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A STUDY OF SOME VIRUS DISEASES QOF CELERY

Y/
L. C., Cochran

INTRODUCTION

Since the demonstration of the communicable nature of
plant viruses, this field of plant pathology has expanded
with such rapidity that it has now assumed front-rank
Importance. Scarcely an issue appears of the journals
dealing with plant diseases that does not devote consider-
able space to plant viruses., Smith and Brooks (28, p. 11)
report the number of economic crop plants on which a virus
disease has not yet been reported to have dwindled to three:
asparagus, oats, and flax, Although most of the work on
virus diseases has been in the nature of host range,

symptomatology, transmission, etc., rapld progress is being

N

. The author is indebted to Dr. Ray Nelson for

suggestions and criticism throughgut the course of this
investigation and for help with the photograph work.
Acknowledgment is also made to Dr. E. A. Bessey for a
critical reading of the manuscript, to Professor I. C. Strong
for assistance with photography, and to the guidance com-

mittee for suggestions and encouragement,




made 1in investigations to determine the nature of the
virus itself. Stanley (29, 30) has stimulated renewed
interest in this phase of virus research by his reports
on th?ésolation of a protein from mosailced tobacco plants
which, when used as inoculum, produces typical tobacco
mosaic. This report, while hailed by those who believe
the virus to be a chemical entity, has given a new impetus
for research to those who prefer to accept a biological
explanation of the nature of the causal agent. The eco-
nomic aspects of increasing losses from virus diseases of
plants and the large number of students engaged in research
on their various phases will undoubtedly go far to advance
our knowledge of this branch of science in the near future.
A virus disease was first reported on celery by
Poole (20) in 1922 from New Jersey. In 1924 Foster and
Weber (6) described a disease on celery in Sanford, Florida,
which was symptomatically distinct from the New Jersey form,
This disease has since been studied by Doolittle and»Wellman
(3) and also by Wellman (34, 35, 36, 37, 38, 39, 40) and

jdentified as Celery virus I. ZElmer (4) reported infection

on celery with a mosaic naturally occurring in Iowa, and

Harvey (9) reported what sppeared to be a mosaic on celery
in Minnesota. Wellman (36) and Johnson snd Grant (13) pro-
duced infection on celery with cucumber mosaﬂ% and tobacco

ring-spot viruses. Severin (26) transmitted with aphids



two viruses which affect celery in California. Severin (24,
25) 1in 1929, reported infection of celery with aster yellows.
Kunkel (16), after repeated negative results with his strain
of the aster yellows virus, obtained infection with viriferous
hoppers sent to him by Severin. Gardner, Tompkins, and
Whipple (7) reported mechanical transmission of the tomato
spotted with virus to celery.

It i1s well established then that celery, like tobacco,
cucumber, etc.,‘is subject to infection by several viruses.
Some of these seem to occur naturally on celery and others
have been transferred only by inocculation. Infection of
celery by a known virus merely adds another host to its
established range; but this is important, for it may define
symptoms which will assist in the identification of a supposedly

naturally occurring disease in snother region. Confusion has
resulted from the assumption of the identity of a certain
virus in one section of the country with another in a differ-
ent section., In this study an attempt has been made to define
the characteristics of the disease and to determine the
properties of the virus which could be used to classify the
virus diseases which occur in nature on celery.

Of the virus diseases which occur naturslly on celery,
accessibility has limited this study to four., Ior the sake
of clarity, names will be assigned to the diseases caused
by the viruses as follows: southern celery mosaic, as

designated by Wellmané Celery virus I; west coast celery




mosaic, as designated by Severin§ Western celery mosaic;

leaf malformetion type, as described by Pooleé Celery fern

leaf; and the local celery mosaic as Michigan celery mottle.

EXPERIMENTAL WORK
Sources of Materials

The sources of the viruses used in this study are
listed 1in table 1. All of them were obtained from living
plants which were secured from workers who kindly supplied
material for this study. After the viruses were inoculated
to healthy greenhouse-grown celery plants and the subsequent
development of disease was observed, they were transferred
to broad-leaf tobacco and these plants caged as a source
of material for further study.

Symptoms on Celery

Celery, like many other plants, varies markedly in
symptom expression when infected with different viruses.
Environmmental factors, such as temperature, moisture, soil
fertility, etc. are very important.. Smith and Brooks (28),
in discussing such factors, have enumerated many instances
where the entire symptom picture has been modified by a
change of one or more of the environmental factors. Johnson
and Hoggen (15) have shown that, except on differential hosts,
symptoms are of little value as a diagnostic factor. Never-
theless, environmental conditions in a fleld are similar
enough so that plants showing different symptoms may be
selected with some assurance that they are infected with

different viruses or strains of the same virus. This fact



TABLE 1

Viruses Used in Comparative Studies on Celery

From whom Host Place of
Virus obtained source collection Date
Michigan celery mottle | Author Celery Kelamazoo, Mich. Aug., 1932
" " " " " Comstock, Mich., " 1932
" t " " u East Lansing, Mich, | Oct., 1932
Celery fern leaf i i Kalamazoo, Mich., Avg., 1932
" n n " " East Lensing, Mich. Oct., 1932
Celery virus I, H. H. Wedgeworth | Commelina
communis Everglades, Fla. Nov., 1933
Western celery mosaic M. W. Gardner Celery Delta, Calif, Oct., 1933
u " " J. B. Kendrick t Davis, Calif, Nov., 1933
" " " Ray Nelson 1 Venice, Calif, March, 1934
Spotted wilt . W, Gardner Calla 1ily Berkeley, Calif. Feb., 1935
Tobacco virus I. J. Johnson Tobacco Madison, Wisc, April, 1935
" " " W, D. Valleau " Lexington, Ky. July, 1935
Tobacco ring-spot won # " " " v 1935
Cucumber virus I, J. Johnson it Madison, Wisc. April, 1935
u " " S. P, Doolittle Tobacco and
cucumber Beltsville, Hd, Nov,, 1935



may be further substantiated by certain diagnostic tests
which will be discussed later., In view of this, it is very
Important to have a complete description of the symptoms of

the various virus diseases affecting celery in the field.

Southern Celery Mosalc.-—The disease caused by Celsry
virus I was first reported by Foster and Weber (6) in Florida
in 1924, Its increase in severity attracted the attention
of Doolittle in 1929, who made a study of the disease (2,3).
This work was continued by Wellman, who made a very excel-
lent study of the trouble (34, 35, 36, 37, 38, 39, 40) and
identified and named the causal virus. A similar trouble
on celery in California has been reported by Severin and
Freitag (27) but, as will be shown later in thils paper, it
is entirely different.

Wellman has described infection on some 21 host species
in 23 widely separated families. A number of these are
perennial weeds in Florida and are important as primary
sources of inoculum. Infection on certain monocotyledonous
hosts, such as corn, banana, and Commelina sp. seems impor-
tant in differentiating the virus.

Although symptoms on celery have been fully described
by Doolittle and Wellman (3), a brief description will be
given here for comparative purposes. On celery the virus
produces a splotchy mottling of the leaf blades which varies
from & vein-clearing to a blotchy, discrete, yellowish~green
pattern, On the petiole, initial symptoms usually start
with yellow or buff streaks on and below the rachises.

