
AN ABSTRACT OF THE THESIS OF

DIANNECAROL HUHT.ANEN for the MASTER OF SCIENCE
(Name) (Degree)

in Botany (Plant Pathology) presented on
(Major) (Date)

Title: TREATMENT OF JUNE YELLOWS AND WITCHES' -BROOM IN

STRAWBERRY WITH OXYTETRACYCLINE

Redacted for privacyAbstract approved:
Richard H. Converse

Strawberry plants infected with June yellows and witches'-broom

disease were grown in a mist chamber and treated with varying concen-

trations of oxytetracycline. Treatment with 50 ppm oxytetracycline

produced phytotoxicity effects in strawberries infected with June yel-

lows. However, treatment with 10 ppm oxytetracycline resulted in a

significant (one percent level) increase in greenness of treated plants

as compared to control plants. For strawberries infected with witches' -

broom, leaf area measurements for plants treated with 50 ppm oxyte-

tracycline were significantly (one percent level) greater than for con-

trols, when measured seven weeks after treatment. Plants treated

with 5 ppm oxytetracycline also had significantly larger (one percent

level) leaf area measurements than control plants, when measured 14

weeks after treatment. Whenever measurements were made 16 to 22

weeks after treatment, no significant difference was observed between



leaf areas of treated and control plants. Healthy Alpine strawberry

plants showed significantly larger leaf area measurements for control

plants, when compared to plants treated with 50 ppm and 10 ppm oxyte-

tracycline. This was attributed to phytotoxicity effects of oxytetra-

cycline on the strawberry plants.

June yellows and witches'-broom in strawberry may have, in

each case, etiologic agents, which share with known plant mycoplasma

the property of sensitivity to tetracycline antibiotics. To the extent

that this sensitivity is demonstrated, the data herein presented support

the hypothesis that June yellows and witches'-broom are mycoplasma-

'induced diseases.
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TREATMENT OF JUNE YELLOWS AND WITCHES'-BROOM
IN STRAWBERRY WITH OXYTETRACYCLINE

INTRODUCTION

The etiologic agents involved in the strawberry diseases, June

yellows and witches'-broom, have not been characterized. Studies on

the variegation caused by June yellows indicate that it is neither in-

sect-nor graft-transmissible (Plakidas, 1932). It has been proposed

(Williams, 1955; McWhirter, 1955; Wills, 1962) that it is a non-infec-

tious disease of genetic origin. Witches'-broom in strawberry has

been considered a virus for many years, because it can be graft-trans-

mitted (Miller, 1959), but virus particles have never been found.

There is an unconfirmed report (Zeller, 1927) that witches'-broom is

transmitted by the strawberry aphid, Myzus fragaefolii [ =Chaetosiphon

fragaefolii (Cock. ) ] . The present study was undertaken in hopes of

gaining some insight into the nature of these strawberry diseases.

The study of mycoplasmas in plants is a rapidly advancing field.

Until the summer of 1969, when Hampton, Stevens, and Allen (1969)

reported successfully culturing and serologically identifying a partic-

ular plant mycoplasma, there were only two published ways of char-

acterizing plant diseases caused by mycoplasma-like microorganisms.

These were (1) demonstration by electron microscopy (Doi et al. ,

1967) and (2) remission of symptoms when treated with tetracycline
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antibiotics (Ishiie et al. , 1967). The literature indicates that plant

viruses do not respond to this particular chemotherapy (Beale and

Jones, 1951; Fulton, 1954; Miller and Vaughan, 1957; Lindner,

Kirkpatrick, and Weeks, 1959).

For 25 years, workers have sought suitable drugs to inhibit

growth of pleuropneumonia- like organisms (P. P. L. O.) or myco-

plasmas in animals. Most of the work has been carried out in vitro on

mycoplasmas of bovine, caprine, or human origin, and in vitro or in

ovo on those of avian origin. Tetracycline, together with the deriva-

tive forms of this antibiotic, has been tested extensively against myco-

plasmas. A recent review of work done in this area was presented by

Newnham and Chu (1965). In addition, Newnham and Chu (1965) tested

the effects of tetracycline, ai.methylchlortetracycline, chlortetracy-

cline, oxytetracycline, and 15 other chemical agents on 20 strains of

Mycoplasma gallisepticum Edward and Kanarek, eight other avian

mycoplasma strains, two strains of bovine mycoplasmas, three myco-

plasma strains isolated from goats, and two strains of Mycoplasma

laidlawii (Sabin) Freundt. The antibiotics were placed at varying con-

centrations in a broth culture of each strain. After seven days of in-

cubation, tubes were plated on agar and examined for colonies two to

four days later. Thirteen strains of M. gallisepticum were inhibited

by tetracycline at concentrations varying from <0.1 to <2.0 mcg ml

of broth, and similar inhibitory concentrations were recorded for most
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of the other mycoplasmas. The other tetracyclines followed a similar

pattern showing inhibition at <0.1 to 8.0 mcg /ml of broth, in nearly

all cases. These results compare favorably with those of most other

workers.

Different strains of animal mycoplasmas are inhibited by different

concentrations of tetracyclines, and there seems to be a considerable

difference between minimum inhibitory concentrations and minimum

lethal concentrations. Selection of resistant strains and loss of ac-

tivity of tetracyclines are of special significance when examining the

effect of tetracyclines on growing organisms. Newnham and Chu

(1965) proposed that variation in results in the literature obtained

with different avian mycoplasmas might have been partly due to pro-

longed tetracycline therapy of infected birds before isolation of the

organism, which resulted in emergence of resistant strains. Thus,

tetracyclines are generally effective chemotherapeutic agents against

mycoplasmas, but insensitivity of an organism to these antibiotics is

not conclusive evidence of whether or not it is of a mycoplasma-like

nature.

