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Cha.pter I 

Ilf.r RODUC TIOJ:l 

There is a reoent trend to improve the qua.lity of 

oommeroial oarnations by selecting disease-free plants for the 

establishment of mother blooks. Though some progress has been 

made in attaining this goal~ difficulty has been experienoed in 

the selection of plants within certain popular varieties suoh as 

Miller' s Yellow. inwhioh the incidence of mosaic infection is 

almost 100 percent. The lI18.intaining of the selected stooks in 

a virns-free condition is also diffioult beoause the carnation 

mosaio virus is so easily transmitted by oontaot. It Was 

apparent. therefore, that study was needed to test the possi-

bilities of inactivating the virus in infected plants. This 

would aid in maintaining stock free from mosaic and would pre-

vent its spread to healthy plants. 

~ problem 

Can the carnation-mosaio virus be chemically inactivated 

Problem analysis.--Before answering the major question, 

it is desirable.to answer the following; 

1. Tihat chemicals. will inactivate the carnation-mosaic 

virus .!!: vitro,? 

2. Vnnich chemicals are suitable for the inactivation 

of carnation-mosaic virus in vivo? --



Deliminations. l -- Tests will be applied to determine what 

chemioals will inactivate the ca.rnation-mosaic virus in vitro aDd -
in vivo. -- Phytotoxic tests will be applied to carnations (Dianthus 

caryophyllus L.) and sweet william (Dianthus barbatus L.). All 

tests will be limited to the laboratory and greenhouses at Colorado 

A & M College. 

Inuring the course of this investigation parallel studies were made 

in oooperation with other workers (1) to determine the effect of car­

nation mosaic on the yield and quality of carnation" (2) insect ani 

root transmission of mosaic and streak, (3) indexing of disease-free 

mother blocks of oommeroial carnation varieties" (4) fungicidal 80il 

treatment for oontrolling Fusa.rium wilt of carnations" (5) the 

oarrier phenomenon of Fusarium in carnations, (6) and factors deter-

mining the development of ba.cterial wilt of oarnations. Qut of 

these investigations the follm1ing publioations resulted in which the 

writer partioipated: 

Baker, R. R. and W. D. Thomas, Jr. Chemical inaotivation of the 

carnation-mosaio virus i!!!!.2. Jour. Colo.-Wyo. Acad. 

Soi. 4(1): 51. 1949. 

and W. D. Thomas Jr. Root tranrnmission of the carnation------
".mosaic virus. Jour. Colo.-Wyo. Acad. Sci. (in press). 



Cha.pter II 

REVIEW OF LITERATURE 
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Carnation mosaic has been observed for some time on many 

commercial varieties of carnations (Dianthus oaryophyllus L.). As 

early as 1914 Peltier (15) described a disease of carnations the 

symptoms of which seem similar to those of present day carnation 

mosaic. La:mkey (13), among others (9, 16, 18), believed the disease 

to be of a 'Virus nature. It was not until 1943, however, that the 

carnation mosaio virus was demonstrated to be ot virus origin (8). 

Recent investigation has shown that oarnations may be infected with 

at least two distinct virus diseases: mosaic and streak. (12). A 

-disease known as yellows is caused by a oombination of the viruses 

causing mosaio and streak. The charaoteristio symptom of mosaic is a 

slight mo"btling of the leaves, while plants affeoted with streak have 

yellowish or reddish spots and streaks paralleling the leaf veins. 

Both mottling and streaking may oocur when a plant has yellows. 

Mosaic is spread rapidly by meohanical contaot while streak evident­

ly is transmitted only by insects or by grafting. 

The recognition of symptoms is a major problem in the study 

of carnation viruses. Due to the narrovr leaf of the carnation. 

symptoms often are not readily seen, and in many oases are overlooked 

beca.use of masking. Symptoms may become severe in the spring, how­

ever, when aggravated by unfavorable nutrient conditions and heavy 

grmrth. The mottling is usually more pronounced in the young leaves 



than in the older ones. (12). 

As the sweet william (~. barbatus L.) has been found to 

be e. host or both mosaic and streak. its use as a test plant has 

been suggested (7). Because of its broader Ieai' and relative 

freedom from confusing physiological disturbances. the symptoms 

of both viruses can be distinguished more easily. A later develop­

ment has indicated that the viruses oan be deteoted by means of 

fluorescense in ultra violet light. (26). 