These may turn dark and extend entirely down the petiole,
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eventu*ally causing the death of the leaf, Others may clear
somewhat and become a dull yellow. Symptoms are most marked
on large plants, the plants being much stunted and yellowed.
The stunting seems to be due primarily to a weakening,

with a consequent prostration of the petioles rather than

to a noticeable shortening of the petiole,

Young seedlings artificially infected develop faint
vein~-clearings after 10 days followed by a sharp oblique
curving of the petioles toward the ground. The vein-clear-
ing soon changes to a sharply contrasting mottle. Plants
infected through viriferous aphids develcop initial symptoms
a little sooner than those artificially inoculated. Lesions
on the petioles appear after about 15 days. They develop,
as described above, on older plants, near the rachises,
seemingly running in from the leaflets. Spme develop rapid-
1y, forming black streaks down the petioles. These usually
result in the death of the plant. Others form buff-colored
areas and seemingly recover. After 20 to 30 days the
plants that have withstood the effects of the disease lose
some of their color contrast and become irregularly mottled.
No malformations or filiformities were noted.

Michigan Celery Mottle.—For several years an apparent

mosaic has been noted on celery in widely separated parts

of the state. Surveys have been made to determine the
correlation of weed hosts with the occurrence of the disease
but the random distribution of the trouble gave no indica-
tion as to the source of the infectious material. Nechan-

ical inoculations were made on celery by leaf mutilation



and hypodermic-needle punctures without success., In 1933,
julce was rubbed onto 6 broad-leaf tobacco plants. After
10 days, 3 of these plants developed a general chlorosis.
Repeated attempts with the same method to inoculate celery
resulted in only an occaslonal infection. In 1934, the
author used Rawlins! (23) technigue and was able to transmit
the virus to a majority of the plants inoculated.

Celery seedlings inoculated with freshly expressed
juice from typically mottled celery plants developed
decidedly cupped heart leaves after 12 days. The petioles
are seemingly unaffected but the leaflets become strongly
convexed, After 20 days the heart leaves seem to recover
somewhat, On close examination, rather indistinct color
patterns can be seen. As these leaves become older, these
patterns become yellow blotches. Fully expanded leaves
resemble a green, oily surface on which a yellow aqueous
solution has been spattered (figs. 1 and 2). The
splotching in incongruent with the leaf veins and occas-
ionally forms small islands elther in the green or in the
yellow, Mosaiékpd plants show none, or very little, stunt-
ing., Occasionally, naturally infected plants become roset-
ted through the formation of a large number of leafstalks,
In the latter case, a few filiformities, such as described
by Poole (20), have been observed, and this has been

assumed to be due to infection with 2 viruses.



Fig. 1. Mature celery plant affected with Michigan

celery mottle. Taken from a field near Kalamazoo, Michigan.



Fig. 2. Slightly enlarged view of a celery leaflet
affected with hichigan celery mottle showing splotched

and ringed patterns.
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Celery Fern Leaf.—The mosaic disease described by

Poole (20) is not uncommon throughout the celery-growing
districts of Michigan., Some fields have shown as high as
25 per cent infection, and in certain localized spots in
these fields, infection has approached 100 per cent.
Surveys of these fields have revealed several apparently
badly mosai%#ed weeds, but inoculations on celery failed to
produce typical symptoms.

The disease 1s widely spread but is responsible for
only a small amount of damage,. Elmer (4) described a virus
disease which was characterized by the occurrence of fili-
formities and of mottling on celery in Iowa., It is quite
possible that he was concerned with 2 wviruses on the same
plant, a condition commonly cbserved in Michigan fields.
Wellman (36) reported occasional plants showing fern-leaf
symptoms in Florida, Harvey (9) reported celery mosailc
mostly of the mottling type in Minnesota but his illustra-
tions depict plants showing fern-leal symptoms also.
Wellman (368) and Johnson and Grant (13) produced typical

fern-leaf symptoms on celery with Cucumber virus I.

Young plants inoculated by the Rawlins' technigue
or by the aid of aphid% develop a convexing and vein-clesr-
ing in the young leaves. At this stage the symptoms are

almost identical with those produced by the Michigan celery

mottle virus. A few days later the plants seem to partially

recover and the leaflets assume & nearly normal position.

After 20 days the heart leaflets show some savoying; the



edges of leaflets are turned under as though they had be-
come stuck when the leaf was expanding. Other leaflets
mey appear as 1f the lamina had been pinched edgewise be-
tween the thumb and finger. Successive leaves become savoyed
and truly fern-leaved (fig. 3). Usually the plants produce
saﬁ;ble stalks but occasionally plants may be dwarfed and
rosetted. These also exhibit extrorse malformations, shoe-
strings, and hair leaves. From observation, it is believed
that this latter condition results only from seedling infec~
tion., Symptoms of this type were observed commonly in one
field in which all the plants had been grown in one green-
house. Seedbed infectlion would also help to explain the random
distribution of field infection. The expression of symptoms
is subject to modification by changes in temperature.
Infected plants placed in a warm room develop almost normal
leaves but when returned to a room with temperatures from
15° to 20° C., they develop typical symptoms.

Western Celery Mosalc.—The western celery mosalc

reported by Severin and Freltag (26) has been increasing

in severity since 1930. It was first reported to the author
as serious by ¥. W. Gardner in 1931, Ray Nelson observed
the disease as epidemic in the celery district around
Venice, California, in 1934, At the present time the virus
has invaded regions as far north as the Sacramento Valley.

It has not been reported from other states.



Fig. 5. Leaf from a mature celery plant affected
with fern leaf: natural infection. Typical pinching without

mottling is shown.
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Symptoms on celery are very characteristic (fig. 4).
The first evidence of infection 1s a clearing of the tissue
adjacent to the veins and veinlets in the heart leaves.
As the disease progresses, the green islands between the
veinlets decrease in size, thus giving a yellowish appear-
ance to the whole leaf., Some leaves become entirely
yellowed; others lose only the green color adjacent to the
larger veins and become contrastingly mottled. After this
secondary chlorosis develops, the heart leaves become strongly
convexed. The petioles and rachises remain upright.
The curled appearance 1s entirely due to a cupping of the
individual leaflets. The chlcrosis continues down the
petioles, forming a true mosaic-like mottle. The pattern
is composed of elongated splotches of yellow (which are
parallel with the ribs of the petiole) on a green background,

When the Western celery mosailc virﬁs becomes systemilc
it always produces a stunting. Some plants may be found with
very marked symptoms and yet show very little stunting.
If such plants are compared 2 weeks later with healthy plants
it can be easily seen that they have grown very little since
the symptoms first appeared. Thke apical growth fails to
develop on occasional plants which become infected when
they are quite small, and the development which occurs from
adventitious buds results in a multiaxial plant.

Green varieties develop less chlorosis and hence are
more able to endure the disease, Some show very little of

the vein-banding pattern but the individual leaflets are

11
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Fig, 4. A and B, heart leaves from partially mature
celery plants affected with Western celery mosaic.

C, leaf of normal plant.
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usually more markedly convexed than in the yellow varieties.
Curly leaf, a semigreen variety, seems to suffer less 11l
effects from the disease than any other variety.

