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THESIS SECTION

Abstract

STUDIES ON A RING SPOT VIRUS OF DOUBLE TROPAEOLUM
(TROPAEOLUM MAJUS L.)

Double tropaeolum plants (Tropaeolum majus L.), exhibiting
abnormal flora morphology leading to complete antholysis and
suppression of sexual morphogenesis, are found to be invariably
infected by a virus showing chlorotic and necrotic rings,
mot tling, curling and puckering of their ieaves and colour
breaking of flowers.

The virus is sap-inoculable when mixed with celite and
Na2303 and is transmitted by aphids (Aphis gossypii Glov.,

A. craccivora Koch. and Myzus persicae Sulz.) from tropaeolum.

From tobacco, the virus is no%t transmitted by aphids but
readily through soil. There is strong evidence of its being

transmitted by nematode (Xiphinema amexicanum Cobb.). The

thermal-inactivation-point of the virus lies between 60 and 6200,

% and 15 x 10-3, longevity in vitro

dilution end-point 10~
vetween 48 and 75 hrs at 19-27°C and between 168 and 240 hrs

at 8-10°C. The infectivity is maximum at pH 6.0. Freeze-dried
leaves when kept 4-7°C do not loose their infectivity upto 11
months. The wide host range of the virus includes plant
species belonging to families: Cucurbitaceae, Moraceae,
Umbelliferae, Oxalidaceae, Labiatae, Vialaceae, Balsaminaceae,
Chenopodiaceae, Amaranthaceae, Compositae, Leguminosae,
k<lemoniaceae, Ranunculaceae, Scrophulariaceae, Solanaceae,
Tropaeolaceae and Verbenaceae, indicating different degrees

of susceptibility. Statistical analysis shows random

distribution of susceptibility in these families. The'mean

host reaction' of the virus does not differ significantly from
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both TRSV (tobacco ring spot virus) or NRSV (tropaeolum ring
spot virus), thereby indicating a close relationship with them.

Inclusions have been observed in virus infected tropaeolum
leaves when stained with Acradine Qrange indicating their RNA
nature. The electron microscopic studies of purified virus
preparation reveal the existence of hexagonal particles having
an average diameter of 29 nm. Sucrose gradient centrifugation
resolves the purified virus preparation into three components.
Ultraviolet-absorption spectrum studies shows high proportion
of RNA content in the bottom component which 'is highly infectious.
On the basis of extinction values at 260 and 280 nm, the
purified virus preparation indicates high proportion of RNA,
approximately 36.91%. Positive precipitin-reaction and gel-
diffusion test with TRSV antisera reveals a close relationship
of the two viruses.

Considering similarities in symptom expression, host range,
physical properties, structure and function of virus particles
and serological relationship, the virus under study (DNRSV) appears
to be quite close to TRSV. Efficiency of aphids as vectors of
DNRSV and differences in the symptom expression on some of the
common hosts, suggest DNRSV to be a strain of TRSV affecting
tropaeolum plants.

A comparison of infectivity of different parts of tobacco
plants infected with DNRSV indicated that roots and younger leaves
are highly infectious, while the meristems are not. The
infectivity of the inoculated plants is maximum around 9th day
of inoculation. The petals #w of double tropaeolum flowers are

highly infectious, whereas the infectivity is altogether absent
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in the petals of single tropaeolum and are reduced considerably
in the leaves of both. The inhibitory effect of tropaeolum
leaves is neutralised by soaking them in solutions of

Nazsos, caffeic acid or EDTA. Coumarin and sodium salicylate
inhibit DNRSV infectivity in vitro.

Callus cultures of virus affected tropaeolum, turkish
tobacco and J. glutinosa explants shows decrease of infectivity
in subsequent transfers. With respect to turkish tobacco, the
leaf callus is more infectious than the callus developed
from stem. Dedifferentiated cultures give rise to both
infectious as well as non-infectious shoots, but infectivity
of these cultures as a whole is more than that of the
undifferentiated callus cultures. TN iniadeeeveodine Gilown -
nirewbed mxibtos schemmmw. The histogenetic dedifferentiation
and production of chlorophyll in the callus has no effect on
the infectivity.

Strong caulogenic response is observed in meristem-tip-
cultures grown on medium incorporated with 7.0 mg/l of adenine

and 100 mg/l of myoinositol.
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Fig.1.1.

A,

Symptoms on double tropaeolum plants. Leaves
showing curling, puckering,green vein-banding,
chlorotic rings and mottling.

Symptoms on turkish tobacco plants with severe
distortion and mottling of young leaves,with
eoncentric rings, line-pattern and occasional
necrosis.

Symptoms on Datura stramonium showing systemic
mottling chlorotic patches and occasgional
concentric rings on the inoculated leaves.
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I INTRODUCTION

Tropaeolum majus L., the Indian cress or garden
nasturtium is widely grown ornamental and is native of South
America, The plant belongs to family Tropaeolaceae and
derives its name from classical Greek world, !'Tropae' or
'Tropaion' equivalent to 'Trophy' of English, since shape
of the flower resembles the halmet and leaves, a miniature
shield., It is a tall trailing species with yellow, orange,
red or scarlet coloured flowers. As a result of incessant
hybridization, many strains of garden nasturtium have
evolved in nature, Varieties with semi-double flowers are
known as 'Glen-hybrids', having orange, salmon, scarlet
and mahogany colour.

The double garden nasturtium plant connected with
the present studies is different in having predominantly
petaloid flowers with complete suppression of sex organs.
Indefinite number of bright scarlet coloured petals are
produced with the suppression of androeceum and gynoeceum.
The superior green sepal is devoid of its spur. These
plants are propagated by cuttings as seeds are never produced,
Besides, their leaves are universally affected with
characteristic chlorotic and necrotic ring spot symptoms
suggestive of viral infection. Bos (1957) reported Witches'
broom like symptoms on certain garden nasturtium plants,
along with breaking of the flower, known as antholysis.

Occasional production of seeds from an otherwise phylloid



flower indicated an incomplete antholysis, wherein the
sexual and vegetative developments are not altogether
antagonistic but change only the morphogenesis of floral
parts. These plants are now suspected to be affectgd by &
mycoplasma (Personel communication from Dr. L. Bos).
Besgides this, a number of plant viruses have been
reported to infect I. majus. Six of them occur in nature
and the remaining could be transmitted to garden nasturtium
on artificial inoculation from their respective hosts.
However, the symptoms they produce , vary (Table 1.,1).
Iropaeolum mosaic virus with Zinnis elegans Jacq.
as the only other known host was described by Jensen (1950)
from California, USA and by Silberschmidt (1953) from Sao
Paulo, Brazil. According to Smith (1957), lropaeolum mosaic
virus described from USA and Brazil happen to be the same

virus which is sap tranamissiblq as well as transmitted by

aphids, Mygzus persicae Sulz., M. circumflexus Buckt., Aphis

rumicis L., A. fer ea-gtriata Essig and Rhopalosiphum
prunifoliae (Fitsch). The virus is characterised by the

production of vein-banding and chlorotic spots with necrotic
blotches on the leaves. Breaking of flower colour is related
to a stage of development of the disease syndrome. Moriondo
(1958) also reported the occurrence of a mosaic virus on
garden nasturtium and it is likely to be the same virus.
Smith- (1949a,b) described another commonly occurring
virus, tropaeolum ring spot virus from England, having a
wide host range belenging to the families Solansceae,
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Leguminosae and Tropaeolaceae, usually showing characteristic
chlorotic and necrotic ring spot symptoms, capable of being
sap-trensmissible and also by M. persicae and A. fabae Scop.
Schmelzer (1960) observed & similar disease at Ascherleben,
East Germany and described it to be caused by ring mosaic
virus, infecting several other host species belonging to 19
families and also having some additional aphid vectors. In
India, Bhargava and Joshi (1959) described the ring spot
disease of garden nasturtium from Nainital and found it to be
transmitted by two additional aphids, namely A. gossypii

Glover and Brevicoryne brassicae L. Bisht (1962) reported

A. gossypii to be the most efficient vector. These reports
indicate that all these viruses are either the same or strains
of#he same virus. This is a rare example of aphid transmitted
ring spot group of viruses.

