coleus tubers infested by M. incognita
in sitorage.

thole tubers B. Cross section

Uninfected tubers

Infected tubers observed three days after
storage,

Infected tubers cbserved six days after
storage.

Infected tubers observed nine days after
storage.






Plate IXI (contd.)

c.
¢ « Control (uninfected tubers)
5 « Infected tubers obsexved 12 days
after storage.
D.

¢ -~ control

6 « Infected tubers obsexrved 15 days
sfter storage.
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month (Plate II 2} and &t harvest, almast no root was
present on infected plants (Plate II 3), Unlnfescted
plants observed at harvest had roots and tubers

{Flats 1Z 4}, Due to extonsive decay of roots, samples
could not be collected for extraction of nematodes,
Therefore ncmatode population in roots and the rootmknet
wndex could not be worked out in the experiment,

3.1.7 Deoteorioration of Coleus tubers infogted b
B incognita in storage

For this study tubers having 10=15 galls wers
selected and Rept in storage and observation recordasd
once in 3 daye for & period of 15 days. Uninfected tubers
sexved as control (Plate IIl).

In the infected tubers, rotting was first noticed
an the galls three days afier storage, The rotiing
started as a dark patch on the external aurface of the
gall {Plate ITI A Z). when cut open the internal tissues
also showed a dark soft patch just helow ithe surface
(Plate 111 B 2). The remaining part of the tuber was
froe from rot and & mavrked zons delismiting the healthy
and diseased ares wes noticed (Plate III & 3). On the
sixth day the rot was seen extending from the regisn of
the galls to the apparently bealthy region of the tuber,
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tthere cut open rotting was seen extended further into

the interior resgion of the tuber covering almost half

of the area of the cross section. The tissue which

was already rotten on the third day had become softer
(Plate III B 3). When observed on the ninth day the

rot was seen extended to the whole surface of the tuber
(Plate III A 4). In cross section, it was seen that

the whole of the internal tissue was also discoloured.
Almest half of the tissues in the tuber had turned into

a dark brown watery mass with a bad odour {Plate III B 4).
Tubers observed on the t.elfth day showed that the entirxe
tuber content had turned into a rotten liquid material.
The outsr peel was intact., when observed after 15 days
the peel had ruptured releasing the watery content of

the rotten tuber {Plate III D 5)., “ven in this advanced
stage of decay 9f tubers, rotting of its peel was not

noticed,

3.2 Histopathology of C. parviflorus inoculated with
M. incognits

Microtome sections of root of healthy and galled
coleus were examined under the microscope, Microphotow
graphs showed that infectlon by nematodes was in the

stelar region.
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In the unanfected coleus root, the exodermis,
cortox, endodermis, pericycle, xylem and phloem could
be observed clearly. All the tissues were arranged in

their symmetrical order (Plate III A 1).

One wonth after inoculation, section of infected
root showed mature female nematode and associated eqg
mass in the region of the cortex. The head of the nematode
was seen directed towards the stele, Glant cells, four
in numbexr, were observed adjacent to the head of the
nematode., The shape of these gianit cells was roughly
guadrangular. The giant cells were conspicuous since
the cytoplasm was granular and more deeply staining,
These cells were larger than the surrounding cells,

Some cells of the stelar region near the nematede were
found to be compressed and distorted, Pericycle and
endodexmis were not welledefined and could not be
differentiated, The number of cells in the stelar region
of infecied root was higher compared to the uninfected
root. Systemmatic alternate arrangement of the Xylem and
phloem was disturbed but the cenitral cylinder could be
distinguished clearly from the cortex.

Seections of normal roots, obtalned from control,

at two months after the inoculastion of H. incognita larvae



Plate 1V, Cross sections of healthy and infecied
raots of C. parviflorus inoculated with
#. incognita.

A. Roots observed one month after insculation.

1. Control

2. Infectsd raot

= Cortex

= Stele

= Lipmatode
= Glant cell
= Egg mass
= Xylem

xXxmao&R e
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Plate IV {contd.}
B. Roots observed two months after inoculation.
1. Uninfected zoot {(contyel)

2. Infected oot
N = Nematede
G = Giant ¢el)
Cy = Cytaplasm

Hp = Hyperplasia
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Plate IV {mﬂ-)
C. Roots observed thrae manths after inosulation.
1. Contrel
MR = Jedullary rays
2. Infegted root
Ht = Hypertraphy

G = Giant cell



(com '
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D. Roots obssrved four months after insculation,

1. GContrel

2. Iafestad xoot
€8 = Cavity fermed by deterioxetion of
giant call

Ne = Hegrosis






Plate IV (contd,)
E. Boots ebserved five months after Lfmeculation.
1. Contrel

2. Infected oot

CH = Cavity formed by the detezisration
of the nematodes

Rt = Rotten tisswe
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showed very tain cortex consisting of 10=12 layers of
rectangular cells and wall=defined stele bound by the
endodernis and pericycle. In the stele, protoxylem

was observed twards the periphery and melanylem touazds
the interior. Xylea strands were arranged alternately
with phloem. Stele occupied the majoxr poxtion of the
section (Plate IV B 1), In sections of infected roots,
many adult feuales were observed within the tissues.

