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Several bean yellow mosaic virus (BYMV) strains, presumably 

not transmissible by aphids, were studied to determine the biological 

and environmental conditions which would possibly result in aphid 

transmission of these strains. Investigations were made to study the 

effect of different aphid rearing conditions on the transmission 

frequency of BYMV. Also, the probing behavior of Myzus persicae 

(Sulzer) was studied in relation to transmission frequency of BYMV 

to test plants. 

Differences other than loss of transmissibility were found to 

account for the failure of aphids to transmit some BYMV strains. 

Five strains varied in ability to infect specific pea and bean 

varieties; all strains were aphid transmissible except BYMV III. 

BYMV I and II no longer produced systemic infection in Perfected 

Wales pea or Dwarf Horticultural bean although both strains produced 

local infection in inoculated leaves of Perfected Wales pea. Only 

BYMV y21 and III produced systemic infection in Dwarf Horticultural 

bean. The above changes in virus infectivity were attributed to 

virus mutation. 
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Both Dwarf Horticultural bean and Perfected Wales pea are 

commonly used as differential hosts to identify legume viruses. BYMV 

and pea mosaic virus are distinguished only on the inability of pea 

mosaic virus to infect bean. Consequently, the validity of virus 

classification of legume viruses based on differential host reaction 

is questionable. 

In addition to the above variation, BYMV I and II required a 

high post -inoculation temperature to produce infection in Blue Lake 

bean; other strains were not affected under the same conditions. 

The host range of BYMV I, II, III, and IV was the same in the plants: 

Trifolium pretense L., Crotolaria spectabilis Roth., Trifolium 

subterranean L. variety Yarloop, Chenopodium amaranticolor Coste and 

Reyn., Glycine max (L.) Merr. variety Lincoln, Melilotus alba 

Dear., and Pisum m sativum L. variety Lincoln. 

BYMV III, maintained by mechanical transfer since 1963, was 

not transmitted to ten plant species in attempts with over 5000 

aphids. Lima persicae (Sulzer) failed to transmit BYMV III from 

five different species or varieties of source plants. This was 

interpreted as evidence that virus acquisition by aphids, due to 

the source plant, was not involved in loss of aphid transmissibility 

of BYMV III. 

Five aphid species and ten test plant species were used in 

an attempt to find a vector -host plant combination which would result 

in aphid transmission of BYMV III. Macro siphm albifrons Essig and 

Acyrthosiphon pisum (Harris) finally transmitted BYMV III to 

Crotolaria spectabilis Roth. This was the first transmission of BYMV 



III after attempts with more than 5000 aphids. The return of aphid 

transmissibility in BYMV III could be explained only on the basis of 

virus mutation. 

Indirect evidence from two experiments suggested that aphid 

transmissible and non -transmissible forma of BYMV III were present 

in the stock culture when Macrosiphum albifrons first transmitted 

BYMV III. Aphids transmitted the isolate first transmitted by 

Macrosiphum albifrons at a higher frequency than the stock culture of 

BYMV III. A subsequent experiment indicated that almost any aphid 

would transmit BYMV III after return of aphid transmissibility. 

Transmission of BYMV IV by aphids reared on Chinese cabbage 

was compared to that of aphids reared on a chemically defined diet. 

The trend in frequency of transmission implied that aphids reared on 

the artificial diet were inferior in transmission of BYMV IV. 

The probing behavior of Myzus persicae on Pisum sa tivuu_ and 

Phaseolus vulgaris was evaluated in relation to the transmission 

frequency of BYMV. Plant susceptibility of pea and bean was the same. 

Aphids made 40 percent more probes on bean than on pea in a 15 minute 

observation period. However, increased transmission to bean was not 

reflected by the greater number of probes. There was no evidence that 

transmission of BYMV was affected by observed differences in the 

probing behavior of Myzus persicae. 
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TRANSMISSION VARIATION AND LOSS OF APHID TRANSMISSIBILITY 
OF BRAN YELLOW MOSAIC VIRUS 

INTRODUCTION 

The frequency of transmission of many plant viruses by aphids 

often varied in relatively short periods of time. In some cases, the 

frequency of virus transmission was dependent not only on the species 

of aphid used, but also upon the species of host plant inoculated 

(Sylvester and Simons, 1951). It was not uncommon to find that known 

vectors of certain viruses sometimes transmit them inefficiently or 

not at all (Jensen, 1959). In most cases, loss of virus transmissi- 

bility by insects was encountered after a long period without insect 

transfer (Hitchborn and Thomson, 1960; Jensen, 1959). However, the 

loss of insect transmissibility also occurred in a short time 

(Swenson et al., 1964). Indirect evidence suggested that the aphid 

transmissible or non -transmissible property of a virus was controlled 

by the genetic mechanism of the virus (Swenson et al., 1964). 

In a group of experiments designed to determine the effect of 

specific environmental conditions on aphid transmission of bean 

yellow mosaic virus (BYMV), several strains were not transmitted by 

aphids. Apparently, these BYMV strains were no longer aphid trans- 

missible. The work herein was carried out to study the biological 

and environmental conditions which would possibly lead to aphid 

transmission of these BYMV strains. An attempt was made to secure 

evidence that the genetic mechanism of the virus controls insect 



2 

transmissibility. Five aphid species and ten plant species were used 

to determine differences in the host range and aphid transmissibility 

of four BYMV strains. Attempts were made with aphids to transmit the 

apparently vectorless BYMV strains under various conditions. Several 

experiments were conducted to increase aphid transmission efficiency 

and to alter the transmission frequency of an aphid transmissible 

BYMV strain. And finally, the probing behavior of Myzus persicae 

(Sulzer) was studied in relation to the transmission frequency of 

BYMV. 
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REVIEW OF LITERATURE 

Lass of Aphid Transmissibility 

Only a few reports of partial or complete loss of insect 

transmissibility of plant viruses were found in the literature. In 

most cases, loss of insect transmissibility of viruses was en- 

countered following the maintenance of virus cultures by mechanical 

transfer ( Hitchborn and Thomson, 1960; Jensen, 1959). This implied 

that long periods without insect transfer or the process of mechani- 

cal transfer induced the loss of insect transmissibility. However, 

Swenson et al. (1964) observed the abrupt loss of aphid transmissi- 

bility of BYMV; attempts to induce loss of aphid transmissibility of 

BYMV by serial mechanical transfer of sap were not successful. 

Badami (1958) reported a gradual decrease in the frequency of trans- 

mission of cucumber mosaic virus over a period of one year; 

eventually this strain became vectorless. Both Swenson and Badami 

attributed the change in aphid transmissibility to a variant." 

Since long periods without insect transfer resulted in virus 

strains no longer insect transmissible a similar process has been 

suggested as operating in the field in vegetatively propagated plants 

(Hitchborn and Thomson, 1960). Several leafhopper -borne viruses 

maintained a number of years in plants through grafting were no 

longer transmitted by their original vector (Black, 1953). 

1 Mutant, variant, or strain may be defined as the product 
of mutation; all three terms are commonly used in the literature 
in the same context. 



4 

Various suggestions have been made concerning the mechanism 

that controls insect transmission of plant viruses. Marmoroech (1963) 

suggested the possible loss of a stage in the development of the 

virus as being the difference between a transmissible and non- trans- 

missible virus. Bradley (1964) pointed out that virus may not 

survive aphid transfer from one plant to another. In this connection, 

Lister (1966) isolated two forms from one isolate of tobacco rattle 

virus. One form was stable and easily transmitted by mechanical in- 

oculation of sap, while the other was not. 

An enormous virus population is present in systemically in- 

fected plants and it is improbable that an isolate will remain 

genetically homogeneous for long. If a variant is produced which 

multiplies and invades plant tissues faster than the parent strain, 

the variant might replace the parent strain even though it lacked the 

insect -transmissible characteristic (Ritchborn and Thomson, 1960). 

Transmission Variation and Aphid Behavior 

Variation in transmission frequency of BYMV may depend, in 

part, on the source plant used and on the virus concentration in the 

source plant. Broad bean plants inoculated with BYMV from the same 

plant varied in symptom expression; plants with severe symptoms were 

better sources of BYMV than those with mild symptoms (Swenson et al., 

1964). Also, BYMV concentration in broad bean was proportional to 

virus trausvtission by aphids. Although concentration of tobacco mild 
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etch virus was much less than that of tobacco severe etch virus, both 

strains were transmitted at the same frequency by aphids (Kassanis, 

1941). 

Sylvester and Simons (1951) attributed variation in virus 

transmission frequency to an interaction between the aphid vector and 

test plant. Transmission frequency of BYMV may also depend, in part, 

on the probing behavior of aphids. Often, species of aphids differed 

from one another in probing behavior (Bradley, 1964). Sylvester 

(1962) described in detail the probing behavior of M. persicae when 

used in virus transmission experiments. Swenson (1963) found no 

effect on virus transmission due to changes in aphid probing behavior 

on test plants. However, plant characteristics that influence aphid 

probing behavior may affect virus transmission (Swenson and Welton, 

1966). 
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MATERIAL AND METHODS 

I. Greenhouse Procedures 

The experimental work reported herein was conducted in the 

Entomology greenhouse at Oregon State University, Corvallis, Oregon. 

The majority of experiments were accomplished during the winter months 

when cloudy weather prevailed. Supplementary light was provided by 

fluorescent lamps to supplement natural light and to extend the 

photoperiod to 16 hours. Except where otherwise specified, plants 

were grown in greenhouse rooms at approximately 24 °C during the day 

and 21 °C during the night, with occasional sharp fluctuations. 

Greenhouse rooms were inspected frequently for aphids and 

other greenhouse pests. If thrips or aphids were found, the room 

was fumigated with TEPP or sprayed with Cygon. Kelthane was used in 

the case of mites. 

Most plants were grown in soil in either four- or six -inch 

clay pots. Some test plants were grown in 20 -mesh white sand or in 

Perlite in either clay pots or small plastic cups. Plants grog in 

sand or Perlite were watered every other day with Hoagland's 

nutrient solution unless otherwise specified (Hoagland and Arnon, 

1950). The sand or Perlite medium used to grow test plants did not 

affect susceptibility to infection with 3YMV by aphid transmission 

(Swenson, unpublished data). The soil mixture used was a four to one 

mixture of river bottom loam and peat moss. One -half cup of ammonium 

nitrate, one -half cup of 6 -10-4, and one -fourth cup of lime were 
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added to about twenty gallons of soil. Large legume seeds planted in 

soil were treated with Arasan or Copper A fungicide to reduce root 

rot and damping -off. Small legume seeds were germinated in sand and 

later transplanted into soil in clay pots. 

Controlled environment chambers were used to obtain the 

different temperature and light treatments required in certain experi- 

ments. Each chamber was equipped with temperature and light controls. 

Light was supplied by both incandescent and Sylvania Gro -lux fluo- 

rescent lamps. The average light intensity was 1100 foot candles, 

unless otherwise specified. 

Ii. Virus Strains 

Five strains of BYMV were used during this investigation. 

BYMV I was isolated by Swenson (1954) from naturally infected red 

clover near Geneva, New York. A stock culture of this strain was 

maintained in broad bean or Dwarf Horticultural bean by Swenson. 

Isolates of this strain have lost aphid transmissibility on several 

occasions (Swenson, 1957; Swenson et al., 1964). 

BYMV II was isolated from bean in July 1965 by Dr. K. G. 

Swenson from field plots of Dr. J. R. Haggett and Dr. W. A. Frazier 

of the Department of Horticulture, Oregon State University. 

MV III was obtained from Beltsville, Maryland as a type 

virus in August 1963 by Dr. R. O. Hampton of the Department of Botany 

and Plant Pathology, Oregon State University. BYMV III was maintained 

by Dr. R. E. Ford in Bountiful bean by mechanical inoculation. 
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BYMV IV was isolated by Dr. R. E. Ford, formerly of the de- 

partment of Botany and Plant Pathology, Oregon State University, from 

red clover near Corvallis, Oregon. BYMV IV was maintained by me- 

chanical inoculation in broad bean by Ford. 

BYMV y21 was isolated in October 1965 by Dr. W. A. Frazier from 

BYMV disease resistance plots at Oregon State University and was 

maintained in bean by mechanical inoculation. 

Each BYMV stock culture was transferred by aphids to healthy 

broad bean plants (Vicia faba major L.) at 10 to 30 day intervals, 

except BYMV III which was maintained by mechanical inoculation. New 

source plants were obtained by inoculation of five or six broad bean 

plants from a single source plant. At least two plants of each 

strain were selected to represent a particular strain in a given ex- 

periment. Within replicates, one source plant represented a given 

strain. Broad bean infected with BYMV served as the source plant in 

most experiments. Other species used as source plants were: 

Crotolaria spectabilis Roth.; Phaseolus vulgaris L. varieties Black 

Turtle, Dwarf Horticultural, and Bountiful; Pisum sativum L. variety 

Lincoln; and Vicia sativa L. variety Willamette. 

Each BYMV strain was preserved in dry plant tissue at the be- 

ginning of this work. Thus, the starting material was available for 

comparative purposes should the need arise and the accidental loss of 

any one strain was avoided. To preserve a given virus strain in dry 

plant tissue, the last expanded leaves of infected broad bean plants 
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were cut into thin 1/8 inch strips. These strips were placed on 

filter paper and put inside a plastic freezer box which contained 

calcium chloride. Each container was sealed and placed at 2°C for 

four days to dry the tissue. On the fifth day the dried plant tissue 

was transferred to a small bottle which contained anhydrone. The 

tissue was separated from the anhydrone by a layer of cotton. The 

bottle was sealed and stored at 2 °C until ready for use. To prepare 

the dried tissue for inoculum, a small amount of tissue was hydrated 

with 10 ml of one percent phosphate buffer and mascerated with a 

mortar and pestle. This inoculum was inoculated into healthy broad 

bean plants using the mechanical inoculation procedure described later. 

III. Test Plants 

The test plants used in this study were: Phaseolus vulgaris L. 

varieties Dwarf Horticultural, Bountiful, Black Turtle, and Blue Lake; 

Pisum sativum L. varieties Lincoln and Perfected Wales; Vicia faba 

major L.; Crotolaria spectabilis Roth.; lielilotus alba Dear.; 

Trifolium incarnatum L.; Glycine max (L.) Herr. varieties Lincoln and 

Shelby; Chenopodium araaranticolor Coste and Reyn.; Trifolium 

subterraneum L. variety Yarloop; and Trifolium pretense L. Seed of 

both Lincoln and Perfected Wales pea was obtained from two seed 

companies, namely: W. H. Perron and Co. Ltd., Canada and Buckerfield's 

Ltd., Canada. 

All the above plant species are susceptible to some strains of 

¡3YMV (Corbett, 1957; Goodchild, 1956; Hollings, 1957; Hutton and Peak, 
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1954). However, results with Trifolium pretense, and Glycine max have 

been variable depending on the BYMV strain used. In the experiments 

in sections I, II, III, and IV, =inoculated check plants were dis- 

persed among the inoculated test plants. None of the check plants 

became infected. 

