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Local and systemic symptoms on tobacco after pgreenhouse
inoculations with the watermelon virus.

Ae Necrotic rings and flecks as primary symptomse.

Be Solid necrotiec spots on inoculated leaf. C. Systemic
chlorosis and, De Oak-leal pattern on systemically infected
leaves.
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Tige 2¢ OSyuptoms on Black Tiamond watermelon after greenhouse inoculation.
A. Fecrosis of terminal growing point in systemically infected

watermelon, B. Necrotic local lesions on inoculated leaf,

Ce Chlorctic spots in systemically infected lsaf.
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Fesuits of these tests are sumsarized in Yable 1. Both loezl and
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Table 1. Host range and symptoms on greenhouse plants after inocu=-
lation with the watermelon virus.

HOST SPECIES

PRIMARY SYMPIOMS

SYSIEMIC SYMPLOIS

CHENOPUDIACEAE:
Beta aris Le

—(_ n Vars
Blood tu'ni.pi.

SEM: oleracea
S m, Vars
Giant Thick
m"@d)-

CONVOLVULACEAE::
on
House
m’)l

%ﬁm)-

COMPOSITAE:
Gﬂlilhﬂu!
4 8 .
“(China aster, var.
American Branching)e.

“(cabbage, vare
Stein's Flat Dutch).

B. rapa L. (turnip,
vare Top,
White Globe, Seven
TOP}.

Em sativus L.
5 Var,

Crimson (iant).

Chlorotic lesions
followed by etech=-
like necrotic rings
and lines.

Circulsr chlorotic
lesions, often
having necrotic
cenlerse

Zonate, black necro=
tic lesions.

Zonate, reddish-brown
neerotic lesions.

Small chlorotic
lesions, often
becoming necrotice

General chlorosis, with
green color masked by
anthrocyanin pigment.

General chlorosis.

None; virus not

Chlorotic mottle

followed by irregu=-
lar black necrosise.

Coarse chlorotic
mottle with irregu-
lar necrosis.

General but faint
chlorosis.



Table 1. (con't,) - Host range and symptoms in greenhouse plants
after inoculation with the watermelon virus.

HOST SPECIES

PRIMARY SYMPTOMS

SYSTEMIC SYMPTOMS

CUCURBITACEAE:
Citrullus vulgaris
Schrad, (watermelon,
var, Black Diamond,
Klondike, Charleston
Gray, Congo, Dixie
Queen, Fairfax).

Cucurbita maxima L.
(squash, var. Barly
Prolific Straight
Neck, Giant Crook-
neck, White Bush
Scallop).

Ce pe .
—(pﬁnﬁin, var. New
England Pie).

Cucumis sativus L.
(cucumber, var,
National Pickling,
Boston Pickling,
Improved Long
Green).

C. melo L. (musk-
melon, var. Hale's
Best, Honey Dew
Hﬁlon).

Chlorotic spots or
circular black
necrotic lesions
enlarging and be=
coming irregular;
masked at high tem-
peratures,

Circular chlorotic
or necrotic lesions

...ditto...

Chlorotic lesions

oo 01D T v

Small yellow spots
appearing first on
immature leaves;
occasional necrosis
of growing tip with
subsequent outgrowth
of axillary buds;
shortened internodes
giving compact,
bunchy growth habit
with stunted and
often malformed
leaves; symptoms
masked at high
temperatures.

Yellow spots followed
by chlorotic mottle;
stunting.

o v o QiEL0 o 4 @

..ldittOl..

- - Ll ditto - - -
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Table 1. (con't.) - Host range and symptoms in greenhouse plants
after inoculation with the watermelon virus,

HOST SPECIES

PRIMARY SYMPIOMS

SYSTEMIC SYMPTOMS

LEGUMINOSAE ¢
Phaseolus vul
T. (pinto bean)

Pe coccineus Le
“(Scariet Rumner
MJ.

Pisum sativum L.

(pea, var. Alaska,
Dwarf Marvel).

L
8 B

Vigna sinensis

cowpea,
var. Black),

SOLANACEAE:
Datura stramonium L.

g
_[ms—m.

Rutgers

Necrotic flecks and
rings.

o o o NONE o« o »

Small chlorotic
lesions, later
becoming necrotic.

Small chlorotic
spots.

Reddish=brown
necrotic lesions,.

Zonate, chlorotic

Black necrotic cankers
on veins, petioles

and stems; coarse
chlorotic leaf mottle
followed by irregular
necrosis; necrosis of
growing point followed
by death of entire plant.

Nonej virus not
recovered.

Irregular necrosis of
leaves and stems;
occasional death of
entire plan'b.

