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These investigations concerning the crinkle-disease of 
strawberries were undertaken with a two-fold purpose: 

1. To study the rosaceous hosts of the strawberry- 
leaf aphid (Capitophorus fragaefolli) for their ability to 

harbor the virus and to determine whether attenuation of 
the virus takes place in such hosts. 

2.. To determine the degree of resistance or suscepti- 
bility of' hybrid seedling selections being produced and 
grown by Mr. George F. Waldo, of the United States Depart- 

ment of Agriculture and the Oregon Agricultuial Experiment 
Station cooperating, in order that in future breeding work, 

resistant parents may be selected more intelligently. 
Methods of Transmission.--Several methods of transmis- 

sion of the virus have been attempted during the course of 

these studies. 
1. By means of the strawberry-leaf aphid. 
2. By means ofthe black-root aphid (Aphis forbesi). 
3. By grafting. 
4. By means of the carborundum-dust method. 
5. By means of injection with a hypodermic needle. 
M aterials.--The materials used in these studies con- 

sisted of the following: 
In the attenuation studies: 

1. Strawberry plants of the Marshall variety. 
2. Plants of Potentilla racilis, P. monspeliensis, 

and ,. anserina; Rosa rubignosa, R. gymnocarp, and Manette 
Rose. 

In the resistance studies: 
1. Strawberry plants consisting of 512 hybrid selec- 

tions, 24 cultivated varieties, and 5 wild species (Fra- 

aria chiloensis, cuneifolia, F. californica, F. virgin- 
iana, and F. yesca Var. semperflorens). 

Resulfs.tT'h percentages of transmission were ob- 
tamed. by means of the strawberry-leaf aphid and grafting 
healthy to diseased runners. Percentages too low to be of 
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much experimental value were obtained with the black-root 
aphid andthe use of carborimdum-dust. No transmission 
was obtained when the injection by means of a hypodermic 
needle was attempted. 

Crinkle was transmitted from Marshall plants to 
Potentilla monspeliensis, and P. anserina, but it evidently 
attenuates in a relatively short time. Transmission was 
not obtained from Marshall plants to Potentilla gracilis. 

Apterous forms of the strawberry-leaf aphid seem to be 
necessary for colonization on the Rosa noa and j. 

gyinnocarpa plants. If crinkle was transmitted to these 
rose species it attenuated there in a very short time. The 
krinkle mosaic of Manette Roseis probably not a form of 
crinkle of straberries. 

Fourteen hybrid selections and one wild. species 
(Fraaria chiloensis) were found to be immune to the 
crinkle virus. Fifty-four hybrid selections and one wild 
species (Fragaria cuneifolia) were found to possess a high 
degree of' resistance to the virus. 
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STUDIES OF TEE CRINKLE DISEASE OF STRAWBEIRY 

WITH SPECIAL R'ERENCE TO TEE INHERITANCE OF RESISTANCE 

INTRODUCTI ON 

Plant diseases have been known sïnce the earliest 

days of agriculture, and methods suggested for combatIng 

them have been many, both effective and worthless. Refer- 

ences to rusts, blights, and mildews are found in the Bible, 

and in other early writings of the Greeks and Romans. 

The recognition of the benefits from disease resist- 

ance has paralleled rather closely the early observations 

of plant disease. Nature has applied the law of the sur- 

vivai of the fittest in many cases. For example, the Amer- 

lean varieties of grape, having grown for centuries in the 

presence of downy mildew (Plasinopara viticola (B. and C.) 

Ben. and De Toni), have developed by natural selection a 

high degree of resistance and will grow without much damage 

in its presence. On the other hand, European varieties of 

grape, having been exposed to the American species of downy 

mildew (Plasmopara viticola (B. and C.) Ben and De Toni) 

for only a few decades, are yet very susceptible to it arid 

cannot be grown with success when this mildew is present. 

It is not surprising, therefore, that new horticultural war- 

leties of various crops are found to be more or less sus- 
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ceptible to certain diseases to which they may be exposed, 

and that the selection of the most resistant ones is at- 

tempted in plant-disease control. 

History of Disease Resistance 

Since the early days when prayers and sacrifices were 

the only methods used for control of scourges sprays, dusts, 

sanitation, crop rotation, and the production of resistant 

varieties and species have all entered into man's struggle 

to check the ravages of disease. 

Until about 1900, very little work had been done in 

the way of resistant variety production, but since that time 

the plant pathologists and the plant breeders have made in- 

tensive studies of this problem, and considerable progress 

has been made toward the control of certain diseases. 

The first published work on disease resistance was by 

Goodrich (9) ifl 1848. By crossing cultivated varieties of 

potatoes susceptible to the late blight organism (Phytoph- 

infestans (Mont.) de Bary) with wild species which 

were resistant to it, he obtained a few hybrids which were 

also resistant. The tEvergrentt variety of potato, which 

is still grown in some localities to some extent, is be- 

lieved to be a resistant hybrid selected by him. 

An English research worker, Biffen (3), was the first to 

attempt to show that disease resistance is inherited accord- 

ing to Mendel's law of segregation. By crossing varieties 
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of wheat that were resistant to the stem-rust fungus 

(Puccinia graminis Pers. Var. Tritici E. and H.) with var- 

jeties which were susceptible, and determining the ratios 

of susceptible to resistant plants in the F and F2 gener- 

ations, he found that Mendel's law was applicable to wheat, 

and in all probability the law would also hold true in 

other instances. 

While working with the root-nodule organisms, Hiltner 

and Strnier (12) found that when a legume had been inocu- 

lated with a virulent organism and then freed of it that it 

could not be infected with one of less virulence, although 

the first organism could reinfect the legume. They inter- 

preted this to mean that the plants had built up sorne re- 

sistance to disease. 

When the flax industry of the country was on the verge 

of destruction by the flax wilt organism (Fusarium Lint 

Boll.), Bolley (4) developed a variety of flax that was re- 

sistant to its attacks, and from this variety has come the 

resistant flax which is being grown at the present time. 

The asparagus industry was in similar circumstances, due to 

attacks of the asparagus-rust fungus (Puecinia asparagi 

DC.), when Norton (20) produced a variety resistant to this 

fungus. Many such instances might be cited, as in certain 

localities favorable to the production of a certain crop, 

some disease has become the limiting factor and until it 

was controlled this crop could not be re-established on a 



commercial basis. Jones and Gilman (15) developed 301fl0 var- 

ieties of cabbage which were resistant to the yellows organ- 

ian (Fusarium conglutinana Wollenw.) by selecting from in- 

Lected fields the stronger plants which were resisting the 

disease. By crossing them and their hybrids plants with 

a high degree of resistance were obtained. 

Valleau (25) carried t extensivo experiments pertain- 

ing to the resistance of plums to the brown-rot fungus 

(Selerotinla cinera (Bon.) Wor.). He studied in detail the 

anatomical relationship between host and parasite and con- 

cluded that, while no variety studied was completely resis- 

tant, some varieties did possess a high degree of resistance 

due to differences in their anatomical structures. 

In the $outhern states, the root-rot fungus (Thie- 

lavia basicola (B. and. Br.) Zopf.) caused considerable darn- 

age to tobacco plantings, but Johnson (14) developed sever- 

al strains which were resistant to the fungus, and at the 

present tine outbreaks of it are not feared. Aamodt (1) 

made extensive studies on the itheritance of resistance to 

several biologic forms of Puccinia graminis Pers. Var. 

Tritici E. and H. in wheat. In his crosses between Kanred 

and Marquis varieties, the different hybrids showed vary- 

ing degrees of resistance to the many biologic forms. 

Brooks (6), in his studies of the nature of disease 

resistance in plums, found that the variety was 

resistant to the silver-leaf disease caused by Stereum 
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purpureum Pers., and that this resistance was due to the 

formation of gums in the tissues surrounding the fungus and 

through which it could not penetrate. 

Carbone and Kalajev (r/), in their interesting studies 

of the cormuon bean (Phase olus vulgaris L.), found that 

plants inoculated with a dilute solution of an extract of 

Botrytis cinera Pers., became immune to further attacks of 

the fungus. This seems to indicate that there may be some 

acquired immunity even in plants. 

History of Virus-Disease Resistance 

Viroses of plants have been known for a much shorter 

time than either the bacterial or fungous diseases, but in 

the last quarter of a century a tremendous amant of work 

has been done with them. 

Mayer (18), in 1886, was the first to show the infec- 

tious nature of a virus (Nicotiana Virus 1, (Mayer) Allard). 

By extracting the juice from a mosaic-diseased tobacco leaf 

and injecting it into a healthy tobacco leaf he obtained 

the same disease. Iwanowski (13) was the first to show 

that the juice from a mosaic-diseased tobacco leaf, after 

being passed through a bacteria-proof filter and injected 

into a healthy leaf, would reproduce the disease. 

The "rosette" disease of wheat (Triticum Virus 1, 

1cKinney) was causing considerable trouble in the midwest- 

em states until McKinney (19) developed several hybrids 



which were resistant to it. Climatic conditions were of 

considerable importance in maintaining the vItality of the 

resistant plants and only when they became weakened by 

freezing or drouth were they susceptible. 
Porter (22) developed several strains of cucumbers 

which were resistant to the ttwhite pickle't virus (Cucuinis 

Virus 1, Doolittle). The Chinese Long variety was quite 
resistant and by selfing this variety several lines were 

developed which were found to be very resistant. Brandes 

(5), in breeding for resistance to mosaic (Saccharum Virus 

1, Brandes) In sugar cane, found that by crossing Saceharum 

nem (an inune species) with Saccharum officinarum 
(a susceptible species) the seedlings of the F1 generation 
were Immune to the disease. The F2 generation produced a 

high percentage of imam.tne plants, but it also produced some 

plants which were very susceptible. 
SmIth (25), in his studies with virous diseases of 

tomatoes, found that when inoculated with the potato Y- 

virus (Solanum Virus 2, Orton), the tomato plants first de- 

veloped faint virous symptoms. These rapidly disappeared 

and the plants became carriers of the virus without symptoms 

and they could not be induced to produce symptoms again. 

The curly-top virus (Beta Virus 1, Bancquet and Hart- 

ung) has been studied very Intensively in several parts of 

the country. Mackie and Esau (16), in their studies with 

beans, found that several species of the common bean, and a 



few small limas, are quite resistant to this virus. Cars- 

ner (8) and. his co-workers have developed several resistant 

strains of sugar beet. 

Virous Diseases of osaceae 

There are several genera in the Rosaceae which are at- 

tacked by viroses, but a survey of the literature reveals 

that very few plants of this family have been found to be 

resistant to the virous diseases which attack them. Large 

woody, perennial plants are usually slow-growing and it is 

difficult to handle large numbers of them in the green- 

house under the controlled conditions necessary for the 

study of resistance. Transmission of the viroses of this 

family have been retarded since vectors are known in only 

a relatively few cases. 

A few species of the genus Rubus are known to be re- 

sistant to some of the mosaics. Rankin (23) reported that 

the red varieties of raspberries were considerably more re- 

sistant to mosaic (Rubus Virus 2, Bennett) than were the 

black raspberries. According to Bennett (2), the following 

varieties of raspberries are resistant to the green mottle 

mosaic (Rubus Virus 1, Rankin and Hockey); Erskine Park, 

Sunbeam, Ohta, and. Ranere. 
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Virous Diseases of Strawberry 

While the genus Fragaria (strawberry) is attacked by 

several different viroses, they seem to be quite confined 

to certain regions. Xanthosis, or yellows (Fragaria Virus 

1, Plakidas), reported from California by Plakidas (21) is 

confïned almost if not entirely to that state. The yellow- 

edge virus described by Harris (10), so far as is now known, 

is found only in England and the eastern part of Canada. 

Although K.M. Smith, in his plant-virus classification, 

includes it with the yellows of Plakidas, the two viroses 

have not been studied together and it is still questionable 

whether or not they are identical. Witchest broom (Fraga- 

y_ 3, Zeller), described by Zeller (28), has been 

reported only from Oregon, where it seems to have been suc- 

cessfully eradicated or reduced to a minimum. Crinkle 

(Fragaria Virus 2, Zeller and Vaughn), first described by 

Zeller and Vaughn (30), until recently was thought to be 

confined to the Pacific Coast states of California, Wash- 

ington and Oregon, but Harris (10) reported in 1937 that he 

had found a virous disease of strawberry in England with 

symptoms comparable to those of crinkle. 

A review of the literature shows that there has been 

very little study made on the resistance of strawberries to 

viroses. Harris and Hildebrand (11), in their studies of 

yellow-edge, found that Premier (Howards 17) and Glen Mary 



varieties, and Fragaria chiloensis L., the wild, beach straw- 
berry, were symptomless carriers of the virus. Zeller (28) 

noted that certain varieties of strawberries grown in e- 
gon were less susceptible than others. Among the more re- 
sistant ones observed under field conditions were F. cunei- 
folla Nutt , Redheart, and Fairfax. 

The crinkle-virus sjinptoms were first observed in the 
field by C. E. Schuster and S. M. Zeller of the Oregon Ex- 

periment Station in 1925, but the disease was not described 
by Zeller and Vaughn (30) until 1932. Vaughn (27) trans- 
mitted the virus by means of the strawberry leaf-louse 
(Capitophorua fraaefolii Cockerili) but did not obtain 
transmission by leaf iiu.tilation, needle Infection, or 

grafting. 

ECONOMIC IMPORTANCE AND SYMPTOMS OF CRINKI 

The economic importance, occurrence, general behavior, 
and methods of eradication of the disease followed in Ore- 

gon have been discussed by Zeller (28) in Oregon Experiment 
Station Bulletin 319. Suffice it to say here that crinkle 
is gene.ral throughout the Pacific Coast states of California, 
Washington, and Oregon, wherever the Marshall and Cva1lls 
varieties of strawberries are grown. Thile no accurate 
check has been made in Oregon in the last several years, it 
is estimated that about twenty per cent of the Marshall and 

Corvallis planta are affected by the virus. The plan of 
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ceitification (Ze11ei and McWhorter, 1932) (29) of straw- 

berry plants and improvement of planting stock throtgh cer- 

tification in Oregon has resulted in this low percentage 

of the disease in recent years. 

Zeller and Vaughn (30) and Zeller (28) have given ex- 

collent descriptions of crinkle in their publications. 

Therefore, only a brief resum of the symptoms will be 

given here. 

The two most characteristic symptoms are the crinkled 

condition and chiorotic character of the leaves. The f orm- 

er is undoubtedly due to the uneven distribution of the 

chiorotic areas in the early stages of leaf development. 

The rugose condition of the leaf surface seems to follow 

the chiorotic areas with no distinct pattern. 

These chiorotic areas at first are extremely localized, 

starting in very small, developing leavesas mere pin-point 

areas and expanding somewhat with leaf expansion. By tran8- 

mitted light these areas show up plainly. Often, the ex- 

tremely chiorotic centers of these yeLlow spots become ne- 

erotic, at first reddened and then resulting in brownish 

dead. tissue. s a rule, leaflets are yellower toward the 

margins. This yellowing may extend in streaks along a cor- 

tain few veins toward the midrib. On the other hand, the 

veins for the most part may become cleared. Together with 

the shortening of the veins, there may be moro or less nor- 

mal growth in the neighboring green tissues, producing 
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varying degrees of crinkling in the leaf. 

In the greenhouse the crinkle plants are lighter gzeen 

in color and in the fall, or when they become pot-bound, 

they lose their erect growth. The leaves produced under 

these condition.s have shortened petioles and the whole 

plant presents a flattened appearance. As stated by Zeller 
(28), under certain environmental conditions, some plants 

show more severe symptoms than others under like conditions, 

and. Harris (10) has found mild and severe symptoms in the 

type of crinkle found in England. Therefore, in this paper 

two types of symptoms, will be considered -- "mild" and 

"severe". The above description covers the severe type. 

The mild type consists merely of marbled mottling of chioro- 
tic spots over the young developing leaves. There may be 

slight clearing of the veins in some cases without the re- 

sultant stunting in growth and distortion of the leaves. 

PURPOSE OF PRESENT INVESTIGATIONS 

These investigations concerning the crinkle disease were 

undertaken with a two-fold purpose: 

1. To study the rosaceous hosts of the strawberry-leaf 

aphid (Capitophorus fragaefolil) for their ability to harbor 

the virus and to determine the length of time (if any) for 

attenuation of the virus in such host plants. 

2. To determine the degree of resistance or suscepti- 

bility of hybrid seedling selections being produced and 
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grown by Iir. George F. Waldo, of the United States Depart- 

ment of Agriculture and Oregon Agricultural Experiment Sta- 

tion cooperating, in order that in future breeding work, 

resistant parents may be selected more intelligently. 

MATERIALS 

All experiments, with the exception of two field ex- 

periments, were conducted in the greenhouse. The plants 

were grown in four and five-inch flower pots in potting 

soil composed of equal parts of gray clay loam, thorghly 

rotted leaf-mold, and sand. These materials were screened 

through a one-fourth inch mesh screen and thoroughly mixed 

before using. 

