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A disease of sweet cherry (Prunus avium L.) known as "cherry 

rosette" has threatened production of cherries in Oregon. In 1961 

this disease was observed in widely separated orchards. Rosette 

occurred in isolated trees or in spreading patterns, often from 

identified single trees or from one section of an orchard. A similar 

problem in 1953 is suspected to have been rosette. 

Rosette symptoms in cherry closely resembled those described 

for boron deficiency of stone fruits, but boron deficiency was not 

recognized as a problem of cherries in Oregon. Transmission by 

grafting, occurrence over a large area in trees on varying soils, 

and the spread in and among trees all suggested a virus as the causal 

agent of rosette. 

Boron spray trials were conducted in four commercial 

orchards. Leaf samples were collected monthly to determine the 

relation between boron levels and severity of rosette symptoms. In 

/ 



the spring the occurrence of rosette symptoms was correlated with a 

low boron content, but severity of symptoms did not vary directly 

with boron level. Foliar boron content increased from spring until 

midsummer, then levelled off and decreased in the fall. Analysis 

for boron in leaf samples collected in August rarily indicated boron 

deficiency in rosetted trees. The occurrence of rosette was not 

correlated with deviations from normal temperature and precipitation. 

However, a good positive correlation between winterstorms and the 

erratic occurrence of rosette was shown. 

Mahaleb and peach seedlings, graft inoculated with buds from 

rosetted trees, were used as intermediate hosts to permit mechanical 

transfer of a virus to herbaceous species. Direct mechanical trans- 

fer of viruses from cherries to herbaceous hosts is prevented by 

inhibitors. By using peach and mahaleb seedlings an unknown virus 

was isolated from two rosetted cherry trees and one rosetted peach 

tree. This unknown virus has not yet been implicated in a direct 

cause - and -effect relationship with rosette. No local -lesion assay 

host was found for the virus. The unknown virus induced a distinct 

epinasty of inoculated primary leaves of certain bean varieties, as 

did a cowpea strain of cucumber mosaic virus (CMV -CS). This and 

other evidence suggested that the unknown virus could be a strain of 

CMV. Serological tests with CMV antisera were inconclusive. 

A hypothesis has been presented that in cherry trees in soils 



with a marginal boron content, a delicate balance exists between 

boron supply and demand during budbreak and flowering. Storm 

damage to root systems probably reduces boron uptake, and a virus 

possibly could slow the flow of boron to sites with high rates of 

growth. 

A boron deficiency, no matter how induced, at a critical 

time in the development of leaves and flowers is the cause of cherry 

rosette. Boron sprays have corrected and prevented rosette in 

cherry trees. Recommendations were made for amount and time of 

application. 
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RELATION OF BORON TO CHERRY ROSETTE DISEASE 
IN OREGON, AND THE POSSIBLE 

IMPLICATION OF A VIRUS 

INTRODUCTION 

The disease of sweet cherry (Prunus avium L.) which has 

become known as "cherry rosette" or "rosette" was first brought to 

the attention of Dr. J. A. Milbrath, Plant Pathologist at Oregon 

State University, in 1961 when it appeared to be spreading through 

orchards in the Eola Hills, West of Salem, Oregon. Mr. Worral, 

an orchardist, believed the problem could be traced to one large 

branch he had marked, a few years earlier, in a Royal Anne cherry 

tree. The flowers on that branch had opened late and dropped before 

fruit set while the rest of the tree bore a normal crop. The next 

year the whole tree was affected and the disease had spread to 

adjacent trees. By 1961 rosette was apparent on occasional branches 

or in whole trees in nearby orchards. 

Instead of normal shoots, affected branches developed clusters 

of leaves (rosettes) due to shortened internodes. Rosetted leaves 

were long and narrow, often brittle and boat -shaped, with interveinal 

chlorosis. Mixtures of normal and cupped leaves appeared on the 

spurs of diseased branches. Flowers on diseased parts opened late 

and abscissed at the calyx before fruit set. Typical symptoms are 

shown in Figures 1, 2, and 3. 
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Figure 1. Mild rosette in one branch. 
Long, narrow leaves 

Figure 2. Typical rosette symptoms. 
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Figure 3. Severe rosette. 
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Mr. E. L. Reeves, Plant Pathologist with the U.S. D. A. at 

Wenatchee, Washington during a visit with Milbrath in June of 1961, 

showed a specimen of a cherry branch with an unknown disease from 

the Wenatchee Valley. A visit to the Worral orchard convinced 

Reeves that the rosette symptoms were the same as those he had 

found in Washington. Later that year Milbrath and Reeves observed 

cherry trees with typical rosette symptoms in the Polson area of 

Montana. 

In 1962 rosette was a cause of great concern to cherry growers 

in the Mosier area, Hood River County, Oregon. At a meeting of 

growers and scientists from the Oregon State Agricultural Experi- 

ment Station one orchardist claimed to have corrected a similar 

situation in some of his trees by injecting a boraxo soap solution into 

the soil. 

Preliminary research on the boron /rosette relation in sweet 

cherry trees was started in 1963 by Dr. Milbrath and Mr. J. E. 

Reynolds, graduate student, with assistance of Dr. O. C. Compton, 

Professor of Horticulture at Oregon State University. The work was 

continued and expanded in 1964 into a thesis project with financial 

support from the State of Oregon. Four widely separated commercial 

orchards were selected for experiments on time and rate of boron 

applications. Leaf samples for boron analyses were collected 

frequently to determine correlation, if any, between foliar boron 
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levels and severity of rosette. 

The occurrence of rosette over a large area in trees on varying 

soils and the pattern of spread, in and among trees, were indicative 

of an infectious agent, probably a virus, being involved in the etiology 

of the disease. The suspicion of a virus was strengthened when six 

trees on the Plant Pathology Farm of Oregon State University 

developed rosette symptoms three years after graft inoculations 

with buds from rosetted trees. Non - inoculated trees were not 

affected. Another phase of the research reported in this thesis, 

therefore, was an attempt to isolate and identify a virus and, if 

possible, implicate it in the rosette disease. Small peach and 

mahaleb seedlings, bud -graft inoculated from rosetted field trees, 

served in the greenhouses as stone fruit hosts from which plant -sap 

transfers were made to herbaceous hosts to facilitate characteriza- 

tion of a virus. 

The immediate benefit of this work has been that boron - 

application recommendations were made to the cherry growers for 

the corrective and /or preventative control of rosette. Rosetted 

trees can be restored to full production, in one or two years, depend- 

ing on the severity of the disease. 

An unknown virus has been isolated from one rosetted cherry 

tree, as well as from two rosetted peach trees in an orchard that 

became infected in 1965. The virus has not yet been implicated in 
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a direct cause - and -effect relationship with rosette. 

Storm damage to the root systems of trees in soils with a 

marginal boron content is believed to be a major contributing factor 

to rosette of sweet cherry. 
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REVIEW OF THE LITERATURE 

A disorder very similar to rosette was observed only once 

before by Milbrath (1953) in cherry trees in the Willamette Valley 

and Wasco County, Oregon. At that time three orchards in the Eola 

Hills were surveyed and mapped to record the degree of the dis- 

order in individual trees and to note possible spread the following 

year(s). However, there was no recurrence of the symptoms. By 

the time rosette broke out in 1961, the orchards mapped in 1953- - 

for what may have been rosette - -had been replaced by subdivisions. 

Stewart (1965, 1966), from his experience with cherry blossom 

failure or "blossom blast" in the Okanagan Valley of British Columbia, 

was of the opinion that the condition could occur whenever soil 

moisture was critically short at the time of the development of the 

inflores cence. According to many reports (see review by Gauch 

and Duggar, 1954) a supply of boron is extremely important during 

the period when the pollen germ tube is growing down through the 

female tissue. Lack of water could interrupt the flow of boron in 

the plant and cause unfruitfulness. In most cases where Stewart 

encountered the problem in sweet cherry, symptoms of boron 

deficiency were recognizable in the trees prior to blossoming. 

Initially the branches of boron -deficient trees presented a club - 

shaped appearance, suspected to be due to the failure of the 
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terminal bud to grow outward at the normal rate. The developing 

leaves then formed rosettes at the terminals. 

The term "rosette" is descriptive of a major symptom in 

syndromes of diseases other than those caused by boron deficiency. 

To denote a virus disease the name "rosette" was first used by 

Willison and Chamberlain (1942) in Ontario and later by Hildebrand 

(1953) in New York. The name has since been proposed, and is com- 

monly used, for a virus disease of cherry known in Europe as 

"Pfeffingerkrankheit" (Blumer and Gerring, 1950) and "Eckelrader 

disease" (Pfaeltzer, 1959). Posnette (1954) described a "rosette" 

virus of sweet cherry in England. "Vein- clearing rosette" of cherry 

was reported in New York (Gilmer, Brase, and Parker, 1957). 

Adams and Kessler (1958) considered all of these names as synonyms 

for one and the same virus disease. Allen (1963) separated 

"Pfeffingerkrankheit" as a rasp -leaf virus, the others were con- 

sidered to be closely related and part of the ringspot virus complex. 

Milbrath (1954) detected "Pfeffingerkrankheit" in imported cherry 

stock and upon identification destroyed all suspected plants. No other 

occurrences have been reported in areas other than the eastern 

United States. 

Zattler, Pfeiffer, and Chrometzka (1962) reported on a visable 

virus /nutrient relationship in hops. These workers concluded that 

zinc masked the symptoms of "curly leaf" virus. Symptom 
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expression of the virus was suppressed when zinc- containing com- 

pounds were used instead of copper ones to control Peronospora. 

Chemical analyses showed that the zinc content was lowest in virus - 

infected leaves, while in leaves of healthy plants zinc content was at 

least double that of infected leaves. The highest levels of zinc were 

found in treated plants known to be virus infected, but in which 

symptoms were masked. 

Cherry, like other deciduous fruits, is subject to a number of 

mineral deficiency disorders. The literature on deficiency diseases 

of cherry, however, is scanty, especially concerning boron. 

Westwood and Wann (1966) in their review of cherry nutrition com- 

ment that this lack of publication is in part a reflection of the 

smaller total commercial acreage of cherries compared with such 

fruits as apple or peach. Cherry probably is less exacting in its 

mineral requirements than other fruits. Deficiencies of nitrogen and 

zinc occur more often than any others. 

Eaton (1944) listed cherry and peach as boron -sensitive plants 

based on detailed sand- culture experiments on the relative boron 

tolerance of different plant species. McLarty and Woodbridge (1950) 

noted distinct differences in boron -deficiency symptoms between 

peach trees in sand cultures and under field conditions. In the field 

the main symptom was the dying -back, in the spring, of twigs and 

branches on trees which had grown normally the year before. 
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Whereas in sand -cultured trees water- soaked spots and gumming on 

the twigs were a warning of the onset of deficiency, in the field the 

earliest symptoms were failure of both leaf and flower buds to break 

normally when growth started in the spring. 

McClung and Clayton (1956) reported an erratically occurring 

disorder of peach associated with boron deficiency. Their descrip- 

tion and photographs of abnormal leaf and shoot growth resemble 

very closely the disorder found in Oregon peach orchards in 1966. 

The authors collected 150 leaf samples from trees with varying 

degrees of the disorder. The boron content of all samples was found 

to be very low, but there was no correlation between boron levels 

and symptom expression. There appeared to be a possible correla- 

tion between drought in late summer and fall and symptom develop- 

ment the following spring. McClung and Lot (1956b) made a three - 

year survey of the nutrient composition of leaf samples from North 

Carolina peach orchards. Boron, iron, and calcium levels were 

low compared with those of other areas, but little evidence was 

available in the literature to classify the levels conclusively. The 

authors theorized that boron might have been specifically lacking 

during short periods of drought, especially on soils with low boron 

content. 

Woodbridge (1955) determined the boron requirement of Bing 

sweet cherry in sand culture. Deficiency symptoms appeared on 
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twigs and leaves in the fourth and fifth year of the experiment on 

trees to which no boron was added. The symptoms were: (i) 

reduced terminal growth, (ii) failure of the buds to develop, (iii) 

defoliation and die -back of terminals after growth started, (iv) leaves 

were narrow, with irregular margins, (v) blossoms did not develop 

even though fruit buds were present. The author did not state, nor 

indicate in the tables, at which boron levels deficiency symptoms 

were present or growth was reduced. Trees grown in a sand culture 

without additional boron contained 19 ppm boron in the leaves. 