Coarse chlorotic
mottle with some
necrosis of stems.

Chlorotic leaf mottle;
dark necrotic can-
kers on stems, petioles
and leaf veinsj necro-
sis of terminal grow-
ing point with subse-
quent death of entire
plant.

Coarse chlorotic
mottle and necrotiec
spots.

None; virus not
recovereds



Table 1, (con't.,) - Host range and symptoms in greenhouse plants
after inoculation with the watermelon virus.

HOST SPECIES PRIMARY SYMPTOMS SYSTEMIC SYMPTOMS

Nicotiana tabacum L. Necrotic spots and Chlorotic spots and
\tobacco, var, etch-like necrotic coarse yellow mottle;
Havana, White and chlorotic rings; often prominent chloro-
Burley). masked at high tem=- tic, oak-leaf patterns

peratures. frequently becoming

necrotic; plants even=
tually recover; masked
at high temperatures.

N. glutinosa L. Occasional faint None; virus recovered.
chlorotic spots;
often masked,
Petunia hybrida Zonate, necrotic Faint chlorotic
Vilm, (petunia). spots and rings. mottle; necrotic

flecking of leaves;
necrosis of stems.
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as either chlorotic or necrotic lesions. Systemic symptoms usually showed
in the form of characteristic yellow spots on leaves (Fig. 3,B)e System=
ically infected leaves later became slightly chlorotic before plants began
a slow recovery. Cucumber usually produced innumerable tiny yellow rings
over systemically infected leaves, Most symptoms disappeared after a time
although plants at lower temperatures never fully recovered but remained
slightly chlorotic and markedly stunted for an indefinite period.

Primary symptoms on bean and pea, as with cowpea, were largely
necrotice Necrotic flecks and occasional rings were produced on inoculated
leaves of bean., Systemic infection resulted in a characteristic blighting
of the browing point of both bean and cowpea with dark, necrotic cankers
appearing on stems, petioles and leaf veins, Infection was usually fatal
on both species.s On occasion, a coarse, chlorotic mottle developed on tri-
foliate leaves of bean with systemic development of the virus. At times,
an irregular necrosis subsequently appeared on these leaves. This necrosis
was particularly evident on veins and veinlets.

The Oklahoma watermelon virus was compared with the Wisconsin water-
melon virus in the symptoms each caused cn inoculated tobacco, cowpea
and cucumber. Reactions on these hosts with each virus were almost iden=-
tical and indicated that the two viruses were similar or identical.

Wingard (51) has investigated the host range and symptomatology of the
tobacco ringspot virus. 7The host range of the Oklahoma watermelon virus
corresponds rather well, although differences are evident. This may be
explained to some extent by differences in virus strains. For example,

pea (Pisum sativum L.) was apparently not susceptible to Wingard's green

strain, whereas, the watermelon virus studied here and the ome in Wisconsin

(33) were pathogenic on this host.
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Reaction of other hosts to the watermelon virus,

A. Systemic mottle on soybean. B. Systemic reaction on
cucumber, C and D. Systemic and local necrotic reactions,
respectively, on petunia.
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In general, other investigators have found few cruciferous plants
susceptible to the tobacco ringspot virus. Similarly, the watermelon virus
was not found to multiply in any of these plants. On the whole, however,
differences, though not great, seemed sufficient to warrant further identi-
fication of the watermelon virus by physical properties and more specific
means such as cross-immunization and serological tests.



PHYSICAL PROFERTIES OF THE WATERMELON VIRUS

Methods used in determination of physical properties were similar to
those described by Walker, LeBeau and Pound (47). Tests on thermal-
inactivation=point, tolerance~to-dilution and aging in vitro, were repeated
three times.

All tests were made using expressed sap from young Havana tobacco
plants inoculated 2 weeks previously with the watermelon virus, Stenley
(43) and Price (34,35) found the tobacco ringspot virus to reach its
highest concentration in tobacco during such an interim after inoculation
when plants were showing a maximum amount of necrosis. Since preliminary
results had indicated a relationship to the tobaeco ringspot virus, a
similar period of multiplication was assumed optimum for the watermelon
virus, This point of concentration is possibly more important in worlking
with the ringspot viruses as their concentration apparently decreases in
tobacco as the plants recover (35,43)s Iowever, Fulton (15) has found
evidence that this may not always be the case. ILeaves of systemically
infected tobacco were washed and allowed to air dry before mincing in a
meat grinder and extracting the juice. This Juice was filtered through
several layers of non-absorbent cotton, pipetted into tubes and held in an
ice bath until used.