Plants which have endured the infection for a long
time seem to lose some of the distinctness in the netted
pattern and the larger veins become more pronounced (fig. 5).
Sometimes the bases of the individual leaflets which have
been formed since infection occurred become twisted so that
the ends of the leaflets are vertical to the plane of the
leaf (fig. 5).

Young inoculated celery plants develop, at 210 C.,

a very fine netted pattern 6 to 10 days after inoculation.
The pattern progressively becomes more pronounced and
develops as described on older plants. Infection is never
followed by death unless accompanied by other complications,

The symptoms of the Western celery mosaic on celery
differ, then, essentially from the Florida form in that
the affected part of the plant regularly develops a
netted pattern. This 1s especlally typical of the initisal
symptoms which always appear on the heart leaves. Splotching

occurs only on the old leaves. The petioles are mottled

without necrosis,



Fig. 5. Leaves of partially mature celery plant
affected with V'/estern celery mosaic. A, youngest heart
leaf; B and (, progressively older leaves from the same

plant.
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Transmission
The virsus have been transmitted both by the aid
of aphids end by artificisl juice inoculation. In inter-
transmission studies between different host species, the
viruses, when recovered, always produced their respective
characteristic symptoms when inoculated onto celery,
Some hosts were more difficult to infect Ehan others,

Passage through tobacco (Nlcotiana tabacum) seems to

enhance the virulence of the virus, possibly merely by an
increase in concentration.

Aghidg.—-Various workers have transmitted viruses
found on celery and other plants to celery with aphid;.
Poole (20) transmitted his filiform mosaic to healthy plants

with the peach aphis (Myzus persicae). Doolittle and Well-

man (3) transmitted Celery virus I with the cotton aphis

(Aphis gossypli Glov.) and they (3), as well as Elmer (4),

trensmitted cucumber mosaic to celery with the same aphils,
Severin and Freitag (26) transmitted Western celery mosaic
and their celery calico with 10 species of aphi@? (not
specified). He found the cotton aphid was able to transmit
both of these viruses after feeding only 5 minutes on dis-
eased plants and 5 minutes on healthy plants. These aphid%
were merely mechanical carriers,as they failed to transmit
the virus after the first day.

The Western celery mosaic virus was transmitted with

aphlds by the author. Celery plants infected with the virus

and sent to the writer by J. B. fendrick from Davis, California,

were also infested with a black aphid, Anuraphis apiifollsz Theobald.

2 ldentified by Dr. Edith Patch.

2
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-~ This aphid was transferred to celery and allowed to
colonize, After 15 days, typical iWlestern celery mosaic
developed only on plants on which the insects had been
placed. Single aphi@? taken from the diseased plants trans-
mitted the virus to healthy plants after 10 hours' feeding.
The black aphid% preferably always fed on the youngest
heart leaves and as far down in the heart as they could
wedge themselves, This fact was at first thought to have
some correlation with the development of the initial

of the virvs
symptoms in the heart leaves, but transfer,was also accom=-
plished with the cotton aphis which feed mostly on the
undersides of the old leaves,

Western celery mosaic was easily transmitted by the
cotton aphis. Healthy celery plants on which a single
aphid had been allowed to feed for 12 hours, after having
fed on infected celery plants, developed typical symptoms
after the usual incubation period. Unlike the black aphid%
described above, the cotton aphids fed mostly on the lower
surfaces of the old leaves. Occasionally, on slow=-growing
plants, they colonized on the tender heart leaves.

The Western celery mosaic was transmitted to several
other hosts by the aid of aphids. These will be discussed
later.

Both viruses found on celery in Michigan, as well as

Celery virus 1 and the Western celery mosaic virus, were

readily transmitted from celery to celery with the cotton

aphis. DNone of the black aphids were freed of the western
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virus and thus were not tried for transmission of the other
viruses. In accordance with other work, a culture might have
been obtained by removing the newly borne young to healthy
plents before they had a chance to feed. It seems quite
logical that this aphid should be as able to transfer the
other viruses as well as the western virus,

Cther Insects.~—The rapidity with which western celery

mosaic spreads in the field and the occurrence of groups of
celery plants affected with other mosaic diseases are good
indicators of insect transmission. When, after close micro-
scopic examination, no aphids were found, attention was turned
to other 1nsects., }Many references in Literature have placed
certain groups of insects under susplcion. The following were
tested for transmission of the 4 celery viruses without success:
tobacco thrips, mealy bugs, bean leaf hopper, tarnished plant
bugs, white flies, several unidentifled leaf hoppers, snd red
spiders.

It is possible that a few aphides which escape detection
may account for local infections in the field. Tests in
the college experimental field revealed an extensive and
systematic spread of the Western celery mosaic which, in every
case, was complete by the end of the season. This polnted
strongly to a spread by insects cther than aphides. Bean
leaf hoppers and tarnished plant bugs were the most numerous
during the chief period of dlssemination in August and
September, In repeated caging experiments with several

hundreds of each of these insects, respectively, the virus
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was not transmitted in a single case, The feeding of a
single tménished plant bug over a period of 24 hours is
fatal to about 50 per cent of young celery seedlings, while
10 bean leaf hoppers produced no apparent injury after a
feeding period of 5 days.

Grafting.-—Several modified inarch grafts between
mosai%K;d and healthy celery plants failed to transfer the

disease. Similar grafts between mosaigKgd Commelinas

and celery plants failed to transfer the virus. Owing to
the structure of these plants, actual tissue union may
not have been accomplished.

Mechanical Transmission.—Mechanical traensmission to

celery and to other hosts has been accomplished with all

of the viruses found on celery. Little success was attained
with the ordinary rubbing methods without the use of
carborundum, as reported by Rawlins and Tompkins (23).
Celery, unlike the more easily infected solanaceous plants,
is almost entirely devoid of epidermal hairs. This fact
makes it necessary to break the epidermal cells, and for
this purpose carborundum is very effective,

Since the method of Rawlins and Tompkins has not yet
been widely used, and since 1t has been of such importance
in this work, the essential details will be briefly out-
lined. The effective agent of the method is powdered
carborundum, size 370 greins, which, according to the
originators of the method, when rubbed on the leaves pene=-

trates some of the epidermal cell walls, yet does not cause



sufficient injury to kill the cells. This carborundum is
dusted on the leaf to be inoculated with a dry camel's

hair brush. The leaf is then rubbed lightly with a swab
made by wrapping a pinch of absorbent cotton, which has

been dipped iIn freshly expressed viruliferous sap, around
the tip of & pailr of tweezers. The virus apparently enters
the plant through the injured epidermal cells. The swab
should be used very lightly, or tooc much injury will result.
The excess viruliferous sap should be removed by a stream
of water. Plants not irrigated directly after being rubbed
wilt more than irrigated ones. The wilting is probably due
to a squeezing-out of water from the cells into the inter-
cellular spaces by the pressure exerted on the leaves in

the rubbing process., Plants usually recover entirely from
a moderate amount of wilting. In most cases some cells
will be killed but a sufficient number will be injured only
enough to provide an avenue for entrance of the virus.

This method was found to increase the take on all hosts
tried, and thus was used throughout this study when mechan-
ical transmission was involved.