Compton (1964) considers foliar boron levels between 40 and 60 ppm 

normal for Royal Anne sweet cherry under Willamette Valley condi- 

tions. A level below 40 ppm constitutes deficiency, but visual 

symptoms are not apparent until the boron content drops to 30 -25 

ppm. Typical deficiency characteristics (rosette and abnormal 

leaves) are to be expected below 25 ppm. Bradford (1966) sum- 

marized the literature on boron and concluded that boron deficiency 

is characterized by levels less than 15 -20 ppm in dry matter. 

Erratic occurrences of boron deficiency symptoms in other 

fruit crops have been reported for apples (Burrell, 1940, 1950) and 

pears (Batjer, Rogers, and Thompson, 1953). The conclusion for 

apples was that the effect of drought seemed to be indirect, involving 

a reduction in the availability of boron. "Drought spot" was the 

name often used to describe the boron - deficiency symptoms on the 



12 

fruit. The disorder in pears seemed to occur more frequently in 

years when above - average precipitation and below- average tempera- 

tures occurred prior to and during bloom period. This contradiction 

is explained if boron deficiency is regarded as the cause of the 

problem in which lack of moisture or excess water merely influence 

boron availability (Burrell, 1940). 

On the behavior of boron in soils Eaton and Wilcox (1939) wrote: 

"Though the nature and source of soil- forming minerals is of 

principal importance; it appears that boron deficiency is most to be 

expected in regions of high rainfall." According to Whetstone, 

Robinson, and Byers (1942), all soils contain some boron, but the 

amount varies greatly depending largely on boron content of the 

parent material and the weathering action that has taken place since 

the parent material was deposited. These authors indicated four 

large areas of the United States where boron deficiencies were most 

likely to occur: (1) Atlantic coastal plain, (2) northern Michigan, 

Wisconsin, and Minnesota, (3) Pacific coastal area, (4) Pacific 

Northwest. Soils along the Atlantic seaboard and North - Central 

states were low in boron due to weathering, whereas certain soils of 

the Pacific and northwestern areas were low in boron because of its 

presence in small quantities in the parent material. According to 

Jordan and Powers (1947) deficiency in available boron of soils is 

prevalent in the humid Northwest part of Oregon from Hood River to 
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Coos Bay. Berger (1949) reviewed the literature on boron in soils 

and crops and concluded that more information was required on the 

mechanism of boron availability and fixation in soils and on the 

chemistry of boron compounds in the soil. Boynton and Oberly (1966) 

cited references, and quoted data, to show that the question of what 

constitutes "available" boron in soils was still unanswered, but it 

seemed likely that more boron is available to plants than what is 

water or acid soluble. 

Bould (1963) discussed the pros and cons of soil and leaf 

analyses in relation to nutrition of fruit crops. The author listed 

several reasons why many workers dealing with nutrition of perennial 

crops use plant analysis, rather than soil analysis, as a guide to 

nutrient status. These reasons included variables in soil qualities, 

plant root systems, mycorrhiza, and rhizosphere organisms. 

Frink (1965) showed that available soil nutrients measured by 

present -day soil tests are not well correlated with nutrient concentra- 

tions in the leaves of apple trees. Koto, Takeshita, and Inoue (1966) 

came to the same conclusion for peach nutrition. 

It is generally accepted by workers in fruit nutrition that the 

leaf is the most suitable plant organ for use in assessing the nutrient 

status of fruit plants (Bould, Bradfield, and Clarke, 1960). Leaf 

analyses are used in comparing normal trees that show no visible 

symptoms of deficiency or excess with trees which do show such 
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symptoms. Goodall and Gregory (1947) reviewed the literature on 

this subject and tabulated the results of leaf analyses associated with 

plants showing symptoms of deficiency or toxicity. The reported 

analyses showed a wide range in the level of any one element in 

leaves from normal appearing plants as well as in leaves from plants 

showing deficiency symptoms. Kenworthy (1961) emphasized that 

there often is a range of nutrition values in which the plant may or 

may not show deficiency symptoms. Within that range, leaf com- 

position associated with deficient plants may be above that associated 

with normal plants. 

The literature on the function of boron in higher plants has been 

reviewed in detail by workers of different opinions. Gauch and 

Duggar (1954) reviewed and evaluated 15 more or less distinct . 

functions of boron. The most thoroughly- documented postulated role 

of boron is that it is involved in the reproduction of plants and in 

germination of pollen. According to their own theory, boron plays 

a specific role in sugar translocation by enhancing diffusion through 

cellular membranes, either by forming a complex with the sugar 

molecule or by direct action on the membrane involved. This theory 

would provide an explanation for boron deficiency symptoms in the 

growing points of green plants in that a lack of boron would cause a 

shortage of sugar at the loci with the highest rates of both growth 

and respiration. Skok (1958) believed a major function of boron to 
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be in relation to the maturation and differentiation of cells. He felt 

that the apparent effect of boron on sugar translocation was an 

indirect one, related to the effect of boron on growth and cellular 

activity rather than to a direct aid in diffusion through membranes. 

Later authors agreed on one point, namely, that the key role(s) of 

boron in the higher plant is (are) still very much in question 

(Mcllrath, 1960; Weiser, Blaney, and Li, 1964). 

It has generally been assumed that boron is relatively 

immobile in dicotyledonous plants and that a continuous flow of the 

element from the soil is required for normal growth (Gaugh and 

Duggar, 1954). Eaton (1944) concluded that boron after entering the 

leaf tissues of most plants tended to remain there, instead of being 

moved out freely with sugars, and other compounds, to growing 

tissues. Translocation of boron to bark and wood, and subsequently 

to the flesh of fruit occurred readily, however, in stone -fruit trees. 

Eaton, McCallum, and Mayhugh (1941) had shown that apricot and 

prune trees with a heavy crop had less boron in the bark than 

adjacent trees from which the fruit had been removed. Hernandez 

and Childers (1956) demonstrated the ability of peach to absorb boron 

to toxicity levels, from excessive amounts of fertilizer, and retain 

the element in appreciable amounts while the soil boron content 

dropped over a three -year period to levels well below optimum for 

peach growth. Only a few other dicotyledonous plants are known to 
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have the ability to transfer boron from the leaves, although the 

element is present in soluble form in the leaves of many species. 

There is, as yet, no explanation why, in some species, the pool of 

soluble boron is readily translocated out of mature leaves while in 

others it is not (Mcllrath, 1965). 

To quote Eaton (1944): 

Within the marginal ranges of soil boron concentrations, 
factors influencing the movement of boron into meristematic 
tissues from leaves may thus be almost as important in 
terms of boron deficiency as the boron - supplying power 
of the soil itself. 
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PART I. THE BORON /ROSETTE RELATION 
IN SWEET CHERRY TREES 

The symptoms of rosette in cherry trees and the apparent 

recovery of diseased trees after treatment with boron, suggested a 

boron deficiency as the cause of the disease, although the problem 

was not recognized as such by horticulturists and soil experts when 

rosette first appeared. 

To determine the effect of boron on rosette, four commercial 

cherry orchards with varying patterns and degrees of rosette were 

selected in 1964 as being particularly suited for boron trials. The 

name of the cooperating owner, location of the orchard, and reason 

for selection are given in the introduction to each of the experiments. 
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OBJECTIVES 

The general objective of the orchard tests was to determine 

if boron treatments would restore diseased trees to normal produc- 

tion. On the assumption that boron does control rosette the specific 

objectives were to establish: 

1. The correlation between foliar boron content and 

severity of rosette. 

2. The normal range of foliar boron content of healthy trees. 

3. The rate and frequency of boron applications required to 

correct or prevent rosette. 
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MATERIALS AND METHODS 

Only those materials and methods that were standard for all 

test orchards and throughout the experiments will be described here. 

Individual orchards and the experimental designs will be described 

under their own headings. Nonstandard materials or procedures 

will be mentioned under the appropriate sub-headings. 

Rosette Survey Map and Disease Rating 

The experimental design for each boron trial in each of the test 

orchards was determined on the basis of an orchard map showing 

pattern and severity of rosette. 

The survey of an orchard was made, in most cases, by two 

observers working together. Individual trees were observed and a 

rosette rating was assigned before proceeding to the next one. 

Severity of rosette in individual trees was recorded on a numeric 

scale from zero through five. Ratings were determined as follows: 

0 - normal tree, no rosette. 

1 - trace of rosette on at least two separate branches. 

2 - mild rosette, but not through the whole tree. 

3 - moderate rosette, affecting most of the tree. 

4 - severe rosette, throughout the tree. 

5 - extremely severe, few small flat leaves. 
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On the survey map each tree was represented by the cor- 

responding rosette rating. This allowed quick appraisal of the 

increase or decrease of rosette in individual trees, by rows, or by 

orchards, from one year to the next. 

Sampling of Trees for Foliar Analysis 

To determine the relation of foliar boron content to occurrence 

and degree of rosette, leaf samples were collected from selected 

trees in experimental orchards. To insure uniformity the standard 

procedure adhered to was as follows: 

1. A minimum of 30 leaves were picked from any one tree. 

2. Leaves were taken from the whole circumference of the tree from 

an area within reach of the collector standing on the ground. 

3. Only spur leaves were taken, except where noted otherwise in 

the experiments. 

4. Only the largest leaf from any one spur was removed. 

5. Each sample was immediately rolled in a moist paper towel and 

packed in a plastic bag with a dated card showing orchard 

identification and tree code. A rubber band sealed the bag. 

6. Packed samples were kept on ice in portable coolers until 

delivered to the laboratory coldroom. 

7. Samples were processed, through the first phase, within 48 

hours of receipt. 
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Foliar Analysis for Boron 

Leaf samples collected for this study were analyzed for boron 

content in the plant - analysis laboratory of the Department of Horti- 

culture under the direction of Dr. Compton. 

To remove all extraneous materials the leaves were washed 

in a solution of 1% hydrochloric acid and 0.1% " Tween, " an organic 

detergent free of metal anions and cations. Washing was accom- 

plished by scrubbing with a cloth, pad, or brush. Very tender 

samples, collected at the start of the season, were swished in the 

washing solution, rather than scrubbed, since no spray residues had 

accumulated on these leaves. One tap water rinse and three dis- 

tilled water rinses followed the washing. Special care was taken to 

be sure that any one leaf was not in the washing and rinsing solution 

over two minutes. Total time involved per sample was ten minutes. 

Excess water was removed by centrifugation or padding between 

absorbent papers. The leaves were dried in a hot air tunnel for 

48 hours at 65° C and ground in a Wiley mill. Ground samples were 

stored in labelled jars until the chemical phase of the analysis could 

be started. 

Boron content was determined by the simplified curcumin 

procedure (Dible, Truog, and Berger, 1954). 
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Boron Sprays 

The boron compound used in spray applications throughout the 

experiments was "Solubor" (20.5% boron), a preparation of sodium 

pentaborate, which has far greater solubility than ordinary borax. 

Solubor is marketed by the United States Borax and Chemical 

Corporation. 

All Solubor dosages mentioned in this thesis are per 100 

gallons of water. The statement is made here so that the gallonage 

need not be repeated in the descriptions and discussions of the 

experiments. 

Foliar Boron Content 

Throughout this thesis boron contents are reported in part per 

million (ppm) on a dryweight basis. The notation "on dryweight 

basis" is not repeated in the text or the tables. 

Statistical Analysis 

Where indicated statistical analysis of the data was done 

according to the t test for unpaired observations and unequal 

variances (Steel and Torrie, 1960, p. 81). 
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EXPERIMENTS IN COMMERCIAL ORCHARDS 

Schindler Orchard 

A part of the Schindler orchard on Orchard Heights Road in 

the Eola Hills was surveyed and mapped for rosette in 1962 by 

Milbrath and Reynolds (Figure 4). Many trees appeared to be in the 

early stages of rosette infection. The trees in the orchard were old 

and in varying stages of decline; several were only partly of the 

commercial variety due to lack of pruning. Messrs. Albert and 

Leonard Schindler gave permission to use this tract for boron trials 

in 1963 and thereafter, if necessary. 

The 1963 rosette survey (Figure 5) by Milbrath and Reynolds 

clearly reflects the spread and increase in severity of rosette that 

occurred in one year. To determine the effect of boron on the 

expression of rosette, Milbrath, Reynolds, and Compton selected 

15 rows, each with trees of varying degrees of the disease and the 

maximum number of desirable trees. Rows with many poor trees 

were excluded. Rows 5, 8, 11, 16, and 17 were chosen as controls; 

rows 4, 7, 9, 15, and 21 received boron by soil injection (2 trees/ 

row) or surface application (8 trees /row); and rows 3, 6, 10, 13, 

and 19 were sprayed with boron. Mr. Kenneth N. Brown, Extension 

Agent for Polk County, applied the treatments in 1963. Soil 
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Tree No. in the Row Row Rosette Rating 
10 9 8 7 6 5 4 3 2 1 No. Total /Row 

2* 1* 1 1* 1= 22 1 

1 2 21 3 

2 3* 1* 20 2 

1 1 19 2 

2* 1 1* 1 18 2 

1 2 1 1 17 5 

1 1 16 2 

2 - 2 15 4 

1 1 1* 14 2 

1 1 13 2 

. 12 0 

1 11 1 

1 1 1 10 3 

1 1 1 9 3 

1 1 1 1* 1 3* 8 4 

1 2 1 1 2 1 1 2 1 7 12 

3 2 3 - 1 6 9 

2 1 1 2 1 - 5 7 

1 1 - 4 2 

1 1 3 2 

2 0 

1 1 1 2 

70 

Figure 4. Schindler orchard rosette survey, June 14, 1962. 

