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of the insect, however, increases in winters upto

65 days or even more as against 13 to 15 days in
summers, Increase in population density of white»
fliea during summers is due to high temperature which
hastens the developmental stages of B. tabaci.

Since A. conyzoldes is a breeding host of
B. tabagl and the vector ia present throughout the
year on these plants with dirfferent frequency, its
role in epidemiology is further enhanced.
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S UMM A RY

The work embodied in this thesis has been divided
in two sections. Section I deals with various aspects
of zinnia vein-banding virus (2ZVBV) while Section II
incorporates the work carried out on zinnia yellow-net

disease agent (ZYUA),

SECTION~ I

Zirmia vein=handinrs disease wvas characterized by
dark=-green vein bands on the leaves. The infected leaves
were reduced in size accompanied with deterioration in
plant growth and flowering. The disease incidence in year
1977 and 1978 was 57 and 65 per cent respectively. The
causal agent was transmissible by graft, ssp inoculation
as also through the agency of aphids viz. Aphis gossypii
end A. gragaivora. Mechanical tranamission was difficult
wvhen Zinnia was used both as donor and recipient host.
Cuounis aativus acted as a better source of virus as
well as a test host. Tronnnission rate by mechanical means
could be inereased by adding sodium sulphite (0,01M) in the

inoculum, Use of various bu7fer systems of different pH



233

and molarity, addition of chelating agents and tannin
inhibitors in the inoculum either alone or in various
combinations did not result in enhanced transmission

rate from Zinnia to Zinnia. The disease was neither trans-
mitted by whiteflies nor through sceds,

Hogt-range studies indicated Zinnie elegans,
Nicotiang slutinosa, N. tabnhcum vars. White Burley Samsun
NN, Xanthi n.c., Cucumis sativus, Dorothennthus bellidiformis,
Chenopodium amaranticolor and C. album as susceptible host,
One hundred and twenty-thrae other plants neither showed any

apparent symptoms nor the virus could be detected in them
by back inoculations on C. nmaranticolor.

Virus~-vector relationship studies indicated a typicsl
nonepersistent mo e of transmission by aphids, The aphids
agquired the causal agent in a minimwm of six seconds and
needed approximately same time to transfer the disease to
healthy plantas, Optimm transmission was obtained by
acquisition and inoculation access periods ranging from 61
to 90 secomds and 30 minutes, respectively, Non-winged aphids
wvere more efficient vectors as compared to winged ones,
Viruliferous aphids retained the virus to a maximum of 30
minutes, Moulting of the viruliferous aphids resulted in
the losa of inooulability.



£. amaranticolor produced maximum lesions at six
fully expanded leaf stage, The lesions were more when
carborundum was sprayed evenly on the leaves instead of
mixing in the inoculum, Number of lesions was further
enhanced when plants were given a pre-inoculation darken-
ing of 24 hours. Removal of apex of plant and post-inocula=
tion rinsin, of the leaves with distilled water had no
appreciable effect on lesion number.

The causal agent became innocuous vhen diluted to
11500, heated at 52°C for 10 minutes and stored for tventy-
four hours at room temperature (28=30°C) vhen L, gmeranticolor
was used as test hoast.

Cucumis gativus was found to be a more suitable host
for purification as compared to others, It could be easily
grown within a short time and a high concentration #f the
virus oould be detscted within seven days of inoculation,
Amongst various buffers, phosphate bufrfer O,1M, pH 7 was
found more appropriate for extracting the virus from diseased
tiasue,