IV. Aphid Vectors and Rearing Methods 

The aphid species used in this work were reared on appropriate 

colony plants (except aphids reared on a chemically defined diet) in 

a greenhouse insectary by the following methods. The green peach 

aphid, Miu persicae (Sulzer) was reared on Chinese cabbage, Brassica 

pekinensis Rupr. New colonies were started every two or three days 

by placing about 15 aphids on each plant. No cages were used in order 

to produce vigorous plants and consequently, large uniform aphids. 

The pea aphid Acyrthosiphon pisum (Harris), the bean aphid 

Aphis fabae Scop., and the cowpea aphid Aphis craccivora Koch were 

reared on broad bean (V. faba major L.). New colonies were started 

every three or four days by placing ten aphids on two or three plants. 

These aphid species were individually confined to the colony plants 

with a wooden frame cage covered with fine -mesh plastic screen. 

The lupine aphid Macrosizhum albifrons Essig was reared on 

hybrids of lupine (Lupinus polyphyllus Lindl.). New colonies were 

started every ten to fourteen days by caging five aphids on each plant. 

The chemically defined diet of Mittler (1966) was used to rear 

M. persicae for several virus transmission experiments. The 
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following alterations of the diet were made at the suggestion of 

Mittler (personal communication to Dr. K. G. Swenson): eight mg of 

zinc and 100 mg of iron were added; threonine was omitted. 

The diet was presented to aphids in a feeding apparatus modi- 

fied from that described by Auclair (1965). A cross -section diagram 

of the apparatus is shown in figure 1. The major components con- 

sisted of two pieces of half -inch plexiglass four inches square and 

a plastic glass. Other materials were: stove bolts fitted with wing 

nuts, rubber fruit -jar rings, organdy cloth, household spray starch, 

and parafilm, a stretchable waxy material for the feeding membrane. 

The parafilm was stretched to about twice the normal size, which 

reduced its thickness and allowed for easier penetration by the aphid 

stylets. 

The plexiglass components were constructed as follows: two 

3/16 -inch holes were drilled 3/4 -inch from the corner edge in each of 

two pieces of plexiglass; then, the two pieces of plexiglass were 

bolted together and inserted in a metal lathe. The desired cuts were 

made to the dimensions and shape shown in 1. Two 3/4 -inch holes were 

cut midway on opposite sides of the plastic glass with the plastic 

cutting attachment of a soldering iron. The organdy cloth was shaped 

by stretching it tightly over a cone -shaped household food strainer 

and spraying it with clothes starch. When dry, the cloth was fitted 

to the glass and the overlap outside the glass was sprayed and molded 

to the shape of the glass. 
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The following precaution were taken to avoid contamination of 

the diet by microorganisms, The top plexiglass component which 

received the diet was surface sterilized with 70 percent alcohol for 

five minutes. About nine ml of the diet were poured into the 

recessed area of the top plexiglass component. Then the parafilm 

membrane was placed over the diet, followed with the rubber ring and 

the bottom plexiglass component respectively, and then bolted to- 

gether. If the bolts were tightened excessively, the plexiglass 

components would bend and a poor seal resulted, The assembled appa- 

ratus was submersed in a water bath for 30 minutes at 54 - 55°C. 

This treatment reduced microbial contamination and the aphids were 

maintained without difficulty for about one week. 

To start a colony within the apparatus, ten adult aphids were 

placed inside the organdy cone and the component which contained the 

diet was put in place. strip of yellow cellophane was placed over 

the apparatus to attract the aphids to the membrane to feed and 

deposit nymphs (Cartier and Auclair, 1964). A relatively high hu- 

midity was maintained within the apparatus by a moistened ball of 

cotton la thq- bottom of the glass. 

For 6i 
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apterous aphids were removed from colony plants and placed in ml 

Erlenmeyer flasks for a starvation period of at least 15 minutes 

before placing on the source plant infected with BYW. Starved aphids 

A 
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50 
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were placed on the last expanded leaf of the diseased plant for the 

virus acquisition probe. Aphids were viewed with a 10 X hand lens and 

timed with a stop watch. Aphids were permitted acquisition probes of 

11 to 45 seconds duration on the diseased plant. Aphids which did not 

terminate their probe within this time were discarded. The length of 

acquisition probe was measured from the time the tip of the rostrum 

touched the leaf surface until it was removed. Then, either one of 

two aphid inoculation methods was used on the healthy test plant: 

(1) the single -probe method, whereby the aphid was placed on a healthy 

test plant for one probe of 11 to 60 seconds duration, and then it 

was discarded; and (2) the conventional method, whereby the aphid 

was placed on the healthy test plant for one -half hour or longer. 

The number of aphids per plant using the latter method varied, de- 

pending on the experiment. When the conventional method was used the 

plants were fumigated with nicotine sulphate. The order of inocu- 

lation of test plants was randomized within replicates. Replicates 

differed only in time of inoculation. 

The mechanical or sap inoculation technique consisted of 

dusting fine mesh carborundum abrasive over the leaf surface to be 

inoculated. Then, a forefinger dipped in the inoculum was gently 

rubbed over the leaf surface. Inoculum was prepared by grinding leaf 

tissue from infected plants with a mortar and pestle, diluting the 

tissue about 1:25 with a one percent phosphate buffer. The same 

procedure was followed for subinoculations from test plants. After 
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preparation of each isolate, mortars and pestles were sterilized in 

a boiling water bath. 

VI, Statistical Methods 

A randomized block design was used in most experiments. Where 

necessary, data was evaluated by analysis of variance and significance 

determined from the results of the F test (Snedecor, 1965), The 

probability value, P, represents the probability of obtaining a larger 

F value if the null hypothesis was true. 

The data of several experiments was analyzed by the chi square 

test (Snedecor, 1965). The probability, P, represents the probability 

of obtaining a larger chi square value if the null hypothesis was 

true. 
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DESCRIPTION OF EXPERIMENTS AND RESULTS 

I. Experiments Suggesting Loss of Transmissibility 
of BYMV by Aphids 

The experiments in this section were designed to determine the 

environmental conditions that affect aphid transmission of BYMV to 

Lincoln pea and Dwarf Horticultural bean. The experimental variables 

were different light, temperature, and nutritional treatments. There 

was virtually no virus transmission by aphids in most experiments. 

This suggested that aphids could no longer transmit particular BYMV 

strains. Normally, in experiments of this type, 10 to 25 percent 

transmission was expected, depending on the conditions of the experi- 

ment. 

A. Post -Inoculation Light and Temperature Experiments 

The test plants, either Lincoln pea or Dwarf Horticultural 

bean, were grown in the greenhouse for the first nine days. On the 

tenth day, these plants were inoculated with BYMV by M. persicae using 

the single -probe method. Immediately following inoculation the plants 

were placed in controlled environment chambers for a two -day post - 

inoculation treatment. Three plants were inoculated for each 

treatment within replicates. On any given inoculation day, half of 

the replicates were inoculated during the morning hours and the re- 

maining half in the afternoon. On the twelfth day, the plants were 

removed from the chambers and placed in the greenhouse. This procedure 

was followed in all post -inoculation experiments in this section. As 

would be expected, plants in the dark treatments were etiolated. 
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Experiment 1. Perron's Lincoln pea plants grown in sand were 

inoculated by M. persicae with BYMV I from broad bean. The treatments 

were: (1) 24°C, 16 hours light, nutrient solution; (2) 30 °C, 16 

hours light, nutrient solution; (3) 30°C, dark, nutrient solution; 

(4) 24°C, 16 hours light, water; (5) 30 °C, 16 hours light, water; 

and (6) 30°C, dark, water. There were 20 replicates of six treat- 

ments; none of these pea plants became infected. 

Experiment 2. Perron's Perfected Wales peas grown in sand were 

inoculated by M. persicae with BYMV I from broad bean. All plants 

received only water until two days after inoculation and then were 

watered every day with nutrient solution. There were 40 replicates of 

three treatments. The treatments were: (1) 24 °C, 16 hours light; 

(2) 30 °C, 16 hours light; and (3) 30 °C, dark, Again, the result was 

no transmission in 360 plants inoculated. 

Experiment 3. Apparently, the host range or aphid transmissi- 

bility of BYMV I had changed since aphids failed to transmit BYMV I 

in two previous experiments. Consequently, BYMV strains III and IV 

were obtained for use in future experiments. In this experiment, 

BYMV III from Bountiful bean and BYMV IV from broad bean were inocu- 

lated into Dwarf Horticultural bean by M. persicae. There were 20 

replicates of six treatments. The plant treatments were: (1) 24°C, 

16 hours light, in soil; (2) 30 °C, 16 hours light, in soil; (3) 

30 °C, dark, in soil; (4) 24 °C, 16 hours light, in sand; (5) 30 °C, 

16 hours light, in sand; and (6) 30°C, dark, in sand. Plants grown 
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in sand received only water until two days after inoculation; then 

this lot was watered every other day with nutrient solution. Repli- 

cates one through ten were inoculated with BYMV III and replicates 

eleven through twenty were inoculated with BYMV IV. None of 180 

plants inoculated with BYMV IV were infected; one of the 180 plants 

inoculated with BYMV III developed symptoms. 

Experiment 4. Buckerfield's Lincoln pea plants grown in sand 

were inoculated by M. persicae with BYMV IV from broad bean. All 

plants were watered normally until two days after inoculation; begin- 

ning the twelfth day, plants received nutrient solution every other 

day. There were 40 replicates of three treatments. The treatments 

were: (1) 24°C, 16 hours light; (2) 30 °C, 16 hours light; and (3) 

3C °C, dark. Of 360 plants inoculated, 49 became infected. There 

was no significant difference among treatments. Of importance here 

was the fact that BYMV IV was aphid transmissible to Lincoln pea 

but not to Dwarf Horticultural bean in Experiment 3. 

B. Pre- inoculation Light and Temperature Experiment 

An experiment was made to determine the effect of the following 

two -day pre -inoculation treatments on the susceptibility of Dwarf 

Horticultural bean to BYMV by aphid inoculation: (1) 24 °C, 16 hours 

light, in soil; (2) 15 °C, 16 hours light, in soil; (3) 15 °C, dark, in 

soil; (4) 24 °C, 16 hours light, in sand; (5) 15 °C, 16 hours light, in 

sand; and (6) 15°C, dark, in sand. :'lasts grown in sand received only 

water until two days after inoculation; then these plants received 
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nutrient solution every other day. All plants were grown in the 

greenhouse for the first eight days. On the ninth day, the plants 

were placed in controlled environment chambers to begin the two -day 

pre -inoculation treatment. On the eleventh day, Dwarf Horticultural 

beans were inoculated by M. persicae using the single probe method. 

There were 20 replicates of six treatments. Three plants in each 

treatment were inoculated in each replicate. The first 15 replicates 

were inoculated with BYMV III and the last five replicates with 

BYMV IV. Plants were placed in the greenhouse after inoculation. 

None of 270 plants inoculated with BYMV III were infected; one of 

90 plants inoculated with BYMV IV became infected. 

The results of all pre- and post -inoculation experiments in 

this section are summarized in Table 1. There was virtually no trans- 

mission in most experiments where 10 to 25 percent transmission was 

expected. BYMV I and III were not transmitted by _d. persicae, or 

transmission was infrequent. Previously, BYMV I was readily trans- 

mitted by M. persicae to both Lincoln and Perfected Wales peas 

(Swenson, 1954; Welton et al., 1964). Since 1963, BYMV III had been 

maintained in the greenhouse by mechanical transfer; during this time 

no attempt had been made to transmit BYMV III by aphids. 

There were three possible explanations for the failure of 

aphids to transmit BYMV I and III: (1) virus mutation resulted in 

a non -transmissible form or altered the host range; (2) the aphids 

lost the ability to transmit virus; and (3) the test plant was not 
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TABLE 1. SUMMARY OF EXPERIMENTAL RESULTS SUGGESTING LOSS OF APHID 
TRANSMISSIBILITY OF BYMV I, III, AND IV. 

Experiment Test Plant BYMV Strain Transmission 

Post- 

inoculation: 
a 

1. Perron's Lincoln pea I 0/360 

2. Perron's Perfected Wales 
pea 

I 0/360 

3. Dwarf Horticultural bean III 1/180 
IV 0/180 

4. Buckerfield's Lincoln pea IV 49/360 

Pre- 
inoculation: 

1. Dwarf Horticultural bean III 0/270 

IV 1/90 

a Denominator = number of plants inoculated, one aphid per plant; 
numerator = number infected. 

the variety as labeled by the seed company. Generally, Perfection - 

type peas are assumed to be resistant to BYMV with few exceptions 

(Ford, 1963). 

BYMV IV was readily transmitted Lo Buckerfield's Lincoln 

pea but not to Dwarf Horticultural bean. Therefore, aphids acquired 

BYMV IV but did not transmit this strain to Dwarf Horticultural bean, 

a variety known to be susceptible to BYMV. Sylvester and Simons 

(1951) found that transmission of Brassica nigra virus was dependent 

not only upon the species of aphid used but also upon the species of 

host plant inoculated. A specific plant- vector combination may be 

required to transmit BYMV IV. 
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II. Mechanical and Aphid Transmission of Four BYMV Strains 

A. Transmission of BYMV Strains I, II, and IV by M. persica. 

An experiment was conducted to confirm previous results that 

BYMV I and III were not transmissible by aphids to Dwarf Horti- 

cultural bean or to Perron's Lincoln pea, and that BYMV IV was not 

aphid transmissible to Dwarf Horticultural bean. BYMV II, a strain 

recently collected from the field, was also included in this experi- 

ment as a known aphid transmissible strain. This strain readily 

produced infection in Dwarf Horticultural bean and broad bean. BYMV 

III, scheduled to be included in this experiment, was omitted due to 

lack of adequate source plants. Seven plant -virus combinations were 

used: (1) Perron's Lincoln pea - BYMV I, (2) Dwarf Horticultural 

bean - BYMV I, (3) broad bean - BYMV I, (4) Perron's Lincoln pea - 

BYMV II, (5) Dwarf Horticultural bean - BYMV II, (6) broad bean - 

BYMV II, and (7) Dwarf horticultural bean - BYMV IV. All of the 

above plant -virus combinations were inoculated by M. persicae using 

the conventional method. There were 20 replicates of the seven 

plant -virus combinations. Three plants were inoculated for each 

plant -virus combination within replicates. Each virus strain was 

represented by four source plants, changing the plant every fourth 

replicate. The results in Table 2 confirm previous results that 

BYMV I was not aphid transmissible to Perron's Lincoln pea or Dwarf 

Horticultural bean. However, BYMV I was readily transmitted to broad 

bean which indicated that this strain was acquired by aphids from 

the source plants. 
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TABLE 2. TRANSMISSIBILITY OF BYMV STRAINS I, II, AND IV BY 
M. PERSICAE TO THREE TEST PLANT SPECIES 

Test Plant BYMV I BYMV II BYMV IV 

Perron's Lincoln pea 0 /60a 0/60 

Dwarf Horticultural bean 0/60 0/60 0/60 

Broad bean 32/60 15/60 

a Denominator = number of plants inoculated, one aphid per 
plant; numerator = number infected. 

