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THE IDENTITY AND THE RELATIONSHIP OF THE VIRUSES CAUSING
WESTERN X LITTLE CHERRY AND KOOTENAY LITTLE CHURRY

INTRODUCTION

In the cherry growing regions of the Pacifie
Slopes of North America there occur a number of virus
diseases which cause a reduction in the size of cherry
fruits. These diseases are often referred to, collectively,
as the "little cherry group". In addition, there is a virus
disease in cherry in the Eastern United States and Canada
that appears to be very closely related to this group of
diseases. The application of names to the diseases in the
"little cherry group” has been based partly on disease
behaviour and partly on regional occurrence. In the west
their distribution is as widely separated as British
Columbia, California, and Utshe. Due to their serious nature
the assembling of these diseases in any one area for a
comparative study is inadvisable, This has made the study
of the relationship of these diseases difficult.

Kootenay little cherry and western X little cherry
were selected for this study. Considerable information had
already been accumulated on the relationship of the two
diseases in certain hosts, but for the most part, comparable
studies had not been carried out simultaneously. The
purpose of the study was to complete these data for both
diseases as well as to obtain additional data on other

=
possible differential host reactions.



REVIEW OF LITERATURE 2

The "little cherry group" of virus diseases in
sweet cherry includes those that have been named cherry
buckskin, little cherry, albino disease, small bitter cherry,
western X littly cherry, and Utah wilt and decline.

Diseases known as red leaf in chokecherry, and western X-
disease, X~disease, and yellow leafroll in peach, have been
shown to have the namo.cauaal virus as some of the cherry
diseases in this group,

The first disease in this group to be reported
was the buckskin disease in California., The cccurrence of
this disease and proof of its transmission by grafting were
reported by Rawlins and Horne in 1930 and 1931 (22, p. 853)
(23, p. 333). Three strains of the disease have been
described: the Napa Valley, the Green Valley, and the Palo
Alto strain (30, ps 99). Their distribution is limited to
several counties in Northern Califeornia (30, p. 98). These
diseases cause western X-disease in peach, red leaf in
chokecherry, and wilt and decline in sweet cherry on
mahaleb understock (30, p. 101),

Little cherry was reported from Willew Peint in
the Kootenay District of British Columbia in 1933 (6, p. 40).
In 1941, Foster demonstrated the virus nature of the disease,
(7, P« Y4T7) Observations over the next several years
showed & rapid -spread of this disease within orchards, and
from orchard to orchard, Within a period of 12 years after



first discovery, at Willow Point, this disease spread to
the east through widely scattered orchards into the Creston
Valley, a distance of over 50 miles (9, p.l). This repid
spread continued, and by 1949 very few healthy cherry trees
remained in the Kootenays., The known distribution of this
disease 1s still limited to the Kootenay area, The rapid
spread of the virus, and the complete loss of market value
of the frult from infected trees in certain areas has made
this one of the most serious virus diseases in sweet cherry,
In 1937, the albino disease was reported from
Ashland, Oregon, by Zeller, Milbrath, aud Cordy (33, p.937).
The local spread of this disease was very rapid, but the
known dintribution is still limited to the Rogue River
Valley in Southern Oregon (30, p.l03). The symptoms of
this disease in sweet cherry on mazzard understock are very
s8imilar to the symptoms produced by the Napa strain of
buckskin, and may be demonstrated to be caused by the same
virus (32, p.ljjl). In sweet cherry on mazzard understock
this disease causes the formation of small colorless fruits
which often drop before harvest, On mahaleb understock, a
rapid wilt and decline, followed by death of the tree, is
common in the year following infection (30, pp.l103+104).
Peach is not susceptible to the albino disease and ne
western X~disease has been noted in the area where albine

disease occurs, either from natural infections or from



inoculations (14, p.6).

In 1940, small bitter cherry was observed in the
southern districts of the Okanagan Valley of British
Columbia (12, p.260)., Transmission experiments were started
in 1941 by Lett (13, p.hlly), and proef of the virus nature
of this disease was obtained in 1949 from these original
inocculations, The disease has been confined to the South
Ckanagan district of British Celumbia with very little
spread within the area, Western X-disease in peach 1is
widely distributed in the same area and has been frequently
found near trees infected with smell bitter cherry (10,
p.WBl), Transmissions of small bitter cherry from sweet
cherry to peach producing symptoms of western X-disease and
to chokecherry producing a2 red leaf reactiocn indicate that
this disesse 1s similar to western X little cherry (5, p.23).

Since 1946, a virus disease first referred to as
little cherry and later named western X 1little cherry, has
been reported from Washington (2, pp.2-3), Oregen (3h4, p.56),
Idaho (18, p.h3l), and Utah (27, p.10). Previous to this,
western X~-dissase 1ln pesach, which has been shown te be
caused by the same virus, was reported from Washington (25,
P.116), Oregoen (31, p.452), Idaho (1, p.216), Utah (26,
pel47L), Colorade (3, Pel4Th), and the Okanagan Valley of
British Columbia (4, p.35). Western X little cherry has
elso been shown te cause red leaf In chokecherry, and wilt
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decline conditien in sweet and sour cherry on mahaleb under-
stock (28, p.19). Two types of symptom manifestation have
been reported in sweet cherry (17, pp.L33-3L). One type
occurs in Washington, Oregon, &nd Northern Idahe and the
second one 1s present in Southern Idaho and Utah, The
Southern Idaho and Utah type differs from the mere common
type in the production of a rosetted condltien in the spurs
end an eleongation of the stipules,

In BEastern United States and Canada, & small
cherry disease occurs on sour cherry (21, p.20), and has
been observed in the sweet cherry varieby Windsor (30,
Pe37)e This disease has been shown to be caused by the
same virus as that of X-disease in peach,

In 1951, yellow leafroll was reported from
California, and the virus nature of this disease was shown
by Nyland and Schlocker (19, p.33). The symptoms resemble
those of western X-disease in some respectis, but the twe
diseases can be readily distingulshed from each other (29,
Poli0)e Its relation to diseases in the "little cherry
group"™ was demonstrated when transmission to sweet cherry on
mahaleb was obtained, producing Wl 1t and decline (20,
p.9l2).

The possible relationships of these diseases have
been discussed frequently in the literature, and these

discussions have been summarized in the handbeook "Virus



Diseases and Other Disorders with Viruslike Symptoms of
Stone Pruits in North America "(30, pp.51-52, 104-105, 129).
However, there has been little opportunity for investigation
of these relationships, 1In California, the Napa strain of
buckskin was established in Green Valley and found to
maintain the symptoms of this disease observed in Napa
valley. (24, p.920) Hildebrand (11, pp.40-45) has reperted
the results of a comparison of eastern X disease in peach
with four sources of western X~disease from California,
Utah, Idsho, and Oregon, He found differences in the
thermal inactivation point and symptomatology among all
sources tested, but concluded that X disease, California X=-
disease and Utah X-disease were related strains of the same
virus, Oregon X-disease and Idaho X-disease did not show

such a close relationship to this group or to each other,



EXPERIMENTAL METHODS

Development of Techniques

One of the serious handicaps in the study of
viruses in the "little cherry group" has been the small
number of satisfactory heost plants available for comparative
studies, This is particularly true of Kootenay little
cherry for which there are no foliage symptoms in the common
commercial varieties, The only symptom is an abnormal deve-
elopment of the fruit during the final ripening peried,

This symptom can be observed only during one short season

of the yoaf and is frequently so mild that accurate diagnosis
is difficult, There has been & need for an indicator host
plant which would exhibit characteristic foliage symptoms
following virus infection,

During the course of varietal resistance studies,
some of the sweet cherry varieties and seedlings tested
developed a characteristic foliage reaction when inoculated
with Kootenay little cherry, In an orchard at Kootenay
Bay, British Columbia, where 5l sweet cherry varieties and
promising seedlings had been propagated as branches on
diseased ‘Gtrees of standard varieties, a number of these
varieties or seedlings developed leaf symptoms during the
months of July and August, These symptoms included redden=
ing of varying intensities on one or both surfaces of the



lamina of the leaf, Some of these varieties also preduced
prominent light green or yellow mottles, necrotic lesions
and laceleafl conditions,

Twenty-two of the varieties and seedlings showing
these symptoms were selected for further study and have
been under observation in the Kootenay Bay erchard for a
period of two to three years, They include: Bear River,
Black Oxheart, Sam, Velvet, Star, 8-6=7(7), S=8-4(8F),
8=7-9(8SF), 8«7-10(8F), S«3=18(7), S=5«11(7), S=6=6(7),
8-3-3(7), 8=7-11(SF), S~7-1(SF), S-8-1L(SF), 8-9-10(SF),
8=3=7(7), 8=5-19(7), 8=5-4(SF), 8~10-14(7), and 8=5-16(7).
In making the observations on these varieties and seedlings
three degrees of coloration were recorded: slight when
only a very faint reddish color developed, moderate when
the intensity was increased, and severe when the entire
leaf expressed the deep red coleration on one or both
surfaces,

No healthy trees of these varieties or seedlings
were growing in the Kootenays, Therefore, comparative
observations had to be made on the same clones grown at the
Experimental Station at Summerland, British Columbia, in
the summer and fall of 1949, Although these varieties and
seedlings displayed unusually strong autumn coleoration,
they showed none of this tendency to develop the early

summer red color noted when they were inoculated with



Kootenay little cherry,

A chlerotic mottle and a necrotic spotting _
accompanied the reddening preduced in some of these clones,
These symptoms are suggestive of ring spot viruses
frequently found in sweet cherry sources, To determine if
these ring spot viruses might also produce the red leaf
reaction, Star trees were incculated with sweet cherry
sources free from little cherry, but carrying the ring spot
virus, Buds from three ring spot infected Lambert trees in
the Creston District were used as inoculum and were inserted
inte 3 Star trees located in an isolated plot in West
Creston, 8 miles from the closest little cherry source in
the Kootenays. These trees were observed throughout the
season for the develcpment of early red pigmentation, and
the effect of ring spots alcne was compared with the effect
of inoculation with little cherry plus the contaminant ring
spote, .