Clarification of infectious sap by orgenic solvents
viz,, butanol, chloroform, ether and carbon tetrachloride
resulted in almost total loss of virus,
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Sap mixed with charcoal, celite and a combination
of both vhen passed through buchner funnel supported by
a celite pad resulted in 97, 98 and 84 per cent loss of
active virus respectively. Filtration through buchner
furmel without a celite pad caused 39, 12 and 75 per cent
loss in activity. Elution of the virus from celite pads
using different molarity and pH range of phosphate buffer
were futile. Treatment of sap vith charcoual, celite and a
combination of both followed by contrifugetion was superior
over Jiltration turonwsh a buchner Zurnel. The time of
cmtri uration o ~Toregrid sancle, howower, affected the
virus content in supen “ant. ive ninutes centrifugation
yielded a supernatant nroducin: 2%4, 19 and 277 lesions
respectively ag compored to it locion in conbtrol. VYhile
centrifugation o 15 minutas resulu.ed in decreased infectiw
vitry of samnles. A total loss of infectivity was recorded

in 30 minutes of centri ugztion,

Si{lver nitrate was wnsuitable for clarifiecation of
sap containing ZVBV since it could hardly remove pigments
at concentrations tolerable to virus. Trials of clarifi-
cation through different batches of calcium phosphate gel

gave inconsistent results,

Results obtained at various steps of differential
centrifugation of clarified sap (Filtrate= A) indicated
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the msulitability of this method for concentration of

ZVBV, Polyethvlene glveol (4%) along with NaCl (20%)

could precipitate ZVRV from Filtrate~ A, The virus was
suspended more efficiently from such precipitates using
buffer + I'DTA instond of buffer alone, JSuspansion of pre=
cipitate in bhuffer + VDTA vielded 150 lesions in comparison
to 100 produced by the same dilution of Filtrite- A,
Repracipitation o virus from such concentrated preparation
(CCS) using 4% or 8% PG + 2 nC1l was not effective, Moree
over, 105 PEG and aaturetsd : rmonium sulphote also could not

pracipitate ZVBV Trom <Y,

III and TV samles obtained after sucrose density
gradient centrifu-ntion vere colowrless, highly infectious
and shoved maximun end minimum .-bsorbance at 256 and 244 nm
respectively. Absorbance ratios of 280/260, 260/280 and
maximum/minimum corresponded to 0,71, 141 and 1,04 respect-
ively. Such preparation, however, was not antigenic as
revealed by serological trials,

Purified preparations ol JVBV showed bullet shaped
structures having & mean size of 240 x 65 nm along with
distorted bag like and rossette like structures, In leaf dip
preparation occa:ionally distorted bscilliform struotures
were observed, ZV3V, except ior non-persistent mude of aphid
transaission, rasembles to known plant rhabdoviruses in
particle morphology, hio=physical properties and susceptibility
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to organic solvents,

ZVEV had a marked influence on growth and
flowering of Zinnia glegans. The effect was highest
vhen infection took place seven days a’ter transplantation
followed by plants infected after 21 days of transplanta-
tion, The effect was negligible when plants were infected
at 42 and 60 days after transplantation of seedlings,
Maximum retardation due to ZVBV in growth of the main
shoot, number, weight and diameter of Yloral heads
corresponded to 41, 57, 68 and 43 per cent respectively.

Ten different varieties of Zinnie were screened
for resistance against ZVBV by exposing the plants to
viruliferous aphids, Amongst these, variety Haageana or
mexican hybrid was found promising,

3 - I

Review of literature incorporates the various
studies relating to whitefly transmitted diseases oocurring
in the world, Materials and methods specifically deal with
handling of the whitefliea and details used for study of
disease agent~vector relationship.

Zinnia yellow-net disease was characterized by
vein yellowing and rugosity of the leaves, stunting
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of the plant and deterioration in quality and quantity of
blooms, The leaves of infected plants, at later stages of
disease development, gave a diffused yellow appearance.