The use of chemioals tor the inaotivation of viruses in 

vitro has been a generant field from the beginnings of virus 

research. The first extensive experiments were performed by Allard 

(1, 2). Of' the many chemicals tested he found that aoids, bases;, 

potassium per.manganate, zinc chloride, copper sulphate, antifor.min 

and strong solutions or alcohol or formaldehyde destroyed the in­

feotivity of the tobaoco mosaic virus. stanley (20) found that 

trypsin produced a decrease in the infectivity of tobaoco-mosaic 

virus over a vlide pH range. The infeotivity of' the virus 'Was 

regained by heat, dilution, or by digestion for the removal or 

trypsin. Later Stanley 'discussed the influence of different 

hydrogen-ion ooncentrations on the infectivity of the virus (21). 

stanley (22) also has reported results on the effect ot 110 

different chemioals on tobaooo-mosaic virus. Some inoreased. 

others decreased infectivity to varying degrees while still others 

had no effect. JOhnson (11), using special techniques~ studied the 

effect of 41 chemical substances har.mfu1 to the infectivity of the 



tobaooo-mosaic virus. He found that reaotivation was possible in 

28 cases by treatments with salts or aoids in the proper ooncentra­

tion. The suggestion was made that the term 1tinaotivationU be 

used in cases in whioh the virus can be reactivated$ and that 

Udestruction" be used when the virus cannot be reactivated. 

Stoddard (23) recently has opened up an entirely new 

field of study for the control of some virus diseases. He found 

that the X-disease virus ot peach was inaotivated merely by soak­

ing diseased peaoh buds in\~ater solutions of quirihydrone~ urea, 

oaloium ohloride~ zinc sulfate, and various sulfa oompounds. Pre­

liminary treatments of soil with these chemicals have indicated 

some suooess. 

Takahashi (25), using the detao~ed leaf tissue technique. 

and. assying the virus ooncentration in Niootiana glutinosa" showed 

that malaohite green would inhibit the increase ot tobaoco-mosaic 

virus in 1i ving cells. That the host is involved in the inaotiv­

at~on ot the virus is indioated by the tact that malachite green 

has no effect on the virus .!!! vitro. 

In a series of preliminary studies~ Rumley (17) treated 

mosaic-infected carnation outtings ydth nine chemicals including 

five sulfa compounds. ot these oalcium ohloride. hydroquinone~ 

and zino sulpha.te viera found to inaotivate the virus. Hovtever, 

sulfa oompounds were found to be very toxic to an unrooted car­

nation cutting. 

Best (4, 5, 6,) found that the invasion of tobacco 



leaves by the tomato spotted-wilt virus oauses an acoumulation of' 

an organic fluorescent substanoe oalled scopoletin (6-methoxy-7-

hydroxy 1:2 benzo-pyrone). This oompound is present in small 

quantities as a normal constituent of healthy tobaoco plants, but 

it is produoed in large quantities as the result of virus aotivity 

(4). As the conoentration of the fluoresoent substanoe is highest 

where the ooncentration of virus is greatest~ the substanoe may 

well aot as an inactivant (6). 



Chapter III 

:M.A.TERIALS AND METHODS 

The carnation mosaio virus beoomes inactive in a short 

time in expressed plant juice and deoootions of infeoted plant 

tissue. (12)., Due to this apparent instability, its inaotivation 

by chemioals would seem highly probable. The possible inactiva­

tion qualities of ca10ium chloride, zinc sulfate, and the various 

sulfa oompounds were suggested by the preliminary work of Rumley. 

(17). Notable among the more Tdde1y used and effective ohemicals 

shOW'ing therapeutic activity are many metallio oompounds (24). 

As Dithane Z78 and sodium selenate are generally known to contain 

metallic elements and to be non-toxic to pla.nts in the proper con­

oentrations, they were inoluded in these experiments. The use of 

malaohite green as an inaotivator was postulated by the reoent 

studies of Takahashi (25). Soopoletin (6-methoxy-7-hydroxy 1:2 

benzo-pyrone) was included in these tests for the reasons set 

forth in Chapter II. 

In all experiments two hosts of the oarnation-mosaio virus 

were used. 'lhits Patrioian was used a.s a. susoeptable carnation 

variety (Dianthus caryophyllus) while 'sweet william. (B.. barbatus) 

was used as a test plant. In SOIne instances it was found that 

symptoms were diffioult to read on the former due to masking and 

physiological disorders. As a result, symptoms in carnations were 

never relied upon as the sole criterion for virus infection. 



Carnations used in the experiments were rooted outtings 

taken fram a mother blook of eleven plants. Over a period of one 

year repeated tests showed that extraots fram these plants could 

infect at least one test plant in four by means of abrasion inocu­

lation. 

Inooulation teohniques.--All ~. barbatus plants were grown 

from seed in a greenhouse fumigated against insects at least once a 

month and in which night temperatures were approximately 600 F. It 

has been foundl that inoculation with oarnation-mosaic virus is 

more sucoessful under moist atmospherio oonditions than under dry. 

Ivanoski (10). has also found that oonditions ot high humidity favor 

the expression of virus symptoms. T.heretore~ inoculations were per­

formed when the atmospherio moisture concentration within the green­

house was high and atter the first true leaves were fully developed. 