BYMV II was not transmitted to Perron's Lincoln pea or Dwarf 

Horticultural bean by aphids; this was entirely unexpected. Prior 

to this experiment, BYMV II produced severe systemic symptoms in 

Dwarf Horticultural bean by aphid inoculation. BYMV IV was not 

transmitted to Dwarf Horticultural bean by aphids; this confirmed 

previous results. 

B. Mechanical Transmission of Four BYMV Strains 

The purpose of this experiment was to check the susceptibility 

of Buckerfield's Lincoln pea, Perron's Lincoln pea, and Dwarf Horti- 

cultural bean to infection with four BYMV strains. Previously, 

M. persicae failed to transmit several BYMV strains to the above 

mentioned plant varieties. Thus, each of the following plant varie- 

ties was mechanically inoculated with BYMV I, II, III, and IV: (1) 

Buckerfield's Lincoln pea, (2) Perron's Lincoln pea, and (3) Dwarf 

Horticultural bean. Perron's Perfected Wales pea was inoculated in 

a separate experiment. The results are shown in Table 3. 

- 

- 
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TABLE 3. RESULTS OF MECHANICAL TRANSMISSION OF FOUR BYMV STRAINS 
TO THREE PLANT VARIETIES 

BYMV Strain 

Test Plant II III IV 

Buckerfield's Lincoln pea 14/24a 18/24 23/24 24/24 

Dwarf Horticultural bean 0/23 0/24 24/24 2/23 

Perron's Perfected Wales pea 0/9 0/9 0/9 9/9 

a Denominator = number of plants inoculated; numerator = number of 
plants systemically infected. 

A few bean plants that were not systemically infected developed 

faint local lesions on the inoculated leaves which may have been a 

result of virus infection. Perron's Perfected Wales pea developed a 

severe local chlorotic reaction only on the inoculated leaves. An 

attempt was made to recover virus from symptomless plants and those 

with the severe chlorotic symptom by subinoculation into broad bean. 

Three lots of inoculum were prepared: (1) the last expanded leaves of 

Perron's Perfected Wales pea inoculated with BYMV I, II, and III; (2) 

the last expanded leaves of bean inoculated with BYMV I and II; and 

(3) the inoculated leaves of Perron's Perfected Wales pea inoculated 

with BYMV I end II. Each of the above lots was inoculated into three 

broad bean plants. Virus was recovered from the inoculated leaves of 

Perfected Wales pea (lot 3) which suggested that one or more of these 

virus strains became established in the inoculated leaves, but failed 

to invade the planta systemically. No virus was recovered in the 

other two lots. 

I 
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Several conclusions can be drawn from the data presented in 

Table 3. BYMV I, II, III, and IV were mechanically transmissible to 

Buckerfield's Lincoln pea but failed to produce systemic infection in 

Perron's Perfected Wales pea. This explained why BYMV I was not 

transmitted by aphids to Perron's Perfected Wales pea in previous 

experiments. Dwarf Horticultural bean was not susceptible to BYMV I, 

II, and IV which accounted for the failure of aphids to transmit these 

strains to Dwarf Horticultural bean in previous experiments. 

Two points required further investigation. First, Bucker - 

field's Lincoln pea was susceptible to BYMV I, but aphids failed to 

transmit this strain to Perron's Lincoln pea. Second, Dwarf Horti- 

cultural bean was susceptible to BIM III, but this strain was not 

transmitted by aphids to Dwarf Horticultural bean in earlier a :cperi- 

tents. 

C. Transmissibility of BYMV I by M. persicae and A. fabae 

Previously, ttMV I was not transmitted by M. persicae to 

Perron's Lincoln pea (Table 2), but this strain was mechanically 

transferred to Buckerfield's Lincoln pea (Table 3). It was still 

possible that M. persicae had lost the ability to transmit BYMV I to 

Lincoln pea, although aphids transmitted BYMV I to broad bean. The 

purpose of this experiment was to learn if wax I was aphid trans- 

missible to Buckerfield's Lincoln pea, and if A. fabae would transmit 

BYMV I in the event M. persicae failed again. Two aphid -plant combi- 

nations were used: (1) A. fabae to Buckerfield's Lincoln pea and 
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(2) M. persicae to Buckerfield's Lincoln pea. There were 20 repli- 

cates of the two combinations. Three plants of each aphid -plant 

combination were inoculated in each replicate using the conventional 

method. Test plants were grown in sand and watered with nutrient 

solution every other day. The results are presented in Table 4. 

TABLE 4. TRANSMISSIBILITY OF BYMV I BY M. PERSICAE AND A. FABAE TO 
LINCOLN PEA. 

Pea Variety 

Aphid Species 

A. fabae M. persicae 

Buckerfield's Lincoln pea 26160a 32/60 

a Denominator = number of plants inoculated, one aphid per plant; 
numerator = number infected. 

Both A. fabae and M. persicae transmitted BYMV I to Bucker - 

field's Lincoln pea. Therefore, M. persicae was eliminated as the 

reason BYMV I was not transmitted to Perron's Lincoln pea in previous 

experiments (Table 2) and suggested that Perron's Lincoln pea was 

actually a Perfection -type pea not susceptible to BYMV. Presumably, 

the Perron Seed Company made an error in labeling the seed. 

D. Mechanical and Aphid Transmission of BYMV I to Perfected Wales 
Pea. 

Perron's Perfected Wales pea was not susceptible to BYMV I in 

previous experiments. That the Perron Seed Company probably mislabel- 

ed the Lincoln pea used in the preceeding experiment suggested a 

similar error in the case of Perfected Wales pea. The purpose of this 

vowelawa 
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experiment was to compare the susceptibility of Perron's Perfected 

Wales pea with that of Perfected Wales pea obtained from a different 

seed company. Buckerfield's Lincoln pea was included as a variety 

known to be susceptible to BYMV I. Three lots of pea were prepared: 

(1) Ford's Perfected Wales, (2) Perron's Perfected Wales, and (3) 

Buckerfield's Lincoln. Ten plants of each lot were inoculated 

using the mechanical inoculation method. Five plants of each lot 

were inoculated by M. persicae using the conventional probe method. 

Twenty aphids were used to inoculate each plant. The results in 

Table 5 supported earlier results that Perfected Wales pea was not 

susceptible to BYMV I. Since the susceptibility of peas from each 

seed company was the same, both were probably Perfected Wales pea. 

TABLE 5. RESULTS OF MECHANICAL AND APHID TRANSMISSION OF BYMV I TO 
LINCOLN PEA AND PERFECTED WALES PEA FROM TWO SEED SOURCES. 

Pea Variety Method of Inoculation 

M. persicaea Mechanical 

Ford's Perfected Wales 0 /5b 

Perron's Perfected Wales 0/5 

Buckerfield's Lincoln 5/5 

0 /10 

0/10 

5/10 

a Twenty aphids per plant. 
b Denominator = number of plants inoculated; numerator = number 

infected. 
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E. Effect of Temperature and Bean Variety on Transmission of BYMV 

Certain BYMV strains inoculated into Dwarf Horticultural bean 

produced systemic infection while other strains did not (Table 3). 

Schroeder et al. (1966) found that peas inoculated with certain BYMV 

strains and subjected to temperatures above 27 °C induced systemic 

infection, whereas, lower temperatures did not. The purpose of this 

experiment was to determine if different temperatures altered the 

ability of four BYMV strains to produce infection in bean, and to 

detect possible differences in the host range of these virus strains 

when inoculated into four bean varieties. The following bean 

varieties were used: (1) Black Turtle, (2) Bountiful, (3) Blue 

Lake, and (4) Dwarf Horticultural. BYMV I, II, III, and IV were 

each mechanically inoculated into 18 plants of each of the above 

varieties, making a total of 16 plant -virus combinations. Each plant - 

virus combination was subdivided into two equal lots for 24 °C and 

32 °C temperature treatments. Immediately after inoculation, plants 

were placed in either 24°C or 32 °C controlled environment chambers 

for four days. During this time plants received 16 hours light, 8 

hours dark in a 24 hour cycle. On the fifth day, the 32 °C plants 

were removed to a greenhouse maintained at about 28 °C and plants from 

the 24 °C chamber were placed in a 24 °C greenhouse until termination 

of the experiment. The results are presented in Table 6. Symptoms 

were systemic unless otherwise indicated. 

Only Black Turtle bean was susceptible to infection by all 

four BYMV strains at both 24 °C and 32 °C. Bountiful bean was not 
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TABLE 6. RESULTS OF MECHANICAL INOCULATION OF FOUR BEAN VARIETIES 
WITH FOUR BYMV STRAINS. 

Bean Variety 
Post - 

Inoculation 
Temperature 

Virus Strain 
I II III IV 

Black Turtle 24°C 8/91 7/9 9/9 9/9 
32°C 9/9 9/9 9/9 9/9 

Bountiful 24 °C 0/9 0/9 9/9 6/9 

32 °C 0/9 0/9 9/9 0/9 

Blue Lake 24 °C 0/9 0/9 9/9 9/9 
32 °C 4/9 9/9 7/9 8/9 

Dwarf Horticultural 24 °C 9/9b 9 /9b 9/9 7 /9b 

32°C 0/9 0/9 9/9 3/9b 

a Denominator = number of plants inoculated; numerator = number of 

plants systemically infected. 
b A few local lesions on the inoculated leaves and faint chlorotic 

spotting systemically. 

susceptible to BYMV I and II but was susceptible to BYMV III; BYMV IV 

produced infection only at 24 °C. Blue Lake bean inoculated with 

BYMV I and II developed systemic symptoms at 32 °C but not at 24 °C; 

this variety was also susceptible to BYMV III and IV at both 24 °C 

and 32 °C. In the 24 °C treatment, Dwarf Horticultural bean inoculated 

with BYMV I, II, and IV developed a few local lesions on the inocu- 

lated leaves and faint chlorotic spots on the new leaves. The latter 

symptom was not typical of BYMV. Consequently, subinoculations were 

made from test plants to check for virus infection in Dwarf Horti- 

cultural bean inoculated with BYMV I, II, and IV. Four inoculum 

samples were prepared: (1) Dwarf Horticultural bean inoculated with 

BYMV I, (2) Dwarf Horticultural bean inoculated with BYMV II, (3) 
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Dwarf Horticultural bean inoculated with BYMV IV, and (4) a sample 

from all plant varieties with no symptoms inoculated with BYMV I, II, 

and IV. Each inoculum sample was mechanically inoculated into three 

or four broad bean plants. The results of these subinoculations are 

presented in Table 7, 

TABLE 7. RESULTS OF MECHANICAL SUBINOCULATION FROM TEST PLANTS IN 
TABLE SIX WITH NO SYMPTOMS OR FAINT CHLOROTIC SYMPTOMS 
INTO BROAD BEAN. 

Result of Sub - 
Bean Variety BYMV Symptom inoculation 

Dwarf Horticultural I Faint Chlorotic Spotting 0 /38 

Dwarf Horticultural II Faint Chlorotic Spotting 3/4 

Dwarf Horticultural IV Faint Chlorotic Spotting 0/3 

Composite Sample of 
Three Varieties I, II, IV Symptomless 2/3 

a Denominator = number of plants inoculated; numerator = number 
infected. 

Evidently, the faint chlorotic spotting symptoms in Dwarf 

Horticultural bean were not due to infection with BYMV because the 

subinoculations that involved BYMV I and IV were negative. BYMV II 

produced a positive subinoculation. This suggested that BYMV II was 

also responsible for the positive subinoculation from a composite 

sample of symptomless plants inoculated with BYMV I, II, and IV. 

Apparently, BYMV II was symptomless in some plants. 

Clearly, BYMV I, II, III, and IV varied in ability to produce 

infection in different bean varieties and some strains required a 
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high post -inoculation temperature to establish infection. Some of 

the pea and bean varieties used in this work have been used as 

differential hosts to distinguish between the common pea mosaic virus 

and BYMV (Goodchild, 1956; Hansen and Hagedorn, 1961; Schroeder 

et al., 1966; Zeumeyer, 1940). 

III. Host Range and Transmissibility of Four 
BYMV Strains by M. persicae 

Experiment 1. The large variation in the ability of BYMV I, II, 

and IV to infect different bean varieties suggested that these 

strains may not have the same host range in other plant species. An 

experiment was conducted to detect possible differences in the host 

range of BYMV I, II, III, and IV and to check aphid transmissibility 

of each virus to eight plant species. The eight test plants were: 

T. pratense, C. spectabilis, T. subterraneum, G. max, C. 

amaranticolor, M. alba, P. vulgaris, and P. sativum. Plants of each 

species were inoculated with BYMV I, II, III, and IV over a two -day 

period. Five replicates were inoculated for each plant species used. 

One plant for each plant -virus combination was inoculated in each 

replicate. All plant -virus combinations were inoculated by M. 

persicae using the conventional method. Twenty aphids were used to 

inoculate each plant. The results in Table 8 show that BYMV I, II, 

and IV had the same host range and were transmitted by M. persicae to 

all eight plant species. Symptoms were systemic unless otherwise 

indicated. 
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TABLE 8. RESULTS OF TRANSMISSION OF FOUR BYMV STRAINS BY M. PERSICAE 

TO SIGHT TEST PLANT SPECIES. 

Test Plant 
Virus Strain 

I II IIIa IV 

Trifolium pratense L. 3/5b 1/5 0/5 0 /5c 

Crotolaria spectabilis Roth. 5/5 5/5 0/5 5/5 

Trifolium subterraneum L. 
5/5 5/5 0/5 5/5 var. Yarloop 

Chenopodium amaranticolor Coste 
5/5d 5/5d 0/5 3/5d and Reyn. 

Glycine max (L.) Merr. 
0/5 0/5 0/5 0/5 var. Lincoln 

Melilotus alba Dear. 5/5 1/5 0/5 4/5 

Phaseolus vulgaris L. var. 

Dwarf Horticultural 5/5d 5/5d 0/5 3/5d 

Pisum sativum L. var. Lincoln 5/5 5/5 0/5 5/5 

a BYMV III was sap inoculable into all test plants except T. pratense 

and G. max. 

b Denominator = number of plants inoculated, 20 aphids per plant; 

numerator = number infected. 
c Due to negative transmission, inoculation of this plant -virus 

combination was repeated; 2/5 became infected. 
d A few local lesions on inoculated leaves; no systemic symptoms. 
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None of the eight plant species inoculated by aphids with 

BYMV III became infected. This suggested that either BYMV III had 

completely lost the ability to be transmitted by aphids or the plant - 

aphid combination which would result in transmission of BYMV III was 

not included in this experiment. Several plants of each species 

were mechanically inoculated with BYMV III; all were susceptible to 

BYMV III except G. max. Thus, the host range of BYMV I, II, III, 

and IV was the same in the fore -mentioned plant species. However, 

BYMV III was not transmissible by aphids. 

Mechanical subinoculation of all symptomless test plants was 

made to support the visual observation that no infection had occurred. 

Inoculum was prepared from a composite sample of the most recently 

expanded leaves and mechanically inoculated into three or four broad 

bean plants. No virus was recovered. 

Due to the great variation in BYMV symptom expression among 

plants of the same species, the following descriptions of symptoms 

obtained in this experiment are included for reference. 