For disease rating see page 19. 
= 0 (normal tree). 
= Poor tree, not included in rating total 

(dropped from program in 1963). 
Empty space = No tree, replant, or seedling. 

. 
+ 

- 

. . . . . 
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10 9 8 
Tree No. in the Row 
7 6 5 4 3 2 1 

Row 
No. 

Rosette Rating 
Total /Rowa 

1 3 1 4 2 22 11 

1 1 3 3 3 3 21 14 

1 2 1 20 4 

2 1 1 3 3 2 2 2 19 16 

1 2 2 18 5 

3 1 1 1 3 3 3 17 15 

1 2 2 1 16 6 

1 2 2 1 1 1 1 1 2 4 15 16 

2 2 3 14 7 

2 2 1 1 2 2 3 13 13 

3 12 3 

1 1 2 1 1 1 1 2 1 1 11 12 

2 2 1 2 10 7 

3 2 3 1 2 - 1 1 1 9 14 

3 2 2 2 3 8 12 

4 3 3 2 4 3 1 1 4 2 7 27 

4 3 4 2 6 13 

2 3 3 2 2 5 12 

2 1 4 3 

2 2 1 1 3 6 

. 1 1 2 2 

2 . 1 - 1 3 

+221 

Figure 5. Schindler orchard rosette survey, June 3, 1963. 

For disease rating see page 19. 

= 0 (normal tree). 
Empty space = No tree or poor tree. 
alncludes same trees as in 1962. 

I 

. 

. 

. 
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injections and soil surface applications were given once only, on 

August 26, 1963. The soil- injected boron was applied at 2. 5 lbs 

Solubor (20. 5% boron) in 50 gallons of water per tree. Surface - 

applied boron was given at the rate of 2.5 lbs of agricultural borate 

fertilizer (14.3% borax) per tree. The spray rows received a 2 

lbs solution of Solubor on July 24, August 27, and September 21, 

1963. 

The orchard was again surveyed for rosette on June 8, 1964 

(Figure 6). The disease was not quite as severe in the control rows 

as in 1963, but still very much evident. The incidence of rosette 

in the soil- treated rows was reduced. The most striking effect, 

however, was the absence of the disease in the spray- treated rows. 

Leaf samples were collected from the 54 trees indicated in Figure 

6. The sampling pattern was chosen to give the maximum number of 

good trees of the various 1963 rosette ratings distributed in the five 

replications of each treatment. To determine the effect of continued 

treatment on foliar boron content the sprayed rows were again 

treated with a 2 -lbs solution of Solubor in June, July, and August, 

1965. Leaf samples were collected from all trees in the sampling 

pattern one or two days prior to each boron application. The soil 

treatments were not repeated because of the slow decomposition 

rate of agricultural borate. In theory one application should be 

effective for two or three years. 



Tree No. in the Row 
10 9 8 7 6 5 4 3 2 

Row No. 
and 

1 Treatment 

1 3 2 

2 0 . 3 

1 

0 0 . . 0 

0 
2 1 

0 
3 

0 
3 

3 3 3 

0 0 
1 2 

2 

1 2 1 0 1 O 1 

. O O 0 
0 0 

22 

21 

20 

19 

18 

17 

16 

Q 15 

14 

O 13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

2 0 1 0 0 
2 2 ® 3Q 

0 0 1 0 0 0 
0 O 
2 1 20 0 

. 0 0 0 
. . 0 0 . 0 . 

3 3 1 0 
0 0 
4 2 2 30 

o 

1 

Figure 6. Schindler orchard rosette 

For disease rating see page 19. 
Sampled trees are circled. 

= 0 (normal tree) 
Empty space = No tree or poor tree. 
aIncludes same trees as in 1962, 1963. 

survey, 
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Rosette 
Rating 

Total / Rowa 

6 

Sl 5 

3 

Sp 0 

7 

Ck 11 

Ck 1 

S1 3 

3 

Sp 0 

2 

Ck 6 

Sp 0 

S1 4 

Ck 10 

Sl 20 

Sp 0 

Ck 16 

51 2 

Sp 0 

0 

1 

June 8, 1964. 

51 = Soil- applied boron (1963). 
Sp = Spray - applied boron 

(1963). 
Ck = Check row (no boron). 
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- 

. 

- . 

' 

0 O 

0 O Q 1 

Q 0 Q . 
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Figure 7 shows the result of the rosette survey of June 1965. 

The disease was found only in three control rows in the upper half 

of the orchard. The orchard floor sloped slightly up in the direction 

of the row numbers. Control rows 5 and 8 could have received boron 

through drift or soil water movement from treatments in higher num- 

bered rows. Although diminishing in the experimental section of the 

orchard, rosette was still very much evident in trees outside that 

area and in both directions on the slope. That rows 5 and 8 received 

boron was confirmed by analyses of leaf samples collected on May 29, 

1965. Five trees sampled in control rows 5 and 8 averaged 41.7 ppm 

boron (range: 39.0 - 48.4) while eight trees sampled in control rows 

11, 16, and 17 averaged 21.9 ppm boron (range: 15.6 - 26.4). 

The 1964 sampling and spray sequences were repeated in 1965. 

No rosette was recorded during the survey on June 17, 1966. No 

spray treatments were given that summer, but leaf samples were 

collected in May, June, and August. On May 22 the five trees 

sampled in control rows 5 and 8 averaged 40.8 ppm boron compared 

with 26.8 ppm for eight trees in control rows 11, 16, and 17. 

The effect of boron treatments on the expression of rosette 

in the Schindler orchard are summarized in Table 1. Foliar sprays 

applied after harvest in 1963 had eliminated rosette by the following 

spring. Soil- applied boron reduced the incidence of rosette by 50% 

in one year and eliminated the symptoms in two. 
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10 9 

Tree No. in the Row 
8 7 6 5 4 3 2 1 

Row No. 
and 

Treatment 

Rosette 
Rating 

Total /Rows 

1 22 1 

21 S1 0 

1 20 1 

19 Sp 0 

2 1 18 3 

2 3 3 3 17 Ck 11 

1 1 16 Ck 2 

15 S1 0 

1 14 1 

13 Sp 0 

3 12 3 

1 2 1 1 2 1 1 11 Ck 9 

10 Sp 0 

9 S1 0 

8 Ck 0 

7 S1 0 

6 Sp 0 

5 Ck 0 

4 S1 0 

3 Sp 0 

2 0 

1 1 1 2 

Figure 7. Schindler orchard rosette survey, June 7, 1965. 

For disease rating see page 19. 

= 0 (normal tree). 
Empty space = No tree or poor tree. 
alncludes same trees as in 1962 -1964. 

S1 = Soil- applied boron (1963). 
Sp = Spray - applied boron 

(1963 and 1964). 
Ck= Check row (no boron). 
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. 
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. . . . 
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Table 1. Effect of boron applications on the expression of rosette in the Schindler orchard. 

Boron 
Treatment 

No. of 
Trees 

Average Rosette Rating per Tree and Percentage Change 
from Previous Year 

1962 1963 1964 1965 1966 

None 

Soil -appliedc 
(after 1963 survey) 

Spraysc 
(1963 -4 -5) 

36 

45 

38 

0.528a 

0.533 

0.474 

1.583 
+200% 

1.644 
+208% 

1.447 
+205% 

1. 222 
-23% 

0.755 
-54% 

0 

-100% 

0.611 
-50% 

0 

-100% 

0 

-100% 

a Average rosette rating per tree obtained by adding individual rosette scores of trees in the 
treatment by the number of trees. 

b+ 
% = increase (of indicated percentage) over previous year. 

- % = decrease (of indicated percentage) from previous year. 

cSee text for rates and sequence. 



31 

The results of the leaf sample analyses for boron are sum- 

marized in Table 2. A seasonal variation in boron content was noted 

for the control trees. Foliar boron levels increased during the 

spring and early summer, reached a maximum in midsummer and 

decreased toward fall. This behavior apparently is normal for 

boron levels in stone fruits (Compton, 1964; McClung and Lott, 

1956a). 

The boron treatments of 1963, foliar as well as soil -applied, 

had increased the boron content of the leaves significantly by the 

following spring. However, the sprayed trees had no rosette in 1964 

(average foliar boron content 58.9 ppm) while soil- treated trees did 

have rosette with averages of 52.4 and 62.6 ppm foliar boron. One 

explanation for this could be that in the sprayed trees boron was 

available in the bark, due to translocation from the leaves the pre- 

vious fall, while there was no such reserve in the soil- treated trees 

at the time of budbreak. 

Repeated boron sprays did not raise foliar boron levels pro- 

portionately to the dosage. In 1966, when no sprays were applied, 

the natural increase in boron content was comparable to that achieved 

with the aid of sprays in 1964 and 1965. This would indicate that 

cherry leaves have a maximum boron level, above which the excess 

is translocated from the leaves to other parts of the tree. That the 

tree system retained boron applied to the leaves was shown by the 



Table 2. The effect of boron treatments on the foliar boron content of trees in the Schindler orchard. 

Boron 
No. of 
Trees 

Foliar Boron Content in ppm 
1964 1965 1966 

Treatments Sampled 6/10 7/7 8/11 9/2 9/21 5/29 6/21 8 /11 9/22 5/22 6/17 9/2 

None 13 36.2 44.7 42.0 34.9 35.5 29.5 41.3 48.1 48.1 31.5 44.8 41.5 
+a +b 

Soil- injected 9 62.6 50.8 67.7 51.9 54.6 50.2 59.1 62.8 56.5 43.2 63.6 54.4 
1963 ( ) + - * *c ** 

Soil- surface 14 52.4 46.5 64.4 47.5 49.1 49.8 62.7 62.1 59.9 43.8 63.7 54.2 
(1963) + ** ** 

Sprays 18 58.9 53.2 72.5 65.5 58.9 49.9 68.1 69.6 60.2 45.7 64.3 53.8 
(1963 -4 -5) - - 

** ** 

a+ = Rosette observed that year. 
- = No rosette observed. 

b 
Rosette in three control rows, no rosette in two control rows (see text for explanation). 

c ** Significantly different from control at the 1% level. Analysis of variance of the 9/22 and 5/22 data determined that there was no 

difference among treatments. 

Boron sprays applied on 7/24, 8/27, 9/21, 1963; 6/11, 7/18, 8/15, 1964; 5/31, 7/14, 8/15, 1965. 

- 
d 
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high boron levels in the new leaves following dormancy. These 

findings confirmed results reported by Eaton (1944) who found a very 

narrow margin of safety between normal levels of boron and toxicity 

in most crops. Stone fruits were exceptions because of their capacity 

to translocate boron from the leaves. Eaton, McCallum, and 

Mayhugh (1941) showed boron storage in the bark of apricot and 

prune trees. 

Based on the results obtained from the control rows in May 

of 1964 and 1965 the critical level of foliar boron, below which 

rosette symptoms did occur, appeared to be between 21.9 and 26. 8 

ppm 

Smart Orchard 

The J. S. Smart orchard, in the Zena district of the Eola Hills, 

was selected for boron trials in 1964 because rosette was found 

fairly concentrated in two separate areas (Figure 8). One of these 

areas was in a corner of the orchard where two diseased trees had 

been observed for the first time in the spring of 1962. Dr. Milbrath 

advised removal of these trees because an infectious agent could be 

involved and the trees already appeared to be a total loss. This was 

before the rosette /boron relation was recognized. The trees were 

removed, but not until the fall. The following spring one tree in the 

same area was similarly affected. 
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Figure 8. Smart orchard rosette survey, May 
21, 1964. 

Rosetted trees shown only. bRosette observed 1963. 
For disease rating see page 19. ?Rosette rating doubtful due to 

severe bacterial canker. 
aRosetted trees removed fall 1962. Sampled trees are circled. 
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This orchard was of particular interest since it was one of the 

first commercial plantings established with ringspot- virus -free 

scion wood (Royal Anne A -10 furnished by Oregon State University) 

on selected mazzard rootstocks (Prunus avium L.). The trees were 

planted in 1953 and grafted with the scion wood two years later. 