Boston Pickling cucumber seedlings were used as test plants. Coty=
ledons of these plants were inoculated just previous to expansion of the
first true leaves. Small ground glass spatulas were dipped in inocculum
and rubbed lightly over carborundum dusted cotyledons. When the inoculum

contained active virus, systemic symptoms of small chlorotic spots appeared



on the first true leaves about seven days later. Twenty-four cucumber
plants were inoculated on both cotyledons with each test preparation.
Test plants were observed daily; those showing symptoms were promptly
discarded and recorded as positives. Spatulas used in inoculation were
cleaned and sterilized before use by washing in soapy water, rinsing in
clear water and flaming with alcechcl,

In tests determining thermal-inactivation-point, small, thin-walled
glass tubes 1.5-2mn in diameter and 10 cm in length were filled with
expressed sap leaving approximately 2 cm of each end empty. Both ends
were sealed in a small flame. A water bath with a mechanically driven
stirring rod and thermostatically controlled to vary not more than I 0.1%
was used. Tubes containing the sap were placed in a small wire basket
constructed to hold the tubes well separated. The basket with tubes was
campletely immersed in the water bath at the desired temperature and
allowed to remain for 10 minutes. Upon removal, basket and tubes were
returned to an ice bath until inoculations were made. For inoculations
tube ends were removed and contents blown out onto a small glass surface,
then glass spatulas were dipped previous to rubbing over cotyledons of test
seedlings,.

Dilutions of plant sap with cold distilled water were used in the
tolerance-to-dilution tests. Serial logarithmic dilutions of sap, ranging
from 1 part sap per 10 parts water to 1 part sap per 1,000,000 parts water,
were used as inoculum. Each higher dilution was made by pipetting 1 ml of
the previous lower dilution into 2 ml of water. A new dilution was mixed

well and allowed Vo stand for several minutes before removal of an aliquot
for the nexts
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A constant temperature incubator set at 20° served as storage for
plant saps during longevity in vitro tests. Undiluted expressed sap was
pipetted into tubes stoppered with cotton and placed in the incubator.

A single tube was removed daily at about the same hour and used as inocu-
lun,

Results of the physical property tests are presented in Table 2.
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12000 « ¢ 4 v o o o o/2h 072 10/2h 1w/
1-10,000 o o o o o » ﬂ/& 1/2h 2/24 3/
1-100,000 4+« 4 o 0/2h o/ 2 a/2n of 72

. . n oW/l 17/24 24/ e 65772
. .. 2i/oh 19/ 2 ”3/94 a6/72
.« .o 2h/2l 2u/oh 23 "1/?2
.. 23/2h 1972k
« =0 21/2h 16770
. 20 /24 2e/2%

. . oa 22/ NI Li/7e
e v 7/ 0/ 21 YINE:
P e /P 5755
« voa — o/el 0/L8
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All inoculated healthy control plants including those inoculated with the
watermelon virus produced abundant symptoms (Fige 4,B). Recovered plants
inoculated with the watermelon virus remained symptomless except for a
few which produced faint mosaic-mottlelike symptoms on the inoculated
leaves (Fig. 4yA). These plants indicated either complete cross-immuniza=-
tion was not occurring, or that these plants were still producing some
chronic symptoms (31,45) of the green strain. Price (36) has found that
neither the green tobacco ringspot virus of Valleau (L4}), nor the one of
Wingard (51), will protect completely against Valleau's yellow strain of
the virus. Similar lack of cross-protection between strains is known in
cases of the sugar-beet curly-top viruses (19), and tomato-spotted-wilt
viruses (6).

As an additional check on the above noted results, the experiment
was repeated using recovered and healthy plants grown from cuttings.

This allowed a longer periocd for the plants to attain the acquired toler-
ance stage of infection and provided rapidly growing young plants to be
inoculated.

Stem cuttings, consisting of one leaf with its axillary bud, were
made from both healthy and recovered plants. These were placed in moist
sand until roots and a new shoot began growth. Cuttings were trans-
planted to solil and fertilized. These plants, infected with the green
strain, were showing no symptoms and appeared perfectly healthy. Groups
of these plants were inoculated as in the original experiment.

In these tests complete cross-immunization was apparent between the
watermelon and green tobacco ringspot viruses as recovered plants remained
symptomless after inoculation with the watermelon virus. Healthy controls
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and recovercd plaunts inoculited with either cucuuber mosale or tobacco

mosgéic virasess displayed syoaptous choracteristic ol the new viras with
which they were incculoted.

