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In my frail canoe I struggle*^d cross the sea 

of desire, and forget that I too am plaj'-ing a game. 

From 'The Crescent Hoon' 
by Rabindranath Tagore 
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THESIS SECTION 

A b s t r a c t 

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

Double t ropaeolum p l a n t s (Tropaeoliim ma .jus L . ) j e x h i b i t i n g 

abnormal f l o r a morphology l e a d i n g t o complete a n t h o l y s i s and 

s u p p r e s s i o n of sexual morphogenesis , a^e found t o be i n v a r i a b l y 

i n f e c t e d by a v i r u s showing c h l o r o t i c and n e c r o t i c r i n g s , 

m o t t l i n g , c u r l i n g and pucke r ing of t h e i r l e a v e s and co lou r 

b r eak ing of f l o w e r s . 

The v i r u s i s s a p - i n o c u l a b l e when mixed w i th c e l i t e and 

NagSOg and i s t r a n s m i t t e d by aph ids (Aphis g o s s y p i i G-lov., 

A. c r a c c i v o r a Koch, and Myzus p e r s i c a e S u l z . ) from t ropaeo lum. 

Prom t o b a c c o , t he v i r u s i s not t r a n s m i t t e d by aph id s but 

r e a d i l y through s o i l . There i s s t rong ev idence of i t s be ing 

t r a n s m i t t e d by nematode (Xiphinema ameg.icaiium Cobb . ) . The 

t h e r m a l - i n a c t i v a t i o n - p o i n t of t h e v i r u s l i e s between 60 and 62°G, 
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d i l u t i o n end-po in t 10 and 15 x 10 , l o n g e v i t y i ^ v i t r o 

between 48 and 75 h r s a t 19-27°C and between 168 and 240 h r s 

a t 8-10°C. The i n f e c t i v i t y i s maximum a t pH 6 . 0 . P r e e z e - d r i e d 

l e a v e s when kept 4-7°C do no t l o o s e t h e i r i n f e c t i v i t y up to 11 

months. The wide h o s t range of the v i r u s i n c l u d e s p l a n t 

s p e c i e s belonging t o f a m i l i e s : Gucurb i taceae , Moraceae, 

U m b e l l i f e r a e , Oxa l idaceae , L a b i a t a e , V i o l a c e a e , Balsaminaceae , 

Chenopodiaceae, Amaranthaceae, Compositae, Leguminosae, 

i - ^emon iaceae , Ranunculaceae, S c r o p h u l a r i a c e a e , So lanaceae , 

Tropaeolaceae and Verbenaceae, i n d i c a t i n g d i f f e r e n t deg rees 

of s u s c e p t i b i l i t y . S t a t i s t i c a l a n a l y s i s shows random 

d i s t r i b u t i o n of s u s c e p t i b i l i t y i n t h e s e f a m i l i e s . The'mean 

h o s t r e a c t i o n ' of the v i r u s does not d i f f e r s i g n i f i c a n t l y from 
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both TRS? (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 Orange indicating their ENA 

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 

pxirified 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 

DMRSV and differences in the symptom expression on some of the 

common hosts, suggest MRSV to be a strain of TRSV affecting 

tropaeolum plants. 

A comparison of infectivity of different parts of tobacco 

plants infected with DHRSV 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 im of double tropaeolum flowers are 

highly infectious, whereas the infectivity is altogether absent 
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i n the pe t a l s of s ing le tropaeolum and are reduced considerably 

in the leaves of both. The inh ib i to ry ef fect of tropaeolum 

leaves i s neu t r a l i s ed by soaking them in so lu t ions of 

NagSOg, caffeic acid or EDTA. Coumarin and soditim s a l i c y l a t e 

i n h i b i t MRSV i n f e c t i v i t y in v i t r o . 

Callus cu l tu re s of v i rus affected tropaenlum, t u rk i sh 

tobacco and H. g lu t i nosa explants shows decrease of i n f e c t i v i t y 

in subsequent t r a n s f e r s . With respect to t u r k i s h tobacco, the 

l ea f ca l lu s i s more in fec t ious than the c a l l u s developed 

from stem. Dedifferent ia ted cu l tu res give r i s e to both 

in fec t ious as well as non- infect ious shoots , but i n f e c t i v i t y 

of these cu l tu res as a whole i s more than tha t of the 

undi f fe ren t ia ted ca l lus c u l t u r e s . WK immkmsmtmiUrm ahadiBiiBHm^-

MvatMei aHdBis» ctdakMnK. The h is togene t ic ded i f f e r en t i a t i on 

and production of chlorophyl l in the ca l lus has no effect on 

the i n f e c t i v i t y . 

Strong caulogenic response i s observed in mer i s t em- t ip -

cu l tu res grown on medium incorporated with 7.0 mg/1 of adenine 

and 100 mg/1 of myoinosi tol . 
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P i g . 1 , 1 . A, Symptoms on double tropaeolum p l a n t s . Leaves 
showing c u r l i n g , puckering, green vein-banding, 
cb lorot ic r i ngs and mot t l ing . 

B. Symptoms on tu rk i sh tobacco p lan t s with severe 
d i s t o r t i o n and mott l ing of young leaves^with 
Concentric r i ngs , l i n e - p a t t e r n and occasional 
n e c r o s i s . 

C. Symptoms on Datura stramonium showing systemic 
mott l ing ch loro t ic patches and occasional 
concentr ic r ings on the inoculated l eaves . 
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I INTEODUCTIQg 

Tropaeolma ma.ius I., the Indian cress or garden 

nasturtium is widely grown ornamental and is native of South 

America, !Ehe 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 antholysie, 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 affected by a 

mycoplasma (Personal coiununication from Dr. L* Bos)* 

Besides this, a number of plant viruses have been 

reported to inJfect T, ma.1us. 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 thsy produce , vary (Table 1.1). 

Tropaeolum mosaic virus with Zinnia elegans Jacq.* 

as the only other known host was described by Jensen (1950) 

from California, USA and by Silberschmldt (1953) from Sao 

Faulo, Brazil* According to Smith (1957), tropaeolum mosaic 

virus described from USA and Brazil happen to be the same 

virus which is se^ transmissible as well as transmitted by 

aphids, Mvzus persicae Sulz*, M* oircumflexus Buckt*, Aphis 

rumicis L*, î* ferruglnea-striata Essig and Bhopalosinhum 

prunifoliae (Fitsoh). The virus is characterised by the 

production of vein-banding and ehlorotic 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 occtirring 

virus, tropaeolum ring spot virus from England, having a 

wide host range belonging to the families Solanaceae, 
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Leguminosae and Tropaeolaceae, usually showing characteristic 

chlorotic and necrotic ring spot symptoms, capable of being 

sap-transmissible and also by M. persioae and A. fabae Scop. 

Schmelzer (i960) observed a similar disease at Ascherlebon, 

East G-ermany 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 

indlcaire Irhair all 1;hese viruses are either the same or strains 

ofjthe 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 

mottling and flower colour breaking. It also differs from 

the above two viruses in causing clear and distinct mosaic 

mottling on Mootiana glutinosa L. 

Beet curly top (Severin and Preitag, 1933) and tomato 

spotted wilt (Pittman, 1934; Gardner and './hippie, 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. 
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Smith (1952) repor ted garden nasturt i tun to be a 

suscept ib le host of ciicuinber mosaic v i r u s and tomato spot ted 

w i l t . However, cucumber mosaic v i rus has been reported to 

occur on t h i s hos t i n na tu re in East Germany (Schmelzer, 

1960). 

All the remaining v i ru se s l i s t e d in Table 1.1 have 

been reported to be in fec t ing Tromeolum ma.lus or ^ . 

pe regr in i^ L. on a r t i f i c i a l inocu la t ion as one of the h o s t s . 

With the exception of a s t e r yellows, a l l these v i ru se s are 

sap- t ransmiss ib le (Severin and F r e i t a g , 1945). Aster yellows 

i s charac ter i sed by gene ra l ch lo ros i s and s t u n t i n g . Tobacco 

mosaic v i i u s does not appear t o mul t ip ly and cause symptoms 

on garden nasturt ium as i t remains confined to the inoculated 

leaves only (Holmes, 1946). C5hrysanthemum aspermy v i rus 

(Holling;^955) i s a lso t r ansmi t t ed by aphids, causing 

mott l ing and n e c r o s i s . Tobacco s t reak (Pulton, 1948) causes 

nec ros i s and spot t ing on the l eaves and has no v e c t o r s . 

Besides tropaeolum r ing spot and cabbage black r ing 

spot v i r u s e s , other r i n g spot group of v i ru se s i . e . a s t e r 

rijag spot virus (Anderson, 1954), Tobacco broad r ing spot 

v i rus (Johnson and Pul ton, 1942), Tobacco r ing spot v i rus 

(P r i ce , 1940), tobacco r ing spot v i rus No.2 (Br ie r l ey , 1954) 

and tomato black r ing v i rus (Smith, 1946), are known to be 

in fec t ing garden nas tur t ium. Amongst a l l of them tobacco r ing 

spot v i rus i s the most important . I t has a wide hos t - range , 

i n which a re included some of the economically important 

hos t s . The v i r u s produces c h a r a c t e r i s t i c nec ro t i c loca l 

l e s ions and systemic ch lo ro t i c and nec ro t i c r ings on many hos t s 



besides tobacco, on which the v i rus was f i r s t described 

(Frommeet a l , , 1927; Pr iode , 1928; Wingard, 1928 and Fenne, 

1931), Moreover, i t a lso causes pollen s t e r i l i t y in tobacco 

(Valleau, 1941). Besides s a p - t r a n s m i s s i b i l i t y , i t i s a lso 

t ransmi t ted through seeds of petunia (Henderson, 1931 )and 

Lincoln v a r i e t y of soybean (Desjardins jet a l . , 1954) and 

tiirough several vectors v i z . , nematodes, Xiphinema am e r i c ana 

Cobb (Fulton, 1962; Sauer, 1966), d i f f e r e n t i a l grass-hopper , 

Melanoplus d i f f e r e n t i a l e s (Thos) (Dunleavy, 1957), tobacco 

f l e a - b e e t l e , Eptr lx he r t i penn i s (Melsheimer) (Schuster , 1963), 

t h r i p s , Thrips t abac i Lindeman (Valleau, 1951) and 

F rank l in i e l l a sp . (Bergeson e_t ^ . , 1964), and red sp ider 

mi te , Tetranvchus s p . (IDhomas, 1969). Valleau (1951) gave 

only c i r cums tan t i a l evidence in support of t ransmiss ion by 

Ih r ip s t a b a c i . whereas Smith and Br ie r ley (1955) suggested 

t h a t Myzus pe r s i cae may t ransmit i t from g lad io lus p a r t i c u l a r l y 

wftien associa ted with bean yellow mosaic v i r u s . Of a l l these 

agencies nematodes a r e considered to be the most e f f i c i en t 

vec tors in the glasshouse experiments (McGuire, 1964a,b; 

Te l i z , 1967). 

Although the d i sease syndrome of the v i rus luader 

considera t ion resembles more c l o s e l y with the r i ng spot group 

of v i r u s e s , none of the e a r l i e r reported v i r u s e s are known 

to suppress sexual development and induce s t e r i l i t y in garden 

nas tur t ium. Only Valleau (1932) reported d i f f e ren t degrees 

of po l len s t e r i l i t y in tobacco as a r e s u l t of tobacco r ing 

spot v i rus i n fec t ion . I t was, t h e r e fo re , considered necessary 
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to study the following aspects: 

1. Oharacterization and ident i f icat ion of the causal 

virus , 

2. The infect ivi ty of f lora l parts of dou'ble 

tropaeolum plants , 

3. Taxonomic aff ini ty of suscept ib i l i ty , 

4. Stabilizing the infect iv i ty 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 t issues. 



I I IJATERIAL AND METHODS 

2 . 1 . Soiirce mater ia l 

The virus affected plants of double tropaeolum, 

Tropaeolum ma .jus L., were originally collected from Throp's 

Nurserj 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.R. 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 viriis was isolated from infected double 

tropaeolum plants through aphid transmission (Myzus persicae 

Sulz.) as also by sap inoculation on single garden nasturtium, 

(Tropaeolum ma .jus L.). Prom 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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t r a n s f e r s by subsequent sap i nocu la t i ons . 

2 . 3 . Maintenance of the cu l tu re 

The experimental work was done mostly a t the 

Department of Botany, Aligarh Mxislim Univers i ty , Aligarh 

and the Division of Mycology and Plant Pathology, Indian 

Agr icu l tu ra l Research I n s t i t u t e , New Delhi during October-

Apri l aver a period of four y e a r s . Since the remaining pa r t 

of the year was too hot for the expression of v i s i b l e d i sease 

syndrome, the v i rus was maintained a t Simla on i t s o r i g i n a l 

host or a t Aligarh and Delhi on Grota lar ia brownae on which 

i t produced systemic ch lo ro t i c concentric r i n g s , Some 

experiments were undertsiken a t the I n s t i t u u t voor P lan tenz iek-

tenkundig Onderzoek and Laboratorium voor Virologie 

(Landbouwhogeschool) Wageningen, the Netherlands, where the 

author spent some time on PAO-fellowship. 

Attempts were a lso made to maintain the v i r u s in 

t i s sue cu l tu re (Mishra and Raychaudhuri, 1967) by growing 

v i rus affected t i s s u e s on synthet ic cu l tu re medium by repeated 

subcu l ta r ing . The d e t a i l s of these methods are discussed 

sepa ra t e ly . The v i r u s c u l t u r e was also maintained in 

desiccated l ea f b i t s over calcium ch lor ide (CaClg) in sealed 

tubes stored a t temperature of 4-7°C as suggested by Bos 

(personal communication). This method comprised of the 

following s t eps ; The tu rk i sh tobacco leaves showing severe 

d isease syndrome were washed thoroughly in t a p water 

immediately a f t e r plucking them. These leaves were then dr ied 

on a b lo t t i ng paper shee t and chopped in to f ine small pieces 
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before desicoating them in a des icca tor over CaClg at 4 C 

for one week. The desiccated l e a f - b i t s were s tored in tubes 

with a l i t t l e amount of CaClg at 4-7°C a f t e r carefu l ly 

plugging and sea l ing . The i n f e c t l v i t y was pe r iod i ca l l y 

t e s t e d . The inoculum was prepared by soaking the desiccated 

l e a f - b i t s for overnight in 0.5$^ so lu t ion of Sodixim sulphate 

(NapSOg), macerating and inocula t ing the t u r k i s h tobacco p lan t s 

with a pinch of c e l i t e (John-Manville, U.S.A.) . 

2 .4 . Technique of bioassay 

Many preparations were assayed for their infectivity 

by counting the local lesions produced on the inoculated 

leaves of Chenopodium amaranticolor Ooste 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 H. tabacum 

cv, Xanthi. 

2 . 5 . Llechanical t ransmission 

Inoculum was prepared from tu rk i sh tobacco p lan t s 

grown in insect-proof glass-house with the temperature 

ranging from 10 to 25°C. The leaves showing c lea r systemic 

chlorot ic symotoms were soaked in 0,5)o solut ion of 

NagSOg for at l e a s t two hours before macerating and s t r a in ing 

through two layers of muslin c lo th . One volume of f reshly 

ext rac ted crude sap was d i lu ted with 9 volumes of O.OUi 

phosphate buffer a t p2I 7 and rubbed with a l i t t l e 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 about 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 gossvpii Slover, 

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: Per acquisition 

feeding, the aphids were first starved for two hours for 

increasing the efficiency of transmission, before releasing 

than 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 0.19̂  Ekatox spray so as to destroy the nymphs, if any. 

The test plants were kept iinder observation for 4-5 weeks. 

Seedlings fed with non-vir\iliferous 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. Five 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 amerioanum* 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 

namatodes were reisolated and again seeded in the pots having 

* The nematode inocul\jm was obtained through the courtsey 
of Dr. C.L. Sethi, Division of Hematology, 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 tolmcco 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 serologically 

tested with TRSV-antiserum, earlier found to react with the 

virus. 

Similar experiment was also set up with Xiphinema 

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 

pot shaving 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 £, 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 hox 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 0. 

amaraaticolor were sown in sterilized soil 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 moaths 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 trajisplanted 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 eacpressed. The 

test plants that failed to give any evidence of viral 

multiplication were considered to be immxine. 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 Not. 
expression of viral multiplication (susoepti-

bility index) 

1. Complete immunity - 0 
2. Subliminal infection + 1 
3. Localised necrotic reaction •¥ Z 
4, Localised chlorotic 

reaction (Chlorotic 
concentric rings, etc) 

Contd.. 
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Scale of susceptibility contd. 

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

bility index) 

5. Systemic necrosis 
or death of the 
plant -f 8 

6. Systemic chlorosis 
including oak leaf 
pattern + 16 

Percentage of infection was not taken into consideration 

so as to 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 

plant speciest 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, I960). 

The families were categorised into five groups on the 

basis of maximum disease reaction exhibited by plant species 

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 



20 

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). She 

host reactions as reported for these viruses were compared 

with those of the virus xinder study for any possible similarity 

or relationship, luaing analysis of variance (Snedecor, 1965), 

2«9. Physical properties 

For studying the physical properties of the virus, 

atxe 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 inaotivation, 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 withi 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*̂ 0. and at room temperature of 19-27°C 

(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 Ijl. 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 calciilated for each treatment. 
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2.10. Ovtopathology 

Phloxlne staining: For studying the presence of 

inclusion bodies, pealed epidermis from stems, petioles and 

underside of leaves were stained in a I9S solution of phloxine 

in water (Rubio-Huertos, 1950). Staining was also done with 

phloxine mixed with 1^ solution of methylene blue in IjS 

saline for better contrast (Bos, 1969). The stained strips 

were finally washed in water and moimted in water or IjS 

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 

pump for 10 to 15 minutes. Epidermal peals were removed 

from the lower surface of leaf lamina and petiole and stained 

with Acridine Orange (AO) (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 solution of AO 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 CaClg 
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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. O.G.I., Germany). Ultra-

vieiet light for examination 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 

G6 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 enzymatic treatment: The 

epidermal peals from diseased leaves were treated with 

ribonuclease (RNAse) enzyme from bovine pancrease (BXE, England) 

at 10°Q for 3 hours. The HNAse was used at the concentration 

of 50 r/ml in 0.05 M phosphate buffer (pH 7.5). Por 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 phloxlne as above. 

2.11. Purification 

Selection of production host; A number of host 

plants viz. Petunia hybrida Yilm., Datura stramonium L. 

Nicotiana glutinosaL.and 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 0.55̂  solution of NagSOg in distilled water so as to 

prepare a standard solution. The infeotivity of the extracts 

was bioassayed. 

Storage of harvested material? The leaves of the 

inoculated turkish totiacco showing severe symptoms, 7-10 days 

after inoculation, were harvested. They were then soaked in 

a small volume of 0.5^ solution of NagSO^ and stored in 

refrigerator at 0-4°C for further processing. 

Extraction of sap; 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 phosphate buffer (0.1 M) , borate 

buffer (0.5 M) and sodium sulphite (O.SjJ) at different pH 

ranges, 6.7, 7,0 and 7.6 with or without O.I96 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 ma te r i a l by centr i fuging a t 12,000 rpm 

for 20 minutes. Ilie emulsions formed with chloroform or with 

chloroform and butanol mixture were broken by low speed 

cent r i fugat ion a t spOO rpm for 5 minutes and then the aqueous 

phase separated out and centrifuged a t 12,000 rpm for 20 

minutes as above. 

P u r i f i c a t i o n : Generally two a l t e r n a t e cycles of low 

speed (12,000 and 4,000 rpm for 20 and 30 minutes, r e spec t ive ly ) 

and high speed (30,000 and 40,000 rpm for 120 and 90 minutes, 

respec t ive ly) u l t r a c e n t r i f u g a t i o n of the c l a r i f i e d sap were 

employed for obtaining fu r the r p u r i f i c a t i o n . The f i n a l p e l l e t 

was dissolved in 0.02M or 0.03M phosphate buffer a t pH 7.0 and 

7 .6 , r e spec t ive ly . The f i n a l p e l l e t was a lso suspended in 

O.OIM ethylenediamine t e t r a - a c e t a t e (EDTA) a t 7,0 pH in 

some of the p u r i f i c a t i o n schedules . 

I n f e c t i v i t y of the crude plant sap was compared with 

suspension of f i r s t high speed cen t r i fuga t ion (30,000 rpm) 

p e l l e t . In order to make the t e s t comparable, the p e l l e t 

was dissolved in 0.02M phosphate buffer equal to the volume 

of c l a r i f i e d sap t h a t yie lded the p e l l e t and the crude ex t rac t 

was made with the equal volume of the same buffer . 

The f i n a l v i rus suspension was c l a r i f i e d by another low 

speed cen t r i fuga t ion a t 4,000 rpm f o r 10 minutes. 

The f i n a l l y pur i f i ed v i ru s suspension was used for 

e lec t ron microscopy densi ty g rad ien t cen t r i fuga t ion as a l so 

u l t r a v i o l e t absorpt ion spectrum for analysing the p repa ra t ions . 
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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. Two 

ml of viral suspension was layered on sucrose gradient. 

These tubes were centrifuged for 150 min. at 22,500 rpm in 

a Spenco Model L ultracentrifuge using SW 25 rotor. After 

centrifugation, the tubes were examined in a vertical beam 

of light 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 pellets 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 cylinders, one with 4 per cent and 

the other with 8 per cent agar preparations (autoclaved 

for 30 min. at 15 lb. 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 again 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 ohtsdned by macerating 

100 g of inoculum in 100 ml of buffer (0.2 M of sodium 

dihydrogen phosphate and 0,3 M sodium chloride ad;justed 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. Ultra 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 stainixig was alao attempted to examine leaf-

dip preparations. One square centimeter pieces of diseased 

leaf of Iropaeoliun ma.lns were first fixed with 5~10 per cent 

of glutaraldehyde for 2-3 hours and washed in distilled 

water. Presh cut ends of infected tissues were then dipped 

for 2-3 seconds in a drop of 1 per cent phosphotungstic 

acid (PIA) 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.Z. Maat. Thesi antisera preserved with 50 per cent 

glycerine, were used after mixing with equal volume of 

normal saline (0.9 per cent aqueous solution of HaCl). 

Antigenicity of the double tropaeolum virus with tobacco ring 
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spot virus aatlsera was tested for ascertaining their 

relationship. The petals and leaves of the virus cdTfected 

single 4ad double tropaeoliun plants along with the 

corresponding controls of healthy single tropaeolum plants 

were soaked in 0.5 per cent HapSO^ 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 

hy centrifugation for Ochterlony double-diffusion tests. 

The details of the different reactions are as follows: 

Micro-precipitin reaction: 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 petri 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 narked 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 40^0. Observations were recorded 

after 15 mln., 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 

sei)arately 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 infectivitv of the CPO strain 
of TMV with tropaeolum leaf extracts and its chemical 
stabilization 

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 

ma .jus were separately macerated to make standard extract. 

—1 
Two dilutions of the standard extracts i.e. 10 and 

4 X 10 were mixed with an equal volume of infectious sap 

from TMV-OPO (Mathur et al., 1966) infected tobacco leaves 

and inoculated on a set of half leaves of its local lesion 

host, G, 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. 

For neutralizing the inhibitory principle present 

in tropaeoliun leaves, the leaf extract was mixed with equal 

volume of 0,5 per cent solution of EDTA, Caffeicacid, NagSOg 

and water. In subsequent experiment single tropaeolum leaves 

were soaked in 0.5 per cent solutions of ETXHX, Caffeicacid, 

NagSOj 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. C. amaranticolor 

plants were inoculated with the inocula prepared as above. 

Mfferent treatments were distributed according to latin 

square design on half leaves of C. amaranticolor. The other 
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half of the leaves 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 UagSOg 

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 ̂ . amaragticolor and 

local lesions were counted. 

2.16, Studies on inhibition of viral infectivit.y by coumarin 
and sodium salicylate 

Effect of coumarin and sodium salicylate on the 

inf ectivity of the virus was investigated jji 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 0. amaranticolor according to the latin square 

design using half leaf technique, 

2.17. Infectivity of virus affected tobacco plants 

Igfectivity of different plant parts; Plants of 

£. glutinosa and E. 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: Infactivity of 

different leaf positions and the corresponding pieces of 

internedes (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 

inoculation, 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 

and below the inoculation level before preparing the inoculum 

for assaying the infectivity on jg. 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 sampling 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 sam» 

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 maceratixig all the leaves 

showing clear symptoms to make * standard extract* for 

bloassaylng 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 as 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, 

?ftiereas 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. Inf ectivity of different parts of single and double 
tropaeolum plants 

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 NagSOj 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 was 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 a quick rinse in 90 per cent ethanol 

followed by passing them through 0.1 per cent mercuric 

chloride (HgClg) and 30 per cent hydrogenperoxide (HgOg) 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 li^t 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 0. 

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 and virus affected single 

tropaeolum,turkish tobacco and N. glutinosa and virus 

affected double tropaeolum plants. The cultures obtained 

after establishment of callus growth were markdd as 'P^ 

and subsequent transfers as Pg, Pg, P^ 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 al., 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 and flower-buds: Young unopened flower 

buds of single tropaeoliim 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 callxaa: For obtaining leaf c a l l u s , the leaves 

of infected tropaeolum, tu rk i sh tobacco and N» g lu t inosa 

p l a n t s showing c l e a r symptoms as well as hea l thy leaves 

of these hos ts were cut t r ansve r s ly along the mid-r ib i n to 

10 mm wide s t r i p s and s t e r i l i z e d . After soaking the excess 

of moisture from the l e a f s t r i p s on s t e r i l e f i l t e r paper, 

they were f a r t h e r cut in to 10 mm segments and t ransp lan ted 

with one end immersed i n t o the mediiun. 

2.19,2. Meristem-tip cultures of double tropaeolum 

Axil lary as well as terminal meristern-t ips, 

having one meristem-dome enclosed in a pa i r of l ea f -

primordia and measuring approximately 0.1 to 0,5 mm,were 

d issec ted a s e p t i c a l l y with a s t e r i l i s e d sca lpe l or the 

f l a t t ened end of a need le . The double tropaeolum shoots 

with axillajcy and terminal meristems were f i r s t s t e r i l i s e d 

i n HgOlg and HgOg as described above before p lan t ing in to 

d i f fe ren t cu l tu re media. About 8 to 10 meris tem-t ips were 

f i r s t planted in to one tube (25 x 2.5 cm) with about 10 ml 

of s o l i d i f i e d c u l t u r e medium. After a period of 7 to 10 

days, the explants showing meristematic a c t i v i t y were 

t r ans fe r red to 7 x 1 cm tubes ind iv idua l ly on the same medium. 

Care was taken in both the cases t o submerge the meristems 

beneath the agar surface as i t was found to be e s s e n t i a l to 

induce the growth of the meristems. Subsequent t r an s f e r s 

were made a f t e r i n i t i a t i o n of root ing on a semi-sol id medium 

(0.4?^ agar) without any auxin and k i n i n . A fu l l y grown 

meristem with roo t s and leaves was f i n a l l y t r ans fe r r ed t o the 
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s t e r i l i s ed so i l mixed with sand and a l i t t l e amount of 

cow-dung manure and watered daily with the nutr ient medium 

having only mineral components t i l l the p lan t - l e t s were 

large enough. The tube cultures were kept in cool room 

maintained a t Z5^± 5^0 under 20 hrs Illumination from two 

fluorescent tubes. 



I l l BESULTS 

3 . 1 . Mechanical t raasmiss ion (sap inocu la t ion) 

Inoculum from double tropaeollun leaves .was, prepared 

with d i s t i l l e d water as a lso with 0*5 per cent ITagSO^ so lu t ion 

and was appl ied on the dorsa l surface of s ing le tropaeoltun 

and t u rk i sh tobacco l eaves with or without c e l i t e or 

carborundum (about 600 mesh) as ab ras ives . Results are 

given in Table 3 . 1 . 