From the start this block has been a demonstration site for the cause 

of certified nursery stock because of its (i) healthy and vigorous 

appearance, (ii) production of a 5 -ton crop 6 years after planting, 

and (iii) consistently higher production than in any standard orchard 

of comparable size and age. 

After the outbreak of rosette in 1964 Mr. Smart allowed the 

first four trees in each row to be used as non -treated controls, and 

agreed to spray all other trees with Solubor at experimental rates of 

one pound twice before harvest and two pounds once after harvest. 

These sprays were applied on June 1, June 19, and August 15, 1964. 

Leaf samples were taken from trees marked in Figure 8 on 

July 6, September 4, and October 6, 1964. The pattern was chosen 

so as to sample two trees of each rosette rating in each of three 

sections of the orchard; the control section and the two areas where 

rosetted trees were more or less grouped together. On July 6 

every rosetted tree was sampled twice, for normal and for cupped 

leaves. The much smaller cupped leaves were taken from around 

the tree in an undetermined number, but so that the bulk was 
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approximately that of 30 normal leaves. 

The analysis for boron in the control block (Table 3) showed 

that on July 6 there was neither a difference in boron content between 

flat and cupped leaves, nor a correlation between boron level and 

severity of rosette. The average of 27.8 ppm boron in flat leaves 

from eight rosetted trees was not significantly different from the 

37.3 average in leaves from two non - rosetted trees. For a better 

comparison a larger non - rosetted population would have been 

required. 

In the sprayed section of the orchard the average boron levels 

on July 6 were: 74.5 ppm in flat leaves from normal trees, 68. 7 

ppm in flat leaves from rosetted trees, and 86.8 ppm in cupped 

leaves. This last figure may not be accurate due to spray residues, 

left in the folds of the cupped and otherwise deformed leaves, which 

may not have been completely removed in the standard washing 

method. Because of this uncertainty and the lack of difference 

between normal and cupped leaves in the control block the sampling 

of cupped leaves was discontinued. 

In September and October all trees were sampled twice, for 

normal leaves, as before, and for the middle leaves on current - 

season shoots. Mid -shoot leaves are used in routine orchard 

sampling, as done by the Extension Service for fertilizer recom- 

mendations. The method was included here to determine correlation 
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Table 3. Boron content of flat and cupped leaves from control 
trees in the Smart orchard, July 6, 1964. 

Rosette Row and Boron Content (ppm) 
Severity Tree No. Flat Leaves Cupped Leaves 

5 -2 
6 -1 

21. 3 

24. 3 

19. 3 

20. 3 

3 6 - 3 23.2 23.2 
7 -3 27.4 26.4 

4 7 -1 28.5 24.3 
8 - 1 40.3 33. 1 

5 6- 4 30. 7 48. 4 

7- 2 26.4 30. 7 

Average 27. 8a 28. 2 

0 9 - 3 44. 3 

10 - 1 30. 3 

Average 37. 3b 

a, bThese averages are not significantly different at the 5% level. 

1 
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between boron levels in the two types of leaves. 

The results of the analysis for boron in the fall sampling of the 

control section are given in Table 4. The data from mid -terminal 

samples varied as much within and among replications as those from 

spur leaves, without correlation to severity of rosette. Shoot 

samples, therefore, were not collected the following year. 

The results of the boron analyses of samples collected in the 

fall in the sprayed section of the orchard are summarized in Table 

5. Instead of a seasonal decline in boron content, the trees in this 

block showed a remarkable increase between September and October. 

It appeared as though the orchard received another boron application 

after September 7, as was also suggested by the level of boron in 

one of the most severely rosetted trees on the border in the control 

section (see Table 4). However, Mr. Smart stated that no boron 

other than what was recommended had been applied. 

The effect of the boron sprays on the expression of rosette was 

evident during the survey on June 19, 1965. No rosette was observed 

in the treated trees while it was found from trace to severe in 10 

trees in the control block (12 trees the previous year). 

No boron sprays were given in 1965 because that spring 

Mr. Smart had applied agricultural borate to the soil in the sprayed 

section of the orchard as well as in a large part of the control section. 

The effect of the soil - applied boron was not expected to be noticeable 
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Table 4. Boron content of spur leaves and mid -shoot leaves from 
control trees in the Smart orchard, 1964. 

Foliar Boron Content (ppm) 
Rosette Row and September 7 October 6 

Severity Tree No. Spurs Shoots Spurs Shoots 

1 5 - 2 18.4 16.5 34.3 39. 0 

6 -1 21.3 15.6 45.7 40. 3 

3 6 -3 18.4 14.6 40.3 37. 8 

7 -3 23.2 31.4 37.8 34. 3 

4 7 - 1 18.4 13.7 48.4 40. 3 

8 -1 30.7 23.2 33.1 30. 7 

5 6 -4 28.5 23.2 57. 6a 57.6a 
7 -2 23.2 17.4 35.5 33.1 

Average 22.8 19.5* 39. 3b 36.5 b 

0 9 - 3 34.3 26.4 35.5 29. 6 

10 - 1 40.3 30. 7 40.3 37. 8 

Average 37.3 28. 5 37.9 33. 7 

aRow 6 - Tree 4 suspected of having been sprayed between 
September 7 and October 6, although last orchard spray was suppos- 
edly done on August 15. 

bThi s average does not include (a) . 

Significantly different (at 5% level) from average of non - 
rosetted trees. 

** 
Significantly different (at 1% level) from average of non - 

rosetted trees. 

* 
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in the leaves until the following spring. The block was sampled on 

June 1, July 8, and August 16, 1965. The control trees averaged 

26.3, 36.4, and 37.5 ppm boron respectively on the above mentioned 

dates, with the exception of tree 4 in row 6. Boron contents of 48.4, 

62.4, and 56.0 ppm boron on the sampling dates, suggested that this 

tree had been treated the previous fall. Leaf samples from the trees 

in the sprayed block averaged 45. 6, 64.4, and 63.1 ppm boron in 

June, July, and August respectively. 

Table 5. Boron content of spur leaves and mid -shoot leaves from 
boron - sprayed trees in the Smart orchard. a 

Tree 
Type 

Number 
of Trees 
Sampled 

Foliar Boron Content (ppm) 
September 7 October 6 

Spurs Shoots Spurs Shoots 

Rosetted 

Normal 

15 

4 

57.4 62.7 

60.5 63.2 

92.1 94.7 

86.5 94.9 

aSprays applied on 6/1, 6/19, and 8/15/1964. 

The work in this orchard was terminated with the August 1965 

sampling because of the unscheduled soil - applied boron. 

The conclusion drawn from the test data is that boron sprays 

applied to rosetted cherry trees in the summer increase the foliar 

boron levels sufficiently to enable the trees to build up a reserve for 

budbreak the following spring. 

The critical boron level below which rosette 
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occurred was probably under 26 ppm. The boron average of 27.8 

and 26.3 ppm in rosetted controls trees were determined on July 6, 

1964 and June 1, 1965 respectively. By those dates the natural 

seasonal increase in boron would have increased the averages above 

the levels present at the time rosette was first apparent. 

Burson Orchard 

In May 1964 the V. E. Burson orchard on Ganon Street, East 

of Salem, had the worst case of rosette seen in any orchard to that 

time. Half of the trees were in an advanced stage of the disease 

(Figures 9, 10), the other half had moderate to severe rosette. No 

normal trees and few cherries were found in this orchard. The 

owner stated that some of the trees had had rosette symptoms the 

previous year. 

Mr. Burson allowed the orchard to be used for any research 

program that could benefit the cherry growers, even if it meant the 

use of spray concentrations which, for fear of injury, could not be 

used in commercial orchards. 

The orchard was mapped on June 9, 1964. Thirty -eight trees 

were selected for boron trials. The location of the trees and their 

rosette ratings are shown in Figure 11. Trees 11 and 23 were 

dropped from the program because of variety, all other trees were 

Royal Anne. Trees 1 and 22 were dropped the second year due to 
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Figure 9. Tree with advanced stage of rosette. 
Burson orchard 

Figure 10. Severe rosette, typical for Burson orchard. 
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1(5) 11(2) X 23(2) ® X X 

2( 5) 12( 3) 18( 5) OX X X 36( 3) 

3(4) 13(4) 19(5) OX 28(4) 30(5) 37(3) 

4(4) 14(3) 20(4) 24(5) OX OX 38(5) 

5( 5) 15(4) 

6( 5) 16( 4) 

7( 5) 17( 5) 

8( 5) XO 

X X 

X 25( 5) 29(4) 31( 3) X 

21( 5) 26( 3) X 32( 5) X 

22( 5) 27( 5) X 33(4) X 

X X OX 34( 5) 

X X X 35(4) X 

Figure 11. Map of Burson orchard showing location of 
experimental trees (1 -38) and, in paren- 
thesis, their rosette rating on June 9, 1964. 

OX = Tree present, but not used in this ex- 
periment. 

X = No tree. 

For disease rating see page 19. 

b 
o 

b 

u 

O 
X 

3 

m 

a 

N 
.0 



44 

their poor condition. These trees are not included in the experi- 

mental design, nor in the results, given below. All trees not used 

in the program were sprayed once with 2 lbs of Solubor. 

To determine the effect of Solubor applied at 2, 4, and 8 

pounds at once or in partial amounts at regular intervals, four or 

five randomized trees were sprayed in June, July, August, and 

September according to the schedule shown in Table 6. I applied 

the sprays at sunrise on dew -free and wind -still days. Leaf samples 

were collected a few days prior to each boron application. The 

results of the first sampling, on June 13, showed that all trees were 

low in boron; average foliar boron content was 16.3 ppm (range: 

9. 3 - 29. 6 ppm). Spray dates were June 15, July 17, August 15, and 

September 12, 1964. The spray schedule was repeated in 1965 on 

May 29, July 14, August 14, and September 21. 

In 1965 rosette was observed only in the control trees, viz. 

No.'s 9 (rate 4), 10 (rate 4), 17 (rate 1), and 30 (rate 3). The 

orchard produced about 1800 pounds of cherries that year (240 pounds 

in 1964). 

In 1966 only a trace of rosette was seen in tree 30 (rate 1), 

but the disease was still obvious in trees 9 and 10 (rate 2). Leaf 

samples were collected on May 21, June 17, and August 1. The 

1966 crop was close to 3 tons. Mr. Burson applied a 2 -lbs. Solubor 

spray in August. No rosette was detected the following year. The 



Table 6. Burson orchard spray schedule. 

Solubor Month(s) Applied 
(lbs /100 gal) (1964) Trees Sprayeda 

0 9 10 17 30 

2 June 3 5 29 31 

June, July 4 6 24 33 37 

June, July, August 7 13 25 35 

June, July, August, September 8 12 15 27 

4 June 19 20 26 34 

June, September 2 21 28 36 38 

8 June 14 16 18 32 

aNumbers refer to the tree numbers shown on the orchard map in Figure 11. 
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1967 crop was 2.5 tons. 

In 1964 each tree was sampled for leaves on a random basis 

due to both the advanced stage of rosette in most of the trees and 

a rather bad aphid infestation. In most cases it was impossible to 

obtain representative samples consisting of only one type of leaf. 

Where normal flat leaves and diseased leaves could be collected 

separately the boron contents used in the tabulation of the results 

were arrived at by averaging the separate values for both leaf types. 

The 1965 and 1966 leaf samples consisted of normal spur leaves. 

The main result of this experiment was that even the most 

severely rosetted trees were made fully productive in one or two 

years with applications of boron. Only the control trees remained 

diseased during 1965 and 1966, indicating that all concentrations of 

the boron sprays were effective. 

By the end of the experiment there were no great differences 

in foliar boron contents of trees that received 4, 6, or 8 pounds of 

Solubor in varying sequences. On August 1, 1966 the average foliar 

boron of the trees in the various treatments were between 53.4 - 

62. 0 ppm. The control trees averaged 32 ppm at that time and the 

average in trees that received one two -pound dosage was 47.4 ppm. 

One two -pound application of Solubor early in the season may 

not be sufficient to ensure an adequate supply of boron at budbreak 

the following spring. In this test there was no provision to test a 
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low dosage applied in midsummer or fall. 

Olson Orchard 

The Wilbur M. Olson orchard on 71st Avenue, East of Salem, 

was selected for boron trials because rosette had spread through an 

old part of the orchard from a defined location in 1961 to an epidemic 

in 1964. In an adjacent planting of young trees, affected for the first 

time in 1964, research plots could be established easily. 