The gianit calls were larger than itnose cbserved one
month after inoculation and fewer in number, OCytoplasm
of giant cells were granular and seen aggregated towards
the head region of the nematode, The stele was seen
completely disrupted without specific arrangement,
kndodezmis and pericycle were absent. The stele and
cortex could not be separately identified, Cortex was
greatly modified due to hypsrirophy and hyperplasia
{2late IV B 2},

Section of uninfected root collected at the end of
three months after inoculation showed the developmen?t
of medullary rays and secondary xylem, {Flate IV C 1},
Sections of galled root observed thres months after
inoculation showed thickewalled glant cells with dense
cytoplasm., Cortex of the nomatode infected root was
grassly malformed due to intensive proliferation of cells.
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Cortical veglon otcupled ihe majoy part of the root
sactions, Cells of the cortex did not have a regulax

size, shape or arrangsment. Xylem and phloea slements

ware not distinguishable. Medullaxy rays wese not

obssrved in root sections of infected plants {Plate IV C 2},

Section of uninfected Toot enllected at tha fourth
wonth showed & large nuzber of secondary xyviem vessels,
The stele octupfed the major portion ef the section with
the wortex limited to about ten layers of cells in the
periphery (Plate IV D 1), Sections of gallad root showed
numerons caviiles formed by disintegration of glant gells,
agg masses and adult females. Necrosis of the root tissue
was also observed. Xylem and Phloem elaments were found
scattered here and there within the root tissue and were
not easily distinguishable (Flate IV D 2).

Sections of uninfetted roots taken &t the fifth
wonth showod intact cortes and stele (Flate IV E 1),
#11 the tissuos of galled roots taken five months after
ireculation ware sesn decayed and rotten (Plate IV E 2),



3.3 Field experiment on the conitrol of M. incognita
infesting . paxviflozus

Datz relsting So the expcriment and resulis of
statistical analysis of the seme are presented in
Tables 4 and B.

3.3.1 Shoot length

The sheot length of the plants at the time of
harvest showed significant variations. The mean shost
length of a gplant in control was 40,17 om while the
shoot longth of the plants in plots in which burning of
dried plant material couplisd with application of Carboe
fyran one month after planting (’l‘&} was done wag
63.7 Cme

Té was found to be significantly superior to 211
other treatments, while T, T,, T4 and Ty wece on par.
Control (Ta) was significantly infexrior to all treate
pents except 1’1 which came on par.

3.3.2 Shoot welaht

Shoot weights varisd significantly in the different
treatasnts. It sanged from 0.978 kg in Ty %0 5.996 kg
in T,, Stetistical apalysis of the dats on shoot welght
showed thot '1'6 vias significantly superior to all other

treatments. 'r.( and 14 were on paf and sigpificantly



Table 4. Effect of different treatments on M. inco
on the shoot length, shoot weight and yie

40

ita and
of C.

perviflorus observed in a field experiment

Observations at harvest

Shoot
Shoot Yield of market-
Treatments length  _oight  able tubers/plot
{cm) {kg) of 5s5gn{kq)
’I1 Burning of dried plant
material befoxre planting. 46,63  1.850 2,12
T, Carbofursn @ 1 kg 2.i./ha
at planting {Furadan 34) 47,90 3,305 2,95
T, Phorate & 1 kg a.i,/ha at
planting (Thimet 108) 53,13 3.8%0 3.68
1'4 Burning of dried plant
material before planting
+ Carbofuran & 1 kg a.i,/ha
at planting (Furadan 3G) 55.67 4,329 4,96
'l‘s Burning of dried plant
material beiore planting
% Phorate @ 1 kg.a.1./ha
at planting (Thimet 10G) 30.17 3,327 3,78
1'6 Burniag of dried plant
material before planting
+ Carbofuran @ 1 kg.a.1./
ha cne month afier plante
ing ( Furadan 3G) 63,7¢ S.898 9,25
'i'-, Burning of dried plant
walerial before plantin,
+ Phorate @ 1 kg a.i./ha
one month after planting
{ Thimet 10G) 56,00 4,900 5.78
1'8 Coutrol 40,17 0,973 1.11%
[ 7.019 0,746 1.527




superior to treatments Ty, Ty and Tz. T; was inferior
to treatments T, to 1‘7 and all treatments were superior
to control.

3.3.3 Jubex yioid

Significant differences were ebserved im the
yiela from the experimental plots. It ranged from 1.119 kg
per plot in troatment TB o 9.25 kg per plot in 1’6.
Statistical analysis of the daite vevealed that Tg was
significantly superior to all other trestments. T,
ang ‘.64 wWOTE DN PET. T5 wags on par with ‘1'3 and the
latter was on pay with T2 and I*l' Treatoents Toe Ty
and Z’s Were on pare

3.3.4 Population of M. incoonita in soil and root of

galeus Lims of harvest

The population of M. incesalta in differont plots
beforo the commencsmont of the experiment did not vary
significantliy. The nemotods populationm ohserved at
haxvest in variocus treatments showed signlficant difforens
ces, Haximum population of nematodes was observed in
control {1502,67/100 wl soil). In this plot the populaw
tion increase was to the tune of 108.31 per cent over
the initial population, An inerease in population
(34,45 per cent) wes noticed in Ty which did met veceive
any nepaticide.



Table 5. Effsct of different tredtments on the population of j§.