Seed Transmission.—The important problem of seed

transmission is one which can be decidedl# cnly by growing
large numbers of seedlings from seed harvested from typically
disessed plants. Plants naturally affected with lMichigan
celery mottle and Lelery fern leaf in 1952 matured seed in
193%, Seedlings grown from this seed were set in the field

in 1934. Plants infected with the Western celery mosaic

17
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TABLE 2

Results of Studies on Seed Transmission of the Viruses Affecting Celery, With Seed

Harvested from

Mosaic Plants

Number of | Number of
Host Year seedlings | seedlings
Virus parent grown | grown diseased Symp toms

ﬁ\ r~
Michigan Golden 38 0 -
Golden Phenomenal 86 0 —_

Celery fern leaf Y Golden Plume 63 1 Fern leaf
Golden Self-~ -—

Blanching (tall)| {1934 37 0

Badly malformed Winter Queen 52 2 Mottled
ﬁwmwwm Golden 126 2 Fern leaf mottle

lMichigan celery mottle|{ Golden Plume 68 0 —
Golden Wonder 62 2 Fern leaf

~

Western celery mosaic Michigan Golden 1935 mo.oowﬁ\ 0 -
Commelina

Celery virus I ~omninis 1933 110 0 —_

44 2 Mottle

Golden Self-

Healthy check Blenching (tall)| 1934 sso\y| o —

£

/Q\EHQSHmms Golden

TET

revealed no mosaicked plents.

/&\mom@m of samples sent from Southern California Seed Company and from same lots
that were planted in southern California and became badly SommeMmm.

selections contracted the disease from mmomvmg.mwwwwmwoﬁm
aphids and this seed was used in breeding trials.

A close examination of 2,000 plants
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matured seed the same year and seedlings were grown the
following season. No seed was obtained from plants infected

with Celery virus I, but seed was secured from mosaieﬂ%d

Commelinas., The results are summarized in table 2.

The data in the table show that if the viruses are
transmitted through the seed, it is a very rare phenomenon.
The seedlings were grown in the open field and no precaution,
other than an aphidicidal spray applied once a week, was
taken to prevent outside infection.

Longevity in Vitro

The rapid death of the virus in unsterilized, unfiltered,
expressed sap from most viruliferous plants is probably due
to several factors. Some viruses are gble to live long
periods in vitro et room temperature. The length of life is
usually proportional to the storage temperature. It seems
desirable to standardize such procedure by using small tubes,
definite aliguots, by removal of tissue parts, and by stor-
age at controlled temperatures; but such has not been the
practice of most workers. In accordance with the usual
practice, and since only comparlisons were desired, viruses
of this study were stored in ordinary test tubes in the open
room. Julce was expressed from typically diseased plants,
strained through muslin, and 10 cc. placed in each of 2 test
tubes. One tube was placed in a storage basement where the
temperature was from 15° to 20° C., and the other was placed
in the laboratory where the temperature was 20° to 2g° C.

Samples were taken as indicated in table 3 and rubbed on 6
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TABLE &

wmmﬁwwm of Aging in Vitro of the 4 Viruses Naturally Occurring on Celery

Storage
time,
hrs.

Celery virus I

Western celery
mosaic virus

Celery &£zemm fern
leaf virus

Michigan celery
mottle virus

20%-28° ¢.

15°-20° ¢.

20°-28° ¢,

15°-20° ¢,

(e}
20 -28° C.

15°-20° ¢.

20°-28° .

15°-20° ¢.

1
12
20
36
48
72
90

112

10 days
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6 healthy broad-leaf tobacco plants. The tabulated data
indicatei the number of plants which became infected.

Although the readings on the death point of each virus
were somewhat irreguler, the life of the 4 viruses in vitro
at the temperature indicated is somewhere between 70 and

110 hours. (Celery virus I probably retains its infectivity

longer than the other viruses. The Western celery mosaic

virus came next, with the other 2 nearly the same., The
length of 1life in vitro of the 4 viruses is apparently too
similar to be of differential significance., )
Thermal Death Point

Johnson and Foggan (14, 15) and Johnson (12) have
pointed out the value of a determination of the temperature
above which a virus, after exposure for 10 minutes, becomes
noninfective. The common term applied to this critical
temperature in bacteriological and virus studies is "thermal
death point" and will be so designated in this study.

In general, the method as described by Johnson and Grant
(13) was followed and is described here 1In its essential
details, Small glass tubes 1 mm. inside dismeter were cut
into 10-cm. lengths. Freshly expressed viruliferous juice
was placed in a small vial 10 cm. deep. One of the glass
tubes wag then inserted into the juice, and by placing
the index finger over the exposed end, the tube could be
removed with approximately 8 cm. of its length filled. The
tube was oriented horizontally and the finger removed to

allow an even distribution of the licuid. The finger was
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Results of Exposing to Differential Temperatures for 10 Minutes, Viruliferous

TABLE 4

Sap Taken from Celery Plents Infected with the Viruses, Resepctively, which

o N

geeur paturally on Celery.

The Readings Indicste Number of Plants Which Become Diseased
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replaced so as to hold the liquid in place while the ends
were dipped in melted wax. Sets of 6 tubes were tied
separately at spaced intervals on a string and each set

was then exposed to a different temperature by immersion
in a water bath for 10 minutes. At the end of the exposure
perilod they were removed and immersed in cold water., The
cucumber white-pickel virus was used for comparison. The
results are shown in table 4. Each tube of the lot was
used to inoculate one young healthy tobacco plant. A small
pinch of the powdered carborundum was dusted on the leaf
and the contents of one tube emptied into it. With care,
an entire lot of 6 tubes can be handled by using separate
fingers, respectively, for rubbing each plant between each
sterilization of the hands.

The viruses were taken from typlcally diseased celery
plants of the variety Michigan Golden. Juice taken from
tobacco plants affected with the same viruses gave essen-
tially similar results,

Host Range

Some of the celery viruses, like many others, have been

found to infect a large number of host plants in widely

separated genera, Wellmen (39, 40) found Celery virus I

to be capable of infecting 94 species of plants in 21
families. These host plants occur in families from the

Compositeae to others in distantly related monocotyledonous

families., In fact, Wellman found certain monocotyledonous

hosts, such as day flower, and dicotyledonous ones, as ragweed,



to be the most important source. from which the virus spread
to celery. Other viruses of this study have been found to
be cosmopolitan in their capability of infecting plants in
distantly related families.

Since the viruses found on celery are seemingly closely
related, as shown by thermal death-point determinations,
aging studies, etc., it seemed very important to investi-
gate thelr host range so that perhaps hosts would be dis-
covered which would give sharper distinctions than the symptoms
on celery. Space has limited the work to some extent but
the positive results reported here are from a sufficient number
of test plants which have displayed certain symptoms. lihen
juice was taken from these plants and inoculated back into
celery, the symptoms displayed were specific for that virus.
Doubtful cases have been reported as negative.