Crotolaria spectabilis - chlorotic vein -yellowing was followed 

by irregular chlorotic spots and dark green patches on the leaves; 

in a few plants veinal necrosis extended back to the petiole. 

Trifolium subterraneum - vein clearing was followed by a 

well- defined mottling on the young leaves which progressed to a 

bright chlorotic mottle. 
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Chenopodium amaranticolor - a few faint chlorotic local 

lesions appeared on the inoculated leaves. These lesions expanded 

to about three mm in diameter. 

Glycine _x - faint chlorotic spots appeared on all leaves; 

these symptoms were typical of a nutritional deficiency. Symptoms 

appeared to be systemic but remained mild. These symptoms were not 

attributed to BYMV infection. 

Melilotus alba - a slight vein -yellowing developed on the new 

leaves; subsequently the symptoms progressed into a bright, irregular 

yellow -green mottle with dark green vein -banded flecks. Leaves were 

reduced in size, distorted, and stunted. 

Phaseolus vulgaris - faint chlorotic spotting developed on 

the trifoliate leaves. Symptoms remained mild. These symptoms were 

not typical of BYMV and were not attributed to BYMV infection because 

subinoculations from these plants failed to recover virus. 

Pisum sativum - faint vein -yellowing progressed into a 

brilliant yellow -green leaf mottle and dark green vein -banded flecks 

in a few plants. 

Trifolium pretense - an irregular yellow -green mottle appeared 

on the new leaves; subsequently, the mottle intensified and dark green 

vein -banded flecks appeared. Leaves were reduced in size, distorted, 

and stunted. In addition, BYMV I produced a second type of symptom 

that appeared as systemic lesions, about one mm in diameter. This 

unusual lesion persisted on all new leaves. Since viruses are known 
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to produce variants with distinctly different symptoms (Price, 1964), 

a check was made to learn if the systemic lesion appearance in T. 

pratense was due to a variable plant reaction or to a variant produced 

by BYMV I. The following isolates of BYMV I from T. pretense were 

mechanically transferred to broad bean: (1) the severe systemic 

mottle, and (2) the systemic lesion appearance. Sixty plants of T. 

pratense were inoculated with each virus isolate by M, persicae using 

the conventional method. Four plants became infected in the group 

inoculated with the systemic mottle isolate and three were infected 

with the systemic lesion isolate. Symptoms in all plants were of the 

systemic mottle type. Therefore, the two types of symptoms initially 

observed were due to a variable reaction of T. pratense. 

As the results in Table 8 indicated, BYMV was not transmitted 

by aphids to G. max. However, G. max developed a mild chlorotic s war r w.r.n 

spotting on all leaves. In the inoculated group of plants, sixteen 

of twenty developed symptoms in addition to seven of ten uninoculated 

check plants. Subinoculation into broad bean failed to recover virus. 

It was possible that the symptoms in the uninoculated plants 

were due to a seed -borne virus. To check this possibility, a group 

of 40 uninoculated soybean plants (from the same lot of seed previously 

used) were grown until the fourth trifoliate leaf had expanded. No 

symptoms of any sort developed. 

Since M. persicae failed to transmit BYMV I, II, III, and IV 

to soybean (Table 8), the susceptibility of soybean was still 

questionable. To resolve this point, BYMV I, II, III, and IV and a 
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BYMV strain designated y21 were each mechanically inoculated into the 

following soybeans: (1) three plants of Shelby soybean, and (2) 

three plants of Lincoln soybean. Fifteen uninoculated check plants 

of each variety were dispersed among the inoculated plants. Three 

of the plants inoculated with BYMV y21 and three uninoculated check 

plants developed the faint chlorotic spots previously described. No 

symptoms other than these developed. 

Mechanical subinoculations were made from all soybean plants 

to support the visual observation that no BYMV infection had occurred. 

Inoculum samples were prepared from the most recently expanded leaves 

of: (1) uninoculated check plants, (2) test plants with no symptoms, 

and (3) test plants with faint chlorotic spots. In addition, a 

fourth inoculum sample was made from a composite sample of inoculated 

leaves of the test plants. Each inoculum sample was mechanically in- 

oculated into three or four broad bean plants. No virus was recovered; 

this indicated that Lincoln and Shelby soybeans were not susceptible 

to BYMV I, II, III, IV, and y21. 

Experiment 2. Since 800 aphids failed to transmit BYMV III to 

any of eight plant species (Table 8) suggested that the aphids had 

not acquired BYMV III from broad bean. The following experiment was 

made to determine if BYMV III could be transmitted from other plants. 

Five plant species or varieties were mechanically inoculated with 

BYMV III for use as source plants: C. spectabilis; P. vulgaris 

varieties Black Turtle and Dwarf Horticultural; P. sativum variety 
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Lincoln; and V. sativa variety Willamette. As a control, V. faba 

was inoculated with BYMV IV from broad bean to check the ability of 

aphids to transmit a known aphid transmissible virus. From the 

fore -mentioned source plants, Lincoln pea was inoculated with BYMV 

III by M. persicae using the conventional method. Five replicates 

were inoculated. One plant was inoculated with BYMV III from each 

species or variety of source plant in each replicate; 20 aphids were 

used to inoculate each plant. The results are presented in Table 9. 

TABLE 9. RESULTS OF TRANSMISSION OF BYMV III BY M. PERSICAE FROM 
FIVE SPECIES OR VARIETIES OF SOURCE PLANTS TO LI}0LN PEA 

Source plant BYMV Strain Transmission 

Crotolaria spectabilis Roth. III 

Phaseolus vulgaris L. III 
var. Black Turtle 

var. Dwarf Horticultural III 

Pisum sativum L., var. Lincoln III 

Vicia sativa L., var. Willamette III 

Vicia faba L., var. Major IV 

0 /Sa 

0/5 

0/5 

0/5 

0/5 

5/5 

a Denominator = number of plants inoculated, 20 aphids per plant; 
numerator = number of plants infected. 

Myzus persicae failed to transmit BYMV III from any of five 

species or varieties of source plants. Thus, there was no evidence 

that the source plant was responsible for the failure of aphids to 

transmit BYMV III. An attempt was made to recover virus from all 
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test plants except V. faba. A composite inoculum sample was prepared 

from the most recently expanded leaves of test plants and mechanically 

inoculated into six broad bean plants. No virus was recovered. 

IV. Transmissibility of BYMV III by Five Aphid 
Species to Ten Test Plant Species 

Thus far, attempts to transmit BYMV III with M. persicae were 

not successful. The following experiment was undertaken in search 

of an aphid -plant combination which would result in transmission of 

BYMV III. Four aphid species were used to inoculate ten different 

plant species. The aphid species were: A. fabae, A. pisum, M. 

albifrons, and A. craccivora. The ten plant species were: T. 

pretense T. subterraneum, C. amaranticolor, G. max, T. incarnatum, 

P. vulgaris variety Dwarf Horticultural, M. alba, V. faba, P. sativum 

variety Lincoln, and C. spectabilis. The following inoculation pro- 

cedure was used. Each plant species was inoculated as an individual 

lot. Within each lot, five plants were inoculated with BYMV III by 

each of the above mentioned aphid species. One plant was inoculated 

with BYMV III by each aphid species in each replicate. Twenty aphids 

were used to inoculate each plant using the conventional method. As 

a control, five plants of each species were inoculated with the aphid 

transmissible BYMV IV by aphids to check aphid transmission on each 

inoculation day. The results are presented in Table 10, 

BYMV III was transmitted only to C. spectabilis by A. pisum 

and M. albifrons. This was the first transmission of BYMV III in 



TABLE 10. RESULTS OF TRANSMISSIBILITY OF BYMV III BY FOUR APHID SPECIES TO TEN TEST PLANT SPECIES. 

Aphid inoculating BYMV III Aphid inoculating BYMV IV° 
Test Plant A. fabae A. ip s M. albifrons A. craccivora M. peraicas 

Trifolium pratense L. 0 /58 0/5 0/5 0/5 1/5 

Trifolium subterraneum L. 
0/5 0/5 0/5 0/5 3/5 var. Yarloop 

Chenopodium amaranticolor 
Coste and Reyn. 0/5 0/5 0/5 0/5 4/5 

Glycine max (L.) Herr. 
0/5 0/5 0/5 0/5 0 /5b var. Lincoln 

Trifolium incarnatum L. 0/5 0/5 0/5 0/5 3/5 

Phaseolus vulgaris L. 
0/5 0/5 0/5 0/5 0 /5b var. Dwarf Horticultural 

Melilotus alba Dear. 0/5 0/5 0/5 0/5 2/5 

Vicia faba L. 0/5 0/5 0/5 0/5 5/5 

Pisum sativum L., var. Lincoln 0/5 0/5 0/5 0/5 5/5 

Crotolaria spectabilis Roth. 0/5 1/5 1/5 0/5 5/5 

a Denominator = number of planta inoculated, 20 aphids per plant; numerator = number infected. 
b This plant variety was found not to be susceptible to BYMV IV. 
c Transmission check. 

La 
GD 
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attempts with more than 5000 aphids. An effort was made to recover 

virus from all test plants that did not develop symptoms. A com- 

posite inoculum sample was prepared from each plant species and 

mechanically inoculated into three or four broad bean plants. All 

subinoculations were negative. 

The data in Table 10 suggested that a transmission specificity 

was involved whereby BYMV III was transmitted only to C. spectabilis 

by specific aphid species, namely A. pisum and M. albifrons. It was 

also possible that the frequency of transmission of BYMV III may have 

been so low that a large number of almost any aphid species would 

have transmitted virus under the same conditions. Since A. piston and 

M. albifrons were able to transmit BYMV III, an experiment was con- 

ducted to compare the transmission efficiency of these vectors and the 

frequency of transmission of the following three isolates of BYMV III: 

(1) the stock culture maintained by mechanical inoculation, (2) the 

isolate first transmitted from the stock culture by A. pisum, and 

(3) the isolate first transmitted from the stock culture by M. 

albifrons (BYMV IIIa). Each isolate of BYMV III was inoculated into 

C. spectabilis by A. pisum and M. albifrons making six aphid -virus 

combinations in each replicate. Two test plants were inoculated in 

each replicate for each aphid -virus combination. Sixteen replicates 

were inoculated by aphids using the single probe method. The results 

are presented in Table 11. 

The higher frequency of transmission of BYMV IIIa by A. pisum 

implied that this isolate was different than that of the stock culture 
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TABLE 11. RESULTS OF TRANSMISSION OF THREE ISOLATES OF BYMV III BY 

A. PISUM AND M. ALBIFRONS TO C. SPECTABILIS. ,......... ......... .. 

Isolate of BYMV III 

Aphid Species 

A. pisum M. albifrons 

Stock culture, mechanically 

transferred 3/324 0/32 

Isolate first transmitted from 

stock culture by A. pii 3/32 0/32 

Isolate first transmitted from 

stock culture by M. albifrons 
10/32 0/32 (BYMV Ilia) 

a Denominator = number of plants inoculated, one aphid per plant; 

numerator : number infected. 

of BYMV III or the isolate first transmitted by A. pisum. It was con- 

sidered highly improbable that an aphid transmissible form of BYMV III 

could have coexisted with a form not transmissible by aphids and was 

not transmitted in previous transmission attempts with more than 5000 

aphids. One possible explanation was that an aphid transmissible 

mutant had been produced. It was also possible that BYMV III had 

become contaminated with one of the other strains maintained in the 

greenhouse. However, such an occurrence was considered unlikely 

because of careful greenhouse sanitation procedures. No BYMV strain 

maintained in the greenhouse at this time, except BYMV III, was capable 

of producing severe systemic infection when inoculated into Dwarf 

Horticultural bean (Table 6). Since these experiments were carried 

out during the winter months, possible contamination by stray insects 

was eliminated. Therefore, if Dwarf Horticultural bean developed 
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severe systemic symptoms when inoculated with BYMV III, the indi- 

cation would be that this isolate originated from the stock culture 

of BYMV III. 

An experiment was made to compare the symptoms of the BYMV 

III stock culture to that of BYMV IIIa. Each isolate was mechani- 

cally inoculated into 15 Dwarf Horticultural bean plants. All plants 

developed severe systemic symptoms typical of BYMV III. This was 

considered evidence that the BYMV IIIa isolate had originated from the 

BYMV III stock culture and not from another virus strain. Further- 

more, the symptoms produced by all isolates of BYMV III in broad bean 

were similar. These symptoms were unlike those of other BYMV strains 

maintained in the greenhouse. 

Strains were distinguished on the basis of the following 

symptoms in broad bean. BYMV III characteristically produced dark 

green patches and scattered yellow flecks throughout the normal leaf 

color. The dark yellow flecks were always characteristic of BYMV III. 

Leaves were severely reduced in size, twisted, and distorted. BYMV I, 

II, and IV developed an irregular green and yellow -green mottle. In 

some plants, 90 percent of the leaves were a chlorotic yellow -green 

color. BYMV I, II, and IV could not be separated on the basis of 

symptoms. BYMV y21 produced a very mild green and yellow -green 

mottle. Leaves were slightly reduced in size and symptoms remained 

mild. However, BYMV y21 was procured after aphids transmitted BYMV 

IIIa. 
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As indicated in Table 11, three isolates of BYMV III were 

transmitted by A. pisum to C. spectabilis and yet none of these iso- 

lates were transmitted by M. albifrons suggesting a transmission 

specificity by A. pisum. The following experiment was made to learn 

if the former plant- vector combination was required to transmit 

isolates of BYMV III or if other plant- vector combinations would also 

result in transmission of BYMV III. The test plants were: (1) C. 

spectabilis, and (2) P. saw`, variety Lincoln. Two virus isolates 

of BYMV III were used: (1) the stock culture maintained by mechani- 

cal inoculation, and (2) BYMV IIIa. Each isolate was inoculated 

into each plant species by M. persicae or A. ip sum, making a total 

of eight plant -virus -aphid combinations. Two plants were inoculated 

in each replicate for each plant -virus -aphid combination. Ten 

replicates were inoculated by aphids using the conventional method. 

Immediately after inoculation, the plants were placed in the green- 

house maintained at 28 °C for two days, and then returned to normal 

greenhouse temperatures. The results of this experiment are pre- 

sented in Table 12. 

Again, the stock culture of BYMV III was transmitted at a low, 

but consistent frequency by both M. persicae and A. pisum compared 

with the transmission frequency of BY AV IIIa. This suggested that 

two forms of BYMV III were present in the stock culture; one form was 

adapted to aphid transmission while the other was not. Evidently, 

almost any aphid would transmit BYMV III to susceptible plants. 
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TABLE 12. RESULTS OF TRANSMISSION OF TWO ISOLATES OF BYMV III BY 
M. PERSICAE AND A. PISUM TO C. SPECTABILIS AND P. SATIVUM 
VARIETY LINCOLN. - - .-. 

BYMV III 
Isolate 

M. persicae A. pisum 

Ç. spectabilis P. sativum G. spectabilis $ sativum 

Stock culture, mech- 
anically transferred 

Isolate first trans- 
mitted by M. albifrons 
(BYMV IIIa) 

5/20a 3/20 2/20 3/20 

12/20 8/20 8/20 14/20 

a Denominator = number of plants inoculated, one aphid per plant; 
numerator = number of plants infected. 