Another example of an aphid transmitted ring spot
virus is that of cabbage black ring spot virus (Smith, 1950)
occurring in nature on garden nasturtium and transmitted
by M. persicae and B. brassicae. The virus produces mosaic
mot tling and flower colour breaking. It also differs from
the above two viruses in causing clear and distinct mosaic

mottling on Nicotiana glutinosa L.

Beet curly top (Severin and Freitag, 1933) and tomato
spotted wilt (Pittman, 1934; Gardner and ‘hipple, 1934),
characterized by stunting and general chlorosis, were found to
occur in nature on garden nasturtium. The former is transmitted

by leaf hoppers and the latter by thrips.



Smith (1952) reported garden nasturtium to be a
susceptible host of cucumber mosalc virus and tomato spotted
wilt. However, cucumber mosaic virus has been reported to
occur on this host in nature in East Germany (Schmelzer,
1960).

All the remaining viruses listed in Table 1.1 have
been reported to be infecting Tropaeolum majus or IT.
peregrinun L. on artificial inoculation as one of the hosts.
With the exception of aster yellows, all these viruses are
sap-transmissible (Severin and Freitag, 1945). Aster yellows
is characterised by general chlorosis and stunting. Tobacco
mosaic virus does not appear to multiply and cause symptoms
on garden nasturtium as it remains confined to the inoculated
leaves only (Holmes, 1946). Chrysanthemumiaspermy virus
(Holling§1955) is also transmitted by aphids, causing
mot tling and necrosis. Tobacco streak (Fulton, 1948) causes
necrosis and spotting on the leaves and has no vectors.

Besides tropaeolum ring spot and cabbage black ring
spot viruses, other ring spot grouplof viruses i.e. aster
ring spot virus (Anderson, 1954), Tobacco broad ring spot
virus (Johnson and Fulton, 1942), Tobacco ring spot virus
(Price, 1940), tobdacco ring spot virus No.2 (Brierley, 1954)
and tomato black ring virus (Smith, 1946), are known to be
infecting garden nasturtium. Amongst all of them tohacco ring
spot virus is the most important. It has a wide host-range,
in which are included some of the economically important
hosts., The virus produces characteristic necrotic local

lesions and systemic chlorotic and necrotic rings on many hosts



besides tobacco, on which the virus was first described
(Frommeet al., 1927; Priode, 1928; Wingard, 1928 and Fenne,
1931). Moreover, it also causes pollen sterility in tobacco
(Valleau, 1941). Besides sap~-transmissibility, it is also
transmitted through seeds of petunia (Henderson, 1931 )and
Lincoln variety of soybean (Desjardins et al., 1954) and
through several vectors viz., nematodes, Xiphinema americana
Cobb (Fulton, 1962; Sauer, 1966), differential grass-hopper,
Melanoplus differentiales (Thos) (Dunleavy, 1957), tobacco
flea~beetle, Eptrix hertipennis (Melsheimer) (Schuster, 1963),
thrips, Thrips tabaci Lindeman (Valleau, 1951) and
Frankliniells sp. (Bergeson et al., 1964), and red spider
mite, Tetranychus sp. (Thomas, 1969). Valleau (1951) gave
only circumstantial evidence in support of transmission by
Thrips tabaci, whereas Smith and Brierley (1955) suggested
that Myzus persicae may transmit it from gladiolus particularly
when associated with bean yellow mosaic virus. Of all these
agencies nematodes are considered to be the most efficient
vectors in the glasshouse experiments (McGuire, 1964a,b;
Teliz, 1967).

Although the disease syndrome of the virus under
congideration resembles more closely with the ring spot group
of viruses, none of the earlier reported viruses are known
to suppress sexual development and induce sterility in garden
nasturtium. Only Valleau (1932) reported different degrees
of pollen sterility in tobacco as a result of tobacco ring

spot virus infection. It was, therefore, considered necessary
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to study the following aspects:

1. Characterization and identification of the causal
virus,

2. The infectivity of floral parts of double
tropaeolum plants,

3. Taxonomic affinity of susceptibility,

4, Stabilizing the infectivity of the virus in the
extracted sap of double tropaeolum plants, and

5. Tissue culture studies for developing virus-free

plants as also cultures of virus affected tissues.



II MATERIAL AND METHODS

2.1, Source material

The virus affected plants of double tropaeolunm,

Tropaeolum majus L., were originally collected from Throp's

Nursery earlier known as Emme Villa Garden Nursery, Simla.
According to the present owner, these plants are being
maintained from the time of the former owner of this nursery,
Mr. T.kR. Thrope, and their original source is not known.

The mode of their propagation has always been by 'cuttings',
which are rooted into individual plant-lets in earthen pots.
These plants are also being maintained at Raj Niwas gardens
and at the I.A.R.I. Plant Pathological Research Station

orchard in Simla as ornamentals.

2.2, Isolation of the virus culture

The causal virus was isolated from infected double
tropaeolum plants through aphid transmission (Myzus persicae
Sulz.) as also by sap inoculation on single garden nasturtium,

(fropaeolum majus L.). From aphid transmitted cultures on

garden nasturtium plants, further isolations were attempted

first by inoculating the turkish tobacco (Nicotiana tabacum L.

cv. Xanthi) plants and then isolating single set of concentric
rings produced on the inoculated leaves of turkish tobacco
plants. The cultures for the experimental purposes were

thus developed on turkish tobacco seedlings through serial
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transfers by subsequent sap inoculations,

2.3, Meintenance of the culture

The experimental work was done mostly at the

Department of Botany, Aligarh Muslim University, Aligarh
and the Division of Mycology and Plant Pathology, Indian
Agricultural Research Institute, New Delhi during October-
April over a period of four years. Since the remaining part
of the year was too hot for the expression of visible disease
syndrome, the virus was maintained at Simla on its original
host or at Aligarh and Delhi on Crotalaria brownae on which
it produced systemic chlorotic concentric rings, Some
experiments were undertaken at the Instituut voor Plantenziek-
tenkundig Onderzoek and Laboratorium voor Virologie
(Landbouwhogeschool) Wageningen, the Netherlands, where the
author spent some time on FAO-fellowship.

Attempts were &l so made to maintain the virus in
tissue culture (Mishra and Raychaudhuri, 1967) by growing
virus affected tissues on synthetic culture medium by repeated
subculturing, The details of these methods are discussed
separately. The virus culture was also maintained in
desiccated leaf bits over calcium chloride (ca012) in sealed
tubes stored at temperature of 4-7°C as suggested by Bos
(personal communication). This method comprised of the
following steps: The turkish tobacco leaves showing severe
disease syndrome were washed thoroughly in tap water
immediately after plucking them. These leaves were then dried
on a blotting paper sheet and chopped into fine small pieces
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before desiccating them in a desiccator over CaCl2 at 4°¢C

for one week. The desiccated leaf-bits were stored in tubes
with a little amount of CaCl, at 4-7°0 after carefully
plugging and sealing. The infectivity was periodically

tested. The inoculum was prepared by soaking the desiccated
leaf-bits for overnight in 0.5% solution of Sodium sulphate
(Nazsos), macerating and inoculating the turkish tobacco plants

with a pinch of celite (John-Manville, U.S.4.).