Celery Virus 1

The host range of this virus has been thoroughly studied
by Wellman. (39, 40), and much of his work has been repeated
by the author. In this study, only such phases as are
important for comparative purposes are reported., On some
hosts the virus produces typical mottle mosaic, such as that
produced by the cucumber mosalc virus. .It was easily trans-
mitted with the cotton aphis and, although successfully
transmitted mechanically by aid of the Rawlins® technique,
it was less easily transmitted than the other viruses
affecting celery. No plants were successfully inoculated
that were not mentioned by Wellman (40). Considerable

difficulty was experienced in infecting watermelon, and
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In the small percentage of infected plants, symptoms were

unlike those reported by Wellman @b). This may have been

due to unfavorable growing conditions for the host plant,
The similarity of disezse caused by this virus and

that caused by the Western celery mosaic virus and the

Michigan celery mottle virus has led some authors to regard

them as one. In the tests reported here, the inability of

Celery virus I to infect bean (Phaseolus vulgaris) and the

inability of some of the others to produce characteristic
symptoms on bean is considered quite important diagnostically.
The following varieties of the ordinary garden bean were

inoculated with Celery virus I without producing a single

infection: Scotia, Henderson's Stringless Green Pod, String-
less Refugee, and Red Kidney. No local lesions or symptoms
of systemic infection were produced, and the virus was not
recovered from the crushed primary leaves.

The virus was transmitted to other hosts with aphides
and by mechanical means, as shown in table 5. In contrast
to Wellman's failute to transmit the virus to Commelina
communis by rubbing, the author has obtained a small percentage

of infection with the Rawlins technique (fig. 6).



Fig, 6* Commelina communis tazi"ge. A, mechanically
infected with the southern celery mosaic virus; 3, healthy,

featiqg.
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Western Celery Mosaic

The recent discovery of this virus in California and
the serlous nature of the dilsease 1t produces on celery, will
no doubt stimulate investigators to determine its properties,
host range, identity, etc. At present the only report of
the disease 1is by Severin and Freitag in which they called
it Western celery mosaic and have shown it to be aphis-
transmitted, OSince the symptoms are different from those
of other celery virus diseases, a sSearch was made for
differential hosts that will aid in its classification,
In the course of this study, the virus has been transmitted
both mechanically and with aphides tc a number of host plants
(see table 5). OSince this disease has been described only
on celery, its effect on other hosts will be described in
some detail,

Solanaceae.—3ymptoms of Nicotlana tabacum and

N. glutinosa are very similar to those of ordinary tobacco
mosaic, No local lesions developed on either host. On

N. tebacum the primary symptoms appear in 8 to 10 days after
inoculation, in the form of a slight clearing of the veins
and a puckering of the interveinal tissue. The new leaves
become slightly convex, with a tendency to roll upward along
the edges. Two days later, depending on temperature, the
disease becomes systemic, with dark and light islands
avpearing on the leaves. On }. glutinosa the primary
symptoms are a typical blanching of the leaves without any

flexing. Symptoms on old leaves of N. glutinosa are very
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TABLE 5

A Summary of the Infection Experiments with the 4 Viruses Which Occur Naturally on Celery

) Western celery |Michigan celery | Celery fern
Celery virus I |mosaic virus mottle virus leaf virus
Host Inoculation infection:
name -
INVIIEAA NS 7 i R | A M R| A |u |R
Nicotlana tabacum 15 30 | + 15 40 + | 10 40 + | - | 40 | +
0 25 0 40 0 36 29
N. glutinosa - 15 | + - 15 + - 15 + - |15 | +
6 14 11 9
Lycoperslcum esculentum - 20 | + - 20 + - 20 + - 20 +
(tomato) 6 19 20 8
Physalis pubescens - 10 | - - 10 - - 10 - - |10 | -
(ground cherry) 10 8 9 10
Capsicum annuum - 12 + - _8 - 8 + - 15 +
(pepper) 10 5 3 15 |
Apium graveolens var.
dulce (celery, self- 20 68 | + 80 60 + | 60 50 +| 35| 60 | +
blanching) 19 25 79 60 57 49 26| 34
Daucus carota - - - 10 17 + - 10 - - 10 -
(carrot) 10 8 0 0
Coriandrum sativum - - - 10 5 + - 10 - - 110 | -
(coriander) 6 3 0 0
Anethum graveolens - - - 10 - + - 10 - - 10| -
(&il1)

Phaseolus vulgaris - 10 | - - 10 + - 24 +f = | 10| -
v~ (Bean,*var.*Scotia) - . ~70 } - « 10~ * - 21 | - v 0 | -
a mo u- mN.Hm A,Hvoms‘\o(ﬁ\. - =z )M.IOI ﬁ.l bt - A M..b» 7. - . WOI -+ R lNI'O. =~

“(Stringless Refugee) 0 ? 20 0

P, vulgaris (bean,var,

~ Burpee mc%wsmpwmm - 10 | - - 10 + [ - 10 21 - |0 | -

@reen Bod) 0 10 9 0

Cucumls sativus - 20 | + - 20 + 1 - 20 + - | 45 | +

(cucumber) 12 20 17 42
Spinacia olevaceae - 10 | + - 20 + | - 32 + - |10 +
(spinach) 9 20 12 7
Commelina communis 12 20 | + 10 10 - - 10 -| 10| 10 | +
(wild wandering jew) 10 3 ) 0 0 3170
Zea mays 25 | 25 |+ | 20| 20 | -] 20| 10| -| 20|10] +
(sweet corn) 3 2 0 0 0 0 0 1

/@\b indicates aphid HSOOGHwﬁHomW@? indicates mechanical wSoosHmdposW@m\wowowm
recovery

ct
o
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similar to those on N. tabacum. These are dwarfing and a
true mottling, with the occurrence of dark-green and blister-
like islands unaccompanied by necrosis. N. glutinosa may
develop some filiformities under poor light conditions.
Symptoms on these 2 specles are very variable, depending on
light, temperature, etc. Only the presence or absence of
such symptoms as local lesions, necrosis, rings, streaks,

or other similarly clear-cut symptoms should be given much
consideration in diagnosis.

On tomato (fig. 7) the virus produces very little mottling
but tends to cause leafl elongation with awn-llike tips. These
seem to be quite uniform and are unlike the fern-leaf and
shoe-sﬁring effects of cucumber mosaic, The plants are much
dwarfed and show some veln-clearing similar to that which is
characteristic of the primary symptoms on celery.

Ground cherry (Physalis pubescens) developed symptoms

in 8 to 10 days after inoculation and reacted very similarly

to N. glutinosa. Datura stramonium developed whitish local

lesions on the inoculated lesaves similar to those described

by Wellman (36) for Celery virus I but the infection never

became systemlc,

Umbellifereae.—Infection on celery has been described

under a previous section, and need not be described further.

Dill (Anethum graveolens), carrot (Caucus carota), and Coriander

(Coriandrum sativum) were infected with the Western celery

mosaic virus. The virus was transferred to the carrot and 4dill

plants by the cotton aphis which previously had been colonized



Fig. 7. Bonny Best tomato leaves. Right, artificially

Infected with the Western celery mosaic wvirus; left, normal.



on a diseased celery plant. All the plants were yellowed and
dwarfed. Coriander was infected mechanically and became
guite bushy with vein-clearings on the broader leaves.,

Dill also became quite bushy; the dwarfed appearance was

due to shortened internodes and caused the small leaves to
appear very thickly placed. On carrot the leaves werse
shortened and the ends of the ultimate divisions were twisted
and mottled.