Table 3 . 1 . Mechanical t ransmission of the vi rus 

Inoculum prepared 
with 

J3i 
;NO 
(plants I p l an t s 
l inocula- I showing 

Test p l a n t s 

Tm^^ jTof̂  
I ted 

Turkish tobacco' 
No, or 

I p l an t s 
I inocula-J 

! symptoms \ t ed 

p l a n t s 
showing 
sympt oms 

1. D i s t i l l e d 
water 

2 . Ce l i t e 

3 • Carborundiun 
(about 600 
mesh) 

4 . 0.5?i NagSOg 

5 , O.55J NagSOg 
and c e l i t e 

10 

10 

10 

10 

10 

5 

— 

7 

9 

10 

10 

10 

10 

10 

7 

— 

9 

10 

These r e s u l t s i n d i c a t e t h a t the d i sease of double 

tropaeolum i s t ransmiss ib le by mechanical inoci i la t ion with 

the help of a mild abras ive l i ke c e l i t e and a reducing agwnt 
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like NagSOg. 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 ma .jus 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: Four aphid species, namely 

Aphis gossypii, A. craccivora, Myzus persicae and Macrosiphum 

pisi were tested for their ability to pick up the virus from 

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

and tropaeolum and to transmit on to tropaeolum, turkish 

tobacco and Mcotiana glutinosa. Before feeding the aphids 

on these hosts for acquiring the virus, pre-acquisition 

fastixig 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 

Soiirce of t] 
host 

Garden 
rtastiirtium 
ITrouaeolum 
ma.lus J 

Nicotiaaa 
tabaocum 
var. Xanthi 

Datura 
stramonium 

1. 

2. 

3. 
4. 

lie ; Aphids tried 

Aphis ffossyt>ii 

Myzus persicae 

A. craccivora 

Macrosiphum 
jgisi, 

A. Kossypii 

M. per sic ae 

A. craccivora 

M. pisi 

A. fiossypii 

M. persicaf 

A, craccivora 

M. Pisi 

Host tested 
t 1 
{Tropaeolum ; Tobacco 
• • 

7/10 

8/10 

3/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

Pre-acq.uisition fasting 

Acquisition feeding 

Infection feeding 

No. of aphids used 

5/10 

6/10 

1/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

2 hrs 

30 min. 

19 hrs 

f 

!N.slutinosa 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

10 aphids/plant 
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on both tropaeolum and tu rk i sh tobacco leaves within 10-15 

days after i nocu la t ion . Subsequent mechanical inocula t ions 

from the same hos t s produced c h a r a c t e r i s t i c ch lo ro t i c spots 

and concentric r ings on t u r k i s h tobacco and tropaeolum. 

3 .2 .2 , Nematode t ransmiss ion; The r e s u l t s of nematode 

transmission are presented in Table 3 . 3 . 

The da ta i n d i c a t e s pos i t i ve t ransmiss ion with 

X. americanum to one p lant only, de tec tab le with antiserum 

reac t ion . The lack of i n f e c t i v i t y of the p lant roots may be 

due to presence of small amount of v i r u s con ten t s . The 

nematode X, americanum was unable t o reproduce under the 

condit ions of the experiments as i s evident from the number of 

nematodes recovered from the inoculated p o t s . Prom none of 

these pots more than 25 adu l t s besides a few juven i l e s , could 

be recovered. This probably explains the pos i t i ve transmission 

of the v i rus in only one seedling out of t en inocula ted . The 

r e s u l t s with X. b a s i r i Siddiqui were nega t ive . 

3 .3 . Soil t ransmission 

Experiment I 

The roo t s of b a i t - p l a n t s grown in s ick s o i l were 

bioassayed. Equal number of b a i t - p l a n t s were l e f t to grow 

in the s ick s o i l for the possible appearance of disease 

syndrome. The following are the r e s u l t s obtained (Table 3 .4 ) . 

The data ind ica t e mechanical or b io log ica l t ransmission 

of the vi rus through s ick s o i l . Roots of b a i t - p l a n t s grown 

i n s ick s o i l from the two sources were almost equally i n f e c t i v e . 



43 

• ^ 
o 
•H d 
mo 
o ^ 
H 4 * 
O O 
U tS 
0) 0) 
CO U 

^ 
•H 

§•<!> 
I0 4:{ ta 
09 -p 49 
fl} O 
0 « H O 
• H o n 
« 

03 i d 
<D a> 
-« n 

^ o a> O - P J> 
«] o 

• S o 
o d> <i> 
!E5 a n 

•p 

a cd t4 1 
H O^H 
P»«H Q ^ 

' CO fl 
+» • d o 
« 60 3 ' H 
«> o (4 ra 
e* fl4» 01 

JN-

• d * * ^ 

•'S § ^ 
a ) H » 
0) P4 
03 fl 

n o 0) ® ^ 
0) •»*+» 

o C 8 H 
•P 3 ID tf 0} O £} 
a >>o >5 
0) O f l M H 

j> 
H i 
;:$ BQ CQ 

8^3 
fl»d n M 

•H -P fl 
lO 'H 

m t»4> 
3 fl 0> fl 
M o+> a •ri *ri ^^ r^ 

>• -p «j p« 

• a> 
CD O 

^1^ 
^":d 
cd n 0) 

H O ® 
fMVt V l 

I I I I I I + I I t I 

I I I I I I i I I I 

W I lO O C- I lO »H 
N H 

1 1 a 
t - i 

1 o e- 1 
1 0> O !S 

TH 00 

T H ( M t 0 ' < 4 * » O « > I S 0 0 O > O t H 
rH H rH 

s r r 

H H 

H W e O ' ^ J ^ l O ^ O J S C O O J O T H 4 3 0 I + > 
rH H flrH fl 

O O 
O O 

i I I I I 

I I I i i 

rH <M to T}* lO 

O 
O 
W 

x\ 

s s s s 

I I 

o 
• P 

rH CM to •«}• fllO 
O 
O 



44 

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 
thro\agh bait-plant infections 

Soil 
samples 

Bai t -p l an t s ! Bioassaying } Symptom appearance 
}lTo. of p l an t s . N o . of p l an t s 
J infec ted/no. of I showing symptoms/ 
Iplantfl t e s t ed ' n o . of p l an t s l e f t 
I '. in the pots 

1. Prom 1. Turkish 
pots tobaccoo 

roots 

2 . O.amaranti-
cblor roo ts 

2 . From 1. Turkish 
f i e l d tobacco 

roo ts 

2. Camaran t i -
^olor roo ts 

3. Control 1. Turkish 
tobacco 
roots 

2. Camaran t i -
^olor roo ts 

5/10 

4/10 

7/10 

5/10 

0/10 

0/10 

2/10 

2/10 

3/10 

1/10 

0/10 

0/10 

Experiment I I 

The roo t s of 10 b a i t - p l a n t s grown in the s t e r i l i z e d 

s o i l were co l l ec t ed a t random and bioassayed. Equal number 

of p l a n t s , widely dispersed in the s o i l , were l e f t t o grow 

for observations regarding the possible appearance of d i sease 



45 

syndrome. The r e s u l t s are presented in Table 3.5 and 

Figure 2 . 1 . 

Table 3 . 5 . Transmission of the v i ru s through s o i l detected 
through b a i t - p l a n t i n fec t ion and development of 
disease syndrome 

Pos i t ion of the) 
t e s t ed ba i t 

p l an t s 
( in the box) 

Bo l t -p lan t s 
No. of p l an t s ;NO. of p l an t s 
showing root {showing d i sease 
infection(out{syndromes (out 
of 10 random {of 10 random 
s e l e c t i o n s ) {se lec t ions) 

Ag&inet s ick A. Ohenopodium 
s o i l 

B. Tobacco 

9 

7 

4 

1 

Against sick A. Ghenopodiiun 
plants and 
soil B. Tobacco 

3 

3 

2 

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 half adjacent to the infected plants indicating 

possibility of some biological agency 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 foxind 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* 

3i4.1« Host plant reaction; The symptoms produced by the 

double tropaeolum virus on different hosts have been described 

below familyjwise along with the susceptibility index (SI) 

of each host. 

Family: Tropaeolaceae. Double, semidouble and single 

tropaeolum were found to be highly susceptible. Symptoms 

on the three cultivars are given separately. 

Double troTPaeolum (Troijaeolum ma.1us 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 (Figure 3.1,b). 

The petals which were scarlei; in colour sometimes showed 

colour breaking. The flowers showed complete sterility with 

indefinite nximber of petals (Figure 3.1c). It appears that 

sepals become modified eliminating the spur formation: whereas 

petals, though retaining the same orientation, develop 



F i g . 3 . 1 . Sympt oms on Tropaeolum ma,jus L. 

a) Leaves of ilropaeolum p lan t s showing mott l ing, 
cur l ing and puckering, with r ings and l i n e -
p a t t e r n , y = youngest leaf , H = heal thy leaf , 
0 = Older l eaves . 

b) Leaves of double tropaeolum plant showing 
mot t l ing , green-vein-handing and pin-point 
ch lo ro t i c specks on younger leaf . Rings and 
l i n e - p a t t e m n o t c l e a r . 

c) Plant of double tropaeolum showing antholysed 
flower and severe cur l ing and puckering of 
the yoxuiger l eaves . 

d) Two p l a n t s of s ingle tropaeolum showing mild 
chlor o t i c sympt oms. 

e) Flowers of ( l ) double (2) semi-double and 
(3) s ingle Tropaeolum, desxected out to show 
the s t r u c t u r e of a l l the f l o r a l p a r t s . Pe t a l s 
of double tropaeorum antholysed flower showing 
colour breaking. 

f) A lea f of s ingle tropaeolum showing vein-banding 
and ch lo ros i s accompanied by f a i n t r i n g s . 
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indefiaitely in number at the expense of androeceum and 

gynoeceum wftiicii are completely suppressed (Fig.3.1.e), 

Semi double tropaeolum (Tropaeolum 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 (Tropaeolum 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.3.1a,d,f), 

Family Solanaceae: Out of 35 plant species belonging to 

this family, 26 were found to be highly susceptible (SI:16) 

whereas three showed immune reaction (SI;0). The remaining 

six showed different grades of susceptibility. Reactions 

of some of the plant species are given below. 

Uicotiana 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). 

W. 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 

emerging leaves (Fig.3.2a). 



P i g . 3 . 2 . Symptoms on some of the solar.i|ceous hosts. 

a 

h 

Leaves of ( l ) iJicotlana 
and (2) H. t aha cum 

tabacum L cv. WTaite Burley 
cv. systemic mild mottling 

pa tches . 

Harrison's Special showing 
with sca t te red ch lo ro t i c 

Leaves of Lyeopersi con 
systemic mild ciilorosis 
lamina, h = hea l thy . 
Leaf of Nicotiaria r u s t i c a L. 
systemic mosaic mott l ing and 
with occasional necro t ic pa tches . 

esculentum Mil l , showing 
and d i s t o r t i o n of l ea f 

cv. raoti showing 
green vein-banding 

Leaves of J i c o t i a n a g lu t inosa 1. showing Sj^..^.. 
concentric ririgs and d i s t o r t i o n of lamina. 
Leaves of Eicot iana s.ylvestris Spegaz & Commes 
showing mosaic mottl ing and d i s t o r t i o n of l ea f 
lamina, h = hea l thy . 

-XC 



FIG.3.2 
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N. tabactun L. cv. Xanthi - (SI : 16) 

Chlorotic l e s ions appeared within 5 days which were 

l a t e r surrounded by ch lo ro t i c concentric r i n g s . The in fec t ion 

became systemic with ch loro t ic oak-leaf p a t t e r n , occasional ly 

necro t ic r e su l t ing in the d i s t o r t i o n of the leaves ( F i g , 3 , 3 ) . 

In older p l an t s symptoms were masked. 

Nicotiana glutinosa L, - (SI : 16) 

Localised chlorotic or necrotic lesions on inoculated 

leaves developed within 3-5 days with systemic mottling and 

concentric rings developing in about a fortnight (Fig.3.2d), 

Nicotiana rustica 1. - (SI : 16) 

Localised necrotic or chlorotic lesions, about 1 mm 

in diameter, subsequently becoming systemic (Fig.3.2c). 

Nicotiana repanda Willd. - (SI : 16) 

Plants developed systemic mild mottling. 

Nicotiana sylvestris Spegaz. & Commes - (SI : 16) 

Systemic mild mottling developed as in N, repanda 

(Fig.3.2e). 

Nicotiana glauca Grah. - (SI : 16) 

Concentric chlorotic rings were produced on the 

inoculated leaves subsequently becoming systemic in the plant, 

Nicotiana longiflora Cav. - (SI : 4) 

Concentric chlorotic rings were formed on the inoculated 

leaves only. 



Fig, 3 . 3 . Symptoms on IJicotlana t aba cum L. ov. xanthi 

a) Systemic symptoms of oak-leaf and l i n e - p a t t e r n 
with severe d i s t o r t i o n and ch loros i s on the 
youngest leaves (y) and f a in t symptoms on the 
older lea,ves. 

b) Localised symptoms of concentr ic r ing spots on 
the inocula ted leaves accompanied by d i s t d r t i o n . 

c) Localised and nystemic in fec t ion compared with 
heal thy leaf (h ) . The symptoms being d i s t o r t i o n , 
l i n e - p a t t e r n and t a t t e r i n g on the leaf showing 
systemic in fec t ion (s) and r ing spots are c lear 
on the inoculated l ea f ( i ) . 

d) Plant of tu rk i sh tobacco showing va r i a t i ons in 
the expression of s.̂  mptoms on the same plant 
viL. from concentr ic r ings to l i n e - p a t t e r n s . 
The symptoms are masked on some of the younger 
l eaves . 



a 

FIG.3.3 



Nicotiana debneyi Domin. - (SI : 8) 

Inoculat ions r e su l t ed in general n e c r o s i s , wi l t ing 

vdth u l t imate death of the p l an t s - a hypersens i t ive 

r e a c t i o n . 

Petunia hybrida Vilm. - (SI ; 8) 

Chlorotic or necro t ic l es ions developed within 5 days 

( P i g . 3 . 4 ) . Dis t inc t c h l o r o t i c , systemic diffused r i n g s , 

developed within 15-17 days . The p l an t s u l t ima te ly died 

due to severe nec ros i s . 

SPlanum nigrum L. - (SI : 16) 

Systemic mild f lecks with vein-banding appeared within 

5-7 days which got masked when the p l an t s became o lde r . 

Solanum nodiflorurn L. - (SI : 16) 

Systemic mild f lecks on the leaves ( P i g . 3 , 5 h ) . 

Solanum melongena L. - (SI ; 16) 

Yein-clearing symptoms appeared within a week, but 

systemic concentric r ings developed only a f t e r about a 

period of s ix months. 

Solanum capsicastrum L. - (SI : 16) 

Systemic mild mosaic with diffused concentr ic r ings 

and vein-banding developed on plants ( P i g . 3 , 4 ) , 

Solanum khasianum Clarke - (SI : 2) 

Brown nec ro t i c loca l l e s i o n s developed within 5 days 

( P i g . 3 . 5 f ) . 



Fl6« 3*4. Systemic symptoma on different hosts. 

a) Leaves of Q-omphrena Kloboaa L, showing mottling and 
chlorotio patches. 

b) Leaves of Capsicum annuum L* showing mottling and 

chlorotio specks. 

o) Leaves of Solanum joapŝ icastriua L., Lycoperaioon 
pimpinelllfolium (Just) Mill.' and Physalis f'lorldana 
Rydh. showing systemic mottling, vein-banding and 
chlorotio specks. 

d) Leaf of Apium firaveolens L« showing systemic mottling. 

e) Leaf of Lupinus hartwegli Llndl. showing systemic 
mottling. 

f) Leaves of Petunia hybrlda Vllm. showing ayatemic 
necrotic patches. 
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FIG.34 



P i g . 3 , 5 . Localised and systemic symptoms on a number of 
h o s t s . 

Leaf of Chenopodium murale L. showing numerous 
necro t ic l oca l l e s i o n s . 
Leaf of GhenoTDodium ambrasoides showing necro t ic 
and ch lo ro t i c pin-point loca l l e s i o n s . 

Leaf of Chenopodium amaratiticolor Coste aad Reyn. 
showing necro t ic loca l l e s ions with a ch loro t ic 
halo around them. 

d 

h 

A leafy shoot of Ghenopodium amaraaticolor Goste 
& Reyn. showing systemic ch lo ro t i c patches and 
specks. 
Leaves of Salvia splendens Kerr, showing necrot ic 
l oca l i s ed i r r e g u l a r l e s i o n s . 
Leaves of (1) Solanum khasianum and (2) Amaranthus 
spinosus L. showing necrot ic l o c a l l e s i o n s . 
Leaf of Amaranthus caudatus L. showing systemic 
ch lo ro t i c specks. 
Leafy shoot of Solanum nodiflorum L. showing 
systemic ch lo ro t i c patches atid specks. 
Leaves of Datura stramonium L. showing systemic 
mottl ing and ch loro t ic patches . 
Leaves of Datura t a t u l a showing systemic mott l ing 
with vein-banding, l i n e - p a t t e r n and ch lo ro t i c and 
necrot ic blotches ;and l e s i o n s . 



FIG. 3.5 
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Datura stramonliun L. - (SI : 16) 

Minute pin-point ch loro t ic l e s ions developed within 

5 days leading to the development of ch lo ro t i c and nec ro t i c 

concentr ic r ings gradual ly spreading with systemic mott l ing 

( P i g , 3 . 5 i ) , 

Datura t a t u l a L. - (SI : 16) 

Broad necro t i c and ch lo ro t i c l oca l l e s ions were 

produced on inoculated leaves l a t e r developing systemic 

mosaic and oak-leaf p a t t e r n (Eig .3 .5)* 

Lycopersicon esculentum Mi l l , - (SI : 16) 

A d i s t i n c t mosaic mott l ing developed within 10 days, 

sometimes r e s u l t i n g i n d i s t o r t i o n of leaf- lamina_algo 

( F i g . 3 . 2 b ) . 

Lycopersicon pimpinifolium ( Jus t ) Mi l l . - (SI i 16) 

Mild mosaic symptoms (Fig«3.4) . 

Capsicum annuum L. - (SI : 16) 

Systemic whit ish green f lecks of var ious s i z e s and 

shape , i r r egu la r ly appeared on younger l e a v e s . On the older 

l eaves the symptoms were masked (Fig«3.4b) . 

Physal is ix iocarpa Brot . - (SI : 16) 

Concentric ch lo ro t i c r ings appeared with a tendency 

to become systemic* 

Physal is f lor idana Hydb. - (SI : 16) 

Whitish grey necro t i c loca l l es ions with brown ha l lo 

were followed by sys tonic mild mosaic symptoms ( P i g . 3 . 4 ) . 
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Legmainos ae 

Out of 23 p lant spec ies t e s t e d , 12 were highly 

suscept ih le (SI 16) ¥&iereas 9 were showing complete immunity. 

One of the remaining two showed subliminal i n f ec t i on (SI 1) 

and the o ther produced only nec ro t i c l oca l l e s ions (SI 2 ) . 

Vigna s inens i s Savi - (SI : 16) 

Chlorotic loca l l e s i o n s , about 2 mm in diameter 

appeared with a brownish h a l l o on the inoculated leaves 

( F i g , 3 . 6 a ) . Within 10-15 days, the in fec t ion became systemic 

with the appearance of mosaic symptoms, 

Phaseolufl vu lga r i s L. - (SI : 16) 

Small red coloured ch lo ro t i c loca l l e s i ons developed 

on inoculated l eaves , the in fec t ion becoming systemic within 

15 days with the appearance of mosaic symptoms, 

Dolichos lab lab L. - (SI : 16) 

Systemic l i gh t green mosaic mott l ing with white 

ch lo ro t i c f lecks and vein c l ea r ing appeared in 5-7 days 

( P i g , 3 , 6 b ) , The whole p lan t l a t e r became bushy and severely 

stunted with signs of s t e r i l i t y with the advance of the 

d isease as evidenced by reduced number of seeds in the pods. 

In the l a t e r s tage of d i sease development only empty pods 

were formed, 

Orota lar ia .iuncea L. - (SI : 2) 

Necrotic loca l l e s ions with reddish brown h a l l o 

developed within 4-5 days on inocula ted l e a v e s . 



Fig.3.6. Symptoms on Leguminous hosts 

a) Leaf of Vigna sinensis Savi ex Hassk. showing 
only necrotic local lesions. 

b) Leaf of Dolichos lablab L, showing systemic 
chlorotic specks and patches. 

c) Leaf of Protalaria brownae showing chlorotic 
systemic round patches. 

d) Leaf of Melilotus indiea All. showing systemic 
chlorotic patches. 



FiG. 3-6 
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Crota lar la brownei Be i t , ex DC - (SI : 16) 

Big, browa l e s ions of 2-3 mm diameter developed on 

inoculated leaves within 7 days of inocu la t ion . The whole 

p lant appeared bushy a f t e r sometime with s igns of s t e r i l i t y 

as evidenced by complete absence of bear ing . The systemic 

mosaic symptoms developed a f t e r 6 months which disappeared 

l a t e r i n summer months i . e . April to Ju ly , reappearing in 

September and October when the temperature i s condusive for 

the expression of symptoms ( F i g . 3 . 6 c ) . 

Vicia faba L. - (SI : 16) 

Veiy few, broad loca l l e s i o n s followed by systemic 

mosaic mott l ing appeared on inoculated p l a n t s . 

Trigone11a foenum~graecum L. - (SI : 16) 

Mild, ch lo ro t i c spots appeared on inoculated primajcy 

and secondary l eaves within 4-5 days. Systemic mosaic 

symptoms with mild ch lo ro t i c concentr ic r i ngs having a l i g h t 

centre developed in about 10 days t ime . 

Trigonella corn icu la ta L. - (SI : 16) 

Symptoms same as above. 

Trlfolium alexandrinum L. - (SI : 16) 

Systemic mild mosaic i^mptoms appeared in about 2 

months t ime . 

Melilotus ind iea Al l . - (SI : 16) 

Chlorotic les ions about 2 mm in diameter were formed 
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on the inoculated' leaves later developing systemic mosaic 

(Pig.3.6d). 

Lupinus hartwegji Lidl. - (SI : 1) 

Mild chlorosis developed on a few leaves which 

disappeared later (Pig.3.4e). 

Amaranthaceae 

Out of seven plant species tested only 2 gave maximum 

disease reaction (SI 16) whereas one was immune and the 

remaining 4 host species reacted by producing different 

intermediate reactions. 

Gomphrena globesa L. - (SI : 4) 

Numerous small, pin point local lesions appeared on 

inoculated leaves within 42 hours, later on developing into 

systemic flecking on young leaves (Fig.3.4a). 

Amaranthus caudatus I. - (SI j 16) 

Small pin point, circular, chlorotic local lesions were 

formed on inoculated leaves after about 5 days. Subsequently 

infection became systemic with younger leaves showing mild 

mottling in the form of flecks accompanied by curling down 

of the leaves (Fig.3.5g). 

,Amaranthus gangeticus L. - (SI : 8) 

Necrotic local lesions which appeared on inoculated 

leaves became systemic with the appearance of mild chlorosis 

leading to ultimate necrosis. 
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Amaranthus leucarpus L. - (SI : 4) 

Small, p in po in t , loca l l e s ions appeared within seven 

days. The ch loro t ic spots appeared on some of the younger 

leaves a l s o . 

Amaranthus spinosus L. - (SI : 2) 

ITecro£ic pin point loca l l e s i ons developed on the 

inoculated l eaves only ( F i g . 3 . 5 f ) . 

Umbelliferae 

Only two plant species were t e s t e d . Apium graveoiens L. 

gave subliminal r eac t ion (SI l ) whereas Daucus caro ta L.was 

found to be immune (SI 0 ) . 

Oompositae 

Out of 15 plant spec ies t e s t e d only two were showing 

highest degree of s u s c e p t i b i l i t y (SI 16) , 10 were immune 

and the remaining 3 gave c h l o r o t i c or n e c r o t i c l oca l i n f e c t i o n . 

Zinnia elegans Jacq. - (SI ; 16) 

Systemic specks with vein-banding symptoms developed 

on the leaves in about 8-10 days. 

Ohrysanthemum sp . - (SI : 4) 

Numerous small l oca l l e s ions developed within 7 days 

of inocu la t ion . 

Dahlia sp . - (SI : 4) 

Pin point, chlorotic, local lesions appeared on 

inoculated leaves. 
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Helianthiis annuus L. - (SI j 2) 

Small p i n - p o i n t , brown local lesions appearing 

within 7 days af ter inoculating the leaves. These lesions 

were f i r s t chlorot ic , but l a t e r turned necrotic within 15 

days of inoculation, 

Chenopodiaceae 

Out of 7 plant species only one was immune^whereas 

others mostly showed necrotic local lesions. Only Ohenopodium 

murale L. reacted by hypersensitive reaction (SI 8). 

Ohenopodium amaranticolor - (SI : 2) 

Chlorotic or necrotic pin point local lesions on 

inoculated leaves appeared within 7 days (Pig.3,5e), The 

infection tended to become systemic under warmer conditions 

(Fig.3.5d). 

Chenopodium ambrasoides L. - (SI : 2) 

Small necrotic local lesions with brownish hallo, 

1-2 mm in size developed on the inoculated leaves (Pig»3.5b), 

Chenopodium guinoa Willd. - (SI : 2) 

Chlorotic pin point lesions appeared on the leaves 

which gradually turned brown and necrotic. The lesions enlarged 

to coalesce with each other. 

Chenopodium murale L, - (SI : 8) 

Necrotic local lesions became enlarged to coalesce 

with each other (Fig.3.5a), 
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Beta vulgaris L. - (SI : 2) 

Reddish localised lesions with brownish hallo 

appeared on the leaves. The centre of the lesions was 

first chlorotic finally turning necrotic. 

Labiatae 

Only 5 p lan t spec ies were t e s t ed* Out of these 2 were 

immune, 2 were showing subliminal in fec t ion and only one 

gave nec ro t i c l e s i o n s . 

Salvia splendens Kerr. - (SI : 2) 

Angular, n e c r o t i c , l o c a l l e s i o n s of var ious s i z e s 

with chocolate coloured margins appeared on inocula ted leaves 

alone ( P i g . 3 . 5 a ) . 

Hyptis ST^eolens P o i t . - (SI : 1) 

Only l i g h t systemic ch lo ros i s of the l eaves which 

disappeared l a t e r . 

3 . 4 . 2 . Effect of genera l c l ima t i c condi t ions on host reac t ions 

The host reac t ions described in the preceding 

sec t ion were observed in win te r months i . e . from November t o 

March, when the temperature i n the glass-house ranges from 

10° t o 30°C. During the summer months i . e . -from May onwards, 

when the temperature was above 30°C, the p l an t s f a i l e d t o exhibi t , 

c h a r a c t e r i s t i c symptoms presumably due to very low l eve l 

of v i rus conten ts . However, the symptoms reappeared from 

September onwards when the temperature again s t a r t e d coming 

down. 
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3.4 .3 . Distribution of sueceptitoility in the families of 

Angiosperms; On the basis of maximum disease reaction 

exhibited by the plant species within different families, 

the following five categories were made: 

I . having families with immune plant 
species (Susceptibi l i ty 

index = 0 ) 

I I . having families with plant species 
showing subliminal infection as the maximum 
disease reaction (SI = 1) 

I I I . having families with plant species 
showing necrotic local lesions as 
the maximum disease reaction (SI = 2) 

IV. having families with plant species 
showing hypersensit ivity as the 
maximum disease reaction (SI = 8) 

y. having families with plant species 
showing systemic mosaic mottling 
and other systemic symptoms as the 
maximum disease reaction (SI - 16) 

The dis t r ibut ion of families of Angiosperms in each 

category is given in Table 3.6. 