The plants used in the studies of virous attenuation 

were: Rosa rubignosa L. (sweetbriar rose), Rosa ginuiocara 

Nutt. (wood rose), Manette Rose (an ornamental variety 

used as grafting stock), Potentilla acilis Dougi. (five- 

fingered cinquefoil), Potentilla anserina L. (silver weed), 

and Potentilla monspeliensis L. The wild species of Fra- 

gana aro also considered as host plants for the strawberry 

aphid and were used in the studies of both attenuation and 

resistance. 

The plants used in the studies of resistance consisted 

of five wild species, 24 commercial varieties, and 512 hy- 

brid selections. 
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Carborundum dust was used in all experiments where 

juice troni diseased plants was used in attempts to transmit 

the virus by leaf mutilation. Hypodermic needles were used 

in the injection experiments; raffia, a grafting wax con- 

sisting of one part vasoline to three parts paraffin, and a 

sharp razor blade to make clean cuts, were used in the 

grafting experiments. 

Aphids (Capitophorus fragaef clii) were used for trans- 

mission purposes where large numbers of plants were in- 

volved. 

PLA1' OF STUDY 

Since the strawberry aphid had been observed feeding 

on the above mentioned Rosaceous host plants, it was thouit 

that these plants might be alternate hosts for the crinkle 

virus and help to explain the spread of crinkle in the 

field. In the life cycle of this aphid, as worked ciu.t in 

an unpublished paper by Professor R. A. Dimick, in egon 

alato forms are produced on strawberry plants troni early 

March until late May. A few may be found as late as June 

15. These alate aphids migrate from the cultivated varie- 

ties of Fragaria to wild species of Rosa and Potentilla, 

where they remain throughout the dry summer months. Only 

apterous forms of the aphid are produced on the host plants 

during the summer. Again in the fall, alate forms of the 

aphid are produced and migration back to the cultivated 
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strawberries is effected. These host plants were studied, 

therefore, to determine whether or not the crinkle virus 

was carried over to them in the spring and then back to the 

strawberry in the fall. 

Zeller (28), in his studies of crinkle, stated that 

certain different named varieties of strawberries grown in 

cegon showed considerable differences in their abilities 

to withstand the attacks of the virus. It was decided 

therefore to test as many as were available of the named 

varieties, hybrid selections, and wild species of Fragaria 

for their susceptibility or resistance to crinkle. 

GENERAL METHODS 

In the studies of attenuation, transmission of the 

virus was attempted in the majority of cases by means of 

aphids. The aphids were allowed to feed on viruliferous 

strawberry plants from eigit tofourteen days, and then 

transferred to Rosaceous plants of other genera. A. few at- 

tempts were made to transmit the disease by grafting. 

Where grafting was attempted, young strawberry runners were 

grafted near the tips of rose stems. 

The various host plants were first tested to determine 

whether or not they were s,imptomless carriersof the virus!" 

! The term tlsyptomless carriers" as used throughout this 
paper indicates plants which contain the virus in their 
systems but show no outward characteristics of the disease. 
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before the attenuation studies were attempted. 

The studies of resistance In strawberrr were conducted 

with ii.rnner plant$ of the variety, hybrid, oz' species to be 

tested, in four or five-inch pots in the greenhou$e. Ther- 

ever possible, ten plants of each were tested and each ten 

plants of a certain hybrid, etc. has been called a serles. 

Eight plants in each series were infested with viruliferous 

aphids and two were used as checks without aphids. in some 

cases, only four or rive plants were available for testing 

and In such serles all plants were infested with aphids 

and index plants used as checks. 

When unusual symptoms were manifest in a series, 
aphids were transferred from such plants to index plants to 

determine whether this was another expression of crinkle. 

'tlndox plants" Is a term we have used for varieties of 

strawberry, the crinkle smiptoms of which are very f axiIliar 

to us, and may be said to be typical for that variety. 

During the years of 1935 and 1936, the Marshall variety was 

used oxelusi vely as the index plant , but In 1937 Fragaria 

yesca Var. semperfiorens, a wild alpine species, was found 

to exhibit much more striking crinkle symptoms than did the 

Marshall and was, therefore, used. to a large extent as an 

index plant in the later studies. This variety, however, 

does not produce runners and Marshall plants had to be used 

where grafting was the method of transmission. The sugges- 

tion to. use F. yesca came from Harris (10) who has used it 
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extensively as an index plant in his studies of the yellow- 

edge disease in England. 

PRELIMINARY STUDIES 

ckì Transmission 

Aphids 

The strawberry leaf-aphid (Capitophorus fragaefolli) 

has been shown to be the chief insect vector of strawberry 

viroses. Zeller (28) transmitted witches' broom of straw- 

berry by means of this aphid, Plakidas (21) proved it to be 

the vector for yellows or xanthosis, Vaughn (27) trans- 

mitted the crinkle virus through its use, and Massee (17) 

has shown it to be the insect vector for the yellow-edge 

virus. Some studies with the root aphid (Aphis forbesli) 

as a possible vector of crinkle are reported later in this 

paper. 

Varying numbers of aphids (Capitophorus fragaefolli) 

have been used in the experiments and have been allowed to 

feed on the diseased plants previous to transmission.f or 

different periods of time. Zeller (28) found that 100 per 

cent transmission could be obtained by using a minimum of 

six aphids per plant, although under favorable conditions 

one would give transmission. The aphids, in most cases, 

were allowed to feed on crinkle-harboring plants from eight 

to fourteen days. 
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The following experiments were conducted in an attempt 

to determine the time necessary for an aphid to feed on a 

viruliferous plant before the aphid might be able to trans- 

mit the virus to healthy plants. These experiments were 

conducted in insect-proof cages in the greenhou$O. The 

cages were made by building a frame over an entire bench 

and covering the whole with a very good grade of cotton 

sheeting. The whole cage was then divided into six indi- 

vidual cages, each a separate insect-proof unit. Each cage 

measured 5 x 6 x 4'6", as shown in Plate I, Fig. 1. The 

entire room of the greenhouse was fumigated thoroughly, 

using nicofume, to be certain that the cages would be free 

from aphids when the experiments were started. It was im- 

possible to fumigate each individual cage at any time with- 

out fumigating the entire room. This was done once a, month, 

but extreme care was taken when doors of individual cages 

were removed to prevent entrance of insects. 

the hundred healthy runner plants of the Marshall vari- 

ety were potted in five-inch pots in the greenhouse and used 

in the course of the experiment. Five Marshall plants show- 

ing advanced crinkle siniptoms were also placed in five-inch 

pots. The entire lot of plants was grown for two weeks, at 

the end of which time they were all growing vigorously. 

They were then given a thorough fumigation with nicofume. 

Vaughn (27) demonstrated that the crinkle virus is not 

passed from agamous aphid mothers to the offspring, as is 



true in most of such cases. This information was used to ad- 

vantage in obtaining aphids which were known to be non-virul- 

iferous. A few strawberry leaves, on which mature aphids 

were feeding, were brought into the laboratory. The mother 

aphids were observed closely until young were voided and 

these young were then removed to healthy Marshall plants be- 

f ore they had time to feed on plants of unknown virus con- 

tent. In a short time thriving colonies of non-viruliferous 

aphids were obtained. 

Some of these non-viruliferous aphids were then placed 

on the Marshall plants showing advanced symptoms of crinkle 

and allowed to feed for periods of time varying from 20 to 

120 hours and then transferred to healthy Marshal].s. 

Sixty non-viruliferous aphids were placed on one of the 

crinkle-harboring Marshall plants and allowed to remain for 

twenty hours. In most cases, feeding was not begun immed- 

iately upon being placed on the plant. This was repeated 

for 24, 2?, 48, 72, and 120-hour periods. The results of 

these experiments are given in Table I. 

As stated elsewhere, the aphids did. not begin feeding 

immediately after being placed on the crinkle-harboring 

plants, and some of them died without feeding (probably hav- 

ing been injured in transfer). Those which did survive, 

however, were all feeding when the first transfers were made 

at the twenty-hour period. This was also true for the 



Table I. Showing the Time Necessary for the Strawberry 
Aphid to Feed on a Crinkle-Harboring Plant 
Before Becoming Viruliferous. 

Number of Number of Number Number 
Aphids Hours Aphids Healthy Plants 
Placed on Were Left on Plants In- Showing 
Each Crinkle Crinkle fested With Crinkle 
Plant Plants Viruliferous Symptomß 

Aphids 

60 20 5 0 

60 24 5 0 

60 27 5 3. 

60 48 4 2 

60 72 5 4 

60 120 6 4 

60 non-viruliferous aphids 
were placed on ten check plants O 

longer periode. It should be mentioned here that all aphid 

transfers made in the greenhouse were made by means of a 

damp camel's hair brush to prevent, as much as possible, in- 

jury to these delicate insects. The transfers in the field 

experiments were accomplished by picking leaves having 

several aphids on them and placing them on the plants to 

which aphids were to be transferred. 

From Table I, it can be seen that the time necessary 

fo the aphids to become viruliferous lies between 24 and 27 
hours. The one plant in the 27-hour series which developed 

crinkle symptons, at first showed only mild simptoms but 



within two weeks had developed the severe type, while in the 

48, 72, and 120-hour series, the plants exhibited the severe 

type of simptorns from the first. From these results, it was 

believed that 27 hours would be very close to the minimum 

time necessary for the aphids to become viruliferous. Accord- 

ingly, another test was run using feeding periods of 24, 25, 

26, and 27 hours. The results of this test are given in 

Table II. 

Table II. Showing the Time Necessary for the Strawberry 
Aphids to Feed on Crinkle-Harboring Plants 
Before Becoming Viru1ifers. 

Number of Number of Hours Number of Number of' 

Aphids Aphids Were Healthy Plants Plants 
Placed on Left on Crinkle Infested With Showing 
Each Crinkle Plants Viruliferous Crinkle 
Plant Aphids Symptoms 

60 24 6 0 

60 25 5 0 

60 26 6 0? 
60 27 5 1 

60 non-viruliferous aphids 
were placed on ten check plants O 

-ìe plant in the 26-hour serieswas thought at first to 

be showing symptoms of a very mild nature. These appeared 

25 days after aphid infestation, but ten days later these 

symptoms had disappeared and no more symptoms developed in 

the four succeeding months they were under observation. 
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Also, at the end of one month this plant was fumigated to 

destroy the aphids present and then infested with non-virul- 

iferous aphids. These were allowed to feed on the plant for 

eight days and then transferred, six each, to five healthy 

Marshall plants. None of the plants developed crinkle 

symptoms during the four months they were under observation. 

The one plant in the 27-hour series which developed 

crinkle symptoms, behaved exactly in the same manner as in 

the first experiment. Mild symptoms appeared at the end of 

23 days and gradually increased in severity until ten days 

later, at which time they were comparable to the typical 

severe symptoms on Marshall plants. 

The results of these experiments lead us to believe that 

the mininn.im time necessary for the strawberry leaf-aphid 

(Capitophorus fragaefolii) to feed on a plant harboring 

crinkle before becoming virulifers to be 27 hours, but 

that in transmission experiinta it w1d be better to expose 
plants to viruliferous aphids for at least 30 or more hours 

to insure satisfactory results. 

his forbesi Weed has been noticed in many instances 

feeding on the crowns and young developing leaves of some of 

the cultivated varieties of Fragaria. With the belief that 

these aphids might be another vector of the crinkle virus, 

the following studies were conducted. 

Twenty-five mature aphids were placed on one Marshall 

plant harboring crinkle and left for several weeks, at the 
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end of which time there was a thriving colony. August 

23, 1936, these aphids were transferred, 20 each, to ten 

healthy Marshall plants. Five Marshall plants were used as 

checks. On September 18, two of the Marshall plants were 

showing mild symptoms. Tnese symptoms did not become severe 

and. none of the other Marshall plants developed symptoms 

during the four months they were under observation. The 

checks remained healthy during the experiment. 

On November 8, aphids were transferred, ten each, to 

ten healthy Marshall plants. Five Marshalls were used as 

checks. None of these plants developed symptoms during the 

four months the experiment was continued. Again on January 

21, 1937, more Aphis forbesi, which had been colonized on 

crinkle-harboring plants, were transferred, 20 each, to ten 

healthy Marshall plants. Five Marshalls were used as checks. 

On February 8, one of the Marshalls had developed mild 

symptoms. On February 20, these symptoms bad. become severe 

and they remained so throughout the experiment. None of 

the other plants showed symptoms during the four months 

they were under observation. 

From these experiments it was concluded that the straw- 

berry-root aphid, Aphis forbesi Veed,may, under favorable 

conditions, transmit crinkle, but that the percentage of 

transmission obtained when this aphid is used would indicate 

that it does not play a very important part in the spread 

of the virus in the field. 



23 

Mechanical 

The crinkle virus oÍ strawberries belongs to that 

croup of viruses which are very difficult to transmit by 

any of the mechanical methods now in general use. e a- 

sumption for this difficulty is that the virus is oxidized 

immediately upon coming in contact with atmospheric condi- 

tions. Another is that the sap of the strawberry plant, 

which is very viscid., holds the virous suspension, not 

allowing ït to enter the plant cells which have been muti- 

lated to allow its entry. In addition, the virus may still 

be largely held in the plant cells from which only a small 

part of the sap may be extracted. It may also be true that 

the virus is held, to a very great extent, in the phloem 

cells, which may not be crushed during the mascerating pro- 

cess. 

Since it was already shown by Vaugbn's (27) studies 

that the virus was very difficult, if not impossible, to 

transmit mechanically, plain leaf mutilation was not at-. 

tempted. Instead, the carborundum.-abraaion method used by 

Rawlins and Thompkins (24) was adopted. In this method, 

juice was extracted from plants harboring crinkle by pul- 

verizing the leaves with mortar and pestle and then press- 

ing the juice through a cheesecloth bag. The leaves of 

healthy iVlarshall plants were dusted with the carborundum 

and the extracted juice rubbed into the leaves with a cotton 
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swab. 

;ight healthy Marshall plants were inoculated in this 

manner on May 5, 1935. Five other plants used as checks 

were treated in the same way with the exception that dis- 

tilled water was rubbed into the leaves in place of the 

juice extracted from crinkle plants. On May 21, these 

plants were examined closely, but no smptorns were apparent. 

They were not examined again until June 18, at which time 

two o± the eight plants were showing advanced crinkle smp- 

toms. The five check plants remained healthy during the 

six-month period they were under observation. 

Several subsequent attempts were made to transmit the 

virus in this manner. All were unsuccessful until January 

8, 1936. At this time, seven healthy Marshall runner 

plants were inoculated using the carborundum methcd, and 

only the very young emerging leaves were treated with the 

extracted juice and carborundum dust. Four check plants 

were treated in the same manner except that juice extracted 

from healthy plants was used. On January 22, one of the Mar- 

shall plants had developed symptoms of the primary type and 

on January 27, this plant exhibited the advanced spnptoms. 

A].]. the other plants, inoculated and checks, remained 

healthy during the four months they were under observation. 

A total of 96 plants have been treated using the carborun- 

dun-dust method and only three, or 3.12 per cent, have de- 

veloped crinkle syinptoms. This percentage is far too low to 
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be of any value in experimental studies, but it i inteiest- 

ing to note that the virus can be transmitted mechanically 

although with difficulty. 

Attempts were made to transmit the disease by inject- 

ing juice extracted from diseased leaves into healthy 

leaves by means of a hypodermic needle. The juice was ex- 

tracted from the leaves in the same manner as described 

for the carborundum dust method, filtered through two layers 

of cheesecloth to take out the larger particles of plant 

material, and then drawn into the graduated barrel of the 

hypodermic needle by means of the plunger. Fourteen plants 

were treated using amounts of extract from 1/10 to one 

cubic centimeter. The extract was injected into the mid- 

veins, leaf petioles, and crowns oÍ the plants. Five other 

plants, used as checks, were treated in the same manner ex- 

copt tap water was used in place of diseased plant extract. 
All plants remained healthy during the four months they 

were under observation. 

Grafting 

Vaughn (2?) attempted crown grafting in his transmis- 

sion studies without success. Harris (10) described a 

grafting method whereby he had obtained transmission of the 

yellow-edge virus in England. This method was called the 

"marching graft of runners. It was tried with reference 



to crinkle transmission and has proved to be a very satis- 

factory and efficient method. 

Two stolons, or runners, as they are commonly called 

in America, one from each plant to be grafted, are selected 

as nearly the same stage of development as possible. An 

oblique cut Is made on each runner, one running in the oppo- 

site direction from the other. The two tongues made by 

the se cuts are brought into contact along the cut surfaces, 

and the two bound together with raffia. The raffia and 

cuts are then covered with grafting wax. The wax and raffia 

are removed after 15 to 20 days to prevent constriction at 

the place of' graft. 

On February 21, 1956 three Marshall plants showing 

typical symptoms of crinkle and having two or three runners 

per plant, were grafted to three healthy Marshall plants 

also having runners of approximately the sane stage of de- 

velopment. The greenhouse in which the grafting was done visa 

quite humid and It was not necessary for the plants to be 

placed in a damp chamber. The plants were checked on March 

12. Two of the three healthy Marshall plants had developed 

crinkle symptoms. The raffia and wax were removed from the 

grafts and organic union between diseased and healthy run- 

ners had taken place in the two cases where both plants 

were showing crinkle, but no union had occurred in the case 

where one was not showing symptoms. This latter case was 
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kept under observation for four months but crinkle symptoms 

did not appear at any time in the healthy plant of the 

attempted union. 