The following experiment was conducted to confirm the foregoing 

results (Table 12) and to learn the effect of 24°C and 28 °C poet - 

inoculation temperatures on the transmission frequency of: (1) the 

stock culture of BYMV III and (2) BYMV IIIa. Each isolate was in- 

oculated into Lincoln pea by either M. persicae or A. pisum, making a 

total of eight virus -aphid- temperature combinations. Two plants were 

inoculated in each replicate for each virus- aphid- temperature combi- 

nation. Ten replicates were inoculated by aphids using the convention- 

al method. Immediately after inoculation the test plants were placed 

in one of two greenhouses maintained at either 24 °C or 28 °C for temper- 

ature treatment until termination of the experiment. The results are 

presented in Table 13. 

The different temperature treatments had no effect on aphid 

transmission of BYMV IIIa. However, that no virus was transmitted to 

plants inoculated with the stock culture of MTV III was of concern 

- - ---- - - 



TABLE 13. RESULTS OP TRANSMISSION OF TWO ISOLATES OF BYMV III BY 
M. PERSICAE AND A. PISUM TO P. SATIVUM, VARIETY LINCOLN 
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BYMV III 
Isolate 

Stock culture mech- 
anically transferred 

Isolate first transmitted 
by M. albi (BYMV IIIa) 

Temperature M. persicae A. mum 

24 °C 0/20a 0/20 
28 °C 0/20 0/20 

24°C 11/20 11/20 
28 °C 8/20 10/20 

a Denominator = number of plants inoculated, one aphid per plant; 
numerator = number of plants infected. 

since in three previous experiments the stock culture was transmitted 

by aphids. The source plants used in this experiment were selected 

from the same group of plants used when the stock culture of BYMV III 

was transmitted by aphids (Table 12). Whether or not the identical 

source plants were used is unknown. The source plants for each ex- 

periment were selected from several plants inoculated from a single 

virus source. It was impossible to check for differences among 

source plants because they were discarded before the results in this 

experiment were available. Possibly, only one plant contained the 

aphid transmissible virus. Nevertheless, the stock culture of BYMV 

III was previously aphid transmissible and a highly aphid transmissi- 

ble isolate was transmitted from the stock culture of BYMV III by 

aphids. 

Occasionally, for unknown reasons, source plants were poor 

sources of virus. The following experiment was conducted to learn 
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if the aphid transmissible form was still present in the stock 

culture of BYMV III but was not transmitted previously due to 

atypical source plants. In addition, a culture of BYMV III in- 

dependently maintained in Bountiful bean by R. 0. Hampton was also 

checked for the presence of an aphid transmissible form. It was 

possible that the aphid transmissibility of Hampton's isolate had 

changed during the eight -month period since aphid transmissibility 

was checked. The isolate of BYMV III preserved in dry plant tissue 

was also included for a known non -transmissible check. Thus, the 

frequency of transmission of the following three isolates of BYMV III 

by aphids was compared: (1) the original isolate preserved in dry 

plant tissue, (2) the stock culture maintained in broad bean, and 

(3) a culture independently maintained in Bountiful bean by R. O. 

Hampton. Each isolate was inoculated into C. spectabilis by either 

M. persicae or A. pisum; one plant was inoculated in each replicate 

for each aphid -virus combination. The conventional aphid inoculation 

method was used. The experiment was replicated 60 times. 

Both M. persicae and A. pisum failed to transmit any of the 

three isolates of BYMV III to C. spectabilis. The stock culture 

of BYMV III, after transmission by aphids in several experiments, 

was not transmissible by aphids or else the level of transmission had 

dropped below that detectable by the number of aphids used. Hampton's 

isolate of BYMV III also remained non -transmissible by aphids. No 

transmission was expected and none occurred from the isolate of the 

original BYMV III preserved in dry plant tissue. 
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It is now worthwhile to recapitulate the observed changes in 

the transmissibility of BYMV III. After attempts with more than 

S000 aphids, BYMV III was finally transmitted to two C. spectabilis 

plants, one by A. sum and one by M. albifrons. Then, M. albifrons 

and A. sum were used to compare the frequency of transmission of 

three BYMV III isolates which were: (1) the stock culture maintained 

by mechanical inoculation, (2) the isolate first transmitted from the 

stock culture by A. pisum, and (3) BYMV IIIa. All isolates were 

transmitted by A. pisum and none were transmitted by M. albifrons 

suggesting a transmission specificity by A. pisum. A subsequent 

experiment disproved this implication when the stock culture and 

BYMV IIIa were transmitted by M. persicae and A. ;daunt. In two 

experiments (Tables 11 and 12) the stock culture of BYMV III was 

consistently transmitted at a lower frequency than BYMV IIIa. This 

difference in transmission frequency suggested that two forms of 

BYMV III were present in the stock culture; one form adapted to aphid 

transmission while the other form was not. BYMV IIIa remained aphid 

transmissible in four experiments. 

Aphids transmitted the stock culture of BYMV III in three 

experiments (Tables 10, 11, and 12). In a subsequent experiment, 

again, aphids failed to transmit the stock culture of BYMV III 

(Table 13). Apparently, the transmissible form of BYMV III was 

present only in one or two of the source plants. It was impossible 

to check for differences among source plants because they were dis- 

carded before the results of this experiment were available. In the 
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last experiment in this section, aphids failed to transmit the stock 

culture of BYMV III. Hampton's isolate of BYMV III also remained 

non -transmissible by aphids and the original isolate of BYMV III 

(preserved in dry plant tissue) was not transmitted by aphids. 

V. Further Investigations to Repeat Transmission of BYMV III 

Certain viruses do well in one host and not in another. Conse- 

quently, if a given virus strain is passed through a particular host 

one or more times, a variant may arise and dominate the virus culture 

(Knight, 1959). The end result is the same regardless of whether 

the variant was the result of a spontaneous mutation or was present in 

small amounts in the inoculum. 

Since BYMV IIIa was highly transmissible by aphids after the 

first subculture from C. spectabilis (Table 11 and 12), an experiment 

was made to learn if passage of BYMV III through C. spectabilis would 

result in aphid transmissibility of the stock culture. The frequency 

of transmission of the following isolates of BYMV III by aphids was 

compared: (1) the stock culture transferred through C. spectabilis 

and returned to broad bean, and (2) the stock culture maintained in 

broad bean. From these plants, Lincoln pea was inoculated by M. 

persicae using the conventional method. Three plants were inoculated 

with each virus isolate in each replicate. Twenty replicates were 

inoculated. None of the plants inoculated with either BYMV III 

isolate became infected. The passage of BYMV III through 
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C. spectabilis did not result in aphid transmissibility of this non- 

transmissible strain. Evidently, the return of aphid transmissibility 

in the stock culture of BYMV III was not due to passage through 

C. spectabilis. 

Preliminary experiments indicated that A. pasta reared on pea 

at 12 °C transmitted BYMV at a significantly higher frequency than 

aphids reared at 28 °C when test plants received a 15 °C pre -inoculation 

treatment for two days (Swenson, unpublished data). An experiment 

was conducted to learn if a similar effect could be obtained with M. 

persicae. In addition, an attempt was made to transmit BYMV III 

under the same conditions. One hundred Lincoln pea colony plants were 

grown individually in plastic cups in controlled environment chambers. 

Each plant (nine days old) was infested with one aphid which was 

allowed to deposit nymphs for 12 hours. Then, the adult was removed 

from each plant and the number of nymphs was adjusted to four or five 

per plant; half of the 100 plants were placed in controlled environ- 

ment chambers at 15 °C and half at 27 °C for seven days. On the 

evening of the seventh day after the temperature treatments were 

begun, aphids from each group were removed and placed in small flasks 

overnight. On the eighth day, Lincoln pea was inoculated with either 

BYMV III or IV by M. persicae using the single -probe method. The 

following aphid -virus combinations were used: 

Aphid Rearing 
Treatment Virus Strain Temperature 

1 BYMV III 15°C 

2 BYMV IV 15°C 

3 BYMV III 27 °C 

4 BYMV IV 27°C 

ONO 
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One plant was inoculated in each replicate for each aphid -virus 

combination; 60 replicates were inoculated. The test plants were 

grown in a 24 °C controlled environment chamber. Beginning eight 

days after planting, all plants received a 15 °C two -day pre -inoculation 

treatment. After inoculation, plants were placed in a 24 °C chamber 

for two days and then removed to the greenhouse. The data and results 

of a chi- square test are presented in Table 14. 

TABLE 14. SUMMARY OF RESULTS OF TRANSMISSION OF BYMV III AND IV BY 
M. PEA ICAE REARED AT 15 AND 27°C, AND THE CHI- SQUARE 
VALUE. 

BYMV III BYMV IV 

Aphid Rearing Aphid Rearing Chi -square (X2) 
Temperature Temperature for BYMV IV 

15 °C 27°C 15 °C 27°C 

0 /60a 0/60 9/60 5/60 1.14b 

a Top number = number of plants infected; bottom number = number 
of plants inoculated, one aphid per plant. 

b P< 0.50. 

Low temperature treatment of aphids failed to achieve trans- 

mission of BYMV III, the presumably non -transmissible strain. There 

was no difference in the transmission frequency of BYMV IV due to 

temperature treatment of aphids (P 0.50). In this experiment, aphids 

received an overnight starvation period. When Swenson (unpublished 

data) obtained the large difference in transmission of BYMV in a 

similar experiment, aphids were starved only a few hours. This 

implied that the 15 °C temperature effect was directly correlated with 



50 

the time aphids were removed from the plant before inoculation. It 

was also possible that transmission of SIMI by M. ponies* was not 

affected by low temperature treatment of aphids before inoculation. 

The age and condition of the colony plant on which aphids were 

reared for virus transmission experiments frequently affected the 

frequency of transmission of BYMV (Swenson, 1963). Also, known 

differences occur in the biochemical constituents among plants that 

may affect virus transmission; the rearing of aphids on a synthetic 

diet provides one means to control this type of variable (Auclair, 

1963). Possibly, aphids reared on an artificial diet would transmit 

BYMV III by eliminating some factor in the colony plant which was 

detramental to virus transmission. 

A preliminary experiment was conducted to learn if the trans- 

mitting efficiency of M. persicae was affected by a three -day feeding 

period on the artificial diet of Mittler (1966), The transmission 

frequency of BYMV by the following two groups of aphids was compared: 

(1) aphids reared on Chinese cabbage colony plants, and (2) aphids 

fed on the artificial diet three days before inoculation. Aphids 

were removed from the artificial diet and the colony plants and placed 

in small flasks one hour before inoculation. Then, Lincoln pea was 

inoculated with BYMV IV (an aphid transmissible strain) by the fore - 

mentioned aphids using the single -probe method. Two plants were in- 

oculated by each aphid group in each replicate. A total of 20 repli- 

cates was inoculated. The results presented in Table 15 indicated no 

difference in transmission efficiency between aphid groups (P <0,50). 
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TABLE 15. RESULTS OF TRANSMISSION OF BYMV IV BY M. PERSICAE FED FOR 
THREE DAYS ON AN ARTIFICIAL DIET VERSUS CHINESE CABBAGE. 

Source of aphids 

Chinese cabbage Artificial diet Chi -square 

8/40a 5/40 .688b 

a Top number number of infected plants; bottom number 0 number 
inoculated, one aphid per plant. 

b P <0.50 

Treatment of aphid stylets with various chemicals reduced the 

transmission of virus by aphids (Bradley, 1964). There was a possi- 

bility that the artificial diet had a similar effect on aphids. 

Therefore, an experiment was made to learn if aphids reared ex- 

clusively on the artificial diet had a lower transmission potential 

than those reared on Chinese cabbage. The frequency of transmission 

of BYMV by the following two aphid groups was compared: (1) aphids 

reared on Chinese cabbage plants and (2) aphids reared from birth 

to the day of inoculation on the artificial diet. The latter group 

of aphids was obtained by the following procedure. Ten adult apterous 

aphids were placed inside each of three rearing apparatuses. Ap- 

proximately 40 nymphs were deposited on the parafilm membrane in each 

apparatus within 48 hours. Then, the adult aphids were removed. By 

the eighth day, the majority of nymphs had reached the second or 

third instar. On the ninth day, artificially reared aphids and aphids 

from the colony plants were placed in small flasks for a one hour 

starvation period. These aphids were used to inoculate Lincoln pea 

= 
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with BYMV IV, using the single -probe method. Two plants were inocu- 

lated for each aphid group in each replicate. A total of 25 repli- 

cates was inoculated. The results presented in Table 16 suggested 

that aphids reared on the artificial diet were inferior in trans- 

mission of BYMV (P <0.25). Since transmission by aphids reared on the 

artificial diet was lower than that of aphids reared on Chinese 

cabbage, no attempt was made to transmit BYMV III with artificially 

reared aphids. 

TABLE 16, RESULTS OF TRANSMISSION OF BYMV IV BY M. PERSICAE REARED 
ON AN ARTIFICIAL DIET VERSUS APHIDS RELIED ON CHINESE 
CABBAGE. 

Source of aphids 

Chinese cabbage Artificial diet Chi -square 

9/50a 4/50 1.923b 

a Top number = number of infected plants; bottom number = number 
inoculated, one aphid per plant. 

b P<0.25 

Watson (1960) suggested that genetic recombination occurred 

when an aphid transmissible and a non -transmissible potato virus were 

mixed and inoculated into the same plant. Aphids transmitted virus 

from plants inoculated with the mixture of virus strains, but there 

was no evidence that the non -transmissible strain was transmitted 

by aphids. Best (1962) also reported genetic recombination of two 

virus strains based on symptomatology. Evidence in both cases was 

inadequate to conclude that hybrid strains were produced. 
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The characteristics of BYMV III and IV were ideal for a 

genetic recombination experiment. BYMV IV was aphid transmissible but 

did not infect Dwarf Horticultural bean, whereas, BYMV III was not 

aphid transmissible and did infect this bean variety. Transmission 

from a mixture of the two BYMV strains by aphids to Dwarf Horti- 

cultural bean would indicate that the aphid transmissible character- 

istic of BYMV IV had been transferred to BYMV III as a result of 

genetic recombination. To test this hypothesis, the following BYMV 

isolates were prepared: (1) BYMV III, (2) BYMV IV, and (3) BYMV III 

and IV. Each isolate was mechanically inoculated into broad bean. 

The inoculum of the combined BYMV III and IV was prepared by grinding 

together the terminal leaves from two broad beans, one infected with 

BYMV III and the other with BYMV IV. Broad bean was mechanically 

inoculated with this mixture. Ilyzus persicee was used to inoculate 

each of the foregoing isolates into Dwarf Horticultural bean, using 

the conventional method. In each replicate, three plants were in- 

oculated by aphids with each virus isolate. A total of 20 replicates 

was inoculated. 