and after trastment, the population in roots at harvest an

of & pagviflozys o

exved in the field expsriment

in soil befors
rooteknot index

HER BO0E
Hematode Increassa Nematoda 1§
— fren o pemitie e il R
™ s n 8o Sy ) ost.
400 wml) 100
&:f‘zf’ treat- oy fzaﬂn‘l«} it
T Burning of dried plant materie
1 sl befors pxmmg. 901,67 1212.33(24,82) 34,45  19415,00(33.39) B.,67{1.,918)
I, Carbofuran @ 1 kg a.i./ha at
2 hnetng roraaas 3/ 136100  1043,33(22,30) =23.34  660.00(25.65) 3.93(1,825)
T, Phopate & 1 kg a.d./ha ot
3 planting ('rmgu 11){3) 12BF00 GY2.00{31.19} 24,04 540,00{23,24} 3.00(1,732)
“I‘ Burning of dried plant materiw
s&ib;iomim&mngg -i~ ﬂgbnwmn
e ) anLin
(Furadan 3G P o 1262,38  880.00{28.81) =3b.76  341.67(18.48) 2,67{1.634)
T+ Bunring of dried plant materie
S al before pmmﬁh Phovite
Crning,*;dha at planting 1250,00  98B.00(31.43) «23.41  650,00(25,49) 3.33(1.825)
T Burning of dried plant materi-
4} beofre planting + Carbofuran
® 1 kg a.4./ha ons month aftey
plant { Furadan 3G) BA2 00 262, 67(16,81) ebiti o 43 210,00(14.49) 2.00({1.,414)
Ty Burning of dried plant materiasl
7 before planting + Phosate & 3 kg
'§m ﬁ;gg}mm sfter planting ge4 00  a7S.67(19.38) «56.31  286.31{16.93) 2,97( 4,520)
Ty Centrel 721,67  1502.67(38,76) +108,31  2216,67(47,08) 4,00(2.000)
e “Qg ‘ﬁu“ { » »

Figuras in paranthesis ars

v ox Yalues,

ob
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In all the plots which received nematicide treat-
aent, there was a reduction in population of namatodes.
This reduction ranged from 23.34 per cent in T, %o
66,43 per cent in 1”6. Statistical analysis showed that
T had the maximum reduction in the population of
nematodes, but it was on par with T, and T4+ Treataents
1'4, Tae 1‘5 . 1‘2, ‘1‘1 and 1‘8 were inferior to the gther
treatasnts and on par.

3.3.4 PJopulation of j. incogniia in roots

Treatments 1 and 6 which did not recsive nematicides
had more than 1000 nematodes per 5 g of root. The least
number of nematodes (210/5¢ root) was recorded in Tge It
was on par with all other trealments except T.' and 'i'a.

3.3.5 Hegt kpot jndex

The root-knot index, which is an estimate of the
disease caused by root~knat nematode on plants also showed
significant variations in the different treatzents, Control
plot (1‘8) showed the maximum root-knot index of 4 which
was an par with T,, T,, Ty and Tz, The indices in the
above treatuents ranged from 3.00 ta 3.67, In T4s T.’
and 76' the indices were 2,00, 2,33 and 2,67 respectively.
Hootwknot index recorded in T, was the least and it was

significantly superior to all other treataents except



414

3.4 istamaves oi nematicides residues in tubars

Samples of tubers collected from different plois

did not show nematicide residues at detectable levels,

3.5 Ibe keeping gquality of coleus tubers

The data relating to the experiment are presented
in Table &,

Uninfected tubers could be stored without deterioraw
tion in guality far a period of 8 weeks and the weight
raduction during the period was 42g only from the osriginal
weight of 500g. The tubsrs were fully fit for consuine
ption or marketing oven eight weeks after storage,

The percentages of unconsumable tubers by woight
compared to uninfeeied tubers ranged from 0.44 to 5.96
after the first week of storage in the different treate
ments, Ohile in control where no nematlicides were
applied, the damage was 17,46 per ¢ent., In tubers
treated in hot waler, the percentage of unconsumacle
tubers was 32,11 and 16.51 in infacted and uninfected
tubsrs Tespesiively.

The parcantage walght of uncunsumakle tubers was
anly 1.97 after two socks of suvorayge in Treatmsnt D,

in obher trzetmonts it ranged from 12.54 to 34.51 per cent



Table 6. Efiect of storing tubers harvested from different treatments in the field

gxperiment { 500 ¢ each)
Parcentaue af tubors rendered unfilb for marketing obsexved at
different perlods after storage {weeks) compared to the eorrespond-
Treatments ing weights of healihy tubers.
1 2 3 4 5 i 7 8

?1 Burning of dried plant

material before planting. .96 34,91 §7.54 - . - - -
T, Carbofuran @ 1 kg a.i./ha

e'rﬁﬁ ?3&&3‘1‘&3—“9: ?GG‘? ?ﬁ.M 2‘3 e?g 32563 560?% 6?017 L4 b
T, Phorate & 1 kg asde/ha

at planting, 2.44 16.63 41.36 67.92 = - - -
T, Buznung of dried plani

material before planting

+ Carbofuran @ 1 kg a.i./

ha at plenting. 4,33 12,54 26,29 G622 - - -
Ts Burning of dsded piant

paterial before planting

+ Phorate @ 1 kg a.i./ha

at planiing. D.44 1.97 3.6 12.37  16.19 50,39 70.11 =
Té Burning of dried plant

matexial before planting

+ Garbofuran @ 1 kg a.1./

ha onc month after planie

iﬂgp 3»?3 15.13 3‘2.% ‘&‘903{3 éégﬁz - - o
T? Burning of drlec plant

material before planting

+ Phorate @ 1 kg a.i./ha

one month after planting. 0.99 13,99 22,90 31,37 65.19 - - “
2& Control 17.46  39.95 79,36 = - - - -

10 Infetted tubers itreated (

with hot watez. 291 NAB - - - - - -2

%44 Uninfocted tubsrs troated 16,51 30,31 38.64 64,11 T5.63 « - -

with hot water,
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respectively whils in control it was 39,95 per cent,

in nesatode Infectsd tubsrs ireated In hot water percentage
weight of unconsumable tubers wazs 71,45 after two wesks

and in uninfected tubers trsated with hot water it was
only 30,31 per cent. After 3 weeks of storage more than
25 per eent of the tubers had becotse unfit for consumption
in treatments ‘3’1. Tye Ty and Tge InTgy only 3.6 per cent
of tubers had becoge wunfit for consumption while more than
50 per cent of tubers (67.94 anu 79.36 per cent} had becons
spolled in ‘1‘1 and TB respectively,

Parcentage of unconsumable tubers was more than 50
ant all trestments except Treatments T, and Ty {32.63 pex
cent and 12,57 per cent respectivaly) four waeks after
BEoYage.