Mycoplasma-like organisms reported in plants have mostly been

associated with diseases of the yellows group. Both June yellows and

witches'-broom in strawberry are diseases of the yellows group, which

show stunting, proliferation of auxilliary shoots, or general chlorosis

symptoms. Yet the exact character of the causative agents is not
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known. Therefore, the purpose of this investigation was (1) to develop

an effective technique of administering certain antibiotics and of

studying the sensitivity of the strawberry disease agents to these anti-

biotics and (2) to test the effect of different concentrations of a partic-

ular tetracycline (oxytetracycline) on symptom expression of these

diseases in strawberry.
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LITERATURE REVIEW

The name "June yellows" was suggested by Plakidas (1932) for

a disease or peculiar yellow condition in strawberry in the North-

eastern United States and Canada. It was particularly applicable be-

cause symptoms were pronounced in early summer. His attempts to

transmit June yellows by juice inoculation, soil, insects, and grafting

all failed. Plakidas (1933) and Stevens (1933) reported the appearance

of June yellows in the Blakemore cultivar. Since then, many occur-

rences of June yellows have been reported in the literature (Loomis,

1948; Plakidas, 1955; Helton, 1960).

According to Wills (1962) heritability of June yellows was first

demonstrated by Clark in 1930. McWhirter (1955) discussed the ge-

netic character of June yellows and provided evidence to substantiate

the hypothesis of a cytoplasmic mutation. Williams (1955) suggested

more specifically that the cytoplasmic agent was similar to a mutant

plasmagene, whose reproduction and initiation were under nuclear

control. Wills (1962) agreed that his experimental results also could

be explained by the plasmagene hypothesis. He went on to suggest,

however, that the plasmagene may be an "exogenous, virus-like par-

ticle" in close association with the nucleus of the cell.

Witches'-broom in strawberry was named and described by

Zeller (1927), when he distinguished this disease from strawberry
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"yellows". He reported the disease in Marshall, Nick Ohmer, Oregon,

and Ettersburg cultivars, and noted that runner plants of diseased

mother plants were always affected. Preliminary experiments indi-

cated that witches'-broom of strawberry was a virus disease which

might be transmitted by insects. However, more recent attempts to

transmit witches'-broom by aphids have been unsuccessful (Mellor and

Forbes, 1960). Darrow (1948) and Sehgal and Boone (1963) reported

a disease in strawberry in Wisconsin called "multiplier", which re-

sembled the witches'-broom in Oregon described by Zeller. Miller

(1959) found a field of Puget Beauty strawberries in Oregon in which

the plants displayed symptoms of witches'-broom. He grafted excised

leaves from typical specimens to seedlings of Fragaria vesca L. var.

alpine Duchesne and to several plants of the cultivar Marshall. The

inoculated plants developed characteristic witches'-broom symptoms.

Chemotherapy, especially with antibiotics, of virus diseases in

plants generally has been unsuccessful. Beale and Jones (1951) con-

cluded that oxytetracycline (Terramycin) and certain other antibiotics

were ineffective in controlling the virus-induced diseases, tobacco

mosaic and potato yellow dwarf. In 1952, a conflicting report, which

was published by Leben and Fulton (1952), claimed that oxytetracycline

lowered infectivity when detached half-leaves, inoculated with tobacco

mosaic virus, were placed on basal medium containing 500 ppm oxy-

tetracycline. They used the same technique with 1000 ppm
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oxytetracycline to prevent lesion production of tobacco necrosis and

tobacco ringspot viruses on cowpea leaves. Fulton (1954) later re-

ported that 250 ppm chlortetracycline was ineffective in treating

Robinson strawberry plants infected with type 2 virus [ =latent A +

latent C (McGrew, 1956) .

In 1957, Miller and Vaughan sprayed antibiotics and other chem-

icals on the foliage of strawberry plants infected with yellows virus

complex, which was visualized by Miller to contain mottle + mild yel-

low edge + crinkle (Miller and Garren, 1966). Especially interesting

to the present study was the fact that 440 ppm oxytetracycline and

chlortetracycline at 1000, 2000, 5000, and 10,000 ppm had no effect

on the yellows virus complex. At first, presence or absence of virus

symptoms in treated plants six months after treatment was used to

determine the effectiveness of the antibiotics. In later tests, healthy

strawberry aphids, Chaetosiphon fragaefolii (Cock.), were fed on

treated plants and then transferred to healthy seedlings of the East

Mailing clone of Fragaria vesca. Lindner, Kirkpatrick, and Weeks

(1959) obtained similar results when they tested the effect of certain

antibiotics on tobacco mosaic virus multiplication. Chlortetracycline,

oxytetracycline, and tetracycline at 100 ppm gave no inhibition, as

measured by starch local lesion production on cucumber.

The causal agents of many yellows-type plant diseases have long

been considered viruses because they are transmitted by leafhoppers
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and are graft-transmissible. Nyland and Goheen (1969) have also

shown diseases of the yellows group to be sensitive to thermotherapy

in vivo. Recently, pleomorphic bodies resembling mycoplasmas have

been described in phloem cells of several yellows-diseased plants

(Doi et al. , 1967; Granados, Maramorosch, and Shikata, 1968;

Giannotti, 1969; Harrison and Roberts, 1969; Ploaie and Maramorosch,

1969; Story and Halliwell, 1969). In 1967, Doi et al. proposed that

yellows diseases of plants may be caused by structures resembling

mycoplasma- or psittacosis-lymphogranuloma-trachoma-like organ-

isms. They were able to demonstrate, by electron microscopy, myco-

plasma-like structures in the phloem elements of plants infected with

mulberry dwarf, potato witches'-broom, Japanese aster yellows, and

Paulownia witches'- broom. Ishiie et al. (1967) applied antibiotics to

mulberry dwarf-diseased plants and observed that the mycoplasma-

like structures were partly eliminated by treatment with chlortetra-

cycline hydrochloride or tetracycline hydrochloride.