For further proof of the specificity of this
reactiocn, tests were made for the presence of ring spots in
these varieties, The necrotic mottling of sweet and sour
cherries has often been interpreted as a shoek reaction of
primary invasion of the ring spot viruses., Varleties
already carrying the virus do not produce this shock effect,
Therefore, as & further check on the nccfotic spotting noted

with the red ccloration on some varieties and seedlings,
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fourteen of them were indexed on Shireofugen (15, p.l5=14)
to determine whether they were already contaminated with
ring spot. Also, if they were found to be already infected
with ring aspot before inoculation, and éid not show the
early red coloration until ineculated with little cherry,
further proof would be offered that the red leafl reaction
was & direct effect of the little cherry virus., The clone
of Star used for all the red follage tests was also indexed
on sour cherry for the presence of ring spot and sour
cherry yellows,

Star was lnoculated with some of the other common
atone frult viruses to determine whether the red lsafl
reactlion is specific for diseases in the "little cherry
group”, or whether it is a more general reaction to virus
infection, The viruses selected for these tests were rusty
mottle, mora, and ring spot plus yellows. Sixteen tweo~-year
old Star trees were established in the greenhouse in
Corvallis in January, 1953. They were divided inte ) sets
of i trees each and inoculated at bud-break using three
buds in each test tree., TIour trees were left unineculated
as checks, The inoculum was ecbtained from the pleots at
Corvallis maintained by the Oregon Agricultural Experiment
Station,
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Comparative 3tudles

Kootenay little cherry and western X little
cherry were compared on 2 number of different host plants,
and on hest plants growing on different understocks, Other
host reactions such as rate of virus movement, reduction of
frult weight, soluble solids content of mature fruit, and
weight and oil content of thé~soed were also compared, The
serious neture of these diseases and the denger of intro-
ducing them into new areas prevented a direct comparisen
in the same area, and made necessary the establishment of
separate plots,

Studies of western X little cherry were conducted
at The Dalles, Oregon, where plots are being maintained for
work on this disease by the Oregon Agricultural Experiment
Station., Many of the other data on western X little cherry
which have been used in this study were obtained from work
which 1s now underway at this station. Some tests were
conducted during the winter months in the greenhouse of the
Oregon Agricultural Experiment Station at Corvallis,

For the study of Kootenay little cherry, a plot
was established in the Creston Valley at Erickson., Although
thls plot is not immediately adjacent to cornmercial plant-
ings, 1t 1is located in an area that is now generally
infected with little cherry., Where isolation from natural

infection was essential, the trees were grown in screen
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cages (plate 1), These cages were built of 32 x 32 mesh
brass screening which was suitable for the exclusion of all
suspected insect vectors. Some of the experiments were
conducted in a greenhouse in Creston, Many of the tests
conducted with Kootenay little cherry were designed for
comparison with results which have already been obtained

s i

Plate 1, Screen cage used when isolation from natural
infection was essential, Each cage is 10 feet high and 8
feet square, and the screen roof is protected by a wooden
top during the winter, Phete by M.F. Welsh,



13

for western X little cherry. Peach, chckecherry, and sweet
and sour cherry on mazzard and mahaleb understock were

established for these studies.

Sweet Cherry Folilage Indicator Varieties

The four varieties and seedlings S~5-16(7),
8~7=10(8F), S-8-L4(SF), and Sam which developed moderate to
severe reddening reactions to Kootenay little cherry were
selected for tests with western X little cherry. These
varieties and seedlings were established in the plet at
The Dalles, Oregon, by grafting them on the arms of two=-
year old mazzard seedlings which had been previously trained
to four scaffold limbs. They were established in the spring
of 1952 and were inoculated one year later by chip budding.
Ten two=-year old Star trees on mazzard understock were
planted in 1951 and five of them were inoculated in the
summer of 1952, All inoculations were made from a Bing
tree infected with western X little cherry in the Kronberg
orchard known as E10, This virus source was selected
because it has consistently produced & very high percentage
of diseased frults and previous inoculations from it have

yielded a high percentage of transmissions,

Lambert and Montmorency on Mazzard and Mahaleb Understock.

Ten two-year old Lambert trees on mahaleb under-
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stock were esteblished in the Epickson plet im 1951, Using
the same virus source each year, every sccond tree was
inoculated with Kootenay little cherry in 1951 and again in
1952, For all the trees, the scil was removed down to the
graft to prevent secondary rcots from forming on the sweet
cherry stock,

Ten two=year old Lambert treez on mazzard under=-
stock were established in the Epickson plot in 1951, and
four of these trees were inoculated with Kootenay little
cherry in 1951 and again in 1952,

Plots similar to those for Lambert were establ=-
ished for Montmorency om both understocks, Experiments
invelving Lambert and Montmorency trees are summarized in
tables 6 and 7,

The terminal growth obtained in 1952 and 1953
was measured for Lambert trees on both understocks. The
trunk diameter of each tree was measured at a point one

foot above the graft,

Peach Varieties

Two=year old trees of Elberta, Rochester, Vedette,
and Hale peach were established in the Erickson plet in
1951, These trees were inoculated with Kootenay little
cherry from various source trees in the Kootenay Bay plet

in the summer of 1951 and as nc symptoms had developed by
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the summer of 1952, they were re-inoculated from the
original source tree, The experiments involved in these

studies are summarized in table 8.

Western Chokecherry, Prunus demissa (Nutt,) Walp,.

Western X little cherry produces an early fall red
leaf reaction in western chokecherry., To determine whether
Kootenay little cherry produces the same reaction, 13 trees
of P, demissa were established in 1951 in the Erickson
plot and 5 of them were inoculated from Keotenay Bay source
trees, The inoculations made are as follows: 3 trees
inoculated from tree 31 (3 buds in 1951 and 5 in 1952), 1
tree inoculated from tree 17 (3 buds in 1951 and 5 in 1952),
1 tree inoculated from tree 29 (2 buds in 1951 and 5 buds
in 1952),

Virus Effects on the Fruit.

Btudies were made of the weights and soluble
solids contents of comparable samples of diseased and healthy
fruit from trees infected with western X little cherry at
The Dalles, Oregon, and trees infected with Kootenay little
cherry at Creston, British Columbia, FPFor comparison of
the weights of healthy and diseased fruits, 150 to 200
cherries were used In each test, In the tests ol the
soluble solids content, 15 to 20 fruits were used, Duplic-
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ate samples of healthy and diseased fruit were used for all
varietlies tested. A Bausch and Lomb refractometser was used
to measure the soluble solids content., Esach test was made
by cutting aiong the suture line of the fruit and then

squeezing a amall amount of julce onto the rafractometer,

Weight and 0il Content of the Seed

Tests were made of the welight and oll content of
seed from healthy and little cherry infected trees at
Creston, British Columbia, Pifty air dried seeds were used
in each oil determination, The oil extraction was made with
& Soxhlet extractor, Each sample was ground up in a mortar
with a small amount of ether. The material was transferred
to a Soxhlet extraction thimble which was placed in the
extractor above one~hundred and twenty-five mls, of ether,
The extractions were made for two perlods of 2l hours each,
After the first extraction, the ground seed was removed
and ground into & finer powder and the extraction procedure
repeated, At the end of the second extraction, the ether
was evaporated and the welght of the oil which remained was
taken., From these data, the average weight of oil from
healthy and diseased seced was caleulated, 8Since similar
experiments had elready been conducted for western X little
cherry by Jones, Wilks and Williamsl, this work was not

1 Unpublished data,
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duplicated in these shudles,

Rate of Virus Movement

Comparative studlss of the two diseases wers made
for rates of natural spread within orchards and of virus
movement within individual trees, The rate of spread of
western X 11ttle cherry within a trse following virus
infection 1s being studied by the Orsgon Agricultural
Expariment Station (16), Three years of data have been
obtained for 8 of the 12 trees and 2 years of data for the
remalning /y trees. The inoculations wera made into a
single branch of each tree and virus movement was recordsd
by painting infected spurs and infected branches each
season when the fruit was ripe, Information on the rate
of tree to tree movament of western X little cherry was
obtalned from survey work which has been in progress since
1547 (16). _

For Kootenay little cherry, informatlon on tree
to tree spread was cbtained from surveys which have heen
made by the provineial plant pathologist. Data on the
movemsnt of Kootenay 1ittle charry in individual trees was
cbtained from inoculations made into four five-year old
Star trees inoculated in 1951, 1In 1952, the terminals of
all inoculated branches were showing symptoms., The base of

each of these terminals showing symptoms was painted and



the distance the virus had moved during the two year
period was measured in 1953,