By the fifth week of siorage more than 30 per cent
af tubers had bevome wncunsuwable in all treatments except
T, whish had only 156.19 per cent spoilage. In T,y moxe
than 73 per sent of tubers had been spoiled,

In Ty, by the sixth wesk aore than 50 per cent of
the tubers had brcome unfit for consumpiion. In Ty by
the seventh week 70.11 per cent of the tubers had become
wafit for consumption,
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Reosultes of hot water tyrial shoued that the keeping
wuality of uninfecied and infertsd tebors could
not be laproved by hot wator troaitment,



DISCUSSION



4. DISCUSSION

4.1 Pathogenicity of M. incognita %o C. parviflorus

The pot culture experiment was carrisd out for
studying the pathogenicity of M. incognits to Coleus
parviflorus. As sesn in the table 1, the number of
leaves in uninfected plants increased till the third
month after planting and there was a graduval dacreasa
in number of leaves till haxvest. Similar reduction of
lzaves due to §. jncognits infestation had bean reported
on bestelvine {Jagdale gt al., 1985) and ginger {Sudha and
Sundararaju, 198%5), wilting, yellowing of leaves and
athexr symptoss of pramature ageing have besn reportsd
in potate infected by M. jncognita (Pushkarnath and
Roy Choudhary, 1958).

There was redugiion in shoot lengih iIn the nematode
infected Hlants as seen in table 2, In control the shoot
length showed & gradual increase from the first month
after planting till the £ifth month; while in plants
Anoculated with nematades the shoot length increased
fron the first wonth to the fourth month and then
decreanad significantly at hazvest.
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significant reduction was also noticed in the
shoot weight of root-knot nematode infected Coleus
plants in comparison with control (Table 3).

The tuber yleld which ranged frow 76.24 to 15.44 g
in plants inoculated with . Jincognita at differsnt
levels of population differed significanily froa the
yield in control (198,92 g per pot). Thare wis an
vield reduction of 92 per cent in plants inoculated with
10,000 nematode larvae per pot.

Thus the growth of the plants and the yleld
obtained were sesn negatively related to the increase in
the initial inoculation levels of the nematode larvae.
The infected plants reaained wilted during day time
inspite of the repsated irrigation given, while the
control plants did not show such symptoms. The zoot
showed {ntenss galling by the third aonth and rotting
was noticed during the fourth msonth after inoculation of
laxvae, At harvest roots were seen completely damaged
in plots inoculated with 10,000 larvae.

The deleterious effsct of root-knot nematodes on
coleus was reperted earlier (Sathyarajen st al., 19663
Hixrishi and Mchankumazx, 1976)}. Similay observations have
been made on snapdragon (Tarjan, 1352), red clover
(Chapman, 1960), cotlon {Brodie and Cooper, 1964},



bhindi (Rajagopalan, 1972}, tomatoes (Gunasekharen st al.,
1972), jute (Phukan st .ai,., 1983}, patchouli (Prasad gt al.,
1984) , popaya {%abatﬁla, ‘2?*}‘3}, betelvine (Jagdale gi al.,
‘3%&} and Phaseolus vuiagaris %@1&&@&}@%&& gt ale, ‘%‘%‘5} .

ﬁza reduction :in yzew in the @1%% %«%@;aﬁﬁag even
-&m minimumn immim of 100 a@mat@é% pex* plant, in
.emyarisaa with ﬁaatml, shmed the %zi.@h susceptibility of
the czop to the ﬂ@ma'haﬁes iﬁf&smm. ?ﬁa threshold level
of fa ﬂifcs;a«jta on coleus ﬁe:mié mt be established in the .
: ex;:xaﬁmmﬁ,g and 4t may be far baioﬁ the level of 100
lazvae per pot..

Sharma and Swazup { 1968) found that » ma‘kinn
level of 1000 lervae of . incognita @ex' 490 g soil was
mqaimé to reduse the maﬁ i@ﬁgﬁhg shmt length and ﬁhaat

weights of tomatos

Significant reduction in the Qﬁ@i’%}%’a gf Jute was
observed with .. ipc fta at 10,000 juveniles per kg of
s0il only {Phukan gt al., 1983). Prasad gt al., (1984) |
observed 27.9 per cent reduction in root and top weights
i@im iﬁi‘&iﬁi ’iﬁm’:&si&& 3-?‘2&@13 of 1000 nomatodes por plant

ever a poriod of 6 months in patchoulis But Sudha and
Sundaveraju (1985). found that an initisl inoculum level
of 100 Y. incognita per plant was the marginal threshold
level for ﬁmﬁgiﬁfxé the gé&mﬁ of ginger observed six months
after inoculation.. :



Hoot system of coleus infected by R. incognita
was found extensively damaged with heavy galling and
subsequent decay. The decayed zoots fail to absarbd
watar and nutrients rejuired by the plant for photoe
synthesis and tuber produttion. Siwmilar observations
were made on potats {Nirula, 1961; Thorne, 1961) and
other vegetables {Franklin, 1964). 5ijuge and Estey
{1978) observed that the impairment of tha photoe
synthatic processes affects the nommal growth ani
yield of plants infected by M. incognita.

Godden and Vangundy {(1975) observed that the
actual rotting of galled roots was caused by other soil
pathogens which enter the plants through wounds caused
by #. incegnita. The giant cella caused by the nematudes
were obsexved as favourable substrate for fungsl infection.