In 1968, Davis, Whitcomb, and Steere provided evidence for a

mycoplasma-like etiology of aster yellows disease. Immersion of

roots in 1000 or 100 ppm chlortetracycline and foliar sprays with

1000 ppm chlortetracycline resulted in suppression of development of

symptoms and remission of existing symptoms of aster yellows disease

in aster, annual chrysanthemum, and celery. Leafhoppers,

Macrosteles fascifrons (Seal), acquired aster yellows with greatly
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reduced efficiency when infected asters were treated with 10 ppm

chlortetracycline before exposure to the vectors. Mycoplasma-like

bodies were found in infective leafhoppers and aster yellows-diseased

plants by Maramorosch, Shikata, and Granados (1968). Hirumi and

Maramorosch (1969) later reported that electron micrographs of the

salivary glands of M. fascifrons showed four types of pleomorphic,

mycoplasma-like bodies in the cytoplasm.

Mycoplasma-like bodies have been found to be associated with

several other plant diseases and the leafhopper vectors of these dis-

eases. Granados, Maramorosch, and Shikata (1968) made electron

microscopic studies and found that mycoplasma-like structures, which

appeared in diseased corn plants and in corn stunt-transmitting leaf-

hopper vectors, were absent from healthy plants and stock insects.

Preliminary antibiotic investigations resulted in several weeks' delay

or in complete blockage of development of symtoms, when diseased

plants were grown in hydroponic culture with 50 ppm tetracycline

hydrochloride for two to four days after exposure to infectious vectors.

In 1969, Bowyer et al. observed mycoplasma-like bodies with

morphology similar to those previously described. These structures

were associated with legume little leaf, tomato big bud, and lucerne (al-

falfa) witchesLbroom diseases, which are leafhopper-transmitted. This

was the first report of mycoplasma-like bodies in green leafy flowers,

which are characteristic of yellows-type diseases. During the same
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year, Story and Halliwell (1969) made electron microscopic studies,

which revealed structures resembling mycoplasmas in sieve tubes of

the phloem of papaya plants infected with bunchy top disease. Infected

seedlings showed complete remission of symptoms when treated with

chlortetracycline hydrochloride and tetracycline hydrochloride.

The effects of tetracyclines on infected plants and transmitting

leafhoppers were studied by Freitag and Smith (1969). Asters, plan-

tain, and celery, infected with Severe, Dwarf, and Tulelake strains

of aster yellows, were treated with tetracycline and chlortetracycline

which resulted in remission of symptoms. Fewer leafhoppers acquired

the disease agent when fed on treated plants than when fed on untreated

plants. When tetracyclines were administered through membranes

to preinoculated leafhoppers, aster yellows was transmitted at a lower

rate by the treated insects than by control leafhoppers. Results also

indicated that the incubation period of aster yellows in the leafhopper

vector was increased by the antibiotic.

Goodman (1959) maintains that the most logical and direct meth-

od of applying antibiotics to plants is through their roots. Soil appli-

cations have been discouraging, however, since antibiotics are often

destroyed or inactivated by adsorption to colloids in the soil, before

they can be absorbed and translocated in the plant (Dunegan, 1954;

Goodman 1959). Others who have treated diseases in plants, possibly

caused by mycoplasma-like organisms, have applied the tetracyclines



11

by foliar sprays, by immersing the roots in antibiotic solution for a

short time, or by placing the plants in hydroponic culture solution

for several weeks (Ishiie et al. , 1967; Davis, Whitcomb, and Steere,

1968; Freitag and Smith, 1969).

The literature cited above indicates that the effect of tetra-

cyclines on certain plant diseases may be some indication of the nature

of the disease etiology.
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MATERIALS AND METHODS

Strawberry plant material (X Fragaria ananassa Duchesne), used

throughout the experiments, was propagated from the following sources.

Plants of the Nisqually cultivar infected with June yellows (Plakidas,

1932) were obtained from Mr. K. M. Spooner near Olympia,

Washington. Stock was increased by pinning down runners. Plants

of the Nisqually cultivar, which showed both variegation and symptoms

of witches'- broom, came from Dr. C. D. Schwartze, Western

Washington Research and Extension Center, Puyallup, Washington.

Clone divisions increased this stock. Witches'-broom in Fragaria

vesca var. alpine was obtained from Dr. N. W. Frazier, Department

of Entomology, University of California, Berkeley. These plants

provided material for grafting witches'-broom (Miller, 1959) into

healthy Alpine plants and were also used for clone divisions. Alpine

plants infected with mottle virus (Mellor and Fitzpatrick, 1951; Mellor

and Forbes, 1960) were provided by Dr. R. H. Converse. Healthy

Alpine served as control plants and were also obtained from Dr.

Converse.

June yellows in Nisqually consistently produced symptoms of

variegation in the leaves. The extent of variegation ranged from a

nearly uniform pale yellow color to a mottle of green and yellow. The

segmental pattern, with definite areas of green and yellow, distinguishes
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June yellows from other generalized chlorosis symptoms. In order to

determine the effect of treatment of June yellows during the experiments,

a one to ten rating scale, which designated yellow leaves rating as one

and green leaves as ten, was set up. Categories for each step on the

scale were established, and people unfamiliar with the system were

able repeatedly to arrange the plants in sequence according to this

scale. Leaves, which represented each category, were then photo-

graphed and used as permanent reference categories. Reliability of the

scale was tested by rating and later re-rating a group of 72 infected

Nisqually plants. The average overall rating for the plants was 3.2

originally and 3.3 when immediately rerated, a variation of only

one-tenth of a point on the rating scale. In all experiments, the

average rating of the control plants was within five-tenths of a point

of the average rating of those to be treated. The three youngest,

fully expanded leaves of each June yellows-infected plant were rated

before starting and immediately after concluding an experiment.