None of the Dwarf Horticultural bean plants became infected 

and, consequently, there was no evidence that the aphid transmissible 

characteristic of one strain can be transferred to another. Other 

factors or special conditions may be involved in conferring aphid 

transmissibility. 
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VI. Transmission Variation and Aphid Behavior 

A. Transmissibility of BYMV After Ten Consecutive Transfers Through 
Lincoln Pea. 

An experiment was conducted to learn if a period of consecutive 

transfers of BYMV IV through a series of Lincoln pea plants would 

change the aphid transmission frequency as compared with the same 

virus maintained in broad bean. The frequency of transmission of the 

following isolates of BYMV IV by aphids was compared: (1) the stock 

culture maintained in broad bean, (2) an isolate transferred five 

consecutive times through pea, and (3) an isolate transferred ten 

consecutive times through pea. In addition, the frequency of trans- 

mission of BYMV IV from broad bean was compared with that from Lincoln 

pea. The fore -mentioned virus isolates were prepared in the following 

manner. Myzus persicae was used to transfer BYMV IV from broad bean 

into six Lincoln pea plants using the conventional method. These pea 

plants were used as source plants when symptoms were well -developed 

and again, M. persicae was used to transfer virus to six more pea 

plants. This procedure was followed until the desired number of virus 

transfers through pea was completed. When the isolate to be trans- 

ferred through pea ten times was at the sixth transfer, the series of 

transfers was initiated for the isolate to be transferred through pea 

five times. When the desired number of virus transfers through pea 

was reached, each isolate was transferred by aphids into four broad 

bean and four Lincoln pea source plants. From these plants, M. 

persicae was used to inoculate Lincoln pea test plants using the 
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single probe method. Three plants were inoculated with each plant - 

virus combination in each replicate. A total of 20 replicates was 

inoculated. The results and statistical treatment are presented in 

Table 17. 

There was a significant difference (P <0.05) between plant 

species. The difference in the number of infected plants inoculated 

with the isolate transferred through pea five times was largely re- 

sponsible for the significant results. That there was a true differ- 

ence between plant species was considered unlikely due to the uniform 

results of the other two isolates. If a difference was present, a 

transmission gradient in one direction should have resulted. There 

was no significant difference among virus isolates nor was there a 

significant interaction of plant species used as the source plant and 

the virus isolate. 

B. Frequency of Transmission of Four BYMV Strains With Symptoms of 
Different Degrees of Severity. 

The symptoms of BYMV I, II, and IV in broad bean were usually 

severe,whereas, BYMV y21 produced very mild symptoms. The low 

frequency of transmission of BYMV I and y21 in several experiments 

suggested a gradual decrease from the expected level of transmission 

(Swenson, unpublished data). The purpose of this experiment was to 

check the frequency of transmission of BYMV I, II, IV, and y21 for 

possible differences among these strains. Each strain was represented 

by four broad bean source plants, changing the plant each replicate. 



TABLE 17. RESULTS OF TRANSMISSION OF THREE ISOLATES OF BYMV FROM BROAD BEAN AND LINCOLN PEA BY 
M. PERSICAE TO LINCOLN PEA. .._........, 

A. Data 
Source plant of BYMV IV Source plant of BYMV IV Source plant of BYMV IV 
passed through pea 10 times passed through pea 5 times maintained in broad bean 
Broad bean Lincoln pea Broad bean Lincoln pea Broad bean Lincoln pea 

18/60a 17/60 22/60 6/60 16/60 14/60 

a Top number = number of plants infected; bottom number = number of plants inoculated, one 
aphid per plant. 

B. Analysis of Variance 

Source of Variation Sum of Squares Degrees of Freedom' F P 

Total 84.93 119 
Replicates 15.42 19 1.24 NSa 
Treatments 7.18 5 2.19 NS 

Plant Species (P) 3.01 1 4.59 0.05 
Virus Isolate (V) .65 2 .50 NS 
Interaction (P x V) 3.52 2 2.68 NS 

Error 62.33 95 

a NS = Not significant. 
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From these plants, M. persicae was used to inoculate Lincoln pea 

using the single -probe method. Immediately after inoculation the 

plants were placed in the greenhouse maintained at about 2800. Three 

plants were inoculated with each BYMV strain in each replicate; 16 

replicates were inoculated. The results in Table 18 indicate no 

significant difference in the frequency of transmission of the four 

BYMV strains. Strain y21 with mild symptoms was transmitted at the 

same frequency as other strains with severe symptoms. 

TABLE 18. RESULTS OF TRANSMISSION OF FOUR BYMV STRAINS SHOWING 
SYMPTOMS OF DIFFERENT DEGREES OF SEVERITY TO LINCOLN PEA 
BY M. PERSICAE 

A. Data 

Virus Strain 

BYMV I BYMV II BYMV IV BYMV y21 

11í48a 6í48 lïî4}3 1.214d 

a Top number _ number of plants infected; bottom number = number of 
plants inoculated, one aphid per plant. 

B. Analysis of Variance 

Sum of Degrees of 
Source of Variation Squares Freedom F P 

Total 28.0 63 

Replicates 3.0 15 .90 N3a 
Treatment 1.38 3 .77 NS 
Error 26.63 45 

a IvS = Not significant. 
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C. Effect of Probing Activity of M. persicae on Transmission of BYMV 

Plant characteristics that influence aphid probing behavior may 

affect virus transmission to test plants (Swenson and Welton, 1966), 

Seemingly, M. persicae was more active on bean than on pea. Possibly, 

the increased aphid activity on bean might affect BYMV transmission 

to it. An experiment was made to compare the frequency of trans- 

mission of BYMV y21 to Dwarf Horticultural bean and Lincoln pea, 

noting the probing activity of each aphid. Each of the two plant 

species was represented by six pairs of plants in each replicate. 

MMyzu_s persicae inoculated 11 replicates using the following procedure. 

After the naturally terminated acquisition probe of 10 to 45 seconds 

on the source plant infected with BYMV y21, each pair of plants was 

inoculated by the same aphid. On the first plant the aphid was 

allowed one probe of 10 to 60 seconds duration, then the aphid was 

removed to the second plant. On the second plant the aphid was free 

to move about or probe undisturbed for a period of 15 minutes. The 

number of probes was noted, as well as the time each probe began and 

ended. In addition, the duration of each acquisition probe was 

recorded. The results of this experiment are presented in Table 19. 

There was no difference in the frequency of transmission of 

BYMV y21 by M. persicae to pea or bean. Interpretation of this 

data in terms of plant susceptibility to infection with BYMV was 

unnecessary as Swenson and Welton (1966) have discussed similar data. 

Of importance here was the probing behavior of M. persicae as it 

affected the transmission of BYMV to bean and pea. Consider a further 



TABLE 19. RESULTS OF TRANSMISSION OF BYMV Y21 TO LINCOLN PEA AND DWARF HORTICULTURAL BEAN IN RELATION TO 
Tt I'vJIJBER, LENGTH, AND TIME OF EACH PROBE BY M. PERSICAE. 

Replicate 1 A. Data 

Number of Probes 

Transmission rI.L t 

Plant Second Plant Plant Plant ._...... 
1 2 3 4 5 6 7 8 9 10 Aphid APb 1 2 

1. .25c .26a .41 1.51 le 1 
.35 1.23 15.00 

2. .23 .09 .03 .39 1.26 5.04 6.58 8.25 9,08 10.58 11.17 12.27 0 0 
1.09 .15 .56 2.21 5.29 7.56 8.38 10.11 11.09 11.48 15.00 

3. .19 1.21 1.25 3.13 6.54 9.11 0 0 
1.52 2.55 5.31 7.30 15.00 

4. .33 .04 .14 1.56 2.43 3.58 6.40 7.41 8.39 9.30 11.54 14.04 1 0 
1.04 .55 2.24 2.58 4.53 6.56 7.48 8,57 10.46 13.32 15.00 

5. .19 .15 .05 1.24 2.38 3.29 4.27 5.29 0 0 
.29 .46 1.59 2.5 3.44 5.03 15.00 

6. .24 .38 .29 2.24 3.20 0 0 

1.38 .42 2.38 15.00 

a Odd numbered aphids probed on test plants of pea; even numbered aphids probed on bean. 
b AP = Virus acquisition probe on diseased plant. 
c °'Lmbcr on t.ie le is of decimal indicates time in minutes; that on the right, time in seconds. 
d Time aphid began to probe; the number directly below indicates the time the probe was terminated. 

Each aphid was allowed one probe on the first plant; on the second plant, the aphid probed at 
will during a 15 minute observation period. 

e Number of infected plants out of one plant inoculated. 
ca 

1 



T.^PT,T' Jort.:7..r.ttec'_. 

A. Data 
Replicate 1 

Number of Probes 

First 
Plant Second Plant 

Transmission 
Plant Plant 

Aphid APb 1 1 2 3 4 5 6 7 8 9 10 1 2 

í. .25 .12 .27 12.40 0 0 
1.12 12.13 15.00 

3. .27 1.03 .03 .37 1.06 2.39 3.57 6.02 0 0 

1.51 .21 .49 1.37 3.23 5.42 15.00 
9. .22 1.10 .51 0 1 

1.24 15.00 
10. .28 .13 .18 1.01 1.32 5.21 5.43 6.31 7.33 10.09 13,25 14.54 0 0 

1.10 .40 1.24 4.12 5.32 6.17 6.52 8.10 11.25 14.13 15.00 
11. .17 .08 .14 3.30 4.28 5.26 1 0 

.30 2.15 3.59 4.57 15.00 
12. .24 .27 .15 .41 1.58 3.04 4.55 7.04 8.33 1 1 

1.15 .34 1.12 2.28 3.24 6.31 8.19 15.00 

Replicate 2 

1. .37 .11 .15 1.05 2.01 7.02 7.49 8.24 9.27 0 0 

.29 .52 1.33 6.47 7.19 8.12 8.38 15.00 
2. .35 .05 .07 1.53 4.04 5.23 7.36 8.42 9.39 10.04 11.44 12.11 0 0 

.30 1.42 2.18 4.21 5.40 8.12 9.11 9.54 11.02 12.00 12.21 
12.40* 13.13 14.51 

13.03 14.32 15.00 
When the aphid probed more than ten times, a second row was added beginning with the eleventh probe. * 



TA 2t.r 19. Continued, 

A.. Dato 
Re icate 2 

Aphid AP 

Number of Probes 

Transmission First 
VIa??t .,scored Plant Plant 

1 

Plant 

2 1 1 2 3 4 5 6 8 9 10 
remarmenOfwabldwa 

3. :n4 R1.1. .12 1.07 2.54 o o 
1.03 .34 2.30 15.00 

4. .37 .09 .14 .41 1.11 1.51 2.18 3.04 0 o 
1.08 .28 1.02 1.36 2.05 2.31 15.00 

5. .24 .09 .06 .43 3.31 4.24 5.42 o o 
.29 .16 2.20 3.51 5.02 15.00 

6. .21 .08 .09 .27 1.08 2.11 4.58 8.30 10.51 11.29 13.02 13.31 o 1 

.45 .21 .47 1.27 2.51 5.27 10.03 11.08 11.45 13.11 13.20 
14.27 
14.46 

7. .34 .08 .07 .38 1.31 11.44 o 1 

.24 .25 .52 10.36 15.00 
3. .23 .07 .56 1.25 1.53 3.07 3.33 5.30 7.27 o 1 

.23 1.17 1.45 2.16 3.21 5.00 5.55 7.54 
9. .23 .14 .08 1.02 o o 

1.13 .17 15.00 
10. .26 .06 .09 3.03 l 1 

1.06 2.42 15.00 
11. .20 .06 .24 1.55 2.31 4.09 5.00 6.00 8.04 9.08 o o 

.45 .40 2.10 3.35 4.40 5.42 7.55 8.22 15.00 
12. .24 .09 .10 .40 1.45 2.02 4.14 o o 

.23 .26 .57 1.57 3.03 15.00 

7 

Z' 



T1'1 7,1.v ' . 
1 V O-. } ., "!2 Ci . 

Replicate 3 
A. Data 

Number of Probes 

Aphid AP 

rí[5i 
Plant Second Plant 

'ira nsuiiss ion 
Plant 

1 

Plant 
2 1 2 3 4 5 6 1 8 9 10 

1. .18 . (J7 .02 .58 2.01 5.33 1 0 
1.02 .36 1.11 5.20 15.00 

2. .16 .04 .03 .26 1.09 2.02 3.09 4.39 11.10 11.51 13.01 13.57 o 0 
.17 .13 .53 1.43 2.26 3.31 10.50 11.20 11.59 13.16 14.12 

14.52 
15.00 

3. .29 .26 .01 1.56 3.20 6,56 10.13 11.10 12.35 1 0 
.38 .28 2.38 5.38 9.32 10.58 11.58 15.00 

4. .43 .08 .0:L 2.50 5.50 7.01 o 0 
.47 .56 4.05 6.10 15.00 

5. .41 .U6 .04 1.20 1 1 
.31 .54 15.00 

6. .49 .08 .03 1.15 o 0 
.57 1.02 15.00 

7. ,25 .41 .32 0 0 
1.41 15.00 

8. .16 .05 .31 1.10 2,40 3.10 6.57 7.40 8.15 9.20 0 0 
.56 .58 2.18 3.02 6.40 7.20 8.01 8.53 15.00 

9. .32 .27 .59 0 0 
1.11 15.00 

10, .18 .02 .08 2.31 4.51 5.14 7.01 1 0 
.25 .41 4.08 5.02 5.47 8.29 

11. .20 .04 1.22 o 0 
1.04 15.00 

12. .33 .06 .07 3.15 o 1 

.34 2.52 15.00 

i 



t',1_:5rti 

X;í'tt t'!a a'. 

A. Data 

Number of Probes 

Transmission lr'-rst 

Plant Second Plant Plant Plant 

Aphid AP 1 1 2 3 4 5 6 7 8 9 10 1 2 

1. .40 .25 .13 :.01 0 0 

1.00 8.26 15.00 
2. .24 .37 1.10 2.27 0 0 

.39 2.02 15.00 
3. .18 .48 .03 2.03 6.40 8.15 1 1 

1.05 .45 6.13 7.09 15,00 
4. .20 .00 .00 .35 1,23 7.02 7.39 9.42 11.15 14.25 1 1 

1.00 .26 1.14 6.45 7.20 3.57 10.33 12.57 15.00 
5. .27 .02 .03 5.13 7.28 0 0 

.38 4.53 7.03 15.00 
6. .36 .07 .04 1.23 3.05 4.10 6.13 7.49 9.01 11.06 12.03 13.59 0 0 

.43 1.34 2,33 3.33 5.12 6.30 8.07 10.50 11.29 12.23 14.09 
7. .33 .05 1.13 2.01 0 0 

1.05 2.00 15.00 
3. .27 .05 .45 2.53 3.26 4.15 0 0 

1.05 1.33 3.03 4,07 15.00 
9, .44 .08 .46 1.34 0 1 

.37 1.25 15.00 
10, .24 .00 .00 0 0 

.20 15.00 

11. .36 .04 .17 0 0 

1.04 15.00 
12. .45 .00 .15 3.38 4.29 0 0 

1.0ü 3.26 3.58 15.0t.J 



.. r 1 ? . 