1

curbain similaritlies between the watervelon virus and the

L3 ooy e £ 003 5
DegRRLe

r.

uewmber nesale virus nnd been shown with respeet bo thormel-inscbivation-
points and host rance, sdditional cross-protoction tests were wade with

thie cucwiber mosalc virus using cowpea (16)s These plants, variety Black,

Lo

were inocuioted with Tultonts strain ¥ (18) of cucwdber wmosaice This

stroin induces a chloretic nmottle on systemically infected trifoliate

leaves of couwpes. Infocted plants exhiibiting such sympltoms after inocus-
lation aad several bealthy control plants of the sse sge were ilunoculabed
with the walteramclon vires on their trifoliste leaves. Several of thae sanme
cucuwiber nosale plants were retained wmiancculsated a8 conirols.

Hewly inocculzted plants soon produced reddich-brown prinary lesions

chinracteristic of the watermelon viras. Leslons apoeared only on inocis

lated lsaflcts. s were shown on healthy conlrol plenits inoCus

Inted with the watermelon virus. o lesions were dcuserved on the unin-

sindzabion wos not shown bebueen

9 Y« ch iy % g % 8y Y e N Iy 2
cculated nosalc plantse Thus, cross-is

e two virascsi honce, the twe are not closely relsteds
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Tube 6 = One part absorbed immune serum plus Iy parts tobacco sap con-
taining a green strain of the tobacco ringspot virus.

These tubes were held at 37°C. It was found necessary to cbserve
tubes 2 hours after mixing sap and serum a2s spontaneous precipitation of
plant saps would later obscure positive tests. In all tests positive
results were noted in tubes 3 and 6. Precipitates in these tubes were
granular, flaky masses which gradually settled upon standing. In gen=-
eral, precipitates did not form in other tubes until some hours later,
and when appearing were less granular or aggregated and of a darker
color,

In conclusion, it may be stated that the watermelon virus is sero=-
logically related to the tobacco ringspot virus as the two form precipi-
tation complexes when present with the same specific antisera. However,
as symptoms on tobacco have shown, the watermelon virus is probably a
yellow strain, and therefore, very similar or identical to the virus

described by Pound (33) from watermelon in Wisconsine
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Ze 5¢ Symptoms on naturally infected watermelon fruits.
A and By Immature fruits showing raised lesions. C. Fruit
showing raised rings and lines previous to becoming necrotlice.
De Fruit showing necrotic rings with greatly distorted sur-
face due to differential growth rates of adjoining areas.
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L2

Histological nature of tobacco ringspot virus lesions on
Black Diamond watermelon fruits. A. Section through a healthy
fruite B. A lesion after development in warm weather and
showing necrosis and hypertrophied cells in mesocarp. C and D
Lesions after development in late season and showing hyper-
plasia of cells near the necrotic area. lote extensive necro-

sis extending through sclerenchymatous sheath and hypoderm in D.
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ced in sterile culbure flasks conbtaining nediume
Seversl dozen of these culiuves wore made and beld abt ordinary temporas
tures. dacteriz or fungl were found only as conteminants in soue of
tie tissue eunlbures. Thus, the ringspobh virus was the sole ineitant

of frvit lesionse. Fosberg (37) wes able to indue
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nelon frults arown in the greevhouse and inccwloted with the ringspot

(E1), in early shudies with the

robiced sbnormslitiss on indected frults of w

nosts. Frult symptons wore doscribed as

& were cbserved on Cucuril

La pepo

’"r/

urd and Golden Summery Srockneck sguas The cucwnber mosale virus
is ailso known to ceuse intumescences on fruits of cucurbiis (1L2), but

as was proven in the cross-immunization and serological tesis, the



ringspot virus from watermelon is not related to hivls viruse

© the type cescribed zbove with the tobacco ring

spol virus, apperently wers not essoclsabed with the "inbernal-brouning®

e

v““'

condition described by Cilbert and Artschwazer (20); althouch, the two

may oceur in the same frults. lHowew

ften present with-

cut internasl-broun

Internal~browning wos

VR A

mon durin

i dis probably a g

ease due bo water def LGlCﬂ.CJ in fpudd

Gilbert and Arischwsger.

1111 L5 conditlion i also callied “cork-rind" and dynamite® by Okl

anong
watermelon growers.
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were held For sbout two weeks 4o 2llow any infections o become SyS-
temic in the plant. After this parmd, when virus would have been
present in sufiicient quantity to be transmise sible mechanically, all
test plents were indexed on cucumber plants. Cucwmber proved 1o be

the only relisble host for indexing waterselon plante for presence of
the tobacco ringspol virus as cucwiber was appsrently either non-sensi-

tive to the inbibitor in wabermelon folisge (1) or mere suscepbible

to the ringspot virus (31). Due to the occasional masking of infectlon

in waterselon, perticularly ab warmer temperatures, syaplomns alone were

aob relied upon to indieate presence of virus in the btest plants,.