Witches'-broom symptoms were similar in Nisqually and Alpine

strawberry plants. Infected plants developed multiple-branched

crowns and many small leaves with spindly petioles. Only those

plants which exhibited symptoms and were vigorous enough to with-

stand the shock of being transplanted were used. Final evaluation

of the effect of treatment was determined by measuring leaf areas

and comparing averages of treated plants to averages of control plants.
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In most cases, the ten largest leaves in the new growth were selected

from treated plants, measured, and compared to the measurements

of the ten largest leaves selected from control plants of the same

experiment. A planimeter (Keuffel and Esser Company) was used to

measure these areas.

Stock of Alpine infected with mottle disease was increased by

feeding virus-free strawberry aphids, C. fragaefoliit on mottle-

infected Alpine, and then placing these vectors on healthy Alpine

plants. After the experimental treatments were concluded, virus-

free aphids were fed on each plant for three days and then transferred

to healthy Alpine for 24 hours to check for symptom development.

Because remission of the symptoms of aster yellows has been

obtained with tetracycline treatment, aster yellows disease in aster

was used as a positive control in these strawberry-tetracycline ex-

periments. Asters were grown from seed and infected with aster

yellows by the leafhopper vector, M. fascifrons, supplied by Dr.

G. Swenson, Department of Entomology, Oregon State University.

A lantern chimney, the top end covered with cheesecloth, was placed

over a small aster and pushed securely into the soil of the pot. Three

to ten leafhoppers, formerly fed on infected aster, were placed on

the plant and allowed to feed for three to five days. Symptoms of aster

yellows appeared only on the new growth and included yellowing and

distortion of leaves, stunting of growth, and phylloid flowers.
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Since foliar sprays have been much less effective in promoting

remission of symptoms in asters than the administration of antibiotics

through the roots, it was decided to employ mist chambers in treating

the diseased strawberry plants with tetracyclines. The mist chamber

apparatus consisted of a solution reservoir, a pump, six chambers

holding the plants and tubing leading back to the reservoir (Figure 1).

Each rotary gear pump had an adjustable by-pass valve, and was run

by a 1725 rpm motor, regulated by a short-interval timer. Quarter-

inch tygon tubing connected the pumps to the reservoirs and chambers,

each of which was a 20 gallon plastic garbage can. At the base of

each chamber adjustable cone jets (AYSS Tip No. 20, catalog #9920,

Weed Control Service, Portland, Oregon) were situated in order to

supply a spray of the solution to the roots of the strawberry plants.

The plants were held in place by foam rubber collars, which were

inserted in one-inch diameter holes cut in the lids of the garbage cans.

Each chamber lid supported 18 plants. The chambers were placed in

a greenhouse. Mist was sprayed on the roots for one minute every

15 minute period. On warmer days, this interval was changed to one

minute every ten minutes in order to maintain a favorable vapor pres-

sure gradient. Also, the exterior surfaces of the chambers were

painted silver to reduce internal temperatures. A thermograph re-

corded a temperature range of 560 to 76o F over a four month period,

but primarily temperatures stayed between 60o and 70o F.
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Figure 1. Mist chamber apparatus used in treating diseased
strawberry plants.
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Hoagland's plant nutrient solution (Hoagland and Arnon, 1950)

was used at one-half strength. However, chelated iron at 1.25 ppm

was substituted for the suggested iron citrate or ferrous sulfate to

assure availability of iron to the plants. Measurements of pH made

on the nutrient solution ranged about 0.3 units above and below an

average of pH 6.6.

Charles Pfizer and Company, Inc. , Brooklyn, New York, sup-

plied the oxytetracycline hydrochloride (Terramycin) used in the ex-

periments. Dr. W. E. Babcock of the Pfizer Laboratories, Terre

Haute, Indiana, performed assays on the nutrient solution and test

plants to determine degradation and uptake of the oxytetracycline,

respectively. An alternate system, which simulated that of the mist

chambers, was set up to determine loss of activity of 50 ppm oxytetra-

cycline in Hoagland's solution over a two week period (Figure 2).

Since these data show that the half-life of oxytetracycline activity in

solution is 48 to 72 hours, the solutions were changed every three

days in the tests. Uptake of oxytetracycline in the plant was deter-

mined by zone inhibition using the test organism, Bacillus cerens

Frank land and Frank land.

Preparation of the plants for the mist chamber involved rating

the leaves of strawberries infected with June yellows and taking fresh

weights on plants infected with witches'-broom. Soil was removed

from the roots, which were then washed thoroughly with water. Equal
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Solution.
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numbers of plants were selected for the treatment and control phases.

The time of treatment varied from about three to five weeks, but was

continued at least until remission of symptoms occurred in the dis-

eased asters.

Experiments 1 and 2 tested the effect of 50 ppm oxytetracycline

on June yellows-infected strawberries of the Nisqually cultivar. Each

experiment consisted of 36 treated and 36 control plants, which re-

mained in the mist chamber for almost five weeks. Experiments 3

and 4 tested 10 ppm oxytetracycline on Nisqually plants infected with

June yellows. Treated plants were exposed for three days to nutrient

solution plus oxytetracycline and three days of straight Hoagland's

solution, alternately for four weeks. Experiment 3 consisted of 36

treated and 36 control Nisqually plants, while Experiment 4 consisted

of 18 treated and 18 control Nisqually plants. Experiment 5 tested

5 ppm oxytetracycline on June yellows-infected Nisqually plants for

two and one-half weeks. The experiment consisted of 20 treated and

20 control plants.