The data presented in para 3,1.7 showed that the
infested tubers when stored staxted xoiting with a black
discolouration of tissues around the female nemainde
within the tuber, This discolouration extendes tnwards
the interior of ths tuber and ths tissues became soft
to Zouch, and later turned to a dark wetery liquid with
a had gdour., These symplons sugjest the involwement of
some fungal and/ or bacterial organisms as a secondary
cause for the decay of tubers, Golden and Vangundy (1975)



opserved that in tomato rost, decay by fungus poou.ssd
45 weeks afier nemaiode infaction, Fungus penelrated
elthar divectly or itnxough ruplures in the zosi anu
eulonised gliant cells which .rovided favourable substrate
for fungus growth.

The suppressisn of plant growih did not show a
linear relationship with different lavels of nematode
inoculated {Tsbles 4, 2 and 3), The growth suppression
bacome ovident from the third month after incculation
only. The nematode pepulation would not have rsached
injurious level till then. During the sarly periods
{upto the thizd month} the offect of the root damage
might not haeve wenifestad due to the active growth aof
the snoot so that root could absorb sufficient quantie
ties of nmater and nutrients. Maximum suppression of
vegetative growth of coleus was recoxded at the third
month after inoculation of 3. incognita.

Seinnorst {1961} alsc observed that the increass
in nematode pspulation after a critiecal level did mot

cause further increase in croup loss,



The tuber initiation of the crop commences 80 days
after traasplanting (Vijevakumar and Sharmmugbavelu, 1984),
Subsequently the food materials produced by the aerial
parts are mestly used for the develorment of tubsrs
rather than for the production of lecaves and shoots,
This, combined with the deprivation of anutrients by the
parasitic nomatodes for its own growth and reproduciian
and the obstruction in the Lransportation of the food
materials at the above critical stage of the erop growth

produce the conspicucus aezlal symptoms.

4.2 Histonatholagy of Colous roots infested b
{ae incognita

mistopathology of Coleus roots infected by k. incognit:
wus studied for the first time. The nematode and the
egy masses were Situated within the cortex of the infected
roots and the h-ad of the aematode was seen embedded in
the stele. Similar observation was made earlier on oats
by Ferver ana Crittenden {1958}, Jiant cells caused by
#e ingounita on coleus s found to be four in number,
The giant cells obsexved in pepper roots raonged from 4 2o
6 (Jacob, 1977). In contrast to the usual irregular
polygenal shape of glant cells in veyetakles {Kezhakaru,
1985; the glant cells in colous were roughly guadrangalax
in shape (2late IY¥ A 2). As observed in soyabeans
{Crittenden, 1958; Dropkin and Nelson, 1960), the gisnt



ceils in coleus ware much largexr than the surrounding
cells with thickened cell wall snd deeply staining
cytoplasm. The giant cells in coleus arose from ihe
cells of the steler region, Birchfield, (1964} and
Teylor (1976) observed that the giant cells in Zchinocios
solonue and rosells srose from the phloem tissue. But
Jacob {1977} found that in pepper the xylen vessels were
preierred by K. jocoonita.

Iwo months after the innculation of M. incognita,
sulargement and reduttion in the number of glant cells
wers obsaxved {(Plate IV & 2). It might be due to the
dissolution of gell walls and merging of the adjacent
plant cells. Similar observations ware wade on soyabean
{Dropkin and Helson 1960) and in E. golonum (Birchfield
1964), Vaech (1970) and Agrawal st al. {198%) had
obsexrved that such abnormal increase in size and number
of cortical cells might ba due th the increased levals
of 1AA, phenolic compounds, other growth regulators and
enzyme activity in the plant tissue. The kggregation
of granulazr cytoplasm towsrds the head reglon of the
namatode was alsc observed in the sestion., The obsezrvas
{ions were in agreemsnt with esarlier observations in oals
{Fexrver and Grittenden, 1958), roseile (Teylor, 1976)
and vegetanles (Kozhokaru, 1985},
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In the sections of the reot taken four months after
inosulation, large eavities weve noticed within the oot
tissue (Plate IV D 2}, As observed by Krusberg and Nielson
(1958), these cavities were caused by the deterioration of
glant cells and the death of adult fenales within tne
tissue. GColden angd Vangundy {1975) suggested that the
detorioration of glant cells along with the eniry of soil
porne pataogens through the wounds caused by the larvae

promaied root rot.

Tissue differentiation was not observed even after five
months in coleus roots infected by §. incosnita (Plate IV E2),
Dropkin and Nelson (1960} also observed that M. Zncosnita
affegted the differentaating tissues of the roots in

soyabean CIopP.

4,3 Field experiment on the tonirol of i, incognita
infesting coleus

The resulis presented in para 3.3.1 to 3.3.4 and Figuxe 1
stiowed that the yisld of marketable tubers obtained from
plots in whicn dried plant material was burnt prior to
planting {T,) did not show significant differences from
that of control. The treatments were on par in terms of
growth parameters also, The nematode population in the
treatment at bharvest in the soil and roots, as well as the
raot-knot indices came on par with those of the control,
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Arjunial gt al. (1983) and Venkitesan {1984) had obscrved
that burning of plant materiasls in the field preceding
ploughing and land preparation reduced the nematode populaw
tion due o the lethal action of heat or by reducing the
food availability in the field for free-iiving moles of the
root-knot nenatodes.