A

Only one plamt becane infected from Yorbty-elpgh

wt abbenpis to transmilt

the virus with differential grasshoppers. 1

¥

is sinsle trausmission was

)

evidence that these insects mey occasionally sect as vecters but that

their efficiency is probably wmuch too low to account for the

1 DR
centages of infeetion in field plantings. Also, the relatively eurly
oresd of the disease in the Iield and the number of hoppers ordinarily
found in fields at this tize do not seem sufficient to implicate this
insect as an imporbant vector. From bohacco to tobacco, Walters (LE)
reported only six percent brassmission of the tobacco ringspobd virus

wih this insect,

& 4t oot S ety R S PR S PR 1 s
0f the 15 attenpts to transmlt the virus with melon aphids, 211 were

}4»9

negative. Thus, neither doos the melon aphlid seen Lo be g vector of

tobacce rinsspod virus, a2t least not under the sircumsiances existing

T

3V (18) data are the only instance of insect irans-

The wvecbors responsible




5

for natural spread of the virus are wnknown. These viruses do nov
sppear to be btransaitted to any extent by mechanical conbect because

of their low concentration in host plants (LZ). In the present studies

not 8 single case of accldental transaission of the ringgpol virus was
observed in the gweeﬂaoase sttt

Several uasuccessful atiempbts ab ilosect traunsmission of tobacco
ringspot virus have been rejorted. However, axisbtence of natural vecw
tors is only circumstantizl. Pound (33) obtained negative results with

L&

yzus persicae Sulzer,yet others have found eircumstantial evidence

P

waich puinbs to thls insect as a possibvle vector. Smith and Brierviey
(i) have reported on accidental infection of gladioius with tobaceo

riagspol virus as explainable only by the facl that plants had been

exposed to il persicae. Vallean (L6) believes that Thrips tabaci

Lindeman may be a potential wvector bub that it probavly transmibs the
virus in only a small percentage of cases, He has sugzested that the

e

manney in wnich sulfur custi

ng eontrols egyplant yellows, tobacco ring-
spot on epgplant, is probably explainable by the fact that swlfur scts
a2s a repellant to 1. tabaci, a vector of tobacco rinsspot virus.

An atiewmpt was made to hold field eollecited twelve-spotled cucumber

beetles (Piabrotica undecimpunchata howardi RParb.) at low tempcratures

in an icebox for use in tronsuission itrials as the insect is known to
overwinter as adulis; however, all died before transaission trials

conld be made.

Tobacco ringspot virus has been shown to be seed transaibbed in

tobacco (L), petunia (22) and soybean {1l}. Hith this fzct in mind



b 2lse borbor the viruse

it seamwd possible that woalernme!
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Seed wore hervested during the swmser from naturslly infected melons.

Phose nelons were &ll mmerous leslons uben oollected; houwever,

as an adéitional check @ sumall pgiece of vind tissue frow each was frozen

&

for use later in recovering the virus. This wolld prove that the melon
was infected. This reocovery of the virus wes made to cucumber during th

- o

winter. Only the sesd of irults from v

the virus was recoverea vere
used in these tesis.

Turing winter wonths seed from infected nelons was planted in flats

in the greenhouse. ALl resuliing

were ohserved cduring the

first several weeks of growih and all those appearing abnormal or stunted

were used to inoculate cucurber. This manner of indexlng eysteslcally

2.0

infected watermelon planbs by transmditbing the wirus bo cucwaber was

found raolisble in

2

tegbs where sympi

£

in wabternelon,

prroxinately 900 seedlings were growm from the seed of infectod melons

and suspected plants vere indexed., Hone of

w)

‘ecusle because of the like-

As tie above mothod seeu

¢ sonewhnat ina

Yihood of symptoss being entirely masked in seedliy rore seed from

infected Ifrults were planted and all resulbing seedlings indexed on ouw-

in this msnner with

£i

cunbel's Approxiunaitely 300 seedlings vere indexel
negative resulis.

Sevaral thousand v

were used in obher phases of

.

were fron certilied seed from

grovers in Oklahoma. During |
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seed many infected mslons

are useds Several fields of certiified seed growsrs were visited during



a

ed used in

Hence, many of

froa infected melons, yebt, in no instonce

was notec on the mature fruits.

this stuwdy were undoubledl,

were secdlings found infected

. > a4 o i g T P g S . T T Py PR A et 1o .
during thz rsresnhouse studles uniess inoculabted.