Nisqually plants, which were infected with witches'-broom and

treated with 50 ppm oxytetracycline for about five weeks, were used

in Experiments 6 and 7. These plants showed symptoms of June yel-

lows, as well as symptoms of witches'-broom. Experiment 6 con-

sisted of 14 treated and 14 control plants, while Experiment 7 con-

sisted of ten treated and ten control plants. Experiments 8 and 9



20

tested 10 ppm oxytetracycline in Hoagland's solution for three days

and straight Hoagland's solution for three days, alternately for four

weeks. Experiment 8 used 12 treated and 12 control Nisqually plants

infected with witches'-broom. Experiment 9 consisted of 27 treated

and 27 control Alpine plants infected with witches' - broom. Experi-

ment 10 tested 5 ppm oxytetracycline on witches'-broom-infected

Alpine strawberries for two and one-half weeks. The experiment

consisted of eight treated and eight control plants.

The experiments described below using asters, healthy Alpine

strawberries, and Alpine infected with mottle virus used the same

time and cycle of treatment for each concentration of oxytetracycline

as used in Experiments 1 through 10. Experiment 11 consisted of six

treated and six control asters, all infected with aster yellows and

treated with 50 ppm oxytetracycline. Experiment 12, which consisted

of five treated and five control asters, infected with aster yellows,

tested 10 ppm oxytetracycline. Experiment 13 consisted of three

asters, infected with aster yellows, which received treatment with

5 ppm oxytetracycline, and three asters, infected with aster yellows,

which served as controls.

Experiment 14 consisted of six healthy Alpine plants, three of

which received treatment with 50 ppm oxytetracycline and three of

which served as controls. Experiment 15 used eight healthy Alpines,

of which four were treated with 10 ppm oxytetracycline and four served
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as controls, while Experiment 16 consisted of three healthy Alpine

treated with 5 ppm oxytetracycline and three control Alpine plants.

Experiment 17 tested the effect of 10 ppm oxytetracycline on

Alpine strawberries infected with mottle virus. Four plants received

treatment, and four served as controls.

The primary statistical test used in analyzing results was

Fisher's unpaired "t" test of significance (Bruning and Kintz, 1968).

For the data on both root-volume displacement and leaf area measure-

ments, it was assumed that original root capacities and leaf areas

were comparable for treated and control plants at the time treatment

was started. Statistical analyses were performed on final measure-

ments of individual plants taken at the end of treatment only. For

leaf-color ratings and fresh weights, however, the actual differences

in ratings or weights before and after treatment were used as the

items in statistical analyses.
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RESULTS

Strawberry plants, infected with June yellows and treated with

50 ppm oxytetracycline, did not show remission of symptoms accord-

ing to ratings made at the time treatment was ended; in fact, they were

significantly (one percent level) more yellow than control plants (Table

1). However, when the same plants were re-rated seven weeks after

treatment, treated plants in Experiment 1 showed an average leaf-

color rating that was significantly (one percent level) greater (i.e.

greener) than the average rating of control plants. In Experiment 2,

treated plants were also significantly (one percent level) more yellow

than controls when treatment ended, but seven weeks after treatment,

the difference was not significant. When data from Experiments 1 and

2 were pooled, the difference in rating between treated and control

plants seven weeks after treatment was not significant. Roots of the

treated plants in Experiments 1 and 2 appeared severely necrotic and

showed no new growth at the time treatment stopped. Control plants,

however, had large white healthy roots with considerable new growth

(Figure 3). Measurements of root-volume displacement in water

showed control plants in both experiments to have significantly (one

percent level) greater volume in their root systems than treated plants

(Table 2). Sixty-five percent of the June Yellows-infected plants

treated with 50 ppm oxytetracycline died, as compared to a 20 percent

loss of the control plants.



Table 1. The effects of oxytetracycline on symptom expression of June yellows in strawberry.

Oxyte tracycline

Average rating change at end of
treatment

Average rating change 7 weeks after
treatment had stopped

Treated Control
Significance

levela Treated Control
Significance

levela

50 ppm
Experiment 1 -0.9 0.9 ++ 2.1 0.7 ++
Experiment 2 -0.9 1.6 ++ 1.6 2.1
Experiments 1

and 2 1.9 1.6

10 ppm
Experiment 3 3. 2 2. 2 ++
Experiment 4 3.0 1.4 ++

5 ppm
Experiment 5 1.0 2.2

a ++, Significant at 1 percent level; +, Significant at 5 percent level; -, Not Significant
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Figure 3. Strawberry plants of the Nisqually cultivar infected with
June yellows and showing new root growth on a control
plant (left), compared to the necrotic roots of a plant
treated with 50 ppm oxytetracycline (right).



Table 2. The effects of oxytetracycline on fresh weight and root volumes of strawberry plants
infected with June yellows disease.

Oxytetracycline

Average change in fresh weight in Average root-volume displacement
grams (ml. of water)

Significance
Treated Control levela Treated Control

Significance

levela

50 ppm
Experiment 1 5.1 7.4 ++
Experiment 2 2.7 5.8 ++

10 ppm
Experiment 3 2.24 6.90 ++
Experiment 4 1.50 9.05 ++

5 ppm
Experiment 5' 0.13 0.09

a ++, Significant at 1 percent level; +, Significant at 5 percent level; -, Not Significant.
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During preliminary experiments, iron chlorosis produced symp-

toms very similar to those caused by June yellows. Chelated iron at

1.25 ppm, however, provided healthy plants, in all cases, with suf-

ficient iron to maintain complete absence of chlorosis.