Replicate 5 
A. Data 

Aphid AP 

Plumber of Probes 

first 
giant 

1 

Second Plant Transmission 
Plant Plant 

2 10 1 

1. ,41 ,7.5 .1.9 1,01 3,37 0 1 

1.16 .51 3.06 15,00 ö .19 .v8 .16 o o 
1.08 15.00 

3. .25 .05 .S4 2.44 0 0 
.36 2.22 15.00 

4. .27 .24 .03 1.40 0 0 
1.21 .24 15.00 

S. .42 .05 .08 8,15 0 0 
.20 7.88 15.00 

6, .13 .12 .04 .33 4.28 6.58 7.29 10.01 10.32 0 0 
,39 .23 3,00 6.35 7.07 9.31 10.18 15.00 

7. .42 .10 .04 2,04 o o 
,`s7 1.52 15.00 

8, .37 .05 .03 2,15 0 1 

.32 2.10 15.00 
9, .34 ,id .13 

1 1 

1.13 15.60 
10, .45 ,18 .14 3.54 5.01 1 1 

1,09 3.32 4.49 15.00 
11, ,29 ,10 .09 2,50 Q o 

,'s8 2.35 15,00 
12, ,32 ,20 .32 .57 2.33 3.10 4.40 5.10 0 o 

1,18 .48 1.48 3.01 4.25 5.02 15.00 

i 2 3 4 3 6 7 8 9 



11.catkt 

AD1-11.0 ') 

6 

First 

A. Data 

Number of Probes 

Second Plant 
Transmission 
Plant Plant 

2 3 4 
-------- 

5 6 7 10 1 ------ 
1. ,42 .02 .30 2,45 3,50 5.10 O 

1,02 1.15 3.05 4,50 15.00 
2. .96 .05 .26 2.00 5.07 10.26 o o 

.47 1.09 2.17 7.45 15.00 
3. .25 .10 40 0 1 

1.10 15.00 412 ,0 .35 1.20 2.05 2.30 3.40 5,00 5,25 6.20 8.01 o o 
1,08 .45 1.45 2.15 2.55 4.00 5.10 5.40 7.10 15.00 

5, ,45 .27 1.00 4.24 9.54 12.00 12.58 13.44 o o 
1,27 3.29 9,04 10.10 12.08 13.11 15,00 

6. ,45 .03 ,01 3,55 o o 
.22 1.35 15.00 

7, .25 .15 .03 1.19 2,23 2,59 3.51 o o 
.37 .32 2.12 2.49 3.09 15.00 

3. .44 .04 1.05 o o 
1.04 15.00 

03-) .52 .13 1.03 o o 
1.2 .23 15,00 

10. -23 ,15 47 8.55 12.20 1 
1.15 8.35 10.05 15.00 

11. .25 .14 .59 2.11 1 o 
1,14 1,43 15.00 

12, .30 1.09 .22 2.31 3.09 4,36 7.54 10.03 11.16 1 0 
2,09 1.50 3.00 4,21 6.21 8.54 10.31 14.01 

A 1 1 8 9 

.. 

1 



.îPZLT 19. C.rntixxrd. 
A. Data 

1umber of Probes 

Transmission Îïrst 
1'1 :r,t: Second Plant Plant 

1 

Plant 
2 5 G 10 

1. .44 .11 1.40 3.02 1 1 
1.03 2.54 15.00 

2. .32 .04 .07 .56 2.07 2.41 3.27 4.21 4.53 5.52 8.05 8.45 o o 
.32 .36 1.36 2.24 3.15 4.11 4.45 5.45 7.30 8.31 9.54 

10.10 10.50 11.35 
10.40 11.20 15.00 

3. .35 .25 .05 0 o 
1.25 15.00 

4. .23 .14 .21 1.15 2.10 4.38 1 1 
.45 1.05 2.05 4.32 15.00 

5. .45 .10 1.32 3.13 0 o 
.27 2.28 15.00 

6. .35 .03 .21 1.42 0 1 

.59 1.27 15.00 
7. .39 .27 .54 o 1 

1.08 15.00 
d. .39 .21 .24 1.50 3.23 5.32 6.20 7.11 o o 

.57 1.05 2.15 3.57 5.52 7,05 15.00 
9. .27 .07 .10 1 o 

.33 15.00 
10. .41 .30 .08 .48 2.30 3.45 5.09 9.37 10.28 o 1 

1.30 .41 1.09 3.00 4.01 5.32 10.03 15.00 
11. .47 .28 .29 4.43 o o 

.47 4.35 15.00 
12. .42 .25 1.40 5.40 6.15 8.30 0 ì 

.40 2.50 6.10 6.25 10.00 

7 

;, i-k;J t. t 3 4 7 8 9 
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, i ̀ } < 

3ï a. .i 

l'.:itrv 
A. Data 

of ?robes 

First 
Sccoiad 214ái4 

Transmission 
Plant Plant 

2 5 6 7 8 9 10 1 j 
1. .43 1.35 1.07 2.55 4.18 0 0 

2.35 1.52 3.29 15.00 
2. .45 .03 .08 1.32 12.10 1 0 

1.00 .46 3.03 15.00 
3. .18 .04 .20 1.25 5.22 7.50 10.00 12.25 14.20 0 0 

1.04 .55 5.03 5.58 9.36 10.14 12.38 15.00 
4. .20 .09 2.04 0 0 

.33 15.00 
5. .11 .14 .05 .40 2.30 3.12 0 o 

1.14 .25 1.00 2.38 15.00 
6. .39 .03 .28 3.23 1 0 

1.08 1.32 15.00 
7. .11 .13 .14 2.45 3.54 7.10 0 o 

1.13 2.00 3.15 6.28 15.00 
3. .27 .OÚ .42 2.45 1 1 

.50 2.10 15.00 
9. .12 .06 .21 1.15 1.45 1 1 

.26 .36 1.40 15.00 
10. .13 .05 .01 3.00 0 o 

.40 2.45 15.00 
11. .23 .27 .09 0 o 

1.27 15.00 
12. .13 .15 .10 .15 .55 4.05 0 1 

1.15 .12 .40 1.55 15.00 

- - 

3 I, 



TABLE 19. 

Replicate 9 

Continued. 
A. Data 

Number of Probes 

First 
Plant Second Plant 

Aphid AP 1 1 2 3 4 5 6 

1. .20 .17 .44 3.14 5.30 6.12 7.23 
1.17 2.30 3.29 5.55 6.24 15.00 

2. .45 .00 .09 1.15 2.48 3.58 5.25 
1,00 .39 2.15 3.16 5.07 8.50 

3. .44 .03 .35 

1.03 15.00 
4. .42 .38 1.40 2.32 3.30 4.50 

1.32 2.13 3.05 4.10 15.00 
5. .12 .00 .15 4.19 5.03 

.18 2.27 4.33 15.00 
6. .24 .12 .18 

.35 15.00 
7. .15 .05 .21 

.25 15.00 
8. .31 .09 .40 1.55 4.11 7.30 8.20 

1.04 1.10 3.19 6.20 8.10 15.00 
9. .41 .07 .20 6.49 

1.02 6.25 15.00 

10. .27 .03 .31 1.52 
.53 1.40 15.00 

11. .33 .11 .23 1.20 2.20 4.10 6.32 9.24 
.35 .57 2.00 3.13 6.17 8.17 15.00 

12. .24 .07 .05 4.32 
1.07 .33 15.00 

7 

Transmission 
Plant Plant 

8 9 10 1 2 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

ro 



TABLE 

Replicate 

Aphid 

19. 

AP 

Continued. 

10 

A. Data 

Number of Probes 

First 
Plant Second Plant 

Transmission 
Plant Plant 

2 1 5 6 10 1 

1. .17 .12 .22 1,40 3,58 5.22 9,43 10.57 11.33 12.36 14.29 0 0 
.50 .47 1,54 4.52 7.05 10.04 11.08 12.21 14.19 15.00 

2. .31 .02 .05 1.32 2.38 3.47 7.34 13.14 14.48 1 1 

.39 .31 2.01 3.10 6.45 12.00 13.42 15.00 
3. .11 2.09 2,05 0 0 

2.23 15.00 
4. .30 .13 3.33 5.22 6.21 7.54 9.02 9.39 10.50 0 0 

.27 4.23 5.55 6.43 8.22 9.28 9.47 13.06 
5. .18 .17 1.43 3.24 4.31 7.15 0 0 

1.17 2.39 3.55 6,44 15.00 
6. .36 .07 .04 .31 1.14 1.57 9.00 10.11 13.46 14.44 0 1 

.30 .15 .44 1.43 2.33 9.16 12.57 14.02 15.00 
7, .33 .37 .33 2.19 4.02 5.39 8.25 9.24 0 0 

1.20 1.57 2.38 4.43 8.06 8.34 15.00 
8, .21 .03 1.03 2.10 3.07 7.55 9.13 0 0 

1,03 1.32 2.56 6.43 8.04 15.00 
9, .43 2.56 .a40 7,55 1 1 

3.56 6..49 15.00 
10. ,26 .02 ,10 1.00 1.57 2.33 3.41 9.46 11.16 12.22 13.54 0 0 

1,00 .34 1.29 2.21 2.47 6.18 10.55 11.27 12.58 14.13 
11. .19 .00 1,34 4,08 1 0 

1.00 2,02 15.00 
12. .42 .00 .36 1.30 13.55 0 0 

.59 1.02 13.29 15.00 

1 2 3 4 7 8 9, 

- 



TABLE 19. Continued. 

Replicate 11 
A. Data 

Somber of Probes 

Transmission First 
Plant Second Plant Plant Plant 

Aphid AP 1 1 2 3 4 5 6 7 8 9 10 1 2 Y. 
1. F. .v4 .2C 1.54 2.33 1 o 

1,30 1,03 2,02 15,00 
2. .43 ,19 ,13 2,02 3.06 4.01 4.40 8.10 8.39 9.33 1 0 

1.19 .57 2,50 3.49 4.19 5.46 8,21 9.00 15.00 
3. .34 .09 ,50 o o 

.31 15,00 
4. .19 ,00 ,17 1.07 2.00 12.03 0 1 

1,00 .50 1,20 5,56 15,00 
5. .16 .05 ,10 2.09 4,52 11.43 13.20 0 0 

.39 1.14 3,41 10,01 12.57 14.43 
6, .25 .10 .33 5.15 10,54 13.46 14.50 0 1 

1,10 5.00 6.27 13,03 14.03 15.00 
7. .40 .03 ,47 3.44 14.09 0 1 

1.03 2.35 13.20 15.00 
8. .28 .07 1.04 4.34 o o 

.59 3.53 15.00 
9. .21 .00 1.20 2.21 13.03 0 0 

.21 2.07 12.37 15.00 
10. .31 .04 1.05 9.53 11.08 13.02 14.13 0 0 

1.04 9.16 10.07 12.45 13.23 14.35 
11. .29 .20 1.02 1.35 2.34 4,47 0 1 

.32 1.13 2.04 3.07 15.00 
12. .29 .00 1.02 3.07 8.24 0 0 

.37 2.29 8.09 15.00 



TA.'3ï,F 19. Continued. 
B. Summary of Transmission 

Replicate 

l'ea plants witnin replicates Bean plants within replicates 

1 3 5 7 9 11 2 4 6 8 10 12 

1` 2 1 2 1 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

1. 1b 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
2. 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 
3. 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 

4. 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 
5. 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 
6. 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0 
7. 1 1 0 0 0 0 0 1 1 0 0 0 0 0 1 1 0 1 0 0 0 1 0 0 
8. 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 1 1 0 0 0 1 

9. 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
10. 0 0 0 0 0 0 0 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 0 
11. 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0 

Total 5 3 2 2 2 2 0 3 4 5 3 1 3 1 3 3 1 4 1 3 5 4 1 2 

a 1 = the first test plant on which the aphid probed once; 2 = the second test plant on which the same 
aphid probed for 15 minutes. 

b Each number indicates the number of infected plants out of one inoculated. 

.. 
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TABLE 19. Continued. 

C. Total transmission to first and second plants 

Teat Plant Transmission 
First Plant Second Plant Total 

Lincoln Pea 16/66a 16/66 32/132 

Dwarf Horticultural bean 14/66 17/66 31/132 

a Denominator = number of plants inoculated, one aphid per plant; 
numerator = number infected. 

D. Comparison of probing activity of aphids of test plants 

Activity of Aphid Lincoln pea Dwarf Hort. bean 

1st Plant 2nd Plant 1st Plant 2nd Plant 

Average number of probes 
in first five minutes 

Average number of probes 
in 15 minute period 

Total number of probes 

Average total probing 
time 

2.2 - 3.0 

3.0 - 5.0 

66a 201 66a 332 

40 sec. 12,5 min. 46 sec. 11.2 min. 

a Aphids were limited to one probe on the first plant. 

- 

- 
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breakdown of infected plants in part B of Table 19 where at least 

one plant of the pair of both pea and bean became infected. Of the 

aphids known to have acquired virus, approximately one -third infected 

the first plant and also the second; one -third failed to infect the 

first plant but infected the second; and one -third infected the 

first plant but not the second. The average number of probes on the 

second plant was close to five probes on bean and three probes on 

pea in all three of the foregoing groups. Apparently, the number 

of second plants infected was related to the number of probes only 

in offsetting the decreasing transmitting ability of the aphid on the 

second test plant. 

The question arises, would the number of second bean plants 

infected be fewer if the probing rate on pea and bean were equal? 

Part D of Table 19 shows a comparison of the average probing activity 

of M. persicae on the test plants of pea and bean. Aphids rarely 

exceeded one minute before probing on the first test plant of both 

pea and bean; aphids probed on the average of six seconds longer on 

bean. Aphids made 40 percent more probes on the second test plant 

of bean than on pea. Increased transmission was not reflected by the 

increased probing rate on bean. Since plant susceptibility of the 

first pea and bean plant was about the same, it would seem that if the 

second test plant of bean became infected it probably occurred on the 

first or second probe and not as a result of subsequent probes. 
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Apparently, the number of probes made by an aphid on the 

second test plant was in search of a satisfactory feeding site. When 

a suitable site was located the aphid usually settled to feed the 

remainder of the 15 minute period. Bean stimulated more aphid 

probing than pea. Most aphids probed at least once on the second 

plant before two minutes had elapsed. On the second test plant 

(both pea and bean) the majority of aphids made initial probes of 

less than one minute until the last probe, where the aphid usually 

settled to feed the balance of the 15 minute period. As would be 

expected, a few aphids probed eight or nine times on the second teat 

plant and a few made one long probe. There was no evidence that the 

probing behavior of the aphids was correlated with differences in 

transmission. 
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DISCUSSION 

Most reports of loss of transmissibility have involved one 

aphid species attempting to transmit virus from a single species of 

source plant to one test plant species (Hitchborn and Thomson, 1960; 

Jensen, 1959). Only Badami (1958) made an effort to learn if other 

species of aphids would transmit a non -transmissible strain of 

cucumber mosaic virus to other test plant species; two aphid species 

transmitted this strain while another did not. In the experiments 

herein, five aphid species, five source plant species, and ten test 

plant species were used in an attempt to transmit several BYMV strains, 

presumably not transmissible by aphids. 