The treatment in the present experiment also appears
to have given positive effeet since the soil heating when
combaned with insecticide treatuents enhanced the effect of
the latter, Probaply the reduction breught about by the
treatuent at planiing did not persist upto the tuber formae
tion which norazlly occurs ground 82 days after plenting.
The nematodes which sscaped the lethal action of heat night
have multiplicd at 2 faster rate due to the lack of competie
tion for spacs and food angd thet would have brsught the
population level on par wiin thel of conirol at harvest,

The application of carbofuran or phorate st planting
increased the yield sigrificantly over control. With referenc
to the length and weight of shoot also, the treatmenits were
found signifisanily superior to control, Bul with reforence
to the population of nematodes in soil and the roois=knot
indices at harvest, the treatwents did nol show significant
differences from contrel. Garbpiuran and Fhorate had been
repoxted to be effeciive against rooteknot nematodes in
in vegetables by meny of the earlier workers (Johnson and



Fig.1. Control of g%coggtg on coleus with chemical
and cultura .m .

Burning of dried plant material before planting.
Carbofuzan ¢ 1 kg a.4./ha at planting.
Phorate @ 1 kg a.i./ha at plenting.

Buzning of drisd plani matezial before planting +
Cagoofuran @ 1 kg .z2.1. /ha at planting.

Burning of dried plam matexial before planting +
Phorate & 1 kg a.i./ba at planting.

Burning of dried plant material befors planting +
Garbofuran @ 1 kg a.1./ha one month aftexr
planting.

Burning of dried plant material before planting +

shorate @ 1 kg a.i./ha one wonth after
planting.

Contzal.
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Caizns, 1972; Sivakumar et al., 1973; Johnson gt al., 1974;
Geingariner gt al., 1974; Rodriguez-Xasbena gt al., 19763

Taylor and Sasser, 1978; Ancn, 1983; Jagdale gt al., 985 &
1986).

ﬁbﬁwﬁiy the persistent effect of the chemicel applied

- at the time of yianﬁiﬁg was not adegusis to protect the
crop long enough. The pathogenicity studies (para 3.2) had
shown that the symptoms of atiack by rooteknot nematode on
coleus manifests three months after planting. Proper prow
tection at the sbove susceptible stage might not be possible
with one application of the insecticide at planting.

The a;@iieasﬁiéﬂ of nematicides one month after the
g&&aﬁtiﬁg combined with the burning of plant malerial in the
field prior to the planting were better than the other treat.
ments. The differences were statistically significant on
shoot length, shoot weight, yield and rgot-knot indices.
But the differences in the population in solil and in roots
between the two types of treatmenis were not statistically
significant: The application of nematicides one month
after planting will kill the first generation of nematodes
getting built up in the field from the survivals after the
lethal effect of the heat ireatments, sinte one life cycle
of the nematode is novmally tomploted within a monthé The
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above reduction in the soil population of nematodes will
affact the yield reduction through less root damage.

Between the two nematicides tried, Carbofuran vias
found to be significantly superior to Phorate for the
control of M. jncouniiy (Jagdale gt al., 1986),.

From the result it could be concluded that burning eof
dried plant material in the fisld prior to planting coupled
" with the application of carbofuran @ 1 kg a.i./ha one wonth
after planting would be the most effective method of controw
1ling j. Aneognita on coleus,

No residuss of insetticides could be detectsd in tubers
collected from the different ireatments at harvest, Obvieusly
the ap:lication of phorate or carbofuran upto aone month after
planting of coleus ¢an be considersd safe, Bacon (1960)
‘obsesved that phorate residues was not dstectable in potatoe
tubers 74 or 91 days after trestment, Kathpal {1983) did not
find any residue of phoraie in tubers of potats harvested
90 days after treatment,

In the péﬁqm&city studies, the marketable tubers were
found rotting when kept in storage after harvest. Realising
that such deterioration might normally occur since the
produce is often dispesed of by the farmers after storage,
the keeping quality of infected and uninfected tubers was
also studied,



Samples drawn from various frestments in the fieid
sxperimend were stored and the extent of tuber deterie¥ras
tion was studied upto a perlod of aight weeks, Ho%t water
troatuent has bean recoamended for the killing of namatedes
in infosted tubers (Acosta and Ayals, 1976) and hence that
also was inciuded as & treatment in the above sxpariment.
The dats presented in paxa 3.5 showed that the tubers ware
heavily damaged in store.

Results in Table € and Figure 2 show that the assesswent
of tho ireatment sifects in a fleld expexriment for the
contxol of . jpcggnits on coleus should include the subse~
quent loss of tubsxa In storage also. ¥The tubers collected
from plots treated with phorate at planting preceded by the
neating of so0il (’15} showed Least deterloration in storage,
and it was closely followed by the traatoent with carbofuran
at $he time of planting (T,]. The tubars subjected 1o het
water txeaiment deteriorated even fastor than those colle-
cted from comtrol plots. The tubers when exposed to hot
water may kill ihe nematodes within., As observed in para
4,1 the votting of tubers might have been caused by the
sscondary fnvasion ef microesrganisms through the injuries
causad by nematods entry and the heat trsatment is not
1ikely tn closs such entry points for the micro=-organisms,
loreover, the sofiening of the tuber sontent due to hot
water treataent may render them mors suitabls for the
maitiplication of microworganisms,



Fig.?..

Tsp.
Tyqe

Leterioration of tubers harvest from the
different treatments in the contrel experi-
ments and kapt in store.

Burning of drisd plant material before planting.
Cagbofuzan € 1 kg a.d./ha at planiing.

Pporate G 1 kg a.l./ha at planting.

Burning of dried plant matserial befora
planting + Carbofuran @ 1 kg a.d./ha
at planting.

Burning of dried plant material befoxe
planting + Phorate @ 1 kg a.f. at
planting,

Burning of dried plant waterlal before
plantiog + Cerbofuran 8 1 kg a«d./ha
ene month afier planting.