Treatment with 10 ppm oxytetracycline resulted in significantly

(one percent level) higher leaf-color ratings of treated strawberry

plants, when these were compared to the ratings of control plants in

both Experiments 3 and 4 (Table 1). The new growth actually appeared

greener than older leaves in the treated plants (Figure 4). However,

comparison of changes in fresh weight, which occurred during treat-

ment, showed that control plants had a significantly (one percent level)

greater increase in fresh weight than did treated plants in both experi-

ments (Table 2).

At the end of treatment, leaves of strawberry plants in Experi-

ment 5 showed a significantly (five percent level) higher average rating

in control plants than in those treated (Table 1). There was no signifi-

cant difference in the change of fresh weight of treated plants as com-

pared to control plants at 5 ppm oxytetracycline (Table 2).

Nisqually plants infected with witches'-broom in Experiments

6 and 7 showed significantly (five percent level) less average root-

volume displacement and significantly (one percent level) less average

change in fresh weight than did control plants (Table 3). Roots of

treated plants were necrotic and displayed little evidence of new
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Figure 4. Strawberry plants of the Nisqually cultivar infected with
June yellows and displaying typical symptoms in the control
plant (left) and greener new growth in a plant treated with
10 ppm oxytetracycline (right).



Table 3. The effects of oxytetracycline on fresh weight and root volumes of strawberry plants
infected with witches'-broom diseases.

Average change in fresh weight in Average root-volume displacement
grams (ml. of water)

Oxytetracycline Treated Control

Significance

levela Treated
Significance

Control levela

50 ppm

Experiment 6 1.44 7.97 ++ 1.7 2.7
(Nisqually)

Experiment 7 0.33 11.32 ++ 2.3 3.5
(Nisqually)

10 ppm

Experiment 8 -4.58 2.42 ++
(Nisqually)

Experiment 9 -3.14 0.08 ++
(Alpine)

5 PPrn

Experiment 10 -1.32 0.03
(Alpine)

a ++, Significant at 1 percent level; +, Significant at 5 percent level; -, Not Significant.
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growth, in contrast to the new roots on control plants (Figure 5).

Twenty percent of the strawberry plants infected with witches'-broom

and treated with 50 ppm oxytetracycline died, as compared to a 12

percent loss of control plants. In neither of these experiments was the

average change in leaf-color rating significant during the treatment.

About seven weeks after treatment, a difference in the appearance of

leaf sizes in treated plants was noticeable (Figure 6). Measurements

showed a significantly (one percent level) larger average leaf area for

treated plants from the combined experiments than for control plants

(Table 4). Leaf areas from plants of the same two experiments were

again measured 22 weeks after treatment, but showed no significant

difference between treated and control plants.

Witches'-broom-infected plants in Experiments 8 and 9 showed

a loss in weight for treated plants, which was significantly (one percent

level) greater than the loss in weight for control plants (Table 3). In

Experiment 8 the decrease in shoot number of treated Nisqually plants

was insignificant (Table 4). However, in the Alpine variety of Experi-

ment 9, the decrease was significant (one percent level). Ten weeks

after treatment, the decrease in the number of shoots in treated plants

was still insignificant in Experiment 8 and significant (one percent

level) in Experiment 9.

Leaf areas of treated Nisqually plants, measured 16 weeks after

treatment, did not differ significantly from leaf areas of control plants
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Figure 5. Strawberry plants of the Nisqually cultivar infected with
witches'-broom and showing some new root growth in the
control plant (left), compared to the necrotic roots of a
plant treated with 50 ppm oxytetracycline (right).
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Figure 6. Strawberry plants of the Nisqually cultivar infected with
witches'-broom and showing new growth on a treated plant
(left), seven weeks after treatment with 50 ppm oxytetra-
cycline, compared to a control plant (right).



Table 4. The effects of oxytetracycline on shoot number and leaf areas of strawberry plants infected with witches'-broom disease.

Change in shoot no. at end of Change in shoot no. about 10 weeks Average leaf area in square centimeters
treatment after treatment stopped

Significance Significance Significance

Oxytetracycline Treated Control level
a

Treated Control levela Treated Control levela Time

50 ppm

Experiments 6
and 7

(Nisqually) 20.2 9.7 (7)

Experiments 6
and 7

(Nisqually) 7. 9 8.2 (22)

10 ppm

Experiment 8
(Nisqually) -4 -2 0 4.3 6.3 (16)

Experiment 9
(Alpine) -5 -2 ++ -3 13 ++ 6. 3 8.2 ++ (16)

5 ppm

Experiment 10
(Alpine) -1 0 11 4 11.5 3.4 ++ (14)

a
++, Significant at 1 percent level; +, Significant at 5 percent level; -, Not Significant.

b The numbers in parentheses indicate the number of weeks after treatment was stopped that leaf area measurements were made.
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in Experiment 8 (Table 4). However, in the Alpine of Experiment 9,

the average leaf area of control plants was significantly (one percent

level) greater than the average leaf area of treated plants, when

measured 16 weeks after treatment.

In Experiment 10, witches'-broom-infected Alpine showed no

significant differences in changes of fresh weight or shoot number

(Tables 3 and 4). However, leaf area measurements taken 14 weeks

after treatment were significantly (one percent level) greater for

plants treated with 5 ppm oxytetracycline than for control plants

(Table 4).