2.4, Technique of biloassay

Many preparations were assayed for their infectivity
by counting the local lesions produced on the inoculated

leaves of Chenopodium amaranticolor Coste and Reyn with a

4x magnifying lens. Treatments were distributed on equal

sized leaves using Latin square design, leaving out the
lowermost two leaves. Infectivity was also assayed by counting
the local lesions on the inoculated leaves of N. tabacum

cv. Xanthi.

2.5. ilechanical transmission

Inoculum was prepared from turkish tobacco plants
grown in insect-proof glass-house with the temperature
ranging from 10 to 25°C. The leaves showing clear systemic
chlorotic sym->toms were soak?d in 0.5% solution of
Nast3 for at least two hours before macerating and straining
through two layers of muslin cloth. One volume of freshly
extracted crude sap was diluted with 9 volumes of 0,01M

phosphate buffer at pHd 7 and rubbed with a little pinch of
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celite (John-Manville, USA) on the upper surface of the

leaves with a swab of cheese~cloth saturated with the inoculum.
The inoculated leaves were washed with a jet of cold tap-
water after sbout 5 minutes and placed in shade for at least

24 hours on the glass-house bench. This technique has been

used in all the experiments unless stated otherwise.

2.6, Biological transmission
2.,6.1. Aphid transmission

Establishment of virus-free aphid colonies: The
most commonly occurring species, viz. Aphis gossypii Glover,
A. craccivora Koch, Myzus persicae Sulz. and Macrosiphum pisi
(Kalt,) Baker,were collected from their respective natural
hosts, viz. cotton, cowpea, chillies and pea. For raising
virus~free cultures of these aphids, their robust and apterous
adults were separately collected in pairs of petri dishes
having moist blotting paper. The next day, tiny newly-borne
nymphs were transferred to healthy succulent seedlings of
garden nasturtium with a camel hair. brush. These aphids were
reared separately in individual cages in cool and shady
site of the glass-house., All the transmission experiments

were done with these aphid colonies.

Acquisition and transmission feeding: For acquisition
feeding, the aphids were first starved for two hours for

increasing the efficiency of transmission, before releasing
them on the leaves of diseased plants showing clear symptoms,

plucked and placed in a pair of petri dishes on a moistened
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filter paper. These petri dishes were kept in a dark chamber
for the required acquisition feeding period. At the end of

the required acquisition feeding period, presumably viruliferous
aphids, seen actually feeding at the time of the transfer,

were gently disturbed and transferred carefully with a

camel hair brush on to the test plants. Batches of ten

aphids were transferred to each healthy test plant. The

test plants were covered with a glass chimney, their open

ends being covered with a muslin cloth, and kept in a dark
chamber for a required transmission feeding period. Afterwards,
the feeding aphids were removed and the plant was sprayed

with 0.1% Ekatox spray so as to destfoy the nymphs, if any.

The test plants were kept under observation for 4-5 weeks,

Seedlings fed with non-viruliferous aphids served as controls.

2,6.,2. Nematode transmission
Turkish tobacco plants were transplanted in

sterilised soil contained in 4" earthen pots, with one seedling
per pot. PFive days later, ten such seedlings were inoculated
with the double tropaeolum virus., Two plants were kept
uninoculated to serve as control. A week later approximately
50 adults of Xiphinema americanum* were seeded in the soil
near the roots of these plants and left to feed on them for
picking up the virus. After a period of two months, the

nematodes were reisolated and again seeded in the pots having

* The nematode inoculum was obtained through the courtsey
of Dr. C.L. Sethi, Division of Nematology, Indian Agricultural
Research Institute, New Delhi and the experiment with this
nematode was set up with his help.
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7-10 day old healthy tobacco seedlings transplanted in
sterilised soil in 4" earthen pots. After a period of a
month these plants were uprooted and their roots were assayed
for infectivity on turkish tobacco plants. The extracted
sap from the roots of these plants was also serologiceally
tested with TRSV-antiserum, earlier found to react with the
virus.

Similar experiment was also set up with'Xighinema
basiri inoculum. In this case approximately 200 adults were
used for starting the experiments.

2.7. Soil transmission

Evidence of soil transmission was sought by
conducting the following two experiments with glass-house
and field soil in which infected plants were earlier growing.

Experiment I - Infested soil was collected from glass-house
potshaving infected turkish tobacco plants and field plots
having infected garden nasturtium plants. After removing the
plants along with their remifying roots, the soil samples
were repotted without sterilization in 10" earthen pots for
testing the viral-infestation of the soil. The seeds of
turkish tobacco and C. amaranticolor plants were sown in
individual pots for growing bait plants. After germination
the plants were allowed to grow for one and half months
before bioassaying their roots separately on turkish tobacco
plants. Ten bait-plants in each sample were thus tested
with equal number of plants left in the pots to grow for two

more months for development of any disease syndrome. Identical
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controls were maintained by sowing seeds in fresh and non-

sterilized soil.

Experiment II - A rectangular wooden box 40 x 60 x 10 cms

(Fig.2.1) was divided into two equal parts. One half being -
filled with sterilized soil and the other half was again
divided into two. In one of these,sick soil was filled

after removing the plants with remifying roots and in the
remaining portion sick soil with 20 plants of turkish tobacco

and C. amaranticolor (mixed up) were transferred. After

setting up the tray, seeds of turkish tobacco and C.

amaranticolor were sown in steriliged solil in the manner

as illustrated in the figure. The tray was kept in such a

way that the flow of water was always from infested to
sterilized soil. Two months after germination, the bait
plants were selected at random and their roots were bioassayed
on turkish tobacco leaves. An equal number of plants were
left in the tray for the disease syndrome to develop.

2.8, Host range studies

For host range studies 143 plant species as given
in Appendix I, were tested. In each case the seedlings were
raised in autoclaved soil in 6 inch seed-pans. They were
later transplanted in 4 inch earthen pots with rich by manured
soil in insect-proof glasshouse. The plants thus raised
were inoculated 10-15 days after transplanting, when they
were in stage of rapid growth. About 10 to 20 plants or
more of each plant species were inoculated at a time by

swabbing the upper surface of 3-5 youngest leaves dusted with
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celite. The plant species not showing symptoms in the first
instance were inoculated again to eliminate the possibility
of escapes.

Susceptibility was judged either by the production of
detectable disease syndrome in the inoculated or freshly
opened young leaves or by testing the possibility of viral
multiplication in the youngest leaves by inoculating' their
extract on another test plant. Generally the plants were
kept under observation till the apparent symptoms were visible
or upto 60 days after inoculation, when the plants, not
showing any symptoms, were tested on the known host viz.
turkish tobacco for the presence of virus. Some of the plants
were kept for a year, when the symptoms were expressed. The
test plants that failed to give any evidence of viral
multiplication were considered to be immune. The following
scale of susceptibility was formulated to ascertain the extent
of ability of the host tissue to support viral multiplication.
Expression of symptoms were taken as an indication of the
degree of susceptibility and accordingly alloted scoring numbers

in increasing order.