Webernelon seod zoparently do notbt transmii the virus or at ieast

have not been demonstratsd to do so with

used in blils invesbigablon.

=

the experivental procedurss
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puring early tests, stbompts bo transait the virus from watersclon
foliage to coupca were wnsuccessfule Howover, expressec ssps Ilron
frits of the same infected plant would cause lesions when noculated
b

onto cowpea, although only a few lesions usually resulied. These ano=

melies sug pither that an inkibitor of infection (L) was present,

0y '

or that the virus wem nob systesmic in feliaye

m

nd present in only low
concentration in frults as evidenced by the Few lesions appearing on

cowpea. Liber, inoculations to tobacco from welen folisge resulied in
transmission in only & few instances. Transmission of the virus {rom
tobaceo Lo cowpea usually rosulted in abundanl infection. As & conse-
guence of the resulis just oublined an investipation was initiated to

demonstrate whether or not an inhibiter was pvresent in watermelos

T R S Y
200 ZYULUS.

Indtial tesbs for inkivition were made by comparing the virus
activity of ionfective tobscco saps mixed with distilled water on ore
hand and wibth walermelon ioliaze sap on the other. In one case the
tobaeco sap was diluted with an egusld volume of distilled water o
serve as control; sap from the same source was diluted eynally with
watermelon foliage sap. Thus, each mixture contained the same amount

.

of virus and if no inhibition occourred due to the waterselon folis

juice, esch virus prepsratlion should cause abow sane number of

lesicns when inoculated onto couwpsa. These twoe test prepsrations were

compared by the half-leaf mc»th@a ging the prinery leaves of cowpea.

One half of each lead was inoculatod with the tobacco szp~water contrel



spoculated with the tobacco sap-folisge

solubicn and the other hali~lesd

Soveral leaves were inoculsted in this menaer in e¢ach of

on the conbrol half-

several tosts. In avery ca

. . £ . RPN S T v ailt e hal e
leaves, wiile in no instence cid & single lesion resuvlt on the nalie

zrabion conts - watermelon feliea

TN

¢ sap ¢id convain an inhibitor

ant that ng

ity oy 8
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Thus,

-

+ destroy cctivity in a wery infective preperation

ang couwld cow

s

. a PO S B S S N X 1 v 3y e P rnine
of the viruse. A similor but leus morked inhlvidive action was found

5 s P Yooy e g
with se&n Iran waser

COW=

nrel
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e Do-

s

or cacuwgber mosalc virus, anc

; preperabions containing tobaceo mosaic virase In

all tests equivalent prepsrations were compsred with a standard inoculum
consisting of sap fron systemically infected Huvana tobacco mixed with

eguel smounts of ¢istilled water. Virss activities of ail test prepura=-

tions ware co

sred with bhis control by the hali-leaf method, Inocu-
lations woere made with a glass spatula which was washed and flayed in

gloohol before use with each different test inoculum. This spatula was

3

nessed bwice across each hali-leafl previously cdusted as evenly as pos-

with carborunduwa; hence, cach nali-lsafl received approximstely

the sare amount of inoculum. A small pad of cobtion wes held wnder the

leal during rubbing to serve as support and absorb excess inoculue

R D

| S X

attesphs Lo evaluate nove acourately the degree of inbdibition. Various



dilutions of folinge sap were made wilh distilied water in the came

nn-

memer as when studying diluticn-end-point of the virus in the physical
property teshts. An aliguot (ﬁ saeh of these dilubions was then mixed
with equal awounts of infective bobaceo sap and corpared with the con-
trol by inocculablons of hali=leaves. Similar fests were mede using
expressed saps from the rind arces of watermelon fruits. OSzuple data
arc given in Table 3 and Figs T. Three of these tests were made; all
rave sinilar results.

Dilution~erd=volnt of the ivhibliive sction of foll 8o was

LEd-

botween 10 and 10™3. Inhibition wes s in all casecs, still sinn
. =2 aa s

caat abt the 10 ~ dilubion. Similer resulis were had with expressed

sap irom watermelon fruits; however, dilubion-end-point was approxi=-

)

tely tonw-fold lower. The iuhi i:;& tor may heave been present in lower

concentbration in the watery Lruil. Lf_[rﬁﬁ..“:}:?z.tive sebion of fruit sap

was nover sufficient to neubralize completely the highly cetive virus

preparation fraan tobacco.
Hatermelon follage saps uwere i‘cund similardly to irbibit infection