Asters infected with aster yellows in Experiments 11, 12, and

13 displayed remission of symptoms in all plants. Remission of symp-

toms was obvious when new growth appeared normal and colored flow-

ers were produced (Figures 7 and 8). Symptoms in control plants grad-

ually became more severe. Once treatment was stopped, and the

asters potted in soil, they remained healthy for a period of time that

seemed to be related to the concentration and/or length of treatment.

At the end of this time, symptoms reappeared. Root-volume displace-

ment measurements for asters in Experiment 11 averaged 3.6 ml/

treated plant, which was not significantly different from the average

of 3.7 ml/control plant.

Mottle-infected Alpine in Experiment 17 served as negative con-

trols, since plant virus diseases have been shown to be unresponsive
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Figure 7. Asters infected with aster yellows. Control plant (left)
shows diseased condition compared to the new growth of a
plant treated with 10 ppm oxytetracycline (right).
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Figure 8. Asters infected with aster yellows. A plant treated with
50 ppm oxytetracycline developed normally colored flowers
(left), compared to the diseased condition of a control
plant (right).
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to treatment with tetracycline antibiotics. Both treated and control

plants showed obvious mottle symptoms at the time treatment was

stopped. Strawberry aphids,fed on both treated and control plants for

three days immediately after treatment, were transferred to healthy

Alpine indicator plants, which subsequently developed mottle symptoms

in all cases. Ten weeks after treatment infected, and indicator plants

were still showing symptoms. At the end of the experiment an aver-

age increase in fresh weight of 6.70 grams/control plant was signifi-

cantly greater (one percent level) than the average increase of 2.16

grams/treated plant.

For healthy Alpine in Experiment 14 the average gain in fresh

weight for control plants was 4.68 grams/plant, which was signifi-

cantly (one percent level) greater than the average gain of 0.47

grams/plant for treated plants. In Experiments 15 and 16 changes in

fresh weight between treated and control plants were not significant.

Average leaf areas of control plants were greater than for the cor-

responding plants treated with 5, 10, and 50 ppm oxytetracycline.

However, this difference was significant only in Experiments 14 and

15 (Table 5).

The highest bioassay value for oxytetracycline uptake was 0.290

micrograms/gram of leaf material. Oxytetracycline levels were very

near the detection threshold of the bioassay test in all cases. There-

fore, the data will not be presented.



Table 5. The effects of oxytetracycline on leaf area of healthy Alpine strawberry plants.

Oxytetracycline

Average leaf area in square centimeters

Time in weeks after
treatment stopped that

Significance measurements were
Treated Control levela made

50 ppm

Experiment 14

10 ppm

Experiment 15

5 ppm

Experiment 16

17.7 27.1 ++ 22

19.4 25.9 16

18.6 24.9 14

a ++, Significant at 1 percent level; +, Significant at 5 percent level; -, Not Significant.
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DISCUSSION

Although originally this study was designed to show the chemo-

therapeutic effects of oxytetracycline on etiologic agents that might be

associated with June yellows and witches'-broom diseases, complica-

tions soon forced redirection of emphasis to a study of techniques.

Three major problems plagued the entire study and continued to weaken

the data presented. These were (1) phytotoxicity, (2) the cycle of

action of oxytetracycline in the plant (i. e. phytotoxicity, recovery,

remission of symptoms, and reappearance of symptoms), and (3) an

effective means of evaluating symptom expression.

Phytotoxicity is a term which describes the effects detrimental

to normal growth and development in plants. As would be expected,

the higher concentrations of oxytetracycline (50 ppm) produced effects

proportionately more severe than did lower concentrations. Although

the experimental data seem inconclusive, consistent trends do exist.

In all experiments using 50 ppm oxytetracycline, the strawberry

plants, whether diseased or healthy, showed less average gain in

fresh weight and less root-volume displacement for treated plants

than for control plants. Thus, oxytetracycline was phytotoxic at this

level, and in the case of June yellows-infected plants, symptoms actu-

ally became more pronounced during the time of treatment. It is con-

ceivable that for June yellows, oxytetracycline, at highly effective
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levels (i.e. antipathogenic), may be toxic to the host as well as to the

pathogen.

A trend toward remission of symptoms was nearly always no-

ticeable when data were taken seven to fourteen weeks after treatment.

For plants infected with June yellows, treated strawberries in Experi-

ment 1 were significantly greener than control plants, when evalua-

tion of symptoms was made seven weeks after treatment. In the case

of the witches'-broom-infected plants of Experiments 6 and 7, re-

mission of symptoms was apparent when leaf area measurements were

made seven weeks after treatment had stopped. Data on witches' -

broom- infected plants treated with 5 ppm oxytetracycline were taken

14 weeks after treatment, and again remission of symptoms was sig-

nificant. Thus, during a period of time between recovery from tox-

icity and depletion of oxytetracycline in the plant, what appears to be

remission of symptoms occurred.

Apparently due to the lesser phytotoxicity effects of treatment

with 10 ppm oxytetracycline, treated plants of June yellows-infected

strawberries showed significantly greener ratings than control plants

after three weeks of treatment. In. Experiments 8 and 9 leaf areas of

witches'-broom-infected plants were unfortunately not measured im-

mediately after treatment or even within a few weeks after treatment.

Without these data a link in the chain of events leading to an under-

standing of oxytetracycline effectivity is missing. Excess moisture
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on the crowns and foliage of these witches'-broom-infected plants re-

sulted in reduction of shoot number and loss of fresh weight. This

damage to the plants could not be distinguished from reduction in

shoot number due to the action of oxytetracycline against the disease

organism.