Scale of susceptibility

Grades of symptom Presence or absence Scoring Nos.
expression of viral multiplication (suscepti-
bility igde;}
1. Complete immunity - 0
2. Subliminal infection + 1
3. Localised necrotic reaction + 2

4, Localised chlorotic
reaction (Chlorotic
concentric rings, etc.) + 4

Contd..
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Scale of susceptibility contd.

Grades of symptom Presence or absence Scoring Nos.
expression of viral multiplication (suscepti-

bility index)

5. Systemic necrosis
or death of the
plant + 8

6., Systemic chlorosis
ineluding oak leaf
pattern + 16

Percentage of infection was not taken into consideration
80 as 10 avoid individual plant variations in a single plant
species. Only the characteristic symptoms ultimately
established, were taken into consideration. The grades of
scoring thus obtained for each of the families of the tested
pPlant speclies, were statistically analysed so as to ascertain
any relationship of the taxonomic position of the families
with the ability of the hosts to support viral reproduction
and compare the host range of other similar viruses, like
tobacco ringspot (Price, 1940) and tropaeolum ring mosaic
(Schmelzer, 1960),

The families were categorised into five groups on the
basis of maximum disease reaction exhibited by plant speciles
tested under almost identical conditions. These groups were
compared with each other at 1% and 5% level of significance
(Snedecor, 1965).

Since one of the groups (Group V) represented plant

species showing highest disease reaction, it was analysed
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further for frequency of the occurrence of different host
reactions within the group and within the families constituting
it.

Out of 143 plant species tested, 21 hosts were common
with those reported for tobacco ring spot virus (Price, 1940)
and +tropaeolum ring mosaic virus (Schmelzer, 1960). The
host reactions as reported for these viruses were compared
with those of the virus under study for any possible similarity

or relationship, using analysis of variance (Snedecor, 1965).

2.9. Physical properties
For studying the physical properties of the virus,

the inoculum was prepared from leaves of virus affected
turkish tobacco plants. Standard extract of the infected
plant material was prepared by macerating the weighed amount
of leaves with 1 ml per gram of distilled water, To study
thermal inactivation, two ml of standard extract was
distributed in thin walled glass tubes of 10 mm diameter.
These tubes were exposed, at different temperatures ranging
from 40 to 90°C in a water-bath for a period of 10 minutes
each., Immediately after cooling these tubes, inoculations
were made on turkish tobacco plants. These test plants were
kept in the insect-proof glass-house for a fortnight for
further observations.

For investigating the tolerance of the virus to
dilution, series of dilutions were prepared in test tubes
by adding measured volume of sterile distilled water to the

juice extracted from the diseased leaves of turkish tobacco
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plants. Inoculations were made on the test plants as
indicated above and with all the necessary precautions in
order to avoid any possible contamination. The plants
inoculated with undiluted extract served as control.

In order to study the longevity in vitro, standard
extract was prepared in sterile distilled water and stored
in a conical flask, plugged with a rubber stopper in the
refrigerator at 8-10°C. and at room temperature of 19-27°¢
(in winter months). Inoculations were made with the
extract on turkish tobacco plants immediately after its
preparation and at different intervals thereafter. Longevity
in vivo was also ascertained by periodically testing the
infectivity of desiccated leaf material stored at 4-7°C as
described earlier. ’

Optimum pH range for the infectivity of the virus
was studied by using 0.01 M Glycine buffer and 0.1 M phosphate
buffer separately. The extracted sap from the diseased
leaves was added to different buffer solutions (pH ranging
from 1.0 to 13.0) in the ratio of 1:1. The inoculations were
made after an hour on half leaf of Chenopodium amaranticolor.
Treatments were distributed according to Latin square design.
The other half was inoculated with the clarified extract
diluted with only distilled water. After the development of
symptoms local lesions were counted. Number of lesions per

100 lesions of control were calculated for each treatment.
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2.10, Cytopatholozy
Phloxine staining: For studying the presence of

inclusion bodies, pealed epidermis from stems, petioles and
underside of leaves were stained in a 1% solution of phloxine
in water (Rubio-Huertos, 1950). Staining was also done with
phloxine mixed with 1% solution of methylene blue in 1%
saline for better contrast (Bos, 1969). The stained strips
were finally washed in water and mounted in water or 1%

glycerine for examination under ordinary light microscope.

Fluorescent staining: Leaves from healthy and
diseased single as well as double tropaeolum plants were
infiltrated with water by putting them in 250 ml flasks
containing sterile water and connected to 'Speedivac' vaccum
punp for 10 to 15 minutes. Epidermal peals were removed
from the lower surface of leaf lamine and petiole and stained
with Acridine Orange (A0) (lot 2013, Allied Chemicals, N.Y.,
USA) using the schedule followed by Hooker and Summanwar
(1964). The epidermal peals were first fixed in 50% alcohol
for 1 hour. After keeping the epidermal peals for 10 minutes
in distilled water, these were stained with 0.01% AO prepared
in M/15 phosphate buffer with a pH of 6.0 for 10 minutes.

The final solutign of A0 i.e. 0,01%, was prepared by diluting
0.1% stock solution in distilled water with phosphate buffer.
Subsequently, the epidermal peals were washed in M/15 phosphate
buffer of 6.0 pH for 10 minutes and rinsed in double distilled
water before destainihg with 0.1 M aqueous solution of CaCly
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at pH 7.3 for 5 minutes. The epidermal peals after a short
rinse in distilled water were washed in two changes of
phosphate buffer and mounted in the same buffer.

These preparations were examined under fluorescent
Carl Zeiss Zena microscope (No. 0.G.I., Germany). Ultra-
viglet light for exemination of the preparations was supplied
by an HBO 200, Carl Zeiss Zena, air cooled, and high pressure
mercury lamp. Light filters (Carl Zeiss, Nos. BG 12/2g and
GG 3/2g) were used for transmitting the blue light. A yellow
barrier filter (Carl Zeiss No. OG 1) was placed on the eye
piece of the microscope. Black and white photographs were made

with ORWO film 100 ASA exposed for 10, 15, 20, 25 seconds.

Nucleic acid identification by engzymatic treatment: The
epidermal peals from diseased leaves were treated with

ribonuclease (RNAse) enzyme from bovine pancrease (BIH, England)
at 10°C for 3 hours. The RNAse was used at the concentration

of 50 r/ml in 0.05 M phosphate buffer (pH 7.5). For control,
epidermal peals were treated with only 0.05 M phosphate

buffer (pH 7.5). The peals were rinsed with sterile distilled

water after the treatment and stained with phloxine as above.

2.11, Purification

Selection of production hogt: A number of host
plants viz. Petunia hybridas Vilm., Datura stramonium L.

Nicotiana glutinosaland N. tabacum cv. Xanthi were inoculated
with the virus for ascertaining the viral contents. The leaves
of these plants showing characteristic symptoms were harvested

10 days after inoculation, weighed and macerated with a few
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drops of 0.5% solution of Na,S50; in distilled water so as to
prepare a standard solution. The infectivity of the extracts

was bioassayed.

Storage of harvested material: The leaves of the
inoculated turkish tobacco showing severe symptoms, 7-10 days

after inoculation, were harvested. They were then soaked in
a small volume of 0.5% solution of NayS0, and stored in
refrigerator at 0-4°C for further processing.