On 1areh 18, runners from 17 L'Iarshall plants showing 

crinkle were grafted to as many runners from healthy Mar- 

shahs, using the method described above. Fourteen of the 

healthy runners developed crinkle symptoms after 21 to 33 

days. 

There was organic union in all cases where crinkle ap- 

peared in the healthy runners, but where no union occurred 

the runner plants from healthy mothers did not develop crin- 

kle during the period of the experiment. 

In the plants where organic union did not occur, no 

callous tissue was formed, showing that dessication of the 

cut tissues had taken place before meristernatic action 

could be initiated. This may throw some light on the prob- 

leni of mechanical transmission. Only a very short time 

elapsed from the time the two cuts were made on the runners 

until they had been bound with raffia and covered with wax. 

Not more than thirty seconds elapsed from the time the cuts 

were made until the cut surfaces had been batnd together and 

not more than a minute from the time the cuts were made un- 

tu they were covered with wax. If any virous material was 

contained in the juice on the cut surface of the diseased 

runner it was inactivated before being mixed with that from 
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the healthy runner and taken into the system of' the heal- 

thy plant. Too, the vascular regions of the two runners 

may not have been brought into direct contact and the 

phloem regions, through which the virous material is large- 

ly carried, may not have been brought together so that the 

virus could be passed to the healthy plant. 

It is necessary to obtain runners of approximately the 

sanie stage of development for the march method of grafting. 

Plants harboring the virus, however, develop slowly and pro- 

duce very few runners. In fact, many plants do not produce 

runners at all unless the conditions are extremely favorable 

for growth. Thi$ difficulty has been overcome to a certain 

extent. Marshall runner plants, when brought into the 

greenhouse from the field, will produce runners at any time 

of' year. Therefore, healthy runner plants brought into the 

greenhouse and inoculated with the crinkle virus by means 

of aphids may be caused to develop symptoms at approximately 

the same time that runners are being produced. By careful 

arrangement of experiments in this way healthy and diseased 

runners can be produced in the best stages for grafting. 

thly one attempt was made to transmit crinkle by graft- 

Ing runners from crinkle plants to etioles of healthy ].eav 

and. petioles of crinkle plants to healthy runners. It was 

not successful. The plants, at the time of grafting, were 

quite potbound and in almost a dormant condition. In such 

a condition callous tissue forms slowly, if at all, thereby 



29 

decreasing the possibility of organic union in the graft. 

Ti ssTransplants 

Pieces of tissue were out from runners, leaf petioles, 

and crowns of plants having crinkle, and inserted in small 

slits made in the petioles and runners of healthy plants. 

These slits, after having the pieces of diseased tissue 

placed in them, were covered with grafting wax. No trans- 

mission of the virus was obtained by this method. ganic 

union did not occur in any of the trials. Callous tissue 

was formed in both runner and petioles into which the pieces 

were inserted, but no callous tissue formed on the inserted 

pieces. 

ki Attenuation of the Virus in Rosaceous Plants 

iIate ri a is 

The Marshall plants harboring crinkle, and healthy 

Marshalls from a supply of certified plants that had been 

grown in the greethouse, were brought in from the field 

and potted in six-inch pots. Plants of Potentilla monspel- 

iensis L. were obtained from Eastern Oregon through the 

courtesy of County Agent G. Y. Hagglund of Redmond. 

Potentilla anserina L. plants were collected on the coast 

near Waidport, Oregon. Two plants of Potentilla gracilis 

Dougi. had been set out on a plot at ast Farm by Dr. 



Zeller and were used in the field experiments. Cuttings of' 

Rosa rubignosa L. were collected near the strawberry plot on 

East Farm and grown in the greenhouse. Three plants of Rosa 

gyinnocarpa Nutt. were collected along the Columbia River 

Highway near Corbett, Oregon, and potted in ten-inch pots 

in the greenhouse. The aphids (Capitophorus i) 

were collected from several different varieties of culti- 

vated strawberries on East Farm. 

Expe riinents 

Potentilla monspeliensis.--On June 9, 1935 f ifty non- 

viruliferous aphids were placed on each of five P. mon- 

speliensis plants. At the end of 14 days, June 23, aphids 

were taken from these Potentilla plants and placed, 25 each, 

on ten healthy lìlarshall plants. These plants did not de- 

velop crinkle symptoms and were still healthy at the end of' 

seven months, when they were discarded. (See Table III) 

Fifty viruliferous aphids were transferred from plants 

harboring crinkle, ten each, to five P. monspeliensis 

plants on June 9, and allowed to remain there for 14 days. 

On June 23 these aphids were transferred, ten each, to ten 

healthy Marshall plants. It should be mentioned here that 

while feeding on the P. monspeliensis plants the mature 

aphids voided many young so that when the transfers were 

made on June 23 there were many more aphids present than 



had been placed there at 

fers to healthy Marshall 

mature aphids were used. 

at which time additional 

ten healthy Marshall pia] 

are given in Table III. 

Of the ten Marshall 

the beginning. In making the trans- 

plants on this date, only the more 

The others were left until July '7, 

ones were transferred, ten each, to 

its. The results of these transfers 

plants to which aphids had been 

transferred from the P, nionspeliensis plants on June 23, 

six had developed crinkle smptomz by July 12. The other 

four plants were still healthy at the end of six months, 

when the experiment was closed. 

Of the ten Marshall plants to which aphids were trans- 

ferred from P. monspeliensis on July?, or 28 days after 

first being placed on the Potentilla, one developed crinkle. 

(Table III.) The symptoms did not appear (at least they 

were not observed) until nine weeks after aphid transfer had 

been made. Runner plants from certified stock were used in 

these experiments, and to all outward appearances were 

healthy when infested with aphids. It is, however, pos- 

sible that this one plant had crinkle when taken from the 

mother plant. These experiments were conducted in the 

cages in the greenhouse described under MaterialstI (p.12), 

and it is hardly possïble that contamination occurred from 

the outside after the experiment began. 
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I 
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* Alate aphids. 
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From these studies, it was concluded that the Poten- 

tilla monspeliensis plants used in these experiments, at the 

time the studies were started, were not symptomless carriers 

of the crinkle virus. These plants, as previously stated, 

had been collected in Eastern Oregon near Bend. Apparently 

crinkle is not present there to a very great extent and in 

all probability the Potentilla had not been exposed to the 

virus. 

It was found that crinkle could be transniitted from 

strawberry plants to the Potentilla and back to strawberry 

14 days after viruliferous aphids had been removed from 

the Potentilla. At this time the symptoms returned were 

severe arid the percentage of transmission high -- 60 per 

cent. Twenty-eight days after viruliferous aphids were re- 

ined from the Potentilla the percentage of transmission 

back to strawberries had dropped to 10 per cent, and the 

symptoms returned at this time to healthy Marshall plants 

were at first mild, becoming severe only after nine weeks 

from time of aphid infestation, thus showing that the virus 

would probably attenuate in slightly more than 28 days. 

Potentilla anserina.--Two hundred and fifty non-virul- 

iferous aphids were placed on one plant of Potentilla anser- 

ma on June 9, and allowed to remain 14 days. On June 23, 

these aphids were transferred, 20 each, to 10 healthy Mar- 

shall plants. One aC these plants develoed crinkle symp- 
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toms, These were observed first on August U, seven weeks 

after aphid inoculation. (Table III.) 
As in the above experiment, certified plants were used, 

and only one of the ten Marshall plants developed the crinkle 
symptoms. This one plant was taken from the field at the 
same time as the ones used in the above experiment and may 

have corne from the same mother plant. The results were so 

questionable that another experiment was conducted in the 
same manner. The plant was fumigated and all the aphids des- 
troyed on September 6, and on September 10, 250 non-virul- 
iferous aphids were transferred to it. They were allowed to 
remain 14 days ar were then transferred, 10 each, to 10 

healthy Marshall plants. None of the 10 plants developed 
symptoms during the six months they were under observation. 

Ori October 3, fifty viruliferous aphids were trans- 
ferred from Marshall plants exhibiting severe crinkle symp- 

toms to one plant of P. anserina where they were allowed to 
remain 14 days. They were then destroyed by fumigation and 

replaced by non-viruliferous aphids on October 20. These 

were allowed to remain on the plant until November 5 and 

then were transferred, 10 each, to 10 healthy Marshall plants. 
Eighteen days later, Nember23, four of the 10 Marshall 
plants were showing crinkle symptoms, and 10 days later a 

fifth plant had developed symptoms. The other plants were 

kept under observation for four months but no more symptoms 

developed during this time. (Table III.) 



At this time the plants of P. anserina being used in 

the experiment became heavily infested with the red-spider 

mite (TetranLchus telarius Linn.) and soon died. No more 

plants have been collected and further study has been post- 

poned to a future date. 

From these studies one cald not say definitely that 

Potentilla anserina L. was a smiptomless carrier of the 

crinkle virus. True, one of the Marshall plants developed 

symptoms after being infested with non-viruliferous aphids 

which had fed on the Potentilla plant. Jt only one out of 

20 infested in like manner developed simptoms, and the number 

of aphids used in the experiment was sufficient to assure a 

higher percentage of diseased plants than was obtained. The 

possibility of P. anserina being a symptomless carrier of 

crinkle, in the writer's opinion, is very slight. That the 

virus is carried from strawberry to Potentilla anserina was 

shown in the above studies, but because of the death of the 

experimental plánts, further studies have been retarded. 

Potentilla gcilis.--Studies with Potentilla gracilis 

Dougi. were conducted under aphid-proof cages in the field. 

(Plate 1, Fig. 2.) These cages wex 36 inches long, 18 in- 

ches wide, and O inches high, and were covered with a good 

grade of cotton sheeting. The bottom board of the frame 

was of 1" X material so that soil could be banked up two 

or three inches around the bottom to prevent insects from 



entering under the cage. About 18 inches of the sheeting was 

left above the top of the framework of the cage so that it 
could be gathered at the top and tied like a sack. In this 
manner it was comparatively easy to put plants in or out of 

the cage without disturbing the banking around the bottom. 

Approximately 500 non-viruliferous aphids (they were 

transferred on leaves and were not counted in these studies) 
were placed on one Potentilla gracills plant on June 7 and 

allowed to remain there for 14 days. i. June 22, they were 

transferred, about ten each, to 20 healthy Marshall plants 

under cages. These plants were kept under observation for a 

year, but no virus symptoms developed during this time. 

(Table III.) 

Approximately the same number of viruliferous aphids, 

taken from crinkle-harboring Marshall plants , were placed 

on . gracilis plants on June 7, and allowed to remain there 

for 14 days and then were removed by dusting the plant and 

cage thoroughly with nicotine dust. Four or 500 non-virul- 
iferous aphids were placedon the plant on June 25 and 

allowed to remain for 14 days. On July 10 these aphids were 
transferred, ten each, to 20 healthy Marshall plants. No 

spaiptoms were observed at any time on these plants during 

the year the experiment was in progress. 

Although these studies were conducted during the summer 

when the weather was hot and dry, the plants were watered. 
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by hand and kept in vigorous growing condition. The at- 

mosphere in the cages was quite humid, making ideal condi- 

tions for aphid propagation, and the colonies in the cages 

wore large ai. thriving throughout the life of the experi- 

ment. 

From the studies with Potentilla gracilis, it is con- 

eluded that, although only two plants and three infesta- 

tions are involved, this Rosaceous plant is not a symptom- 

less carrier of crinkle, and that if crinkle is transmitted 

to it, attenuation is accomplished in less than 14 days. 

Rosa rubignosa and R. ginnocarpa.--For several months, 

many unsuccessful attempts were made to colonize aphids on 

Rosa rubignosa and Rosa gnnocarpa plants. The apterous 

form of the aphid, which is produced almost exclusively in 

the greenhouse, was used in all these triaIs. The aphids 

did not seem able to adjust themselves to the now environ- 

ment on the rose planta, and wa.ld live for only a few days. 

As far as could be determined they did not feed on the rose 

plants at all. 

c August 9, 1935 four alate aphids were observed in 

the non-viruliferous colonies. Two of these were cages on 

Rosa rubigosa, and two on Rosa gymnocarpa using small leaf 

cages. Two days later, each alato aphid had voided several 

apterous nymphs . The cages were removed at this time and 

the young nymphs allowed to move to the tender tips of the 



twigs. These apterous nymphs matured in a short time and 

produced more apterous nymphs and at the end of four weeks 

thriving colonies had been built up on both R. gynocarpa 

and R. rubignosa. 

September 25, aphids from the R. rubignosa plant 

were transferred, ten each, to ten healthy Marshall plants. 

These were kept under observation for four months but no 

virus symptoms developed. (Table III.) 

Aphids were transferred from the R. gymnocarpa plant, 

ten each, to ten healthy Marshall plants on September 25. 

These plants were also held under observation for four 

months but did not develop virus symptoms at any time. 

Alate aphids were not produced in the viruliferous 

colonies and therefore, this phase of the attenuation 

study could not be carried out. 

On July 22, 1936, a runner from a healthy Marshall 

plant was grafted (using the march method explained on 

page 26) to the tip of a young branch of R. rubignosa. 

The wax and raffia were removed August 4. Organic union 

had occurred at this time and the runner was cut free from 

the mother plant. This runner plant continued to live 

quite normally with the food obtained from the rose plant 

and was not potted until several weeks later. This asine 

experiment was repeated using R. gyinnocarpa in place of R. 

rubignosa. No unusual symptoms were observed on either of 
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the grafted runner plants during the four months they were 

kept under observation. 

Attempts were made to graft runner plants from crinkle- 

harboring Marshalls to the tips of both R. rubignosa and R. 

gyrnnocarpa, but organic union did not take place. The rea- 

son for this is not entirely clear. it is more difficult 

to graft diseased to healthy tissue than it is to graft 

healthy to healthy tissue, but the healthy Marshall runners 

were grafted to the above roses with as much ease as if 

they had been other strawberries. For this reason, it was 

believed virus-harboring runners would graft to healthy 

rose tips. Further study will probably be undertaken along 

this line in the near future. 

Since alate-viruliferous aphids were not available for 

transfer to these two rose species, and the grafting of 

viruliferous runners was unsuccessful, it could not be de- 

tormined whether or not crinkle would pass from strawberry 

to rose and then back to strawberry. It was found, however, 

that these two rose species were not symptomless carriers 

of crinkle, and that if crinkle had ever passed to them it 

had attenuated before these studies were made. 

Manette_Rose.--It was suggested by Dr. F. P. Mcwhorter 

that the rose krinkle found frequently on Manette rose, be- 

cause of similarity in the mottling, might be related to 

crinkle. Accordingly, some Manette rose stock, which 
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showed mosaic symptorn, was brought in from a nursery near 

Portland, egon. On July 22, 1935, 200 non-viruliferous 

apterous aphids were placed on each of three of those plants. 

These aphids fed on the rose plants and in a few days were 

well colonized. In this case, it seemed unnecessary to trans- 

fer the alate aphids to this rose plant. Qn August 4, aphids 

were transferred from these rose plants to ten healthy Mar- 

shall plants. Approximately the sanie number of aphids were 

taken from each rose plant and placed on the Marshall plants. 

On August 8, more aphids were transferred from the rose 

plants to seven healthy Marshal]. plants, and another set of 

transfers was made on August 16, to six healthy Marshalls. 

0f the 23 plants infested with aphids taken from the Man- 

ette rose plants, none developed any definite crinkle sjmp- 

toms. (Table III.) Two plants developed very small chlor- 

otic spots in the young emerging leaves about three weeks 

after aphid infestation, but these snnptoms disappeared in 

a few days. These ehlorotic spots kept appearing and dis- 

appearing at intervals of ten days to two weeks throughout 

the four months they were under observation, but this con- 

dition could not be transmitted to other healthy Marshall 

plants ami was, therefore, considered to be a physiological 

disturbance in the plants caused by some agent other than 

crinkle. 
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On July 22, 300 viruliferous aphids were taken from 

crinkle-harboring Marshall plant8 and placed on two Manette 

rose plants. On August 4, the$e aphids were destroyed by 

furnigatiQn with nico±'ume, and two days later, August 6, 250 

non-virulií'erous aphids were transferred to the two rose 

plants and allowed to remain there for 14 days. August 

21, they were transferred, ten each, to ten healthy Marshalls. 

Ori. September 18, two Marshall plants had developed mild 

crinkle symptoms which, In a few days, had developed into a 

severe stage. On September 25, three more plants had de- 

veloped crinkle symptoms of a mild nature. These did. not, 

however, develop into the severe stage, although they were 

kept under observation for four months. A total of five 

plants developed crinkle symptoms in this experiment. (Table 

III.) 

These rose plants went into a dormant stage about the 

time the above experiments were completed and before more 

studies could be initiated with them all but one had died. 

This one, however, was used in the following experiment. 