Four or five days preoeding inooulation, the test plants were watered 

with a solution of ammonium sulphate (1 oz./2 gals.) in order to 

produce better symptoms and a higher peroentage ot infection as 

suggested by the work of Spencer (19). Between inooulations, the 

hands were washed with strong soap, dried, rinsed in 95% aloohol, 

a.nd dried again with a different towel. Carborundum (400 mesh) was 

then sprinkled on the leaves. A young lateral shoot of the carnation 

to be tested for the presenoe of virus was maoerated between the 

thumb and forefinger and the juice rubbed on the leaves of the _ 

test plant. As 100 percent transmission is seldom aooomplished, 

the development of symptoms on any of the four inocula.ted plants 
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Fig. 1.--111 stration ot symptoms of the carnatio~OBaic virus 

on the leaves of the mother bloo of 11 .!?. caryophyllus plants. 

All carnation cuttings used in these experiment were obtained 

from these plants. 
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Fig. 2.--Varying degr es ot int etion of the carnation-mosaio 

virus on D. barbatue. These leaves were inooulated ith an 

extract from the .E.. caryophyl1us plants illustra t d in Fig. 1. 



was oonsidered as evidenoe of virus activity in the original car­

nation. 

To test the effioacy of sterilization procedures between 

respective inooulations~ infectious plant juice was liberally 

applied to the hands, whioh were rinsed with strong soapy water 

and aloohol in aooordanoe with the procedures outlined previously_ 

A small wmount of distilled water was applied to the thumb and fore­

finger. Carborundum was sprinkled on the leaves of nine te.st plants 

lVhioh were then rubbed lightly with the thumb and foref,inger. 

After 30 days no evidenoe of virus aotivity in the nine plants 'Was 

noticeable ~ while 17 plants out of 24 plants inoculated with the 

infectious juice became infected. 

~ vitro tests.--In an explorato~ experiment, injection 

of chelmicals was attempted by means of a thread-wiok drawn through 

the stem of the plant to be tres. ted (3). The lower end of the 

wick was suspended in a water solution of the chemioal to be tested. 

The solution was thus taken up by the plant by means of the wick. 

As this technique was found to be unsatisfaotory and impractical, 

it was abandoned. 

A study of the inactivation qualities ~ vitro or the 

follO'Ning ohemicals was undertaken: proli!'erol (diureide of 

glyoxyllic acid), sulf~erazine~ malachite green, potassium phos­

phate~ potassium ohlorate, calcium chloride, sodium diethyl dithio­

carbamate, sulfasuxidine~ trypan blue, sulfaguanidine~ sulfa­

thalidine~ sodium. selenate, zinc SUlphate, and Dithane Z78 (zinc 



ethylene bisdithiocarbamate). Cuttings from infeoted carnation 

plants were placed in a refrigerator and frozen overnight. The 

plant material was then macerated through a meat grinder and the 

juice expressed through two layers of cheesecloth. The juioe was 

centrifuged at 3500 r. p. m. for one hour. With vigorous stirring .. 

the test chemicals were added to 2 mI ... or larger portions, of the 

centrifuged juice at a concentration of 1 per cent by weight. In 

addition, pro1iferol was tested at a 10 percent concentration. 

These mixtures were tested immediately for virus activity by 

passage into ,g. barbatus :plants • 

.!!! ~ tests.--Two methods were used in attempting to 

inaotivate the virus.!!!.E:.!2. In the first. B,. barbatus were grown 

in stewmed soil in flats measuring 13 in. x 20 in. Each flat con­

tained 96 plants spaced 1 in. x 1 in. divided into four sets. The 

foll~T.ing chemicals in solution were applied: calcium chloride, 

zinc sulphate. sodium selenate" proliferol" malachite green, trypan 

blue" Di thane Z78.. p-aminobenesul£onylamide, sulf'aguanidine, and 

sulfamerizine. These were applied at the conoentrations given in 

table 3 at the rate of one liter of solution daily per flat tor 

eight days. Two sets of plants in each flat were inoculated five 

days before and after the beginning of soil treatments. respectively~ 

with juice extraoted and oentrifuged from frozen infected plants. 

Another set was inooulated ten days after tre~tments were begun. 

The fourth set was left as an untreated oheck. 

In the second method, diseased carnation plants were 



grown in sand and were watered with a nutrient solution. as des­

oribed by Mussenbrock (14), containing the chemical listed pre-

viously at the oonoentrations given in table 5. Glazed crooks. 

seven in~es in diameter. were equipped with a drainage tube and 

were filled with sand. ~NO infeoted carnation plants were grawn 

20 

in each jar. Each test inactivant contained within the nutrient 

solution was applied to five pots. Only the nutrient solution was 

applied to five other pots as checks. The solutions were poured 

through the sand in these jars and the excess solution was collected 

by means of the drainage tubes as illustrated in Fig. S. Solutions 

were reused each day for 14 days without renewal. At the end of 

the test,,E.. barbatus plants were inoculated to determine virus 

activity. 