OLD ORCHARD- -The approximately 30 -year old part of the 

orchard consisted of nine rows of 75 trees each. In 1964, 27% of 

the trees had rosette symptoms. Those most severely affected 

were located in a draw where the disease had been observed in a few 

trees since 1961. In this draw 23 trees were selected for boron 

analyses from 108 mapped for future observations (Figure 12). 

Two -pound solutions of Solubor were applied to entire rows, 

including the test section. The first boron spray (June 12) covered 

all nine rows, the second treatment (July 24) was applied to rows 

three through nine, the third application (August 30) was given to 

rows five through nine and the last spray (September 22) covered 

only rows seven, eight, and nine. 

Leaf samples were collected a few days prior to each boron 

spray. On June 11 there was a significant difference, at the 5% 

level, between average boron content of leaves from non- rosetted 
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Row No. Tree 
9 8 7 6 5 4 3 2 1 No. 

1 1 1 0 0 34 

2 1 1 33 

® O O3 1 O 1 1 32 

® ® 31 

® O 1 1 30 - 
1 ®' 5 ® 2 29 

2 2 N® 5 3 28 

1 1 

\ \ ® 3 2 27 
N 

i 30 ON 4 2 26 . . 
2 O 0 O . 
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24 

O 1 ®\ 23 

Figure 12. Rosette survey in part of Olson's orchard, 
June 9, 1964. 

Rosetted trees shown only. For disease rating see page 19. 

Sampled trees are circled. 
Low line through the draw. 

\ \ 2 
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49 

trees and flat leaves from rosetted trees (26.7 and 17.7 ppm 

respectively), and less than 1 ppm difference in boron content 

between flat and cupped leaves from rosetted trees. 

In 1965 no rosette was detected in this orchard. On May 31 

the average boron contents were 24.8, 38.1, 41.7, and 41.9 ppm 

in leaves from trees that were sprayed once, twice, three times, 

and four times, respectively, the previous year. This indicates 

that one Solubor spray of 2 lbs early in the season is not sufficient 

to raise the boron content above the critical level by the following 

spring. 

YOUNG ORCHARD -- Olson's nine -year old cherry orchard, 

five rows of 75 trees each, was the youngest planting observed with 

rosette in 1964. The long narrow orchard was ideal for a replicated 

boron test in that trees with varying degrees of rosette (Figures 13, 

14, 15) were found throughout the orchard, and experimental 

blocks could be established easily. 

Six sections of 50 trees each were identified by marking the 

alternate sections as control blocks with a red- painted band around 

the tree trunks. Two -pound Solubor sprays were applied to trees 

in the non -painted sections on June 19, July 24, August 23, and 

September 21, 1964. 

Leaf samples were collected before each boron treatment. 

The sampling pattern included, where possible, two trees of each 



Figure 13. Normal young cherry tree. 
Olson orchard 

Figure 14. Young cherry tree with moderate 
rosette. Olson orchard 
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Figure 15. Severely rosetted young cherry tree. 
Olson orchard 

E.& 
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rosette rating in each of the six sections. By this method a total of 

six normal trees were sampled among the control trees and six 

among the boron -treated trees. Fourteen rosetted trees were 

sampled among the control trees and 13 among the treated trees. 

Statistical analysis of the data obtained from the sampling 

before the first boron spray showed that there was a significant 

difference, at the 1% level, in boron content of leaves from normal 

trees and that of flat leaves from rosetted trees (25.9 and 21.4 ppm 

respectively). There was no correlation between foliar boron con- 

tent and degree of severity in rosetted trees. 

In 1965 only two trees in one control section had rosette. 

The foliar boron content of these trees, 18.4 and 24.3 ppm, were 

among the lowest recorded on May 31. The foliar content of the 

tree physically situated between the two with rosette was 22.2 ppm. 

Other individual boron levels were 25.3 ppm and up. 

Solubor was applied to the appropriate sections on May 31, 

June 23, August 13, and September 21, 1965, again at the 2 lbs 

rate. 

In 1966 rosette was evident in three trees, two of which had 

rosette the previous year, now with boron contents of 19. 6 and 21.3 

ppm. The third tree was not sampled. Among the trees tested in 

the control sections seven more had boron contents below 25 ppm 

on May 22. 
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On July 24 a 2 -lbs Solubor spray was applied to the entire 

orchard, including the control sections. Leaf samples were collected 

on May 21, 1967. The one tree with rosette that year, in the same 

section where rosette was recorded the two previous years, had a 

boron content of 20.4 ppm. The average boron content of all other 

trees sampled in former control sections was 35.9 ppm. 

Results of the boron analyses of the samples collected over 

the three -year period are summarized in Table 7. An increase in 

foliar boron content during spring and early summer and a levelling 

off in the 42.5 45.5 range after midsummer is clearly shown by 

the data for the control trees. When comparing figures listed for 

comparable calendar dates in different years, e. g. June 23, 1965 

and June 19, 1966, one should keep in mind the yearly variation in 

maturity of the leaves on those dates. In 1965, for example, the 

cherry harvest in the Salem area started two weeks earlier than 

most years. 

The first Solubor spray on trees with low boron content 

increased the content of the element in the leaves markedly, from 

21.8 to 50.4 ppm in June 1964, and from 33.4 to 55.0 ppm in July 

1966. Solubor sprays applied to leaves with a boron content in the 

normal range increased the level of that element only slightly. 

Repeated sprays did not result in a further rise of boron levels. 

Under these conditions the additional boron is either no longer 

- 

-in 



Table 7. Effects of repeated boron sprays on boron content in leaves of young cherry trees in 
Olson's orchard. 

Spray Datesa Sampling Dates 

Foliar Boron Content Sprayed Trees 
Boron Increase 

Over Control Control Treesb 
ppm 

Sprayed Treesc 
ppm 

Jun. 18, 1964 21.8 21. 8 

Jun. 19, 1964 Jul. 22 35.4 50.4 42. 3 

Jul. 24 Aug. 14 42. 9 66. 3 54. 5 

Aug. 23 Sep. 18 42. 5 60. o 41.1 

Sep. 21 May 31, 1965 31. 8 62. 2 95. 5 

May 31, 1965 Jun. 23 40. 0 78. 6 96. 5 

Jul. 12 Aug. 12 45. 5 71.0 56.0 
Aug. 30 Sep. 21 45. 2 72. 5 60. 3 

May 22, 1966 25. 9 38. 7 49. 4 

Jun. 19 33. 4 52. 6 57. 4 

Jul. 24, 1966d Aug. 1 55. 0 60. 8 10. 5 

May 21, 1967 35.9 45.0 25. 3 

a Rate: 2 lbs Solubor /100 gal water, each application. 

bAverage of 20 trees. 
cAverage of 19 trees. 
dApplied to all sections, including controls. 

To 
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absorbed by the leaves or translocated to other sites as quickly as it 

is taken in. 

Evaluation of the data from this test suggests that for boron - 

deficient trees one boron spray in the spring and one in late summer 

or early fall is sufficient to increase the boron content above the 

danger zone the following spring. For trees with a normal boron 

range in midsummer one spray in the fall appears to be sufficient 

to keep boron on a desired level through the dormancy period. 
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EXPERIMENTS ON THE PLANT PATHOLOGY FARM 

Residual Effect of Boron Sprays Applied in May and August 

Evaluation of the data from experimental blocks in commercial 

orchards indicated that one two -pound application of Solubor may be 

sufficient to keep the foliar boron content above a critical level in non - 

rosetted trees. It was also apparent that one boron spray in August 

was more effective than one application in May. Fifteen six-year old 

Bing sweet cherry trees were selected to determine the effect of boron 

sprays applied in these months on foliar boron content the following 

spring. Five trees were sprayed with Solubor at 2 lbs /100 gal on 

May 26, 1966; five trees were given the same dosage on August 8, 

1966 and the remaining five trees were not sprayed. Leaf samples 

were collected one to three days prior to treatment and in June of 

the following spring. The results are shown in Table 8. 

The May application increased the foliar boron content 26% over 

the starting level by the following June compared with a 60% increase 

due to the August application. The 31% increase in the controls was 

taken into account. 

In orchards without rosette one preventative Solubor spray at 

2 lbs /100 gal applied in August is sufficient, and preferred, to keep 

the foliar boron content above the critical level at budbreak the 

following spring. 
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Table 8. Effects of one Solubor applicationa in May or August on 
boron content of Bing cherry leaves. 

Treatment 
(1966) 

Averageb Foliar Boron Content (ppm) 
5/25/66 8/5/66 6/8/67 

Control 17.0 36.7 22.3 

Increasec 116% 31% 

Sprayed May 26 18.8 48. 9 29.5 

Increasec 160% 57% 

Sprayed Aug. 8 18.7 41.3 35.8 

Increasec 121% 91% 

a2 lbs /100 gal. 

bAverage of 5 trees. 

cIncrease over 5/25/66 average. 

Effect of Soil- applied Borate on Foliar Boron Levels 

For many crops in need of additional boron soil applications of 

agricultural borate fertilizer once every 3 -5 years are often recom- 

mended in lieu of, or in combination with, foliar sprays. 

To determine the effect of borate fertilizer on the boron content 

in leaves of Royal Anne cherry, eight four -year old trees in one row 

were ringed on August 5, 1966 with 1/3 pound of borate (14. 3% borax) 

halfway between trunk and dripline. Seven other trees in the same 

row were used as controls. The two sections of the row were 

separated by an extra spacing provided by a missing tree. The 
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results of this test are shown in Table 9. 

Table 9. Effect of Agricultural Borate Fertilizera on Boron Content 
of Royal Anne Cherry Leaves. 

Treatment 
Averageb Foliar Boron Content (ppm) 

5/25/66 8/5/66 6/8/67 

Control 25.3 45.8 31.7 

Borate 25.1 47.1 63.5 

aBorate fertilizer (14.3% borax), 1/3 lbs /tree (4 years old), 
8/5/66. 

bAverage of 7 control trees, 8 fertilized trees. 

Under the conditions of this test the borate caused a 100% 

increase in boron content over the controls after one winter. 

Induced Boron Toxicity 

Not long after it became known that boron controlled cherry 

rosette, some growers became concerned about having used too much 

of the element by exceeding rates and frequencies of application 

recommended by the Extension Service. 

To determine how often a dosage of 4 lbs Solubor /100 gal could 

be applied before toxicity was evident three four -year old Royal Anne 

trees were sprayed at approximately two -week intervals. 

Toxicity began to show one week after the fourth spray and was 

quite evident another week later. Symptoms were marginal burning 
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and yellowing of the leaves with occasional interveinal burning 

(Figure 16). Leaf samples were collected one day before the first 

spray, two weeks after the fourth spray, and in June of the following 

spring. Results of the foliar analysis for boron are shown in Table 

10. 

There was no difference between the boron content of normal 

appearing leaves and those with toxicity symptoms. The boron con- 

tent of mid -shoot leaves again was shown to be representative of the 

boron level in the entire foliage. 

Even though these trees were showing severe toxicity symptoms 

in midsummer 1966, they could not be visually distinguished from 

other trees in the same block the following spring. In June the boron 

content of the leaves was high, but not close to toxicity levels. From 

these data it appears that the grower who exceeds boron -treatment 

recommendations has a substantial margin of safety before inflicting 

permanent damage to his trees. He would have the benefit of a 

danger warning in the toxicity symptoms. 
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A 

Figure 16. Leaves from cherry tree with boron 
toxicity symptoms. 

A) Normal- appearing spur leaves 
B) Spur leaves with symptoms 
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Table 10. Boron content in Royal Anne cherry leaves before and after induced boron toxicity. a 

Treatment Tree Code 

Boron Content (ppm) 
5/25/66 

Normal 
Spur Leaves 

7/25/66 6/8/67 

Normal 
Spur Leaves 

Normal 
Spur 

Leaves 

Yellow 
Spur 

Leaves 

Mid - 
terminal 

Leaves 

Control C37 - 15 26. 2 48. 1 - 36. 3 31. 3 

Boron sprayb C35 - 14 28. 2 156.7 163. 1 173. 5 63. 6 

- 15 22. 4 131.4 127.8 150. 4 65. 4 
- 17 20. 0 132.7 131.4 126. 0 57. 0 

Average 23.5 140.3 140.8 150.0 62.0 

aBi- weekly dosage of Solubor at 4 lbs/ 100 gal. 

bApplication dates: 5/26, 6/13, 6/30, and 7/13/1966. 
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INFLUENCE OF CLIMATE 

The erratic occurrence of rosette suggested that its presence 

or absence in a given year could be due to climatic conditions. To 

check this hypothesis monthly deviations from normal temperature 

and precipitation at the Salem airport and at The Dalles, were plotted 

for the years 1950 -55 and 1960 -66 (U. S. Weather Bureau, Ore.). 