18
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EXPERIVMENTAL RESULTS

Development of New Indicator losts For
Kootenay Little Cherry

In an attempt to find sweet cherry clones resiste-
ant to Kootenay little cherry, large infected trees of
Lambert were top-worked with scions of various varieties
and unnamed seedlings, The first group was established in
1946, and by 1948 two of them, Star and the seedling
8=6-6(7) developed & strong red pigmentation during the
months of July ané August, This same symptom again appeared
on these branches in 1949 and has continued to be expressed
every year since then., No such pigmentation was evident
in the Lambert foliage or in the foliage of other varietles
budded to the same trees, There were no healthy trees of
Star and S-6-6(7) in the Kootenay Bay plot for direct com-
parison, However, the parent trees growing on the Summer=-
land Experimental Station, although they produced the
strongest red autumn coloration of all the sweet cherries
in the planting, showed no tendency for early summer
development of red pigments, There appeared a probability
therefore that the summer reddening was caused by the little
cherry virus, :

In Star, the strongest symptoms developed in the

basal leaves of the current season's growth, becoming
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progressively less intense in the leaves towards the tip

of the branch, The upper surface of severely affected
leaves displayed a solid red color around the margins of the
leaf which decreased in intensity towards the midrib, On
less severely affected leaves, the red pigmentation was
confined to the interveinal areas, with the main veins and
ad jacent tissue remaining & normal green and in many cases,
even the velnlets remaining free from the red pigmentation,
The undersurface of the leaf showed only a slight red color
which often appeared as a ntippling of red in the interw

veinal arcas, (plate 2)

Plate 2, Leaf symptoms in Star inoculated with Kootenay
little cherry, Photograph taken September 25, 1952, at
season of maximum symptom expression, Leaf at right from
uninoculated Star, Photo by S,R. Cannings,

In 8-6=6(7), the development of the reddening was
very similar to that observed for Star, but the intensity
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of the color was not as strong. The reddening was first
apparent on the upper surface, but later in the fall both
surfaces showed equally strong symptoms, In addition to
the red leaf reaction, this variety also developed strong
chlorotic and necrotic lesions which later dropped out
giving the leaf a shot-hole appearance.

Of the 54 varieties and seedlings established on
diseased Lamberts in the Kootenay Bay plot, twenty-six dis~
played the red leaf symptom, The twenty-two varieties and
seedlings showing the strongest coloration were selected
for further study. These were observed during 1951 and
1952 to determine the date of first appearance of the red
pigmentation symptoms and to follow their subsequent
development, The data from these studies are summarized in
table 1, The reddening usually developed on both surfaces,
but the upper surface produced a stronger coloration, This
was especially true of varieties that showed slight or
moderate symptoms, the coloration in such varieties usually
being apparent only on the upper surface. Interveinal redd=-
ening was the type most frequently observed, but in certain
varieties, the color developed over the entire leaf surface
including the veins, In some varieties, the reddening was
confined to a narrow margin along the veins,

The first appearance of the red. pigmentation

varied somewhat with the season, but usually oeccurred about



Table 1., Kootenay little cherry: Symptoms in sweet cherry varieties producing leaf

thtienl.
Variety Date of first symptoms Chlorotic or Reddening Red leaf symptoms
1951 1952 necrotic mottles

S=5-11(7) Aug, 21 Aug, 18 Some chlorotic = Slight Reddening present on
and necrotic upper surface and later
mottle, mostly in season also on lower
on tip leaves surface. Mostly

interveinal,

S-3~18(7) Aug. 15 Aug. 18 Some chlorotic Slight General light red color
and necrotic scattered over both
mottle on one leaf surfaces
tree

S=3=3(7) July 10 None Slight Light red color mostly

along the margins of the
leaf blade and stronger .
on the undersurface,

S-8-1L(8F) Aug. 21 Aug, 18 None Slight Slight interveinal

reddening, meostly on
upper surface,
8=9«10(SF) Sept. 10 Aug, 18 Some chleorotic Slight Light red coloration

and necrotic
mottle

almost entirely on up=-
per surface and devel-
oping interveinally from
the margins inward

ee



Table 1, (cont'd)
Variety Date of first symptoms Chlorotic or Reddening Red leaf symptoms
1951 1952 necrotic mottles
Velvet Sept., 7 Aug, 18 Chlorotic mottle Slight Reddening of both sur=-
plus some nec-= faces, interveinal and
rotic shothole developing from margins
inward
8=10-11(7) Sept. 7 Slight chlorotiec Slight Light red color develop=-
mottle on some : ed mostly on upper sur-
leaves face and interveinal
S$=3=7(7) Sept. 7 None Slight Slight reddening of both
surfaces, more severe
on undersurface
S=6=7(7) Aug, 21 July 10 Chlorotic plus Moderate Slight reddening first
some necrotic apparent on lower surface
mottle and later on upper surf=-
ace and eventually be-
comes more pronounced on
upper surface; inter-
veinal
Sam July 17 July 10 Some laceleaf Moderate Narrow red band between

and necrotic
lesions on tip
leaves

veins on upper surface;
very slight on lower
surface., Reddening more
apparent at first on
undersurfece, and
primarily basal leaves,

N
W



Table 1, (conttd)
Variety Date of first symptoms Chlorotic or Reddening Red leaf symptoms
1951 1952 necrotic mottles
S=7=1(8F) July 31 Aug, 18 None Moderate Interveinal reddening
general over both surf-
aces, Has stippled,
blotehy appearance on
some leaves
Bear July 17 July 10 None .Moderate Marginal reddening of
River undersurface of leaf
blade in some cases, In
other cases, reddening
of undersurface is gene-
ral, Blotchy on upper
surface;jreddening usuval-
ly not all interveinal
S=7=1(SF) July 31 July 10 Necrotic and Moderate Interveinal reddening
chlorotic mottle along margins of under-
developed on surface, occasionally
basal leaves breaking through to
upper surface,
Black Aug, 20 July 10 Necrotic lesion, Moderate Interveinal reddening
Oxheart mostly on tip coalescing on leaf
leaves margins and more severe
on upper surface
S=5=19(7) None Moderate Reddening on both surf-

aces interveinal, except
along leaf margins

N
&=



Table 1, (cont'd)
Variety Date of first symptoms Chlorotic or Reddening Red leaf symptoms
1951 1952 neerotic mottles
S=5=l(SF) None Moderate Interveinal reddening
mostly on upper surface
and along leafl margins
S=8=4(8F) Aug. 21 Aug, 18 Chlorotic and Moderate Reddening more severe on
: neerotic mottle tip growth and upper
of basal leaves, leal surface, intervein-
In one case, only al, Petiocles red,
necrotic mottle
S=6=6(7) July 27 Aug, 5 Strong chlorotic Severe Reddening mostly inter-
mottle plus some veinal; blotches ranging
necrotic mottle from 1ight to dark red
in color, First appears
on upper surface, but
equally distributed on
both surfaces later in
the season,
Star July 17 July 10 Chlorotic mottle Severe Leaves upcurled slightly

plus some
necrotic mottle
on certain trees

Reddening interveinal at
first but later in fall,
in many cases, only the
midrib. remains green;
rest of leaf a deep red
color on upper surface,
Only small blotches of
red on lower surface.

N
i



Table 1, (conttd)

Chlorotic or
necrotic mottles

Reddening

Red leaf symptoms

Variety Date of first symptoms
1951 1952
S=5=16(7) July 17 July 10
8=7-9(SF) Aug. 15 July 10
S=T7T=11(SF) July 17 July 10

None

Necrotic lesions

None

Severe

Severe

Severe

Reddening more intense
on undersurface and ent-
irely interveinal,
Lighter, but over entire
leaf on upper surface,
In some cases, there 1is
a leaf distortion, with
an accompanied increase
in reddening,

Deep reddish purple col-
our solid over upper
surface except for yel-
low green colour of
veins, Only light red
colour along margins

on undersurface,

First apparent on lower
surface; later more
severe on upper, Mostly
interveinal, but tends
to coalesce along leaf
margins to give a solid
red colour,

9e
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the firit of July. The color increased in intensity during
the summer months and reached a maximum about the middle of
September. The expression of maximum reddening appeared to
be dependent upon ccol weather, the date of which varied
from year to year, At the time of maximum symptom
expression in diseased trees at Kootenay Bay and Epickson,
healthy trees of the same varieties in the Erickson plot _
8till showed very little or no evidence of red éolorntion.