Leguminosae.—Price (21,22) has shown that the Scotia bean

forms necrotic lesions as a local reaction when the primary
leaves are rubbed with sap from plants affected with severe
tobacco virus., The simple leaves of this varlety were
rubbed with julce from a typlcally mottled celery plant
affected with Western celery mosalc, using Rawlins' technique.
After 20 days no local reaction was evident, but the virus
had become systemic. The initial symptoms were vein-clear-
ings along the main and lateral veins. Later, the clearings
became more prominent and, on the upper surface, appeared

as furrows which varied in depth with the size of the veins
(fig. 8). Similar symptoms developed on the variety
Henderson's Stringless Green Pod. Secondery leaves, which
developed on plants of this variety in which the virus had
become thoroughly established, became somewhat savoyed and
displayed symptoms similar to those described on Stringless
Refugee by Nelson (18). No symptoms were observed which

were typical of ordinary bean mosaic, as described by Pierce (19).
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Fig. 8. Bean leaves of the variety Scotia. Left,
artificially infected with the Western celery mosaic virus;

right, normal.



Pig* 9, Primary leaves of the Scotia '"bean.
Left, healthy leaf; right, 4 days after being rubbed
with powdered carborundum in expressed juice from celery

affected with Michigan celery mottle.
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Other Hosts.—0n cucumber, infection resulted in symptoms

which resembled tybical cucumber mosaic. White-spine
cucumber seedlings were inoculated on the cotyledons®y leaves,
using Rawlins! method, and after 10 days the first secondary
leal showed patchy mottling. No local lesions were observed.
After 20 days, 30 per cent of the inoculated plants were

dead and the remainder were dwarfed. No fruits were produced
and thus no comparisons could be made wlth the fruit symptoms
of white pickle mosaic,

Ordinary garden spinach was easily infected with the
Western celery mosalc virus and produced a typical flavescent
mosaic. Seedlings inoculated on the cotyledons were yellowed
in 6 days. Older plants inoculated on the third and fourth
leaves yellowed in 6 to 8 days, and thils was followed by
drooping of the extended leaves. Although the leaves were
turgid, they appeared as 1f they were suffering from lack
of water. This was followed by a general chlorosis and a
mottling, but with very little leaf malformation. A high
percentage of the plants developed stem necrosis and died
within a few weeks.

Plants Inoculated But Not Infected.—-Both aphides and

mechanical methods gave negative results in the transfer

of the Western celery mosaic virus to the following:

Brassica rapa (turnip), B. oleracea capitata (cabbage),

Commelina communis (wild wandering Jew), Pastinaca sativa

(parsnip), Petroselinum hortense (plain parsley),

Zea mays (sweet corn), Citrullus vulgaris (watermelon),
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Sambucus canadensis (blackberried elder), and Malva sp.

(& wild malva from California.)
Michigan Celery Mottle

Umbelliferae.,—Symptoms of the disease on celery pro-

duced by the Michigan mottle virus have been described

earlier in this peaper, and they are repeated here for com-
parative purposes only. The fact that only the mature leaves
are mottled suggests that this virus is entirely different
from the others. The leaf-mottling corresponds well with
the celery calico reported by Severin and Freit@g (26) from
California and which they think is distinct from the Western

celery mosaic, With this suggested distinction in symptoms

it seemed desirable to search for differential host plants.
A number of plants were infected and some of these developed
symptoms which will be described in some detail. Experi-
mentally, in view of the fact that differential character-
istics on celery occur only on the old leaves, and the lack
of vigorous dwarfing, the reading of results is complicated
by the necessity of growing plants to semimaturity. A com-
plete list of plants which become infected is given in table 6.

Coriander, carrot, dill, parsley, and parsnips were
inoculated with negative results. It is quite possible that
infection may have occurred and poor light conditions ob-
scured visible symptoms.

Solanaceae,—Both Nicotiana tabacum and N. glutinosa

were successfully inoculated by means of Rawlins' technique,

No local lesions or necrotic reactions were noted., Initial
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symptoms appeared in 10 days as angular, dark-green blisters
on the paler leaves, These symptoms are intensified with
further growth and appear similar to the mottle symptoms of
ordinary tobacco mosaic, There was a slight tendency toward
foliar elongation on N. glutinosa, but no malformation on

N. tabacum. Plants systemically infected showed no tendency
to mask or outgrow the symptoms.

Tomato developed symptoms in 8 to 10 days after inocula-
tion. Young leaves were noticeably narrowed but not shoe-
stringed, and they formed no acute tips on their ultimate
segments, but they lacked the long awn~like appendages which

developed on plants affected with the Western celery mosailc

virus, ©Clder leaves were narrower than healthy ones and
developed & mottle similar to ordinary tomato mosaic.

Physalls pubescens was infected as easlly as tomato and

became similarly mottled.

Leguminosae.—Three varieties of beans (Phaseolus vulgaris)

were inocculated in the usual way with juice from typically
mottled celery plants and infection resulted on two. Ten-day-

0ld seedlings of the variety Scotlia inocculsted on the primary
leaves developed numerous local lesions after 4 days (fig. 9).
Fifteen days later the virus had become systemic and produced

a2 random asngular mottling (figz. 10). Yo cupping or malformation
of the leaves characteristic of ordinery mosalc was observed.
Seeds from infected plants have not been tested for transmission,
Burpee'!s Stringless Green Pod developed no local lesions but
became slightly mottled. Attempts to recover the virus from

this latter variety failed. Stringless Refugee was inocculated



Fig. 10. Secondary leaves of Scotia bean.
A and B show angular type of mottle 20 days after the
primary leaves had been rubbed with the Michigan celery

mottle wvirus; C, normal leaves of same age.
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as above with the celery mottle virus, and for comparison a
similer series was inoculated with tobacco ring spot end
typical bean mosaic virus, Four days later numerous pin=-
point local leslons developed on the leaves inoculated with

the Michigan celery mottle virus and the Typical bean mosailc

virus (fig. 11). Beans inoculated with Tobacco ring spot

virus developed diffusely angu}ar lesions on theilr primary
leaves after 10 days. A—S@éagﬁg;;eé symptoms of systemic
infection occurred., These inoculations were made in December
and light conditions were very poor. All three of the
viruses mentioned above as producing local lesions on

Refugee bean were recovered from the crushed primary leaves
of their respective infected plants.

Cowpea (Vigna sinensis) and peanut (Arachis hypogea) were

inoculated but no infection occurred.