Extraction of gap: Fresh leaf material from 10-15

days old infected turkish tobacco was macerated in waring
blender and homogenised with equal volume of buffer., Frozen
material was first thawed before maceration and homogenization.
The different buffers tried for stabilizing the infectivity

of the extracted sap were, potassium phosphate buffer (0.05 M,
0.01 M and 0.1 M), sodium phospiate buffer (0.1 M), borate
buffer (0.5 M) and sodium sulphite (0.5%) at different pH
ranges, 6.7, 7.0 and 7.6 with or without 0.1% of thioglycolic
acid or 0.05 M ascorbic acid. The sap thus obtained was
pressed through cheese cloth to remove the fibrous plant

material,

Clarification -~ The extracted sap was then clarified
by mixing it with 1/4 volume of chloroform or 8.5% of butanol,
or 1/4 volume of the mixture of equal volumes of chloroform
and butanol by stirring it vigorously for about an hour or
keeping it overnight at 4°C. The mixture of the sap with n-

butanol kept at cool temperature for overnight was clarified
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for removing the plant material by centrifuging at 12,000 rpm
for 20 minutes. The emulsions formed with chloroform or with
chloroform and butanol mixture were broken by low speed
centrifugation at 3000 rpm for 5 minutes and then the aqueous
phase separated out and centrifuged at 1%906 rpm for 20

minutes as above.

Purification: Generally two alternate cycles of low
speed (12,000 and 4,000 rpm for 20 and 30 minutes, respectively)
and high speed (30,000 and 40,000 rpm for 120 and 90 minutes,
rdspectively) ultracentrifugation of the clarified sap were
employed for obtaining further purification. The final pellet
was dissolved in 0.02M or 0.03M phosphate buffer at pH 7.0 and
7.6, respectively. The final pellet was also suspended in
0.01M ethylenediamine tetra-acetate (EDTA) at 7.0 pH in
some of the purification schedules.

Infectivity of the crude plant sap was compared with
suspension of first high speed centrifugation (30,000 rpm)
pellet. 1In order to make the test comparable, the pellet
was dissolved in 0.02M phosphate buffer equal to the volume
of clarified sap that yielded the pellet and the crude extract
was made with the equal volume of the same buffer,

The final virus suspension was clarified by another low
speed centrifugation at 4,000 rpm for 10 minutes.

The finally purified virus suspension was used for
electron microscopy density gradient centrifugation as also

ultra violet absorption spectrum for analysing the preparations.
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Sucrose density gradient centrifugation: Density

gradient centrifugation was used for further purification

and isolation of different components of the virus. The
finally purified virus suspension was analysed by density
gradient centrifugation in linear gradient containing 0.2
to 0.7 M sucrose in 0.02 M phosphate buffer, pH 7.0. Iwo
ml of viral suspension was layered on sucrose gradient.
These tubes were centrifuged for 150 min. at 22,500 rpm in
& Spenco Model L ultracentrifuge using SW 25 rotor. After
centrifugation, the tubes were examined in a vertical beam
of 1ight and the light scattering zones removed with a
hypodermic syringe. The virus containing fractions thus
separated were diluted with the same buffer and centrifuged
at 45,000 rpm for 60 minutes. The bellets were dissolved
in phosphate buffer and used for infectivity test and

electron microscopy.

Agar gel filteration: Two 100 mm agar gel columns were

prepared in two glass cylindees, one with 4 per cent and

the other with 8 per cent agar preparations (autoclaved

for 30 min. at 15 1b. pressure) and then grained by passing
the chopped pieces of agar through 40 mesh but not through

60 mesh screen before putting in the tubes for making columns.
After washing these columns with sufficient amount of 0.2 M
sodium phosphate buffer of pH 7.0, clarified suspension of

the virus was layered first on top of the column with 4 per

cent agar. The filtered suspension was agaln layered on top
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of the other column with 8 per cent of agar. The clarified
suspension of the virus was earlier obtained by macerating
100 g of inoculum in 100 ml of buffer (0.2 M of sodium
dihydrogen phosphate and 0.3 M sodium chloride adjusted to
pH 6.8 and then passing the suspension through 6 to 8 mm
thick celite cake after mixing the suspension with 10 per
cent celite.

Ten ml samples of effluent fluid were collected until
virus fraction, detectable by its light scattering properties
was obtained. The eluted viral suspension was concentrated

by acid precipitation.

2.12, Ultre violet absorption

The ultraviolet absorption spectra of different
preparations as also different components were recorded
using Hilger Intermediate quartz spectrograph with a
Spekker photometer. Distilled water was used for comparable

controls.,

2.13. Electron microscopy
Electron microscopy was used for the examination

of the purified material and leaf-dip preparations. The
purified material to be examined by negative staining technique
was mixed with an equal volume of 1 per cent phosphotungstic
acid at pH 7.0 and deposited on the grid coated with a thin
collodion film followed by carbon film. The preparations

were examined in the Philips EM 100 and Siemens Elniskop-I

electron microscopes.
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Negative staining was also attempted to examine leaf-
dip preparations. One square centimeter pieces of diseased
leaf of Tropaeolum majus were first fixed with 5-10 per cent
of glutaraldehyde for 2~3 hours and washed in distilled
water., PFresh cut ends of infected tissues were then dipped
for 2-3 seconds in a drop of 1 per cent phosphotungstic
acid (PTA) adjusted to pH 7.0 with 0.1 N KOH, to which was
added a small drop of detergent, 'tween 20', placed on a
carbon coated grid., The drop was air dried. Preparations
were also made from epidermal peals, cut-up, squeezed and
the small drop thus obtained was mixed with 1.5 ml of PTA
solution.

Some of these preparations both from purified material
and leaf dip preparations were shadow casted with gold after

the drop was air dried.

2.14. Serology
As the virus affecting double tropaeolum, resembled

more closely with the tobacco ring spot virus, its two
antisera were obtained, one from Laboratorium voor
Bloombollenonderzook, Lisse through the courtsey of Dr. D.H.M.
van Slogteren and the other from Instituut voor Plantenziek=-
tenkundig Onderzoek, Wageningen through the courtsey of

Dr. D.Z2. Maat. Theseé antisera preserved with 50 per cent
glycerine, were used after mixing with equal volume of

normal saline (0.9 per cent aqueous solution of NaCl).
Antigenicity of the double tropaeolum virus with tobacco ring
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spot virus antisera was tested for ascertaining their
relationship. The petals and leaves of the virus affected
single end double tropaeolum plants along with the
corresponding controls of healthy single tropaeolum plants
were sogked in 0.5 per cent Na2803 aqueous solution for
over night and macerated with 2 ml per gram of the same
solution. The extracted sap after straining through two
layers of muslin cloth, was diluted to 1:10 with normal
saline and centrifuged at 4,000 rpm for 10 minutes. The
supernatant, which contained antigen, was used for micro-
precipitin reaction of van Slogteren or the ordinary
precipitin reaction with different dilutions of the antisera.
On the other hand,there was no need of clarifying the sap
by centrifugation for Ochterlony double-diffusion tests.

The details of the different reactions are as follows:

Micro-precipitin reasction: For micro-precipitin
reaction (van Slogteren, 1955), the bottom of petri’dishes
were coated with a thin film of 'flexible collodion' (May
and Baker) which served as hydrophyllic film preventing the
minute droplets of antiserum-antigen mixture from spreading
out while covering with the parafine oil. Small droplets
of the antisera were put at the bottom of the petrl dishes
on the hydrophyllic film and mixed with equal sized droplets
of plant extract from different sources as mentioned above,
After thoroughly mixing the droplets, parafine oil was
carefully layered on the droplets so that they are covered.