A modification of the latter method involved the appli­

cation of nutrient solution containing the test chemicals to oar­

nation plants growing in a flat measuring 20 in. x 24 in. Each 

flat oontained 16 mosaic-infected carnation plants with a spacing 

ot 5 in. x 6 in. Here, again, sand was used as a grmving medium. 

In this case no provision was made for oollecting the exoess 

liquid. Nutrient solutions were applied every other day, except 

during cloudy weather, at three-fourths the strength used in the 

preceeding test over a period or 30 days. During cloudy weather 

it was round that some modification of watering schedules was de­

sirable due to the deoreased intake of solutions by the plants. 

For the first 20 days the plants were topped when at least three 



Fig. 3.-- ethod of applioation of nutrient solution oontaining 

inaotivating ch icals in the seoond inaotivation in ~ experi­

ment. 



nodes had developed. Test plants were inoculated as before. 

Tests involvi~ scopoletin.--A special experiment was 

set up to determine the inactivating properties of scopoletin~ 

vitro. The soopoletin used was in the for.m of purified orystals 

obtained from Dr. L. Marion .. National Researoh Council of Canada.. 

Three sets of 12,. barbatus growing in 3-inch pots and containing 81 

plants in each set were placed in the greenhouse. As soopoletin 

is photosensitive, two sets were subjected to oontinuous light 

while a third was oompletely shielded by a oardboard oarton whioh 

eliminated light prior 'co inocula.tion. .After 72 hours ea.ch set 

was inocula:bed by the abrasive technique with the following solu­

tions: (l) soopoletin in 15 ml. of infectious centrifuged plant 

juice, (1:4000), (2) a saturated solution of scopoletin in 15 ml. 

ot distilled water, (1:4000) and (3) 15 ml. of infectious centri-

fuged pla.nt juice. The light proof cover was removed from the 

set kept in the dark prior to inOCUlation and p1aoed for 72 hours 

over one of the sets exposed to light prior to inooulation. 

Treatments -are further shown in table 7. 
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Chapter IV 

EXPERIMENTAL RESULTS 

In vitro tests.--The results of chemical inactivation - . 
tests in vitro are recorded in tables land 2. In the first test ----
(table 1) .24 D. barbatus plants were inoculated 'Vii th each chemioal - . 
dissolved in the infectious plant juice and were observed for virus 

symptoms after 28 days. In this experiment 1 peroent proliferol" 

malaChite green" and sulfaguanidine appeared definitely to produce 

fewer plants showing symptoms of the carnation-mosaio virus. As 

there was some doubt as to whether the differences in inaotivation 

were signifioant and produced by the aotion at the chemical, the 

seoond test ~ vitro was replicated and statistically analyzed. 

The reoor4ing ot symptoms in the seoond replicated experi­

ment .. the results ot whioh are illustrated in table 2" was not 

undertaken until 37 days had elapsed from the time of inooulation. 

In this oase a significant reduotion in symptoms was noted at the 

5 peroent point in all trea-bnents. At the 1 peroent point" a 

significant reduction was noted in all treatments l11th the exception 

of proli£erol (1 peroent) and sulfaguamdine. Two days after in-

oculation it was noted that all leaves that had been treated with 

sodium selenate had developed a severe neorosis. 



Table l.--RESULTS OF FIRST CHEMIOAL INACTIVATION TEST IN VITRO. 
- I 

Ohemioal Oonoentration Number of pla~ts 
with symptoms 

E,ct. plants 

Proliferol 10 17 

Proliterol 1 3 

Sulfamerazine 1 11 

Malaohite green 1 8 

Potassium phosphate 1 14 

Potassium chlorate 1 15 

Caloium chloride 1 17 

Sodium diethy1 di thiocarba.m.a.te 1 18 

Sulfasuxidine 1 12 

Trypan blue 1 14 

Sulfaguanidine 1 5 

Sulfs;thalidine 1 14 

check 18 

1 Indioates number of diseased plants out of 24 D. barbatus in­
oculated. Read after an interv.al of 25 days r~om time or in­
oculation. 
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Table 2.--1tNALYSIS OF RESULTS OF SECOND INACTIVATION TEST III VITRO. - ------
Plants shcming symptomsl 