Other Hosts.—Infectlon was easlly produced on white

spine cucumbers. Seedlings inoculated on the cotyledons by
Rewlins?' technique developed a coarse mottling accompanied by
a stunting, but no necrosis or malformation was observed,
Garden spinach was artificially infected and reacted very

similarly to plants infected with the Western celery mosaic

virus. Leaves became convexed and turned downward. After 2
weeks most of the plants developed stem necrosis and died.
The followling plants failed to develop symptoms when

artificially inocculated: Daucus carots (carrot}, Anethum

graveolens (dill), Coriandrum sativum (Coriender), Petroselinum

hortense (plain parsley), Pastinaca sativa (parsnip),



Fig* 11. Primary leaves of Refugee bean.
A shows pinpoint lesions 5 days after being rubbed with
juice from young bean plants affected with ordinary bean
mosaic; B, similar to A, except that they were rubbed
with juice from a celery plant affected with Michigan

celery mottle; C, normal leaf.
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Brassica rapas (turnip), B. oleracea capitata (cabbage),

Citrullus vulgaris (watermelon), Zea mays (sweet corn),

Sambucus canadensis (blackberried elder), and Commelina

communis (wild Wandering-Jew).
Celery Fern Leaf
This type of mosaic was first described by Poole (20)
and has since been attributed to cucumber mosaic virus by
Wellman and others (38, 13).

Umbelliferae.,—Sufficient description under "Symptoms

on Celery" has already been given for comparisons in this
paper, The distinguishing characteristic of the trouble

is the pinching, savoying, and malformation cf the leaves,
with little or no mottling., Some plants have been observed
in the field which were both mottled and fern-leaved and,
although not investigated, were thought to be infected with
2 viruses. No infection was obtalned on other species of
Umbelliferae.

Solanaceae.—Nicotiana tabacum and N. glutinosa were

easlily infected by rubbing or with Rawlins' technique.
Symptoms differed from those produced by the other viruses
affecting celery in that, in addition to ordinary mosaic
symptoms, many of the leaves were Dblistered and malformed.

On N. tabacum some leaves were reduced to mere ribbons;
others greatly narrowed and constricted in the middle, re-
sulting in asymmetry. Initlial symptoms developed in 6 to

8 days and became evident as flavescent tips on the first snd

second leaves succeedling the inoculated leaves., This paling



Fig. 12, Leaves of Nicotiana tabacum. A and E show
initial paling of the tips of heart leaves 6 days after
/nocu fiff/0f7 . L
with Jjuice from celery plants affected

with fern leaf; C, normal leaf.



Fig* 13. Left, tomato plant 20 days after being
rubbed with juice from celery affected with fern leaf.
The rubbing was done on fully expanded cotyledon leaves;

right, top of normal plant of same age.
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progressed as the leaves developed (fig. 12) and was followed
by blister-like erumpent areas in the lamina., Older leaves

were markedly malformed; some were ribbon-llke; others were
constricted on one side and asymmetrical. Infected N. glutinosa
plants resembled those of X. tabacum but they tended to pro-
duce more of the ribbon an& hair leaves. Plants of both

specles infected in the summer were less malformed than those
infected during the winter.

Physalis pubescens was readily infected, and after 6 days

showed slight pinching at the tip of the first succeeding
leaf above the inoculated one. Symptoms on older leaves
were similar to those produced on N. glutinosa. Some leaves
became cylindfical and filiform and approximated the size

of the lead in a lead pencil.

On tomato, true fern leal, as described by Morgendorff
(17), developed (fig. 13). Infected seedlings were slightly
yellowed after 6 days, and at the end of 12 days had developed
malformations in the heart leaves. Infected plants remained
very small,

On pepper, the initial symptoms of the virus were stunt-
ing and etching, As the leaves aged, some became yellow
and dropped from the plant.

Other Hosts.—White spine cucumber and spinach were

infected with the Celery fern leaf virus. Seédling cucumbers

were inoculated on the cotyledons, and after 10 days the
primary leaf became sharply flexed toward the stem so that

the lamina was perpendicular to the surface of the soil
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and parallel to the axis of the plant. As Soon as symptoms
first became evident, growth was greatly retarded. The
plants developed only a half dozen leaves in 6 days, some
of which were strongly mottled., Smaell clusters of flowers
developed at the nodes but no fruits were formed, and no
comparisons could be made with the fruit symptoms of the
white pickle virus, The general symptoms on the seedling
were very simliler to those described for the white-pickle
virus by Doolittle (1).

Spinach became slightly yellowed after 8 days and the
leaves were cupped downward., Older plants developed sundrious
filiformities very similar to those described by Hoggan (10)

when she produced spinach blight with Cucumber virus I.

A small percentage of infection was obtained on

Commelina communis. The leaves developing after infection

were narrow and slightly striped with green (fig. 14).
Infection of Celery With Cther Viruses
Several known viruses were obtained from wvarious
sources, as shown in table 1, and were used in a study of
the susceptibility of celery. Some of these have been
shown to infect celery, and comparisons have been made
with the naturally occurring viruses on celery. In the
following paragraphs a description of some of the symptoms

produced by some of these viruses on celery is summarized.



Fig, 14. Commelina communis. A and B infected
with the celery fern leaf virus and showing filiformities

with slight etching and streaking; C€, normal,
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Cucumber Virus I.-—The Cucumber virus I, or white-pickle

virus, as described by Doolittle (1), was obtained from him
and used to infect celery. Young plants were inoculated
on the fifth leaf by the Rawlins method, and after 12 days
they showed definite indications of infection. Leaflets

of the heart leaves were strongly convexed but the rachises

couned by

were normal. This differs from initial symptoms ef Celery
virus I 1n which the rachises are obliguely curved down-
ward. After 24 days the infected celery plants developed
various malformities, from ruffled foliage to shoe-string
leaflets., The. symptoms were ldentical with those of the
celefy fern leaf disease. These results agree with those

reported by Wellman (36) from which he suggests the ildentity

of Poole's celery mosalc and that caused by Cuecumber virus I.

White-pickle mosaic obtained from naturally infected
cucumber plants growing in the college plots was used to
inoculate celery. Symptoms identical with those produced
by the Doolittle virus developed, and the viruses appear to

be identical.

A culture of Cucumber virus I was obtained from Johnson

and inoculated oqﬁb celery. Initial symptoms became evident
after 8 days as chlorosis in definite patterns (fig. 185).
There was no downward cupping of the leaves, such as is
produced by the local cucumber virus and by the one obtained
from Doolittle, After 15 days, heart leaves became con-
vexed with pronounced chlorosis of the veins (fig.lfﬁ.

Plants set in cold frames developed rugose and shoe-string

leaves without mottling or necrosis.



Fig. 15. Leaves from young celery plants. A and B
from plant inoculated with cucumber virus 1 obtained from
J. Johnston. A shows mottle which developed 8 days after

; B, heart leaf from a longer-infected plant!;

C, normal.



As a result of the cross inoculations from cucumber
to celery and from celery to cucumber, the similarity
of symptoms supports the suggestion of Wellman of the

ldentity of the Celery fern-leaf virus with Cucumber virus I.

The only explanation for the difference in reaction of
the Johnson culture is that there may be different strains
of the cucumber virus,

Tobacco Ring Spot.—Wellman (36), Walker'(5l), and

Johnson and Grant (13) infected celery with the Tobacco ring-

spot virus. Tobacco leaves infected with this virus sad

collected from a commercial field in Kentucky were obtained
by the author from Valleau. Inoculations were made on
celery with the Rawlins method, and after 11 days the heart
leaves were noticeably paler. On the twelfth day the leaf-
lets were cupped downward and the chlorosis of the veins
was more marked. Plants which were set in beds and allowed
to mature developed malformations similar to those produced
by the cucumber virus but they were less severe.