The families having plant species with systemic 

infection were considered most susceptible, indicating maximum 

support for the v i r a l mult ipl icat ion. No family as a whole 

indicated SI 4 as the maximum disease reaction presumably, 

i t may be an intermediary step in the development of 

localised necrotic reaction i . e . SI 2 which characterises 

one of the above groups. Although a large number of plant 

species having different disease reactions occur in a 

par t icular family, the maximum disease reaction provides a 
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Table 3.6. Distribution of suscept ib i l i ty in 
of Angiosperms and catagorization 
of maximum disease reaction 

the families 
on the basis 

Group 

I 

II 

III 

IV 

V 

1. 
2. 
3. 
4. 
5. 
6. 
7, 
8. 
9, 

10. 
11, 
12. 

13. 
14. 
15. 

16. 
17. 
18. 

19. 
20. 

21. 
22. 
23. 
24. 
25. 
26, 
27. 
28. 
29. 

1 
Family 

Apocynaceae 
Caryophyllaceae 
Cruciferae 
Euphorbiaceae 
Malvaceae 
Onagraceae 
Papaveraceae 
Polygonaceae 
Portulaccaceae 
Pedaliaceae 
Gramineae 
Irridaceae 

Oucurbitaceae 
Moraceae 
Unjbelliferae 

Labiatae 
Oxalidaceae 
7iolacea« 

Balsaminaceae 
Chenopodiaceae 

Amaranthaceae 
Compos it ae 
Leguminosae 
Polemoniaceae 
Ranxinculaceae 
ScrophularLaceae 
Solanaceae 
Tropaeolaceae 
Verbenaceae 

29 

r— 
No. of 
species/ 

"1 -
JlTo.of 
{species/ 

var.tested}var. with 
{positive 

1 
1 
6 
2 
4 
1 
2 
1 
1 
1 
2 
3 

11 
1 
2 

5 
1 
1 

1 
7 

7 
15 
23 
1 
1 
3 
35 
2 
2 

143 

•reaction 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
1 
1 

3 
1 
1 

1 
6 

6 
6 
14 
1 
1 
3 
32 
2 
1 

82 

'T-1 

{Maximum 
{disease 
{reaction 
1 1 

• 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 

2 
2 
2 

8 
8 

16 
16 
16 
16 
16 
16 
16 
16 
16 

'"1 
1 
{Remarks 
1 

{ * 
{ 
1 

• 

2 
1 
1 

1 
1 
1 

1 
1 

2 
2 
12 
1 
1 
3 
26 
2 
1 

•cc?^n - / vr>r. no\! x i ''i .cpcse ror,ction. 
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clear basis for sucli a categorization as it shows the 

extent of susceptibility exhibited by the families, 

Significaace of variation of different groups of host reaction 

The five groups were analysed and compared by group 

analysis and testing the significance of variation by P test. 

The results are in Table 3.7. 

The table indicates that different groups not only 

differ significantly in their disease reactions but also in 

the existence of high degree of positive correlation between 

maximum disease reaction and number of host species showing 

positive reaction in each group. Variance test indicates 

that each group differs significantly from the other, 

Prequency analysis of different disease reactions in Group V 

Table 3.8, Frequency analysis of Group V 

Disease reaction No. of spec ies 
included 

3 

5 

6 

4 

48 

Per cent 

4.54 

7.58 

9.09 

6.06 

72.73 

1 

2 

4 

8 

16 

Total 66 100,00 
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There was a wide variation in the susceptibility 

of plant species of Group V as indicated in the table. 

This indicates that susceptibility is related to the host 

species. However, the number of host species showing the 

type reaction is predominant. 

Frequency analysis of disease reactions in the individual 

families of Grou-p V 

Further analysis of the nine families constituting 

Group V is given in Table 3.9. 

At the family level too, there was a wide variation 

of susceptibility amongst host species indicating random 

distribution. However, on the basis of percentage of plants 

showing maximum disease reaction, Amaranthaceae and Compositae 

were found to be closer to each other as both of them include 

one-third of the number (33.33^) of host species exhibiting 

such reaction. On the other hand, rest of the families 

namely Leguminosae, Solanaceae, Scrophulariaceae, Tropaeolacae, 

Verbenaceae, Polemoniaceae and Ranunculaceae were found to 

have more than 06^ of plant species showing maximum disease 

reaction. Amongst these Leguminosae and Solanaceae 

definitely indicate high degree of susceptibility. With 

regard to other families no definite opinion could be 

formulated as the number of plant species t«sted under each 

was too less. 



62 

Table 3.9. Frequency analysis of the families of 
Group V 

Families 
; Disease 
i reacti on 
I 
I 
I 

J 

No. of 
species 
included 

Per cent 

Amaranthaceae 

Compositae 

Lesuminosae 

Solanaceae 

Sc r ophula r i ac ae 

Tropaeolaceae 

Verbenaecae 

Folemoniacae 

Hanunculaceae 

2 
4 
8 

16 

Total 

2 

4 
16 
Total 

1 

2 
16 

Total 

1 

2 
4 
8 

16 

Total 

4 
16 

Total 

16 
16 
16 

16 

1 
2 
1 
2 

6 

2 
2 
2 
6 

2 
1 
11 
14 

1 
1 
1 
3 
26 

32 

1 
2 
3 

2 

1 

1 

1 
66 

16.66 

33.33 

16.66 

33.33 

33.33 

33.33 

33.33 

14.28 

7.14 

78.57 

3.12 

3.12 

3.12 

9.37 

81.25 

33.33 
66.66 

100 
100 
100 
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3,4.4. Comparision of host reactions of double tropaeolum 

virus with those of tobacco ring spot and tropaeolum ring spot 

viruses: In the list of host plants as shown in Appendix I 

21 plant species tested during the present investigations 

were common with these reported for tobacco ring spot virus 

(TRSV) (Price, 1940) and tropaeolixm ring spot or ring 

mosaic virus (NRSV) (Schmelzer, I960), The susceptibility 

indices of the hosts of TRSV and NRSV as reported in the 

literature, are tabulated in Table 3.10 along with those 

of the virus (DNRSV) under study. 

No significant difference in the host reactions 

of the three viruses were observed except with regard to 

Impatiens balsamina L., Spinacea oleracea 1., Oallistephus 

chinensis Nees and Delphenium cultorum Voss. which are immune 

to one or the other virus. 

The difference in the mean host reactions of these 

viruses are not significant statistically. However, the 

little difference in the mean host reaction of TRSV with 

those of the other two may be considered at the level of 

strain differentiation, thereby indicating that the other 

two viruses i.e. NRSV and the virus under study may be 

strain(s) of TRSV. The mean host reaction of NRSV and that 

of the virus from double tropaeolum is almost the same. 
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Table 3 . 1 0 , Comparision of host-reactions of the virus with 
-tropaeolum ring spot and tobacco ring spot 
viruses 

S I . 
No. 

1 . 
2 . 
3 . 

4 . 
5 , 
6 . 
7 . 

8 . 

9 . 
10 . 

1 1 . 
12 . 

1 3 . 
14 . 
1 5 . 
16 . 
17 . 
1 8 . 

19 . 
20 . 

2 1 . 

' Host s p e c i e s 

JUnaranthus ccmdatus 
ImDatiens balsamina 
Beta v u l g a r i s 

Chenopodium album 
St>inacea a^e racea 

; TRSV 

2 
8 

16 

2 
16 

Ca l l i s t eDhus c h i n e n s i s 16 
Zinnia e l e v e n s 
Fhaseolus v u l g a r i s 

Y i c i a fab a 
YlRxiB. s i n e n s i s 

Delphenium cul torum 
Datura stfamonium 

16 
8 
8 

8 

0 
8 

Lycopers icon esculentum 16 
Nicandra p h v s a l o i d e s 2 
N i c o t i a n a «clut inosa 

N» r u s t i o a 
N. s^ylves t r i s 
Pe tun i a h y b r i d a 

P h y s a i l s an/soilata 

Solanum ni/n^rum 

TroTsaeolum ma.lus 

To ta l 

Mean 

Source D ^ . 

Host 20 
Virus 2 
E r r o r 40 
To ta l 62 

16 
16 

8 
16 

8 
2 

16 

208 

9 .90 

Ana lys i s 

S .S . 
628.19 
105.52 

1537,15 
2270,86 

Host 

1 NEST/ 

16 
0 

16 
8 

16 

16 
16 

2 
16 
16 
16 

2 
16 

16 
2 

16 
16 
16 

16 
16 
16 

270 
12.86 

r e a c t i o n s w i t h 
' JDWRSV 

..„• 

16 
8 

2 

2 

0 
0 

16 

16 
16 
16 
16 
16 
16 

16 
16 

16 
16 

8 

16 
16 
16 

260 
12 .38 

of Var iance 
M • S . S , 

31 .41 
52 .76 
38 .43 

{Total 
• 

34 
16 
34 

12 

32 
32 

48 
26 

40 
40 
32 
26 
48 
34 

34 

48 
40 
40 
40 
34 

48 

738 

! • 

0.82 
1.37 

t 

{Mean 

11 .33 
5 .33 

11 .33 
4 . 0 0 

10 .66 

10 .66 

16 .00 
8.67 

13 ,35 

13 ,33 
10.66 

8.67 

16 .00 

11 .33 
11 .33 
16 .00 
13 .33 

13 .33 
13 .33 

11 .33 
16 .00 

N . S . 
U . S . 
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3.5 . Physical properties 

Thermal-iiaa c t i vat i on 

In the f i r s t experiment, samples were t reated at 

temperatures of 40, 50, 60, 70 and 80°C for 10 minutes 

whereas in the next two ea^eriments the difference in 

temperatures was narrowed to 2°C, s tar t ing from 50 to 70°C, 

The r e su l t s of these experiments are given in Table 3.11. 

Table 3.11. Thermal-inactivation of virus in v i t ro 

Tempera
ture (°C) 

No. of plants infe«ted/lO l ^ f ^ ^ S ? ; ! 9̂  
Inoculated} {infected/• Plant 

Expt I J Expt I I } Expt III,'inoculated; infection 

40 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

80 

Control 

8 

7 

-

• -

«M> 

M M 

7 

-

-

-

-

0 

0 

8 

-

8 

8 

8 

7 

6 

6 

0 

0 

0 

0 

0 

8 

-

7 

7 

8 

8 

7 

6 

0 

0 

0 

9 

8/10 

22/30 

15/20 

16/20 

15/20 

13/10 

19/30 

0/20 

0/20 

0/20 

0/10 

0/20 

0/10 

25/30 

80.0 

73.2 

75.0 

80.0 

75.0 

65.0 

63.3 

0 

0 

0 

0 

0 

0 

83.3 
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It was observed that the virus was not inactivated 

in the standard extract exposed to 60^0 for 10 minutes 

but was rendered inocuous when heated to 62°C for the same 

period. The trend of inactivation has been shown in 

Pig.3.7. 

Tolerance to dilution 

Nine dilutions ranging from 1:10 to 1:20,000 were 

tried and ten turkish tobacco plants per dilution were 

inoculated. The results of the experiments which were 

repeated thrice are given in the Table 3.12. 

Table 3.12, Tolerance to dilution of the virus 

Total no. \ 
of plants i ^ 
infected/ JPlant 
inoculated!infection 

Plant 
extract 
dilution 

I No. of plants infected/lo 
, inoculated 
! Expt I JExpt II lExpt III 

10 

10 

10 

5x10 

10 

1.5xl0 

2x10 

5x10 

-1 

r2 

-3 

-4 

-4 

-5 

-5 

-5 

10 

Control 

-5 

8 

7 

6 

0 

8 

7 

6 

5 

4 

2 

0 

0 

0 

5 

5 

6 

5 

2 

0 

0 

0 

20/30 

18/30 

17/30 

9/20 

7/30 

0/20 

0/20 

0/20 

0/10 

21/30 

66,6 

60,0 

56.6 

45.0 

23.3 

0 

0 

0 

0 

70.0 
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The resu l t s presented in the table Indicate that 

the virus remained infective upto the di lut ion of 1:10,000 

and rendered non-infectious when di luted to 1:15,000, 

Aging in v i t ro (Longevity) 

The resu l t s of the esqperiments on the effect of 

aging in v i t ro are presented in the table 3.13. 

Table 3.13. Effect of aging (Longevity) in v i t r o , on the 
infect iv i ty of the virus 

Period { 
of J Room temperature 
. (19-27°C) 

®)?^^f®JNo.of plantsli; pn„„+ 
(̂ ŝ7 infected/10 IfJUf^^. 

{plants .infected, 
1 inoculated 

Frigidaire temperature 

(8-10^0) 
No, of plants } g/ T)TO«+ 
infected/10 • ̂  ^^^^^ 
plants 
Inoculated 

infected 

24 

48 

75 

96 

168 

240 

480 

Control 

5 

1 

0 

0 

0 

0 

0 

7 

50 

10 

0 

0 

0 

0 

0 

70 

6 

7 

5 

5 

4 

5 

0 

8 

60 

70 

50 

60 

40 

50 

0 

80 

I t was observed that the standard extract retained 

infect ivi ty even af ter storing for 168 hours (8 days) but 

not after 240 hours (10 days) at 8 to 10°C whereas at 

19 to 27°C (room temperature during January) the plant extract 

became non-infectious viben tested af ter 75 hours of storage. 
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Aging in vivo (maintenance of virus cultures in dried leaves 
of tobacco 

The infectivity of desiccated leaves of virus infected 

turkish tobacco plants kept in sealed tubes over CaOlg at 

4-8*̂ 0 was estimated at regular intervals. Turkish tobacco 

was used as test plants for assaying the infectivity and 

the results are presented in Table 3.14. 

Table 3.14. Effect of aging (Longevity) in vivo on the 
infectivity of the dried leaves of virus 
affected tobacco plants 

1 
Periods {No. of l e s ions per l e a f of 

of I tobacco 
s torage J"T f T \~Z TT \ T 
(months)! ^ i ^ ! ^ I ^ I ^ 

Total I Mean no. of 
number of,' l e s i o n s / 
l e s i ons j l ea f 

6 25 

10 10 

11 5 

Control 78 
(source 
material) 

12 

9 

4 

20 

37 

20 

10 

40 

29 

22 

11 

50 

17 

12 

6 

67 

120 

73 

36 

255 

24,0 

14.6 

7.2 

51.0 

The above da ta i nd i ca t e r e t en t ion of i n f e c t i v i t y i n 

the dried l eaves even a f t e r 11 months. The i n f e c t i v i t y here 

i s represented by the number of loca l l e s ions produced on 

t u rk i sh tobacco l e a v e s . During summer months when the f i n a l 

t e s t was done the express ion of symptoms was much suppressed, 

which may be the reasons for the l e s s e r number of l oca l 

l e s i o n s . 

According t o personal communication from Dr. L. Bos. 
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with whom one s e t of the c u l t u r e was deposi ted, the v i rus 

was a l so recovered from the dr ied preserved ma te r i a l even 

a f t e r 12 months. 

Effect of pH on the i n f e c t i v i t y of the sap 

1. With 0.1 M Phosphate Buffer (0 .1 M NagHPO^lS.HgO + 

O a M KHgPO )̂ 

The d i f f e ren t pH ranges, t e s t e d for t h e i r e f fec t of 

i n f e c t i v i t y of v i rus -a f fec ted plant sap , were 8 .3 , 8 ,0, 

7 ,0 , 6 .0 , 5.0 and 4.5 and the r e s u l t s on the i n f e c t i v i t y a t 

d i f ferent pH ranges a re presented i n Table 3 .15 . 

Tahle 3.15. pH range of infectivity : Effect of phosphate 
buffer at different pH. on the infectivity 
of the extracted sap of the virus affected 
turkish tobacco 

pH 

8 .3 

8,0 

7 ,0 

6 ,0 

5 .0 

4 . 5 

i Infect ivi ty (No, of local lesions/half i ? f : ?L„ 
• leaf) o/t {lesions 

J 1 

« 

14/8 

6/2 

3/4 

2 / 1 

2 /2 

5/4 

J 2 

5/2 

6/2 

7/2 

1/5 

7/7 

3/6 

t 
t 
• 

5/2 

1/0 

1/1 

2/10 

1/1 

2 /5 

1 i 

! 4 ; 

11/4 

5/5 

2 / 1 

1/3 

1/2 

9/4 

5 j 

25/10 

4 / 3 

3 /1 

11/20 

2/4 

10/5 

6 

6 /3 

3/2 

2 / 3 

3/4 

7/4 

1/1 

jTotaljment/lOO 
1 ilesions 
I Jin control 

66/29 43^93 

25/14 56.00 

18/12 66.66 

20/43 215.00 

20/20 100.00 

30/25 83.33 

c - Control (inoculum mixed with equal volume 
of distilled water. 

t - Treatment (inoculum mixed with equal volume 
of buffer) 
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These r e s u l t s ind ica ted t h a t i n f e c t i v i t y in 

phosphate buffer ranged from pH 4.5 to 8«0 with the optimum 

a t pH 6 .0 , I t remains qui te i n f ec t ive a t lower pH i . e . 

even upto 4 . 5 , however, reduced considerably a t higher pH 

i . e . 8.3 ( P i g . 3 . 7 ) , 

2 . With 0.1 M Sorenson's Glycine buffer (0.01 M Glycine, 

O.IN NaOH, O.IN HOI) 

This buffer was used so as to have a wide range 

of pH var ia t ions i . e . from 1.0 to 13.6 for i nves t iga t ing 

the v a r i a b i l i t y i n the d i f fe ren t pH ranges . The r e s u l t s 

thus obtained are presented i n Table 3 .16, 

In Sorenson's Glycine buffer i n f e c t i v i t y was 

observed even a t pH 1.0 and 9 . 3 , the optimum being a t 6 .0 . 

At the ac id ic range of 1.0 and a lka l ine range of 9.3 and 

above, the i n f e c t i v i t y was very low and ind ica ted incons i s tan t 

development of l o c a l l e s i o n s in d i f fe ren t r e p l i c a t e s . 

However, phosphate buf fer was twice as e f fec t ive a t the 

optimum pH of 6.0 ( F i g . 3 . 7 ) . 

3.6. Cvtopathology 

Light microscopy: Epidermal strips from healthy and 

infected leaves of tropaeolum and tobacco when stained with 

phloxin and methyl green, did not indicate any difference 

and no inclusion bodies could be detected. 

Fluorescent microscopy: In both infected and healthy 

cells, nucleiK exclusive of nucleoli fluoresced yellowish-

green colour, whereas cytoplasm and nucleoli fluoresced red 
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Table 3.16. pH range of infectivity : Effect of 
Glycine buffer, at different pH on the 
infectivity of extracted sap of the 
virus affected turkish tobacco 

pH 
Infect ivi ty (No. of local les ions / tlTo. of lesions 

half l ea f ) - t / c ;in treatment/ 

control 

1. 

2. ( 

3. ( 

4. 

5. ( 

6. I 

7. ( 

8. ( 

9. ( 

10. ( 

11. ( 

12.( 

13.( 

(1.0) 

[1.9) 

[2.9) 

[3.9) 

[4,4) 

[6.1) 

[7.8) 

[8.2) 

.9.3) 

[10.1) 

.11.3) 

.12.0) 

.13.6) 

0/g2 

3/15 

2/4 

— 

13/15 

5/5 

-

6/12 

4/5 

-

5/22 

0/12 

mm 

0/20 

3/20 

10/26 

6/8 

10/15 

8/14 

-

6/6 

6/16 

0/4 

0/8 

0/4 

o/u 

0/15 

5/10 

12/12 

6/8 

18/20 

35/25 

7/14 

10/25 

5/10 

0/10 

0/12 

0/v4 

0/17 

3/20 

17/18 

17/32 

18/22 

10/32 

10/7 

22/32 

15/22 

w 

1/25 

2/19 

2/24 

0/16 

0/24 

1/12 

22/22 

10/15 

27/15 

22/15 

11/20 

13/20 

15/12 

3/17 

0/11 

f-

0/2 

3/101 

29/75 

63/96 

40/53 

78/97 

80/66 

40/66 

50/85 

30/43 

4/56 

7/72 

2/44 

0/46 

2.97 

37.33 

65.62 

75.47 

80.41 

121.21 

60.45 

58.81 

21.42 

7.14 

9.72 

4.54 

0 ' 

t - Treatment (Inoculum mixed with equal volume of 
buffer). 

c - Control (Inoculum mixed with equal volume of 
distilled water. 
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and orange red colour, the lather being only faintly tinted. 

The virus infected tissues were characterised by the presence 

of inclusion bodies emitting distinct deep orange-red 

fluorescence. The inclusion bodies were either occurring 

singly or sometimes in groups of more than one aggregates 

adjacent to the nuclei, but mostly lying in one corner of 

the cell (Pig.3.8b). These inclusions could not be 

distinguished under the light microscope and only with 

difficulty under phase contrast. In the later case they appeared 

as hyaline bodies. These inclusion bodies in some cases, 

were found to envelop the nucleus (Fig.3,8c&d) in the form of 

a zone of uniform density. All these structures were not 

found in any of the preparations from healthy plants (Fig.3.8a). 

The identity of the red fluorescing inclusions was 

confirmed by treating the epidermal peals with RNAse 

enzyme. In the RNAse treated epidermal peals when stained 

with AO, the red fluorescence was partially removed as 

its intensity was much less compared to untreated ones. This 

indicates that the red fluorescence in the cytoplasmic 

material was due to viral RNA which is absent in the healthy 

tropaeolum plants. 

3.7. Purification 

1. Selection of production host: The infectivity counts 

of the four hosts indicative of viral contents, were as 

given in Table 3.17. 



Pig,3.8. Fluorescent microscopy of tropaeolum leaf epidermis 
from healthy and virus affected plants 

a) Healthy plant leaf epidermis showing fluorescing 
nuclei. 

h) Leaf epidermis from virus affected plants 
showing presence of fluorescing inclusions (arrow) 
at the perifery of the cytoplasm and sometimes 
more often adjacent to the nuclei. 

c) Leaf tissues of the virus affected plants showing 
fluorescing material (arrow) enclosing the nucleus. 

d) Fluorescing envelop around the nucleus photographed 
under oil-immersion lense. 



FIG 3 8 
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Table 3.17. i n f e c t i v l t y of d i f fe ren t production hos ts 

J No. of loca l l e s i o n s / 
l e a f 

Production hoste^ T 1—1 
Mean 

1 . 

2. 

3 . 

4 . 

Petunia 
hybrid a 

Datura 
stramonium 

Nicotiana 
g lu t inosa 

H. tabacum 
cv. Xanthi 

29 

20 

29 

17 

48 

109 

20 

27 

N. ^ l u t i n o s a . 

59 

60 

40 

29 

112 

38 

64 

29 

though 

16 

51 

25 

38 

12 

49 

48 

58 

had 

20 

15 

8 

20 

32 

15 

16 

20 

124 

146 

102 

104 

204 

211 

148 

134 

270 

206 

415 

282 

33.75 

25.75 

51,87 

. 35.25 

the h ighes t v i ru s t i t r e , was 

not suitable as a production host, because it was difficult 

to develop inoculum from these plants rapidly. N. tabacum 

cv. Xanthi was preferred because of rapidity with which 

large quantity of infectious sap could be obtained with high 

viral titre. 

Effect of buffers and chemicals used in piirification cycle on 

the infectivity; The results obtained with different buffer 

systems and the chemicals used for clarification and purifica

tion are summarised in the Table 3.18. 
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Table 3.18. Effect of chemicals, used in various purification 
schedules, on the infectivity of final preparations 

Juice extraction 
{Buffers 

Clarification I dissolving 
' pellets 

for' Colour 
of the 
pellets 

} Infectivity* 
i Crude !Suspended 
lextrart'pellet 

1.Homogenized in 
equal VOIUDD© 
of buffer at 
pH 7.6 

(a)0 .05 M 
pot assium 
phosphate 
buffer and 
O.ljfiTGA 

:8.5?5 
n - Butanol 

(b)0,5 M Borate :8.5^ 
buffer and n - Butanol 
0.1?S TGA 

0.03 M Brownish 146 
K phosphate white 
buffer (7.0) 

0.01 M EDTA Brown 175 
(7.0) 

50 

62 

2.Homogenized in 
equal volume 
of buffer at 
pH 6.8 

(a)O.l M 
pot assium 
phosphate 
buffer and 
Ascorbic acid 
(0.05 M) 

(b)O.l M sodium 
phosphate 
buffer and 
Ascorbic 
acid(0,05 M) 

3.Homogenized in 
equal volume of 
buffer at 
pH 7.0 

(a)0.55^ Nag'^^S 

:0.25 volume 0,02 M K Brownish 191 
of 1:1 mixture phosphate grey 
of n-butanol buffer 
& chloroform (7 ,0) 

:0 .25 volume 0.02 M. Brownish 139 
of 1:1 mixture Na phos- green 
of n-butanol phate 
& cdiloroform buffer 

(7 .0) 

(b)0.019g 
pot assium 
phosphate 
buffer 

49 

67 

:0.25 volume 0,02 M Na 
of 1:1 mixture phosphate 
of n-butanol buffer 
& chloroform (7 ,0) 

Greenish 148 

:205t 
chloroform 

0,01 M 
EDTA 
(7,0) 

Greaish 
brown 

200 

46 

52 

^Average no. of lesions/leaf. 
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The i n f e c t i v i t y of the crude plant ex t rac t was 

compared with the f i r s t high speed p e l l e t s of a l l the 

p repara t ions . I t was observed tha t the l o s s of i n f e c t i v i t y 

was high in a l l the preparat ions probably because in each 

case n-butanol or chloroform or mixture of both were used 

for removing plant m a t e r i a l . The l o s s of i n f e c t i v i t y was 

l e s s when ascorbic acid was used ins tead of th iog lyco l i c 

acid (TGA) but the di f ference in the two was not s i g n i f i c a n t . 

Use of NagSOg, was as e f fec t ive as phosphate buffer 

in the r e t e n t i o n of v i r a l i n f e c t i v i t y , however, the use of 

chloroform or n-butanol or t h e i r mixture did not give a 

c l ea r brownish while p e l l e t . Some amount of greenish colour 

was ind ica t ive of contaminating plant m a t e r i a l . 

Source of inoculum; Since e a r l i e r s t ud i e s showed g rea te r 

i n f e c t i v i t y , the roo t s were a l so used as the source of c 

inoculum for purifying the v i rus along with the shoots showing 

systemic in fec t ion and leaves showing c l e a r local l e s i o n s , 

obtained from 10-15 d ^ s old N, tabacum cv. Xanthi p l a n t s , 

For p u r i f i c a t i o n procedures n-butanol method was 

used with 0,05 M potassium phosphate buffer a t pH 7.0 and 

0.1 per cent TGA, The f i n a l p e l l e t was dissolved in 0.02 M 

phosphate buffer a t pH 7.0. The f i n a l prepara t ions were 

centrifuged on sucrose density gradient for fu r ther 

pu r i f i c a t i on and t h e i r i n f e c t i v i t y was a lso assayed (Table 3,19). 
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Table 3,19. P i i r i f ica t ion from di f fe ren t source mater ia l 
processed by n-butanol method 

1 IpQ » t 

Source of l Y e i ^ h t j ^ J ^ ^ ^ j ^ ^ ^ ^ ^ g ^ l j j 
inoculum |(gmT l^olume! (ml) {(ml) 

I ; (ml) I I 
' i l l 
t t 11 III 1 

; Pellet 
t 

I 
I 
I 

i t 

llnfecti-
Ivity 
;No.of lo-
Ical lesi-
!ons/leaf 

Zones in 
density 

fradient thickness 
in mm) 

1.Leaves 
showing 
localised 
sympt oms 

40 170 200 17.0 Greyish 
white 
4 mm + 
0.5 

52 3,0 

2. Shoots 
showing 
systemic 
sympt oms 

135 170 300 25.5 Greenish 
white 
3.5 mm •*• 
0.5 

63 3 .5 

3 . Roots 21 100 125 9.73 Dirty 
white 
5 Mk H 
0.5 

49 5.0 

*Vol\«ne after extraction 

The roots appeared to yield least amount of debris 

or contaminating material in the purified preparations as 

was evidenced by the dirty white colour of the pellet and 

broadest zone in the sucrose gradient. The infectivity, 

however, was maximum in the preparations from shoots showing 

clear systemic symptoms, though not much different from the 

other two samples. 