The plant was re-potted in a ten-inch flower pot in 

the spring of 19.56, but further studies were not undertaken 

until on September 6. At this time the mosaic symptoms 

which had been present when brought in from the field had 

disappeared. However, runners from two healthy Marshall 

plants were grafted to tips of the young rose branches. 
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The wax and raffia were removed on September 20. Organic 

union had occurred and the plants were left in union for 

three months but no virus symptoms appeared on the rumier 

plants. 

From these experiments, indications are that the rose 

mosaic virus (Rosa Virus 1, Thite) of Manette rose may not 

be the sane as crinkle of strawberries. It was shown in 

these studies that the crinkle virus is carried from straw- 

berries to Manette rose and can be transmitted back to 

strawberries (see Table III) after 14 days have elapsed, but 

that the virus was not present approximately one year later 

when graft studies were conducted. 

Fragaria cbiloensis.--Plants were collected along the 

Pacific Coast near Newport, Oregon, and grown in the green- 

house. On April 7, 1935, seven of these plants were in- 

fested with virulïferous aphids, ten per plant, the aphids 

being taken from crinkle-harboring Marshall plants. Nono 

of these have ever developed symptoms (Table IV) and they 

aro still being grown in the greenhouse. That is, one of 

the original plants is still alive and one runner plant 

from each of the other plants is under observation in the 

greenhouse. 

The Fragaria chiloensis were freed of the colonies of 

viruliferous aphids on June 22 by rumigation with nicofume. 

On July 7, 100 non-viruliferous aphids were placed on each 
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of the seven plants. These aphids were allowed to remain for 

14 days, July 21, at which time they were transferred, ten 

each, to 42 healthy Marshall plants. Enough aphids were 

taken from each of the seven plants to infest six Marshall 

plants. August 21, 37 of the 42 Marshall plants had de- 

veloped crinkle. (Table IV.) Crinkle had been returned 

from each of the seven F. chiloensis plants. From time to 

time during the fall of 1935, throughout the year 1936, and 

part of 193'7, transfers of non-viruliferous aphids to these 

seven plants of F. chiloensis and back to healthy Marshalls 

have been made. A total of seven such transfers have been 

made during that time, and in each instance crinkle has been 

returned without losing any of its virulence. (Table IV.) 

From the above studies, it was concluded that seedlings 

of F. chiloenais may be smptomless carriers of crinkle. 

Several seedlings have been tested during the course of these 

studies, but none of them have ever developed outward symp- 

toms of crinkle. single clone of F. ehiloensis was dis- 

covered at Brookings, Oregon, by G. M. Darrow, of the Uni- 

ted States Bureau of Plait Industry, several years ago. 

This clone covered an area of about 900 square feet and 

seemed to exhibit symptoms the year round. Plate V, Fig. 2 

shows leaves from plants of this clone with crinkle symptoms. 

Fragaria ealifornica.--Eleven plants of Fragaria cali- 

f arnica Howell were collected in deep woods near Colton, 
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Oregon, and placed in four-Inch pots in the greenhouse. 

These plants were Infested with viruliferous aphids on 

March 18, 1937. On April 20, seven of these plants had de- 

veloped crinkle simptoms, and on May 5 all eleven plants had 

developed symptoms. (Table IV.) These plants are slightly 
more susceptible to the virus than is the Marshall variety. 
The necrosis is not quite so evident but thére is more 

crinkling of the leaves and dwarfing of the entire plant 
than there is in Marshall, It was not necessary to test 
these plants as possible symptoinless carriers of crinkle. 

Fragaria cunoifolia.--The studies with F. cuneifolia 
have been quite bxief but very enlightening. On July 10, 

1937, eight plants of F. cuneifolia were collected along 

the westside Pacific Highway about nine miles north of Cor- 

valus, Oregon. No cultivated strawberry plants were grow- 

ing in the immediate vicinity and the nearest garden plot 
was estimated to be over a mile from the place of collec- 

tion. The plants were examined closely at the time they 

were collected but no aphids were seen on them. They were 

placed in four-inch pots in the greenhouse, and kept in 

the insect-free cages. On July 27, one of these plants had 

developed the pin-point ehlorotic spots typical of crinkle. 

These chiorotic spots were found on only one leaf of one 

runner plant that had been produced after being brought 

into the greenhouse. The symptoms remained on this leaf 



for about 10 days and then disappeared and fuither symptoms 

have not been observed on any of the plants. 

On August 16, 300 non-viruliferous aphids were placed 

on the mother and runner plant of F. cuneifolia which had 

shown crinkle symptoms. They were allowed to remain until 
Augtst 23, at which time they were transferred, ten each, to 

ten plants of F. yesca Var. semperfiorens. On August 30, 

seven of the plants of F. yesca had developed symptoms of 

crinkle and on September 3, all ten plants were exhibiting 

these symptoms. (Table IV.) 

From these studies, it was concluded that F. cunel- 

folla at times is a symptomless carrier of the crinkle virus. 

Under certain conditions, these symptoms may be observed 

for a short time, but that they need not be apparent for 

the virus to be present in the plants as is shown by the 

above experiment, and by Zeller in his studies of crinkle. 

Fragaria yesca L. Vari. sernperflorensDuchesne.--The 

plants used in these studies were grown from seed kindly 

supplied by Dr. George M. Darrow, of the United States De- 

partment of Agriculture. Approximately 75 seedlings were 

obtained from this seed sample. Ten of these plants were 

infested with viruliferous aphids on April 3, 1937 and the 

other plants were considered as checks. On April 8, seven 

of the aphid-infested plants were showing definite vein- 

clearing symptoms. O- April 11, all ten of the plants had 
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developed typical crinkle symptoms. The young developing 

leaves were showing either the vein-clearing spnptom$ or had 

passed that stage and were showing the pin-point chiorotic 

spots. Within a few days, these chiorotic spots were begin- 

ning to show the reddish-brown necrotic centers in the 

chiorotic areas. 

The plants of F. yesca Var. semperfiorons were showing 

crinkle srmptoms fïve days after being infested with virul- 

iferous aphids. The shortest time observed in the Marshall 

variety, in these studies, had been ten days. 

In the later studies, plants of F. yesca Var. per- 

florens, a wild alpine species from Europe, were used where 

runner plants were not needed. F. vescais a better index 

plant than the Marshall variety for the following reasons: 

(1) Symptoms appear from three to five days sooner than 

they do on Marshall. (2) Under ordinary conditions in the 

greenhouse, 100 percent transmission of crinkle can be ob- 

tamed with them much more readily than it can In Marshall. 

(3) The plants can be grown from seed, assuring a supply 

of vigorous plants at any time they are needed. This might 

not be true if runner plants were depended on for the 

source of new plants. The Marshall variety is of more value 

than this alpine variety of F. yesca as an index plant in 

this one respect only. Marshall plants produce runners with 

which grafting studies may be conducted, while plants of 
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F. yesca Var. semperfiorens produce no runners whatsoever. 

Fragaria v1rin1ana Duchesne.--These plants were col- 

lected by Mr. George F. Waldo in Minnesota and turned over 

for study in August, 1937. On September 22, seven of these 

plants were infested with viruliferous aphids from crinkle- 

harboring Marshalls. Crinkle smptorns were observed on six 

of these plants on October 11, and the seventh plant de- 

veloped symptoms two days later. The smaptoms were of the 

same general type as that produced on F. californica and 

the severity on the two species was comparatively equal. 
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The phase of this study dea1in with resistance was be- 

gun in July 1936, and closed in January 1938. During this 

period 24 cultivated varieties, 512 hybrid selections, and 

5 wild species of Fragaria have been tested as to their re- 

sistance or susceptibility to the crinkle virus. The five 

wild species have also been discussed under the section deal- 

Ing with attenuation. 

As has been stated before in this paper, the best method 

for the transmission of crinkle, when large numbers of plants 

are to be inoculated, is by means of the strawberry aphid 

(Capitophorus fragaefolii). Zeller (28), in his studies with 

crinkle, found six aphids per plant were sufficient to effect 

loo per cent transmission of the virus. Therefore, six 

aphids per plant was the minimum and eight or nine the maxi- 

mum number used in these studies of resistance. 

The aphids were colonized on a large number of Marshall 

plants having typical crinkle symptoim so there would be 

several thousand of the viruliferous insects present when in- 

oculation of the plants to be tested was initiated. These 

aphids were transferred from the diseased plants to the 
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healthy plants to be tested foi' resistance by means of a 

moist camel's hair bru$h. The feeding aphids were touched 

gently with the tip of the brush until they had removed 

their stylets. Sometimes it would take several minutes of 

disturbance before they could be transferred. A pair of 

long-nosed binocular spectacles, with 5-X magnification, 

were used to ascertain when the aphids had removed their 

stylets from the leaves before an attempt was made to trans- 

fer them to the test plants. 

The aphids which had been colonized on the diseased 

Marshall plants, were tested for their ability to transmit 

the virus before using them for infestation of the healthy 

plants to be tested for resistance. ì July 21, 1936, six 

aphids from the diseased Marshall plants were placed on each 
of seven healthy Marshall plants. On August 5, five of the 

seven Marshall plants had developed crinkle symptoms. This 

strain was therefore considered capable (under the conditions 

of the experiment) of becoming viruliferous, and transmitting 

the virus. 

The diseased Marshall plants upon which the aphids were 

colonized were kept in a vigorous growing condition. When 

the plants first showed smptoìns of becoming pot-bound, they 

were replaced by a fresh supply of crinkle-diseased plants. 

Only by this method of keeping the plants in a vigorous, 

growing condition could an adequate supply of aphids be furn- 

ished for inoculation purposes. 
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Even these precautions were not sufficient for the stud- 

ies during 1936. On August 8, several larvae of the syrphus 

fly (species undetermined) were observed feeding on the 

aphids in the viruliferous colonies. These were removed and 

destroyed. Two days later the viruliferous colonies were 

examined again. At this time the syrphus fly larvae had lit- 

orally wiped out the viruliferous aphid colonies. They had 

spread to the other plants which had been Infested with vir- 

uliferous aphids. The plants in this section of the green- 

house had to be gone over and the larvae picked from them by 

hand. This procedure had to be followed almost daily until 

about November 1, when the larvae disappeared from the green- 

house. This destruction of aphids delayed the studies for 

some time. The number of aphids present on crinkle plants 

in the field at that time of year was negligible, and the 

only recourse was to build up the colonies again in the 

greenhouse. While waiting for the aphid colonies to multiply, 

the hybrid selections to be inoculated were passing the best 

stage for infestation, and were not in an optimum condition 

to receive the aphids when infested at a later date. Conse- 

quently, the results of some of the tests were unsatisfactory 

and were repeated later. 

In 1937, aphids were cultured in the greerthouse and also 

on plants in the field. By placing a canvas cage over plants 

in the field and watering them by hand at intervals of about 
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eight to ten days, they could be kept in a satisfactory con- 

dition for aphid colonization. During 1937, the syrphus fly 

larvae were not so abundant in the greenhouse as in 1936. 

several hundred aphids were used from the plants grown in 

the field, and a large supply was thus kept at hand In case 

of an emergency. 

In 1936, the runners from strawberries which had al- 

ready developed roots were taken directly from the field 

and potted in the greenhouse. The summers in Oregon are 

very dry and consequently only part of the runners develop 

roots in the field. Those which had not developed roots in 

1936 were placed in two-inch pots in the field while still 

connected to the mother plants. These runners were then 

watered by hand until roots were developed. It required 

about eight to ten days for sufficient roots to develop so 

that the runners could be severed from the mother plants. 

They were then removed to the greenhouse where they were 

transferred to five-inch pots. 

In 1937, another method of obtaining runner plants was 

attempted. Young, rapidly growing runners on which the 

primordial roots had just begun to swell, were severed from 

the mother plants. They were brought into the greenhouse 

and placed in five-inch pots. These runners were kept well 

watered and the greenhouse in which they were potted was 

kept at a high humidity. In five or six days, a good root 

system had developed, and at the end of two weeks' time they 
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were in a satisfactory condition for aphid infestation. 

This discovery saved much time ard labor in contrast to 

the methods of propagation used during the summer of 1936, 

and has proved to be entirely satisfactory in every respect. 

About 98 per cent of the runner plants grew when potted at 

this stage of development. This is a fraction of a percent 

less than the number of plants which grew when the runners 

were potted in the field. 

The best results were obtained when plants were infested 

with viruliferous aphids at about the time they were growing 

most vigorously, and provided the vigor was maintained for 

approximately two weeks after infestation. 

Index Plants 

Some of the hybrid selections produce symptoms of 

crinkle which are entirely different from those produced on 

Marshall, Corvallis, and some of the other cultivated varie- 

ties. This, of course, was to be expected. To determine 

definitely that these were merely different expressions of 

crinkle in hybrid selections, index plants, which yield 
characteristic crinkle symptoms, were used to reproduce the 

symptoms after the virus had passed through such hybrids. 

For example, 0,5.0. hybrid No. 1175 produced symptoms 

which resembled those of yellows as described by Plakidas 

(21). There were no definite chiorotic spots produced on 
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these plants at any time during the experiment. The veins 

in the young developing leaflets were generally cleared, the 

margins definitely yellowed and cupped downward, and while 

the leaves themselves were yellowed and dwaifed the petioles 

were not stunted, tending instead to become long and spiidly. 

The plants as a whole showed a decided yellow color in cam- 

parison to the light creen of the normal plants. In a very 

few cases, there was a stunting of the tissues at the ends 

of the smaller veins and uneven margins were produced, as 

shown in Plate VI. The appearance of the symptoms on these 

plants suggests a mild attack of yellows at first glance, 

but do not show the shortened petioles, crinkled leaves or 

upward cupping of the leaflets of a plant with yellows. The 

leaflets on these plants are all cupped downward and are gen- 

erally quite smooth. 

These plants (hybrid No. 1175) had proced runners at 

about the time first tyniptoms appeared. Although these run- 

ners were rather shortened, two of them were grafted to run- 

ners from healthy Marshall plants. Twelve days after the 

grafts were made, crinkle symptoms appeared on one of the 

Marshall runner plants. Four days later, symptoms appeared 

on the other one. The raffia and wax was removed and it was 

noted that organic union had occurred in both pairs of 

grafted runners. The plants were observed closely for some 

tine to determine wbether or not symptoms other than crinkle 
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developed. They showed, however, only the crinkle 8miptoms 

typical of the Marshall variet, as shown in Plate IV, Fig. 

1. 

The 0.8.0. hybrid No. 1175 was fumigated to remove all 

viruliferous aphid$ which were present. Four clays after 

fumigation, the plants showing the abnormal characters des- 

cribed above were infested with non-viruliferous aphids. 

The aphids were allowed to remain on these plants for eight 

days and then six were transferred to each of five healthy 

Marshall index plants. Five healthy Marshalls, without 

aphids, were used as checks. Sixteen days later, two of 

the Marshall plants had developed typical crinkle symptoms, 

and at the end of 28 days two more had developed crinkle. 

I'o other virous symptoms were observed on the Marsball 

plants and the checks remained healthy. It was concluded 

that these symptoms on hybrid selection No. 1175 were merely 

expressions of crinkle peculiar to this hybrid. 

RESULTS 

_s ceptibi li 

Symptoms 

Symptoms of various types appeared on the different 

cultivated varieties, hybrid selections, and wild species 

of Fragaria which were tested in these studies. The major- 
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ity of them, however, come undei two types: (1) The Marshall 

and (2) the Corvallis type. The symptoms developed by these 

two varieties have been described by Zellor (28). AccordIng- 

ly, the two types of symptoms as they appear on Marshall and. 

Corvallis varieties were used as a basis for descriptions of 

all symptoms appearing on the hybrid selections tested, as 

given in Table V. 

By far the great majority of plants developing crinkle 

symptoms could be classified under the Marshall type. Of 

the 512 hybrid selections tested in these studies, 325 de- 

veloped the Marshall type of symptoms, 135 the Corvallis 

type, and 3 developed symptoms similar to those described 

above for O.S.C. No. 1175, and 49 dId not reveal symptoms 

at all. 

These figures were obtained from data compiled after 

each variety, hybrid selection, and. wild species had been 

tested the first time. 

After testing, the plants were divided into four class- 

es according to their degree of resistance or susceptibility. 

The "very resistant" class includes those plants which did 

not show crinkle symptoms at all after having been infested 

with viruliferous aphids. Plate II, Fig. 1. The ttresist_ 

ants' class includes those plants which have shown symptoms 

of crinkle in the form of very minute chiorotic spots, 

slight clearing of the veins at their junction with the mid- 

rib, and a very slight rugose condition of the leaves with 
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very little apparent deterioration of the affected plants. 

Plate II, Pig. 2. The htsuseeptibleU class Includes those 

plants which have shown typical crinkle symptoms accompanied 

by deterioration of the affected plants. Plate III, Fig. 1. 

The "very susceptible" class includes those plants which 

have taken the disease very readily, shown typical crinkle 

snnptoms accompanied by very severe stunting, deterioration, 

or killing of the affected plants. Plate III, Fig. 2. 