Burning of drled plant maierlal Lefore
planting + Pnorate & 1 kg a.i1./ ha ons
month after planting.

Control.
Uninfected tubers

Infeciat tubers treated with hot water.

Uninfected tubers treated with hot water,
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The relative efficacy of the different tresiments in
the field experimeni are noi secn reflected in the keeping
quality of the samples kept in storage., The erraiic trend
in the result might be due %o the lack of foofproof tochnim
ques in drawing samples of the yield from the different
treatmonts in the experiment., There was significant
deterioration of %tubers in all the samples from the third
wesk onwards while the uninfected fubers did nol delerxiorate
even after the siorage for eighi weeks, TFox reducing this
storage loss, more effcchive treabtment of the tubers prior
0 storsge may have 1o be evolved or the timing of nematie
cide tredstment will have to be postponed to a later date,
In'the case of Sweet potato, normally harvested at 400th
day after planting, treatment done between 5C and 80 days
after planting was rveported to be mffectiv: for controlling
the incidence of the swaet potato weevil(Palaniswami, 1988).

In Coleus the tuberisation is around 80th day after plante
ing and the apilication of carbofuran one month after plant-
ing would not have given protection of the tubers completely.
Infected tubers became rotten in store. The resulis thus
indicete that the application of nematicide at a later date
{around 80th day) may be more effcective in controlling the
pest.



SUMMARY



5. SUMMARY

A pot eulture experiment and 2 field experiment weore
carried out in the Department of Entomolongy, College of
Agriculture, Vellayani, Trivendrum during 1986 to study
the crop loss caused by jeloidogvne ineognita infesting
Loleus parviflorus and to evolve effective methods for the

control of the nematode,

In the pot culture experiment, the pathogenicity of
Meloidogyne ingognita on Goleus parviflorus was studied
at five levels of nematode population, The growth characters
of the host plant like the number of leaves, shoot length,
froesh shoot weight and weidht of {ubers were recorded.
The number of leaves per plant in all cases increased upio
the third month and then decreased till the harvest of the
crop. In all nematode inoculated plants, the decrease in
number of leaves was more pronounced than in centrsl. Same
trend was observed in the ease of shoot length also. While
the shoot length of plants in control increased gradually
ti1l harvest, the shoot length of nematode inoculated plants
inereased till the fourth month only and then there was
significant reduction.

A significant reduction was noticed in the shoot weights
of nematode infcocted coleus plants at the time of harvest
compared to shoot weight of uninfected plants;
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Yield obtained from uninfected plants was significantly
higher than those of inoculated plants. The yield and other
growth parameters showed a negative correlation with the
population of nematodes, The tuber weight showed signie
ficant cozrelation with the number of leaves, apd shoot
weight of coleus while shoot length did not influence the
tuber yield significantly.

Profuse galling was observed on roots twoe months after
planting, Rotting was noted by the third month, and at
harvest, no healthy root was present on infected plants,
Uninfectad plante had both normal roots and tubers at the
time of harvest,

Tubers having 10 to 15 galls were stored for 15 days
and the changes were recorded once in three days, In the
first observation dark palches were noted on the surface
of the tubers around the galls. Later these patches extended
below the surface and caused the rotting ¢f the internal
tissues. On the sixth day, the rotting was seen spreading
to the inner region of the tubers. The rotten tissue became
softer, By the ninth day, the rotting extended over the
entire internal tissues, Half of the tissues had by this
time, tumned into a dargk brown watery liquid with a bad
odour. By the fifteenth day, the rotting and liquefactien
of the tissues had af{ected the whole tubers and the peel
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had ruptured releasing the foul smelling liquid contents.
Even in this advanced stage of deecaying the peel was not
zotten. The mature of damage indicated the possible

involvement of secondary organisms like fungi and bacteria.

In histopathological studles of the rools, ii was
abserved that the infeotion affected the stelar region
of the root. One month after ipoculaiion with nematodes,
roughly quadrangular giant cells {four in number) were
observed. There was cell proliferation also in the region.
Alternate arrangement of the xylem and phloem was disturbed
though the centxal c¢ylindexr could be clesxly distinguished,

In two months the giant cells beeame larger and fewer
in number and the cytoplasm of the cells betame granular
and aggregated towards the head reglon of the nematode,

The stele was complotely discupted, The cortex was greaily
eniarged due to hypertrophy and hyperplasia of cells. The
meduliavy rays and secondary xylem seen in normal roots in
the third month was not distinci in infected roots. Cells
of the cortex were grossly maiformed and did not have
definite size, shape or arrangement. A%t the fourth month
the infected roots showed numerous cavities formed by the
disintegration of giant cells, eqgg masses and adult females.
Hecrosis of tissue was also observed. At the fifth month

all the tissues of infected roots were found degcayed.
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In the ficld sxperiment, two nematicides ond a
cuitural methou were tried, alene and in conbination,
for the control of . ingoguita. The application of
nematicides one month afler planting combined with the
purning of plaont motsrial in the field prior to planting
wers effoctive tredalments. Selween the tuwo nematicides
tried, carbofuran 28 1 kg d.i./hs wos significontiy

superier o plorate,

Ho sosidue of gorbofuran oy phozate gould be detested

io tubegs <t hazvest.

Sawples of HOO g tubsrs taken from ¢ich treatment in
the egperiment kept in siore showed thal the least deteriors.
tion was observed in saaples collected from plots treated
with phorste following the burning of dried plant matezial,
by the oighth weey, over 75 per sent of tho tubers {by
weight) becsme undit for consumpliion or marksiing.