Chemicals Concentration Average 
Rep_ I Rep. II Rep. III 

~. Elan~s. ;21ants Elants Elants 

Proliterol 10 4 :; 2 3.00** 

Pro1ii'erol 1 5 5 4 4.6'1* 

lJIalaohi to green 1 :; 1 5 2.33** 

Sulfaguanidine 1 4 6 4 4.6'1* 

Sodiu.m selenate 1 1 2 3 2.00** 

Zinc sulphate 1 4 3 5 3.00** 

Dithane Z'18 1 4 3 3 3.33** 

Sul£e.merizine 1 4 4 4 4.00** 

Cheek '1 6 6 6.33 

Diff. req. for sig. (odds 19-1) = 1.53* 

Dirt. req. for sig. (odds 99-1) • 2.12** 

1 Indioa.tes number of 12.. barbatus plants With symptoms in the three 
replioates of nine plants eaoh after 37 days. 



In vivo tests.--!he first Chemioal inactivation in vivo ....-..--. ........ ~ 
test was performed during April" May" a.nd June" 1950, when average 

daily temperatures were gradually rising. These conditions are 

known to produce masking ot the virus (12). This oondi tion was 

thought to exist in this test. For example .. in the flat treated 

With Dithane Z78 regardless of time of inooulation" the number of 

plants showing symptoms first increased and then decreased during 

a period or 16 days as shown in table 3. Beoa.use of this and the 

ditfering dates of inooulation, symptoms were observed 31 days" 

39 days" and 47 days after the first inoculation. The results are 

recorded in table 3. 

In general. treatment ot plan," with sultaguanidine. 

sodium selenate" and prolif'erol seemed to be more effeotive in re-

ducing symptoms when applied before inocula tiona" while Di thane 

Z78 in this test was more effective when applied after inocula tiona. 

MalaChite green was unitor.m1y erfeoti~ in reducing the number of 

plants expressing symptoms both before and. after inocula. tion. al­

though the number of infeoted plants appeared to gradual~ increase. 

!rrypan blUe and zinc aulpha:be were ineffective. 

Of the uninooulated checks, only the plants treated with 

oalcium chloride were killed to any extent. This condition was 

further aggravated in the inooulated groups. Almost one third of 

the plants inoculated five da.ys after treatment with sodium 

selenate were killed: however. With the possible exception of the 

same set treated 'VIi th sul£aguanidine, none of the other chemicals 

appeared to be highly lethal. 
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"~I Table 3.--RESULTS OF FIRST lNAOTIVATIOU !!!.Y!!Q EXPERIMENT 

-.'-'-.----~~-'.' ... --..... ~.~ .... -----, ....... -..... -.-.......• ~ 

Number ot plants showing sympt~sJ: --- --- --.- -~- ---~-

Chemica.ls Oonoan- Total Inooulated fi va Inooulated five Inooula ted ten Uninooulated 
tration chem. days before begin- days after begin- days after be- check 

applied ning §t soil treat- Ding of soil ginning of soil 
menta treatments treatments 

pot. gIns/sq./ft • stand 313 39 47 Stand 31 39 47 Stand 31 39 47 Stand Maximum 
oount da. da. da. count da. da. da. oount da. da. da.count Infeot-

ion 

Calcium ohloride 2.0000 106.00 6 1 3 2 1 0 1 1 5 0 3 1 10 0 
Sulfaguanidine 0.166 .89 23 10 .10 8 19 4 3 3 19 2 5 5 23 0 
Zinc sulphate 0.0250 1.33 23 9 7 12 22 6 8 12 19 3 5 9 21 0 
Sodium selenate 0.0010 .05 20 4 11 12 15 4 3 4 21 1 1 4 24 0 
Prolifero1 0.0100 .05 22 9 9 13 20 6 9 14 23 1 3 4 23 0 
Malaohite green 0.0100 .63 18 4 4 5 24 3 3 5 22 0 0 4 24 0 
Trypan blue 0.0100 .53 23 12 13 13 24 3 6 10 22 0 5 7 22 0 
Dithane Z78 0.0500 2.67 22 2 6 ~4 22 4 11 6 21 1 7 5 24 1 
Sulfamerizine 0.0166 .89 2S 8 6 23 9 4 24 2 2 24 1 
p-aminobenzene-

_4 sUlfonylamide 0.0500 2.67 23 2 9 24 0 9 19 0 3 - 22. 0 
Check -- 21 9 11 11 24 8 10 8 19 0 5 7 24 0 

1 3 
Total of 24 plants per plot. Indicates number of days atter tirst inooulation 

2 Soil treatments applied daily tor eight days. 
4 

No readings taken af'ter 39 days beoause of oon-
tused symptoms due to intense mottling. 



About 35 days atter soil treatments were begun, the plants 

treated with p-nminobenzenesulfonylamide and sulfamerizine developed 

an intense mottling as shown in Fig. 5. This mottling appeared even 

in the uninoeulated check plants and was not typical of that produced 

by mosaic infeotion. However. it was suffioiently similar to oonfuse 

the mottling produoed by mosaic so that readings after 39 days were 

not taken. 