This served to prevent the droplets to evaporate and stop
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spontaneous reaction which might occur at the border of

the droplets due to excess of evaporation. These petri-
dishes were incubated at 37°C for reaction to take place.
Observations were recorded after 15 -~ 20 minutes, either

through magnifying lens or by na¢ked eyes.

Precipitin reaction: Various two~-fold dilutions of
the antisera were prepared in normal saline and 0.1 ml of
each were pipetted in serological tubes., Subsequently,

0.1 ml of clarified plant extract having the antigen was
laid over the antiserum. These tubes were placed half
immersed in water bath at 40°C. Observations were recorded
after 15 min., 30 min., 45 min., 1 hr., 2 hrs., 4 hrs.,

8 hrs. and 16 hrs.

Gel-diffusion test: A uniform layer of 0.8 per cent
agar, 0.5 cm thick was prepared in the petri dishes or on
slides for such tests. The agar suspension was made by
dissolving 800 mg of cleaned bacto agar in 100 ml of normal
saline along with 1 ml of 0.5 per cent sodium azide, After
solidifying, small holes were bored in the solidified agar
layer with a cork-borer and filled with antiserum and antigen
separately in the required manner. The plates and slides
were incubated at 20°C. Reactions, in the form of translucent
bands in the agar layer in between‘the reacting antigen
and antiserum wells, were recorded.

2.15, Studies on inhibition of infectivity of the CPO strain
SF TUV with tropseolum Tos? extracts and its chemisal
StabilTzation oo

Since mechanical inoculation with the tropaeolum
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leaf extract in distilled water failed to induce infection,
the inhibitory effect of the tropaeolum leaf was investigated.
Young green and old yellowish-green leaves of Tropaeolum
majus were separately macerated to make standard extract.
Two dilutions of the standard extracts i.e. 10™1 and
4 x 10-1 were mixed with an equal volume of infectious sap
from TMV-CPO (Mathur et al., 1966) infected tobacco leaves
and inoculated on a set of half leaves of its local lesion
host, C. amaranticolor. The other half was inoculated with
a comparable control i.e. infectious sap mixed with an equal
volume of distilled water. The local lesions were counted
and percentage of inhibition calculated.

Por neutralizing the inhibitory principle present
in tropaeolum leaves, the leaf extract was mixed with equal
volume of 0.5 per cent solution of EDTA, Caffeicacid, Na2503
and water. In subsequent experiment single tropaeolum leaves
were goaked in 0.5 per cent solutions of EDTA, Caffeicacid,
Na2303 and water overnight, after which the leaves were
macerated and the extract was mixed with equal volume of
infectious TMV-CPO extract as above., Local lesion host was
inoculated with the freshly prepared mixture as well as'with
the mixture stored for 72 hours at 5-7°C. Inoculum was also
prepared from tropaeolum leaves frozen for 72 hours and
later mixed with infectious TMV-CPO extract. (. amaranticolor
plants were inoculated with the inocula prepared as above.
Bifferent treatments were distributed according to latin

square design on half leaves of C. amaranticolor. The other
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half of theleaves were inoculated with suitable control

i.e. infectious sap diluted with equal amount of

distilled water. Local lesions were counted and percentage

of inhibition or stimulation of infectivity was calculated.
Similarly, virus affected double tropaeolum leaves

were soaked overnight in EDTA, caffeic acid and Na2505

solutions at 5-7°C and macerated with each solution separately

so as to make standard solution. The inoculum thus prepared

was inoculated on the local lesion host C. amarasnticolor and

local lesions were counted.

2.16, Studies on inhibition of viral infectivity by coumarin
and sodium salicylate

Effect of coumarin and sodium salicylate on the
infectivity of the virus was investigated in vitro by mixing
various dilutions with the inoculum obtained by macerating
the leaves of turkish tobacco infected with CPO strain of
TMV. In every case the treatments were distributed on the
leaves of C. amaranticolor according to the latin square

design using half leaf technique.

2.17. Infectivity of virus affected tobacco plants

Infectivity of different plant parts: Plants of

N. glutinosa and N. tabacum cv. Xanthi were inoculated at

4 leaf stage. Fifteen days after inoculation, the inoculated
leaf, next upper leaf and the youngest leaf were removed

and macerated separately to prepare standard extract(s).

C. amaranticolor leaves were inoculated for assaying the

infectivity. Local lesions were counted and mean number of
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lesions per leaf was calculated.

Infectivity at different levels: Infectivity of
dif ferent leaf positions and the corresponding pieces of

internodes (stem) was ascertained above and below the
inoculation level in plants of N. tabacum cv. Xanthi. The
plants were inoculated at 4 leaf stage, upper two leaves
being inoculated, with the inoculum prepared from turkish
tobacco plants infected with the virus. Thirty days after
inoculatibn, the plants were uprooted along with their
complete root system, and thoroughly washed in water. Leaves
were plucked and numbered according to their positions above
end below the inoculation level before preparing the inoculum

for assaying the infectivity on C. amaranticolor. Internodes

of the size of 10 mm. corresponding to each leaf position
were cut, macerated and bioassayed. Besides, 2-5 mm. bits
of meristem-tip were cut and bioassayed.

Infectivity of the underground parts of the same plant
i.e. rootlets, main root and the portion just above the main

root was compared by ssmpling 10 mm bits of these tissues.

Infectivity of leaves at different intervals after
inoculation: A number of plants of N. tabacum cv. Xanthi

were inoculated at four leaf stage with standard extract
prepared from virus infected turkish tobacco plants. Different
sets of plants were inoculated at different intervals.
Thereafter all the sets of plants were harvested at the same
time so as to have inocula from plants 7, 9, 11, 13, 14, 17

and 21 days after inoculation. The inocula were prepared
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from these plants, separately, by macerating all the leaves
showing clear symptoms to make 'standard extract' for
bioassaying the infectivity on C. amaranticolor. .

In another set of experiments, inoculated and
uninoculated young leaves showing clear systemic symptoms
were collected from plants inoculated at different intervals
so a8 to have inocula from plants after 3 to 33 days of
inoculation and bioassayed for infectivity. This experiment
was done in two stages, in one the inoculum was taken from
plants harvested 3, 10, 20 and 28 days after inoculation,
whereas in the second case the period of harvesting was
8, 15, 25 and 33 days after inoculation. In both the cases

the treatments were randomized on half leaves of C. amaranticolor.

2.18. Infectivity of different parts of single and double
%ropaeoium pIan%s

Infectivity of different parts of single and
double tropaeolum plants namely, leaves, stem, roots and
flowers was estimated by preparing the standard extract
from these tissues in 0.5 per cent Na2s03 and inoculating
the turkish tobacco plants with a little pinch of celite

for bioassay.

2,19, Tissue culture studies

For tissue culture studies, several modifications
of the media of White (1943), Murashige and Skoog (1962),
Miller (1963), Quak (1957), Linsmaier and Skoog (1965) and
Buys (1968) with respect to contents like auxins, kinin,
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adenine, myoinositol and introduction of compounds like
casein hydrolysate,coconut milk and bean cotyledon extract
were tried (see Appendix II) for induction of undifferentiated
and differentiated callus cultures from various tissue
explants and organised meristem growth. These media were
solidified with 0.8 per cent Difco Bacto agar. The pH of
the media in each case wasg adjusted to 5.8 before dispensing
them in corning culture tubes and sterilising by autoclaving
at 10 psi for 15 minutes. The culture tubes and other glass
wares were cleaned with teepol and washed in two changes of
distilled water before use.