Hot water treatment included £n the experiment showed
what the moethod was ineffective in redusing the donagoe

The loss caused by the nemstsde in £ield and store
showed that the trestments included in the expevisents
were npot adegudte for the control of the post and the
application of the nematicide at & leter stage of the trxop

{at the commoncement of Suber iovmetlion) may be noceBSarY.
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APPENDIX I

Summary of analysis of variance table relating to percentage
decrease in the number of leaves and coleus in pol experiment,

Mean squares

Source daf

Yoves Shoot,
Treatments (A) 4 463,03 647.61%
Exror 1 20 201.29 297.84
Tobton (5 7" 4 190,91 277.13
AXB 16 45,88 28.84
krror 2 80 317.99 86.04

# Significant at 5% level
*#%  gignificant at 1% level

APPENDIX I1

Summary of analysis of variance table relating to shoot weight,
tuber yield and soil population of nematodes in pot oxperiment

Mean sguares

Source o -—Eset TubeT SoIl
welght yvield popula=
tion
%R * X3
Treatments S 8806, 31 22360,52 1447908
ErToxr 24 1804,01 6151.73 14676.58

* Significant at 5% level
#% Significant at 1% level



APPENDIX IIT

Summary of analysis of variance table relating to pree
treatment soil population of nematodes of Field Experiment

Source af MSS
Replication 2 226.C4
Treatments 7 326,13
Exror 14 183.49

APPENDIX IV

Summary of analysis of Covariznce table relating to shoot
length, shoot weight and tuber yleld per plot in field
experiment.

Mean squares

Source df
Shoot Shoot weight Tuber yield
length
Replication 2 11,31 0,0808 0.1095
¥ * L <3
Treatments 7 152,47 7,98 18,92
Exroxr 14 16.06 0.1814 0,76

* Significant at S level
#% Significant at 1. level



APPENDIX V

Summary of analysis of covariance table relating to soil
population root population of nematodes and rooteknot
index in the field experiment.

Yean squares

Source df
Soil popula~ Root populas Roat-~knot
tion, tion. index
Replication 2 32521 61791 0,542
# * B
Treatuments 7 495126.3 1294072 1.375
Erver 14 178160.3 134697.7 0,304

#* Significant at 5% level
#% Significant at 1% level



Werght of tubers rendersd unconsumable at weekly intervals (g)

APPENDIX VI

Treate

ment 1 2 3 4 5 6 7 8
T2 5,30 71.20 105,15 196,30 267.85 311.00 - -
73 12.14 82.00 200,20 322,50 - - - -
T4 21.50 61.80 127.,2% 317,20 -~ - - -
T5 2.20 5.70 17.40 59,25 76.40 233,30 321.12 -
T& 18,795 74,82 159,70 236,15 311.60 - - -
T7 4,90 69,00 110,80 150,25 207.72 - . -
110 159.50 315,55 256,00 127,90 65,00 - - -
T11 B2,0 149,45 187.00 307.10 35%7.00 - - -

Weight of uninfected tubers at weekly intervals in storage
496.70 493,00 484,00 475,00 472,00 463,00 458,00 458.00
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ABSTRACT

Crop loss caused by the rooteknot nomatode infesting
Coleus parxviflorus and its control was studied in a pot
culturs experiment and a field experiment in the Departe-
ment of Entomology, College of Agriculture, Vellayani,
Trivandrum, during August to December, 1986,

The number of leaves, shoot length, fresh shoot
weight and weight of tubers obtained were less in inoculated
plants than in control. The yisld and growth parameters
showed a negative correlation with the population of
nematodes, A high positive correlalion was noticed
between the tuber weight and the number of leaves and shoot
welght of coleus. The shoot length did not influence the
tuber yieold significantly.

Roots showed profuss galling by ‘he second month,
Rotting of voots was observed by the third month, and

at harvest, no healthy root was present in infected plants,

Tubers when stored developed dark patches on the
surface of galls and these spread inwards covering the
whole of the internal tissues within nine days, and by the
twelith day the internal contents had turned into a dark
brown watery liquid with a bad odour. The peel of the
tubers did not show rotting. The nature of rot indicated
the involvement of secondary organisms like bacterial and

fungi.



Histopathological studies showed that the nematodes
were lodged in the cortex with head in the stelar region
of the root. One month afier inoculation, guadrangular
giant cells { fouxr in number) were observed in reots,
There was cell proliferation in the stelar region of
the infected roots. Alternate arrangement of the xylem
and phloem was disturbed, though the central cylinder

and cortex could be distinguished.

Two monlhs afier inogulatlon the glamt cells were
seen larger and feower in number. The cytoplasm of glant
cells became granular and aggregated towards the head
region of the nematode. Stele could not be easily distine
guished fron the cortex. The cortex was greatly enlarged
dug %o nypertrophy and hypoerplasiz of ¢ells. The develops
ment of medullary rays and secondary xylem noticed in the
noxmal root could not be distinguished in infected xoots.
Infected roots showed numerous cavities formed by the
disintegration of giant cells, egg masses and adult femaf;s
by end of the fourth monih. Necrosis of tissue was alse
observed, The zylem and phloem elements were not distingui-
shable, At five months after inogulation the tissues of

the roots were completely zotten.

in the field experiment application of nematicides
one month afier planting preceded by the burning of plant.
material in the field prior to planting was found better



than the other treatments, Carbofuran 3 1 kg a.i./he
was more efiective than phersite for the gontrol of the

nemztada,

o residue of corkofuran or phorate could be detected
in tubexs ai harvesi,.

The wotiing of tubers obialinod from different plots
when koot in store indicated the inefficacy of the treate
merts £for giving protection from the nematode and the need
for a second application of the nsmaticide at tuber setting,.
Hot waker trzatments of the tubors prior to storage did not

reducs the damage.