No correlation was found for either area between rainfall or 

temperature and the occurrence of rosette in 1953 and during 1961 -66. 

For this phase of the investigation it was assumed that the disorder in 

1953 was rosette. 

However, the influence of environment could not be excluded. 

If gross deviations from normal weather patterns could not account 

for the irregular expression of rosette, then the key could be in less 

pronounced variations immediately prior to and during budbreak. A 

review of the synopses for March and April, 1951 through 1967, 

revealed that storms with high wind velocities were mentioned for 

March 1961 and 1963. If there was a connection between storm - 

damaged root systems and rosette, the Columbus Day storm of 

October 12, 1962 could account for the severe and widespread out- 

break of the disease in 1963. The monthly weather synopses were 

then checked for storms from January 1948 through March 1967. 

Listed below are those storms in the Willamette Valley, mentioned 
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in the summaries as having caused extensive damage. An abstract 

of the synopsis accompanies each date. Major storms are listed with 

one asterisk (m), severe storms with two (**) and the most destructive 

with three ( * **). Other weather data which could be pertinent has 

been inserted between the storm dates. 

Jan. 1948 through No damaging storms reported for the 
Dec. 1949 Willamette Valley. 

Jan. 13, 1950 High winds at the coast, 60 -70 mph gusts. 
Portland and Grants Pass 40+ mph. 
Heavy snows. 

Jan. 18 -20, 1950 Severe sleet and ice storm, particularly 
NW Oregon. Many broken limbs on fruit 
trees. 

Oct. 26 -29, 1950 Severe wind and rain storm, entire State. 
Much damage. 

Jan. 14 -15, 1951 65 -70 mph gusts along the coast and 
northern half of the State. Many roofs 
damaged in Portland. 

*Nov. 10 -11, 1951 Severe wind storms over Pacific Northwest. 
South winds 40 -60 mph, gusts 75 -80 mph. 
Extensive damage. 

*Dec. 4, 1951 Hurricane force at the coast, up to 75 mph 
at times at inland points across the State. 
Three persons killed by falling trees. 

Summer & Fall '52 Hot and dry. Precipitation above normal 
in December for first time since June. 
Warmest and driest September since 1943. 
Warmest October since 1907, driest since 
1936. Four months of drought condition 
only once been exceeded between July and 
October since 1890. November precipita- 
tion lowest since 1939. 
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*Jan. 8 -10, 1953 Severe windstorms. Willamette Valley 
40 -60 mph, with heavy rains. Power line 
blown down near Enterprise in N. E. 
Oregon. 

*Jan. 19 -20, 1953 Winds at Corvallis in excess of 100 mph, 
extensive damage to city center. Not so 
damaging, but severe over rest of the State. 

April 14, 1957 Willamette Valley winds 50 -60 mph. 

Nov. 3, 1958 Severe storm, entire State. 71 mph 
Portland airport. 

Nov. 20, 1959 High winds, entire State. Inland at 70 mph. 

Feb. 8 -9, 1960 Storms in the Willamette Valley. 

April 13, 1960 High winds, northern half of Oregon 45 -65 
mph. 

Summer & Fall '60 Dry. November precipitation substantial 
for the first time that fall and only second 
time since May. 

*Nov. 16 -17, 1960 High winds locally at several Willamette 
Valley points. 

*Nov. 19 -20, 1960 High winds more widespread over the 
State. 

*Nov. 22 -24, 1960 High winds West of the Cascades. Most 
severe of the November storms. 

*Jan. 7, 1961 Exceptionally high winds West of the 
Cascades. Gusts up to 81 mph at Eugene, 
70 mph at Salem. 

Feb. 8 -11, 1961 Series of rainstorms, intense precipitation. 

*Feb. 23 -24, 1961 High winds, 70 mph gusts at Eugene. 
Eugene and Upper-Willamette-Valley 
centers of heavy damage. 



*Mar, 5, 

*Mar. 12 -13, 

1961 

1961 

Summe r 1961 

Nov. 10, 1961 

Nov. 20, 1961 

* *Dec. 16 -17, 1961 

January 1962 

Apr. 26 -27, 1962 

***Oct. 12, 1962 

*Mar. 27, 1963 

*Sep. 9, 1963 

*January 1964 
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Windstorm North coast (80 -90 mph) and 
Willamette Valley (50-60 mph) . 

Storm with major force near central Oregon 
coast and Upper Mid Willamette Valley. 

June 1961 warmest on record for the 
entire State. July hot and dry. August 
another very warm month. 

Strong winds Willamette Valley. 

Strong winds 40 -60 mph, Portland. 

Hurricane force at the coast. Very severe 
windstorm inland. Corvallis bore main 
brunt of 75 -85 mph winds through the 
Willamette Valley. Three persons killed 
by falling trees. 

Dry, lack of snow and precipitation. Very 
low temperatures. 

Extreme high winds along full length of 
Oregon coast and inland to the Willamette 
Valley. Not particularly severe at any 
one point, but sustained. 

,Columbus Day storm. Most destructive 
ever recorded in Oregon. Hurricane force 
for several hours. Peak gusts Corvallis 
127 mph, Portland 116 mph. Many points 
higher velocities, but unable to record 
due to power failures. 

Hurricane force at coast, somewhat 
reduced in inland valleys. Widespread 
damage. Gusts at Eugene 75 mph, 
Salem 68 mph, Portland 63 mph. 

Severe windstorms over a widespread area. 

"Only a few brief interludes of 2 -3 days' 
duration interrupted a series of storm 
fronts that moved across the Oregon coast 



December 1964 

January 1965 

*Feb. 5, 

Dec. 27 -28, 

1965 

1965 

*Mar. 15, 1966 
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from the beginning of the month until almost 
the end of it." Northwest Oregon precipita- 
tion almost daily occurrence Eugene 14.83" 
(Jan. record). 

"Destruction in Oregon due to weather was 
greater in this December than in any pre- 
vious month or storm in the State's 
recorded history. Low temperatures, 
almost unprecedented heavy snows this 
early in the season, and finally record - 
breaking rains all contributed. Practically 
every facet of the State's economy was 
seriously affected." Floods over wide- 
spread areas. 

"Flooding in many areas across the 
northern half of Oregon during the last 
week of this month was nearly as bad and 
in some areas worse than that of the 
Christmas week the month before." 

Extremely severe windstorms, northern 
and western Oregon. Willamette Valley 
60 -70 mph gusts. 

Strong winds at Coast (75 -120 mph), 
Willamette Valley stations 30 -40 mph. 
Damage in any one area not generally 
severe. 

High winds over much of Oregon (40 -50 
mph), gusts at the coast 100 mph. Much 
damage in the Willamette Valley. 

Summer & Fall '66 Continuous dry spell. Eight consecutive 
months with precipitation only a fraction 
of normal. September precipitation near 
normal for first time in nine months. 

Jan. 19 -20, 1967 High winds West and central Oregon. 
Gusts 100 mph at coast, 52 mph Eugene, 
47 mph Portland. 



*Jan. 22, 1967 

Mar. 

Mar. 

14 

22 

-15, 

-23, 

1967 

1967 
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Very strong winds. Gusts up to 61 mph 
Salem, 63 mph Portland. Damage 
particularly heavy in the Willamette Valley. 

Willamette Valley winds with 40 -50 mph 
gusts. 

Willamette Valley winds with 40 -50 mph 
gusts. 

A comparison of the rosette years with the more severe storm 

periods shows that there is a correlation between winter storms and 

the occurrence of rosette the following spring. For convenience the 

rosette outbreaks are briefly repeated here. The disease is sus- 

pected of having occurred in the Willamette Valley and Wasco County 

in 1953. No further outbreaks occurred until 1961, when it appeared 

to be spreading inthe Eola Hills. That year rosette was also observed 

in Washington and Montana (no record of initial appearances in these 

states). In 1962 a severe outbreak occurred near Mosier and the 

disease again was recorded in the Eola Hills. The most severe and 

widespread outbreaks occurred in 1963 and 1964. Thereafter reports 

of severe, but isolated cases where no boron had been used. 

Weather synopses for the State of Washington (U. S. Weather 

Bureau, Wash.) list weather conditions from November 1960 through 

March 1961 comparable to those in Oregon during that period, viz. 

windy and wet. A series of storms passed over Washington between 

the 10th and 25th of November. Windy weather was recorded from 
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the beginning of January until after the middle of March. Specifically 

mentioned were storms over the entire State on the 8th, 9th, 11th, 

12th, 19th, and 20th of March. Rosette occurred that spring in the 

Wenatchee Valley. 
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DISCUSSION 

Rosette disease of sweet cherry trees is an expression of boron 

deficiency. A high positive correlation between rosette and low boron 

content in leaves of rosetted trees was established, and control of the 

disease by boron sprays was demonstrated. 

The boron content of flat leaves from rosetted trees is sig- 

nificantly lower than the boron in leaves from healthy trees. There 

was, however, no correlation between boron levels and severity of 

rosette in diseased trees. In other words, the boron levels were 

equally low for all leaves, normal or abnormal, from diseased trees 

regardless of the degree of rosette. McClung and Clayton (1956), 

similarly, found no correlation in low boron content and rosette 

symptoms in peach. 

Rosette symptoms in cherry closely resemble boron deficiency 

symptoms in stone fruits (Fitzpatrick and Woodbridge, 1941; McClung 

and Clayton, 1956; McLarty and Woodbridge, 1950; Woodbridge, 

1955) and in other tree fruits (Burrell, 1940; Batjer, Rogers, and 

Thompson, 1953), with the exception that die -back of twigs does not 

occur in western Oregon. Diseased cherry and peach twigs, although 

largely defoliated, often had rosettes at their terminals. Defoliated 

branches without terminal rosettes remained green at the cambium 

and growth resumed from adventitious buds after boron applications 
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early in the season. 

Erratic occurrence of boron deficiency has been reported for 

peach, pear, and apple, but no conclusive evidence could be pre- 

sented to account for the irregular outbreaks. McClung and Clayton 

(1956) concluded that marginal levels of boron probably existed in 

affected peach orchards and the deficiency symptoms were initiated 

by slight changes in the boron status, possibly related to weather and 

other environmental conditions. Batjer, Rogers, and Thompson 

(1953) suggested that the boron deficiency of pear expressed by 

"blossom blast," was incipient or temporary in nature. In the spring 

deficiency would occur in some trees which later in the season had a 

boron content equal to that of trees without symptoms. The authors 

assumed that under certain soil and environmental conditions pear 

trees were incapable of obtaining an adequate supply of boron from 

either the soil or the reserve within the tree to meet the requirements 

of the young developing tissues. Burrell (1940) stated that rosette 

of apple occurred chiefly during dry seasons, but also mentions that 

the condition occurred at times during rainy years. Apple trees with 

boron- deficiency symptoms tended to occur in groups. This suggests 

that some soil peculiarity could be the causal factor, either directly 

or indirectly, but Burrell argued that point on the basis of contrasting 

situations. The same author reported that occasionally injuries, 

such as winter root -killing, girdling by rodents, or experimental 
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branch girdling caused boron - deficiency symptoms to appear or to 

increase. Root -breakage caused by a hurricane in eastern New York 

appeared to be an aggravating factor. Burrell concluded, however, 

that so many outbreaks of rosette occurred in uninjured trees, that 

injuries could not be regarded as the primary causal factors. 

Davidson and Judkins (1949) report that in apple trees a continuous 

flow of boron is required while the shoots are growing. Since boron 

is not stored and re- translocated in apple, a deficiency could occur 

at almost any time during the growing season. These authors stated 

that boron -deficiency of apple could develop for the first time in 

either a mild or a severe storm. 

I believe that storm damage to the root systems of cherry trees, 

in soils with a marginal boron content, is a major contributing factor 

to rosette. Any condition leading to a depletion of the boron reserve 

is a predisposing factor in rosette of cherry. 

Northwestern soils generally are low in boron (Jordan and 

Powers, 1947; Whetstone, Robinson, and Byers, 1942) and many 

crops (e. g. , all crucifers, beets, alfalfa, carrots, and prunes) 

require additional boron. The boron content of the soil apparently 

has been sufficient for the growth of cherry trees in the past. The 

foliar boron content of cherry trees was normal (40 -60 ppm) in three 

out of four experimental orchards, when the samples were collected 

in August. Leaf samples for fertilizer recommendations are 
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routinely collected in August, and thus a deficiency is seldom 

indicated. However, a great seasonal variation in boron content was 

shown in this work as well as by others (Archibald, 1964; Simons, 

1965). The most critical periods for boron availability are immedi- 

ately prior to and during budbreak and to a lesser extent during shoot 

growth and fruit maturation (Gauch and Duggar, 1954; Skok, 1958). 