These classes are entirely arbitrary and are not based 

necessarily on the percentages of plants yielding to infec- 

tion. That is, fifty or sixty percent of the plants infos- 

ted with viruliferous aphids may develop simptoms, and yet 

this variety, hybrid selection or wild species, whichever it 

may be, might be placed in any of the three groups - resist- 

ant, susceptible, or very susceptible - depending on the de- 

groe of deterioration in the plants. It could not, however, 

be placed in the very resistant class, as any symptoms what- 

ever would bar it from this group. 

In the first test for resistance, 512 selections, 24 

cultivated varieties, and 5 wild species were infested with 

viruliferous aphids. Of this number, 306 hybrid selections, 

18 cultivated varieties, and three wild species were classed 

as very susceptible; 89 hybrid selections and 8 cultivated 

varieties were classed as susceptible; 68 hybrid selections 

and 3. wild species were resistant; and 49 hybrid selections 



and i wild specie$ were classed as very resistant. These 

results are given in Table V. 
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(1) 

391 Marshall x 0.5.0. 14 (E.121 x Magoon) B 6 X Marshall 
703 Marshall x O.S.G. 7 (E. 121 x Wilson) 9 6 X Marshall 
'704 II x " 9 5 X Marshall 
396 u x " 10 I' 

8 5 X Marshall 
402 II OSC 59 (E.121 x Imp.Oregon) 8 4 X Marshall 
407 II It 60 II 

8 8 X Marshall 
610 X E. 121 8 6 X Marshall 
709 II 

II 8 1 X Marshall 
1069 It t, 

8 4 X Marshall 
1070 It t' 

8 - X - 
1071 It Ii 

8 6 X Marshall 
365 It Redheart 8 5 X Marshall 
612 II Narcissa 8 7 X Marshall 

01 
(o 
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701 Marshall x Narcissa 8 3 X ., Marshall 
713 u Rockhill 8 '7 X Marshall 
714 II x 8 4 X Marshall 
1153 Marshall Open S 8 X Marshall 
1154 It ti 

8 4 X Marshall 
1151 n x Fairfax 8 7 X Marshall 
1152 II x 8 3 X Marshall 
1244 II Il 8 8 X Marshall 
1246 It t' 8 4 X Marshall 
1249 tt X 8 2 X Corvallis 
1251 II 

ft 8 8 X Marshall 
1252 ii x " 8 4 X Marshall 
1255 11 x " 8 5 X Corvallis 
1258 u u 8 4 X Marshall 
1259 tI 

u 8 8 X Corvallis 
454 Corvallis x E. 121 8 4 X Marshall 
460 tI t, 6 5 X Corvallis 
'766 tI USDA 836 8 6 X Corvallis 
1054 u Redheart 8 - X - 

1116 11 tt 8 5 X Corvallis 
1067 Self ed 8 6 X Corvallis 
1068 x Marshall 8 6 X Corvallis 
1107 11 x 78 (E. 121 x O.S.C. 39) 8 5 X Corvallis 
1321 11 X 8 5 X Corvallis 
1150 x 286 (USDA 682 x E. 121) 8 8 X Corvallis 
840 ' x Fairfax 8 - X - 

1066 x 8 3 X Corvallis 
1100 " x 5 1 X Marshall 
1101 ' x 8 4 X Corvallis 
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II Jiii 
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1103 Corvallis x Fairfax S 5 X Corvalli8 
1104 tI t' 8 8 X Marshall 
1105 It u 8 5 X Corvallis 
1148 u x " 8 2 X Corvallis 
1149 It t' 8 2 X Corvallis 
1311 ii x ' 8 4 X Marshall 
1312 u x 8 4 X Corvallis 
1315 It t, 8 4 X Corvallis 
1317 11 

t' 8 3 X Corvallis 
1032 It x Blakernore 8 - X - 
1033 tI It 8 4 X Corvallis 
1035 II x 8 - X - 
1036 II x " 8 6 . 

X Marshall 
1039 tI H 8 3 X Corvallis 
1108 t, X 8 1 X Corvallis 
1109 II x ' 8 4 X Marshall 
1110 t, x 8 3 X Corvallis 
1112 II x " 8 6 X Marshall 
1113 11 x u 8 8 X Corvallis 
1114 x 8 - X - 
1115 x 8 4 X Corvallis 
1120 I' x 8 3 .X Marshall 
1130 u x 8 7 X Corvallis 
1141 11 x 8 - X - 
1142 U x 8 6 X Corvallis 
1143 x 8 1 X Corvallis 
1144 lt x 8 - X - 
1145 u x tI 8 2 X Corvallis 
1146 u x 8 4 X Corvallis 
1306 11 x 8 3 X Corvallis 

o) 
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1$O8 Corvallis x Blakemore 8 2 
1309 u x 8 4 
640 Blakemore x E. 121 7 5 
913 tt X 8 1 

1191 u u 
s 3 

1192 IT u 
8 - 

1193 lt H 
9 - 

1195 II 
H 

8 7 
1196 I' x U 

8 6 
1198 x 8 - 
1300 t' x 8 8 
1301 x 8 7 
652 x Marshall 8 4 
681 " x 8 7 
739 It x 8 8 
751 x 8 1 
1117 II x U 

8 4 
1118 11 x ' 

8 6 
1464 lt x 8 7 
1055 x Fairfax 8 2 
1056 II x 8 - 
1057 II x 8 3 
1058 " x 8 3 
1059 x 8 5 
1060 x 8 - 
1061 t' x 8 2 
1119 U x 8 6 
1121 II x U 

8 5 
1200 ' x t! 8 6 

X 

X 
X 

X 
X 

X 

X 
X 

X 
X 

X 
X 

Corvallis 
X Corvallis 
X Corvallis 

Corvallis 
Marshall 

X Marshall 
X Marshall 

X Marshall 
X Marshall 
X Marshall 
X Marshall 
X Marshall 

M ar s hail 
Marshall 

X Marshall 
X Marshall 

Marshall 

X Corvallis 
X Marshall 
X Marshall 

Marshall 
X Corvallis 
X Asin 1175 
X Marshall 
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1201 Blakemore x Fairfax 8 3 X Corvallis 
1202 t, X 8 6 X Corvallis 
1077 I (E. 121 x F. chu.) 8 3 X Corvallis 
1078 II It 

X 8 7 X Corvallis 
1079 It tt X 8 6 X Marshall 
1080 I, 

U x 8 6 X Marshall 
1081 u tt X 8 1 X Marshall 
1082 t? ti X 8 1 X Marshall 
1083 u 154 (E. 121 x Marshall) 8 1 X Marshall 
1084 u t, I! 

8 2 X Marshall 
1085 II x ' ' 8 4 X Marshall 
1086 tI 179 (Marshall x F. chu.) 8 - X 
1087 II x ' i? 

8 1 X Marshall 
1088 t, X 185 (Marshall x F. chu.,) 8 1 X Marshall 
1089 11 189 (Marshall x F. chu.) 8 8 X Marshall 
1090 1! 113 (E. 121 x F. chilj 8 - X - 
1040 II x Rectheart 8 6 X Marshall 
1042 II 

H 
8 - X - 

1122 u t, 

8 6 X Marshall 
1123 II t? 

B 7 X Marshall 1462 II n 8 5 X Marshall 
1074 ft X Narcissa B 4 X Marshall 
1075 It 

n B 8 X Marshall 
1378 II 327 (Redheart x E. 121) 8 5 X Marshall 
1463 II U It 8 5 X Marshall 
1329 11 78 (E. 121 xO.3.C. 39) 8 3 X LIarshall 
USDA 
1914 II E. 450 8 5 X Corvallis 
1991 u x Oregon 8 4 X Marshall 

a) 
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o .s.c. 
321 Narcissa x O.S.C. 59 (E.121 x Impr.Oregon) 8 6 
347 u O.S.C. 47 (E.121 X Ettersburg) 8 6 
346 II 

E. 121 8 4 
348 n It 

8 4 
752 u ti 

8 2 
368 't x Marshall 8 3 
681 tI ti 

8 7 
1043 It x Fairfax 8 2 
1045 t, x ' 8 8 
1046 Ii U 

8 6 
1047 x 8 3 
1048 " x ' 

8 
1049 11 X 8 5 
1050 " X " 8 8 
1051 " x " 8 6 
1052 " x " 8 - 
1053 U x 8 4 
1181 " X 8 3 
1402 x F. chu. 8 7 
1403 t X 8 5 
1406 X 86 
1140 Fairfax x Marshall 8 4 
1184 " x " 8 6 
1185 t1 x 8 5 
1299 x E. 121 8 2 
1063 x 8 - 
1302 't x " 8 4 
1303 " x 8 6 
1304 x " 8 2 

X Marshall 
X Marshall 

X Marshall 
X Corvallis 

X Marshall 
X Marshall 

X Marshall 
X Marshall 

X Marshall 
X Marshall 

X Corvallis 
X - 

X Marshall 
X Marshall 
X Marshall 

X - 
X Marshall 

X Marshall 
X Marshall 
X Marshall 
X Marshall 
X Marshall 
X Marshall 
X Marshall 

X Marshall 
X - 

X Marshall 
X Marshall 

X Corvallis 
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300 Clark x Narcissa 8 5 X Marshall 
301 x " S 4 X Corvallis 
302 x " 8 8 X Marshall 
306 " x ! 8 7 X Marshall 
315 x 8 7 X Marshall 
316 x " 8 2 X Marshall 
462 x " 8 - X - 

472 ' x " 8 8 X Marshall 
474 ti X O.S.C. '7 (E. 121 x Wilson) 8 6 X Corvallis 
834 " x F. cuneifolia 8 4 X Marshall 

1064 tt X 86 (u.i5.A. 682 x E. 121) 8 6 X Corvallis 
1147 t! Blakernore S 4 X Corvallis 
1186 tI Fairfax 8 4 X Corvallis 
1187 n x " 8 6 X Corvallis 
1188 11 x ' 8 - X - 
1189 ' X s 6 . X Marshall 
1190 t! ti 8 6 X Marshall 
48? Gold Dollar x O.S.C.60 (E.121 x Imp.Oregon)8 6 X Marshall 
520 " 

u H u 8 6 X Marshall 
669 " u x Marshall 7 4 X Marshall 
718 " 

t, x USDA 25 (Van Fleet 3 x 
Campbell) 8 4 X Marshall 

241 Redheart x E. 121 8 3 X Marshall 
242 x 8 4 X Gorvallis 
327 x 8 6 X Corvallis 
661 x 7 3 X Marshall 
662 x 8 1 X Corvallis 
683 x 8 4 X Marshall 
319 x O.8.C.14 (E.l21 x Oregon) 8 2 X Marshall 

1062 11 x Narcissa 8 4 X Marshall 

o) 
C,, 
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1072 Redheart x Blakemore 8 4 X Marshall 
1073 t' x B 2 X Marshall 
948 Howards 17 x Clark 8 4 X Marshall 
950 II Marshall 8 3 X Marshall 
951 II x ' B 3 X Marshall 

USDA 
1370 It 688 (Gibson x E.450) B 4 X Marshall 
1418 lt Redheart 8 - X - 
821 ' X E. 20 8 7 X Marshall 

o.5 .C. 
843 Ulrick x Fairfax B 7 X Marshall 
845 Wickson x USDA 1021 (Kalicene x H. 17) 9 4 X Marshall 
861 X Redl-ìeart 8 1 X Corvallis 
863 u ti 

9 - X - 
U SDA 
1908 Bellmar x Blakemore 8 4 X Marshall 
1907 Missionary x E. 450 8 4 X Corvallis 
1453 Klondike x Fairfax 8 5 X Corvallis 
o.s .0. 
716 : cuneifolia x Marshall 8 4 X Marshall 
1179 x Redbeart 8 6 X Marshall 
1182 Royal Sovereign x E. 121 8 - X - 
1399 Mix. x Redheart 8 5 X Marshall 
1400 ' 

" x u 
8 7 X Marshall 

1465 British Sovereign x Redheart 8 4 X Marshall 
1466 tI x 8 5 X Marshall 
1467 u x " 8 7 X Marshall 
1468 u u x 8 1 X Marshall 
1469 tI x 8 8 X Marshall 
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1470 British Sovereign x Redheart 8 7 X Marshall 
1471 n ti X 8 8 X Corvallis 
1473 II 

Ii x " 8 6 X Marshall 
1474 n 

n lt 

8 1 X Marshall 
1475 t, 'I t, 8 4 X Marshall 
1476 'I 

U Narcissa 8 6 X Corvallis 
1477 II It II 8 2 X Corvallis 
1478 II U x Fairfax O 3 X Marshall 
1479 II U Il 

s i X Marshall 
92 E.l21 X O.S.C.39 (E. 121 x Magoon) 8 6 X Marshall 

108 x " ' 8 2 X Marshall 
165 " X O.S.C. 7 (E. 121 x Wilson) 8 6 X Marshall 
148 n x Marshall 8 2 X Marshall 
152 ' x ' 6 6 X 
153 X 4 4 X Marshall 
527 1 Clark 9 7 X Corvallis 
541 i' x Reciheart 9 9 X Marshall 
621 ' x Narcissa 8 2 X Corvallis 

1155 11 Fairfax 8 4 X Corvallis 
1156 t1 It 

B 4 X Corvallis 
1157 tI I? 

e 1 X Corvallis 
1158 II t s 3 X Corvallis 
1159 tI x " 8 2 X Marshall 
1294 t' X ., 

8 6 X Marshall 
770 F. chiloensis x E. 121 8 7 X Marshall 
819 " - x E. 121 x USDA 836 8 - X - 
815 tI Marshall x Clark 8 - X - 

1180 't X x ' 8 - X - 
828 It Fairfax 9 - X - 
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1380 F. chiloensis x F. cuneifo1it 8 3 X Marshall 
1512 X " - 8 i X Marshall 
153.3 lt t, 

8 3 X Marshall 
820 F. chiloensis 10-B x Blakemore 9 - X - 
821 n x" 9 X . - 
423 O.S.C.14 (E.121 x Oregon) x O.S.C.5 

(E. 121 x Wilson) 8 5 X Marshall 
432 O.S.C.14 (E.121 x Oregon) x O,S.C.lO 

(E. 121 x Wilson) 8 1 X Corvallis 
440 O.S.C.14 (E. 121 x Oregon) x 520 (Gold 

Dollar x O.S.C. 60) 8 5 X Marshall 
456 0.3.0.14 (E. 121 x Oregon) x Narcissa B 4 X Marshall 
438 " II x ' 

8 8 X Marshall 
442 II u t, s - X - 
445 II II 

I, 8 5 X Marshall 
4417 tI H x e i X Corvallis 
450 '! x 2 X Marshall 
456 O.S.C. 7 (E. 121 x Wilson) x Narcissa I X Corvallis 
673 " 

t, X Marshall 7 3 X Corvallis 
294 USDA 682 (Howards 25 x Ioyal Sovereign) x 

Narcissa 8 X 
1000 USDA 682 (Howards 25 x Royal Sovereign) x 

Narcissa 8 7 X Marshall 
1001 USDA 682 (Howards 25 x Royal Sovereign) x 

Narcissa 8 2 X Marshall 
1002 USDA 682 (Howards 25 x Royal Sovereign) x 

Narcissa 8 5 X Marshall 
1327 USDA 682 (Howards 25 x Royal Soverei) x 

Narcissa 8 4 X Marshall 
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1328 USDA 682 (Howards 25 x Royal Sovereign) x 
N ar c i s s a 

688 USDA 682 (H.25 xRoyal Sover.) x Blakernore 
1094 r X 
855 u X yIarsha11 
885 u x 

11;r7 t? t? It 

1176 tI II X 
121x7 It t? x 
1219 II It x 
696 II X Redheart 

1003 H lt X 
1004 ti it x 
1005 ii II X 
1006 ti it x 
1007 II x 
1008 it it x 
1009 II It x " 

1011 ti It X 
1012 tI X 
1013 it ti It 

1014 II ti X 
1015 ti It X 
1016 Ii it x 
1017 ii it x 
1019 ii lt x 
1020 Ii ii x 
1021 it it x 
1022 ti 

x 
1023 tI x 

8 2 X Marshall 
8 6 X Marshall 
8 4 X Marshall 
4 2 X Marshall 
8 8 X Marshall 
8 5 X Marshall 
8 2 X Marshall 
8 6 X Marshall 
8 4 X Marshall 
8 8 X Marshall 
8 6 X Marshall 
8 2 X Marshall 
8 2 X Marshall 
8 7 X Marshall 
8 - X - 
8 4 X Marshall 
8 3 X Marshall 
8 6 X Corvallis 
8 5 X Marshall 
8 2 X Marshall 
8 - X - 
8 - X - 
8 1 X Marshall 
8 4 X Marshall 
8 3 X Corvallis 
8 1 X Marshall 
8 - X - 

8 - X - 
8 3 X Marshall 
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1024 USDA 682 (11.25 x Royal Sover.) x Redheart 8 - X - 

1025 u X 8 4 X Marshall 
1026 II t? X 8 4 X Marshall 
1027 u x ' B 8 X Marshall 
1028 II ti X 8 5 X Marshall 
1029 ' n X 8 1 X Marshall 
1030 ' t, X 8 2 X Marshall 
1031 ' t, X 8 - X - 