Before transplanting the different explants into the
culture medium for inducing the desired growth pattern, they
were sterilized by giving & quick rinse in 90 per cent ethanol
followed by passing them through 0.1 per cent mercuric
chloride (HgClg) and 30 per cent hydrogenperoxide (H202) for
1 minute each. After washing the explants in two changes
of sterile distilled water, excess of moisture was soaked
in sterile filter paper strips and planted on medium with
one end embedded.

The cultures were maintained at 25°: 5°C under continuous
fluorescent light and subcultured regularly after a growth
period of 3-4 weeks,

The infectivity of the explants from infected plants
and their subsequent cultures was estimated regularly at
each transfer by bioassaying the 'standard' infectious sap,
prepared from weighed tissue (macerated with 0.02 M phosphate
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buffer at pH 7,0) and inoculated on the leaves of C.
amaranticolor or turkish tobacco plants with a pinch of

celite.

2.19.1, Undifferentiated and dedifferentiated callus cultures

Attempts were made to obtain callus culture from
different tissues of healthy end virus affected single
tropaeolum, turkish tobacco and N. glutinosa and virus
affected double tropaeolum plants. The cultures obtained
after establishment of callus growth were markéd as P1
and subsequent transfers as Poy Pgs Py and so on. The
culturing of different tissues were done separately in

corning tubes (25 x 2.5 cm) as described below.

Embryos and seeds of single tropaeolum plants: For

culturing seeds and embryos, the seeds were sterilized
before and after soaking for overnight in sterile distilled
water (Mishra et gal., 1967)., Some of the seeds were
transferred directly into the medium while in some cases
excised embryos were transferred. The growth pattern was
noted after 30 or 45 days and subsequent transfers were

made as and when required.

Roots, stem end flower-buds: Young unopened flower

buds of single tropaeolum plants were transplanted into the
medium after sterilization as described above., Ten mm bits
of explants of shoots and roots of single and double
tropaeolum, turkish tobacco and N. glutinosa plants were
transplanted after sterilization as described by Raychaudhuri
and Mishra (1962).
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Leaf callus: For obtaining leaf callus, the leaves
of infected tropaeolum, turkish tobacco and N. glutinosa
plants showing clear symptoms as well as healthy leaves
of these hosts were cut transversly along the mid-rib into
10 mm wide strips and sterilized. After soaking the excess
of moisture from the leaf strips on sterile filter paper,
they were further cut into 10 mm segments and transplanted

with one end immersed into the medium.

2.19.2. Meristem~tip cultures of double tropaeoclum
Axillary as well as terminal meristem-tips,

having one meristem—-dome enclosed in a pair of leaf-
primordia and measuring approximately 0.1 to 0.5 mm were
dissected aseptically with a sterilised scalpel or the
flattened end of a needle. The double tropaeolum shoots
with axillary and terminal meristems were first sterilised
in HgCl, and H202 as described above before planting into
different culture media. About 8 to 10 meristem-tips were
first planted into one tube (25 x 2.5 cm) with about 10 ml
of solidified culture medium. After a period of 7 to 10
days, the explants showing meristematic activity were
transferred to 7 x 1 cm tubes individually on the same medium.
Care was taken in both the cases to submerge the meristems
beneath the agar surface as it was found to be essential to
induce the growth of the meristems. Subsequent transfers
were made after initiation of rooting on a semi-solid medium
(0.4% agar) without any suxin and kinin. A fully grown

meristem with roots and leaves was finally transferred to the
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sterilised soll mixed with sand end a little amount of
cow-dung manure and watered daily with the nutrient medium
having only mineral components till the plant-lets were
large enough., The tube cultures were kept in cool room
maintained at 2503 5°C under 20 hrs illumination from two
fluorescent tubes.



III RESULTS

3.1. Mechanicel transmission (sap inoculation)

Inoculum from double tropaeolum leaves .was. prepared
with distilled water as also with 0.5 per cent Na2803 solution
and was applied on the dorsal surface of single tropaeolum
and turkish tobacco leaves with or without celite or
carborundum (about 600 mesh) as abrasives. Results are

given in Table 3.1.

Table 3.1. Mechanical transmission of the virus

‘n-.o-

Test lants
Turkish tobacco

[]
Inocu%gghprepared No. 5 ¥o. o ; P
!plants ! plants { plants 3 plan'!;s
Sinocula- { showing + inocula=-! showing
1ted : symptoms ! ted ! symptoms
1. Distilled 10 - 10 -
water
2. Celite 10 5 10 7
3. Carborundum 10 . - 10 -
(about 600
mesh)
4. 0.5% NaZSOS 10 7 10 9
5. 0.5% Na2803 10 9 10 10
and celite

These results indicate that the disease of double
tropaeolum is transmissidle by mechanical inoculation with
the help of a mild abrasive like celite and a reducing agent



40

like Nazsoz. The visible symptoms of the disease on turkish
tobacco appeared within 5 days in the form of chlorotic spots
surrounded by concentric rings which tend to become systemic
within 7-10 days (25-28°C). On Tropaeolum majus it took 7-10
days for the appearance of first visible symptoms in the form
of mild vein-banding later on interspersed with concentric
chlorotic rings. The inoculum with carborundum either added

or dusted on the leaves did not produce any infection.

3.2, Biological transmission

3.2.1., Aphid transmission: ZPour aphid species, namely

Aphis gossypii, A. craccivora, Myzus persicae and Macrosiphum
pisli were tested for their ability to pick up the virus from

three different hosts i.e. turkish tobacco, Datura stramonium

and tropaecolum and to transmit on to tropaeolum, turkish
tobacco and Nicotiana glutinosa. Before feeding the aphids
on these hosts for acquiring the virus, pre-acquisition
fasting for 2 hours was given. The acquisition feeding was
for 30 minutes, whereas transmission feeding was for 19 hours.
Ten aphids were fed on each plant and the data is presented
in Table 3.2.
The virus was picked up from tropaeolum by the three aphid
species only namely, Aphis gossypii, A. craccivora and Myzus

persicae which could transmit the virus only to tropaeolum
and turkish tobacco. A. gossypii and M. persicae were equally

efficient vectors whereas A, craccivora had low percentage

of transmission. The preliminary symptoms in case of aphid

transmission, in general, were development of clear vein-banding
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Table 3.2. Transmission of the virus by aphids

r
Host tested

Source of the | Aphids tried !
[ 1B
¢

S L PR

host Tropaeolum ; Tobaccogg.glutinosa
Garden
asturtium Aphis gossypii 7/10 5/10 0/10
%gg%g§§§ziﬂ Myzusg persicae 8/10 6/10 0/10
A. craccivora 3/10 1/10 0/10
Macrosiphum 0/10 0/10 0/10
kisi
Nicotisna ~ A. gossypii 0/10 . 0/10 0/10
-———§—-Ea baogun M. persi 0/10 0/10 0/10
var, Xanthi = =- R2r8icec
A. craccivora 0/10 0/10 0/10
M. pisi 0/10 0/10 0/10
Datura A. gossypii 0/10 0/10 0/10
stramonlum  y  ,opgicae 0/10 0/10 0/10
A. craccivora 0/10 0/10 0/10
M. pisi 0/10 0/10 0/10
1. Pre-acquisition fasting 2 hrs
2, Acquisition feeding 30 min.
3., Infection feeding 19 hrs

4, No. of aphids used 10 aphids/plant
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on both tropaeolum and turkish tobacco leaves within 10-15
days after inoculation. Subsequent mechanical inoculations
from the same hosts produced characteristic chlorotic spots

and concentric rings on turkish tobacco and tropaeolum.