Young trees of Star, Sam, S«6-7(7), and S=6-6(7)
were established in the Erickson plot so that young trees
of thn;é varieties could be inoculated directly with buds
from trees infected with little cherry. This experiment
was designed to determine whether young trees of these
varieties would respond in & manner similar to those in
the Kootenay Bay orchard where they had been established
as branches on infected trees,

Trees of Star on mazzard understock which were
inoculated in 1951 displayed leaf symptoms on the inocul-
ated branches in 1952 and throughout the trees in 1953,
Faint symptoms were gvident by the middle of June and were
fairly strong by mid~July, reaching full intensity after
the advent of cool nights in September. Uninoculated
comparable young Star trees in West Creston displayed no
foliage coloration until mid-October, shortly before de-
foliation, Young trees of Sam, S~6-6(7), and 8=6=7(7) in
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the Erickson plot that were inoculated in 1952 displayed
symptoms on inoculated braneches in 1953, These symptoms
corresponded precisely with the symptome observed on the
same clones in the Kootenay Bay plot, Their times of
appearance corresponded closely with those of the symptoms
in Star, Uninoculated check trees in West Creston dis-
played only the late October foliage coloration,

Ring spot contaminant viruses were found to be
present in all the little cherry inoculum sources used,
The possibility that these viruses were responsible for the
red leaf reaction was tested in 2 ways as follows:(a) tests
were made for the presence of ring spot viruses present in
these varieties, and (b) tests were made for ;ho reaction
of these varleties to ring spot viruses from other sweet
cherry sources,

Ring spot viruses already present in these
varieties and seedlings would be expeeted to protect them
from reacting to othser ring spot viruses, To test for the
presence of these ring spots, 1llj of these varieties and
seedlings were indexed on Shirofugea., These results are
presented in table 2, All the clones except S=3-18(7)
gave a positive reaction for ring spot, Star was also
indexed on sour chn;ry for sour cherry yellows, The sour
cherry gave a strong reaction for the presence of ring

spotg, but no reaction for sour cherry yellows,



Table 2,

Variety

8-3-18(7)
§=6=6(7)
$=9=10(8F)
8=3=3(7)

8=3=7(7)
Star

Sam
Velvet
S=7=10(87)

8=5=19(7)
S=8=l(SF)
$=5-11(7)
S$=6=7(7)

S=5=16(7)

Kootenay little cherry:
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The indexing on Shiro-

fugen for ring spot of varieties showing red

Result

negative
positive
positive
positive

positive
positive
positive
positive

1l positive
1 negative

positive
positive
positive
positive
positive

leaf reaction,

Remarks

buds alive
browning of cambium and gumming
browning of cambium and gumming

slight gumming and severe necrosis
of cambium

gumming and
gumming and
gumming and

necrosis of

very slight
buds alive

browning of cambium
browning of cambium
browning of cambium
cambium

necrosis of cambium

necrosis of cambium

cambium and gumming
cambium and gumming

cambium and gumming
cambium and gumming

necrosis of
necrosis of
necrosis of

necrosis of
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To teat the reaction of these varileties to ring
spots alone 3 Star trees were inoculated with ring spot
viruses from Lambert, Inoculations were made in 1951, and
observations made over the next two years showed no devele
opment of the red leaf symptoms similar to those observed
for Star trees inoculated with Kootenay little cherry.

- Tests were conducted to determine whether
viruses other than those in the "little cherry group"
might be effective in producing this symptom in Star,
These tests were carried out in the greenhouse in Corvallis
in Jenuary 1953 with the mora, rusty mottle and ring spot
plus sour cherry yellows virus, No symptoms do;;lopod
during 1953 from any of these inoculations into Star,
although simllar trees inoculated with western X little
cherry produced typical red leaf symptoms, These trees,
when established in the greenhouse in February, 195i,
produced symptoms characteristic of these diseases, but no

red leaf symptoms,
Comparative Effect on Host Plant

Cherry Varieties

Red Leaf Indicator Varieties, Five of the

varieties and seedlings which produced strong red leaf
symptoms as & result of inoculations with Kootenay little

cherry were selected for a comparable study with western
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X lityla cherry at The Dalles, Oregon, Table 3 lists the
varieties tested and their reactions to western X little
cherry frem observations which were made on September 25th,
1953, The data show that these varieties reacted essent~
lally in the same manner in which they react to Kootenay
1little cherry, but the varleties and seedlings Sam,
S«5=16(7), and 8=-7-10(SF), produced a strong coloration
along the veins with western X little cherry whereas their
characteristic symptom with Kecotenay little cherry is the
interveinal reddening,

Lambert on mazzard and mahaleb understock, Sweet

cherry varieties have been shown to produce characteristic
symptoms when inoculated with western X little cherry. On
mahaleb understock, wilt and decline symptoms have been
found to occur at any time during the growing season., The
first symptom is the appearance of a light éreon or yellow
color in the leaves., Later, the leaves die, with or with-
out formation of an abscission layer., When this occurs
they become reddish brown and persist on the tree throughe
out the summer and following winter, In Lambert on
mazzard, the symptoms of western X little cherry are
limited to those expressed in the fruit,

The Lambert variety was selected for studies with
Kootenay little cherry because it 1s the variety reacting
most severely to little cherry, producing very distinetive



Table 3, Western X little eharry:'nenctiona in twooﬁ-chorry varieties producing red

Variety

Roddening

leaf symptoms

Remarks

8-5=16(7)

S=-7=10(8F)

Sam

S=8-i(SF)

Star

Slight

Slight teo
moderate

Moderate

Moderate

Severe

In contrast to Kootenay form, which is interveinal, the redden=-
ing followed the veins and veinlets almost entirely. Rest of
the leaf was a yellow green color,

Reddening stronger on the upper surface and appears to follow the
veins and margins of the leaf, In one branch, & reddish purple
pattern developed, The rest of the branches had some purple
colour, but it was much lighter, The same colour intensity dev-
eloped on the undersurface, but it was more scattered,

Reddish coloration over the entire leaf blade with the greatest
concentration of the red pigmentation around the veins, The
undersurface of the leaf was a yellow green colour except

for a slight reddening of the veins,

Dark red coleration similar teo that produced by this variety in
the Kootenays, In addition, there was some marginal reddening
and leaf distortion., Rest of leaf was a yellow green colour.
On the undersurface, the reddening appeared as scattered dark
red blotches, :

Dark red interveinal reddening developed which was similar teo
that produced by the Kootenay form, but not quite as pronounced,
The undersurface had a reduced amount of reddening as compared
to the upper surface, Symptoms were limited to the inoculated
branch,
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frult symptoms, When flve twoeyear old Lambert trees on
mahaleb understock and four on mazzard understock were
inoculated with Kootenay little cherry, there was a
reduction in vigor of all trees the first year as compared
to the five treea left for checks on each understock,
This became apparent by August and was characterized by
reduced terminal growth and, in Lambert on mahaleb undere
stock by a yellow green color andéd upcurling of the leaves.
Measurements of the reductlon of growth of these tress on
both understocks were made in the winter of 1953 and are
summarized in tables I and 5, In the measursments of
Lambert on mahaleb, only two of the check trees could be
included as 1 tree was stunted because of & root and crown
rot, and 2 trees produced little cherry symptoms as a
result of natural spread in the plot, For the 5 inoculated
trees the average trunk diameter was 5,85 inches, compared
with 7.37 inches for the two healthy trees, In 1952, the
terminal growth of these trees ranged from 22 to 20 inches
for the diseased trees compared with 31 to 34 inches for
the check trees, while in 1953 the growth of the diseased
trees ranged from & to 15 inches compared with 17 te 25
inches for the healthy checks,

Lanbert on mazzerd showed & reduction in growth
similar to that displayed in Lambert on mahaleb. These

results are summarized in table 5, The average trunk



Table lj, Lambert cherry on mahaleb understock: Growth measurements of healthy trees and

trees infected with Kootenay little cherry,

Tree Healthy er Terminal Growth Number of Trunk
Number Disesased 1952 1953 leaders diameter
' inches inches

1 Diseased 30-36 5-13 2 6425
2 Healthy 30-36 15«19 2 6,75
3 Diseased 25=36 15=22 2 7
L Healthy 33-53  20-36 2 8
5 Diseased 20-23 8=20 2 6
6 Raturally 28-40 14-20 2 9425
infected
7 Diseased 22-2l T=1l 1 5
8 Naturally 2846 12«38 6,75
infected
9 Diseased 15=23 = 6 1 5
Average Diseased 22-28 8=15 5.85
Average Healthy 31-hly 17=25 737

g



Table 5, Lambert cherry on mazzard understock: Growth measurements of healthy trees and

trees infected with Kootenay little cherry,

Terminal Gpowth

m:;;:r Hﬁ?ﬁﬂ.ﬁ” 1952 1953 Nmr:r Di&r:%ar
inches inches
| Diseased 30-50  17-23 2 6475
2 Healthy 35?50 1225 2,75 7
3 Diseased 28-32 9-11 1 he25
h Healthy 3055  15-35 3 7425
5 Healthy 30=46  16=25 2 6
6 Healthy 2540  15=30 2 6
R Diseased 20-27 10-16 2 5.75
8 Healthy 30-53 20-30 2.5 Te75
9 Diseased 20=-26 7-15 1 o5
10 Healthy 25-31 15-24 3 6426
Average  Diseased 25=34  11-16 537
Average  Healthy 29=46  15-28 6.7

e
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diameter of diseased trees was 5,37 inches compared with
6.7 inches for healthy tiees., In 1952, the terminal
growth of diseased trees ranged from 25 to 34 inches com=
pared with 29 to L6 inches for healthy trees, while in
1953, the diseased trees ranged from 1l to 16 inches
compared with 15 to 28 inches for the check trees.