If boron is in short supply during the budbreak period, deficiency 

symptoms are likely to occur. Should the supply increase, or the 

demand decrease, boron levels in tissues could increase to near 

normal levels by the summer. It is my contention that boron 

deficiencies are seldom noted because cherry and other stone fruits 

can store and translocate boron (Eaton, 1944; Hernandez and 

Childers, 1956). Boron is stored in the bark or wood and translocated 

to the fruit (Eaton, 1944; Eaton, McCallum, and Mayhugh, 1941). By 

the time the terminals stop growing boron ceases to increase in the 

leaves, and repeated boron sprays do not increase boron content 

much beyond the normal level. This could mean that after mid- 

summer boron is stored in the bark. In this connection it would be 

interesting to know where foliar boron content in cherry levels off in 

midsummer under irrigated conditions. In the Willamette Valley 

cherry trees are known to be under water stress in August. Boron 

uptake could be reduced due to lack of water as the carrier. 

A correlation between windstorms and the major outbreaks of 
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rosette was shown for the Willamette Valley. On this basis the out- 

break of what is suspected to have been rosette in 1953 closely 

followed the storms in January following an extremely dry summer 

and fall. These conditions existed also for northeastern parts of the 

State, and presumably for Wasco County where the disease was 

noticed also in 1953. The winter of 1960 -61 was particularly stormy 

in the Willamette Valley again following a dry summer and fall. 

Rosette was reported to be spreading in the Eola Hills in the spring 

of 1961. June, July, and August of 1962 were noted as hot and a 

major storm blew through the Willamette Valley in December. Many 

more orchards showed rosette in 1962. The most severe and wide- 

spread outbreak of rosette in the valley came in 1963 following the 

Columbus Day storm on October 12, 1962 and another major storm 

on March 27, 1963. January 1964 was a month with high rainfall and 

a series of major storms. Rosette was again severe and widespread 

that spring. 

Under western Oregon conditions cherry trees apparently are 

capable of maintaining a level of boron above that at which deficiency 

symptoms appear. The boron balance is not critically influenced by 

high water content in the soil or by drought conditions as in the case 

of crops that have little or no capacity to store and re- translocate 

boron. Root - damage caused by a major storm, alone or in combina- 

tion with above mentioned predisposing factors, upsets the boron 
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balance, so that at the critical time of budbreak the demand is 

greater than the supply. 

This hypothesis provides for many questions regarding the 

erratic occurrence of rosette, and the pattern of diseased trees 

found in some orchards. For instance, Mr. Olson stated that in his 

orchard most of the damage done by the October 1962 storm was 

centered in the draw (Figure 12). The reason for the spread of 

rosette in the old orchard, from a few trees in the draw in 1963 to 

27% of the trees throughout the orchard in 1964, could be that most 

trees were damaged, more or less, by the Columbus Day storm, at 

a time that many leaves were still on the trees. Only those most 

severely damaged in that storm showed rosette the following year. 

The others were able to function on their boron reserves until the 

storms of the following winter upset the balance in a system which 

had not had sufficient time to completely overcome its root damage 

from the first storm. Consequently the trees in the draw were the 

most severely affected with rosette the second year. The fact that 

in other orchards, as in Smart's (Figure 8), affected trees were 

found in groups could be explained by predisposing factors, e. g. soil 

moisture, which under normal conditions were not sufficiently strong 

to cause rosette. 

In 1965 and 1966 one or two trees became severely affected 

with rosette in otherwise normal- appearing orchards. The heavy 
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crop, known to have occurred on these trees the previous year, 

could have depleted the boron pool to a critical level. Such trees 

would be in a predisposed condition when storm damage to the roots 

slowed the boron uptake and caused deficiency at budbreak. A high 

water level in the soil, causing a shortage of oxygen for proper root 

function, could have had the same effect. In 1963 Mr. Lindsay B. 

Loring, Plant Pathologist, State of Oregon Dept. of Agriculture, 

made a rosette survey of 58 orchards in seven counties. His report 

(Loring, 1963) indicated 36 orchards with varying degrees of 

rosette. Mr. Loring noted: It seems an interesting fact that I have 

found rosette only in older trees and typically where the trees have 

been known to have been bearing heavily." 
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RECOMMENDATIONS FOR CONTROL OF ROSETTE 

For the prevention of rosette in orchards not affected with the 

disease one spray with sodium pentaborate is recommended. 

Solubor (20. 5% boron) or Boro -Spray (18. 5% boron) should be applied 

at 2 lbs/100 gal preferably in September. For maximum boron up- 

take it is not recommended to wait with this spray until the October 

spray with Bordeaux. No experimental data is available on the effect 

of a boron spray applied that late in the season. 

For orchards with rosette, even if present only in a mild form 

in few trees, the recommendation is to apply Solubor or Boro -Spray 

at 2 lbs /100 gal in May and again in September. Boron sprays at 

popcorn or petal fall stages may be of value, but are not recom- 

mended in lieu of the May application until appropriate research 

data are available. 
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PART II: POSSIBLE IMPLICATION OF A VIRUS 
IN CHERRY ROSETTE 

The occurrence of rosette over a large area in trees in varying 

soils, and the spread in commercial orchards suggested an infectious 

agent as the cause of rosette when the disease first appeared. In 

August 1961 six virus -free multiple- variety cherry trees were graft 

inoculated with buds from rosetted cherry trees in the Eola Hills. 

Two adjacent trees served as controls. The inoculated trees devel- 

oped virus -like symptoms the following year. Typical rosette 

symptoms appeared three years after inoculation. In 1964 all 

branches in two trees inoculated with buds from rosetted trees in the 

Worral orchards had severe rosette. The other four trees had 

rosette symptoms on some branches. The control trees were not 

affected. A graft -transmissible infectious agent, probably a virus, 

appeared to be causing rosette. 

Milbrath (1964) used seedlings of mahaleb (Prunus mahaleb L.) 

and peach (P. persica Batsch) bud -graft inoculated with various 

sources of rosette in attempts to transfer a virus to herbaceous hosts. 

Mucilaginous material and tannin make cherry leaves unfavorable 

material for preparations of virus- containing extracts. Mechanical 

transmission may be made possible by first transmitting a virus by 

grafting to a favorable host. Sap transfers are then possible to 
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herbaceous hosts in which virus mixtures may be separated and 

studied individually. Such hosts often are more susceptible when 

inoculated mechanically and the virus may multiply to a higher con- 

centration than in the woody host. 

During the investigations on rosette Milbrath also worked with 

rugose mosaic, a virus of the Prunus ringspots, in mahalebs. An 

unknown virus was found in one of the mahalebs graft inoculated with 

a rugose virus. Symptoms in the mahaleb leaves were different from 

those usually associated with ringspots. Sap transfers to bean 

(Phaseolus vulgaris L.) variety Top Crop resulted in a slight vein 

clearing of the trifoliate leaves and a stunting of the plants. The 

symptoms produced on squash and cucumber and the ability to infect 

beans and cowpeas distinguished this virus from those of the Prunus 

ringspot complex (Milbrath and Swenson, 1964). 

When other bean varieties were tested for their reactions to the 

virus, Milbrath discovered a very distinct epinasty of the inoculated 

primary leaves (Figure 17). Bean varieties in which epinasty 

occurred four or five days after inoculation were Bachicha, Romano, 

Ruby Dwarf, Idaho Refugee, and Yellow Eye. Sap transfers from 

several mahalebs inoculated with buds from rosetted cherry trees 

also caused epinasty in beans. 

Swenson (1964) concluded, on the basis of tests with aphids and 

herbaceous hosts, that the vector /host relationship of the unknown 
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Figure 17. Virus -induced epinasty reaction in bean seedlings. 

A) Virus isolate 24u in variety Romano 
B) Virus isolate 24at in variety Ruby Dwarf 

(uninoculated seedling on the left) 

-; 
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virus was similar to that of cucumber mosaic virus (CMV). 

In 1964 the rosette research was expanded into a project for 

this thesis. A new series of bud inoculations were made from 

rosetted cherry trees to young mahaleb and peach seedlings. The 

seedlings inoculated by Milbrath were no longer used for fear of 

possible contamination with insect -transmitted viruses during two 

summers of growth in a non -screened greenhouse. 

A virus isolate (coded "24u ") from a mahaleb inoculated with 

buds from a rosetted cherry tree in the Worral orchard was retained 

in tobacco (Nicotiana tabacum L. var. Necrotic Turk). This virus 

was used in tests on herbaceous hosts until it could be replaced by 

a more recent isolate. 
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MATERIALS AND METHODS 

Rosette Sources and Codes 

Rosetted trees used as sources for experimental materials 

(leaves, flower petals, buds) were assigned individual codes. 

Individual trees were listed by number ( "24" for rosette) and 

alphabetic suffixes, 24a through z, 24aa through az, 24ba through 

bz, etc. Each entry in the codebook included a description of loca- 

tion and condition of the tree. A virus isolated directly from a coded 

source tree or from an inoculated seedling was referred to by its 

source code. This practice was adhered to for this thesis. 

Inoculation and Use of Mahaleb and Peach Seedlings 

Seedlings of mahaleb and peach in nursery rows were graft 

inoculated with buds from rosetted cherry trees. At least two buds 

were grafted on each seedling. In August 1964, 48 mahalebs were 

grafted with buds from 24 rosetted cherry trees in 12 orchards in 

Polk and Marion Counties. 

In 1965, 54 mahaleb seedlings and 54 peach seedlings were 

inoculated with buds from 27 cherry trees (six orchards in four 

counties) that were either rosetted that year or known to have been 

diseased in 1964. 
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In 1966 two peach seedlings were inoculated with buds from a 

tree (code 24cf) in a peach orchard severely affected with rosette for 

the first time that year. 

The inoculated seedlings were dug from the nursery row in 

February, potted in tin cans with a standard soil -peat moss -fertilizer 

mixture, and placed in the greenhouse. Young unfolded leaves were 

used as sources of inoculum for transfers to herbaceous plants. 

Inoculation of Herbaceous Plants 

Seedlings of herbaceous plants were mechanically inoculated by 

rubbing the expanded cotyledons or primary leaves with a forefinger 

dipped in the inoculum preparation. Before inoculation carborandum 

powder (600 mesh) was dusted on the cotyledons or leaves as an 

abrasive. Inoculum consisted of small pieces of leaf tissue ground 

in a mortar with approximately one -half ml of 0.02 M phosphate 

buffer, pH 8.0, containing 0.01 sodium diethyldithiocarbamate 

(NaDIECA). The NaDIECA was added to inhibit the action of poly - 

phenol oxidase and protect the virus from oxidation reactions. The 

visual effect of the NaDIECA was a marked reduction in the rate and 

degree of color change in the inoculum. For virus transfers between 

herbaceous hosts a 0.03 M phosphate buffer, pH 8. 5, was often 

used. 

In April of 1966 and 1967 flower petals of cherry, mahaleb and 
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peach trees were used as inoculum. Whole flowers or petals were 

kept in plastic bags or vials under ice in portable coolers. Petals 

were ground in phosphate buffer, with or without NaDIECA. 

To remove excess inoculum and carborandum, inoculated 

leaves were immediately washed with tapwater from a rinse bottle. 
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RESULTS 

Studies with Virus Isolate 24u 

Until a new virus culture could be obtained from mahaleb or 

peach seedlings which had been grafted with buds from rosetted 

cherry trees, isolate 24u was used in an attempt to find a local - 

lesion assay host for the "rosette virus." Sap transfers were made 

from tobacco to seedlings of about 50 different species over a two - 

year period. No local -lesion host was found in this initial series. 

The epinasty reaction of bean remained the only indicator. The 

virus isolate did give a systemic reaction in a number of other 

herbaceous species. For example, cowpea (Vigna sinensis Endl. ) 

which is a local -lesion host for most known strains of CMV proved 

very susceptible to systemic invasion by 24u. Mink (1967) concluded 

on the basis of its behavior in a number of hosts, that 24u probably 

was the cowpea strain of CMV (CMV -CS). Mink stated that black - 

cowpea seed from eastern States often contained CMV as described 

by Anderson (1955). The cowpeas used during the early work with 

rosette, and in experiments with rugose mosaic, were of a black 

variety obtained from a seed company in Virginia. Mink provided a 

start of a CMV -CS culture he had received from Kuhn (Brantley, 

Kuhn, and Sowell, 1965). Isolate 24u and CMV -CS had identical 
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symptoms in common greenhouse test plants, except for minor dif- 

ferences probably due to strain variation. Both isolates caused 

epinasty in bean and local lesions on Tobasco pepper (Capsicum 

frutescens L. ), a species not tested among the herbaceous hosts 

earlier in the investigation. The reactions of the herbaceous plants 

to 24u agreed, again with minor differences, with those described 

for CMV -CS by Anderson (1955). 