Sucrose density gradient centrifugation 

Gradient tubes were prepared from 0.2 to 0.7 M sucrose 
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buffered in 0.02M phosphate buffer at pH 7.0 formed into 

a linear gradient by use of an apparatus described by 

Stace-Smith.(1965). Two millilitres of the purified virus 

was layered on top of 24 ml of gradients and run in SW 25 

rotar at 22,500 rpm for 150 minutes. After centrifugation, 

the tubes were examined with a verticle beam of light and 

thB three light scattering zones designated as top, bottom 

and middle, were removed with a bent hypodermic syringe. 

In the gradient column measuring 60 mm, the three 

scattering zones were resolved generally at the following 

positions (Pig.3.9). 

1. Top component 49 - 50 mm 

2. Middle component 40 - 42 mm 

3. Bottom component 28 - 31 mm 

In some preparations there was trailing of opalescence 

below the bottom component which generally contained pellet 

at the bottom of the tube. In still another preparation, the 

top and the middle components were more diffused and 

therefore, difficult to detect with certainty. Such cases 

of incomplete resolution of all the different components of 

the virus were due to high proportion of contaminating plant 

material. In most of the cases the bottom component formed 

a distinct and broad zone almost half way down the column. 

The three components after removing from the column, 

were tested for the infectivity and for ultra-violet 

absorption spectra. Por electron microscopy, the sucrose was 

^ - " 4M Mo «̂ 

.( ^iBDs ; 

~UNlVER"='l 

v}^ 
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removed by repelleting the virus by centrifuging the 

suspension, after diluting in 0,02 M phosphate buffer 

(pH 7.0), a t 40,000 rpm for 90 minutes, Table 3.20. 

Table 3.20. Properties of different components of the 
virus , obtained on sucrose gradient 

Component s 
Position on the 
sucrose gradient 
(ram from the 
bottom)* 

UV absorption 
260:280 

ra t io 
280:250 
ratio 

Infectivity 

1. Top 4.9 - 5.0 

2. Middle 4.0 - 4.2 

3, Bottom 2.8 - 3.1 

(33/34) 
. 9 7 

(48/31) 
1.55 

(61/37) 
1.64 

(34/32) 
1.06 

(31/45) 
0.68 

(37/56) 
0.66 +++ 

* The minisGus is at 6 mm 
- No infectivity 
X Slightly infective producing local lesions one 

in one of the leaves. 
+++ Highly infectious (producing average local 

lesions of 98/leaf) 

3.8, Ultra violet absorption spectra 

Ultra-violet absorption spectra of the three 

components are shown in Pig.3.9 indicating transaction from 

nucleoprotein in the bottom to protein in the top component. 

The maximum absorption in the top component has shifted 
in 

to 270 nm due to the predominance of protein/the preparation, 

the minimum absorption being at 250 nm, a characteristic of 

protein. The 280/250 ratio which is more than 1.0 in this 

case is indicative of the same. The 260/280 ratio in the protein 
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preparations is usually of the order of 0.50 to 0,66 whereas 

it was 0.97 in the top component thereby indicating trace 

contamination of RNA in the top component. As the preparation 

was not infective, it may he contaminated with plant SNA 

(Table 320). The lines indicating middle and bottom 

components are consistent with the shape of viral nucleoprotein 

absorption (Pig.3.9), 

For detail study of the ultra-violet absorption spectra 

of this virus, a purified preparation, obtained by n-butaaol 

method was used. The final pellet was dissolved in 0.02M 

phosphate buffer at pH 7,0. The U-V absorption spectrum 

as shown in Pig.3.12 demonstrates a typical nucleoprotein 

spectrum with minimum absorption at 240 nm and maximum at 

260 nm. The 260 : 280 ratio in this case was 1.71 whereas 

it varied from 1.58 to 1.82 in several other preparations. 

A small bump at 280 nm is similar to tryptophane bump which 

is indicative of the presence of protein. The peak at 260 nm 

represents a purine band. One biimp of weak intensity was also 

observed at 264 nm which may be assigned to vibrational 

frequency of purines of nucleic acid of the virus. A strong 

bump at 226 nm remains unexplained and may be due to 

contaminating plant materials (Fig.3.10). 

3,9. Electron microscopy 

The mate r i a l for e lec t ron microscopy was prepared 

by both l e a f - d i p method as well as by using pur i f ied v i rus 

prepara t ions obtained by n-butanol method, agar-column method 

and using borate buffer which gave p a r t i a l l y pur i f ied m a t e r i a l . 



Fig . 3 . 1 1 . Blectron-micrographs of the purif ied v i rus preperat ion 
(Butanol method), negat ively stained with 
2^ PTA. showing polyhedral v i rus par t i d e s . P a r t i c l e s 
d i s i n t i g r a t i n g (arrow). 
A. Magnification X 73,000. I n s e t : Three v i rus 

Sa r t i c l e s - magnification X 360,000. 
. agnif icat ion X 107,000. I n s e t : Five v i rus 

p a r t i c l e s - magnification X 320,000. 



^1^ p 
^ ^ 7 

200 nm 

FIG. 
3.11 

B 



Fig, 3,11, Electron-micrographs of the virus preperations, 

G. Two virus particles from a purified virus preperation 
(butanol method), negatively stained and shovfing 
capsomeres of approximately 0,08 nm diameter. 
Magnification X 500,000, 

D, Leaf-dip preperation showing shadow casted 
spherical virus particles. 
Magnification X 93,000. 

E, Preperation of purified virus (agar gel filteration 
method) showing shadow casted aggregates (A) as well 
as individual particles (arrow). 
Magnification X 39,000, -
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of the cases the preparations were either shadow-casted 

or negatively stained. 

The electron micrograph (Fig.3,11) is from dip-

preparations indicating spherical virus particles measuring 

30 nm average diameter. 

The electron micrograph (Fig.3.11) is from the purified 

preparation processed by agar column method indicating 

spherical virus particles measuring 32 nm average diameter. 

In most of these cases the particles are aggregated. 

Fig.3.11 is the electron micrograph of virus particles 

from the preparations made "by n-butanol method, negatively 

stained with 2.0 per cent phosphotungstic acid (pH 7.0). 

These preparations contained polyhedral particles measuring 

29 nm average diameter and having 6 corners (hexagonal) as 

seen from one side. Some empty particles were also evident 

showing the protê in ring and lacking M A core. A certain 

amount of damage of the particles was noticed at places 

as a result of denaturing of protein shell probably due to 

use of PTA for negative staining (Serjeant, 1967). In some 

of the particles protein units were evident,measuring 

approximately 0.8 nm average diameter. 

3.10. Serological relationship 

Micro-precipitin reaction; Dilutions of the two 

antisera of TRSV, when mixed with the sap extracted from 

flower petals and leaves of virus affected double and single 

tropaeolum and leaves of healthy tropaeolum plants (Fig.3.12) 

gave precipitin reactions as given in the Table 3.21. 



FIG. 3,12 

LAY-OUT OF MICRO-PRECIPITIN TEST. LAY-OUT OF GEL-DIFFUSION TEST. 
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Table 3.21. Microprecipitin reaction of the virus with 
TRSV ant is era 

Source of antigen 
Precipitin reaction at different 

antisera dilutions 
Antiserum from 

Lisse 

1/8 1/16 

Antiserum from 
Wakening; en 
1/8 1/16 

. Virus affected 
'.double tropaeolum 
plants 

1. Flower petals 

2, Leaves 

++++ 

+++ 

+++ 

+++ 

++++ 

+++ 

+++ 

++ 

II.Virus affected 
single 'tropaeolum 
plants 

3. Leaves 

III.Healthy single 
Tropaeolum plants 

4. Leaves 

++ ++ ++ ++ 

The above data indicated tjie presence of the same 

or similar antigen, in the petals and leaves of virus 

affected single and double tropaeolum plants, negative 

results with the heathy leaves eliminated any chance for 

spontaneous reaction specific for the tropaeolum plants. 

The precipitate was heavy when extracted sap of petals 

was used thereby indicating h\gh titre of virus in these 

tissues. 
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Precipitin reaction; Five dilutions of antiserum of TRSV 

obtained from Lisse were tested for precipitin reaction 

with respect to the extracted sap obtained from the virus 

affected double tropaeolum leaves. The data is presented 

in Table 3.22, 

Table 3.22. Precipitin reaction of the virus with the 
TRSV antiserum (lisse) 

Antisemim 
dilution 

Precipitin reaction at different durations 
1 \ 1 i ? i 

15 min,'30min. ;45min. I 1 hr . ' , 2hrs« 4 h r s . | 8hrs, 
I I I 1 1 

1/8 

1/16 

1/32 

1/64 

1/128 

1/256 

+ 

+ 

-

-

-

• " 

++ 

++ 

+ 

+ 

+ 

• " 

+++ 

++ 

++ 

++ 

++ 

+ 

++++ 

+++ 

++ 

++ 

++ 

++ 

++++ 

+++ 

+++ 

+++ 

++ 

++ 

++++ 

+++ 

+++ 

+++ 

++ 

++ 

++++ 

+++ 

+++ 

+++ 

++ 

++ 

The strong p r e c i p i t i n r eac t ion at higher concentrat ions 

and some amount of p r e c i p i t a t i o n even a t 1/128 d i l u t i o n 

fur ther confirmed the above r e s u l t s , thereby ind ica t ing 

in t imate r e l a t ionsh ip between the two v i r u s e s , namely TRSV 

and DNRSV. 

Gel-diffusion t e s t ; Gel-diffusion t e s t s were made with 

both the a n t i s e r a of TRSV and the e x t r a c t s from the v i rus 

affected t i s s u e s . The reac t ions observed were as represented 

diagrama t i c a l l y in Fig. 3 .12. 
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The formation of transluscent reaction bands in 

between the wells having antisera and those having extracted 

sap from virus affected tissues indicating a close relation

ship between the two viruses. Such bands were absent in 

between the wells having healthy sap and the antisera. 

3.11. Stabilization of infectivity of the virus infected 
leaf extract of tropaeolum plants 

Presence of inhibitors in the tropaeolizm leaves; 

The inf ectivity of TMV was foxind to be affected when 

infectious sap was mixed with equal volume of single tropaeolum 

leaf extract. The data obtained are presented in Table 3.23. 

The maximiim inhibition of 86.61 per cent was obtained 

with 1:40 diluted extract from old yellow leaves of 

tropaeolum. The inhibition was less with preparations 

diluted to 1:10 as also with those obtained from fresh green 

leaves. 

Neutralization of tropaeolum leaf inhibitor 

Inoculation with the TMV-tropaeolum leaf extract 

mixture, after neutralizing the inhibitors in tropaeolum 

leaves by the process mentioned in 'Materials and Methods', 

gave the results indicated in Table 3.24. 

EDTA, Caffeic acid and FagSO^ treatments gave enhanced 

infection, not only by neutralizing the viral inhibitors 

present in the leaves, but also by stimulating the viral 

infectivity. Caffeic acid when mixed with the leaf extract, 

stimulated the viral infectivity to the maximiim of 80 per cent. 

By soaking the leaves of tropaeolum and allowing them to be 
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in contact with the leaf extract for 72 hours at cool 

temperature, further stimulated the viral infectivity to 

114.54 per cent. Similarly, EDTA soaking also enhanced 

the viral infectivity to 124 per cent and NagSOg stimulated 

viral infectivity to 78.33 p'er cent but none of these 

compounds seem to exhibit any appreciable change in their 

activity when kept for 72 hours at cool temperature. Water 

soaking and freezing of the leaves improved the local lesion 

formation. Pig.3.13 illustrates these improvements in 

the stability of viral infectivity by use of these chemicals. 

Inhibition of double tropaeolum virus in vitro by coumarin 

and phenol; Since coumarins and phenols constitute important 

groups of plant virus inhibitors present in the plant 

systems the effect of such compoxmds on the infectivity of 

the virus infecting double tropaeolum plants was estimated-

by mixing the inoculum with different concentrations of 

these compounds. The data are given in Table 3.25. 

Inhibition of infectivity of the virus was to the 

extent 74.54 per cent in the case of coumarin at the level 

of 1 ppm. At higher concentrations, inhibition percentage 

was reduced. With regard to sodiiun salicylate, the percentage 

of inhibition was not much affected by diluting the chemical. 

The maximum percentage of inhibition was found to the extent 

of 50.8 when sodium salicylate was used at the level of 

10 ppm (Pig.3.14). 



FIG. 3.13. 

STABILIZATION OF THE INFECTIVITY OF THE CPO STRAIN OF TMV BY 

NEUTRALIZATION OF INHBITORS IN TROPAEOLUM LEAVES. 
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Chemical stablization of the infectivity of leaves from 

virus affected double tropaeolum plants: The infectivity 

of double tropaeolum leaves, treated with EDTA, caffeic 

acid and NagSO, solutions separately was assayed on 

turkish tobacco plants and the niimber of local lesions was 

compared with that of control indicated in Table 3.26. 

Table 3.26. Stablizing the infectivity of the virus 
infecting double tropaeolxim leaves 

T Infectivity 
Uo. of lesions/leaf Mean 

EDTA 37 29 28 42 34.00 

Caffeic 
acid 

NagSOg 

Water 

41 

40 

Q 

45 

49 

1 

37 

29 

0 

51 

64 

2 

43.50 

45.50 

0.75 

These results are similar to the ones obtained in 

the earlier experiments with TEV". Sodium sulphite was found 

to be the most effective followed by caffeic acid and EDTA 
(Fig. 3.15). 

3.12. Distribution of infectivity in different parts of 
tobacco plants infected with the virus 

Infectivity of the inoculated and uninoculated leaves 

of Nicotiana tabacum cv xanthi and N. glutinosa; The 

infectivity of the inoculated and uninoculated younger leaves, 

showing characteristic disease syndrome, was compared and the 

data are presented in Table 3.27. 
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The infectivity of N. glut in os a leaves was always 

more than that of the turkish tobacco leaves. The inoculated 

leaves in both the plant species were found to have 

less infectivity than the uninoculated younger leaves.(Fig.3.16). 

Infectivity of leaves at different leaf-positions and corres

ponding internodes above and below inoculation level in N. 

tabacum var. xanthi; The data on virus contents, as indicated 

by the infectivity, in different leaves and corresponding 

internodes above and below the inoculated leaves are presented 

in Table 3,28. The lower two leaves having smooth surface 

were not inoculated. 

The viral contents of the two uninoculated leaves 

below the inoculated ones (inoculation level) were very low. 

The infectivity increased in the leaves above the inoculation 

level and was maximum in the third leaf from the top. In the 

internode bits, the infectivity increased above the inoculation 

level and was maximum just below the meristem tip. The 

meristem tip consisting of two pairs of primordial leaves 

and the corresponding meristem dome did not show any infectivity, 

(Pig.3.17). 

Infectivity of different components of the root system: 

Similarly the infectivity of the root system was also estimated 

and data are presented in Table 3.29, 
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G-enerally, the infect ivi ty was higher in the roots 

system, optimiim being jiist below the so i l level i . e . portion 

of the stem just above the main root, but reduced in the 

main root and roo t - l e t s (Pig.3.17). Fig,3.17 also i l l u s t r a t e s 

infectivi ty of the plant at different levels i . e . root and 

shoots (consists of leaves and stem). I t increases above 

and below the inoculation level but i s altogether absent 

in the meristerns. 

Infect ivi ty of different t i ssues of the stem; Tissues i . e . 

p i th , conductive t issue and cortex alongwith the epidermis 

were dissected out from infected turkish tobacco plants and 

bioassayed for estimation of vi ra l concentration. The data 

are presented in Table 3,30. 

The v i ra l contents were highest in the conductive 

t issue and l eas t in the pi th (Pig.3.18). 

Infectivity of turkish tobacco plants at different intervals 

after inoculation; The data on infec t iv i ty of the whole plant 

at different intervals are presented in Table 3.31. 

The data presented in the table indicated steep 

r ise in the v i ra l concentration upto 9 days after inoculation, 

thereafter, i t decreased slowly and af ter 21 days the 

concentration was very much less (Pig.3 ,19) . 
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Table 3.31. Infectivlty of the turkish tobacco plants at 
different intervals after inoculation 

Intervals 'Dilution 
after {of 
inocula ti on} standard 
(in days) {extract 

Infectivity (Ho. of lesions/leaf) 

Total Mean 5^®^ ^'^ ^®^" IS:10 

7 

9 

11 

13 

14 

17 

21 

S:10 

S:50 

S:50 

S:10 

S:50 

S:50 

S:50 

140 

101 

104 

165 

31 

70 

22 

310 

299 

292 

270 

206 

47 

23 

350 

65 

14 

234 

15 

24 

7 

800 

465 

410 

669 

252 

141 

52 

266.0 

155.0 

136.6 

223.0 

84.0 

47.0 

17.6 

266.0 

775.0 

683.0 

223.0 

420.0 

235.0 

88.0 

Infect ivi ty of old inoculated and youtiiscer uninoculated leaves 

at different intervals after inoculation; The resu l t s 

presented in Table 3.32 indicate ident ical trend in conformity 

with the ea r l i e r experiment. In the uninoculated younger 

leaves, the infect ivi ty was maximum on 8th and 10th day after 

inoculation, thereafter i t declined sharply t i l l 15th day and 

20th day respectively in the two experiments. The lower level of 

infec t iv i ty of the old inoculated leaves as compared to the 

young uninoculated ones persisted a l l along the period after 

inoculation (Fig.3.20). 
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FIG 3 18 

INFECTIVITY OF DIFFERENT COMPONENTS OF STEM 
TISSUE OF VIRUSAFFECTED TOBACCO PLANTS 

FIG 3 19 

INFECTIVITY OF TOBACCO PLANTS AT DIFFERENT INTERVALS 
AFTER INOCULATION 
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FIG 3 20 

INFECTIVITY OF INOCULATED 8 UNINOCULATEO LEAVES OF TOBACCO 

PLANTS AT DIFFERENT INTERVALS AFTER INOCULATION 

H 200-

YOUNG INOCULATED LEAVES 

OLD INOCULATED LEAVES . 

YOUNG INOCULATED LEAVES' 

OLD INOCULATED LEAVES 

Elipt 
1 

Eupt 
II 

10 IS 20 29 

INTERVALS IN DAYS AFTER INOCULATION 



96 

3.13. Distribution of infect ivi ty in different parts of ' 
tropaeolum cult ivars 

Various plant parts namely, stem, leaves, roots 

and flower parts of single and double tropaeolum and also 

f loral parts of semi-double tropaeolum were assayed on 

turkish tobacco plants and local lesions were counted for 

ascertaining the re la t ive in fec t iv i ty . The resu l t s are given 

in Table 3.33. 

I t appears that the infect ivi ty was more in the double 

tropaeoliim plant par t s . Floral par ts of double tropaeolum 

were highly infectious having highest infect ivi ty in sepals 

and pe ta l s . On the other hand, f lo ra l parts of single- and 

semi-double tropaeolum were non-infectious, although other 

parts showed infec t iv i ty . 

3.14. Tissue calture studies 

3.14.1. Callus cultures; Attempts were made to obtain callus 

cultures from tropaeolum, turkish tobacco and N. glutinosa 

explants. 

3.14.1.1. Tropaeolum explants 

From embryos and seeds of single tropaeolum; 

Embryos and seeds of single tropaeolum plants were planted, 

ten, each, into different media, namely. A, B^, G^, Co, C^, 

C^, Dg, K^ and LIS (see Appendix II), The qualitative and 

quantitative estimation of growth, response of these tissues 

as influenced by different doses of NAA, kinetin, adenine, 

myoinositol and casein hydrolysate, was recorded after a 

period of 30 days and the data are presented in Table 3.34, 
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Table 3,34. Growth, pattern of tropaeolum embryos and seeds 
as affected by different doses^ of auxin, kinetin, 
casein hydrolysate and myoinesitol 

Media [Essential consti-
ituents of the media] 
i (ing/1) 

Grrowth pattern 

Embryos Seeds 

A. 

Bn 

K 

NAA 
K 

UAA 
K 
OR 

NAA 
K 

WAA 
K 

NAA 
K 

NAA 
K 

NAA 
K 
CH 
Ino 

NAA 
K 
CH 
Ino 
Ad 

2.0 

2.0 

1.0 g/1 

1.0 
1.0 

0.5 
0.2 

1.0 
0.2 

1.5 
0.2 

1.5 
1.0 
400 
0.5 

1.0 
0.5 
200 
1.0 
5.0 

Or ++10 
Cp ++7 
Eh +++10 
S + 

Rh +++10 
S ++++10 

C +++10 

C ++++10 

C ++10 
Rh+++8 
S ++7 

C ++10 
Cp++6 
Rh+++7 
S ++5 

0 ++10 
R +++9 
S +++10 

Cp ++10 
R ++8 
S +++10 

R + 10 

R ++++10 
S ++++ 9 

-

-

R +++10 
S ++5 

-

-

Abbreviations used are given in the Appendix. 
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Th6 embryos grew best on B^ (Fig .3 .21a) and MS 

media giving out balanced growth, of r o o t s and shoots . C^ 

medium induced c a l l u s i n g , while Cg medium having NAA-Kinetin 

in the r a t i o of 0 .5 :0 .2 mg/1 supported b e t t e r ca l lu s growth. 

By increasing the doses of NAA to 1.0 (C^) or 1.5 (C^) mg/l, 

root development was fu r the r increased ( F i g . 3 . 2 1 . 6 ) . The 

growth was more uniform with k ine t i n a t the l eve l of 1.0 or 

0.5 mg/1 i . e . on Dg and K̂  media. The MS medium with 100 mg/1 

of myoinositol and 1.0 mg/1 of NAA in place of lAA, induced 

a good balanced growth of the embryos. Adenine incorporated 

in K and MS media a t the l e v e l of 5.0 mg/1, supported caulogenic 

growth i . e . b e t t e r shoot development. 

Seeds, on the other hand, grew best even on media l i k e 

A and B^ which lacksJlkinetin, thereby ind ica t ing tha t k i n e t i n 

and other compounds had no appreciable ef fect on the growth 

p a t t e r n . 

From other t i s s u e s of tropaeolum; Different p lant 

p a r t s namely, meristem, stem, l eaves , flowerbud, sepals and 

p e t a l s from both v i rus -a f fec ted and v i r u s - f r e e p l a n t s of 

s ingle tropaeolum as a l so v i rus af fected double tropaeolum 

p lan t s were planted on a niimber of media as given in Appendix 

I I . The q u a l i t a t i v e and q u a n t i t a t i v e es t imat ion of growth 

response of these t i s s u e s , as influenced by d i f fe ren t doses 

of auxins, k i n i n s , adenine, myoinosi tol , casein hydrolysate , 

coconut milk e t c . was made a f t e r a growth period of 30 days 

and recorded in the following t ab l e s (3,35 to 3 .38) . As 



F i g . 3 , 2 1 . Tissue c u l t u r e of t ropaeolum t i s s u e s 

a) Growth, of t ropaeo lum embryos on ( l ) A medium 
(wi th 2 . 0 mg/1 NAA and no k i n e t i n , (2 ) Bi mediiim 
(wi th 2 .0 mg/1 BTAA. no k i n e t i n and 1.0 gm/l 
c a s e i n hydro lys&te) and (3) C]_ medium (wi th 1.0 mg/ 
1 NAA and 1,0 mg/ l k i n e t i n . 

TD) Growth of t ropaeolum embryos on media wi th d i f f e r e n t 
p r o p o r t i o n s of aux in and k i n i n ( l ) onCi medium (wi th 
NAA:Kinetin a s 1 :1 ) , (2) on medium Cg (wi th lAA : 
K i n e t i n as 0 . 5 : 0 . 2 ) , (3) on medium C3 wi th l\[AA:Kinetin 
as 1 .0 :0 .2 and (4) on medium G4 wi th NAA:Kinetin as 
1 . 5 : 0 . 2 . 

c) Growth of stem e x p l a n t s induc ing c a l l u s format ion 
1) on Kg medium, 2) on D3 medium and 3) on Oi medium: 
a l l t h e c u l t u r e s a r e 3-weelJSold. 4) on WD mediiim 
and 5) on E medium; a l l t h e c u l t u r e s a re 8-weeks 
old i n Pp t r a n s f e r s . 



FIG. 3.21 
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there was no d i f ference in the growth response of v i r u s -

affected and v i r u s - f r e e t i s s u e s as a l so those of s ing le and 

double tropaeolum p l a n t s , only general growth p a t t e r n of 

these t i s s u e s were recorded. 

Presence of k ine t in was e s s e n t i a l for any type of 

growth of tropaeolum explants as there was no growth of these 

t i s s u e s on the media, which did not have any k i n e t i n ( i . e . 

A, B^ and Bg), In the media Cn, Co, Dg, B and F, the inc lus ion 

of k i n e t i n from 0.5 to 1.0 mg/1 induced meristematic a c t i v i t y 

besides ca l lus formation. Presence of casein hydrolysate 

and coconut milk fu r the r increased the ca l lu s formation as 

in Dg and E media (P ig .3 .21c) , whereas 2,4-D a t 2.0 mg/l had 

no effect on c a l l u s i n g . 

In media with NAA, k i n e t i n , adenine, myoinositol and 

casein hydrolysate a t the concent ra t ions of 1.0, 0 .5 , 5.0, 

1.0 and 200 mg/1, r e spec t ive ly (K^ medium), the growth of the 

meristem was not appreciably influenced with the addi t ion of 

compounds l i k e choline ch lo r ide , ascorbic ac id , fumaric ac id , 

succinic acid and r ibo f l av in in d i f f e ren t proport ions (K. and 

Kg media). The former three compounds when added a t the 

concentrat ion of 0.25 mg/1 each (Kg medium) induced ca l lu s 

formation (P ig .3 .21c ) . The concentra t ion of these compounds, 

when increased to 0,5 mg/1 each, the root development seemed 

to be b e t t e r manifested. Addition of 2,4-D and coconut milk 

only s l i g h t l y increased the ca l lus growth (L medium), whereas 

2,4-D and GA induced some rhizogenic tendency as evidenced by 

root development, bes ides accompanied by a l i t t l e b i t of shoot 

growth. 
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Table 3.35, Growth pattern of tropaeolum explants as 
affected by different doses of auxin, kinetin, 
casein liydrolysate and coconut milk 

Media 
Essen t i a l 
cons t i tuen t s 

mg/1 

Growth p a t t e r n 
ijeavesj^^^g {and | 

I {petals 

{Remarks 

B. 

B, 

NAA 
K 

NAA 
K 
OH 

NAA 
K 
OH 

NAA 
K 

2.0 

2.0 

1000 

2.0 

2000 

1.0 
1.0 

- -

m 

m 

M + 
C + 

m 

m 

C ++ C ++ 

No growth 

Slight 
meristama-
t i c a c t i v i t y 
only 

-do -

Slight brown 
callus died 
after Pp 
transfer 

E 

F 

NAA 
K 

NAA 
K 
OH 

NAA 
K 
CH 
CM 

NAA 
K 
CH 
CM 
2,4-D 

0.5 
0.2 

1.5 
1.0 
400 

1.5 
0.5 
200 
150 

1.5 
0.5 
200 
150 
2.0 

ml 

ml 

M 
C 

M 
C 

M 
C 

M 
C 

+ 
++ 

++ 
+++ 

++ 
+++ 

+ 
++ 

C ++ -

C ++ -

C ++ -

C ++ m 

C ++ 

C ++ 

0 ++ 

C ++ m 

-do-

Whitish 
compact 
callus 
growth 

-do-

-do-

Abbreviations used are given in the Appendix. 
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Table 3.36. Growth-pattern of tropaeolum explants as 
affected by accessory growth fac to r s 

iEssent ia l 
Media {const i tuents 

(mg/1) 
Growth p a t t e r n 

iMeri- | T 

stem ' 
stem 'Leaves 5^^°^®^•Sepals 

, ^^®°^ r®^^®^|buds {and 
1 } I ! petals 

Remarks 

K̂  

K, 

K. 