»

with tobacco nosaic virss preperations in trensmissions to Nicotiana

glutinosa. Althouch the eifect of dilution was not studied, wndiluted

foliase sap mized with an equal volume of viras solution were found bo
glve 33.3 lesions per halfvleal as compored to 2ih.7 lesions per halfe

leaf incculated with a mixture of equal smounts of virus solution and
waber. Yhis ascunted to & reduction of 89.79. In no instance wus the

virus sotiviby corpletely nsuitralized, hovever, 2s it was with ringspot

fuis

viruse ihis moy heve been due to the wnusually higher concentration
that tobacco mosaic virus reaches in tobacco os compored with the ringe

spob viruses. Wotermelon folizge sap was similarly found te inhibli



trensaission of cucumber mocailc virus Lo cowpeas In $his case iuhible

tion ssermed coaglete Wien undiluted folizce sep was pixed wilh equal

amounbs of cueumber mosaic in btoba sap as ne lesions were procuced

s mixture. the efd

on any of the

he inhdbitor contained in watermelon feliare was found to be des-

troyed by the sav to 80% for 10 minutes, The inhibitive action

of sop was perdially dost 75% for a similar pe riods

»

however, losion counts showed approximately 50 reduction czpacity still

reaaived in the foli

of hent are iknown with

< » - . £opprn b ey
otrier inhibltors (29,u%)

these may be of a proteiniceocus

nsture similar bo the glycoprotein isolsted and described by Xassanis and

by

from fhytolacca esculontae

apr Iy

o watermelon was found ineffective in gr svenbing

viruas to cucumbsr. Cendron and Xassanis

sded in presence of various inhibitors of infection

2awcen (L) has stated that an obvious explapation

wouid be thot cucurber also contains the iniibitors, as 2% is commonly

L A 2 g

kaown that inhibitors sre ineffective in preventing infection on the saue

et

species fros which the inblibitor come. However, it may be thait cucusmber

is sisply more sensitive to infection by tobacco ringspot vires. ilcKimmey

o2

end Clavteon (31) bhelieve cucumber to he more suseeptibvle than tobaccoe to

i proved te be the only reliasble host for index

plants for ianfection with the ringspet virus in these invostis
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Effect of dilution on the inhibitor of infection from water-
melon foliage in preventing infection with the tobacco ringspot
virus on cowpea. All left half-leaves inoculated with standard
inoculum consisting of sap of infected tobacco mixed l:1 with
water. All rizht half-leaves inoculated with of infected
tobacco mixed 1l:1 with watermelon foliage sap
e = 1:1(,." Ce = 1:1L ':J, De

sap
after cilution:
- 1:1000.

A. - Undiluted,



The present investi:ation has demongtrated the comnon occurrence
of the tobacco ringspot virus in associsbion with the pisple cisease of
waternelon in Okizhoma. The identification of this virus from watermelon
substantiates the work of Pound (33) and Rosberg (37) and provides fur-
ther evidence on the widespread occurrence of the tobacce ringspedt virus
on waternelon.

Sever al viruses causing ringspot-like diseases on tobacco are kacwn
and arc usually distinguishable on the basis of host range and physical

property studies (26,42). However, in soue cases, more specific methods

suck 25 cross-lzmnmizotion and serolegy ave necessary Tor distingulshing
some of the viruses within the ringspol group (2).

v

Fron observations during the course of the presendt studies L1 would

seen vhor than waltermelon is scting as & reserveir from

which bhe tobacco riungssob virus is belngs fransmitied Lo walermelon via
&N

an inscct vechor or vectors. Sewveral possible natwral hosts ccour abur-

dgantly in end around Oklahona watermelen fields. Among these sueeb

It Y

clover (13,23), Jimson weed (2L}, and horse netile (25,44) have been

found naterally infected with the aspot virus. While soy-

bean (1) has been demonstrated as a cowmon host for this virus it seens

unlikely that it serves as a virus reservoir in Okishoma because of the

s,

limited ascreaze of soybeans and the fact that the two crops are uwsually

not grown in ithe same areas., In the present investigation the ringsoot

virus has not been demonstrated as occcwrring in nature in tests of sev-

eral possible weed hosts. Since these tesis were limited and since
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. ‘

diffienldi

y

o8 were enccuntered in handling the virus, the present results

do not preclude the possibility that the virus does occur comsonly in

some host other than watermelon in Sklahoma.