No frults were produced on any of the irees
until 1953 At that time, all inoculated trees produced
over the snt1r§ tree fruit symptoms typical of Kootenay
little cherry. These symptoms which are apparent only at
fruit maturity are characterized in Lambert by the pro=-
duction of small dull red immature fruit which never
attains more than about half the alze of normal fruit,
The affected fruit remains hanging on the tree and
retains its immature appearance far beyonéd the normal
picking date, In addition, the fruit is more angular
and pointed than normal and often has three flat sides
tapering towards the distal end., It never attains the
flavor of normal fruit, Plate 3 shows Kootenay little
cherry symptoms in the Lambert variety.

The tests of Lambert on mazzard understock were
conducted to study the performsnce of trees when arcife
leially Inoculated and to compare the reaction of these
trees with that of similar trees established on mahaleb

understock, The results of these tests are summarized in
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table 6, In all cases, there wers no symptoms until the
second year aflter inoculatlon, when all the trees {ruited,
At that time, the 4 inoculated tress showed Kootenay little
cherry symptoms over the entire tree while the 5 check
trees produced normal f{ruit, These symptoms were identi-
cal with those described sbove for Lambert on mahaleb
understock, Apart from a slight upcuriing of ths leafl
margins, and a slight reduction in the growth of inocu=
lated trees, there was no other symptom manifestation

in this variety,

Plate 3. Symptoms of Kootenay little cherry in Lambert;
gpecimens from tree In & commereial orchard, Noie proe
duction of apparently normal fruit with the small fruit,
Photogreph »y 8,R, Cannings.

Montmorency on mazzard and mahaleb understock.

Western X little cherry produces rather distinctive



Table 6, Kootenay little cherry: Transmission studies in the Lambert variety on mahaleb
and mazzard understock,

Understock Number of Inoculum Number of

trees source inoculum buds Host reaction
Mahaleb 1l #hly 3 5 All trees showing little cherry
symptoms throughout tree and by
Mahaleb 3 #31+#49 3 8 September shoots showing reduced
growth; leaves yellow=green and
Mahaleb 1 #17 3 5  upeurled
Mahaleb 5 Non-inoculated
check Trees and fruit normal except for 2
trees naturally infected,
Mazzard 2 #hly 3 5
Little cherry symptoms over entire
Mazzard 1 #17 3 5 tree plus slight reduction in growth
Mazzard 1 #49 3 5
Magzard 6 Non=inoculated Trees and fruit normal,
check

419
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symptoms on Montmoreney scur cherry on mazzard and mahalsb
understeck, Montmcreney cn mahaleb understcck manifests
wilt and decline, seldom accompaniad by fruilt symptoms,
Typiecal 1little cherry frult symptoms are produced in this
varisty when 1t is established on mazzard understeck, The
Montmorency trees used in the study of Kootenay little
cherry were putchaaed from nurseries producing ring spot=
free stock, Thersfore, incculation of these trses in
1951 with Kootenay little cherry, which is normally
asrryiné ring spot as a contaminant, resulted in & shoek
reaction characteristic of necrotle ring spot viruses
(30, pelb3)e

In 1953, the trees had shown partial recovery
from the ring spot reaction and all trees produced &
fairly normal erop of fruit, Four of the 5 inoculatsd
trees on mahaledb understock displayed little cherry
symptoms charscterized by smell round fruits which
developed a distinet orange color at maturity. (see plate
4) On each tree, these symptoms were produced only on the
inoculatsd branch adjacent to the point where the sweet
cherry incculum buds had grown, In several cases, there
was growth of ths sweet cherry buds withoutl any expression
of 1ittle cherry symptoms in the Montmorenmcy brench, In
the inoculated treses not showing littles cherry symptoms,
the fruit was much smaller than fruit on the check trees,
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but this could be due to the reduction of folliage from the
ring spot shoek, This frult not showlng 1littls cherry
symptoms developed normal shape and color, The rsactions of
the individual trees ars outlined in tabls T« During the
two year period in whigch these trees wers obssived, there
were ne wilt and decline symptoms as reported for Monte
morency on mahaled when incculated with western X 1little

cherry, (28, p.l1)

Flate i, Little cherry symptoms in Montmorency inoculated
from dissased Lambert trees, Frults at upper left hand
corner are from healthy trees.

Neone of ths four inoecnlated Montmorency trees on
mazzard showed any indications of little cherry symotoms
when they frulted for the first time in 1953, On each of
the inoculated trees one or more of the Lambert inoculum

buds had grown, indicating that successful transmission



Table 7 ™

mahaleb understock,

Inoculum Number of

Kootenay little cherry: Transmission studies in Montmorency on mazzard and

Understock Number Host reaction
of trees source inoculum buds Ring spot Little cherry
1551 1952 1952 1953
Mahaleb 5 #hly L 5 Leaves contained Several inoculated
necrotic lesions branches on i out eof
- soon after unfold- 5 trees produced
ing. Later turned small, orange
yellow, with or appearing fruit
without green island
remalning, All trees
60=75% defoliated by
midsummer,
Mahaleb S Nen=inoculated Normal growth and Fruit plump and
check leaf develepment, matured normally on
all trees,
Mazzard 3 #ul 3 5 Symptoms similar Fruit colored up,

to those produced
in trees on

mahaleb understock

but did not attain
the sigze of fruit

on healthy trees,
probably due to
heavy loss of leaves,
No little cherry
symptoms similar to
these observed on
Montmorency on
mahaleb



Table 7, (conttd)

Understock Number Ineculum Number of

of trees  source ineculum buds Ring spot Little cherry
' 1952 1953
Mazzard 1 ' #31 - 6 5 Die~back up to 18", Fruit coloured up but
Leaves showed ring- did not size up
spot and yellows normally, Neo little
symptoms, Fruit cherry symptoms
bumpy at maturity = similar to that
observed on Mont-
merency on mahaleb,
Mazzard 6 Non=inoculated None None
check
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should have occurred, In 1952 and 1953, the incculated
trees displayed & ring spot shoek reaction sinilar to thet
produced on Montmorency on mahaleb understock, There wes &
reduction of fruit size on all incculated trees, bul this
w&as not accompenisd by typical 1little cherry symptoms and
presumable resulted from previous ring spol shock in the
manner reported above for Monkmorency on mahaleb understock,
Pable 7 lists the individual tree reactlons for lont-

morency on mezzard.

Peach Varieties

When seventeen young neach trees were inoculated
with & total of one hundred and ninety-eight buds {rom
sweet cherry trees infected with Kootenay little cherry,
there was never any indication of western X-disease
symptoms similar to those produced when peaches are
inoculated with western X little cherry (34, p.710).

Table & gives the inoculation data and the resulis obtained
from these studles, Inceulaiions made into the peach trees
in the summer of 1951 appeared to make good organic union,
but by the spring of 1952, all the buds had dled., In the
spring and summer of 1952, all inocculaved trees displayed
a shock reaction to the ring spot viruses present in the
little cherry source material, The ring spot shoeck

reaction might have prevented satisfactory organic union



‘fable 8,

Kootenay little cherry: Results of transmission to peach,

Variety Number of Incculum Number of Buds Host reaction teo latent viruses
trees source

Elberte 2 #19 L 6 Slight stunting plus mild ring spot

Elberta 2 #17 i Severe stunting plus slight ring spot

Elberta 2 2 #31 3 6 Necrotic ring spot on all branches

Elberta 2 Non=ineculated check

Hale 2 #7 [ 6 Die-back plus severe stunting

Hale #31 3 Strong ring spot symptoms plus die-back
up to 4"

Hale #1419 L 6 DModerately severe ring spot. Severe
stunting and die-back of 1" on tips

Hale 2 Non=-inoculated check

Rochester #uly 10 36 Gumming around buds; no dwarfing

Rochester p § #29 10 43 Mild ring spot plus severe stunting
over entire tree,

Rochester 1 Nen=inoculated check

Vedette #29 10 31 Slight ringspot and mild stunting

Vedette Non-ineoculated check
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for entry of the more slowly moving little cherry virus.
Therefore, all the peach trees were re-inoculated in 1952
from the same little cherry source trees. The 1952 sweet
cherry buds made good organic union and produced active
growth on seven out of the seventeen trees. By the end of
the 1953 growing season, none of the trees had exhibited
symptoms whiéh might be interpreted as those of western

X-disease,

Western Chokecherry Prunus demissa (Nutt.) Walp.

Chokecherry was selected as & test plant because
it produces a red leaf reaction when inoculated with
western X little cherry (30, p.i4B8). Five trees of choke=~
cherry were inoculated with Lembert buds infected with
Kootenay little cherry in 1951 and all trees were re-
inoculated in 1952, These inoculations resulted in some
gumning around the buds the first year after inoculation
and all buds died, Following the second year's inoculation
sweet cherry buds grew on 2 of the 5 inoculated trees
indicating good organic union, By the end of the growing
season in 1953 none of these trees showed the character=-
istic reddening symptom which has been observed in this
host when infected with western X little cherry.
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Effect on Fruit Develepment

Size of Pruilt

The most readily detected symptom of both of these
diseases is a reduction in the size of the fruit, Sgudies
were made in 1951 and in 1952 on the weight of healthy and
diseased fruit infected with western X little cherry and
Kootenay little cherry., Table 9 summarized the results of
these studies., The average weight of fruit infected with
western X little cherry was 3.6 grams compared with 8,31
grams for healthy fruit. Fruit infected with Kootenay
little cherry had an average weight of 3,94 grams whereas
healthy fruit avérngod 7.3 grams, Fruit from trees in-
fected with western X little cherry showed a slightly
greater reduction (56,7%) in weight than fruit from trees
infected with Kootenay little cherry (47.0%).