K 4 

K. 

NAA 
K 
A6. 
Ino. 
CH 

ETAA 
K 
Ad 
Ind 
CH 
Cocl+J 
As+P • 

UAA 
K 
Ad 
Ano 
CH 
Cocl+ 
As + P 

NAA 
K 
Ad 
Ino 
CH 
Cocl+I 
As+P { 
Su<5c+, 
Ribf I 

UAA 
K 
Ad 
Ino 
CH 
Cocl+, 
As+P I 
Sue c.+ 

1.0 
0.5 
5.0 
1.0 
200 

r.o 
0.5 
5.0 
1.0 
200 

M + 
C ++ 
E ++ 

M + 
C +++ 

R + 

0.25each 

1.00 
0.5 
5.0 
1.0 
200 

1 
10.5each 
1 

1.00 
0.5 
5.0 
1.0 
200 

M + 
^ . . 
C ++ 
R +++ 

M + 
C ++ 
R + 

0.25each 

0,25each 

1.00 
0.5 
5.0 
1.0 
200 

M + 
C ++ 
R + 

0.25each 

;0.5each 

0 + c + m m 

C++ C +++ Cv 

C++ 0 ++ m 

C++ C++ Cv ++ -

m 

Partial 
growth of 
meristem 
with callus 
formation 

-do-
(Increase 
in callus 

growth). 

Increase in 
goot growth 

Growth in 
general 
reduced 

Growth 
suppressed 

Contd... 
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Media 
{ Essential 
I constituents 
I (mg/1) 

X 

iMeri-
stem 

Grrowth pattern 
Stem ILea-vestFloiNerJSepaLsj 

I }buds land 
Remarks 

IpetaLs', 

NAA 
K 
Ad. 
Ino 
CH 
2,4-D 
CM 

NAA 
K 
Ad 
Ino 
CH 
GA 

1.0 
0.5 
5.0 
1.0 
200 
2.0 
100 

1.0 
0.5 
5.0 
1.0 
200 
1.0 

M+ 

C+++ 

R+ 

M++ 
C++ 

R++ 

C++ 

0++ 

Callus growth 
only 

Slight shoot 
growth, 
besides callus 
.but roots 
are more 
pronounced 

Abbreviations used are given in the Appendix. 

Table 3.37, Growth pattern of tropaeolum explants as 
affected by different doses of auxin, kinetin, 
adenineand myoinositol 

{Essential 
Media I constituents 

(mg/1) 

Growth p a t t e r n .* 
M e r i - ; „ . ^ ^ • ^ „ ^ Ii ' low-!Sepals; Remarks 
stem jS*®"^ p ^ ^ ^ ^ e r budand ! 

! I \ ^petalEt 

MS 

MS. 

lAA 
K 
Ad 
Ino 

lAA 
K 
Ad 
Ino 

2.0 
0.4 
5.0 
100 

2,0 
0.4 

12.5 
100 

C+++ 
S+++ 
R+++ 

-

C++ 
R+++ 

C+ 

m 

m 

C++ Meristem t i p 
C++ & stem g i v e s 

d e d i f f e r e n 
t i a t e d growth 
but r o o t i n g 
predominates 

- - No growth 

c o n t d , . . 
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Media 

I 

Essential 
constituents 

(mg/1) 
Meri-
stem 

Growth pattern { 
c!+.»™ «T ««-,«J Flow-1 Sepals,' Stem Leave^^„ \^^% 

'] 
jLeave^g^ 

ibuds 
land 
I petals; 
J _ _ _ 

Remarks 

MS, 

MS, 

MS. 

MS. 

MS^ 

lAA 
K 
Ad 
Ino 

lAA 
K 
Ad 
Iho 

lAA 
K 
Ad 
Ino 

NAA 
K 
Ad 
Ino 

lAA 
K 
Ad 
Ino 

2.0 
1.4 
5.0 
100 

2.0 
1,4 
7.5 
100 

2.0 
1.0 

12.5 
100 

1.5 
1.0 
1.5 
125 

1.5 
0.75 
7.5 
100 

0++ 
a+++ 
R+++ 

C++ 
S++ 

c+ 

-

0+ 
S++++ 
R++ 

C++ m 
R+ 

C++ C 
R+ 

C++ 
R+ m 

C+ 

C+ 
m 

- C++ Small amount 
of callus and 
dedifferentia
ted, growth. 

C+ C+ Increase in 
callus growth, 
no roots 

No dedifferen-
tiation, callus 
turns brown in 
Po transfer 

No growth 

Increase in 
caulogenesis, 
differentia

tion of meri-
stem 

MD 

MC 

lAA 
K 
Ad 
Ino 
2,4-D 

lAA 
K 
Ad 
Ino 
2,4-D 
CM 

2.0 
0.4 
7.5 
100 
2.0 

2.0 
a.4 
7,5 
100 
4.0 
150 ml 

not tried 

C++ m m not tried 

No growth 

Callus growth 
enhanced but 
turns brown 
in Pjtransfer 

Abbreviations used are given in the Appendix. 
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On Murashige and Skoog's medium with. lAA at 2 .0 , 

k ine t in a t 0 .4 , adenine a t 5,0, myoinositol a t 100 mg/1 

(MS mediiim), the root development as well as c a l l u s 

formation and shoot growth in the meristem explants was 

more pronounced. Stem explants gave r i s e to ca l lus formation 

and root development (F ig .3 .22c ) . Increasing the adenine 

contents to 12.5 mg/l as in MŜ  and MS^ media, was harmful 

as there was no growth. On the other hand, the increase in 

the k ine t in contents to 1.4 mg/1 along with adenine at the 

level of 5.0 mg/1, the balance of growth was t i l t e d towards 

caulogenesis as no root formation was observed in the meristem 

explants (MSg medium) (F ig .3 .22b) . The caulogenic growth 

was fur ther improved by increasing the dose of adenine to 

7.5 mg/1 (MSg medium). I t appears t h a t adenine was 

complementary to k ine t in in supporting caulogenic growth. 

The increase in the myoinositol l eve l from 100 mg/1 to 

125 rag/1 l ike t h a t of adenine was a l so detr imental to the 

growth (MSg medium). The idea l medium for the well organised 

growth of meristem was MSg which was incorporated with 1.5 mg/1 

of lAA, 0.75mg/l of k i n e t i n , 7.5 mg/l of adenine and 100 mg/l 

of myoinositol . The addi t ion of 2,4-D (MD medium) of coconut 

milk (MC medixim) had no appreciable e f fec t on the induction of 

non-d i f fe ren t ia ted ca l lus growth. 
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Table 3.39. Growth pattern of tropaeolum explants as 
affected by Benzyl amino purine, kinetin, 
adenine and myoinositol 

Media 
Essential 
constituents 

(mg/1) 

T 
Growth pattern 

Meri-
stem 

Stem '.Leaves;Flowerî fPJ-'-̂  
; Ibuds " and 

'petals 

Remarks 

EaM 

WD 

WK 

NAA 
BAP 
Ino 
Ad 

RAA 
K 
Ino 
Ad 

NAA 
K 
Ino 
Ad 

5.0 
0.2 
da 

1.0 
0.05 
100 
5.0 

1.0 
0.5 
100 
7.0 

C+ 
s+ 
R++++ 

C+++ 
R++ 

C+ 
S++++ 
R++ 

C+ 
R+++ 

C+++ 
R++ 

C+ 

m 

C+++ 

m 

m 

C+++ 

m 

m 

C+++ 

m 

Rooting pre
dominates at 
the expense of 
shoot growth 
and callus 
formati on 

Callus pre
dominates 
with complete 
suppression 
of shoots 

Dedifferen
tiated growth 
with more 
response 
towards 
caulogenesis 

WK medium with NAA-1.0 mg/1, kinetin 0.5 mg/1, adenine 

7.0 mg/1 and myoinositol 100 mg/1 supported organised de

differentiated growth of meristem explants. Profuse callus 

growth was obtained in all the types of explants, when kinetin 

was reduced to 0.05 mg/l (7/D medium) (Fig.3.21c). Even the 

leaves, sepals and petals gave profuse callus formation 

(Fa^-.3.22a). Kinetin can also be substituted with BAP (benzyl 



106 

amino pu r ine ) , which was equally e f f e c t i v e . The EaM 

medium incorporated with 5,0 mg/l of NAA and 0.2 mg/l of 

BAP induced heavy rooting a t the expense of caulogenic 

growth (P ig .3 .22d) . 

In genera l , the response of meristem t i s s u e , which 

cons i s t s of a region having ac t i ve ly mul t ip lying c e l l s 

with l e a s t number of other non-act ive c e l l s , was most 

pronounced i n producing ca l l u s c u l t u r e s as compared to o ther 

t i s s u e s . On the other hand, stem and leaves were l e a s t 

responsive. Only the leaves which were very young (next 

t o primordial leaves) gave some c a l l u s formation (Fig .3 .22a) 

Incip ient flower-buds or p e t a l s a l so responded to ca l l u s 

formation but not as good as meristem exp lan t s . The c a l l u s 

obtained from meristem and young l e a f explants remained 

ac t ive ly growing for a period of one and half years i . e . 

upto 16 t r a n s f e r s on MS medium. The r a t e of growth was very 

slow in these t i s s u e s on MS medium but increased when 

t rans fe r red to MSg or EaM media. Callus growth obtained 

from other t i s s u e s , however, turned brown a f t e r about 5-6 

months. The data on i n f e c t i v i t y of c a l l u s cu l t u r e s from 

dif ferent explants and t r a n s f e r s are presented in Table 3 .39. 

I n f e c t i v i t y of l ea f ca l lu s cu l tu r e s was l o s t a f t e r 

second t r a n s f e r whereas, meristem and stem c a l l u s became 

non-infect ious a f t e r f i r s t t r a n s f e r . 



Pig .3 .22 . Leaf ca l lus and raeristem-tip cu l t u r e s of double 
tropaeolum. 
a) Leaf ca l lus on WD mediiim 
b) Meristem-tip cu l tu re on LISp medium showing 

ca l lus ing and caulogenesis . 
c) A por t ion of stem next to meris tem-t ip on 

MS medium, giving strong rhizogenic response. 
d) Meristem-tip cu l t u r e on EaM mediuun showing 

strong rhizogeni.c response. 
e) Meristem growth on MSg and WK media. 1) and 2) 

on MSg medium the former being only explant 
whereas the l a t t e r showing 6 week's growth. 
3) a 6 weeks' growth showing strong caulogenes
i s with l a r g e number of p l a n t - l e t s coming out . 

f) Meristem-tip cu l tu re on MS medium in semi-sol id 
medium a f t e r 8 weeks growth on second t r a n s f e r . 



FIG. 3.22 
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Table 3 .39 . In fec t i v i t y ofca l lus cu l tu res obtained from 
different t i s sue -exp lan t s of double tropaeolum 
plant s 

Tissue 
explants 

I n f e c t i v i t y during subsequent t r a n s f e r 
of c u l t u r e s 

J 

-t, 
Passage 1', 2 • 3 | 4 ' 5 | 6 | 71 8 | 91 10{12J 16} 18|20 

' ' t t t t > 1 1 . 1 I t t 

l .Meristem-
t i p ca l lus 

2.Leaf 
ca l lu s 

Tissue died 

3.Stem 
c a l l u s Tissue died 

3 .14 .1 .2 . Tobacco explants ; The stem and l ea f t i s s u e s of 

Mco t i ana tabacum cv. Xanthi and N. g lu t inosa were planted 

in d i f fe ren t media tabula ted in Appendix I I for obtaining 

nairrdifferentiated and de -d i f f e ren t i a t ed ca l lus c u l t u r e s . 

Table 3.40. Growth pattern of stem and leaf explants of 
turkish tobacco and K. glutinosa L. as affected 
by aaxin, kinin, adenine, myoinositol and 
accessory growth factors 

1 i 
[Essent ia l cons ti-{Turkish 
[uents (mg/l) '.tobacco Media \E. filutinosa j Remarks 

.'Stem ILeaves.'Stem .'Leaves' 

P NAA 
K 
Ad 
Ino 
OH 
CM 
2,4-I> 

1.5 
0.5 
— 
-

200 
150 ml 
2.0 

m m 
Slight 
meristematic 
activity 

contd... 
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Media JEssential consti-1 
luents (mg/l) 

Turkish 
tobacco 

^?em 

}N, glutinosa 

{Leaves J Stem {Leaves 
1 1 1 , 

Remarks 

K, 

K, 

K. 

Kc 

EaM 

NAA 
K 
Ad 
Ino 
CH 
CM 
2,4-D 
Cocl+ 
As+FA 

FAA 
K 
Ad 
Ino 
CH 
Cocl+ 
As+PA 

lAA 
K 
Ad 
Ino 
CH 
Cocl+ 
As+PA 
Succ A+ 
Rf 
NAA 
K 
Ad 
Ino 
CH 
Cocl+ 
As+FA 
Succ A+ 
Rf 
NAA 
BAP 
Ad 
Ino 

1.0 
0.5 
5.0 
1.0 
200 
— 
— 

0.25each 

1.0 
0.5 
5.0 
1.0 
200 

0.5 each 

1.0 
0.5 
5.0 
1.0 
200 

0.25 each 

0.25 each 

1.0 
0.5 
5.0 
1.0 
200 

0.25 each 

0.5 each 

5.0 
0.2 
-
" • 

C++ 

V 

-

-

— 

C+++ 
S++ 
R++ 

Cv++ 

m 

C++ 
m 

-

C+++ 
S++ 
R+++ 

C++ 

-

-

— 

C++++ 
R++ 

Callus on 
leaf veins 

Slight 
m merismatic 

activity + 
proliferation 
of cells 

Slight 
callusing & 
proliferation 
of cells 

No growth 

C++++Different ia-
R++ tion of callus 

growth,but 
predominance 
of roots. 

contd.. 
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Table 3.40 contd. 

Media 
•Essential cons-
It ituent s ( mg/X ) 

Turkish 
tobacco 

{Leaves|Stem 
J t 

Stem 
iN.glutinosa 
~^ {Leaves 

Remarks 

MS 

WK 

lAA 
K 
Ad 
Ino 

NAA 
K 
Ad 
Ino 

2,0 
0.4 
5.0 
100 

1.0 
0.5 
7.0 
100 

C++++ 
S+ 

C+++ 
S+ 
R++ 

C++++ 
S:f++ 
R++ 

C+++ 
S++++ 

R+ 

C++++ 

C+++ 

C++++ 

C+++ 

Differentiation 
of callus 
growth, predomi 
nance of shoots 

Differentiation 
of callus,.•' -
shoots predomi
nate' 

F-medium initiated only slight meristematic activity 

of the explants, though this medium had casein hydrolysate, 

coconut milk and 2,4-D known to induce callus formation. 

Callus formation of explants was observed on Kg, K,, EaM, 

MS and WK media (Pig.3.23d). These media essentially had 

adenine, myoinositol and different ratios of auxin and 

kinetin. On Kg medium slight callus growth was observed 

on veins and veinlets but remained only incepient. Since 

no callusing was observed on K^ and Kg medium, it may be 

inferred that the addition of succinic acid and riboflavin 

is not condusive for the growth of these tissues especially 

inducing callus formation. Initiation of good callus growth 

on MS, EaM and WK media indicated the need of adenine, 

myoinositol and the ri^t proportion of auxin and kinetin 

not only for the initiation of good callus growth but also 



P i g . 3 . 2 3 . Tissue cu l tu re of turkish tobacco and N. g lu t inosa 
p l a n t s . 
a) Callus cu l tu r e s of v i rus affected ( l and 2) and 

heal thy (3 and 4) leaf explants of N. fflutinosa 
p l a n t s , on MS medium. ~" 

b) Leaf-explants of v i ru s affected t u rk i sh tobacco 
p l an t s (1 and 2) leaf -explant giving out bunches 
of ca l l u s c e l l s , 3) Leaf-explant regenerating in to 
a planJE-let (arrow). The explant i s a e t i o l a t e d . 

c) Cultures of undi f fe ren t ia ted ca l lu s from 
(1) stem, (2) l ea f and ( 3 & 4) d i f f e r en t i a t ed 
ca l lus cu l tu res from l ea f explants of v i rus 
affected tu rk i sh tobacco p l a n t . The former two 
on MS mediiuH and l a t e r two on MSe medium. They 
are a l l 4, 4 and 6 week's old. The l a s t tube 
i s a lso showing formation of few roots as wel l . 

d) Virus affected ca l lus cu l tu r e s of turkish tobacco 
p l an t s l ) ded i f fe ren t i a t ing cu l tu re with rhizogenic 
response showiiig a root with a tu f t or root ha i r 
(arrow) on MS medium. 2) a caulogenic response 
with shoots growing out on V/K medium. 3) 
undedi f fe ren t ia t ing ca l lu s on MS medium. This 
beijog an ac t i ve ly mult iplying young cul ture 
whereas i ) i s an old cu l tu re f reshly t ransfer red 
on LIS medium - 3rd t r a n s f e r . 4) A p r o l i f e r a t i n g 
tropaeolum meris tem-cul ture . 



IG 3 23 
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for de -d i f f e ren t i a t ion of the undi f fe ren t ia ted ca l lus c e l l s . 

De-d i f fe ren t ia t ion was more pronounced in l ea f c a l l u s and 

tha t too only in tu rk i sh tobacco (F ig .3 .23c ) . There was 

no de -d i f f e r en t i a t i on in e i t h e r stem or l ea f ca l l u s of 

N. g lu t inosa p lan t s (F ig .3 .23a ) . 

Daring the process of d e - d i f f e r e n t i a t i o n , roo t s and 

shoots were formed according to the composition of the medium. 

Rooting was most pronounced on EaM medium which had high 

auxin contents (5 .0 mg/1 of lAA) (F ig .3 .23d) . On the other 

hand, caulogenesis was most pronounced on WK meditim which 

was incorporated with high adenine (7 .0 mg/l) and k i n e t i n 

(0 .5 mg/l) contents (F ig ,3 .23d) . Both seemed t o he addi t ive 

in inducing caulogenesis . 

l e a f explants were e a s i l y induced to produce ca l lus 

growth on any of the ca l lus inducing medium. They regenerate 

to produce shoots d i r e c t l y on MSg mediiim (F ig .3 .23b) . 

I n f e c t i y i t y of the source explants and ca l lus c u l t u r e s : 

The i n f e c t i v i t y of the non-d i f fe ren t i a ted and de -d i f f e r en t i a t ed 

cu l tu res and t h e i r soiorce t i s s u e s from N. t abac tun cv. Xanthi 

are given in Table 3 .41 . As the stem cons i s t s of p i t h , cor tex , 

epidermis and conductive t i s s u e which a re included in the 

explants , the i n f e c t i v i t y of these t i s s u e s was estimated 

i nd iv idua l ly . The i n f e c t i v i t y data of the ca l lus cu l t u r e s 

obtained from these explants a f t e r t h e i r being es tab l i shed 

on MS medium, are given in the Table 3 .41 . 
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The infect ivi ty of the non-differentiated callus 

cultures was reduced to the average of 0.6 les ions/ leaf 

even before the f i r s t transfer as compared with the source 

t issue i . e . pi th (57.5 les ions/ leaf) whereas the infect iv i ty 

of the leaf callus was very high (166 les ions/ leaf) though 

less than the original t i s sue (180.85 l es ions / l ea f ) . I t was 

closer to the infec t iv i ty of the original t issue in the 

de-differentiated callus culture (168.78 les ions/ leaf) 

(Pig.3.24). 

Effect of morphogenetic de-differentiation on the infec t iv i ty 

of the ciiltures; The de-differentiated t i ssues of shoots, 

roots and non-differentiated callus grown from leaf callus 

were separated and hioassayed for the estimation of 

in fec t iv i ty . The r e su l t s are given in Table 3.42. 

Table 3.42. Effect of morphogenetic de-differentiation'"of 
the virus affected leaf cal lus on the infect iv i ty 

De-differentiated 
callus 

Total no. of 
[local lesions 
ion leaves 

Total 
Mean no, of 
local lesions 
on leaves 

1. Undifferentiated 
callus 

2. De-differentia
ted shoots 

3. De-differentia
ted roots 

1. 
2 . 
3 . 

1 . 
2 . 
3 . 

1. 
2 . 
3 . 

10 
39 
26 

20^ 
-

196 

39 
55 
89 

75 

398 

183 

25 

132.6 

61.0 
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The r e s u l t s ind ica ted increase in the i n f e c t i v i t y 

of de -d i f fe ren t i a ted shoots and roo t s compared to non-

d i f f e ren t i a t ed ca l l u s c u l t u r e s (F igs . 3.24 and 3 ,25a) . The 

shoots showed highest degree of i n f e c t i v i t y , but were not 

uniformally in fec t ive as some of the shoots remained v i ru s 

free when assayed i nd iv idua l l y . 

Effect of h i s togenet ic de -d i f f e r en t i a t i on on the i n f e c t i v i t y 

of the cu l t u r e s ; The h i s togene t i c d e - d i f f e r e n t i a t i o n 

introduced in to normal ca l lu s cu l tu re s (a loose mass of c e l l s ) 

was d is t inguishable by i t s compact growth. Sections throtagh 

these t i s s u e s indica ted the presence of th ick walled c e l l s 

with l i g n i f i e d c e l l walls appearing to be d i f f e r e n t i a t i n g 

in to vascular elements. The following are the r e s u l t s on 

the i n f e c t i v i t y of the two types of the t i s s u e s . 

Table 3 .43. Effect of h i s togene t i c d e - d i f f e r e n t i a t i o n on 
the i n f e c t i v i t y of the ca l lus c u l t u r e s 

1 1 
Dif fe ren t i a t ion {Total no. of I 0,-+^ 
ca l lus growth {local l e s ions ! 

Jon 6 half lea-ves| 
1. I 

Mean no. of 
l oca l l e s ions 

on 6 half leaves 

Loose callixs 
growth 5; ^5 

1. 6 
2. 5 21 7.0 

Compact callus 1. 7 
growth 2. 11 22 7.3 

3. 4 

It is evident that virus infectivity was not affected 

by the histogenetic dedifferentiation. 



Pig.3.25. A. Undifferentiated and dedifferentiated callus 
culture of turkish tobacco plants infected 
with the virus. 

B, Turkish tobacco leaf-callus (undifferentiated) 
grown in continuous light showing green colour 
indicating ..' chlorophyl production. 



• 
IF? 

FIG.3.25 

B 
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Effect of continuous light and darkness on the infectivity 

of callus culture; Two sets of non-differentiated cultures 

of leaf-callus were grown under two different conditions 

of light - one in total darkness and the other under 

continuous fJuorescent light of 80 ft candles. Virus infectivity 

was bioassayed after four weeks of growth period and results 

are presented in Table 3,44. 

Table 3.44. Effect of continuous light and darkness on 
the infectivity of callus cultures 

, J . 

{Total no.of! 
n J. _u I l e s i o n s on I T o t a l 

c u l t u r e S-J^owthjg r^Y^ u-wocu. 

T 

Callus 

m •leaves 

[Mean l e s ions 
Iper s i x 
I half leatres 

Type of ca l lus 
growth 

1.Cont inuous 1. 17 
darkness 2. 6 

3. 10 

2.Continuous 1. 5 
light 2, 18 

3. 11 

33 

34 

11.0 

11.3 

Whitish 
compact growth 

G-reen loose 
growth 

The callus grown in continuous light developed 

green colour whereas the one grown in darkness failed to 

do so (Pig.3,25b). But the virus infectivity was hot at 

all affected in either case. 
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Retention of infect iv i ty of callus cultures (Maintenance of 

virus in callus cu l tures) ; The non-differentiated and 

dedifferentiated leaf callus cultures from virus affected 

leaves of turkish tobacco were subcultured at regular 

intervals and bioassayed for the infec t iv i ty during subsequent 

t ransfer . The r e su l t s are presented in Table 3.45. 

Table 3,45. Retention of infect iv i ty in the dedifferentiated 
and un-differentiated callus cultures from virus 
affected turkish tobacco plants 

J 

Callus ! Infectivi V/ClXXUo 1 

{ST 1 

l .Uon- 1. 11 
d i f f e r e n - p ^q 
t i a t e d 
c a l l u s 3 . 27 

Mean 57/3 
=19.0 

2 .De- 1 . 197 
d i f f e r e - p . ^ „ 
n t i a t e d ^* ^^^ 
ca l l i i s 3 . I l l 

t r a n s 
1 

J 2 
1 

4 

2 

10 
16/3 

=5.3 

150 

100 

98 

ty (No. 
fers a t 

1 

; 3 
• 

5 

8 

1 
14/3 

=4.6 

100 

50 

70 

of lesions i/leaves) 
4 weekly interval 

i "" 1 1 4 • 
1 ^ 1 
1,,,. i.„. 

-

— 

60 
15 

11 

5 

— 

— 

4 
-

5 

1 
1 
1 
1 

1 
6 ; 

1 

— 

— 

1 
-

-

dur ing 

t 
7 } 8 

1 

- -

— — 

M S ^ 

- -

— — 

Serial 
1 ji " 

1 10 1 12 

- -

— — 

•w « » 

- -

- -

Mean 415/3 348/3 220/3 86/3 9/3 1/3 
=13a3=llI.O =73.3 =28.6 =3.0 =0.3 

The non-differentiated callus cultures retained the 

infect ivi ty upto 3rd transfer while in case of dedifferentiated 

shoots the infect ivi ty was retained even af ter 5th transfer 

(5 months) but was reduced at every t ransfer (Pig.3.26), 
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3 .14,2 . Merletem cu l ture of Tropaeolum: 

Meristem-tips cons i s t ing of meristem-dome and 

one pa i r of l e a f primordia measuring approximately 0.5 mm 

were planted on d i f fe ren t media as a l ready descr ibed. A 

su i t ab le proport ion of auxin-kinin r a t i o along with adenine 

and myoinositol was requi red for obtaining organised growth, 

A well organised caulogenic growth was observed on MS 6 and 

WK media. Besides 7,5 mg adenine and 100 mg myoinosi to l , 

MS 6 medium contained 1,5 mg of lAA and 0,75 mg of k i n e t i n 

whereas WK medium contained 1,0 mg of NAA and 0,5 mg of k i n e t i n 

per l i t r e , This proport ion of auxin-kin in r a t i o favoured 

strong caulogenic response, inducing p r o l i f e r a t i n g shoots 

with-complete suppression of r oo t s (Pig,3,27b and 3 .23c) , 

Root development predominated a t the expense of shoot growth 

and c a l l u s formation (F ig ,3 ,22d) , EaM medium was incorporated 

with 5,0 mg of NAA and 0.2 mg of BAP per l i t r e . MS medium 

having 2.0 mg of lAA and 0.4 mg of k i n e t i n per l i t r e , 

induced de -d i f f e ren t i a t ed growth of r o o t s , ca l lus and stem 

in which ca l lus ing and root development predominated. 

S imi lar ly , r o o t s were more pronounced on K s e r i e s of media 

which had 1,0 mg of NAA and 0.5 mg per l i t r e of k i n e t i n 

but reduced amounts of adenine and myoinositol (5 ,0 and 1,0 

mg/l , r e s p e c t i v e l y ) , This ev iden t ly seems to be the cause 

of the l a c k of proper response as adenine i s known to be 

complementary to k i n e t i n in i t s caulogenic response and 

myoinositol i s complementary t o auxin in rhisjogenic response . 

In t h i s s e r i e s , addi t ion of cho l ine ch lo r i de , ascorbic ac id 



Pig.3.27. A. Meristem-tip culture of double 'tropaeolum 

B. A proliferating meristem-tip culture. 



FIG. 3.27 

B 
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and fo l ic acid a t 0,5 mg/l each (Kg medium) only induced 

increase in root growth. Addition of 2,4-1), c a se in -

hydrolysate and coconut milk (L-medium) induced ca l lus ing 

only, though t h e ca l lua growth stopped wi th in 5 months. 