Virus isolate 24u probably was a strain of CMV, possible 

obtained from black cowpea as a seed -borne contaminant. The pos- 

sibility of virus transmission by aphids from herbaceous hosts to 

mahaleb could not be excluded. The studies with isolate 24u, there- 

fore, were discontinued, except for comparisons with other viruses 

later in the program. 

Recovery of a Virus from Graft - inoculated 
Mahaleb and Peach Seedlings 

Most of the cherry buds placed in 1964 in mahaleb seedlings 

produced a normal shoot the following spring. Other buds failed, 

but the bud shields remained alive. Virus -like symptoms were seen 

in the leaves of a few trees, particularly in mahalebs inoculated 

from sources 24at, 24as, 24b1 and 24bn. 

Buds placed in mahaleb seedlings in 1965 produced leaf clusters 

with what appeared to be typical rosette symptoms soon after 
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budbreak the following spring (Figure 18). Cherry buds on 33 out of 

54 mahalebs responded in this manner, but the subsequent terminal 

growth was normal. The abnormal leaves abscissed after a few 

weeks. This condition did not occur when these cherry twigs broke 

dormancy the following year. 

Several of the mahalebs inoculated in 1965 produced strong 

virus symptoms, notably those inoculated with rosette sources 24by, 

24bx, 24ch, and 24ci. 

Cherry buds placed in peach seedlings failed to develop, but 

many bud shields remained alive long enough for virus transmission. 

Ringspot viruses, transmitted through the bud shields, were 

recovered on cucumber and squash. The peach seedlings did not 

develop virus -like symptoms. 

Young leaves from each woody seedling inoculated in 1964 and 

1965 were used to transfer a suspected virus to the following 

herbaceous species: beans (var. Top Crop, Romano, Bachicha, 

Ruby Dwarf), lima bean (Phaseolus limensis Macf. var. Henderson's 

Bush), cucumber (Cucumis sativis L. var. National Pickling), 

squash (Cucurbita pepo L. var. Buttercup, White Scallop), petunia 

(Petunia hybrida Vilm. white -flowered varieties), tobacco (var. 

Necrotic Turk), and Chenopodium amaranticolor Coste & Reyn. 

In addition, young leaves from mahaleb and peach seedlings with 

virus -like symptoms were used as inoculum for zinnia (Zinnia 
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Figure 18. Rosette -like symptoms in cherry leaves 
from bud graft on mahaleb seedling. 
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elegans Jacq. ), Chenopodium quinoa Willd. , Gomphrena globosa L., 

Vinca rosea L. , and occasionally other herbaceous seedlings. 

Every inoculated herbaceous plant, regardless of symptoms, was 

tested for the epinasty reaction at various times after inoculation 

on at least four bean seedlings. 

Only the transfers from cucumber with 24cf from two peach 

seedlings caused epinasty in bean. Direct transfers from peach 

were not successful. , The intermediate herbaceous host apparently 

served to increase virus concentration. To determine optimum con- 

ditions of each host in the transfer of isolate 24cf, tests were con- 

ducted with cucumber and bean seedlings at various stages of their 

development. The following procedure was established to test other 

mahaleb and peach seedlings. Cotyledons of cucumber seedlings 

were inoculated when the first true leaf was visible and unfolding. 

Ten to 15 days after inoculation the cotyledons, with or without 

small chlorotic lesions, were used as inoculum for virus transfer 

to bean. Primary leaves of bean seedlings were inoculated as soon 

as they were smooth, but before they were fully expanded. With 

isolate 24cf both transfers could be made with 0.03 M phosphate 

buffer, but the NaDIECA- containing buffer is recommended for the 

first inoculation. The relative effect of these two buffers can not 

be measured until a suitable local -lesion assay host is available. 

All inoculated peach and mahaleb seedlings were tested as 
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described above, but without further success. Repeated trials with 

different seed lots of cucumber and bean did not alter the results. 

Epinasty of bean seedlings was induced only by transfers from peach 

seedlings with virus isolate 24cf. 

In May 1967 buds from mahalebs inoculated with sources 

24at, 24by, 24ch, and 24ci were grafted on young ringspot- virus- 

free peach seedlings in the greenhouse. Sap transfers from two 

seedlings budded with 24at from mahaleb caused epinasty in bean, 

directly and via cucumber or cowpea. This was the first successful 

direct transfer of a virus from a stone fruit host to bean without an 

intermediate host in this study (Figure 17b, page 79). The direct 

transfer of isolate 24at from peach seedlings to bean has been 

repeated successfully. The original source of 24at is a cherry tree 

which was severely rosetted in 1964 after a heavy crop the previous 

year. 

Recovery of a Virus from Rosetted Peach Tree 

Greenhouse tests indicated the presence of a virus in peach 

seedlings inoculated with buds from rosetted peach tree 24cf. The 

same isolate was recovered from the original tree by using flower 

petals or unfolded young leaves for inoculum on cucumber cotyledons. 

The virus was also recovered from one of eight trees (24cg) sur- 

rounding the 24cf source tree. 
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Mature peach trees grafted in 1966 with buds from peach tree 

24cf yielded the virus in the spring of 1967 (via cucumber). 

Flower Petals as Inoculum 

Attempts to transfer the unknown virus from cherry, peach or 

mahaleb trees via the flower petals were successful only for peach 

tree 24cf, with cucumber as the intermediate host. Phosphate buf- 

fer without NaDIECA was effective in both transfers involved in the 

procedure. 

Comparison of Virus Isolates 24u, 24at, 24cf and CMV -CS 

The virus isolates recovered from a mahaleb (24u), from a 

rosetted cherry tree (24at), and from a rosetted peach tree (24cf) 

were similar to CMV -CS in their epinasty reaction on certain bean 

varieties. All isolates became systemic in beans. Isolates 24at and 

24cf caused distinct lesions on inoculated bean leaves (Figure 19), 

CMV -CS and 24u did not. CMV -CS and 24u caused local lesions on 

Tobasco pepper and became systemic in Necrotic Turk tobacco, but 

24at and 24cf did not. Other similarities between CMV -CS and 24u 

have been discussed. 

Serological test to determine the relationship of 24u, 24at, 

and 24cf to CMV were inconclusive. 
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Figure 19. Bean leaf with lesions induced 
by virus isolate 24cf. 
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DISCUSSION 

Virus isolates 24at, 24cf, and 24cg probably are viruses not 

previously known to occur in stone fruit trees in Oregon. They were 

recovered from two peach trees and from one cherry tree which were 

severely rosetted at one time. However, no correlation between the 

occurrence of rosette and the presence of the virus has been estab- 

lished. Compton and Milbrath (1966) were unable to induce rosette 

in bud -graft inoculated young cherry trees grown in nutrient solutions 

with various boron levels. Boron deficiency was induced in cherry 

trees grown in solutions with low amounts of boron, but there was no 

correlation between deficiency symptoms and the presence or absence 

of bud grafts from rosetted trees. 

In 1965 severe rosette occurred in several mature sweet cherry 

trees, some of which had been grafted with buds from rugose virus 

sources in 1962. The relation to rugose is not clear. The unknown 

virus causing epinasty in bean was recovered from a mahaleb 

inoculated with buds from a rugose- diseased cherry tree. A cherry 

tree inoculated in 1962 with buds from the same mahaleb developed 

rugose and rosette symptoms two years later. The multiple- variety 

cherry trees inoculated in 1961 with buds from rosette sources 

developed rosette three years after inoculation, but rugose symptoms 

could not be detected after five years. 
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There is some evidence that the unknown virus may be a strain 

of CMV. There were as many similarities as dissimilarities in 

reactions of herbaceous hosts to 24at and 24cf compared with known 

strains of CMV. The differences do not exclude the possibility that 

24at and 24cf are related to CMV. It is common knowledge that many 

strains of CMV have been described with differences in host reactions 

and host ranges. 

Swenson and Marsh (1967) have identified the unknown virus 

Milbrath recovered from a mahaleb bud - grafted with a rugose source 

as a CMV. There is some doubt, however, as to the purity of the 

virus culture in the herbaceous source material provided by Milbrath. 

Swenson and Marsh stated that Stimmann obtained a reaction to CMV 

antiserum in a gel diffusion test, but did not mention what type of 

reaction. Virus isolates 24u and 24cf also reacted to CMV antisera, 

but not conclusively positive. Optimum dilutions of both plant sap and 

virus antiserum have to be satisfied to separate host and virus reac- 

tions. Under less than optimum conditions host reactions, possibly 

due to universal protein(s), can be mistaken for virus reactions. 

Insect- transmission tests and refined serological tests with 

fresh isolates of 24at and 24cf are required to determine that these 

viruses from stone fruit trees are indeed strains of CMV. 

The relation of viruses 24at and 24cf to rosette remains 

unanswered. Even if a similar virus could be recovered from many 
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more cherry trees it would be difficult to relate its presence to an 

occurrence of rosette in the past. A better approach is to purify 

24at and 24cf and mechanically inoculate woody hosts, e. g. 

mahaleb or peach and transfer to young cherry trees by grafting in 

the hope of inducing rosette under controlled conditions. 

In part I of this thesis factors predisposing cherry trees to 

boron deficiency have been discussed. The hypothesis presented was 

that in cherry trees, in soils with a marginal boron content, a 

delicate balance could exist between boron supply and demand during 

budbreak and flowering. Given that situation a virus -induced altera- 

tion in morphology and /or physiology of plant tissues possibly could 

slow the flow of boron to sites with high rates of growth. 

It is my contention that a boron deficiency, no matter how 

induced, at a critical time in the development of cherry leaves and 

flowers is the cause of rosette in sweet cherry trees. 
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SUMMARY 

1. Cherry rosette threatened production of sweet cherries in Oregon. 

The disease was observed in 1961 in widely separated orchards, 

in Oregon, Washington, and Montana. Rosette appeared to be 

spreading in individual orchards. A similar problem in 1953 is 

suspected to have been rosette. 

2. Rosette symptoms resembled those described for boron deficiency 

in stone fruits, but boron deficiency was not recognized as a 

problem of cherries in Oregon. The spread in and among trees, 

occurrence in trees on varying soils, and apparent graft transmis- 

sibility all suggested that a virus was involved as a causal agent of 

rosette. 

3. Four commercial cherry orchards were surveyed and mapped for 

rosette. Boron spray trials were conducted during a three -year 

period. Leaf samples were collected before each treatment to 

determine correlation between rosette symptoms and boron 

content. In the spring the occurrence of rosette symptoms was 

correlated to a low boron content. There was no correlation 

between boron content and severity of rosette symptoms. Normal 

and diseased leaves from rosetted trees were equally low in boron 

content. Foliar boron content increased from spring until mid- 

summer, then levelled off and decreased in the fall. Analysis for 
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boron in leaf samples collected in August rarely indicated boron 

deficiency in trees that were deficient in the spring. 

4. Boron sprays applied to rosetted trees increased the foliar boron 

levels to normal or near normal levels. Repeated sprays 

increased foliar boron content very little. The excess boron 

apparently was translocated and stored. Boron sprays applied 

during late summer or early fall increased foliar boron content 

above the critical level the following spring. One boron spray in 

the fall has been recommended for the prevention of rosette in 

trees without symptoms. Two boron sprays, one in May and one 

in the fall, were recommended for trees with symptoms. 

5. Mahaleb and peach seedlings, graft inoculated with buds from 

rosetted trees, were used as intermediate hosts to permit 

mechanical transfer of a virus to herbaceous species. An unknown 

virus was isolated from two rosetted cherry trees and one 

rosetted peach tree. This unknown virus has not yet been 

implicated in a direct cause - and - effect relationship with rosette. 

No local -lesion assay host was found for the virus. The unknown 

virus induced a distinct epinasty of inoculated primary leaves of 

certain bean varieties, as did a cowpea strain of cucumber mosaic 

virus (CMV -CS). This and other evidence suggested that the 

unknown virus could be a strain of CMV. Serological tests with 

CMV antisera were inconclusive. 
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6. The occurrence of rosette was not correlated to deviations from 

normal temperature and precipitation. A good positive correla- 

tion between winterstorms and the erratic occurrence of rosette 

was shown. 

7. A hypothesis has been presented that in cherry trees in soils with 

a marginal boron content, a delicate balance exists between boron 

supply and demand during budbreak and flowering. Storm damage 

to root systems probably reduces boron uptake, and a virus pos- 

sibly could slow the flow of boron to sites with high rates of 

growth. 

8. A boron deficiency, no matter how induced, at a critical time in 

the development of leaves and flowers is the cause of cherry 

rosette. 
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