Soluble So¢lids Content

One of the characteristic symptoms of western X
little cherry and Kootenay little cherry is the lack of
flavor in the fruit at maturity., Tests were made on the
soluble solids content of frult infected with both diseases
and the data from these tests are summarized in table 9,
Fruit showing symptoms of western X little cherry had an
average soluble solids content of 9,7% compared with 21.97%



Table 9.

Western X little cherry and Kcotenay little cherry: Average weight and soluble

solids content of fruit showing symptoms.

Wosternlx little chorrg ‘Kootinay little cherry

Variety Av, W, Av, 88C2»3 Av. W&, . ssc3
1952 1951 1951 - 1952 1953 1951 1952
GRAVS ____ PERCENT GRAMS PERCENT
Bing : ’
Healthy 10,12 763 Te26 7402 2045 19.1
Diseased 3.67 h.25 3.7 3.88 13.0 97
Lambert
Healthy 9.7 Zhos 7:55% 707 7.68 19,5 17.0
Diseased iX 11,2 Selly 3.25 3.23 17.0 10.4
Royal Ann ;
Healthy 8449 7.8 19,0 19,7
Diseased 3.39 Le28 ool 12,5 11,8
Black Republican
Healthy h.9§
Diseased 3¢l
Montmerency
Healthy 19.4
Diseased Be2
Overall Averages : '
Healthy 8.31 2149 Teli3 18.8
Diseased 3.60 97 3,94 10.6
1 - based on 150-250 fruit, 2 - from E., Palm, personal centact., 3 = gaa:g on 15-20
ru

L7
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for healthy fruit, In the Kootenays, fruit from trees in-
fected with Kootenay little cherry had an average soluble
solids content of 10,6% compared with 18,8% for healthy
fruit, Western X little cherry caused a 55,7% reduction in
the soluble solids content of fruil’ showing symptoms, :
whereas Kootenay 1little cherry caused a reduction of U43.6%.

Sige of Seed

In 1952 and 1953, pits were collected from healthy
and diseased Bing, Lambert and Royal Ann trees infected with
Kootenay little cherry., At the time of collection, no
apparent differences in the seed from healthy and dlseased
trees could be detected, Whsn air dried, the seeds from
healthy trees remeined plump and firm while those from
diseased trees shrivelled and turned brown, The data from
these tests are summarized in table 10, In the studies
made in 1952 and 1953, there was a 38,8% reduction in the
air dry welght of seed from infected Bing érool. In the
Lambert variety, there was & reduction of 26,84, For the
2 years, the average weight of seed from diseased trees
was ,043 grams compared with ,060 grams for seed from
healthy trees, Working with western X little cherry at The
Dalles, Oregon, Jones, Wilks, and Williamsl found a
reduction in the air dry weight of seed from diseased cherry

1 Unpublished data,



Table 10, Western X little cherry and Keetenay little cherry: Average weight and eil
content eof seeds frem fruits showing symptoms,

Western X little cherry3 Keetenay little cherry

Variety Seed Wt.l 011 centent? Seed Wt,1 011 centent?

: 1952 1953 1952 1953 1952 1953 1953

grams grams grans grams

Bing ' A

Healthy .‘.oué + 069 <011 « 025 067 «065 »023

Diseased QOl ,027 0001 .002 .036 .0’..-6 9013
Lambert

Healthy «057 + 085 «021 «03L «072 «056 «015

Diseased .023 0033 0002 QOOQ-I» .0613. .01{-1 .009
Royal Ann :

Healthy o048 « 065 «013 0025 « 067

Diseased 020 0025 «002 +003 «036
Overall Averages

Healthy 061 0022 - o065 «019

Diseased ® 02,.‘. ® 002 .0’45 «011
1 - Average ef 50 seed 2 - Average of 100 seed

3 5 Unpublished data: Jones, Wilks, and Williams,

6t
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trees, The average welght of seed from Bing, Lambert, and
Royal Ann in 1952 and 1953 was ,024 grams from frult show-
ing symptoms of western X little cherry and ,061 grams
from fruit from healthy trees, or a 60,6% reduction in the
average weight of all varieties., Thus the seed from fruit
showing symptoms of western X little cherry showed & much
greater reduction in weight than that from Kootenay little
cherry fruits, Plates 5 and 6 illustrate the appearance
of air dried seed from fruit showing symptoms of woatern.

X little cherry and Kootenay little cherry,

e 9e9 PO DID

DISEASED ! DISEASED
SEVERE LITTLE CHERRY FRUIT. 6-C

29799 29909009

HEALTHY TREE. 7-A

HEALTHY
WESTERN X LITTLE CHERRY KOOTENAY LITTLE CHERRY
THE DALLES, OREGON |
1951 1953 |
Plate 5., Air-dried sced Plate 6, Airedried seed
from healthy and diseased from healthy and diseased
Bing trees. Photograph Bing trees. Photograph
by Dr. Leo Jones. by S.R. Cannings,

Effect on 01l Contant of Seed

Working with western X little cherry at The

Dalles, Oregon, a reduction was found in the o0il content
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of seed from diseased trees (Jones, Wilks and Williamsl),
The results of atudies macde on the oil cortent of seed from
fruit showing symptoms of western X little cherry and
Kootenay little cherry are summarized in table 10, For
Kootenay little cherry the average o0ll content of seed
from frult showing symptoms was «011 grams as compared
with ,019 grams for healthy seed, The average oil content
of seed from Bing, Lambert, and Royal Ann fruit showing
gymptoms of western X little cherry was ,002 grams com=
pared to ,022 for comparable seed {rom healthy trees,
Extractlon methods differed for the determination of the
0il content of western X little cherry and Kootenay

little cherry, so the total oil content for healthy and
diseased seed of the 2 diseases cannot be compared,
However, the oil content of diseased seed taken as & per=
centage of the oil content of healthy seed provides a basis
for comparison of the two diseases, Western X little cherry
caused a 90,0# reduction in the oil content compared with
& 42,1% reduction for Kootenay little cherry,

Rate of Virus Spread

Natural Spread in Orchards

Information on the rate of tree to tree movement

1 Unpublished data,
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of these 2 dissases was obtained from deta which have been
accumulated for the past 5 years by the Oregon Agricultural
Experiment Station for western X 1ittlé cherry (16), and
from data which were accumulatzd for a pericd of 2 years
for Kootenay litti§ cherry {8, p.91). These date are
sumnmarized in tables 11 and 12, They indicate & much
higher rate of spread for Kootenay little cherry., S3urveys
of 5 orchards in the Creston district showed an increase in
number of trees infected from 155 in 1946 to 723 in 1947, or
a percentage increase of 367% within a 2 year period. In
surveys of 785 trees for western X little cherry the number
of new infections observed over a l year period from 1949
to 1953 inecreased from 102 trees to 171 trees or a percent-
age increase of 67.6% for the four years,

Table 12, Kootenay little cherry: Tree to tree spread for
the years 1946 and 1947. (8, p.91)

Orchard Number of infections,
1946 i9E7
A 7 33
B 63 330
G sl 216
D 0 56
E 31 88
Totals 155 723

Movement in Tndividual Trees

Studies on the movement of western X little cherry
in individuel trees were made from information which has
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been accumulated at the Experimental Station at The Dalles,
Oregon, over the past 2 to 3 years (16). The results of
these studies are reported in table 13, For the 12 trees
for whieh these records were made, movemenht of the virus
was found to vary from those treea in which only spurs

ad Jacent to the point of inoculation were showing symptoms
to trees in which scattered spurs & dlstance of I} = 6 feet
from the noint of inoculation were showing symptoms, The
average annual wmovement of the virus was about 15 to 20
inches, There did not appear to be any ilnerease in the
rete of spread of the virﬁs the second and third vears
after infection,

Studies on the movement of Kootenay litile cherry
were made on four flvesyear old Star trees in the Erickson
plot in 1952 and 1953. The results of these tests are
summarized in table 1}, These trees were irnoculasted in
1951, and by 1952, spread of the virus was found to vary
from 35 to 38 inches into the tips of each inoculated
branch., In 1953, the virus had spread throvghout thes
remaining healthy branches in the tree. The rapid spread
of this dissase has been previously noted many times in
field observations., This rapid spread of the virus has
never been noted for western X little cherry in which the
virus gradually moves through & branch, and eventually

spreads throughout the rest of the tree,



Table 11, Western X little cherry: Tree te tree lfread from 1949 te 1953, at The Dalles,