3.2.2, Nematode transmission: The results of nemstode
transmission are presented in Table 3.3.

The date indicates positive transmission with
X, americanum to one plant only, detectable with antiserum
reaction. The lack of infectivity of the plant roots may be
duve to presence of small amount of virus contents. The
nematode X. americanum was unable to reproduce under the
conditions of the experiments as is evident from the number of
nematodes recovered from the inoculated pots, From none of
these pots more than 25 adults besides a few juveniles, could
be recovered. This probably explains the positive transmission
of the virus in only one seedling out of ten inoculated. The

results with X, basiri Siddiqui were negative.

3.3, Soil transmission

Experiment I
The roots of bait-plants grown in sick soil were

bioassayed. Equal number of bait-plants were left to grow

in the sick soil for the possible appearance of disease

syndrome. The following are the results obtained (Table 3.4).
The data indicate mechanical or biological transmission

of the virus through sick soil. Roots of bait-plants grown

in sick soil from the two sources were almost equally infective.
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However, the number of plants showing visible symptoms was
less probably due to slow movement of the virus or meagre

amount of the inoculum,

Table 3.4. Transmission of virus through soil as detected
through bait-plant infections

1] L [}
] 1
Soil ! Bait-plants y._Biocassaying s Symptom appearance
samples { {No. of glants i No. of plants
' iinfected/no. of i showing symptoms/
' iplante tested | no. of plants left
: : t.in the pots
i. From 1. Turkish 5/10 2/10
pots tobaccoo
roots
2. C.ameranti- 4/10 2/10
color roots
2. From 1. Turkish 7/10 3/10
field tobacco
roots
2. C.emaranti- 5/10 1/10
color roots
3. Control 1. Turkish 0/10 0/10
tobacco
roots
2. C.amaranti- 0/10 0/10

color roots

Experiment II

The roots of 10 bait-plants grown in the steriligzed
soil were collected at random and bioassayed. Equal number
of plants, widely dispersed in the soil, were left to grow

for observations regarding the possible appearance of disease
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syndrome. The results are presented in Table 3.5 and
Figure 2.1.
Table 3.5. Transmission of the virus through soil detected

through bait-plant infection and development of
disease syndrome

Position of the No. of plantssNo. of plants

[] []
] []
t |
tested bait ! Bait-plants | showing root !showing disease
plants H ! infection(out!syndromes (out
(in the box) ! ! of 10 random {of 10 random
i ! selections) gselections)
Against sick A. Chenopodium 9 4
soil
B. Tobaceco 7 1
Against sick A. Chenopodium 3 2
plants and
soil B. Tobacco 3 2

The results indicate transmission of the virus from
sick soil to the bait-plants growing in sterilized soil.
The number of bait-plants showing infection was much less
in the other helf adjacent to the infected plants indicating
possibility of some biological agemcy being involved which
travel out freely into the sterilized soil in search of
fresh bait-plants.

3.4. Host range studies
In all 143 plant species, belonging to 29 families

of Angiosperms were screened for their susceptibility. Out

of these 80 plant species were found to be susceptible and
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the rest as immune, These are listed in Appendix I along

with their reactions to two other viruses i.e. the tobacco
ring spot (Price, 1940) and tropaeolum ring mosaic

(Schmelzer, 1960). In this list identical and closely

related plant species have been included as far as possible.
The grades with respect to susceptibility to the three viruses

are also mentioned along with each plant species.

3:4.1, Host plant reaction: The symptoms produced by the
double tropaeolum virus on different hosts have been described
below familﬂwise along with the susceptibility index (SI)

of each host.

Family: Iropaeolaceae. Double, semidouble and single
tropaeolum were found to be highly susceptible. Symptoms

on the three cultivars are given separately.

Double tropaeolum (Iropaeolum majus L.) =~ (SI : 16)

The symptoms of viral infection were most evident
on leaves, which showed light and dark green mottling with
yellowish or yellowish green rings and line patterns and
yellowish spots along the veins and vein-lets. Under
favourable cold climatic conditions, the leaves showed
crinkling and puckering (Pigure 3.1.b).

The petals which were scarlet in colour sometimes showed
colour bregking. The flowers showed complete sterility with
indefinite number of petals (Figure 3.1c). It appears that
sepals become modified eliminating the spur formation: whereas
petals, though retaining the same orientation, develop



Fig.3.1. Symptoms on Tropaeolum majus L.

a) Leaves of fTropaeolum plants showing mottling,
curling and puckering, with rings and line-
pattern, y = youngest leaf, H = healthy leaf,
0 = Older leaves.

b) Leaves of double tropaeolum plant showing
mottling, green -vein-banding and pin-point
chlorotic specks on younger leaf. Rings and

line-patternnot clear.

¢) Plant of double itropaeolum showing antholysed
flower and severe curling and puckering of
the younger leaves.,

d) Two plants of single tropaeolum showing mild
chlorotic symptoms.

e) PFlowers of (1) double (2) semi-double and
(3) single Tropaeolum, dessected out to show
the structure of all the floral parts. Petals
of double tropaeolum antholysed flower showing
colour breaking.

f) A leaf of single tropaeolum showing vein-banding
and chlorosis accompanied by faint rings.
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indefinitely in number at the expense of andreoeceum and

gynoeceum which are completely suppressed (Fig.3.1l.e).

Semi double tropaeolum (Iropaeolum majus) - (SI : 16)

The leaf symptoms were like the ones described for
double tropaeolum. In this case = , there was no colour
breaking of the flowers or any change in its morphology
(Fig.3.1.e).

Single tropaeolum (TIropaeolum majus) - (SI : 16)

The symptoms on the leaves were similar to those
described above. There was no colour breaking or any change

in the morphology of the flower (Fig.3.la,d,f).

Family Solanaceae: Out of 35 plant species belonging to

this family, 26 were found to be highly susceptible (SI:16)
whe reas three showed immune reaction (SI<0). The remaining
six showed different grades of susceptibility. Reactions

of some of the plant species are given below.

Nicotiana tabacum L. cv. Harrison's Special (SI : 16)
Chlorotic spots of 1 mm diam., with broken rings

appeared in 5-7 days of inoculation with a tendency to become

systemic (Fig.3.2a).

N. tabacum L. cv. White Burley : (SI : 16)
Chlorotic spots developed in 5-7 days and the infection
later became systemic inducing mild mosaic symptoms on young

eme rging leaves (Fig.3.2a).



Symptoms on some of the solanssecus hosts.

a)

b)

c)

d)

Leaves of (1) Nicotiana tabacum L cv. White Burley
and (2) . tabacum cv. Harrison's Special showing
systemic mild mottling with scattered chlorotic
patches.

Leaves of Lycopersicon esculentun lill. showing
systemic mild chlorosis and distortion of leaf
lamina. h = healthy.

Leaf of Wicotiana rustica L. cv. moti showing
systewic mosaic mottling and green vein-banding
with occasional necrotic pateches.

Leaves of Hicotiana glutinosa L. showing systemic
concentric rings and distortion of lamina.

Leaves of Nicotiana sylvestris Spegaz & Commes
showing moseic mottling and distortion of leaf
lamina. h = healthy.
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N. tabacum L. c¢v. Xanthi - (SI : 16)

Chlorotic lesions appeared within 5 days which were
later surrounded by chlorotic concentric rings. The infection
became systemic with chlorotic oak-leaf pattern, occasionally
necrotic resulting in the distortion of the leaves (Fig.3.3).

In older plants symptoms were masked.

Nicotiana glutinosa L. - (SI :