Upon oompletion of this experitnent, the roots ot the plants 

in each flat were washed with running water until all soil was re­

moved. All plant material in each £la\ including both roots and 

tops~ was oven dried at 700 C tor 72 hours and weighed. These 

weights are recorded in table 4. Dithane Z78. zino sulphate, pro­

literol and sodium selenate appeared to inorease the dry weights ot 

plants so treated, while sultamerizine, sulfaguanidine, and oalcium 

chloride definitely appeared to depress the dry weight. 

In the seoond set of experiments involving inaotivation 

of the virus ~ vivo, there was no apparent evidence ot oontrol in 

any case. The results are reoorded in table 5. Some reduction in 

symptoms was noted on the oarnations treated with caloium chloride, 

but transmission to ~. barbatus revealed evidence of virus aotivitye 

Two separate tests oarried on simultaneously, involving 

the applioation of ohe.micals to carnations growing in flats, also 

indicated no oontrolof the virus. In these test~the plants were 

clipped oft at ground level after treatments had been applied tor 

30 days, and were weighed in order to detennine any evidence of 



C1: 
e.'-ll Tabla 4.-... 0VEN DRY WEIGHTS OF PLANT MATERIAL IN FIRST IllACTIV.liTION !!!!!YQ. TEST. 

Chemioals 

Dithane Z78 

Zino sulphate 

Proliferol 

Sodium. selenate 

Trypan blue 

CHECK 

p-ruminobeneneaul­
fonylamide 

Malachite green 

Caloium ohloride 

Suli'amerizine 

Sulfaguanidine 

Conoontra tion 

Eot. 

0.0500 

0.0250 

0.0100 

0.0010 

0.0100 

0.0500 

0.0100 

2.0000 

0.0166 

0.0166 

Total chemioal 
appliedl 

~./sq. ft. --
2.67 

1.33 

.06 

.05 

.63' 

2.67 

.53 

106.00 

.89 

.89 

Stand oount 

plants 

89 

85 

88 

80 

91 

88 

88 

88 

22 

94 

84 

Total dr,y weight Average dr,y 
of plant materia12 weight per planti 

~ram! grams 

84.2 .95 

65.3 .77 

65.5 .74 

56.7 .71 

68.6 .64 

53.7 .61 

46.3 .53 

46.1 .63 

9.9 .45 

38.1 .41 

33.5 .40 

1 Indioates total amount ot chemioal applied after eight days of applioation. Applioations applied 
daily_ 

2 Oven d~weights of roots and tops of plant~ Oven dried at 70°0 tor 72 hours. 



Fig. 4.--Illustration ot the eft ot of p-aminoben£enesulfonyl ide 

on the 1 ~er leaves ot carnation. (D. oaryophyllus). Note di -b c 

ot older b sal leaves. 



:1 

Fig. 5.--Injury on leaves of .E,. barbat due to p-aminobenzenesul­

fonylamide and sulf8lllerazine. Healthy laat on left. four injured 

leaves on right. 



Table 5.--RESULTS OF BECOlID IllACTIVATION TEST IN VIVO. --
Chemioa.l 1 Concontration Number of infeoted plants2 

Treated oheo~ 

pot. plants Elants 

Caloium chloride 2.0000 203 203 

Sulfaguanidine 0.0166 20 20 

Sodium. selenate 0.0010 20 20 

Zinc sulfate 0.0250 20 20 

Proliferol 0.1000 20 20 

Malachite green 0.0100 20 20 

Trypan blue 0.0100 20 20 

Di thane Z78 0.5000 a:> 20 

Sulfamerizine 0.0166 20 20 

p-aminobenzene-
sulfo~lamide 0.0500 20 20 

1 
Represents concentration in 2~~ of nutrient solution repeatedly 

2 

3 

applied daily for 14 days to one crook containing two oarnation 
plants (E. caryoEhyllus). 

Indioates number of virus-infeoted plants atter treatment for 14 
days. Twenty infeoted plants were utilized in the treatment and 
oheck series, respeotively. 

Number of pla.nts infeoted 'vith virus determined by passing an ex-
tract from each,E.. on:zophyllus to four E.- barbatus by the 
abrasion me thod. 



. .. 
phytotoxicity as measured by a depression in green weight. The re-

suIts are reoorded in table S. This test indicated that at the 

ooncentrations of chemioals uaed l and for the length of time indi-

oated l there was little or no apparent reduction of green weight or 

plant material due to treatment. Plant gra-dth WaS somewhat increased 

by proliferol and perhaps malaohite green. 