Evaluation of symptom expression, 16 weeks or more after

treatment, showed reappearance of symptoms. In every case, control

plants exhibited larger leaf areas or greener foliage than treated

plants. This can probably be explained by the combined effects of

phytotoxicity of the chemical at the time of treatment and loss of

activity of oxytetracycline in the plant. This phenomenon of reappear-

ance of symptoms also occurred after about 16 weeks in the asters in-

fected with aster yellows, that were used as positive controls. Final-

ly, average leaf areas for healthy Alpine plants were significantly

smaller for plants receiving treatment than for those serving as con-

trols, when measurements were made 16 to 22 weeks after treatment.

Thus, the toxic effect of oxytetracycline to the strawberries remains,

while the activity of oxytetracycline against the disease organism de-

clines.

A means of evaluating whether or not remission of symptoms

actually occurs is still needed. With June yellows-infected plants,

the rating scale seemed consistent, but as the data concerning treat-

ment at 50 ppm showed, phytotoxicity may influence the rating given.
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The relationship of growth to greenness is difficult to define. Dif-

ference in the rate of growth of treated and control plants may possibly

have caused some discrepancies in the accuracy of the rating system.

Those who have studied June yellows in the field report that symptoms

vary during the year. Wills (1962) describes symptoms in the culti-

var Auchincruive Climax as appearing in spring growth, reaching a

peak in May, and fading or disappearing in early summer. In the

same paper, he refers to a study by Reid, who reported in 1965 that

the development of green color in leaves was accelerated by growing

June yellows-infected plants in a warm greenhouse. Either of these

phenomena would have influenced ratings; however, comparison of

treated and control plants may have been a valid measurement anyway.

For plants infected with witches'-broom, leaf area measure-

ments proved most satisfactory. The difference in fresh weight be-

tween treated and control plants might not have influenced the leaf

area measurements. Yet, the effect of oxytetracycline on the healthy

strawberries, which showed larger leaf areas for control plants than

for those treated, must be taken into consideration. Since the intent

of this study was to learn the effect of oxytetracycline on the etiologic

agents of June yellows and witches'-broom, a means of evaluation,

which is not weakened by the effect of this chemical on the host straw-

berry plant, is necessary. Perhaps other tetracyclines would be less

phytotoxic to strawberries, and thus, be more effective in these

experiments.
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As mentioned previously, bioassay results on the uptake of

oxytetracycline by the strawberry plants, indicated that the oxyte-

tracycline level was not much above the detection threshold of the

test. The data from these bioassays are unreliable, because extracts

of the strawberry leaves seem to contain natural substances inhibitory

to the test organism, B. cereus. This has been demonstrated for

extracts of apple leaves and immature corn (Clark, 1970).

The mist chamber technique was an effective way of treating

strawberries with oxytetracycline. The plants grew well in the

Hoagland's mist, once appropriate levels of essential elements were

supplied. At a level of 10 ppm, oxytetracycline did not cause severe

phytotoxic effects. Whether or not the cycle of oxytetracycline plus

Hoagland's mist for three days, applied alternately with straight

Hoagland's solution for three days, contributed to the lower levels of

toxicity is hard to say. In considering the properties of oxytetracycline,

the mist chamber is effective again, since the chemical is quite sol-

uble in water.

As mentioned before, there seemed to be a definite cycle or

trend of action of oxytetracycline in strawberries. The time period

of each stage of action probably varies with concentration of the chem-

ical, characteristics of the disease agent, and the condition of the host

plant. But generally speaking, there was an initial stage of phyto-

toxicity or, at lower concentrations, a delay in apparent curative
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action. From about three to fourteen weeks after initial exposure to

treatment, remission of symptoms or expression of the curative ef-

fect often occurred. Within 16 weeks after treatment, symptoms

usually had reappeared. Therefore, the disease agents associated

with witches'-broom and June yellows of strawberry do respond to

treatment with oxytetracycline.

Further work of this sort might involve treating strawberries

with concentrations of oxytetracycline or other tetracyclines varying

around 10 ppm for a period of three to seven weeks. In order to ob-

serve the action of oxytetracycline in the plants, data should be taken

every two or three weeks from the time treatment is started to approx-

imately 12 to 15 weeks after treatment has stopped. Certain methods

of data collection, such as the removal and measurement of leaves

could not feasibly be carried out as often as rating leaves still on the

plant. From such an investigation perhaps a concentration of a tetra-

cycline might be found which was not harmful to the host plant, but

could consistently cause significant effects on the disease organism.

Such data may give a stronger indication of whether or not the etio-

logic agents of June yellows and witches'-broom are of a mycoplasma-

like nature. Electron microscopy, thermotherapy, and perhaps even

culturing studies would be required to positively categorize these

organisms as plant mycoplasmas.
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SUMMARY

Strawberry plants infected with June yellows and witches'-broom

disease were grown in a mist chamber and treated with 50, 10, and

5 ppm oxytetracycline. Oxytetracycline at 50 ppm caused phyto-

toxicity effects at the end of treatment, but seven weeks later one

experimental group of treated plants appeared significantly greener

than controls. June yellows responded to treatment at 10 ppm oxy-

tetracycline by showing a significant increase in greenness of leaves

in contrast to control plants. For plants infected with witches'-broom,

average leaf area measurements were significantly larger than con-

trols for plants treated with 50 ppm and measured ten weeks after

treatment and also for plants treated with 5 ppm and measured 14

weeks after treatment. However, when leaf area measurements were

taken 16 to 22 weeks after treatment ended, there was no significant

difference between treated and control plants.

Results of this study were not conclusive, but the etiologic

organisms involved did indicate some amendability to treatment with

this particular tetracycline and, to that extent, provide evidence of a

mycoplasma-like nature of the disease agents of June yellows and

witches'-broom in strawberry.
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