Inclusion of 1,0 mg/l of GA (0 medium) induced s l i g h t shoot 

root growth, stimulus being more towards rh izogenes i s . 

The induction of prol i fer9. t ihg growth (on MS 6 or WK 

media) from a s ing le meristem unit cons i s t ing of meristem 

dome and a pa i r of l ea f -p r imord ia , was a strong caxxlogenic 

response, fur ther evidenced by complete absence of root 

growth. The s h o o t - l e t s , thus developed, were separated out 

and t rans fe r red on MS medium which induced root-growth 

within 4-5 weeks (Pig .3 .22 ) . Reducing the agar percentage 

to 0.4 for making semi-sol id medium r e su l t ed in well 

developed roots and i t was ea s i e r t o f ree the agar remanents 

for fu r ther t r ans fe r ing them to s o i l . The shoibt-lets a f t e r 

separat ing out when transferred^MS 6 or WK medium, fu r the r 

evidenced prol i f eratingr caulogenic growth (F ig ,3 .22e ) . 

The p l a n t - l e t s growing with roo t s on MS medium 

(0,4 per cent agar) were removed from cul ture tubes and washed 

thoroughly in tap water , taking care not to in ju re roo t s 

while removing the in te r spersed agar fragments. 

The p l a n t - l e t s thus removed, were planted in s t e r i l i z e d 

mixture of s o i l and compost in 4" p l a s t i c p o t s . They were 

watered regula r ly with 1/10 s t rength of Knop's so lu t ion for a 

week. The p l a n t - l e t s were covered with small tubes t o prevent 
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excess of evaporation of moisture . The tubes were 

pe r iod i ca l l y removed from time to time to acc l imat i se the 

p l a n t - l e t s with the outside environment t i l l they get 

es tab l i shed in the s o i l . 

These cu l t u r e s were kept a t cool temperature ranging 

from 27°C +2^0 with continuous l i g h t from f luorescent tubes 

a t 80 foot candle i n t e n s i t y along with a red bulb to provide 

in f ra - red range of wave length . 

Three rep resen ta t ive samples of fu l ly developed 

cu l tu re s from Kg, L, 0, MS 6 and MS media were bioassayed 

for i n f e c t i v i t y counts . All the c u l t u r e s were found to be 

v i ru s - f r ee as no l o c a l l es ions or systemic symptoms could be 

observed on inoculated tobacco p l a n t s . 



IV. DISCirSSION 

1. Oharaoterization of the virus 

Double tropaeolum plants (Tropaeolum ma .jus L.), 

exhibiting abnormal floral morphology leading to complete 

antholysis and suppression of sexual organogenesis, are grown 

as ornamentals in and around Simla. These plants are found 

invariably affected by a viral infection, evidenced by the 

association of such disease syndrome as chlorotic and necrotic 

concentric rings accompanied by severe mottling, curling and 

puckering of the leaves. The bright scarlet colour of antholysed 

flowers shows breaking which gives it a distinctive position 

as one of the coicest collection for ornamental interest. 

As these plants do not bear seed, they are propagated by 

cuttings, thereby, perpetuating the infection with each planting. 

The association of floral abnormality and its perpetuation 

with the virus like infection was interesting and needed to be 

investigated with a view to identify and characterise the virus. 

In India, Bhargava and Joshi (1959) described for the 

first time a similar viral infection of garden nasturtium 

(Tropaeolum ma .jus L.) from Nainital, However, these plants 

did not exhibit abnormal floral morphology. The virus infecting 

this host was considered to be the same as tropaeolum ring 

spot virus (NRSV) described by Smith (1950). Schmelzer (1960) 

worked out its host range in detail and preferred to call it 

as ring mosaic virus, probably explaining more explicitly 

the extent of disease syndrome, exhibited by this virus on 
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tropaeolum. This virus is considered to be one of the two 

rare examples of a sap-inoculable and aphid transmitted ring 

spot viruses. The most important of the ring spot group of 

viruses, namely, tobacco ring spot (TRSV) has also been 

reported to be infecting the garden nasturtium plants (Price, 

1940) producing similar disease syndrome and is known to have 

a very wide-host range. This virus is interesting in having 

diverse types of vectors for its spread and causing variable 

disease syndrome. As is evident from the published work, 

the tobacco ring spot virus differs from tropaeolum ring spot 

virus in not being transmitted by aphids (though there have 

been reports by Smith and Brierley ,(1955) about its 

transmission by Myzus persicae from gladiolus when in association 

with another virus and by Shyama Rani et^ al. (1969) about its 

transmission by M. persicae and A, gossypii). 

Host range studies of double tropaeolum virus (DNRSV), 

during present investigations, indicated similarity in the 

reactions of certain hosts already reported by other workers 

to be the common hosts of TRSV and NRSV. These hosts are: 

Nicotiana tabacum. N. glutinosa. N, rustica, Lycopersicon 

esculent tun. Zinnia elegans« and Tropaeolum ma .jus. Some of 

these hosts have the characteristic ability to recover from 

severity of disease syndrome, thoiigh still retaining the 

virus. In the present studies, this is more evident in hosts 

such as N. t aba cum and N. glutinosa but not in T. ma .jus. Price 

(1936) has shown that this recovery accompanied by decrease 

in virus contents is comparable to the acquired immunity 
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observed in the animals. In the studies on the turkish 

tobacco plants inoculated with the double tropaeolum virus a 

wide variation in the expression of symptoms on different 

leaves of the same plant was observed as shown in Fig.3.3. 

The localised symptoms consist of chlorotic or necrotic lesions 

with concentric rings on inoculated leaves whereas the systemic 

symptoms on the younger and uninoculated leaves varied from 

severe chlorotic and necrotic symptoms to faint oak-leaf 

pattern. Finally, the leaves completely free from any necrotic 

or chlorotic symptoms appeared just before initiation of 

flowering in the plgnts. The new shoots, when developed have 

milder symptoms. The concentration of the virus in the plant 

as such is reduced considerably by 21st day of inoculation 

after reaching a brief "peak near about on 9.th day. Though 

this reduction is observed both in old inoculated and young 

uninociilated leaves, the infectivity of younger uninoculated 

leaves always remains higher as compared to old inoculated 

leaves. The symptom; expression in some of these younger 

leaves is milder to such an extent that they exhibit faint 

oak-leaf pattern which may even disappear altogether, showing 

an apparent recovery. With respect to TRSV, Wingard (1928) 

pointed out that the leaves that recovered were not always 

entirely free from disease syndrome an<i they were thicker 

and leathery in texture. Fulton (1949) found that the virus 

contents of the leaves of Havana 38 and xanthia tobacco affected 

by streak disease, was as high as or even higher than that in 

the actiial diseased leaves. 
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It has been reported that in case of TRSV the recovered 

leaves do not develop lesions with one or the other strain 

of the tobacco ring spot virus on reinoculation (Wingard, 

1928; Price, 1932, 1936) but do develop symptoms when 

inoculated with unrelated viruses (Price, 1936). In the 

present studies also, reinoculation of such leaves failed to 

produce characteristic symptoms as if the plants have become 

immune. Besides the leaves of the same age on healthy plant 

also fail to produce any characteristic symptoms on inoculation, 

thereby indicating that severity of disease syndromedepends 

on the age of the plant at the time of infection. 

Conversly, some of the host plants like celery and 

Crotalaria brownei, etc. indicated visible expression of symptoms 

only after a considerable lapse of time from the inoculation 

date. In the case of brinjal and Dolichos lablab,symptoms are 

better expressed after a brief period of recovery in the 

summer months, when the temperature remains invariably above 

30°C. This can be compared with the phenomena of heat-

reactivation, reported by Follmann (1961) in the case of some 

isolates of tobacco ring spot virus. 

Out of the 143 plant species tested for host-range 

studies with double tropaeolum virus, 21 species have also 

been reported to be the hosts of the other two viruses namely, 

TRSV and NRSV, Except for Phaseolus vulgaris and Datura 

stramonium which have altogether different reactions to all the 

three viruses, other hosts have reacted similarly with TRSV 

or ITRSV. The reactions of Impatiens balsamina, Chenopodium album 
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and Mcotiana glutijiosa with. MRSV were similar to those with 

TRS7, whereas, the reactions of imaranthus oaudatus, Vicia faba, 

Vigna sinensis. Delphenium cultorum, Nioandra -physaloides, 

Nicotiana rustica, Physalis angiilata and Solaniim nigrum were 

the same as with NRSV. Four of the hosts namely, Beta vulgaris, 

Spjnacea oleracea. Callistephus chinensis and Petunia hybrida 

are reported to have similar reactions to the infections with 

TRSV and NRSV but they are different in their reactions with 

DNRSV altogether. Statistically, when analysed, TRSV, NRSV 

and DNRSV are found to be closer to each other since the 

variation in their 'mean host-reactions' is not significant. 

There is some variation in the mean host-reaction of TRSV with 

the other two, however, the difference is not significant 

thereby indicating a close relationship. It may, however, be 

pointed out that some of the reactions as given in the Table 3.10, 

are of low degree of susceptibility such as 2 or 4 which are 

indicative of chlorotic or necrotic local lesions. In the 

present studies some such reactions when further investigated 

developed into syndrome such as systemic oak-leaf pattern, 

flecks and necrosis indicating a high degree of susceptibility 

(S.I.Nos. 8 or 16) especially if the plants are kept for a 

longer duration. In view of these observations, some of the 

hosts of TRSV, if investigated further may raise the value of 

'mean host reaction* and bring it nearer to the other two 

viruses. Solanum nigrum, Amaranthus caudatus etc. are the 

hosts which may indicate higher degree of susceptibility. 

Therefore, with the majority of the hosts indicating close host 
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reac t ion , a l l t h e t h r e e v i ruses might be having c lose r mean 

host r eac t ions • On the bas i s of host r e a c t i o n s , DNRSV and 

NRSV ^ p e a r to be c lose ly r e l a t e d t o TRSV. 

The v i r u s (DNRSV) was s tudied ex tens ive ly for i t s 

physical p r o p e r t i e s . The the rma l - inac t iva t ion point for the 

vi rus was between 60 and 62°C, d i lu t ion-end-po in t between 

lO"* to 15x10" , longevi ty in v i t r o a t 19-27°C upto 48 hours 

but not 75 hours; and at 8-10*^0 upto 168 hours but not 240 

hours, and optimum pH for i n f e c t i v i t y as 6, i . e . towards 

acidic l e v e l . The i n f e c t i v i t y in both phosphate and glycine 

buffers was i d e n t i c a l . The the rma l - inac t iva t ion point (TIP), 

reported here in i s l e s s than the one repor ted by Schmelzer 

(1960) for tropaeolum r ing mosaic v i rus ( i . e . 66-68^0), but 

higher than the one repor ted by Smith (1950) for tropaeolum 

ring spot v i rus (55-60°C) and tobacco r ing spot v i ru s (55-60°C) 

according t o Text book by Smith (1957). S imi la r ly , d i l u t i o n -

end-point ranged s l i g h t l y above than repor ted for these two 

v i r u s e s , whereas longevi ty of t h i s v i ru s was almost the same 

as recorded by Schmelzer (1960) for tropaeolum r ing mosaic v i r u s . 

In the present s t u d i e s , the v i r u s could be maintained for 11 

months in dr ied leaves a t 4-7°C on CaClg thoiigh the i n f e c t i v i t y 

was reduced, whereas Schmelzer repor ted the longevi ty of h i s 

v i rus to be only 8 days in dr ied leaves* 

However, these s t u d i e s do not revea l any major d i f ferences 

in the physical p rope r t i e s with those repor ted for NRSV and 

TRSV, VSihatever ex i s t ing dif ferences a r e , may be a t t r i b u t e d to 

the influence of o r ig ina l hos ts and environmental f a c t o r s . 



125 

Transmission s tud ies ind ica ted t h a t the v i rus 

affecting double tropaeolum was t ransmi t ted successfu l ly 

by three aphids namely, Aphis ^ossyp i i , A. c racc ivora and 

Myzus pers icae in a non-pers is ten t manner to tropaeolum and 

tu rk i sh tobacco p l an t s a f t e r being picked up from tropaeolum. 

Both A. gossypii and M. pers icae were equal ly e f f i c i e n t , 

whereas A, craccivora had low percentage of t r a n s m i s s i b i l i t y . 

Nevertheless , i t happens to be an add i t iona l vector ' not repor ted 

so f a r . All these aphids were unable to pick up the virus 

from tu rk i sh tobacco and o ther h o s t s . With respec t to 

broad bean wil t v i r u s , Stubbs (1960), repor ted A. craccivora 

to be l e s s e f f ic ien t vector than M. -persicae« as i t could pick 

up virus only i f the feeding-host source was r i c h in v i rus 

concentra t ion. In add i t ion to M, p e r s i c a e . A, fabae (Smith 

1949a,b), M. pe r s i cae , Macrosiphon s o l a n i f o l i i (Ashm.) 

(M. euphorbae) and Acyrothosiphon onobrychis (B .d .F . ) (A. pisum) 

(Schmelzer, 1960), two add i t i ona l aphids namely, A. gossypi i 

and Brevicoryne brass icae have been repor ted to be the vec tors 

of tropaeolum ring spot virus in India (Bhargava and Josh i , 

1959 and Bisht , 1962). Smith and Br ie r ley (1955) pointed out 

t ha t M, pers icae can also transmit tobacco r ing spot v i r u s 

from g lad io lus , p a r t i c u l a r l y when associated with bean yellow 

mosaic v i r u s . Similar ly , Shyama Rani ejt a l . (1969) showed 

transmission of 1RSV i s o l a t e d from petunia by M. pers icae and 

A, gossypi i . In the present s tud ies the aphids used in 

transmission s tudies f a i l e d to pick up virus from tobacco 

thoiigh they could transmit the v i rus to \it producing symptoms 
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of vein bandijig instead of ring spots. This indicates that 

transmissibility of a virus through vector also depends on 

the nature of source plant. 

Further experiments on soil transmission indicated 

positive results especially in the case of tobacco plants, 

from which aphids failed to pick up the virus and also in 

Chenopodium, though a local lesion host, wherein the virus has 

a tendency to become systemic. Exceptionally high concentration 

of the virus in the roots of tobacco plants observed during 

the coiirse of present studies may be serving as a ready source 

of inoculum for its transmission through soil. Experiments 

were carefully planned by growing tobacco plants infected 

with the virus in the sterilized soil so as to provide enough 

inoculum for making sick soil. The virus was detected in 

some cases in the roots of 'bait plants' seeded later in the 

sick-soil without any sick plants. In a few plants, the 

virus multiplied sufficiently to become systemic and produced 

visible systemic disease syndrome on the leaves. Transmission 

experiments with Xiphinema americanum were successful only 

in one case where infection was detected in the roots. 

Tobacco ring spot virus on the other hand is transmitted by 

a variety of vectors including aphids such as M, persicae. 

Therefore, the distinction in the ability of different vectors 

to pick up virus seems to be 'host-influenced'. DNRSV, 

having,aphids and nematodes as the vectors, seemsto be 

nearer to TRSV. 

Intracellular bodies, characteristic of numerous virus 
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diseasegof p l a n t s , have been s tudied by var ious workers. 

Wood (1933) reported occurrence of such inclus ion bodies in 

the cytoplasm of the c e l l s in the r ing spot formed on Havana 

seed- leaf and leaves of t u rk i sh tobacco, N. g lu t inosa , N, 

r u s t i c a and petunia induced by TRSV in fec t i on . In the 

present s t ud i e s , such inclus ion bodies were not observed in 

the l ea f c e l l s of H. tabacum cv. xan th i . But i nd i s t ingu i shab le 

hyal ine bodies of d i f f e ren t shapes and s i ze s were observed 

under phase-contras t microscope in t h e c e l l s of r ing spots 

affected leaves of double and s ing le tropaeolum p l a n t s , 

genera l ly associa ted with the nuc leus . When s ta ined with a 

f luorescent dye, acredine orange, the v i rus - in fec t ed t i s s u e s 

showed c h a r a c t e r i s t i c deep orange-red f luorescent inc lus ions 

s ingly or in groups associa ted with the nucleus and sometimes 

enveloping the nucleus , i nd ica t ing t h e i r RNA n a t u r e . From 

the account of Wood (1933) such bodies bear a de f i n i t e 

r e l a t i o n s h i p with the r ing spot v i rus in the diseased a rea . 

No such inclus ions have been repor ted to be occurring with any 

of the other r ing spot group of v i r u s e s . 

In order to affirm and compare the f iner s t r u c t u r e of 

the virus with other s imi la r v i r u s e s , i t was pu r i f i ed by 

various methods using dif ferent buffers and d i f f e r e n t i a l 

cent r i fugat ion of which butanol method described by Holl ings 

(1965) was found to be the most s u i t a b l e . In t h i s technique 

phosphate buffer of 0.5M at pH 7.0 was used, with one cycle 

of low and high speed cen t r i fuga t ion . 

The present study happens to be the f i r s t attempt to 
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purify the virus infecting tropaeolum. The closely similar 

virus, viz. TRSV has been a subject of thorough investigations 

sin.de the early attempts of Stanley and Wyckoff (1937) to 

purify it. Steere (1956), xising butanol and chloroform 

method, purified TESV from several hosts and characterised 

it. He obtained uniform polyhedral (hexagonal) particles with 

average diameter of 26 nm (24-28 nm) from shadow casted 

material. The electron microscopic studies of MRSY during 

the present investigations have also revealed distinct 

polyhedral (hexagonal) particles of average diameter of 29 nm 

(26-32 nm) on being negatively stained. Some of the particles 

in these preparations were exceptionally bigger due to 

denaturing of protein shells, probably an effect of 2fo PTA 

(Serg'eant, 19 67). TRSV, isolated and purified from cucumber 

was reported to have particles of 25 nm in diameter by Stace 

Smith et_ al,. (1965) and 28 nm by Corbett and Roberts (1962). 

Both these measurements were recorded with the negatively 

stained purified preparations. Spherical particles of 

I approximately 26 nm were detected by Bawden and Nixon 

(1951) in the electron micrographs of their TRSV preparations, 

Desjardins et^ al.. (1953) purified the virus by differential 

centrifug ation and electrophoretic fractionation and reported 

infectivity to be associated with particles of 22 nm diameter. 

These differences in the size of virons associated with TRSV 

seem to be due to different purification procedures or the 

different types of host plants used for producing the inoculum. 

In the studies conducted with DNRSV, the shadow-casted material 

http://sin.de
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was of 30-32 nm. This very well i l l u s t r a t e d the range of 

v a r i a b i l i t y one can come across due t o d i f ferent procedures 

of p u r i f i c a t i o n used. On the bas i s of s ize and shape of 

p a r t i c l e s a l s o , the presant v i rus appears s imi la r to TRSV. 

Following S t e e r e ' s method of p u r i f i c a t i o n , Schneider and 

Diener (1966) obtained th ree components of TRSV on the sucrose 

gradient by u l t r a - c e n t r i f u g a t i o n , confirming the f indings of 

Stace Smith £ t a l . (1965). These f indings are contradic tory 

to S t e e r e ' s observations who found only two components. 

However, according to Stace Smith e t a l . S t e e r e ' s p repara t ion 

may have been more s table and, t he re fo re , the top component 

was missing. In f a c t . Sta te Smith (1966) pur i f ied tomato r ing 

spot v i rus also and obtained only two components on the sucrose 

grad ien t , and considered i t to be the ohly difference with the 

otherwise s imi la r TRSV. 

The DNRSV studied, here in , a l so resolved in to th ree 

components on sucrose gradient as in the case of TRSV. The 

UV-absorption s tud ie s and i n f e c t i v i t y t e s t s indica ted bottom 

component supposedly containing RNA and being infec t ious whereas 

middle and top components as non- in fec t ious . The maximiim 

absorption of top component has sh i f ted to 270 nm due to 

predominance of pro te ins in the p repara t ion . The 280:260 r a t i o 

i s a lso in<iicative of the same, and t h i s revea ls t r a ce 

contamination of RNA, which may be plant RNA. The middle 

component indica ted a fur ther sh i f t to the peak towards 

260 nm ind ica t ing more RNA in the components whereas the curve 

depicting the absorption of the bottom component i s in 
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consistence with the v i r a l nucleoprotein absorhency giving 

h i ^ proport ion of 260/280 r a t i o . 

The UV-absorption spec t ra of v i ruses are usually-

charac ter i sed by a prominent peak a t 260 nm which has been 

a t t r i b u t e d to the purines of the nucle ic ac id . The 

absorption of p ro te in , on the other hand, shows a strong 

peak at 280 nm. The absorption spec t r a of the pur i f i ed 

samples of the v i rus was s tudied for UV absorption under 

the spectrophotometer which gave t y p i c a l nucleoprotein 

spectrum having maximum absorpt ion at 260 nm and minimum 

at 240 nm. The average 260:280 nm r a t i o was 1.71 (ranging 

from 1.58 to 1,82) which was qui te high ind ica t ing high 

proport ion of RNA in the v i r u s . In f ac t , the TRSY i s known 

to have 34.4 per cent nucleic acid as estimated by phosphorus 

analysis (S teere , 1956), Basing the ca lcu la t ion on 260:280 

nm r a t i o of the ex t inc t ion values of the sample of present 

v i r u s , the nuc le ic acid composition was about 3 6.91 per cent 

which seems to be very c lose to S t e e r e ' s observa t ions , 

S tan ley ' s (1937) preparat ions were reported to conta in 40 

per cent of the nucleic ac id whereas Stace Smith ejt _al. (1965) 

reported RNA contents of the bottom components to be 42 per 

cent . 

A small bump at 280 nm i s s imi l a r t o tryptophan bump 

indica t ing i t s presence in the p ro te in s t r uc tu r e of the 

present v i r u s . 

With respect to se ro log ica l r e l a t i o n s h i p , the r e s u l t s 

with the d i f fe ren t a n t i s e r a of TRSV, obtained from Lisse & 
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Wageningen, gave strong reaction, indicating similarity in 

the antigens of TRSV and MRSV i.e. having similar proteins 

shells. 

Considering the information gathered during the present 

investigation, the characterization of the virus affecting 

double tropaeolum may he summed up in the following cryptogram 

(Cryptogram 1). 

R/* Vse.gC?) s/s s/Ap, Ne (?) (1) 

The type of nucleic acid was ascer ta ined i n d i r e c t l y by s tud ies 

with f luorescent dyes which s ta ined the inc lus ions associa ted 

with v i rus in fec t ion as f luorescing orange red colour, t yp i ca l 

of RPTA which was fur ther proved by t h e i r d i s so lu t ion with 

RNA-ase. These inclus ions a r e , t he re fo re , aggregations of 

v i rus p a r t i c l e s . Strandedness of RNA and molecular weight of 

the v i rus remain undefined. RNA in the v i rus prepara t ions was 

ca lcula ted on the bas is of r a t i o of ex t inc t ion values a t 

260:280 nm and found to be 36.9 per cen t . This finding i s 

close to the da ta obtained from sedimentation coe f f i c i en t , 

phosphorus contents or by d i r e c t method. The shape of the 

capsids associa ted with the v i r a l in fec t ion and t h e i r core, 

as observed by e l ec t ron microscope with negat ive s t a in ing was 

c l ea r ly observed t o be spher ica l (hexagonal) . The l a s t pa i r 

gives the information t h a t v i rus a f fec t s the seed-plants 

and t ransmit ted by aphids . Nematodes may act as add i t i ona l 

vec tors . The question marks in the parenthes is are for the 

f igures to be confirmed. This cryptogram may be compared with 
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tha t of rijig spot group of v i ru ses which i s as follows 

(Cryptogram 2) : 

R/1 1.8/42 S/S S/Ne (Ap.M.) (2) 

This i s accordijig to the CMI L is t of Plant Virus Names 

(Martyn, 1968) and rep resen t s a group of v i ruses which 

includes arabis mosaic v i r u s , raspberry r ing spot v i r u s , 

strawberry l a t e n t r ing spot v i r u s , tomato black r ing v i rus 

and tomato r i ng spot v i r u s . They only d i f f e r in the f igures 

in the 2nd p a i r . TRSV which i s the type v i rus has many 

vectors included in the pa r en thes i s . With respect to MRSV, 

the percentage of BNA i s l e s s which may be due to many f ac to r s 

including the techniques involved. With regard to l a s t 

f igure of the t e rmina l , the emphasis here i s more on- aphids . 

In t h i s r e spec t i t i s more s i m i l a r to broad bean vascular 

wilt virus (Cryptogram 3 ) : 

Broad bean wi l t v i r u s : 

R/1 */35 S/S S/Ap (3) 

The vir\is affect ing double tropaeolxim, d i f f e r s e n t i r e l y 

from broad bean wil t virus in symptomatology and to some 

extent from tobacco r ing spot v i r u s in having not so many 

vec to rs . Since the vector t r a n s m i s s i b i l i t y o r t h e i r s p e c i f i c i t y 

for virus t ransmission i s dependent on the hos ts concerned 

(shown under present s tudy) , i t may not be a su i t ab l e 

character to be depended upon for e s t ab l i sh ing the r e l a t i o n s h i p . 

Therefore, due to i t s s i m i l a r i t y in symptom express ions , host 

range, physical p r o p e r t i e s , s t r uc tu r e and function of i t s 

capsids, the virus af fec t ing double tropaeolum may be 

considered to be c lose r to TRSV. In other r e spec t s such as 
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serological r e l a t i o n s h i p also which are important for 

specif ic s t r a i n i d e n t i f i c a t i o n , WRSY gave pos i t i ve reac t ion 

with the a n t i s e r a of TRS?. Considering the eff ic iency of 

aphid vec tors in the t ransmission of MRS? as compared to 

TRSV as also differences in some of the individual host 

react ions MRSV could be a s t r a i n of TRSY affect ing tropaeolxun 

p l a n t s . Also, the tropaeolum r ing spot v i ruses as reported 

by Schmelzer ( i960) , Smith (1950) and in India by Bhargava 

and Joshi (1959) may also be s imi l a r or same as MRSV, 

As there i s no provis ion in the cryptograms of Gibbs 

et a l , (19 66) for including the considera t ion of se ro log ica l 

r e l a t i o n s h i p , i t may not su i t ab ly describe the difference in 

the v i ruses as i s evident from the present i n v e s t i g a t i o n s . 

4 . 2 . F lo ra l abnormality 

Double tropaeolum d i f f e r s from both semi-double 

and s ing le tropaeolum p lan t s in having completely d i f fe ren t 

f l o r a l morphology (Appendix I I I ) . There i s a d r a s t i c change 

in the f l o r a l p a r t s v i z . e l iminat ion of spur of super ior 

sepal , formation of i n d e f i n i t e number of bright coloured 

peals ins tead of normal 5 and complete suppression of 

stamens and carpels ins tead of 9 and 3 in the s ing le tropaeolum 

plants r e spec t ive ly . These changes in the f l o r a l s t ruc tu re 

of double tropaeolum have not been reported e a r l i e r 

and are d i f ferent from changes in the f l o r a morphology 

found in the semi-double flowers which i s a gene t i ca l 

va r i a t i on . This r e s u l t s in breaking of each of the three 
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lower petals ( 2 + 6 ) and addition of one unit each in stamen 

and carpel. This type of orderly change seems to be lacking 

in the case of double tropaeolim , Bos (1957), in fact 

reported breaking-down of the flowers to phylloid structure 

as a result of incomplete antholysis, since there was still 

some production of seeds. The cause of this is now ascribed 

to be pathogenic (mycoplasma origin). It is a complete 

antholysis in the case of double tropaelum. These changes 

also affect the infectivity of the floral parts, compared to 

the single tropaelum plants. The flowers, especially petals 

of double tropaeolum plants were highly infectious. The 

manifestation of symptoms on the leaves of double tropaeolum 

plants were also more severe as evidenced by curling and 

puckering of the leaves. There was also evidence of breaking 

of the colour in the petals which was not evidenced in the 

case of single tropaeolum. The same observation i.e. absence 

of the breaking of the flower colour in the case of tropaeolum 

ring spot virus has also been reported by Smith (1949a,b). 