Effect of soopoletin.--Efforts to inaotivate the virus 

using scopo1etin as the inaotivating agent proved negative. The 

results of this test are reoorded in table 7. Approximately one 

third of the 81 D. barbatus treated with. a saturated water solution -
of soopoletin produoed virus-like symptoms. These plants were set 

aside and after a period of approximately 30 days the new growth 

still had symptoms essentially like those of mosaio. Five of these 

plants ~ whioh seemed to have the most positive mosaic patternl were 

tested for virus aotivity by passage into 20 B.. barbatus plants. 

Four plants were used to test each of the five suspected plants. 

After an interval of 35 days s~ptams of mosaio were not detected 

on the 20 test plants while symptoms were still evident on the 

original five plants. 



.; 1 rable 6.--IiESULTS OF MODIFIED CHEMICAL INACnVATION .!! VIVO EXPERIMENTS. 

Chemioal Concentra.tion Total weight of Average gree~weight Number of igfected 
chemioal a¥plied of tops plants 
in 30 days 

Test 14 Test I Test II Ave. Test II 

pot. ~.78q.~ ~~~- ~ruJ!S g!'"ams plants plants 

Ca10ium ohloride 0.2000 .28.00 6.38 5.63 6.01 16 16 
Sulfaguanidine 0.0166 2.33 6.38 5.63 6.01 16 16 
Zinc sulphate 0.0250 9.50 6.75 6.60 6.63 16 16 
Sodium selenate 0.0010 .14 6.69 5.94 6.32 16 16 
Pro life rol 0.0100 4.20 8.00 7.81 7.91 16 16 
Ma.1aohi to green 0.0010 .14 7.38 6.56 6.97 16 16 
Dithane Z78 0.0500 7.00 6.88 6.58 6.73 16 16 
Cheok 6.33 6.38 6.36 16 16 

1 Chemioals and nutrient solution applied at taee-f'ourths strength every other day a.t the rate of 2.1. 
of solution per applioation. Solutions were not applied during oloudyweathar. 

2 Vleights taken 30 days after first a.pplioation of ohemioals. 

3 Indioates number of virus-infected oarnations (£. oaryophyl1us) after treatment tor 30 days. Six­
teen infected plants were utilized in eaoh treatment. 

4 Number of plants infeoted with virus d?termi~ by passing an extraot trom eaoh~. oaryophyllus to 
four ~. barbatus by the abrasion teoh~qua. 



Ta.ble 7.--RESULTS OF Il\lACTIVATION TESTS !!! VITID T'f.[TH SCOPOLETIN. 

Light treatment
l 

72 hours before 
inoculation 

Exposed 

Exposed 

Dark 

72 hours af'ter 
inocula.tion 

Exposed 

Dark 

Exposed 

) 

Number of' plants showing symptoms;; 

Virus 
3 

Scopoletin4 Virus and 5 
scopoletin 

25 

24 

22 

8 

9 

9 

24 

22 

22 

1 
Indioates light exposure for 72 hours before and after inoculation. 

2 Indioates number of plants manifesting symptoms out of' 27 plants 
in eaoh treatment. 

3 Virus in infectious centrifuged pla.nt juice. 

4 Saturated solution ot scopoletin in distilled water (1:4000). 

5 Saturated solution of' soopoletin in infectious centrifuged plant 
juice. 



Chapter VI 

DISCUSSION 

Tests on the effect of proliferol, malachite green, sulfa­

guanidine, sulfrumerizine, sodium selenate~ zinc sulphate, and 

Dithane Z78 on carnation mosaic virus indicated some apparent loss 

of infectivity when applied !!! vitro. However, facilities were not 

available for removing the ohemicals after their application to the 

virus. Aooordingly, the aotion of the ohemical not only on the 

virus, but also upon the plant involved in the inooulation, must be 

considered. The possible masking of symptoms due to absorbtion of 

the ohemical by the plant and the effects of the chemical on the 

plant oells could possibly have influenced the manifestation of 

mosaic infection. 

The progress of the virus in a plant is generally oonsidered 

to be by the invasion of living cells and to be hindered by death of 

the cells. Therefore, a chemical which is toxio to the oell ~ght 

hamper or stop the movement of the virus and thereby limit infeotion. 

Obvious evidence of this was noted in the use of sodium selenate, 

which produced a severe necrosis of the inooulated leaf. F~7er 

plants of ~. barbatus, thus treated, appeared to express symptoms of 

virus infeotion. 