Spotted. Wilt.-—Gardner, Tompkins, and Whipple (7)

reported infection of celery with the spotted wilt virus
in California and described the symptoms produced. For com-
parative purposes the author obtained a culture of the virus
on calla 1lily from Gardner and inoculated 1t onto celery.
After 20 days, chlorotic flecks developed on the inoculated
leaves, Ten days later the celery plants were uniformly

mottled and the original chlorotic areas became necrotic

(fig. 16).
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Fig, 16, Michigan Golden celery leaves. A and B
infected with the spotted wilt wvirus. A, leaf on which
rubbing was done, showing the initial local lesions
which have become necrotic; B, heart leaf showing systemic

infection from the same plant.



» Aster Yellows.-~Severin (24, 25) reported infection
of :ster yg;;gﬂﬁgg%;celery. Kunkel, earlier, had failed
to transmit this disease to celery. Later he obtained
Severin's strain of the virus with which he was able to
produce infection on celery (16). Gardner 3 reports

this virus as becoming widespread and more serious in
California. It is apparent that the strain of aster yel-
lows virus in Michigan is not the one capable of infecting

celery.

Other Viruses Tried.—Bean mosaic virus obtailned from

seedling Refugee bean plants and tobacco mosaic virus
obtained from Valleau gave negative results when inoculated
on celery.
A Key to the Viruses Affecting Celery
A, Celery petioles and leaves twisted; slight to
pronounced local or general chlorosis; not

transmissible mechanically to broad-leaf
tobacco . . . . Aster yellows virus.

A, Mechanically transmissible to broad-leaf tobacco,

B, Leaflets chlorotically measled, necrotic
spots on leaves; produces large local
lesions on tobacco . . . . Spotted willt
virus.

B, Mottling without local lesions on tobacco.

C. ilechanically transmissible to bean
(Phaseolus vulgaris var. Scotia).

D. Produces local lesions when
rubbed on primary leaves.

Information from conversation with V. W. Gardner,
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E., Typical ring-spot necrosis
on broad-leaf tobacco. . . .
Tobacco ring spot.

E. Only mottling on broad-leaf
tobacco ., . . Michigan celery
mottle.

D. Systemic infection on Scotia bean
wilithout local lesions . . . .
Western celery mosaic.

C. No infection on bean.

Fo. llarble-like mottling and
petiolar necrcsis on self-
blanching celery . . . .
Celery virus I.

F. Malformations and fili-
formities on celery,
rarely mottling . . . .
Celery fern leaf or Cucum-
ber virus I.

DISCUSSION AND SUMMARY

The studies here reported have distingulshed 4 viruses
which occur naturelly on celery. All of these viruses have
been previously repvorted but their geographic distribution
and the incomplete descriptions in the literature of some
have caused some confusion. A description of symptoms of
certain other known viruses which are able to infect celery,
and some of which have been reported heretofecre, is brought
under one head,

Wellman's studies (36) have left little doubt as to the
distinctness of the southern celery mosaic caused by Celery
virus I. Wellman, from descriptions in the literature and
from specimens examined, has noted similar symptoms on celery

from California, Wisconsin, Ohlo, and Tew York, but he does



not associate these with his Celery virus I. Wellman's (36)

distinetion of the Celery virus I from Tobacco virus I,

Tobacco ring-spot virus, and Cucumber virus I is quite clear.

In accordance with his deductions and in view of data
present in this study, the author is inclined to agree that

Celery virus I is limited to the subtropics and tropics.

Certailn physiological properties of the viruses, such
as thermal death point and length of life in vitro were
studied and no marked differences were found, All the
viruses were found to be both aphid and mechanically trans-
missible., Certain symptoms on celery were noted and con-
sidered distinctively clear-cut. A number of other plants
were infected, some of which serve as differential hosts.

Western celery mosaic virus obtained from California

from Gardner, Kendrick, and Nelson is different from Well-

man's Celery virus I. Western celery mosaic is readily

transmitted to bean (Phaseolus vulgaris var., Scotia and

Burpee's Stringless Green Pod), while numerous inoculations

with Celery virus I confirmed the negative results of

Wellman. Although the leaf mottling produced by each is
somewhat similar, the general symptoms on celery are con-
siderably different. Celery virus A usually produces
necrotic areas on or at the base of the petiole, while the

Western celery mosalc virus produces no necrosis on celery,

The Western celery mosaic virus produces initial symptoms

of vein chlorosis without cupping of the leaves or downward

curvature of the petioles, These early symptoms are entirely
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unlike those produced by Celery virus I. The symptoms on

older celery plants are difficult to distinguish, except

that the petioles of plants infected with the Western virus
are characteristically mottled with longiltudinal splotches;
the leaves are affected with a general chlorotic mottle

and there 1s considerable downward cupplng. The leaf mottling

on plants infected with Celery virus I is very brilliant

and there is little petiolar mottling., In the light of the
reactions of other viruses on celery, the author is inclined
to place more emphasis on the diagnostic value of the

petlolar necrosis caused by Celery virus I, Plants infected

with the Western celery mosalc virus of this study were

sent to Severin (26) for comparison with his Western celery

mosalc. He states that they are identical,
Michigen celery mottle 1s distinct from the diseases

caused by Celery virus I and the liestern celery mosaic virus.

In the field the virus produces discontinuous patterns on
the older or fully expanded leaves, with comparatively little
stunting, as compared with the general stunting and brilliant

mottle caused by Celery virus I and the stunting and general

mosaic caused by the Western celery mosaic virus, Physiological

studies did not reveal any consistent differential character-

istics. Inoculation of beans (Phaseolus vulgaris var. Scotia

and Burpee's Stringless Green Pod) produced local lesions
on the simple leaves (fig. ), a test which gives sharp dis-

tinction from Celery virus I and the Western celery mosaic

virus. The NMichigan celery mottle virus produces systemic
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infection on Scotla bean, but the symptoms are unlike those
of ordinary bean mosaic, Ordinary bean mosalc was not trans-
mitted to celery, There are certain similarities between
Michigan celery mottle and Severin's (26) celery mottle,

but plants have not been exchanged, and his description is
Insufficient for identification.

The malformities produced by the Celery fern-~leaf

virug are so distinctly different from symptoms produced by
the other viruses on celery that this characteristic alone
identifles this virus. The production of simllar symptoms

on celery by Cucumber virus I suggested to Wellman the

identity of this virus and the Celery fern-leaf virus.

This work has been repeated by the author with Cucumber
virus I from several sources, with similar results. The

physioclogy of the Celery fern=-leaf virus agrees with that

of Cucumber virus I. It 1s quite possible that other strains

of the cucumber virus may react differently. Cucumber virus I,

obtained from Johnson, produced atyplcal initial symptoms
but they later became characteristic.

Several other viruses previously identified on other
plants are able to produce infection on celery. These can
be readily identified by well-described characters and tests.
From descriptions, Harvey's mosaic on celery most nearly
approximates the Michigan celery mottle, HElmer, in his
mosaic transmission work with celery, undoubtedly was worxing
with the cucumber virus, and from his descriptions he may
have had a mixture of 2 viruses. Poole's mosalc of celery

is undoubtedly identical with that produced by Cucumber virus

|+
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