Oregon,
Total number Number of trees infected,
Orchard of trees IS Percentage 1951 Percentage 1952 Percentage 1953 Percentage
checked of total of total of total of total
Weston b 7 5 15 13.5 15 13,5 17 15,3 19 17,1
Meyer :
Don Bailey 288 18 62 28 9.7 y2 14,6 Ll 15,0
Plet 1 :
Den Bailey 267 49 18,4 55 2046 6l 24,0 76 28,5
Plet 2
Kaster- 119 20 16,8 25 21,0 27 22,7 32 2649
Kronberg
Overall 785 102 13,0 123 15,7 150 19,3 171 21.8
Average
Percentage increase in 20,6 21,9 14,0

infection each year

1l - Personal contact: J.,A, Milbrath,

hs



Table

13, Western X little cherry: Progress of symptoms in individual trees, at

The Dalles, Oregon,

Tree Virus movement through trveel
number 1951 1952 1953
24 6=10"; 93 spurs very slight increase;
moved into several
spurs missed in 1951;
101 new spurs
Ls 6 directions of movement 12-20"; 49 new spurs
of 12-30"; 261 spurs
Lé spread 1lL-48"3;h1 spurs 12-18"; 83 new spurs
61 6-10"; 3L spurs 12=-20"; 147 new spurs
11 only spurs adjacent to 12-18"; 10 new spurs 10-18"; and one branch
buds infected; 8 spurs 6' long
115 spurs adjacent to buds B-12" 12-20"; scattered spurs
117 24" down branch; 6=-10"3 17 new spurs 5t on 1 branch; another 6!
12-18" up branch; branch showing scattered
33 spurs infection

1l - Limit of spread was determined by progressive symptom expression ocutward

from the point of inoculation

ss



Table 13,

Tree

(conttd)

Virus movement through tree

number

1951

118

120

121

122

132

scattered near points of |
inoculationy 7 spurs

on spurs adjacent to
buds3 5 spurs

ad jacent to buds and
scattered; 2 spurs

localized about 6%

1952 1953
18-zZi™; scattered spurs 24" into tips; movement of
on 6' branch infected L* into upper branch
15=-20" up branch; upward 10%; downward 36"

120 new spurs

8=10"3 15 new spurs

very slight; 1l new spurs downward 24-26" and into
other branches up to 6!

away

6H=12" li=-26"; movement of LO%
into one branch

95
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Table 1L, Kootenay little cherry: Progress of virus
spread in individual trees

Tree Virus movement,l
number 1952 1953
inches
Bl LOo=17 Spread into 3 remaining
scaffold branches
B6 35-38 Spread into lj remaining
scaffold branches
N1 Branch 1 40=50 Moved into 2 remaining
Branch 2 h5=52 non-inoculated branches
Branch 3 55-58

N2 2 branches L45-50 Moved into l remaining
non-inoculated branches

1 Limit of spread was determined by progressive symptom
expression outward from the point of inoculation,
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DISCUSSION

Western X little cherry, Green Valley bueckskin,
small bitter cherry, Utah wilt and decline, Napa Valley
buekskin, Albino cherry and Kootenay little cherry, are
virus diseases which are collectively referred to as the
"little cherry group". The research here reported has
dealt only with a comparison of Kootenay little cherry with
western X little cherry. These have been reported as two
distinet diseases in the handbook (30, pp.l3=52; pp.1l26=120)
although the frult symptoms manifested by the two diseases
in their respective districts are similar, varying only in
degree of severity., Establishment of the identities and
the relationship of these two diseases is required as a
basis for future studies of varietal resistance, vector
transmission and control, and for framing policies to
control movement of propagation material, At the present
time, much effort and expense is entailed in the attempts
to keep these diseases confined to their respective dis~-
triets. If the diseases are distinct, this phase of the
work becomes important, but if they are the same disease,
this would be wasted effort.

The red leaf reaction that occurs when certain
sweet cherry varieties and seedlings are inoculated with

Kootenay little cherry has not been previously reported as
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a reaction to any other stone fruit virus in sweet cherry,
However, the red leaf condition in chokecherry when infec-
ted with X-disease and western X little cherry resembles
this reaction,

Preliminary studies indicated that the rsd leaf
reaction in certain sweet cherry varieties and seedlings
was correlated with little cherry virus infection. The
latent ring spot viruses in sweet cherry have been shown to
be common contaminants in all little cherry inoculum sources
and therefore were suspect as the cause of the red leaf
roncticn.' However, when the Star variety was inoculated
with Lambert Infected only with ring spot, no red foliage
developed, On the other hand, Star has produced the red
follage reaction whenever exposed to little cherry plus
ring spot, either as branches on old infected Lamberts
or in young infected trees. Further evidence that the
ring spot viruses do not cause the red leaf reaction was
obtained when eriginal clones of most of the test variet=
les were shown, by Shirofugen indexing, to carry a ring
spot virus, This combined evidence of the presence of ring
spots in the original clones that have never manifested the
summer reddening, and the failure to produce reddening by
further inoculation with ring spot culturos; demonstrates
conclusively that the reddening symptomsis not induced by

contaminant ring spot viruses,
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Some of the varietles and seedlings showing this
red leaf reaction to little cherry virus also produced
chlorotic and necrotic lesions, This type of symptom sug-
gested the action of contaminant ring spots., However, since
these varieties have been shown to carry the ring spot virus
without symptoms previous to inoculation with l1ittle cherry,
the subsequent development of this symptom has to be inter-
preted as a part of the little cherry reaction, or reaction
to some other contaminant virus,

Five of these sweet cherry varieties and seedlings
were inoculated with western X little cherry at The Dalles,
Oregon, The symptoms produced from these inoculations
were very similar to those produced by Kootenay little
cherry, but the intensity of symptoms expression wag not
as severe, This may be due to the lack of cool weather
which is necessary before the leaves produce full express—
ion of the red pigments, or to the strong winds which occur
in the area and which blow the leaves off as soon as the
abscission layer starts to form, preventing full symptom
expression, In most cases, the basal leaves had fallen on
all %noculated trees, In the Kootenays, these basal
leaves have been the first to show symptoms and usually
develop the strongest color,

In all the clones inoculated with western X

little cherry, there was a certain amount of distortion of
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the lamina of the leaf, and the leaves felt guite leathery,
Both symptoms can probably be attributed to accumulation of
starch in the tissues, There wore.no necrotic or chlerotic
mottles similar to those produced by Kootenay little cherry
on any of the varieties tested with western X little cherry,
These varieties will prove valuable as indicator
hostes for western X little cherry and Kootenay little
cherry, as bearing trees are not required to read symptoms,
They can be used in the research work on western X little
cherry by grafting them oento the arme of mahaleb, As this
understock is immune to western X little cherry each arm
could be used for a different experiment, and be removed
when it becomes infected, This would save considerable
time and space in the study of vector relationships and in
the testing of varieties which do not show symptoms, to
determine if they are latent carriers of the virus, In
areas where protection from natural infection is essentlal,
a large number of small trees can be established in screen
cages as the trees need not be maintained for more than
2 to 3 yesrs, In seed transmission studies, these vari-
eties can be established on the young seedlings and
several years would be saved as there would be no necessity
to wait for frult symptoms or to index on some other host,
In the Kootenays, these clones are being established on
young Lambert trees which are to be used in spray tests for
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insect vector contrel, Each young tree will contain a
branch of Star, and records of the spread of the virus
should thus be obtained several years before sufficlent
fruit is produced to read fruit symptoms. The use of these
varieties as indicators offers as additicnal advantages the
display of foliage symptoms that persist through a longer
season than those produced in fruits, and the fact that
these foliage symptoms can be diagnosed more accurately,

The range of symptoms eiproased by these two
diseases in sweet cherry on mazzard understock ls so similar
that nc attempt has been made to separate them, For both
diseases, the symptoms are confined to the frult, with the
production of small immature cherries which never reach
proper maturity even if left on the tree long after the
normal picking date, 7Tests made of the weight and soluble
solids content showed that both discases cause a L0% or
greater reductlon in the weight and scluble sclids content
of fruit showing symptoms, The effect of western X little
cherry was found to be slightly more severe than that of
Kootenay little cherry,

In the Kootenays, Lambert trees infected with
little cherry show a wide variation in the severity of
symptoms expressed each yezr, In some areas, severe
symptoms are produced every year, while in other areas, in

some seascng the fruit attalns normal size and color.
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However, such fruits usually lack flavor, and are altered
inshape, with 3 flat sides tapering toward the distal end,
In the Bing variety, severe little cherry symptoms are
produced the first year after infection occurs, In ensuw=
ing seasons in some districts, the frult develops normal
size and shape (plate 7), although full flavour is lacking,
In the West Kootenay, and in several orchards in the Creston
district Bing trees have continued to produce little cherry

symptoms after the first year of infection,

Plate 7. Kootenay little cherry in Bingj fruits from trees
which have undergone the shock reaction and have recovered,
Upper row: fruilts infected with little cherry.
Lower row: normal fruits, Phete by Dr, J.A. Milbrath,

The severity of fruit symptoms in trees infected
with western X little cherry varies from year to year dep-

ending on climatic conditions, The occurrence of a shock
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reaction followed by recovery which has been noted in Bing,
and to & lesser extent in Lambert when 1Infected with
Kootenay little cherry, has never been observed in these

varieties infected with western X little cherry, (plate 8)

Plate 8., Bing fruits from tree infected with western X
little cherry for several years. Three fruits in upper part
of picture are from healthy tree. Note the lack of re-
covery in western X little cherry, and compare with Kootenay
1ittle cherry in plate 7. Phete by Dr. J.A. Milbrath,