From the evidenoe presented there seems to be little possi­

bili ty of the carnation-mosaic virus being inaotivated in vivo by the 

ohemicals used in the se experiments after the virus ha.s become estab­

lished in e. plant. However" the treatment of plants with ohemicals 



before infection by the vil·us occurs might meet with some suocess. 

stoddard (23) has postulated that chemicals whioh are effective in 

the oontrol of a virus before inooulation have an effect on the plant 

which prevents multiplication of the virus and that chemicals effeot-

ive after inoculation have a direot aotion on the virus itself after 

it is present in the plant. As Dithane Z78 applied after inoculation 

was more effective in reduoing the number of plants shovdng symptoms, 

it may be possible that its action was directly on the virus in the 

plant. In oontra.st, the action of sulfaguanidine, sodium selenate, 

and proliferol maybe on the pla.nt, thereby possibly produoing 

immuni ty to infection by the virus. However, due to the necrotic 

condition of leaf' tissue treated wi tIl suoh a. ohemioal as sodium 

selenate , it :may be postulated that the presence of a toxic compound 

within a cell may prevent its reoovery atterwounding to suoh an 

extent that the virus is unable to produce infeotion. 

Malachite green, while effective both before and after i~ 

oculation, permitted a gradual increase in expression of symptoms. 

Aocording to Takahashi (25), this chemical produces a reduction in 

the increase of tobaoco-mosaic virus. This maybe an explanation 

of ine failure of symptoms to showT for some time and later gradually 

to appear. This oondition would be further aggravated by the ten-

denoy of the virus to become masked due to rising temperatures. 

It appears fran these experiments that the chemioals 

with the most promise of inaotivating the virus have very little 



phytotoxic effeot and in some cases increase growth either due to 

stimulation or by providing nutrients to soils lacking these elements. 

Scopoletin does not appear to be an inaotivant of the car­

nation-mosaic virus .E vitro. The mottling symptoms observed on the 

plants inoculated \7i th only a. water solution of scopoletin was not 'a 

result of virus activity, as proved by unsuccessful transmission 

attempts. Best (4) reported an inoreased amount of scopoletin in 

tobaoco ·leaves as a result of infectionvTith tomato spottedwwilt 

virus. In vielv of these findings it may be postulated that the 

presenoe of soopolatin in a leaf may be in part the cause of symptoms 

due to virus activity. 



Suggestions ~ future research. 

1. Emphasis should be placed on prevention of infection by the 

virus rather than curing a plant already infected. 

2. Soreening of new chemicals should be undertaken on E.. barbatus 

rather than~. caryophyllus due to the diffioulty of reading symp­

toms on the latter. 

3. The experiment involving the application of chemicals before and 

after inoculation should be repeated using the more promising che~­

ico.ls. These include Dithane Z78, Proliferol, malaohite green, and 

sodium selenate. All plants should be carefully soreened for virus 

content by means of passage to healthy plants. 

4. For more critioal study, e. method should be devised whereby 

fluctuations in the virus content of the host can be deteoted along 

with absolute diagnosis as to whether the virus is present or not. 

Perhaps electrophoretic detection of the plant virus proteins could 

be utilized. 

5. A critical study of the factors influencing maskillg of s~ptoms. 
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Chapter V 

SUMMARY 

The influence of various .chemicals on the infeotivity of 

the carnation mosaic virus has been studied both ~ vitro and i:! 

vivo. -
Preliminary tests indicated a loss of infectivity in trans-

mission of the virus by trea.tment ~ vitro vrith Proliferol. malachite 

green. and sulfaguanidine. In addition further experiments shovred a 

loss in infectivit-y of the virus when treated vrith sodium. selenate. 

zinc SUlphate. Dithane Z78, and sulfamerizine. 

The application of chemica.ls by soil '\'{atering has been 

made to Dianthus barbatus both before and e.fter inoculation. Treat-

ment of plants with sulfaguanidine. sodium selenate. and proliferol 

appeared to be more effeotive in reducing symptoms or the virus v{hen 

applied before inoculations. while Dithane Z78 was more effective 

when applied after inoculations. Malachite green was uniformly 

effective in reducing the number or plants expressing symptoms both 

before and after inoculation. 

Efforts to inactivate the virus in oarnation plants (~. 

oarl0phyllus) already infeoted with the virus by means of ohemicals 

dissolved in nutrient solutions proved unsuccessful. 

Chemicals with the most promise of inactivating the virus 

have very little phytotoxic effect and in some cases increase growth. 

Applications of p-ru:ninobenzenesulfonyla.m1de and sulfamerizine pro­

duced an intense mottling on D. barbatus and a dieback of the leaves 



'-

ot D. caryophyllus. 

Scopoletin does not inaotivate the oarnatio~mosaio virus 

!:! vitro. When, ho-waver, a saturated water solution of Scopoletin 

was applied by the onrburundum technique, a mottling resulted very 

similar in appearanoe to the oarnation-mosaio virus. It is po stu-

lated that ~le presenoe of scopoletin in a leaf may be in part the 

cause of symptoms due to virus aetivi~r. 

It is believed that some evidenoe is available whioh in­

dicates the presence of a toxio compound within a cell may prevent 

its recovery after wounding to ouch an extent that an introduced 

virus is unable to produce infeotion. 
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