1131 't n X li 8 5 X Marshall 
1132 " 

t, X 8 3 X Marshall 
1133 u ti x t! 8 3 X Marshall 
1134 lt x 8 6 X Marshall 
1091 ' lt X Corvallis 8 3 X Corvallis 
1092 " 

u X 8 - X - 

1126 ' t, X Fairfax S 4 X Corvallis 
1127 " 

H X 8 7 X Marshall 
1128 u 

u X 8 6 X Marshall 
1129 " lt x ! a 4 X Corvallis 
1177 II t, X 8 - X - 

1178 u ti X '! g 4 X Corvallis 
1296 tI n X 8 8 X Corvallis 
1326 " U x " 8 7 X Marshall 
1124 USDA 682 (H.25 x Royal Sover.) z 

286 (usDA 662 i E. 121) 8 - X - 

1125 " X 9 6 X Marshall 
1203 II x It 8 7 X Marshall 
1204 II II e 4 X Marshall 
1205 It II 8 5 X Marshall 
1209 ' X II B 8 X Marshall 
1210 II t' 8 6 X CorvallIs 

o 
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1135 USDA 682 (Howard.s 25 x Royal Sovereign) 
X 78 (E. 121 x O.S.C. 39) 8 6 X Marshall 

1136 x ' S 6 X Corvallis 
11'71 ' X 8 5 X Corvallis 
1172 X e 6 X Corvallis 
1220 " x " 8 6 X Marshall 
1221 ' x S 5 X Corvallis 
1222 X ' 

. 
8 4 X Marshall 

1224 x 8 4 X Marshall 
1225 X 8 6 X Marshall 
1226 ' x " 8 5 X arsha11 
1228 X 8 1 X Marshall 
1229 X 8 1 X Corvallis 
1230 x 8 6 X Corvallis 
1231 ' X " 8 5 X Corvallis 
1232 " x " 8 7 X Corvallis 
1233 ' X e 6 X Marshall 
1173 USDA 682 (Howards 25 x Royal Sover.) x E.1218 7 X Corvallis 
1175 t, x 8 X Neither 
1234 ft X 8 6 X Corvallis 
1235 ' ti 

X B 4 X Marshall 
1236 't 

x 2 X Marshall 
1237 I! X O 4 X Corvallis 
1238 " tI 

x " 8 5 X Marshall 
1239 ' 

" x " 8 1 X Corvallis 
1242 " " x 8 6 X Corvallis 
1215 " x Clark 8 5 X As in 1175 
268 USDA 261 (Howards 17 x Klondike)x O.S.C.39 

(E. 121 x Magoon) 8 - X - 

-J 
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274 USDA 261 (Howards 17 x Kiondike) x 0.3.0.39 
(E. 121 x IIagoon) 8 

278 ' 

x 8 
847 USDA 400 x USDA 1021 (Kalicene x H. 17) 8 
848 " x " " 9 
881 X Marshall 8 
928 USDA 1021 (Kalicene x H. 17) x Fairfax 8 
946 " x 8 
1346 770 (F. chu. x E. 121) x Redheart 8 
1376 - u I' 

8 
1499 " 

u 
II 8 

1356 u x Fairfax 8 
1357 " 

u Marshall 8 
1358 u t' 

6 
1377 't X 8 
1493 x 8 
1494 II x u 

8 
1496 It x 8 
1498 II tI 

8 
696 USDA 652 (Red Sugar x H. 17) x USDA 1911 

(Kalicene x Rockhill) 8 
944 x 8 

USDA 
1145 x E. 450 8 
0.5.0. 
1065 294 (USDA 682 x E. 121) x Fairfax 8 
1163 n it 

8 
1164 ii x 8 
1165 u x 8 

- X - 
- X - 
- X - 
3 X Marshall 
2 X Marshall 
4 X Marshall 
5 X Marshall 
8 X Marshall 
2 X Marshall 
6 X Marshall 
5 X Marshall 
7 X Corvallis 
2 X Marshall 
5 X Marshall 
6 X Marshall 
4 X Marshall 
6 X Marshall 
6 X Marshall 

8 X Marshall 
8 X Marshall 

4 X Marshall 

- X - 
7 X Marshall 
8 X Corvallis 
- X - 
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1166 294 (UsDA 682 x E. 121) x Fairfax S 6 X Corvallis 
1167 " 

u tt 8 6 X Corvallis 
1168 n t' 8 4 X Marshall 
1169 ' n 

ti B i X Corvallis 
1170 I, lt 8 2 X Marshall 
1138 t, X Blakemore 8 6 X Corvallis 
1139 u 

II 8 6 X Marshall 
USDA 
1803 E. 904 x Howards 17 8 J. X Corvallis 
0.3.0. 
1331 766 (Corvallis x USDA 836) x Fairfax 8 6 X Corvallis l00 " It X 8 5 X Marshall 
1347 ti x Marsball 8 7 X Marshall 
1348 ' u X s 6 X Marshall 
1349 " 

t! X 8 5 X Marshall 
1352 t' X e 4 X Marshall 
1395 u x 8 7 X Marshall 
1332 x Rectheart 8 8 X Marshall 
1334 I' x 5 1 X Corvallis 
1335 X u 8 8 X Corvallis 
1336 x u 4 4 X Marshall 
1337 u x u 8 4 X Corvallis 
1338 x 8 3 X Corvallis 
1339 " x 8 2 X Marshall 
1340 1! x 8 2 X Corvallis 
1341 11 x u 

8 4 X Marshall 
1501 1 x 8 7 X Marshall 
1502 x 8 4 X Marshall 
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1360 737 (Corvallis x USDA 836) x Marshall 8 7 X Corvallis 
1362 t' x " 8 2 X Marshall 
1365 " 

u X 8 3 X Marshall 
1366 " lt X 8 1 X Corvallis 
1367 ' t' X 8 4 X Marshall 
1368 It X B 2 X Marshall 
1369 " 

It X 8 3 X Marshall 
1355 ' u X 766 (Cor- 

valus X USDA 836) 8 2 X Corvallis 
1363 P737 (Corvallis x USDA 836) x Narcissa 8 5 X Corvallis 
1364 " 

't X 8 2 X Corvallis 
1483 H X 8 1 X Marshall 
1484 t, X 8 3 X Marshall 
1486 " t' x " S 5 X Marshall 
1487 " 

t! X a 2 X Marshall 
1488 " 

ti X 8 4 X Marshall 
1491 '! x " 8 1 X Marshall 
1492 II t' x " 8 5 X Marshall 
1276 78 (E. 121 x 0.5.0. 39) x Fairfax 8 1 X Corvallis 
1278 ' 1 X " B 3 X Corvallis 
1281 ' ! x " 8 3 X Marshall 
1282 " x " 8 6 X Marshall 
1283 x 8 4 X Marshall 
1286 " 

t! x 8 2 X Corvallis 
1287 x Marshall 8 5 X Marshall 
1291 ' tt x Corvallis 8 4 X Corvallis 
1160 286 (USDA 682 x E. 121) x Fairfax 6 3 X Marshall 
1161 " x 8 5 X Corvallis 
1162 " x " 8 2 X Corvallis 
1270 " " X 8 5 X Corvallis 
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1271 286 (USDA 682 x E. 121) x Fairfax 8 3 X Corvallis 
1273 ti X 8 6 X Corvallis 
1322 u n B 4 X Marshall 
1323 " H 

It 

8 4 X Corvallis 
1330 ' 't X 8 6 X Marshall 
1342 712 (Marshall x Rockhill) x Rebeart 8 2 X Marshall 
1343 ' t, X 8 3 X Marshall 
1344 ' u X 8 4 X Marshall 
1345 ' lt X ' 8 5 X Marshall 
1360 773 (uSDA 682 x USDA 836) x Fairfax 8 6 X Corvallis 
1481 'I x 8 3 X Marshall 
202 USDA 844 (H. 25 x E. 121) x O.S.C. 39 

(E. 121 x Magoon) 8 8 X Marshall 
1371 815 (F. chu. x iviarshall) x Marshall 8 8 X Marshall 
1372 - ------ ti X " 8 1 X Marshall 
1373 ' u x 8 7 X Marshall 
1374 t, X fi 

8 2 X Corvallis 
1375 ' I, x " B 6 X Marshall 
1438 ' u X 8 2 X Marshall 
1388 " 

t, X Blakemore 8 8 X Marshall 
1427 " x " 8 3 X Marshall 
1428 U x 8 6 X Marshall 
1429 It x 8 7 X Corvallis 
1382 438 (0.S.C. 14 x Narcissa) x 520 (Gold 

Dollar x 0.S.C. 60) 8 3 X Corvallis 
1383 ' x " 

8 7 X Marshall 
1384 x t! 8 5 X Marshall 
1385 " x '! 8 8 X Marshall 
1386 x 8 6 X Marshall 
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1387 438 (o.s.C. 14 x Narcissa) x 520 (Gold 
Dollar x 0.3.0. 60) 8 6 

1420 x u 
8 8 

1421 " x U 
8 5 

1389 822 (F.chil.10-B x USDA 1021) x Blakemore 8 - 
1391 " - " x ' 

8 3 
1432 " x " 8 4 
1433 " x 8 1 
1396 813 (F. chu. x Marshall x Fairfax) x Royal 

Sovereign) 8 7 
1370 813 (F. chu. x Marshall x Fairfax) x 

Blakemore 8 6 
1397 813 (P. chu. x Marshall x Fairfax) x Brit- 

isla Sovereign mix. 8 3 
1436 813 (F. call. x Marshall x Fairfax) x Brit- 

ish Sovereign mixh 8 6 
1379 821 (F. chil.10-B x Biakemore) x Blakemore 8 2 
1418 - " x Narcissa 8 1 
1419 ' 

x ' 8 4 
1425 " x ' 8 3 
1429 " x Marshall 8 3 
1440 11 x " 8 3 
1407 367 (Marshall x Redheart) x 520 (Gold 

Dollar x 0.S.C. 60) 8 6 
1408 u 

x 8 4 
1409 " x 8 4 
1410 x " 8 5 
1411 u x 8 1 
1413 " x u 

8 4 

X Marshall 
X Marshall 
X Marshall 

X - 
X Marshall 

X Corvallis 
X Marshall 

X Marshall 

X Corvallis 

X Marshall 

X Marshall 
X Marshall 

X Marshall 
X Marshall 
X Corvallis 
X Marshall 
X Corvallis 

X Corvallis 
X Marshall 
X Marshall 
X Corvallis 

X Marshall 
X Marshall 

c) 
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1414 366 (Narcissa x Narshall) x I3lakemore 8 5 X Corvallis 
1416 366 (Narcissa x Marshall) x 520 (Gold 

Dollar x O.S.C. 60) 8 8 X Corvallis 
1441 257 (uSDA 682 x O.S.C. 60) x Redheart 8 4 X Marshall 
1442 " t' x " 8 2 X Marshall 
1443 t, x ' 8 5 X Marshall 
1444 n X ' 

8 7 X Marshall 
1446 II t, x " 8 4 X Marshall 
1447 II x Fairfax 8 3 X Marshall 
1448 T X " 8 6 X Marshall 
1449 ' 

t, X 8 7 X Marshall 
1452 ' It x 8 6 X Corvallis 
1453 ' u X s 7 X Marshall 
1455 " 

u X 8 5 X Marshall 
1457 u X 8 7 X Marshall 
1422 829 ( chu. x Fairfax) x Blakemore 8 4 X Marshall 
1423 820 (F. chil.lO-B x Blakenìore)x Blakemore 8 3 X Marshall 
1424 ii U x s - X - 
1458 216 (USDA 682 x 0.S.C. 30) x Blakemore 8 6 X Marshall 
1459 216 (USDA 682 x U.S.C. 30) x British Sover.8 7 X Marshall 
1460 ii x ' 8 5 X Marshall 
1510 216 (USDA 682 x 0.S.C. 30) x 520 (Gold 

Dollar x 0.3.0. 60) 8 8 X Corvallis 
1511 x 8 5 X Marshall 
1434 823 (F. chu. x Redheart) x Marshall 8 5 X Marshall 
.1435 - ht x 8 5 X Marshall 
1437 828 (F. chu. x Fairfax) x Marshall 8 6 X Marshall 
1506 305 (Clark x Narcissa) x 366 (Narcissa x 

Marshall) 8 7 X Marshall 
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1507 305 (Clark x Narcissa) x 366 (Narcissa 
X Marshall) 8 6 X Marshall 

1508 305 (Clark x Narcissa) x 812 (F. chil. x 
Marshall x Fairfax) 8 4 X Corvallis 

1509 X 8 1 X Marshall 

La. 9 8 7 X Marshall 
La. 10 8 8 X Marshall 
Bellrnar 8 6 X Marshall 
Hassetts Special 8 5 X Marshall 
Chetco 8 5 X Marshall 
British Sovereign 8 6 X Marshall 
Burrill @ 7 X Marshall 
Dorsett 8 8 X Marshall 
Fairfax 8 b X Marshall 
Howard's 17 8 3 X Marshall 
Kiondike 8 2 X Marshall 
T. C. Wilson 8 5 X Marshall 
Unknown 8 6 X Marshall 
Wickson 8 4 X Marshall 
Wilson 8 4 X Marshall 
E. 121 8 3 X Corvallis 

'4Morilette 8 5 X Marshall 
New Lindberg 8 2 X Marshall 
Marshall 8 8 X Marshall 
Corvallis 8 7 X Corvallis 
Redheart 8 4 X Marshall Narcissa 8 3 X Marshall Gold Dollar 8 5 X Marshall 
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Royal Sovereign 8 8 X Marshall 
Rockhill 8 5 X Marshall 

F. cuneifolia 8 1 X Marshall 
F. yesca var. semperflorens 8 8 X Marshall 
F. virginiana 8 6 X Marshall 
F. californica 8 8 X Marshall 
F. chiloensis 8 - X - 



All hybxid selections and. wild. species which were re- 

corded as being very resistant, or resistant, as a result 

of the first trials were retested. That is, new runner 

plants of these classes were brought in fron the field and 

put through the same process of inoculation with virulifer- 

ous aphids as previously described. These second results 

are compared with those of the first test in Table VI. 

ie hundred and sixteen hybrid selections and one wild 

species were included in the second test. Of this nunber, 

16 hybrid selections proved to be very susceptible, 32 sus- 

ceptible, 54 resistant, and 14 hybrid selections and one 

wild species very resistant. 

In this second examination, those hybrids which were 

placed in the very susceptible, and 8 which were placed in 

the susceptible class, were those which had been in poor 

vigor when infested with viruliferous aphids during the first 

test. There were still 24 other hybrid selections which were 

now placed in the susceptible but which had been placed in 

the very resistant and resistant classes after the first test. 

The reasons for the change in these cases are as follows: 

(1) Symptoms were expressed during the first test merely as 

dwarfing of the plants. No chlorotic spots were observed 

and therefore these symptoms were not recognized as an ex- 

pression of the crinkle disease. (2) The dividing line 

between the resistant and susceptible classes, as has been 



Table VI. Showing Rèsuits of Retesting 116 Hybrid Selections for 
Resistance or Susceptibility to Crinkle. 