- S oy ien

Only differential srasshoppers (L8) and the green peach aphid {39)
have been reported as vectors for the lobacco ringspob virus. In the
prasent study the diiferential grasshopper was found to transait this
virus from wotermelon to waleruclon in only one of 4B trials. ¥Fow of

the insects comonly encountered in Okinhoma waternelon plantlngs have

been tried as vectors. lelon aptids us ¢ in the present work with

Ant Insect wilich & likely suspect is the

twelve=spotted cucumber bestle (3L@ rotica undecinpunctata houwardi fa

At this tine the vector or vectors responsible for intreoducing the virus

terselon

to waternelon and responsible for spread f
renains unknown.

ihe evidence from present work is that the virus is not carried in

*,

waternelon seed. Since, however, only a few thousa

-

S e

;.‘:-,
14

this evidence is not conclusive, ihe problen remains then to explain
the widespreac, uniform occurrence of this discase in Oklahorma walernglonS.

4

The only reasonainle explanation seens to be that a rather cowon host is

serving a5 a viras source and that one or more insects are invaived as
vechtors

It should be polobted out that the extend ang thorou

studies presented have been limited by two important fzctors. Temperature

has been a limiting factor throughout these studies. A+ 30°C and zbove
it is difficult or iupessible to obtain symptom expression with tobaceo

ringspot virus on the hosts 4triesd. Whebher the effect of temperature is



on the virus, the host or both has not been cetermined. The virus has

been recovered in a few instances ;rom inoculated bosts showlng no sywpw

toms at high temperature. ‘ITne other principgal liwiting factor has been

.-.

the presence in watsrmelon follage and fruits of an inhibiter o
tion. ‘The demonstration here of this inhibitor constitutes the first
known report of waternelon ssp having this properity.

‘he tobacco risgspot virus in walermelon plantings in souliern areas,

as cesceribed herein, does not appe a diseace of greal imporboice.

:ater than comsonly realized as, to ¢

Fowever, logses usy well be

a0 yield date ars available with whleh to evalualte losses. Also worthy

of mention ars and very obviocus losses which oocur ian late
season with cooler temperatures. Shadler losses might well occur with
cocler seasons in these southern sreas as preenhouse tests nave snown the

virus capable of causing lethal infections on waitermelon st cooler tem-

(%

peratures.
Socme losses to wbhern watermelon growers are at times dae to con-
fusion oi the ringspot disease with anthracnose Hosberg (37) has men=

bioned thet due to the indistingeishable nature of the frult lesions
with both the ringspot virus and anthracnose ¢iscases, that many virus
infected fruits sre culled by inspectors abt rail shippiong polnts.

Anthracnose is kpoun %o be assoclated with a rapid decay of iruwils.

P-w

Fer t¥ls reason, ail melons showing the very sinilsy wirus leslicos are

v

iig may &l times represcnt & subsbaniiai loss to growsrs

St
£l
s

b . “ 3
alse culied.



SUMGARY
A mechanically transmitted virus wss fouand GGﬂ“taﬂtlJ'nbuOGl whed
with a disease of Black Diamond watermelons in Oklahouae. This wvirus

2
+

as a yellow strain of the tobacco ringspot viras through

a study of Syﬂﬁt@ matology, host range, rhysical properties, crosselmaund=
zation, and SCroloiie

Host ranre and sympbomaboloyy were studied and described on wator-

Y

melon, btobacco, cucwnber; bhean, pebunie, and cowpea in addition Lo seve

A

eral othor plants. fhrsical oroperities as delernined on cucwther were

as follows: bharmal ifnoctivabion, 10 minutes at 0% ¢iluti o, 1 Lo
o
100,000; longevity in vitre, B days at 207C. Ihe watermeclon virus

eifectively protecied tobacco plands syainst subsequent infection with

tobacco ringspol virus but not azainst icbacce mosale vires or cucwiber

e

mosaic virus. Confirmation of the identiitication of the waterswlon virus
as tobacco ringspot was obbailned through precipitin tests.

The nature and develomment of tie virws induced lesions on Zlack

Dianond watermelon fruits was invesligeted. [Hstologically these lesions
were found to be gall-like. ILoslions were always in the mesocarp region

of the frult and were comgposed of necrotic tissue with &un area of hyper-
trophied cells Lnvediately bensath. The hypsrirophy appeared as @ re=
soonse 1o necrosic.

Attompts to tronsmit the todbacco rig

sspot virus fros waternmelon to

srential prasshoppers or melon aphids falled ercept
shoppers successfully transmitied the viruse

-

ingSpot virus throygh waterselon seeds was not

61
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bn inkibitor of viras ipfeetion was denonstrated in watermelon

foliage and fruits. Infection wes irhibited by sapy from watermelon

foliage in btranspdssion of The ringspobt and cucunber mosaic viruses o

cowped and with itabacco weosaic virus on {lcotiana plubinosa. The

tive action of watermelcon foliage sap was destroyed by heat, &0 °c for

10 mimates, and by dilubion, 1 teo 1,000.
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