Various trials of mechanical transmission including
the inocula prepared in distilled water; various buffer
syst ms adjusted at diffarent pH and molarity; addition of
chelating agents, anti~oxidants and tannin inhibitors in the
inoculum either alone or in various combinations; adsorption
of the inoculum using activated charcoal, celite and calcium
phosphate gel separately; treatment with organic solvents
viz,, butanol, chloroforn, butanol + chloroform, and addition
of silver nitrate, proved futile when Z. glegans was used both
as a donor and recipient host., Besldes modification in
inooula, a change in the source~host of infectious agent
viz., Ageratus ggnvaoides, Datura stramonium and Jomphreng
Klohosa also did not result in positive mechanical trensmie-
ssion. The reasons for negative sap transmission of the
disease have besn eleborated and discussed,

The disesse agent (ZYDA) was neither transmissibdle
through several species of aphids tested in the inveati-
gation nor via seeds obtained from diseased plants., Whitee
flies, later identified as Bgmisia tabgei, could efficiently
transmit the disease but an unidentified whitefly which
breeda on Ixore sp. in nature did not act as a vector,
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Amongat thirty-two plant speclies tested during
host range study only Athaes rogea, Datura stramonium,

Gomphrona globosa and Ageratum convgoldes were suscepti~
ble. The remaining plants, neither developed any apparent

symptoms nor the virus could be recovered from them as
revealed by back inoculation teats through whiteflies.

Studies carried out on agentevector relationship
revealed minimum acquisition and inoculation accesses of
2 and 2 hour respaectively. Vhiteflies starved for four
hours, however, could acquire disease agent even in 1 hour

access perlod,

Eight viruliferous white{lies per plant resulted
in hundred per cent transmission, The minimum latent
period of ZYDA in the whiteflies was determined as 15 to
18 hour. Once the ai-ent was acquired by whiteflies it
persisted in them for their 1life span. A single whitefly
acquire and transmitted the agent with a probability of
39 per cent for females and 15 per cent for males.

The whiteflies could not acquire and/or transmit
ZYDA when allowed to feed for 24 hour on the sap from
infected leaf through a parefilm nembrane followed by a
48 hour inoculation acoess on test plants. Concentrated
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preparations obtained using a few conventional methods of
isolation of plant viruses neither gave a UV spectra

typiosl of micleo~proteins nor any virus/virus-like particle
could be visualised when such preparations vere stained using
2 per cent PTA at pH 6,5 and observed in electron microscope.

ZYDA ghowed close resemblance to Hibiscus yellow vein,
cucumber vein yellow and yellow vein of A. conyzoides in
symptomatology. Tranamission characteristics, host-range
and agent-vector relationship studies, however, indicated
1t to be a new whitefly trensmitted agent.

ZYDA had a profound influence on growth and flowering
of Z. clegans. The effect was drastic when infection took
place 7 days after transplantation of the seedling but
gradually diluted when plants were exposed for infection at
2% and 42 days after transplantation, The effect was
negligible when plants were infected 60 days after transplane
tation, Maximum retardants due to ZYDA in growth of the main
shoot; number, weight and diameter of the floral heeads
corresponded to 71, 55, 90 and 70 per cent respectively.

Epidemiologloal studies of ZYDA disclosed that Agerstum
sonygoides serves both as an alternative host of the agent
during off-geason of Zinnig as well as provides additional
inoculum during its main season, Infected A. conyzoides plants
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served as a souroe of ZYDA throughout their life apan,
while the whiteflies could not acquire the disease agent
from old Zinnig plants.

Counts of the whitefly eggs, nymphs and adults in
different months of an year on A. conyzoides plants showed
that the population gradually builds up from March onwards
t111 June., After heavy rainfall during late June and July,
the number of nymphs and eggs per leaf was not much affected
vhile the number of adults per leaf was significantly
decreased followed by an increase in August and September,
The number of agra, nymphs and adults showed a decreasing

trend from October through February,

Weather conditions had a perceptible influence on
time taken for emergence of adults after egg laying and
life span of adult whitefliea, The life span of B. tabagci
ranged from 8 to 15 days in summerc and rainy season as
compared to 30 to 65 days in winters (NovemberwFebruary),
Time taken between egg laying and ecmergence of adults
during April, June and November corresponded to 18, 12 amd
70 days respectively,