I II III IV V 

0.3.0. -- Degree of Resistance 
First Second or Parentage of Hybrid Selections Type of 

USDA Test Test Symptoms 
Number 
ofHy- 
brid 
Selec- 
tians________________________________________________ _______________ __________ 

709 Marshall x E. 121 Resistant Resistant Marshall 
1070 n x Resist. Very Suscep. Marshall 
1054 Corvallis x Redheart *Very Resist. VerySuscep. Marshall 
840 H Fairfax Very Resist. Resistant Corvallis 

1100 It It Resistant Resistant Marshall 
1148 U It 

Resistant Resistant Corvallis 
1032 II Blakemore Very Resist. Resistant Corvallis 
1035 'I 

't 

Very Resist. Very Suscep. Marshall 
1108 II II 

Resistant Resistant Corvallis 
1109 II It *Resistant Resistant Marshall 
1114 II 

I! Very Resist. Susceptible Corvallis 
1141 II 

I, Very Resist. Resistant Marshall 
1143 t, X Resistant Susceptible Corvallis 
1144 II 

It *Very Resist. Very Suscep. Marshall 
1145 II It Resistsnt Resistant Corvallis 
1146 t1 x *Resjstant Resistant Corvallis 
1308 " x Resistant Resistant Corvallis 



I I II 
I III 

I IV 
I 

V 

913 Elakemore x E. 121 Resistant Resistant Corvallis 
1191 II x Resistant Resistant Marshall 
1192 Ii x " Very Resist. Resistant Corvallis 
1193 t, X ' 

Very Resist. Very Pesist. - 
1198 tI 

II Very Resist. Very Resist. - 
751 II x Marshall Resistant Resistant Marshall 
1055 It Fairfax Resistant Resistant Marshall 
1056 1? x *Very Resist. Very Suscep. Marshall 
1060 t, X *Very Resist. Very Suscep. Marshall 
1077 " x 118 (E. 121 x F. chu.) Resistant Susceptible Corvallis 
1081 !1 t? - Resistant Resistant Marshall 
1082 H x " Resistant Resistant Marshall 
1083 t1 154 (E.121 x Marshall) Resistant Resistant Marshall 
1084 T? It Resistant Susceptible Marshall 1086 't X 179 (Marshall x F. chu.) Very Resist. Very Resist. - 
1087 1? u 

Resistant Resistant Marshall 
1088 II x 186 (Marshall x F. chu.) Resistant Resistant Marshall 1090 u 113 (E. 121 X F.Thhil.) *Very Resist. Very Suscep. Marshall 1042 n x Redheart *Very Resist. Very Suscep. Marshall 346 Narcissa x E. 121 Resistant Resistant Marshall 752 1? 't 

Resistant Susceptible Marshall 1048 IT Fairfax *Very Resist. Very Suseep. Marshall 1052 II II 

*Very Resist. Very Suscep. Corvallis 1063 Fairfax x E. 121 Very Resist. Resistant Marshall 462 Clark x Narcissa *Very Resist. Susceptible Marshall 1188 u Fairfax 
. Very Resist. Very Resist, - 241 Redheart x E. 121 *Resistant Susceptible Marshall 662 u x Resistant Susceptible Corvallis 319 U x O.S.C. 14 (E.121 x Oregon) *Resistant Susceptible Marshall 



Il II III. Iv 
I 

V 

USDA 
1418 
o.s .0. 
861 
863 

1182 
1468 
1474 
1479 
108 
148 

1157 
819 
815 
828 

1512 
820 
821 
432 

442 
447 
450 
456 
294 

1001 
1176 
1004 
1007 

Howards 17 x Redheart 

Wickson x Redheart 
ti X 

Royal Sovereign x E. 121 
British Sovereign x Redheart 

It tt X 
u it Fairfax 

E. 121 x 0.S.C. 39 (E.121 x 
It Marshall 
u Fairfax 

F. chil. x E. 121 x USDA 836 
x Marshall 
x Fairfax 
X F. cuneifolia 

F. chU. 10B x Blakemore - 
u X 

0.S.C.14 (E.121 x Oregon) x 
(E. 121 x Wilson) 

Magoon) 

Q (1 
'J . L) J 

Narcissa 
U 

X 
U 

X 
O.S.C.7 (E.121 x Wilson) x Narcissa 
USDA 682(H.25 x Royal Sover.) x Narcissa 

ti 

X 
1 

X Marshall 
u 

X Redheart 
u 

X 

Very Resist. 
Resistant 
Very Resist. 
Very Resist. 
Resistant 
Resistant 
Res is tant 
Resistant 
Resistant 
R e s is t an t 
Very Resist. 
Very Resist. 
Very Resist. 
Resistant 
Very Resist. 
Very Resist. 
Resis tant 
Very Resist. 
Resistant 
Resis tant 
Resistant 
Very Resist. 
Resistant 
Resistant 
Resi stant 

*Very Resist. 

Resistant Marshall 

Resistant 
Susceptib le 
Very Resist. 
Resistant 
Resistant 
Resis tant 
Susceptible 
Susceptible 
Resi stant 
Sus ceptible 
Very Resist. 
Very Resist. 
Resistant 
Resistant 
Very Resist. 
Susceptib le 
Resistant 
Sus e e p t ib 1 e 
Resistant 
Resis tant 
Very Resist. 
Su s C ep t ib I e 
Susceptible 
Susceptib le 
Very Suscep. 

Corvallis 
Marshall 

Mar shall 
Mar shall 
Marshall 
N ar ah all 
Marshall 
Corvallis 
Marshall 

M ar sh all 
Marshall 

Corvallis 
Marshall 
Corvallis 
Marshall 
Corvallis 
Mar shall 
Mar shall 
Mar shall 
Corvallis 
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1014 USDA 682 (H.25 x Royal Sover.) x Redheart 
1015 't X 
1016 II X 
1020 t! X 
1021 II X 
1022 II X 
1024 u X 
1029 II X 
1030 tI X 
1031 tt 

X 
1092 tI 

X Corvallis 
1129 u X Fairfax 
1124 tI 

X 
286 (USDA 682 x E.121) 

1224 n 
X 

78 (E.l2l X 0.S.C.39) 
1228 u 

X 
78 (E.121 x 0.S.C.39) 

1229 n X 
78 (E. 121 x 0.3.0. 39) 

1236 USDA 682 (H.25 x Royal Sover.) x E.121 
1239 1? 

X 
268 USDA 261 (H.l7 x Kiondike) x O.S.C. 39 

(E.l21 x Magoon) 
274 It 

x 
278 It 

x 
847 USDA 400 x USDA 1021 (Kalicene x H.17) 
881 x 

1065 294 (USDA 682 E.l21) x Fairfax 

Very Resist. 
Very Resist. 
Resistant 
Resi s tant 
*Very Resist. 
Very Resist. 

*Very Resist. 
Reals tant 

*Resi stant 
Very Resist. 
Very Resist. 

*Resi stant 

Resistant 
Resistant 
Resistant 
Susceptible 
Very Suscep. 
Su see pt ib le 
Very Suscep. 
Susceptib le 
Susceptible 
Very Suscep. 
Very Suseep. 
Susceptib le 

Marshall 
C o rval i is 
Mar shall 
Marshall 
Marshall 
Corvallis 
Corvallis 
Marshall 
Mar shall 
Marshall 
Corval li s 
Corvallis 

**Very Resist. Very Suscep. Marshall 

*Resj s tant 

Re sis tant 

Resistant 
Resis tant 
Resistant 

Very Resist. 
Very Resist. 
Very Resist. 
Very Resist. 
Resi stant 
Very Resist. 

Susceptible Marshall 

Resistant Marshall 

Resistant 
Susceptible 
Su s e e p t ib 10 

Resistant 
Very Resist. 
Resis tant 
Sus ceptible 
Susceptible 
Very Suscep. 

Co rvallis 
Marshall 
Corvallis 

Marshall 

Corvallis 
Corvallis 
Marshall 
Marshall 
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1165 294 (USDA 682 x E.121) x Fairfax *Very Resist. Very Resist. - 
1169 lt X Resistant Resistant Corvallis 
1170 n 

.x Resistant Resistant Marshall 
USDA 
1803 E. 904 x Howards 17 Resistant Resistant Corvallis 
o sc 
1334 766 (Corvallis x USDA 836) x Reieart Resistant Susceptible Corvallis 
1366 p767 (Corvallis x USDA 836) x Marshall Resistant Susceptible Corvallis 
1364 X Narcissa *Resistant Susceptible Corvallis 
1483 X Resistant Resistant Marshall 
1487 X Resistant Resistant Marshall 
1491 " X Resistant Resistant Marshall 
1291 78 (E. 121 x O.S.C.39) x Corvallis *Resistant Susceptible Corvallis 
1372 815 (F.chil. x Marshall) x Marshall Resistant Resistant 
1438 ' - X ' Resistant Resistant Marshall 
1389 822 (F.chil.lO-B x USDA 1021) x Blakernore Very Resist. Very Resist. - 
1433 " - x ' Resistant Resistant Marshall 
1418 821 (F.chil.lO-B x Blakemore) x Narcissa Resistant Resistant Marshall 
1411 367 (!arshall x Redheart) x 520 (Gold 

Dollar x O.S.C. 60) Resistant Resistant Marshall 
1442 257 (USDA 682 x O.S.C. 60) x Redheart Resistant Resistant Marshall 
1424 820 (P.chil.lO-B x Blakernore) x Blakemore Very Resist. Very Resist. - 
1509 305 (Clarkx Narcissa) x 812 (F,chil. x 

Marshall x Fairfax) Resistant Resistant Marshall 
* Plants were pot-bound when infested with aphids in the first test1 
** Plants were dwarfed in first test and typical symptoms did not appear until in the 

second test. 



.I.J 

mentioned before, is not sharp and in some cases it was 

thought wise to take some selections from the resistant 

class and placo them in the susceptible class because they 

have developed slightly rilore severe symptoms and deteriora- 

tions than we had arbitrarily conceived for resistant plants. 

Resistance Yielded by Pistillate or Staminate Parents 

Some observations have been made in regard to both pis- 

tiliate and staminate parents of the hybrid selections. In 

all the tables dealing with hybridization in this paper, the 

pistillate parent is the first one mentioned and the stami- 

nate parent last. For example, 0.5.0. No. 1255 (Marshall 

X Fairfax) is the number given to the hybrid selection re- 

suiting from the hybridization of Marshall, the pistillate 
parent, with Fairfax as the staminate parent. Another exam- 

pie: O.S.C. No. 423 O.S.C. 14 (E. No. 121 x Oregon) x 

0.8.0. No. 5 (E. No. 121 X Wilson) is the hybrid selection 

resulting from the crossing of U.S.C. No. 14, the pistil- 

late parent (which originally carne from crossing . No. i21 

x Oregon), with O.S.G. No. 5, the staminate parent (which 

originally came from crossing E. No. 121 x Wilson). 

The 510 hybrid selections which have been tested for 

resistance or susceptibility to crinkle are the results of 

the hybridization of 54 pistillate and 42 staminate parents. 

Parentage of hybrid selections, La. No. 9 and La.No. 10, 
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made in Louisiana is unknown to the writer. The number of 

hybrids, their pistillate parents, staminate parents, and 

the number of each which have been found to be very resist- 

ant, resistant, susceptible, and very susceptible, are 

given in Table VII. 

The number of selections having a certain pistillate 

or staminate parent varies widely. Some of the parents were 

used only once in a pistillate and once in a staminate cross; 

others were used 40 or 50 times: in pistillate crosses and 

the same number of times in staminate crosses. In still 

other cases, the parents were used '75 or 80 times in pistil- 

late crosses and perhaps not at all in staminate crosses. 

It ïs rather difficult to draw definite conclusions from 

data of this type, but a few crosses stand out as being de- 

finitely better than average from the standpoint of resist- 

ance to crinkle. As shown in Table VII, the crosses having 

Blakemore for either pistillate or staminate parentage yield 

the highest per cent of very resistant and resistant hybrid 

selections of any of the parents used. With Blakemore as 

the pistillate parent in 55 hybrid selections, 3 were found 

to be very resistant and 10 resistant. The same number was 

found to be very resistant and 9 resistant when Blakemore 

was the staminate parent, but in this case only 48 hybrid 

selections were tested. When Blakemore was used as the pis- 

tillate parent, 5.45 per cent of the selected hybrids were 



Table VII. Comparison of the Degree of Resistance or Susceptibility 
to Crinkle of Hybrid Selections When Pistiliate and 
Staminate Parents Are Considered Separately. 

II ±II 2:v V j VI 
j 

vii viii 
[ 

ix 
f 

x xi 

Number of Pistillate Nunter of Staminate 
Selections Selections _______ 

1 

I 

I 

_______ 

i-1 
I'Tuniber Number 

of of c r C 0 
Parents Used in Pistil- Stami- 1- G) 1- 4) 

0.) 

Hybridization late nato 
U) 

° 
i 

'H 
o 

. rO 
.rI C) 

Hybrids Hybrids ® ci 

Tested -p 

C) 

r,) 

C) 

r,) 

- 
(I) G) 

ç 

I 
a) G) 

ri) 

Marshall 28 64 - i 2 25 2 4 18 40 
Corvallis 46 5 - 10 11 25 - 1 2 2 
Blakemore 55 48 3 10 8 34 3 9 12 24 
Narcissa 21 41 - i 6 14 1 7 12 21 
Fairfax 8 108 - i 2 5 3 6 30 69 
Clark 17 3 1 - 4 12 - - i 2 
Gold Dollar 4 - - - - 4 - - - - 
Redheart 10 79 - - o 5 - 8 17 54 
Howards 17 5 1 - i 3 1 - - 1 - 
Howards 25 1 - - - - i - - - - 
Ulrick 1 - - - - 1 - - - - 
Wickson 3 - - 1 2 - - - - - 



I i II 
¡ 

III IV 
J 

y VI 
¡ 

vii viii 
j 

ix x xi 

Bellinar 
Missionary 
Kiondike 
Royal Sovereign 
British Sovereign 
Rockhill 
E. 121 
E. 20 
E. 450 
E. 904 
F. chil. 
P. cuneifolia 
0.S.c. 

5 
7 

10 
14 
39 
57 
59 
60 
78 

113 
118 
154 
179 
186 
189 
216 

1 - - - - 1 - - - - i- - - - i - - - - 
1 - - - - i - - - - 
3 - - - - 3 - - - - 

14 4 - 3 2 9 - - 1 3 
- 2 - - - - - - - 2 

15 43 - 1 6 8 3 6 9 25 .- i - - - - - - - 1 
- 3 - - - - - - 1 2 
1 - - 1 - - - - - - 

10 3 4 2 3 1 - - - 3 
2 4 - - 1 1 - ' 1 2 1 

- 1 - - - - - - - 1 
2 6 - 1 1 - - 1 1 4 
- 2 - - - - - - 1 1 
9 2 - 2 2 5 - - i i 
- 5 - - - - 1 2 1 1 
- 1 - - - - -. - - 1 
- 2 - - - - - - - 2 
- 3 - - - - - - - 3 
8 19 - - 5 3 - 2 4 13 
- 1 - - - - - - - 1 
- 6 - - - - - 2 1 3 
- 3 - - - - - 1 2 - 
- 2 - - - - 1 1 - - 
- 1 - - - - - 1 - - 
- 1 - - - - - - - i 
5 - - - - 5 - - - - 
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I 
iii 

J 

Iv 
J 

ii 
I 

vi vii viii 
J 

Ix 
J 

X 
J 

XI 

257 

_ii 

12 

_1 

- - i 1 10 - - - - 
286 9 9 - - 4 5 - - - 9 
294 11 - i 2 1 7 - - - - 
305 4 - - i i 2 - - - - 
327 - 2 - - - - - - - 2 
339 3 - - - - 3 - - - - 
366 2 2 - - - 2 - - - 2 
367 6 - - i - 5 - - - - 
438 8 - - - 1 7 - - - - 
520 - 21 - - - - - 1 1 19 
549 1 - - - - i - - - - 
688 - i - - - - - - - 1 
712 4 - - - 1 3 - - - - 
766 18 1 - - 7 11 - - i - 
767 17 - - 3 17 7 - - - - 
770 11 - - - 2 9 - - - - 
773 2 - - - 1 1 - - - - 
812 - 2 - - - - - 1 1 - 
813 4 - - - 1 3 - - - - 
815 10 - - 2 2 6 - - - - 
820 2 - i - i - - - - - 
821 6 - - 1 5 - - - - - 
822 4 - i i i i - - - - 
823 2 - - - - 2 - - - - 
828 1 - - - - 1 - - - - 
829 1 - - - - i - - - - 
Oregon - i - - - - - - - 1 



I 
i 

II III 
f 

IV f V I vi I VII i VIII I ix X 

USDA 
25 - i - - - - - - - i 

261 3 - 1 2 - - - - - - 
400 3 - - - 3 - - - - - 
652 3 - - - J. 2 - - - - 
682 89 - 2 5 19 63 - - - - 
836 - 1 - - - - - - - J. 

844 1 - - - - i - - - - 
1021' 2 3 - - - 2 - - 2 1 
1911 - 2 - - - - - - - 2 

Total 510 510 14 54 122 320 14 54 122 320 
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very resistant and 18.18 per cent were resistant. With 

Blakeniore as the staminate parent, 6.25 per cent were very 

resistant, and 18.75 per cent were resistant. Other crosses 

which compare favorably in some respects to Blakemore hy- 

brids did not yield resistance in both pistillate and stani- 

mate hybrids, giving resistance when used as a pistillate 

parent and no resistance when used as a standnateparent or 

vice versa. 

Fragaria chiloensis, when used as a pistillate parent, 

gave four very resistant and two resistant selected hybrids 

of the ten tested. The percentage in this case was 40 per 

cent very resistant and 20 por cent resistant hybrids, 

which is considerably higher than that of hybrids of the 

Blakemore tested. However, in this case, only 10 hybrids 

of F. chiloensis were used, while 55 hybrids of Blakemore 

were tested. F. chiloensis, used as a staminate parent in 

3 hybrids, failed to yield any resistance. 

Ettersburg No. 121, as pistillate parent in 15 selected 

hybrids resulted in only one, or 6.66 per cent resistant hy- 

brids. When used. as a staminate parent in 43 hybrids it 

yielded 3 very resistant and 6 resistant hybrids, thus giv- 

Ing '7 per cent very resistant and 14 per cent resistant 

hybrids when used as a staminate parent. 

U.S.D.A. No. 682, having an imperfect flower, could be 

used only as a pistillate parent. Eighty-nine selected hy- 
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brids of this parent yielded two very resistant and five re- 

sistant, the percentages being 2.25 very resistant and 5.63 

resistant. 

Of the others, Corvallis gave 21.'74 percent of resist- 

ant hybrids when used as a pistillate parent and 20 per cent 

as a staminate parent. Redheart produced 10 percent of re- 

sistant hybrids when used as a staminate parent and no re- 

sistance was noted when it was used as a pistillate parent. 