In the Royal Ann variety, the symptoms of western X little
cherry show & much wider variation in severity than 1is found
in infected Bing and Lambert varieties. In seasons when

the symptoms of western X little cherry in Bing and Lambert
are mild, branches of trees of Royal Ann which have been
previously marked as diseased often produce fruit of normal
size, but with reduced red color. This fruit meets the

standards set for cannery and processing purposes,
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Working with western X littie cherry at The
Dalles, Oregon, Jones, Wilks and Williamsl found that there
was a reduction in the weight and oil content of seed from
diseased trees, Similar studles made with Kootenay little
cherry, showed that this disease caused a 30% or better
reduction in the weight and oil content of the seed from
fruit showing symptoms, This was found to be true of all
varieties tested except the samples of Lambert collected
in 1952 in which there wers no differences between the
weight of healthy and diseased seed, The reason for this
discrepancy 1s not known, By comparison western X little
cherry caused a 60% reduction in seed weight and a 90%
reduction in oil content; in each case & much greater re-
duction than that caused by Kootenay little cherry,

The spread of Kootenay little cherry has been
exceedingly rapid. The alarming rate at which the disease
spread throughout the Kocotenays has always provided a
serious threat to other cherry growing districts, Within
a period of 15 years after the first report of the disease,
practically all the cherry trees in the Kootenay District
of British Columbia had become infected. The spread of
little cherry in individual trees was alsc found to be very
rapid, Tests showed that once little cherry was introduced
into a tree, by budding, spread throughout the tree was

1l Unpublished data,
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complete within a period of 2 years (see table 1), This
rapid spread in individual trees has alsc been observed
many times in surveys which have been made In commercial
plantings,

Records of the movement of western X little cherry
beth from tree to tree and within individual trees show that
this disease moves at a much slower rate, Once it is
established in a branch, symptoms of the disease gradually
appear over the rest of the tree, Depending on the size of
the branch and the vigor of the tree, it may take several
years to move out of an infected branch into the rest of
the tree, This virus also appears to move much more slowly
in older trees and in trees which are low in vigor and
producing very little growth,

Differences in the rate of tree to tree spread
may be explained by the activity of the vector which
carries each disease, The vector for Kootenay little
cherry may be more active and move over greater distances
with more frequent stops than the one for western X little
cherry. However, movement of the virus in individual trees
is more dependent on the host relationships of the virus,
and these differences in the rate of movement of the two
viruges provide strong evidence that they are distinet,

In peach, symptoms of western X-disease have been

repeatedly produqed when this host is inoculated with
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western X little cherry (30, p.50)s In the Kootenays,
inoculations made over a 2 year period into 17 peach trees
have not produced any symptoms other than those attributable
to the latent ring spot viruses in sweet cherry., As many
as ,0=50 buds containing Kootenay llttle cherry were put
into each of certain peach trees over a 2 year period withe
out any indication of transmission, Western X-disease has
never been observed in any commercial plantings of peach
grown adjacent to sweet cherry trees infected with Kootenay
little cherry., The results in peach suggest that the two
diseases are caused by 2 different viruses,

Western chokecherry produces a red leaf reaction
which has been demonstrated to be caused by the causal virus
of western X-disease in peach and western X little cherry in
cherry (15, p.19)s In the Kootenays, no such symptoms
developed on any of the 5 chokecherry trees inoculated with
Kootenay little cherry, Moreover, this red leaf reaction
has never been observed in the asbundant native Prunus
demissa trees occurring in the area. On this host the two
diseases appear to be caused by 2 distinet viruses. This
provides additionil evidence that the causal viruses are
not the same,

One of the most striking differences between
western X little cherry and Kootenay little cherry is thelr

reaction on sweet and sour cherry established on mahaleb
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understock, In these hosts western X 1ittle cherry produces
wilt and decline and death of young trees within l-2 years
after inoculation, During this period of decline, there
are no western X little cherry symptoms manifested in the
fruit, The reaction of Kootenay little cherry was distinet
from that of western X little cherry in that symptoms typi-
cal of those produced on mazzard understock were produced
on all 5 inoculated Lambert trees on mahaleb understock,
Over the 2 year period in which these studies were made, the
symptoms in inoculated trees were limited to a reduction
in terminal growth and a slight upcurl of the leaves of
Lambert trees which became apparent about August, There
were no symptoms of wilt and decline similar to those
reported for western X little cherry,

Practically all the sweet cherry varieties in the
Kootenays are established on mazzard understock. A Lambert
tree budded high on mahaleb, so that it was entirely on
mahaleb roots, was found in one commercial orchard, This
tree produced little cherry symptoms similar to those
produced bythe rest of the trees in the orchard and similar
to those induced by the inoculations made into Lambert on
mahaleb, in the Erickson plot,

Montmorency trees on mahaleb understock treated
with Kootenay little cherry in 1951 produced fruit symptoms
in 1953, but only on inoculated branches. This differed
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from the result in Lambert in which the symptoms were
apparent throughout each tree 2 years after inoculation,
However, as in.Lambert, there were no symptoms of wilt and
decline similar to those reported for western X little
cherry on any of the trees inoculated, '



CONCLUSION

These studlies indicate that western X little
cherry and Keotenay little cherry are caused by distinct
strains of the same virus, Both diseases produce small

fruit symptoms which vary frem year to year in degree of
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geverity, In most seasons difficulty would be encountered

in separating these two diseases on fruit symptoms alone,
even though the symptoms of western X little cherry are
more persistent, especislly in Bing and Lambert where re=

covery similar to that observed with Kootenay little cherry

seldom, if ever, occurs, When Star, Sam, and 3 unnamed
secedlings, which had given a strong red leaf reaction teo
Kootenay little cherry, were ineculated with western xAk
little cherry, the leaf reactiors obt:'tined were similar,

Both diseases caused a reduction in the weight and soluble

solids content of mature fruit., Likewise, both diseases
caused a reduction in the weight and oil content of seed
from fruit showing symptoms, :

Despite these similarities, & number of rather
distinct reactions have been obtained on certain hosts,
When western X little cherry is inoculated into sweet and
sour cherry on mazzard understock, the reaction differs
frem the reaction of the same varieties on mahaleb under-

stock, Kootenay little cherry produces the same type of
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fruit symptom when inoculated into sweet and sour cherry,
whether they are propagated on mazzard or mahaleb understock,
The fallure of Keotenay little cherry te produce western
X-disease in peach is also a significant difference between
the two diseases, Similar evidence is provided by the
failure of Kootenay little cherry to produce red leaf in

Prunus demissa,

On the basis of their performance in sweet cherry
these two diseases would be difficult to differentiate.
However, the two diseases heve given sufficiently distinect
reactions on other hosts to indicate that they cannet be
produced by the same causal agent, Presumably two distinct

strains of the same virus are involved,
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SUMMARY

1, Kootenay little cherry and western X little cherry
have a similar range of symptoms in commenly grown sweet
cherry varieties on mazzard understocks, For each disease
the effect is limited to a failure of the frult te reach
proper maturity.

2, Both diseases cause & reduction in the weight and
soluble solids content of fruit showing symptems,

3. Both diseases cause a reduction in the weight and
0il content of seed from fruit showing symptoms,

e A number of varieties and unnamed seedlings
developed by the Deminion Experimental Station at Summerland
British Columbia, produce a red leaf reaction when in-
oculated with Kootenay little cherry, Similar symptoms
were induced when some of these varieties were inoculated,
u;th'weatern X little cherry.

Se The ring spot viruses have occurred as common
contaminants in all the little cherry source material used,
The peossibility that these viruses are responsible for the
red leaf symptoms has been eliminated by (a) the demonstra-
tion that this reaction does not result from lnoculation eof
Star with Lambert sources carrying ring spot, but not 1little
cherry; (b) indexing on Shirofugen which indicated the

presence of ring spot viruses in original cleones of all
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these varietles tested except one,

b No reddening was produced in Star when ineculated
with viruses other than those in the little cherry groupe.
Viruses used in this study included those of sour cherry
yellows, the mora disease, rusty mottle, and the commonly
occurring ring spots,

Te In sweet and sour cherry on mahaleb understock,
western X little cherry produces wilt and decline and death
of the tree, In these hosts, Kootenay little cherry pro-
duces fruit symptoms similar to those induced in cherry en
mazzard understock, but ne tree symptoms,

8, Peach reacts to westerm X little cherry with the
production of western X-disease symptoms, No symptems of
western X-disease have been produced in peach trees inoc-
ulated with Koetenay little cherry.

e Western chokecherry, P, demissa gives a red leaf
reaction when ineculated with western X little cherry,
Kootenay little cherry produces no symptoms in this hest,
10, The spread of Kootenay little cherry in 5 year old
Star trees is complete within & peried of 2 years, Observ-
ations on the movement of western X little cherry have ine-
dicated a much slower spread, Following the expressien of
symptoms, the spread of the virus has averaged 15 to 20
inches a year,

1l. The natural spread of Keotenay little cherry in
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commercial orchards is much mere rapid than the spread eof
western X little cherry.

12, There is & wide varistion in the severity of
symotom expression of Kootenay little cherry from year to
year in the Bing and Lambert varieties, In some districts,
symptoms in the Bing variety are apparent only in the first
year after infection occurs, Although these varleties
infected with western X little cherry show a variation

in symptom severity from year to year, recovery similar to
that observed for Kootenay little cherry has never been
observed,

13, On the basis of the similarities and differences
found between these two diseases, they are considered to

be separate strains of the same virus,
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