It may, therefore, be inferred that the virus here is more 

systemically distributed into the double tropaeolum plant 

gystem than in the single tropaeolum plants. The infectivity 

of the floral parts such as petals, has been observed in 

prunus necrotic ring spot and prune dwarf viruses isolated 

from sour, sweet and flowering cherry plants and an unidentified 

virus from apple petals (Tremaine et al., 1964). A latent virus 

has also been isolated from cherry flowers (Milbrath, 1953), 

McWhorter (1953), working with cucumber mosaic virus in 
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gladiolus and a latent virus complex in cherry, foimd that 

the inoculum from flowers was 4 to 17 times more infectious 

than from leaves. This indirectly indicates that the 

inhihitors in floral parts were less than in the leaves, 

and same seems to be the condition in "the double tropaeolum 

plants. Indefinite and continuous vegetative propagation 

of double tropaeolum might have saturated these plants with 

virus infection. The possibility of further manifestation 

of the effect of the viral saturation on the morphogenesis 

of the floral parts was investigated by developing virus free 

plants through meristem culture. The virus-free plants thus 

developed did not flower at all. However, with regard to 

another host, Dolichos lablab there has been clear indication 

of induction of gradual sterility with the advance of disease 

as evidenced by the reduction and ultimate suppression of the 

seed formation. 

4.3. Stablization of infectivity of DNRSV in tropaeolum plant 

Since the inoculum prepared from the tropaeolum leaves 

failed to infect most of the hosts, leaf extract was considered 

to be having some inhibitors, inactivating the virus. The 

data presented in Table 3.1 indicates that the use of celite 

and NEgSOg is necessary for successful infection. The treatment, 

especially with NagSOg, stablizes the viral infectivity probably 

by checking the oxidation of the polyphenols in the leaf 

extracts known to be present in large amounts in tropaeolum 

plant (as myrosin and tropaeolin). 
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The leaf extract of T,. ma.1us (single) was tested for 

its effect on the infectivity of the CPO strain of TMV 

and found to inhibit the viral infectivity by about 58 per 

cent when the extract was prepared from green leaves. On 

the other hand, the old yellow leaves gave still higher 

inhibition i.e. upto 87 per cent. This may also be the reason 

for the higher concentration of the virus in the young leaves 

of infected plants. A number of other viruses have also been 

reported to lose their infectivity in various tissue extracts. 

Evidence has multiplied indicating the inactivation of these 

viruses due to oxidation of phenolic compounds in the extracted 

sap. Bald and Samuel (1934) found rapid inactivation of 

tomato spotted wilt virus which could be prevented for several 

hours by mixing the extracted sap with NagSOg solution. Fulton 

(1949, 52) observed similar stablizing effect of reducing 

agents on tobacco streak and rose mosaic viruses. A virus 

inactivating system from tobacco has been reported by Bawden 

and Pirie (1957) apparently evolving free oxygen. Hamptoa 

and Fulton (1961) argued that the rapid loss of inf ectivity 

of the viruses is due to in vitro inactivation of the viruses, 

by oxidized polyphenols of the hosts upon homogenization of 

the tissues. The results obtained during the present 

investigations indicate the probable presence of similar 

polyphenol oxidase system in the leaves of ̂ . ma.jus, being more 

in the older leaves than in the younger ones. The presence 

of phenolic inhibitors in tropaeolum leaves has an important 

implication so far as transmissibility of this virus is concerned 
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since the properties of dormer plants and the suscept rather 

than the virus itself are responsible for the failure of the 

virus to infect a host. Much earlier, a mosaic virus affecting 

Ph^ytolacca decandra L. was reported not being transmitted to 

tobacco and cucumber by sap inoculation but to cucumber by 

aphids. This was considered to be due to the presence of 

virus inhibitor in the plant system. (Allard, 1914, 1918; 

Dolittle and Walker, 1925). However, in recent years, it has 

been possible to transmit mechanically some of the viruses 

supposed to be transmitted only by grafting, by using 

stabilizers of plant virus infectivity. 

Attempts were, therefore, made to test the relative 

effectiveness of NagSO,, caffeic acid and EDTA for stabiizing 

the infectivity of the CPO strain of TMV, in vitro, by treating 

the tropaeolum leaves in their solutions before extraction and 

testing against the virus. These chemicals were applied either 

by soaking the leaves in these solution for 12 hours under 

frigidair temperature (10-12°C) or the extract was kept frozen 

for 72 hours after extracting in the same solutions or by just 

mixing the leaf extract and the solutions in equal volumes. 

The corresponding controls were in distilled waters. The 

results indicate that mixing of the leaf extract with NapSO^ 

and caffeic acid stimulated the virus infectivity by neutralizing 

the inhibitory system present in these plants. EDTA, however, 

has no effect when it was mixed with leaf extract but it 

stimulates the infectivity to the extent of 210 per cent when 
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the leaves were soaked in its solution prior to the extraction. 

It was necessary to saturate the leaf tissue before the 

extracted sap had the chance to get oxidised after coming 

into contact with atmospheric oxygen. With other chemicals, 

the soaking of the leaves did not improve the infectivity 

appreciably. In the case of caffeic acid, stimulation of 

viral infectivity was further increased by freezing the soaked-

leaf extract for 72 hours. Caffeic acid, which itself is a 

phenol, is also serving here as a reducing agent, generally 

known to stop oxidation of polyphenols present in the extracted 

sap by getting themselves oxidised. These polyphenols have a 

jrendency to get oxidised rapidly when exposed to polyphenol 

oxidase system and form such compounds as 0-quincne or 0-

dihydrophenol which are both injurious to plant as well as 

inhibitory to viral infectivity (Hampton and Fulton, 1961). 

Such inactivating ho8t-vir\as system was reported to be stronger 

in the case of tobacco ring spot virus than TMV-infected or 

healthy plants of tobacco (Bawden and Pirie, 1957). These 

findings explain the stimulatory effect of such treatments 

as with NagSO, which help in causing effective infection with 

DNRSV by establizing the infectivity after neutralizing the 

oxidation of polyphenols. 

1.4. Taxonomic affinity of susceptibility 

From the stand point of taxonomic affinities, Holmes 

(1928) while working with the host range of tobacco mosaic 

virus suggested an orderly distribution in nature of substances 
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and conditions essential for v i r a l mult ipl icat ion. On the 

other hand, with respect to some other viruses , Price (1940) 

found that the ab i l i ty of hosts to support virus multiplication 

in i t s t issue i s specific for the host species individually 

and has l i t t l e or no relat ionship with the taxonomic position 

of the family. During the present studies suscept ib i l i ty was 

categorised into different degrees depending on the expression 

of different disease syndromes and indicated as ' suscep t ib i l i ty 

index' in increasing numbers (viz. 0, 1, 2, 4, 8 and 16). 

The numerical data thus obtained was analysed s t a t i s t i c a l l y . 

The evidence presented in Table 3.9 i s indicative of random 

distr ibution of suscept ibi l i ty in different families of 

Angiosperms. The five groups designated on the basis of maximum 

disease reaction not only differ s ignif icantly in thei r disease 

reactions but a l so in the existence of high degree of posit ive 

correlation with maximum disease reaction and number of host 

species showing positive reaction in each group. However, 

these groups have increasing number of host species showing 

variations in the degree of suscept ib i l i ty a lso. Group V 

with maximum ' suscept ib i l i ty i nde i ' , has widest variat ions in 

the degree of suscept ibi l i ty among the species and va r i e t i e s 

of different families constituting i t . This confirms 

Pr ice ' s view so far as this virus i s concerned. Frequency 

analysis of different disease reactions in the families 

included in Group V, which includes most susceptible host 

species, indicated that the families l ike Solanaceae and 
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Leguminosae have maximum ntimber of above 75 per cent of plant 

species showing highest degree of sijsceptihility (viz. systemic 

chlorosis: S.INo.lS). Families like Amaranthaceae and 

Compositae include only one third of the number (33.33^) of the 

host species exhibiting such reaction, besides having a large 

number of host plant species showing necrotic and chlorotic 

localised infection (S.I.Ho.2 and 4, respectively) - lesser 

degree of susceptibility. Since families viz, Scrophulariaceae, 

Tropaeolaceae, Yerbenaceae, Polemoniaceae and Ranunculaceae have 

less number of plant species tested in the present studies, their 

comparison is not possible. The families Solanaceae and 

Leguminoceae Mtiich include a large number of most susceptible 

host species,also have a large number of genera susceptible 

to many other plant viruses also. The relative position of these 

two families in the phylogenetic arrangement of the orders of 

Angiosperms, as given by Hutchinson in 'The Families of Flowering 

Plants' is far dispersed in the two columns viz, LIGNOSAE and 

HERBACEAE. Leguminosae is quite lower in the phylogenetic 

sequence in the fundamBntally woody group of dicotyledons 

(Appendix 4) i.e. Lignosae, whereas Solanaceae lies high up 

in the column representing Herbaceae. Both these columns are 

representing parallel evolution from one distantly related 'pro-

angiosperms'. The position of other susceptible families is 

more or less irregularly dispersed in Lignosae and Herbaceae. 

In the Herbaceae, however, they generally lie at the top of 

the colum, representing more evolved groups. It would be 

difficult to associate susceptibility here with the evolution as 
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suscept ibi l i ty i s indicated by the most primitive order of 

this group also viz . Ranales. Probably the suscept ib i l i ty 

to v i ra l infection is associated in some form right from 

pro-angiosperms. Also, the cr i ter ion of evolution in th i s 

phylogenetic system, viz . evolution of the flower, correlation 

with anatomical structtire, cytology, pollen s t ructure , growth 

form and geographical d is t r ibut ion , seems to be inadequate 

for ascertaining the evolution of suscept ib i l i ty in various 

families of angiosperms. 

4 .5 . Tissue culture studies 

The t issue cultiire technique has been employed for plant 

virus studies connected with the raising of virus-free plants 

and virus infected t i s sue-cu l tures . The l a t t e r are employed 

also for studying nut r i t iona l and other requirements for 

virus multiplication In vivo as also maintenance of virus 

cultures. These have been discussed by Mishra £t a l , (1964), 

Raychaudhuri (1966) and Kassanis (1967). Attempts were, 

therefore, made to ra ise virus affected and healthy callus 

cultures of Tropaeolum ma,jus (single and double), Nicotiana 

tabacum cv. Xanthi and N. glutinosa. 

The explants of embryos, leaves, stem, meristem-tips, 

sepals and petals of virus affected and healthy Tropaeolum ma.ius 

plants (both single and double) were used for investigating 

their growth response with respect to growth promoting 

substances l ike , auxins, kinins, myoinositol and adenin®. 

Kinetin was not found to be necessary for the normal 
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growth, of the embryos as they grew well on the medium without 

i t . I t s inc lus ion in other media such as K and MS, enhanced 

caulogenic growth i . e . good growth of shoo.ts. Callus growth 

was induced by inclus ion of k i n e t i n alongwith NAA in the r a t i o 

of 0.2 and 0.5 mg/l, r e s p e c t i v e l y . By fur ther increas ing NAA 

to 1.0 or 1.5 mg/l, the growth response t i l t e d towards 

rhizogenesis i . e . root- format ion. Seeds 'grew well without any 

growth-promoting chemicals, being nursed by cotyledons enclosing 

the embryos. 

Per other t i s s u e s , mainly mer i s tem- t ips , a well organised 

caulogenic growth was observed on MS 6 and WK media. MS 6 

medium contained 1,5" mg of IAA,0.75 mg of k i n e t i n , 7,5 mg of 

adenine and 100 mg of myoinositol per l i t r e , whereas WK medium, 

contained 1,0 mg of NAA, 0,5 mg of k i n e t i n , 7,5 mg of adenine 

and 100 mg of myoinositol per l i t r e . These proport ions of 

auxin and kinin ( i . e . 1.5:0#75and 1.0:0.5 in MS6 and WK, 

respec t ive ly ) seem to have favoured strong caulogenic response 

inducing l a rge ntimber of shoots formed from one s ing le meristem-

t i p explan t . This i s important as these media can be employed 

for obtaining more than one p l a n t l e t s from one s ing le meristem-

t i p as has been obtained by Mishra and Quak ( in p ress ) with 

respect to carnat ions and Ben-JaacoV & langhans (1970) with 

respect to Chrysanthemum. On the o the r hand, rhizogenic response 

of tropaeolum meristem-tips or stem explants was induced by 

seeding them on EaM medium, with UAA, a t 5.0 and k ine t i n being 

replaced by BAP at 0.2 mg/ l . The root-growth was enhanced a t 

the expense of shoot growth, completely suppressing the growing 
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po in t , A somewhat s imi l a r response was obtained on. K 

medixim, which had 1,0 mg of NAA and 0,5 mg of k i n e t i n per 

l i t r e , and reduced amount of adenine and myoinositol i . e . 

a t 5.0 and 1.0 mg/l, r e spec t ive ly . I t seems tha t reduced 

adenine contents in the medium was a lso responsible for 

induction of rh izogenes is a t a k i n e t i n l e v e l which otherwise 

had supported caulogenic growth in other media. In f a c t , 

k ine t in i s known to depend for i t s caulogenic response on the 

presence of r i g h t amount of adenine (Gauthffet, 1966), whereas 

myoinositol i s complimentary to auxins in t h e i r rhizogenic 

response as indica ted for the carna t ion explants (Mishra and 

Quak, i n p r e s s ) . However,pi.this medium myoinositol l eve l was 

not of any consequence. Other media in t h i s s e r i e s , wherein 

cholin ch lo r ide , ascorbic acid and fo l ic acid a t 0.5 mg/l were 

added (K 3 medium), a lso induced only root growth. Profuse 

ca l lus growth was induced with 2.0 mg of lAA and 0.4 mg of 

k ine t in pe r l i t r e , as on MS medium, though root formation was 

also observed in the stem and meris tem-t ip explan ts . Leaves 

and other explants , however, did not respond to any of the 

media for inducing roots or shoots formation. Profuse c a l l u s 

growth was obtained from meris tem-t ip and f resh ly opened young 

leaf explants , ind ica t ing probably the importance of the 

presence of l e a s t number of non-multiplying and non-act ive 

ce l l s for inducing profuse and long l a s t i n g growth of c a l l i . 

These ca l lus cu l tu res remained ac t ive ly growing for over one 

and half yea r s , by regular 4 week subculturing on MS medium. 

Callus cu l tu r e s obtained from inc ip i en t buds, s epa l s , p e t a l s 
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and stem, however, had slow r a t e of growth, and turned 

brown with senescence wi thin a few weeks. There was no 

difference in the growth response of heal thy and diseased 

single tropaeolum and diseased double tropaeolum exp lan t s . 

P i l l a i and Hilderbrandt (1969) developed geraniiun ca l l u s 

from stem-t ips and internodes on t h e i r C and D media having 

coconut milk and 2,4-D (Hildehrandt , 1962) as also on MS 

medium (Murashige and Skoog, 1962) with 10 mg of k i n e t i n and 

6.1 mg per l i t r e of NAA, 

The i n f e c t i v i t y of these t i s s u e s was l o s t during 

subsequent t r ans fe r s of ca l lus cu l t i i res ind ica t ing a sharp 

drop in the i n f e c t i v i t y of v i rus af fected t i s s u e s , which i s 

in sharp con t r a s t to the r e s u l t s obtained with respec t t o a 

number of other v i ruses (Morel, 1948; Augier de Montgremier 

e;t§l^»i 1948; Raychaudhuri and Mishra, 1965; Reiner t , 1966; 

Mishra and Raychaudhuri, 1968). 

Meristem-tip,being v i r u s - f r e e region of the f a s t and 

ac t ive ly growing shoots , developed in to v i r u s - f r e e p l an t s or 

p l a n t l e t s on MS 6 medium. No i n f e c t i v i t y was de tec table when 

shoots and p l a n t l e t s were t e s t e d . The meris tem-t ips of 

tropaeolum which consis t of a c t i v e l y dividing c e l l s of meristem 

dome along with one pa i r of leaf primordia gave out profuse 

growth only iinder anaerobic condi t ions i . e . when the meristem-

t i p explants were immersed in to the so l id mediizm. The explants 

seeded on the surface of the s o l i d i f i e d mediiim or i n the semi

sol id meditim did not grow. 



145 

This was also observed by Ball (1946) wh.o found tha t 

the meristem-tips consumed l e s s oxygen per uni t area than 

the o ther adjacent t i s s u e s and t h e r e f o r e , grow well under 

the surface of agar . The t i s s u e measuring 0.4-0.43 nm 

cons i s t s of meristem-dome and t h r ee younger f o l i a r pr imordia. 

The other por t ion below t h i s region were not responsive 

to normal cu l tu re media and needed coconut milk and some 

accessory chemicals to suppliment i t . 

Stem and l e a f - b i t s from hea l thy and v i rus -a f fec ted 

tu rk i sh tobacco and N, g lu t inosa p l a n t s were planted on a s e t 

of d i f fe ren t media. Callus growth was obtained from these 

explants on the medium incorporated with the required 

proport ion of auxins, k i n i n s , adenine and myoinositol along 

with organic and inorganic cons t i t uen t s as in MS, EaM and 

WK media. Coconut-milk was not required for inducing the l ea f 

c e l l s to c a l l u s as was repor ted by Steeves ejt a l . (1957) 

for obtaining ca l lu s from sunflower and Mco t i ana l eaves . 

Under the present s t u d i e s , prolonged cu l tu r ing of the leaf-

explants for two subsequent t r a n s f e r s a t 3-week i n t e r v a l s 

on K 2 medium, induced s l i gh t ca l lus ing of the l ea f c e l l s . 

The ca l lus growth was more pronounced and rapid on MS medium. 

Further t r a n s f e r on MS or WK medium a t the above i n t e r v a l 

induced ded i f f e ren t i a t i on of ca l l u s growth i . e . formation of 

l a rge number of shoots and some r o o t s . Only few roo t s 

were d i f f e r en t i a t ed in the case of N, g lu t inosa l e a f - c a l l u s 

on EaM medium, whereas on other media, the c a l l u s cu l tu re s 

remained und i f f e ren t i a t ed . As pointed e a r l i e r , the EaM medium 
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was incorporated with 5,0 mg/1 of NAA, which might prohahly 

be responsible for the rhizogenic ded i f f e ren t i a t ion in an 

otherwise s t rongly i indif ferent ia ted N. g lu t inosa l e a f - c a l l u s . 

With regard to t u r k i s h tobacco, ded i f f e r en t i a t i on was also 

observed in the ca l lus cu l t u r e s obtained from stem, but 

was more pronounced in l e a f - c a l l u s . The shoot d i f f e r e n t i a t i o n 

in ca l lus cu l t u r e s was more abundant on MS 6 and WK media, 

a response which i s not d i f fe ren t from t h a t observed in the 

case of tropaeoliim explants i nd ica t ing an e n t i r e l y caulogenic 

response. Gupta _et a l . (1966) repor ted regenerat ion of 

N. t aba cum leaves i . e . formation of shoots d i r e c t l y from l e a f 

explants on the medium incorporated with coconut-milk and 

supplemented with k ine t in and low concentra t ion of lAA. 

According to them, coconut-milk i s e s s e n t i a l for the leaves to 

give out shoots d i r e c t l y . In the present s t u d i e s , coconut-milk 

was not necessary for d i r ec t regenera t ion and production of 

shoots from l e a f - c e l l s which was observed on MS 6 mediiim 

within 4 weeks of p l an t ing . The roo t s were genera l ly induced 

on the same medium a f t e r the c u l t u r e s were a l i t t l e o lder , 

ind ica t ing the phenomenon of 'organic c o r r e l a t i o n ' , i . e . bud 

induced root development as explained by Gauth^et (1966) 

while analysing factor affect ing ded i f f e r en t i a t i on of plant 

t i s s u e s grown in v i t r o . I t has been shown by Skoog and Mi l le r 

(1957) t h a t organogenetic development depends upon the ra t io 

of the concentrat ion of lAA and k i n e t i n (a k in in) incorporated 

into the medium, a higher r a t i o i n i t i a t i n g root formation and 
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a lower ratio inducing formation of shoots. The callus growth 

is induced by the ratio which is in between the two. In the 

above two media, namely, MS 6 and \VK, the auxin : kinin ratio 

being 1.5:1,0 and 1,0:0,5, respectively, which seems to be 

suitable for a good caulogenic growth. Addition of 7.5 mg/1 

of adenine has further complemented this growth-pattern. 

The similar trend was also observed with respect to tropaeolum 

explants as discussed above. 

There was no difference in the growth response of healthy 

and virxis affected cultures of these tissues. However, the 

callus cultures obtained from leaf cells were more infective 

than the ones obtained from stem which were almost noninfective. 

This appears to be depending on the infectivity of the source 

tissues as is evident from Pig,3.26, Pith region which is 

essentially the source tissue for developing the callus from 

the stem, was found to be least infective. These results are 

in conformity with the observations reported by Raychaudhuri 

and Mishra (1965) with respect to a number of other viruses. 

The effect of induced organogenesis on the infectivity was 

also investigated. The infectivity of callus cultures increased 

considerably in the dedifferentiated leafy shoots. The roots 

were less infective and the undifferentiated callus cells 

were least. These tissues were obtained from the mixed cultijire, 

which consisted of leafy shoots, roots and undifferentiated 

callus cells. The increase in the infectivity of dedifferentiated 

tissues indicates a possible relationship between organogenetic 
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phenomenon and virus multiplication which i s in conformity 

with the resu l t s on TMV reported by Mishra and Raychaudhuri 

(1968). I t appears that caulogenic growth supported virus 

multiplication more than the rhizogenic or callus growth. 

Kinetin, an important constituent of the t issue culture media 

inducing shoot-growth is also known to be intimately connected 

with the nucleic acid metabolism and protein synthesis 

(Osborne, 1962). I t might, therefore, be presumed that kinetin 

may also be sustaining v i r a l synthesis in vivo in the 

dedifferentiated leafy-shoots. I t i s , however, in terest ing t o 

note that kinetin i s inhibitory to v i ra l infec t iv i ty when used 

at 30 ppm and applied at the s i t e of infection. At other doses 

and with other methods of application, i t stimulates the local 

lesion formation (Mukherjee jet a l . , 1967). Mile and Sahai 

Srivastava (1969) working with TMV infected callus ce l l s 

originated from pith t i s sues , reported increase in virus contents 

in the t issues grown on high cytokinin doses but strong 

inhibit ion of the virus multiplication when low doses of 

cytokinin were used. They also indicated that the concentration 

of cytokinins (low doses) inducing profuse growth and rapid 

multiplication of callus cel ls alone res t r ic ted the movement 

of the virus thereby reducing the infec t iv i ty of the c e l l s . 

The lower concentration of virus in the callus ce l l s 

has been explained by many ear l ie r workers. Augier de 

Montgremier and Morel (1948) considered that the concentration 

of the virus in callus cultures is affected by rapidity of 

tissue prol i fera t ion. Kassanis (1956) at t r ibuted i t to the low 
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protein contents of the callus c e l l s . Hansen and Hildebrandt 

(1966) assayed individual cel ls of different tobaccoes and 

found that only 40 per cent of the ce l ls of the callus cultures 

contained v i rus . These reports imply that there i s iinequal 

dis tr ibut ion of virus in constituent cel ls of the actively 

proliferat ing normal callus cul tures . This i s further 

confirmed by the present observations wherein some of the 

leafy-shoots, developed on dedifferentiation of undifferentiated 

callus cul tures, were vi rus-free . These leafy-shoots 

presumably developed from the callus ce l l s , which were v i ru s -

free. Svobodova (1966) has also u t i l i s ed th i s method for 

developing virus-free tobacco p lan ts . In the present studies 

also the virus-free shoots developed into healthy tobacco 

p lan t - le t s by subsequent rooting. 

I t was also observed during the present studies that 

the production of chlorophyll in the normal callus cultures 

as a result of their continued growth in l ight and induction 

of histogenetic dedifferentiation have no effect on the 

infect iv i ty of these cul tures . 

These cultures were maintained in ser ia l transfers at 

4 weeks' interval and infect iv i ty was checked periodical ly. 

The infect iv i ty was gradually los t during subsequent 

transfers in the non-differentiated as well as dedifferentiated 

cultures. The loss of infect iv i ty in dedifferentiated 

cul tures, which have many leafy shoots i s interest ing as some 

of these when tested individually, indicated maximum infec t iv i ty . 
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The loss in infectivity may, therefore, \>e due to gradual 

elimination of such shoots in subsequent transfers due to 

uneven distribution of the virus or slow rate of the movement 

of the viruis in the actively multiplying callus cultures. 

The infectivity of the tropaeolum callus cultures was reduced 

likewise rather sharply during subsequent transfers thereby 

indicating that the undifferentiated callus cultures do not 

support the virus multiplication. However, there have been 

many other examples of successful maintenance of viruses in 

tobacco callus cultures for a considerable period. Morel 

(1948) while working with the cultivation of tumuor induced 

by Agrobacteri^un tamefaciens (Smith and Dowsn.) Conn, obtained 

callus tissues of tobacco infected with TMY, PVX and PVY, 

These tissues remained infective when cultured serially. 

Earlier, White (1934) grew tomato root-tips infected with TMV 

and tomato aucuba mosaic virus and found that they remained 

infective whan propogated serially. Augier de Montgremier 

et al. (1948) similarly, grew callus from tobacco plant 

infected with TMV and CMV and found these two viruses to 

retain their virulence for over a year, Raychaudhuri and 

Mishra (1962, 1965) succeeded in cultivating four different 

viruses, namely, TMV, SMV, PVX and ChMV in normal tobacco 

callus, and maintaining them for over two years. Reinert 

(1966) could also keep tobacco etch virus in tobacco callus 

for 6 months. On the other hand, there have been examples 

of some viruses which could not be maintained in the callus 

culture of their respective hosts. Reinert found that 
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infectivity of tobacco ring spot, tomato ring spot and cucumber 

mosaic virus decreased during subsequent subculturing of 

tobacco calli. The same has been reported with respect to 

cowpea mosaic virus infecting cowpea callus and sunflower 

mosaic virus infection tobacco callus (Mishra and Raychaudhuri, 

1968; Phatak, 1968). The infectivity of these calli was 

reported to be lost during subsequent transfers. 

From the results obtained during the present investigations, 

it is clear that the double tropaeolum virus cannot be 

maintained in the undifferentiated tropaeolum callus and 

undifferentiated and dedifferentiated calli of turkish tobacco 

plants. It appears that the dedifferentiated cultures have 

better prospects for being used for maintaining the viruses 

in cultures of their respective hosts for a reasonably long 

duration. Undifferentiated callus cultures are unable to 

remain infective indefinitely at least with respect to some 

of the viruses. 



SUIvEIARY 

1. Double tropaeolum plants (Tropaeolum ma.jus L.) 

exhibitiJ^ abnormal floral morphology leading to complete 

antholysis and suppression of sexual organogenesis, is grown 

as ornamental in and around Simla and is found to be 

invariably affected by a viral infection as evidenced by the 

association of disease syndrome like chlorotic and necrotic 

concentric rings, mottling, curling and puckering of the 

leaves. The bright scarlet colotir of the antholysed flowers 

shows breaking which gives it a distinctive position as one 

of the choicest collection of ornamental interest. 

2. Detailed investigations were undertaken to identify 

the causal virus which was foiind to be sap-inoculable although 

with difficulty and only when mixed with celite and a reducing 

chemical like NapSO,. 

3. The virus was transmitted through aphids, viz. Aphis 

gossypii, A. craccivora and Myzus persicae to tropaeolum and 

turkish tobacco plants in a non-persistant manner from 

tropaeolum plants. The aphid A. craccivora was found to be 

an additional vector not reported so far for this virus. 