U.S.D.A. No. 261 yielded 33.33 per cent very resistant and 

66.66 per cent resistant hybrids when a pistillate parent 

but only 3 selected hybrids were tested. O.S.C. No. 294 

gave 9.99 per cent very resistant and 18.18 per cent resist- 

ant hybrids when used as a pistillate parent, 11 selected 

hybrids being tested in this instance. No. 294, being a pis- 

tiliate plant, could not be used as a staminate parent in 

any crosses. Marshall yielded 3.57 per cent resistant hy- 

brids when used as a pistillate parent; 3.13 per cent very 

resistant and 6.25 resistant when used as a staminate parent. 

Narcissa gave 5 per cent resistant hybrids when used as a 

pistillate parent; 2.44 per cent very resistant and 17 per 

cent resistant hybrids when used as a staminate parent. 

Faïrfax yielded 12.5 per cent resistant hybrïds when used 

as a pistillate parent; 2.8 per cent very resistant and 

5.55 per cent resistant when used as a staminate parent. 

Summing up this data, we find that Blakemore and Cor- 



vailts yielded resistant hybrids when used as either pistil- 
late or staminate parents, while F. chiloensis produced re- 

sistance only when used as a pistillate parent. Ettersbuxg 

121, Redheart, Fairfax, Narcissa, arid Marshall gave higher 

degrees of resistance when used as a staminate parent than 

when a pistillate parent. 

Resistance 

Carriers Without Srnptoms 

Plants which show no apparent simptoms of crinkle yet 

harbor the virus, are designated as carriers without symp- 

toms. During the course of these studies, many plants which 

have shown no outward symptoms of crinkle, have returned it 
in very severe f orn to index plants. 

To determine whether or not the virus was present but 

masked in these plants, they were given a thorough fumiga- 

tion to remove all the aphids which might be present. Then 

after allowing them to regain their normal vigor, they were 

infested with non-viruliferous aphids. These were allowed 

to remain on the suspected plants for six to ten days and 

then were transferred to index plants. If crinkle symptoms 

developed in the index plants, the very resistant hybrid 

selections were considered to be symptoniless carriers of the 

virus. If suitable runners were produced by the hybrids, 

they were grafted to healthy Marshall runners as a final 
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test. As shown in Table VIII, all hybrid selections which 

have been found to be very resistant to crinkle aro carriers 

without symptoms. 

In some of the hybrid selections where symptoms were 

very mild or quite uncertain, it was deemed advisable to 

check these symptoms on index plants. In all cases where 

symptoms were present in mild form in the hybrid selections, 

they were returned in severe form in the index plants. 

Table VIII is a final record of the hybrid selections 

which have been round to be very resistant and resistant dur- 

ing the course of these studies. There are 14 hybrid selec- 

tions which have been found to be very resistant and 54 of 

the resistant classification. 

Immunity 

From the standpoint of developing no symptoms whatso- 

ever, after having been infested with viruliferous aphids at 

least twice, 14 hybrid selections and one wild species 

(Fragaria chiloensis) have been found to be imxm.ne to the 

crinkle-virus. This does not mean that these selections are 

capable of destroying the virus when it enters their tissues, 

but merely that they are able to develop normally even though 

they may carry the virus. These tissues aro in some way f or- 

tified againstthe disease caused by the virus and therefore 

one may consider these particular 14 hybrids and F. chucen- 



Table VIII. Showing Hybrid Selections and Wild Species Which Have a High 
Degree of Resistance to the Crïnkle Virus. 

O.S.C. or USDA - -___ ______________ _____________________ 
Number of Hybrid Parentage of Hybrid Selection Degree of 
Selection Resistance 

1193 Blakernore x E. 121 Very Resistant S.C. 
1198 tI t, 

lt U 

1086 U 179 (Marshall x F. chu.) ' 

1188 Clark x Fairfax ! ft 

1182 Royal Sovereign x E. 121 U ti 

815 F. chu. x Narshall ti lt 

1180 - 11 x li TI 

828 lt Fairfax U Il 

821 F. cl-iii. 10-B x Blakemore Il TI 

294 USDA 682 (H. 25 x Roa1 Sovereign) x Narcissa It 

274 USDA 261 (H. 17 x Kiondike) x O,S.C. 39 (E. 121 
x Magoon) It lt 

1165 294 (USDA 682 x E. 121) x Fairfax U II 

1389 822 (F. cliii. 10-B x USDA 1021) x Blakemore TI ti 

1424 820 (F. chU. 10-B x Blakemore) x Blakemore It ti 

709 Marshall x E. 121 Resistant 
840 Ccavaiiis x Fairfax ti 

1100 tI x ti 

1148 U x t 

1032 x Blakemore Il 

* 
Symptomless carriers of crinkle. 



0.3.0. or 
Number of 
Selection 

USDA 
Hybrid Parentage of Hybrid Selection 

De ree of 
Resstance 

1108 Oorvallis x Blakernore Resistant 
1109 t, X t' 

1141 t' X It 

1145 't X . 

t' 

1146 lt u 't 

1308 tt X 
't 

913 Blakernore x E. 121 . 

119]. 
t, X t' 

1192 't X 
t' 

75]_ 't X Marshall 't 

1055 t' x Fairfax 
1081 't X 118 (E. 121 x F. chu.) U 

1082 II U tt 

1083 II l54 (E. 121 x Marthall) 'I 

1087 1l x 179 (Marthall x F. chu.) 
1088 t' X 186 " 

346 Narcissa x E. 121 
1063 Fairfax x 
861 Wickson x Redheart 
1468 British Sovereign x Redheart I' 

1474 II It x 
It 

1479 t' x Fairfax 
11 

1157 E. 121 x Fairfax 
U 

1512 F. chu. x F. cuneifolia U 

820 F. chu. 10-B x Blakemore 11 

442 0.S.C7 14 (E. 121 x Oregon) x Narcissa 
450 tt x 

11 

456 0.S.C. 7 (E. 121 x Wilson) x " It 



o.s.c. or 
Number of 
Selection 

USDA 
Hybrid Parentage of Hybrid Selection Degree of 

Resistance 

1014 USDA 682 (H. 25 x Royal Sovereign) x Redheart Resistant 
1015 u X lt 

1016 II X Il 

1228 II X 78 (E. 121 x O.S.C. 39) II 

1229 II X lt 

268 USDA 261 (H. 17 x Kiondike) x O.S.C. 39 (E. 121 x Magoon) ti 

278 t, X it 

1169 294 (USDA 682 x E. 121) x Fairfax t, 

]17O t' X t, 

1483 767 (Corvallis x USDA 836) x Marshall 
1487 ii X Narcissa 
1491 t, X ti 

1372 815 (F. chu. x Marshall) x Marshall 
14h38 t, X lt 

1433 822 (F. chu. 10-B x USDA 1021) x Blakernore 
1418 821 (F. chu. 10-B x Blakernore) x Narcissa 
1411 367 (Marshall x Redheart) x 520 (Gold Dollar x 0.3.0. 60) tI 

1442 257 (USDA 682 x 0.S.0. 60) x Redheart lt 

1509 305 (Clark x Narcissa) x 812 (F. chu. x Marshall x Fairfax) 

USDA 
1418 Howards 17 x Redheart 11 

1803 E. 904 x Howards 17 Ft 



sis to possess a high degree of immunity. It is not the in- 

tention of the writer to give the impression that these hy- 

brid selections are entirely immune. They have been found 

to be immune under the conditions of the experiment, however, 

and some of them are immune under the field conditions 

found on the experimental plot of the State Experiment Sta- 

tion located at Corvallis, Oregon. Under different environ- 

mental conditions, this immunity may possibly be broken to 

some extent but such is not probable, unless more virulent 

strains of the virus are produced. 

DISCUSSI ON 

The crinkle virus of strawberries may be carried from 

the strawberry plants to other members of the Rosaceae by 

the apterous forms of the aphid (Capitophorus fraaefolii) 
and from them back to other strawberry plants. That Poten- 

tilla and Rosa species do not play a very important role in 

in this method of field dissemination has been shown quite 

clearly in the attenuation studies. While further study 

should be made on these two genera, the preliminary studies 

definitely show that there must be other factors which are 

more important in the spread of the virus in the field. 

The most important factor in the spread of crinkle in 

the field may, perhaps, be such carriers of the virus as 

wild, species of Fragaria. Perhaps this is particularly true 
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of F. cuneifolia, since it is the only wild. speòies conunon to 

the sections where strawbexries are grown coimneicially. 

. 
californica may enter into this part of the story to a 

eeitain extent also. It is difficult to explain why crinkle 
has not been observed on F. ealifornica in its natural habi- 

tat in the field. It has shown itself to be very susceptible 

to the attacks of the virus under experimental conditions in 

the ßreenhouse, which are not far removed from natural en- 

vironmental conditions. The explanation may lie in the fact 

that it grows naturally in rather deep woods, and the straw- 

berry aphid does not penetrate very deeply into these wooded 

sections. F. chiloensis, being limited more strictly to the 

region west of the Coast Range, comes within the range of 

only a small percentage of the acreage devoted to commercial 

strawberries. 

Â large number of hybrid selections, named varieties, 

and all the wild species of Fragaria which were available, 

have been tested for their resistance or susceptibility to 

crinkle. A large majority of these plants have been found 

to be very susceptible to this virus, others have been found 

to be highly resistant or immune, and still others have been 

found to lie between these two extremes. 

The Blakemore variety of strawberry seems to yield more 

resistant hybrids than any of the other plants used for hy- 

bridization purposes. The resistance apparently is carried 
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in both pistillate and staminate parents. F. chiloensis 

gave the highest percentage of resistant plants when used 

as a pistillate parent, but resistance was not carried 

through the staminate crosses. 

Corvallis and O.S.C. No. 294 are others which give re- 

sistance when used as pistillate parents. Ettersburg No. 

121, Redheart, Fairfax, Marshall, and Narcissa are others 

which yield resistant hybrids to a greater degree when used 

as staminate parents. 

The above-mentioned parents have been used in the larg- 

est number of crosses and in this way may show to better ad- 

vantage than some parents which have been used in a small 

number of crosses and no resistant hybrids have chanced to 

have been selected as desirable commercial prospects. 

These hybrid selections are made with certain high corn- 

merciai qualities as a standard and to be grown under cer- 

tain conditions of soil and climate. Therefore, if the quai- 

ity of the berries produced by the resistant hybrids is not 

on a par with that of berries already being grown under the 

conditions specified, they may at least be used. as parents 

in future breeding work in an attempt to produce sorts which 

have the desïred high qualities as well as resistance to 

crinkle. 
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SIJN1IARY 

The above data indicate: 

1. That the strawberry aphid (Capitophorus fragaefolii) 

must feed on a crinkle-harboring plant for 27 hours before 

this aphid becomes viruliferous. 

2. That Aphis forbesi Weed may, under favorable condi- 

tions, transmit crinkle but it doubtless plays only a minor 

part in the spread of crinkle in the field. 

3. That the low percentage of transmission obtained 

by the carborundum-dust method makes it of little experi- 

mental value. 

4. That by grafting diseased and healthy runners 

transmission might be acconiplished in every case where organ- 

Ic union occurs. 

5. That if crinkle is carried to Potentilla and Rosa 

by the apterous aphids the virus probably attenuates there 

and these alternate hosts are not an important factor in the 

spread of the virus. 

6. That Fragaria chiloensis is a symptomless carrier 

of crinkle in most cases (only once has it been recorded as 

producing sjmptoms) and could be of considerable importance 

in spreading crinkle should cultivated varIeties be grown 

along the Pacific Coast. 

7. That Fragaria cuneifolia may develop crinkle 
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symptoms but ordinarily it is a symptomless carrier of the 

virus and may be an important factor in Oregon and Washing- 

ton in the spread of crinkle from one field to another. 

8. That Fragaria californica, F. virginiana, and F. 

yesca Var. semperfiorens are very susceptible to crinkle and 

readily develop rather severe symptoms. 

9. That there is an optimum period of vigorous growth 

in strawberry plants at which time they succumb most readily 

to the crinkle disease, and for experimental purposes should 

be infested with viruliferous aphids at such a period to 

secure the most satisfactory transmission of the disease. 

lo. That among those studied, 14 hybrid selections and 

one wild species(Fragaria chiloensis) are very resistant and 

54 hybrid selections and one wild species (Fragaria cunei- 

folia) are resistant to crinkle. No cultivated variety 

tested was found to possess a ve higI degree of resistance. 

11. That in future breeding for resistance to crinkle, 

better results may be obtained by using (a) the Blakemore 

variety, either as a pistillate or staminate parent; (b) 

Corvallis, only as a pistillate parent; (c) Marshall, Red- 

heart, Ettersburg No. 121, Narcissa, and Fairfax as stami- 

(d) 
nate parents only./ O.S.C. No. 294 and U.S.D.A. No. 682 

yielded some resistant hybrids, but have imperfect flowers 

and can be used only as pistillate parents. (e) ia 

chiloensis has given resistant plants only when used as a 
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pistillate parent. 

12. That since there are a number of hybrid selections 

showing a high degree of resistance to crinkle, lt would 

doubtless be possible to breed other strawberries which Pos- 

sess certain high commercial qualities as well as resist- 

ance to crinkle. 
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Plate I. 

Fig. i. Large insect cages used in the greenhouse. 

Fig. 2. Type of insect cage used in the field. 
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Plate II. 

Fie. 1. A very resistant hybrid selection 
(No. 815). 

A. Healthy check plant. 
B. Plant which had been infested with virul- 

iferous aphids and. from which the virus 
had been subsequently recovered. 

Fig. 2. A resistant hybrid selection 
(O.S.C. No. 1083). 

L. Healthy check plant. 
B. Plant which had been infested with virul- 

iferoús aphids. Note the very faint 
indications of crinkling of the leaves. 



A 

I- 

Fie. i 

1'ig. 2 

Plate II 

B rn'.' 

B i 

I 



Plate III. 

Fig. 1. Two plants of a susceptible variety 
(Redheart). 

A. Healthy check plant. 
B. Plant which had been infested with virul- 

iferous aphids. Note the rugose condi- 
tion of the upper leaf in B and the 
dwarfed condition of the younger leaves. 

Fig. 2. A very susceptible hybrid selection 
(No. 1124). 

A. Healthy check plant. 
B. Plant which had been infested with virul- 

iferous aphids. Note the dwarfed condi- 
tion of the plant in B. 
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Plate IV. 

Fig. 1. Leaves from plants of the Marshall variety 
which is very susceptible and used as an 
index variety. 

A, B, and C show typical crinkle symptoms. 
The chlorotic spots are scattered rather 
uniformly over al]. leaflets. 

Fig. 2. Leaves from plants of the Corvallis var- 
iety. 

A, B, and C show crinkle symptoms as they ap- 
pear on plants of this variety. 

A. Leaflet showing chlorotic spots which 
are scattered quite uniformly as in 
Marshall. 

B. Severe necrosis occurring on the mid- 
veins, causing extreme distortion of 
the leaflets. 

C. The two leaflets on the left much 
dwarfed and distorted and the leaflet 
on the right apparently normal. 



T1T 

-- 

B 

Fig. 2 



Plate V. 

Fig. 1. Leaves from healthy Fragria chiloensis 
plants. 

Fig. 2. Leaves from Fragaria chiloonsis plants 
showing crinkle symptoms. 

A, B, and C. Young leaves with chiorotic 
spots. 

D and I. Older leaves from which the chioro- 
sis has almost disappeared. Marshall 
type symptoms. 
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Plate VI. 

Fig. 1. Leaves from plants of hybrid selection 
(No. ll'75) showing crinkle symptoms. 

t. Leaf from healthy plant. 

B, C, and D. Leaves showing the type of 
symptom produced by this hybrid selection. 

B. Symptoms on the very young leaves appear 
as extreme vein-clearing. 

C and D. Symptoms in the older leaves appear 
in the yellowed margins and downward 
cupping of the leaflets. 

Fig. 2. Leaves from hybrid selection (No. 1233) 
showing crinkle symptoms. Marshall type. 
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Plate VII. 

Fig. 1. Leaves from plants of hybrid selection 
(No. 1080) showing crinkle symptoms. 

A and B. Leaves showing very faint chiorotic 
spots scattered over all leaflets. 

C. Two or three necrotic spots appearing all 
on one leaflet. (Marshall type.) 

Fig. 2. Leaves from plants of the hybrid selec- 
tion (No. 1184) showing crinkle symptoms. 
(Marshall type.) 
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Plate VIII. 

Fig. 1. Leaves from plants 
(No. 1189) showing 
(Marshall type.) 

of hybrid selection 
crinkle symptoms. 

Fig. 2. Leaves from plants of the Rockhill var- 
iety showing crinkle symptoms. (Cor- 
valus type.) 
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Plate IX. 

Fig. 1. Leaves from plants of hybrid selection 
(No. 477) showing crinkle symptoms. 
(Corvallis type.) 

Fig. 2. Leaves from plants of hybrid selection 
(No. 472). 

A. Healthy leaf. 

B and. C. Leaves from plants showing crinkle 
symptoms. The symptoms in these leaves 
appear in almost mosaic patterns, and. 
more difftse than in many varieties. 