However, the aphids were unable to pick up the virus from 

the tobacco. From tobacco the virus was not transmitted 

through aphid but was readily transmissible through soil and 

there was strong indications of its being transmitted through 

nematodes like Xiphinema americanum as well. 
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4. The v i rus was found to have thermal - inaot iva t ion 
o ""4 —3 

between,60 to 62 C, d i lu t ion-end point between 10 to 15x10 

longevity in v i t r o a t 19-27°C between 48 and 75 hrs and a t 

8-10°C between 168 and 240 h r s . The optimum pH for i n f e c t i v i t y 

was 6,0. The i n f e c t i v i t y was maintained in dried leaves a t 

4-7°C for more than 11 months. 

5, Host-range s tudies of the v i rus indicated s u s c e p t i b i l i t y 

of a wide range of plant species belonging to the f ami l i e s : 

Gucurbitaceae, Moraceae, Umbelliferae, Oxalidaceae, Labia tae , 

Violaceae, Balsaminaceae, Chenopodiaceae, Amaranthaceae, 

Compositae, Leguminosae, Polemoniaceae, Ranunculaceae, 

Scrophulariaceae, Solanaceae, Tropaeolaceae and Verbenaceae. 

Different hos ts showed di f ferent degree of s u s c e p t i b i l i t y and 

produced symptoms varying from minute pin-point necro t ic l e s i o n s , 

chlorot ic r i n g s , systemic mosaic mott l ing oak l ea f p a t t e r n to 

systemic necros is causing u l t imate death. S t a t i s t i c a l 

analysis of these fami l ies , divided in to f ive ca tegor ies 

depending on maximum disease r e a c t i o n , indicated random 

d i s t r i b u t i o n of s u s c e p t i b i l i t y in d i f fe ren t famil ies of Angiosperms. 

However, out of the famil ies mentioned above, the l a s t nine 

included l a rge number of most suscept ib le plant spec ies . The 

famil ies , l i k e Solanaceae and Leguminosae, were found to have 

maximum n\imber of host species showing highest degree of 

s u s c e p t i b i l i t y . In the system of evolution as suggested by 

Hutchinson in his book 'The fami l i e s of flowering p l a n t s , the 

families with suscept ib le p lant species are i r r e g u l a r l y d i s t r i b u t e d 
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ind ica t ing thereby tha t s u s c e p t i b i l i t y cannot be cor re la ted 

with, the evolu t ionary trend in Angiosperms, 

6. Comparing the host- range of t h i s v i r u s with those of 

tobacco r ing spot virus (TRSV) and tropaeolum r ing spot 

virus (URSV), Phaseolus vu lga r i s and Datura stramonium could 

be considered as d i f f e r e n t i a l hos ts as they gave d i f fe ren t 

react ions with respect to a l l the th ree v i r u s e s . Rest of the 

nineteen common hosts were having s imi la r r eac t ions with e i t he r 

of the two v i r u s e s . S t a t i s t i c a l l y , the 'mean host r eac t i on ' 

of the v i rus was not s i g n i f i c a n t l y d i f fe ren t from NRSV and 

TRSV indica t ing a close r e l a t i o n s h i p . 

7. Fluorescing inclusions were observed in v i rus affected 

tropaeolum l eaves , ind ica t ing t h e i r RUA na tu re . Their RNA 

nature was fu r the r confirmed by disappearance of these inc lus ions 

bodies from infected leaves when t r e a t e d with RNAsa. 

8. The v i rus was pur i f ied by var ious methods. Hol l ings ' 

butanol method using 0.5M phosphate buffer was found to be 

most s a t i s f ac to ry and yielded prepara t ions with polyhedral 

(Hexagonal) p a r t i c l e s of 29 nm average diameter. The pur i f i ed 

virus prepara t ion was resolved in to three components on 

sucrose g rad ien t . U l t r a - v i o l e t absorpt ion of bottom component 

was in consistence with the nucleoprotein absorbency giving 

high value of 260/280 r a t i o . The average value of 260/280 nm 

r a t i o of the pur i f ied v i rus prepara t ion was 1.71, ind ica t ing 

high proport ion of RMA, which was ca lcula ted to be 36.91 per cent . 
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based on the extinction values at 260 and 280 nm. The other 

components especially the top one, were deficient in MA. 

9. Positive precipitin-reactions and gel-diffusion tests 

with antisera of TRSV obtained from Lisse and V/ageningen 

indicated closer relationship of the two viruses. 

10. Considering similarities in symptom expression, host-

range, physical properties, structure and function of the 

virus particles and serological relationship, the virus is 

considered to he closer to TRSV, However, efficiency of aphid 

vectors in the transmission of DNRSV as against TRSV, as 

also the differences in some of the individual host reactions 

suggests that DNRSV could heo/strain of TRSV affecting 

tropaeolum plants and transmitted by aphids. 

11. The petals of the double tropaeolum flowers were 

highly infectious. The infectivity was altogether absent in 

the petals of the flowers of infected single tropaeolum 

plants and very much reduced in the leaves of single and double 

tropaeolum plants, probably due to the presence of phenolic 

compounds which inhibited the infectivity. The inhibitory 

effect was neutralised by soaking the leaves in reducing 

chemicals like Na^SOg, caffeic acid or EDTA. Coumarin and 

sodiTim salicylate were found to inhibit the infectivity of 

the virus in vitro. 

12. A comparison of different parts of virus infected 

tobacco plants indicated higher infectivity of the leaves 
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showijig systemic disease syndrome than the ones actually 

inoculated. The roots were also highly infectious. The 

infectivity of the inoculated tobacco plants was niaximum 

around 9th day of inoculation. 

13, Callus cultures were obtained from tropaeolum tissues, 

especially meristerns and very young leaves on the media 

incorporated with lAA at 2.0 mg/1 and kinetin at 0.4 mg/l and 

other normal requirements like myoinositol at 100 mg/1 and 

adenine 5 mg/l. These callus cultures remained actively 

growing for over one and half years. However, infectivity of 

these tissues was quickly lost during subsequent transfers. 

With respect to turkish tobacco and N. glutinosa explants 

also,the infectivity was lost in the callus cultures during 

subsequent transfers. The leaf-callus was found to be more 

infective than the callus developed from stem. The dedifferen

tiated cultures were having infectious as well as non-infectious 

shoots, but the infectivity of these cultures,as a whole,was 

more than that of the undifferentiated callus cultures. The 

infectivity of even these cultures was gradually lost during 

subsequent transfers. The histogenetic dedifferentiation 

had no effect on the infectivity. . > Production of chlorophyll 

in the callus as evidenced by the formation of green callus 

as a result of continuous light also had no effect on the 

infectivity of callus cultures. 

14, Meristems of tropaeolum grew well on the mediiun with 

reduced amount of auxin and increased amounts of kinetin. 
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Incorporation of adenine at 7.0 mg/1 and myoinositol at 

100 mg/l, induced strong caulogenic growth, and proliferating 

meristem cultures This technique is useful for developing 

many plants from a single meristem. The meriotom-tips 

require anaerobic conditions for induction of growth, as 

they grew only when immersed into the medium. 
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APPENDIX I 

Comparative h o s t - r a n g e of TRSV, NRSV and MRSV 

fami ly B o t a n i c a l name TRSV IMRSY FRSV 

LI COTYLEDONS 
AM.ARM11! HACEIS 

AmaranthuB caudatus L 
A.paniculatus L. 
A. r e t ro f l exus 1. 
A. ^an/^eticus Ii. 
A. spinosus L. 
A. blitum L. 
J . leucarpus L. 
Gomphrena globosa L. 
Ach.yranthes asp era L. 

2 
2 
— 
-
— 
~ 
— 
— 
— 

16 
— 
— 

8 
2 
16 
4 
4 
0 

16 
— 

16 
-
— 
— 
— 

16 
— 

APOCYAHACEAE 

Vinea rosea I . 8 0 

BALSAMINACEAE 

Impatiens balsamina L. 8 8 0 

CARYOPHYLLACEAE 

Dianthus plumerius L. 8 
D. barbatus L. 0 
D. caryophyllus L. -
D. chinensis L. 
Lychnis alba Mill. 8 
Silene orientalis Mill. 
Stellaria media CD•) Vill.-

0 
0 
0 
0 

16 
16 

OHENOPODIAOEAE 

Beta vulgaris L, 
Ghenopodium album L. 
C. foetidum Sehrod. 
C. murale L. 
C, ambrasoides L. 
0, bromes-henericus L. 
C. quinoa Willd. 
C. amaranticolor Coste & 

Reyn. 
Spinacea oleracea L. 

4 
2 
-
-
-
-
-

2 

8 

2 
2 
-

8 
2 
— 

2 
2 

0 

16 
8 
8 
-

0 
0 
16 

16 

contd. 
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APPENDIX I COMD. 

Pamily B o t a n i c a l name 

COMPOSITAE 

Ar t emi s i a abs in th ium L. 
Ambrosia c l a i i o r L. 
Ais^eif' i a e v i s L. 
Bidens d i s c o i d e s IT&Gj 

B r i i t o n 
Calandula o f f i c i n a l i s L. 
C a l l i s t e p h u s c h i n e n s i s 

Hees . 
Coreopsis t i n c t o r i u s N o r t t , 
Cosmos b i p i n n a i u s Cav. 
Gentaurea moschat'a L. 
C, cyanus L. 
Chrysanthemum lucanthemum I . 
C. s p . 
Cichorium e n d i v i a L. 
Diniorphbtheca a u r a n t i a c a DQ. 
E r i g e r o n canadens i s L. 
Hei ian th i ;^ annuus L. 
Lac tuca s a t i v a L. 
L. s e r r i o i ' a li. 
Sonchus o l e r a c e u a L. 
S. a r v e n s i s L. 
fa,e;etes p a t u l a L. 
T, e r e c t a L. 
T. s i ^ e t a B e r t h . 
Zinnia e l e^ans J a c q , 
Senecio c r u e n t u s DC. 
Dahl ia h y b r i d a Hor t . 
Brachycombe i ' b e r i d i f o l i a 

Benth. 

TRSV 

~ 

2 
2 

4 
16 

4 
-
-

8 
-
-
8 

,8 
— 

8 
8 
2 
8 
— 
— 

2 
-

16 
— 
— 

-

DNRSV 

— 
-
0 

0 
0 

0 
2 
-
-

0 
— 
4 
-
— 

2 
0 
-

0 
0 
-

0 
~ 

16 
0 
4 

16 

NRSV 

0 
-
-

— 
— 

16 
16 
16 

-

0 
0 
~ 

0 
16 

-
— 
mm 

-
-
0 
-
0 

16 
-
-

-

CRUCIFERAE 

Brassica rapa L. 
Brassica oleracea L, 
cv, Capitata L. 
cv. botrytis L. 
cv. caulorapa Pasq, 
B, campestris L. 
var. Sarson 
B. pekinensis (Ltir.)Rupr. 
Barbarea vulgaris R.Br. 
Erysimum allionii Grignan 

0 

0 
0 
0 

0 
0 
0 
0 

Oontd.. 
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I I I 

Family B o t a n i c a l name THSV DNRSV NRSV 

Malconica mar i t ima RBr 
Raphanus s a t i v u s L. 0 

16 

CUCURBITACEAE 

Citrullus vxilgaris Schrad. 
0, vulgaris Schrad. 
var. fistulo sua 
(stocks^ Duthie 
Oucumis sativus L. 
£. melo L, 
0. melo var, utilissimus 
Duthie & Fulton 
Cucurbit a yeyo L, 
G» moschata Duchesne 
Lagenaria leucantha Rushy 
i» siceraria Standi. 
Luffa cylindrica Roem 
L. acutangula Roxh, 
Momordica charantia L. 
Trichosanthes anguina L. 

BUPHORBIACEAE 

Euphorbia hirta L. 
Ricinus Tommunis L. 

8 

8 

16 
16 

_ 

16 
1 a 
16 

— 

16 
— 
— 
• M * 

8 

0 

0 

0 
0 

0 
1 

^ 

0 
0 
0 
0 
1 

0 
0 

LABIATEAE 

Ooleus blumei Benth, 
Lavandula obrotenoides Lam. 
Nepta ca t a r i a L. 
Ocimum""basilicum L. 
0, canum Sims. 
0. sanctum L. 
Hyptis suaveolens P o i t . 
Salvia splendens Kerr. 
S» t e r i n a c a Benth. 
"Stachys grandi f lo ra Benth, 
Physostegia v ig in iana Benth. 

8 

LE&UMINOSAE 

Orotalar ia .iuncea L. 
5* brownel Ber t , ex DC. 
Dolichos l ab lab I , 
Glycine max Merr, 
Lathyrus odoratus (L.) DC. 

0 
— 
mm 

-
» 
-
-

8 
M « 

-

8 

«•• 

8 
8 
4 

-
-

1 
M M 

0 
1 
2 
-
— 
"* 

2 
16 
16 

-
0 

0 
16 
16 

0 
— 
. . 
-

0 
0 
•" 

> • 

-
— 
— 

contd, 
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IV 

Family B o t a n i c a l name TRSV MRSV NRSV 

L, ochrus (L) DC. 
L. sativus L. 
Lupinus albus L. 
L. hartwegii Lindl. 
Oa.1 anus ca.ian Spreng. 
Oyamopsie tetragonoloba 

(L) Taub, 
Arachis hypogaea L. 
M e l i l o t u s i n d i c u s (L) A l l . 
M« a l b a Dear. 
M, o f f i c i n a l i s Lam. 
Medicago s a t i v a L. 
M* o r b i c u l a r i s (L) A l l , 
M. s e u t e l l a t a (L) A l l . 
M. t e r b i n a t a Wi l ld . 
Phaseolias a n n u l a r i s Wright 
P . a u r e u s Roxb, 
P . c a l c a r a t u s Roxb. 
P . l i m e n s i s Macf, 
P . l a t h y r o i d e s L. 
P . m u l t i f l o r a " W i l l d . 
P . l u n a t u s L. 
P . mungo L. 
P . r a d i a t u s L. 
P . v u l g a r i s L. 
Pisum sa t ivum L. 
S t i zo lob ium s p . Vog. 
T r i g o n e l l a foenum-graecum L. 
T. c a e r u l e s S e r . i n DC. 
T,. c o r n i c u l a t a L. 
? r i f o l i u m incarna tum L. 
T. alexandrintim L. 
T, p r a t e n s e L. 
! • J^epene I». 
V i c i a faS'a L. 
V. s a t i v a L. 
7 . a r t i c u l a t a Hornem. 
Vigna s i n e n s i s Savi 
V. s e s q u i p e d a l i s ( L . ) P r u w i r t h 

16 

8 

16 

8 

8 
2 

2 
8 

8 
8 
8 

16 

0 
0 
8 
8 

2 
8 

MALVACEAE 

Abelmoschus e s c u l e n t u s 
H i b i s c u s man iho t .L . 
A l t h a e a r o s e a L. 
L a v a t e r a t r i m e s t r i s L. 
Malva n e g l e c t a Wal l r . 

W&A. 

0 
8 

0 

X 

0 
1 
0 
16 
16 

_ 
. 
— 
~ 

-

M » 

-

4 
-

0 
4 
16 
0 

16 
16 
0 
0 
0 
16 
0 

16 
— 

16 

16 
0 

16 

_ 

16 

0 
0 
0 

— 
— 
— 
— 
m. 

2 

16 
— 

_ 

-

16 

0 
16 

mm 

— 

0 

contd . 
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Family Botanical name TRSV DNRSV URSV 

MORACEAE 

Ficus carica L, 
F. religiosa L. 

ONAGRACEAE 

Clarkia elegans Dougl 
Godetia amoena Lilja 
0enthera elutei A. Nelson 

8 
8 

0 

Oxalidaceae 
Oxalis oorniculata L, 

PAPAYARACEAE 

Bscheoholtzia oalifornica 
Cham, 

Papaver orlentale L. 
P. glauciim Boyce ex. Helder 

POIEMONIAOEAE 

Gilia oaTPitata Dougl. 
Phlox dnimmondii Hook. 
Polemoniiam coeruleum L. 

8 
0 
M * 

8 
0 

0 
0 
mm 

. 

16 

— 

0 
0 

-

POIYGOBTACEAE 

Polygonum hydro piper L, 
Ruiaex orispus L. 
R» acetosa L, 
Rheum rhaponticum L« 

PORTULACACEAE 

Portulaoa grandiflora Hook. 
P. oleracea L. 

2 
8 

8 

8 

0 
0 

0 

PEDALIACEAE 

Sesamum indicum L, 

RANUNCULACEAE 

Aquilegia oaerulea James 8 
Delphinium cultorum Vass, 0 
Adonis aestivalis L, 

0 

16 16 
16 

Contd... 



APPEHDIX I CONTD. 

VI 

Family B o t a n i c a l name 

SCROPHULAEIACEAB 
Ant i r rh inum ma,-)us L. 
Linar ia masedomica Griseb, 
L. b i p a r t i t a Willd. 
Col l ins ia b ico lor Berth. 
D i g i t a l i s alpinus, L, 
Mimulus moschatiis Doughl. 
M. '^u t ta ius DC. 
iemesia s-frumosa Benth. 
Verbascuia T)'hoeniceum L. 
V. thapsiforme Schrad. 
Iferonic'a lonj^ifolia L. 
1, vican'a li. 
Si/sjiTalie ^ rand i f lo ra Lam. 
D, purpurea L. 

SOLONACBAE 

Capsicum annufim L. 
C. fniiiescens li. 
Datura" strajmoniiim L. 
D. met«l L. 
D. t a t u l a I . 
H.voscyainus albus L. 
H. n i g e r L, 
Lyco'periicon esculentum Mill 
L. s^landulosum C.H. Mull 
L, hirsutum Hamp e t . Bompl. 
L. pimpinel l i fol ium CJusl) 

Mi l l . 
Nicandra physaloides (L) 
Mcot ia i ia acquminata Grah. 
N. c l eve land i i A. Gray 
N. £lauca G-'rah. 
f. g i u t i n o s a L. 
N, l on^sdor f f i i Weinn. 
N. lon^i i l 'o ra Cav. 
N. pa'nicuTaia L. 
N. pliiinbe^inifolia Viv. 
N. quadr iva lv is Pursh. 
N. repaJida Willd. 
N. r u s t i c a L. 
li. r u s t i c a va r . Moti 
N. sanderae W. Wats. 
N. suaveolens Lehm. 

a?Rsv 

2 
8 
-
-
-

8 
-

8 
8 
-
8 
mm 

-
^ 

«. 

0 
8 
8 
-

8 
8 

. 2 
— 
-

— 
2 
2 
8 
— 

8 
8 
8 
8 
8 
8 
8 

16 

8 
8 

DNRSY 

4 
— 

16 
-
-
M M 

-

16 
-
-
— 
NM» 

-
« M 

16 
16 
16 
16 
16 

— 
— 

16 
16 

-

16 
16 

-
-

16 
16 

8 
4 
-
— 
— 

16 
16 
16 

— 

NRSV 

0 
— 

16 
16 
16 

mm 

16 
— 
— 

2 
— 

0 
0 
0 

4 
••» 

2 
-
-
-
— 

16 
-

0 

16 
16 

— 
— 
— 

2 
-
-
M « 

— 
-
— 

16 
-
-
— 

C o n t d . . . 
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¥11 

Family B o t a n i c a l name TRSY DNRSV NRSV 

N. s y l v e s t r i s Spegaz. 
Commes 

tabacum L. 
t aba cum var , 
tabacum v a r . 

& 

N. 
!• 
N. 

!• 

N. 
! • 
N. 
f. 

8 
16 

White burley -
Harrison's 
Special 

tabacum var. xanthi 
tomentosa Reiz & Pav 
trigonophylla Donn. 
debne.vi Domin. 

_ multivalvis 
Petunia h.ybrida Vilm. 
Physalis angulata L. 
P. peruviana I. 
P. floridana Rydb. 
P. ixocarpa Brot. 
"Solanum carolinense L. 
S, melongena L. 

nigrum L. 
nodiflorim L. 
capsicastrum L. 
xanthocarpum Schrad. 

Wendl. 
si symbrifolium Lam. 
khasianum Clarke 
pseudocapgicum L. 
stoloniferum Schlecht & 

Benche 
citrolifolium Willd ex. 

Roem. 
__ tuberosum L. 
Salpiglossis sinuata Ruiz & 

Pav, 

S. 
s. 
s. 
!• 

s. 
s. 
s. 

1. 

s. 

& 

TROPAEOLACEAE 

DMBELLIPERAE 

16 
4 
8 

8 
16 
8 
2 

8 
16 
2 

8 

gropaeolum ma:̂ us L.(single) 16 
T. ma.1us~Tdouble) L. 
!• peregrinum L. 16 

Anthriscus cerefolium Hoffm. 
Apium graved ens L. 

8 

16 

16 

16 
16 

8 

0 

0 

0 
1 

16 
16 

16 
16 

8 
16 
16 
16 
16 

16 
16 
16 
16 

16 
16 
— 

16 
— 

-

M M 

16 

16 

0 
0 

contd. 
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Family 

YEmmAQMS 

VIOLdCB^ 

B o t a n i c a l name TRSV 

Daucus c a r o t a L . Q 
v a r , saTEIva DC. 

Trachymene c a e r u l e a 
R, Grab, 8 

Lantana camara L. 0 
Verbena venos"a G i l l & Hook,16 
V. o f r i c i n a l l s L. 
7 , hybri'da "Viss. 

Vio la co rnu ta L, 2 
V. t r i c o l o r L. 2 
7 . i f i c o l o r v a r . Hor tens i s -

M) NO COTYLEDONS 

GRAMINB̂ AE 

IRIDACE^ 

Tri t icum v u l g a r e V i l l , 
bryza s a t i v a ET 

Gladiolus $p . (Tourn.) L. 
I r i s xlpHium L. 
MeseniBryanlEKemum D i l l , ex L , -

DNRSV 

0 

-

0 
• • 

-
16 

• 
. 
2 

0 
0 

0 
0 
0 

NRSV 

^ 

m$ 

m, 

— 
16 

-

„ 
„ 
-

wm 

-

. 
. 

Note: - represents plant species not tested for the 
particular virus, whereas 0 indicates immune reaction, 
Numbers from 1 to 16 indicate different degrees of 
susceptibility (Susceptibility indices). 
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SINGLE 

(5)'<5 A(3)+(3)+(3)6l3] 

SEMI-DOUBLE 

Ctsj^e A(3)+{3)+(3)+(3)6(4) 

DOUBLE 

C,5, K ^ A - 6 

APPENDIX in FLORAL DIAGRAMS OF THE THREE CULTIVARS OF 
TROPAEOLUM MAJUS 



LI6M0SAE 

16 [-{VERBENALESJ- VERBENACEAE 

-•BIGNONIALES PEDAUACEAE 

•RUBIALES 

APOCYNALES APOCYNACEAE 

.LOGANIALES 

SAPINDALES 

MELIALES 

-RUTALES 

'EBENALES 

MYRSINALES 

•RHAMNALES _— 

SANTALALES 

O L A C A L E S 

-CELASTRALES 

-MYRTALES 

-GUTTIFERALES 

•ERICALES 

OCHNALES 

LLTHEALES 

[-EUPH0RB1ALES E U P H O R B I A C E A E ' 

-•MALPI6HIALES 

-*MALVALES MALVACEAE 

-TIL IALES ^ 

CACTALES 

- » C U C U R B I T A L E S CUCURBITACEAE 

-•POSSIFLO RALES 

LOASALES 

POLYGALALES 

VIOLALES 

TAMARICALES 

C A P P A R I D A L E S 

rPROLEALES 

LTHYMELAELES 

• * 

VIOLACEAE 

L-BIXALES 

1 pURTICALES 

-CASURINALES 

-•JUGALANOALES 

- F A GALES 

-•BALANOPSIDALES 

-MYRICALES 

-LEITNERIALES 

-SALICALES 

-HAMAMDIDALES 

rARALIALES 

STYRACALES 

-K;UNONIALES 

MORACEAE 

16 LEGUMINALES 

-ROSALES 

CORIARIALES 

DILLENIALES 

LAURALES 

ANNONALES 

LMAGNOLIALS> 

UEGUMINOSEAE 

APPENDIX - IV 

PHYLLOGENETIC ARRANGEMENT OF THE ORDERS AND 

FAMILIES OF DICOTS SUSCEPTIBLE TO DNRSV (NUMBERS 

INDICATE SUSCEPTIBILITY INDEX OF THE FAMILIES AND 

THE ORDERS ) 

HERBACEAE 

2 LAMIALES 

BORAGINACEAE 

16 

LABIATAE 

•«— 

POLEMONIALES] 

16 

16 

16 

16 

GERANIALES 

PERSONALES 

SOLANALES 

•ASTERALES 

POLEMONIACEAE •«— 

lefTROPAEOLACEAE 

Z L OXALIDACEAE " 

SCROPHULARIACEAE-

gOLANACEAE ••— 

COMPOSITAE 

GOODENIALES 

I—CAMPANALES 

r'VALERIANALES 

• UMBELLALES 

• PODOSTEMALES 
•SARRACENIALES 

I—SAXIFRAGALES 

-•PLANTAGINALES 

-»PRIMULACEAE 

-*GENTIANALES 

-»LYTHERALES 

16 f CHENOPODIALES | 

UMBELLIFERAE •«-

POLYGONIALES 

1-CARYOPHYLLALES 

•RESIDALES 

-CRUCIALES 

-»RHOEAOAL£S 

PIPERALES 

ARISTOLOCHIALES 

BERBERIDALES 

16 ij-RANALES " 1 

DNA6RACEAE 
lefAVARANTACEAE 
BLCHENOPODIACEAE 

POLYGONACEAE 

CARYOPHYLLACEAE *-

PORTULACAEAE 

CROCIFERAE 

PAPAVERACEAE 

RANUNCULACEAE 

HYPOTHETICAL PROANGIOSPERMS 

MONCXOT 



APPENDIX ? 

L i s t of A b b r e v i a t i o n s used 

Chemicals -

Tissue c u l t u r e -

Ad: 
As: 
BAP I 
CH: 
CM: 
Co CI: 
PA: 
Ino : 
lAA: 
K: 
UAA: 
Rf: 
Succ.A: 
2 ,4-D: 
PABA: 
GA: 
C: 
Cp: 
Cr: 
Cv: 
S: 
R: 
Rh: 
m: 

Grades of growth 
of t i s s u e c u l t u r e s ; 

+ : 
++: 

Adenine 
Ascorbic a c i d 
Benzyl amino pi ir ine 
Casein h y d r o l y s a t e 
Coconut milk 
Choline c h l o r i d e 
Fo l i c a c i d 
Myo inos i to l 
Indo l a c e t i c a c i d 
K i n e t i n 
L-Naphthyl a c e t i c ac id 
R i b o f l a v i n 
Succ in ic a c i d 
2 ,4 -d i ch lo rophenoxy a c e t i c a c i d 
para-aminobenzoic ac id 
Gibbere l l i c ac id 
Cal lus growth i n g e n e r a l 
Cal lus from plumule 
Cal lus from r a d i c l e 
Cal lus from ve in s of l e a v e s 
Shoots 
Roots 
Root w i t h root h a i r s 
M e r i s t e m a t i c a c t i v i t y , by way of 
p r o l i f e r a t i o n of c e l l s . 
Growth of m e r i s t e m - t i p . 

I n s i g n i f i c a n t 
S l i g h t 
Moderate 
Profuse 

V i r u s e s - TRS7: Tobacco r i n g spot v i r u s 
NRSV: Tropaeolum r i n g spot v i r u s 
DNRSV: Double t ropaeolum v i r u s 
llWft Tobacco mosaic v i r u s 
S&iV: Sana-hemp mosaic v i r u s 
Chi'ilV: C h i l l i mosaic v i r u s 
PVX: P o t a t o v i r u s X 
PVT: P o t a t o v i r u s Y 
CilV: Cucumber mosaic v i r u s . 