Differences other than the loss of aphid transmissibility were 

found to account for the failure of aphids to transmit several virus 

strains. Five BYMV strains varied in ability to infect specific pea 

and bean varieties; all strains, except BYMV III, were aphid trans- 

missible to susceptible plants. BYMV I and II no longer produced 

systemic infection in Perfected Wales pea or Dwarf Horticultural bean 

although both strains produced local infection in mechanically in- 

oculated leaves of Perfected Wales pea. Of five strains tested, only 

BYMV y21 produced systemic infection in perfected Wales pea and only 

BYMV y21 and III produced systemic infection in Dwarf Horticultural 

bean. Changes in virus host range and ability to move out of inocu- 

leaves are characteristics known to be altered by virus mutation 
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(Price, 1964). This was a plausible explanation for the observed 

changes in the above mentioned BYMV strains. 

In same cases the host reaction depended on a high post - 

inoculation temperature. BYMV I and II produced infection in Blue 

Lake bean at 32°C but not at 24°C; other strains were not affected 

by temperature in this bean variety. No further differences in the 

host range of BYMV I, II, III, and IV were found among eight 

additional plant species tested. 

Variation among BYMV strains in producing infection in parti- 

cular bean and pea varieties complicates the problem of virus 

identification. Dwarf Horticultural bean and Perfected Wales pea are 

commonly used as differential hosts to identify legume viruses. BYMV 

and pea mosaic virus are distinguished only on the inability of pea 

mosaic virus to infect bean (Goodchild, 1956; Hansen and Hagedorn, 

1961; Schroeder et al., 1966; Zaumeyer, 1940). BYMV is only one of 

at least 15 different viruses known to infect red clover (Hansen and 

Hagedorn, 1961). Furthermore, the so- called "streak ",complexes 

result from a combination of specific viruses which further complicates 

strain recognition (Schroeder et al., 1959). Consequently, the 

validity of virus classification of legume viruses based on differ- 

ential host reaction is questionable. 

The failure of aphids to transmit other BYMV strains has been 

accounted for in the foregoing discussion; now, the loss of aphid 

transmissibility of BYMV III will be considered. BYMV III, maintained 
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by mechanical transfer since 1963, was not transmitted to ten plant 

species in attempts with over 5000 aphids. sus panics* failed to 

transmit BYMV III from six different species or varieties of source 

plants. This was interpreted as evidence that failure to acquire 

virus, due to the source plant, was not involved in the loss of aphid 

transmissibility of BYMV III. 

Another experiment was conducted to learn if a particular 

aphid -plant combination would result in aphid transmission of BYMV 

III. In some cases, the frequency of virus transmission was de- 

pendent not only upon the species of aphid used but also upon the 

species of host plant inoculated (Sylvester and Simons, 1951). 

Badami (1958) found that M. persicae lost the ability to transmit one 

strain of cucumber mosaic virus, while two other aphid species trans- 

mitted this strain. In my experiment which involved five aphid 

species and ten test plant species, BYMV III was transmitted to C. 

spectabilis by M. albifrons and A. piston. This was the first trans- 

mission of BYMV III in attempts with more than 5000 aphids. Two 

subsequent experiments eliminated a possible transmission specificity 

among aphids. 

The return of aphid transmissibility of BYMV III could be 

explained only on the basis of mutation. It was highly improbable 

that an aphid transmissible form of BYMV III could have coexisted 

with a form non -transmissible by aphids and not have been transmitted 

by 5000 aphids. Indirect support for the probable sequence of events 
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was found in the literature. According to Hitchborn and Thomson (1960) 

a virus population found in systemically infected plants would not 

remain homogeneous for long. If a variant was produced which 

multiplied and invaded plant tissue faster than the parent strain, 

the variant might replace the parent strain. If this interpretation 

was correct, Swenson et al. (1964) probably observed a competitive 

displacement of the transmissible form by the non -transmissible 

variant. The reverse of this would account for the change in aphid 

transmissibility of BYMV III. Given enough time, the aphid trans- 

missible form may have replaced the non -transmissible form. 

Indirect evidence from two experiments suggested that aphid 

transmissible and non -transmissible forms of BYMV III were present 

in the stock culture when M. albifrons first transmitted BYMV III. 

Aphids transmitted BYMV IIIa at a much higher frequency than the 

stock culture of BYMV III. A subsequent experiment indicated that 

almost any aphid would transmit BYMV III after return of aphid 

transmissibility. 

Reports of genetic recombination in plant viruses have not 

been conclusive (Best, 1962; Watson, 1960). In the experiment herein 

no evidence was found that genetic recombination occurred in BYMV. 

Bawden (1964) pointed out that genetic recombination in plant viruses 

may be rare. 

After a period of consecutive transfer and maintenance of 

BYMV IV (an aphid transmissible virus) in two different plant species, 

both virus isolates were transmitted at the same frequency by aphids. 
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Although this attempt failed to induce a change in transmission 

frequency of BYMV IV, noticeable changes in this strain have continued 

to occur. I maintained BYMV IV in broad bean by aphid transfer for 

nearly two years and the transmission frequency was about the same. 

Then, for no apparent reason, transmission varied from two to 

thirteen percent in four lots of 96 pea plants; each lot was aphid 

inoculated on different days (Swenson, unpublished data). However, 

aphid transmission of BYMV IV to broad bean remained reasonably 

constant. It would appear that maintenance of BYMV IV in broad bean 

resulted in a reduced virus infectivity to pea which might have been 

avoided if BYMV IV had been passed through pea at regular intervals. 

There was no difference in the transmission frequency of 

BYMV IV by aphids reared at 15 °C compared with that of aphids reared 

at 27 °C. These aphids were starved overnight before inoculation. 

When A. am was reared under the same conditions, Swenson (un- 

published data) found a highly significant difference in transmission; 

these aphids were starved from one to five hours before inoculation. 

Apparently, the low temperature effect was correlated with the length 

of time aphids were off the colony plant before inoculation. It was 

also possible that transmission of BYMV was not affected by low 

temperature treatment of M. Remixes. 

The general trend of transmission of BYMV suggested that aphids 

reared on an artificial diet were inferior in transmission of BYMV. 

Bradley (1964) found that treatment of the aphid stylets with 
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different chemicals reduced virus transmission by aphids. The 

artificial diet may have had a similar effect on the aphids in my 

experiments. Also, aphids reared on the artificial diet may have 

been inefficient at probing on a plant during the first few probes. 

As the aphids adjusted to the difference between the parafilm 

membrane and the plant tissue their transmission efficiency may have 

improved. No noticeable differences in probing behavior among aphids 

reared on the artificial diet or plants were observed. 

No difference in the transmission frequency of BYMV y21 to pea 

or bean was found when aphids were allowed one probe per plant. This 

indicated that aphid probes hit a susceptible site on pea and bean at 

about the same frequency. On the second plant the average number of 

probes in a 15 minute observation period was 40 percent greater on 

bean than on pea. Increased transmission to bean was not reflected 

by the greater number of probes on bean. This indicated that if the 

second test plant became infected, it probably occurred on the first 

or second probe. Evidently, aphids had difficulty in locating a 

suitable feeding site on bean. The total time spent probing by aphids 

was greater on pea than on bean. There was no evidence that trans- 

mission of BYMV was affected by differences in the probing behavior 

of M. persicae on pea and bean. 
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=WARY 

The transmission variation and the loss of aphid transmissi- 

bility of BYMV were investigated. Differences other than less of 

transmissibility were found to account for the failure of aphids to 

transmit certain virus strains. Five BYMV strains varied in ability 

to infect specific pea and bean varieties; all strains were aphid 

transmissible except BYMV III. BYMV I and II no longer produced 

systemic infection in Perfected Wales pea or Dwarf Horticultural 

bean although both strains produced local infection in inoculated 

leaves of Perfected Wales pea. Only BYMV y21 and III produced 

systemic infection in Dwarf Horticultural bean. The above changes 

in virus infectivity were attributed to virus mutation. 

Both Dwarf Horticultural bean and Perfected Wales pea are 

commonly used as differential hosts to identify legume viruses. BYMV 

and pea mosaic virus are distinguished only on the inability of pea 

mosaic virus to infect bean. Consequently, the validity of virus 

classification of legume viruses based on differential host reaction 

is questionable. 

In addition to the above variation, BYMV I and II required a 

high post- inoculation temperature to produce infection in Blue Lake 

bean; other strains were not affected under the same conditions. 

The host range of BYMV I, II, III, and IV was the same in the plants: 

Trifolium pratense L., Crotolaria spectabilis Roth., Trifolium 

subterraneum L. variety Yarloop, Chenopodium amaranticolor Coste and 
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Reyn., Clyde. max (L.) Merr. variety Lincoln, Melilotus alba 

Deer., and Pisuia sativum L. variety Lincoln. 

BYMV III, maintained by mechanical transfer since 1963, was 

not transmitted to ten plant species in attempts with over 5000 

aphids. Beaus persicae (Sulzer) failed to transmit BYMV III from 

five different species or varieties of source plants. This was 

interpreted as evidence that virus acquisition by aphids, due to 

the source plant, was not involved in loss of aphid transmissibility 

of BYMV III. 

Five aphid species and ten test plant species were used in 

an attempt to find a vector -host plant combination which would result 

in aphid transmission of BYMV III. Macrosiphum albifrons Essig and 

Acyrthosiphon pious (Harris) finally transmitted BYMV III to 

Crotolaria spectabilis Roth.. This was the second transmission of 

BYMV III after attempts with more than 5000 aphids. The return of 

aphid transmissibility in BYMV III could be explained only on the 

basis of virus mutation. 

Indirect evidence from two experiments suggested that aphid 

transmissible and non -transmissible forms of BYMV III were present 

in the stock culture when Macrosiphum albifrons first transmitted 

BYMV III. Aphids transmitted the isolate first transmitted by 

Macrosiphum albifrons at a higher frequency than the stock culture 

of BYMV III. A subsequent experiment indicated that almost any aphid 

would transmit BYMV III after return of aphid transmissibility. 
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Transmission of BYMV IV by aphids reared on Chinese cabbage 

was compared to that of aphids reared on a chemically defined diet. 

The trend in frequency of transmission implied that aphids reared on 

the artificial diet were inferior in transmission of BYMV IV. 

The probing behavior of Liam persicae on Pik_ aaativum and 

Phaseolus vulgaris was evaluated in relation to the transmission 

frequency of BYMV. Plant susceptibility of pea and bean was the same. 

Aphids made 40 percent more probes on bean than on pea in a 15 minute 

observation period. However, increased transmission to bean was not 

reflected by the greater number of probes. There was no evidence 

that transmission of BYMV was affected by observed differences in the 

probing behavior of Myzus persicae. 



BIBLIOGRAPHY 

Auclair, Jacques L. 1963. Aphid feeding and nutrition. Annual 
Review of Entomology 8:439 -490. 

1965. Feeding and nutrition of the pea aphid, 

84 

Acyrthosiphon iaum (Homoptera: Aphides), on chemically 
defined diets of various pH and nutrient levels. Annals of the 
Entomological Society of America 58:855 -875. 

Badami, R. S. 1958. Changes in the transmissibility by aphids of 

a strain of cucumber mosaic virus. Annals of Applied Biology 
46 :554 -562. 

Bawden, F. C. 1964. Plant viruses and virus diseases. 4th ed. 
New York, Ronald Press. 361 p. 

Beat, R. J. 1962. Recombination experiments with strains A and E 
of tomato spotted wilt virus. Virology 15:327 -339. 

Black, L. M. 1953. Loss of vector transmissibility by viruses 
normally insect transmitted. Phytopathology 43:466. 

Bradley, R. H. E. 1964. Stylet -borne viruses. In: Plant virology, 
ed. by M.K. Corbett and H.D. Staler, Gainesville, University 
of Florida Press. p. 148 -174. 

Cartier, Jean Jacques and Jacques L. Auclair, 1964. Pea aphid 
behavior: color preference on a chemical diet. Canadian Ento- 
mologist 96:1240 -1243, 

Corbett, M. K. 1957. Local lesions and cross- protection studies 
with bean yellow mosaic virus. Phytopathology 47 :573 -574, 

Ford, Richard E. 1963. Susceptibility of perfection -type peas to 
bean yellow mosaic virus. Plant Disease Reporter 47:384 -388. 

Goodchild, D. J. 1956. Relationships of legume viruses in Australia. 
Australian Journal of Biological Sciences 9:213 -230. 

Hampton, Robert E. 1966. Agricultural Research Scientist, United 
States Department of Agriculture. Oregon State University, 
Dept. of Botany, Corvallis, Oregon. Personal communication. 

Hansen, E. W. and D. J. Hagedorn. 1961. Viruses of red clover in 
Wisconsin. Agronomy Journal 53:63 -67, 



85 

Hitehborn, J. H. and A. D. Thomson. 1960. Variation in plant 
viruses. Advances in Virus Research 7 :163 -191. 

Hoagland, D. R. and D. I. Amnon. 1950. The water culture method 
for growing plants without soil. 32 p. (California University. 
Agricultural Experiment Station. Berkeley Station circular 
no. 347) 

Hollings, M. 1957. Reaction of some additional plant viruses on 
Chenopodium amaranticolor. Plant Pathology 6:133 -135. 

Hutton, E. M. and J. W. Peak. 1954. Varietal reactions of Trifolium 
subterranean L. to phaseolus virus 2 Pierce. Australian 
Journal of Agricultural Research 5:598 -607. 

Jensen, D. D. 1959. Insects, both hosts and vectors of plant virus. 
Pan -Pacific Entomologist 35:65 -82. 

Johnson, K. W. and D. J. Hagedorn, 1958. The inheritance of 
resistance to bean virus 2 in Pisum saw ivy. Phytopathology 
48 :451 -453, 

Kassania, B. 1941. Transmission of tobacco etch viruses by aphids. 
Annals of Applied Biology 28:238 -243. 

Knight, C. A. 1959. Variation and its chemical correlates. In: The 
viruses, ed. by F.M. Burnet and W.M. Stanley. Vol. 2. New 
York, Academic Press. p. 127 -156. 

1964. Structural biochemistry of plant viruses. 
In: Plant virology, ed, by M. K. Corbett and H. D. Sisler. 
Gainesville, University of Florida Press. p. 292 -314. 

Lister, R. M. 1966. Possible relationships of virus -specific products 
of tobacco rattle virus infections. Virology 28 :350 -352. 

Maramorosch, Karl. 1963. Arthropod transmission of plant viruses. 
Annual Review of Entomology= 8:369 -414. 

Mittler, T. E. 1966. Professor of Entomology, University of Cali- 
fornia, Berkeley, California. Personal communication. 

Price, W, C. 1964. Strains, mutations, acquired immunity and 
interference. In: Plant virology, ed. by M. K. Corbett and 
H. D, Sisler. Gainesville, University of Florida Press. 
p. 93 -117, 



86 

Schroeder, W. T. R. Provvidenti and P. L. Mcßwen. 1959. Pea 

streaks naturally incited by combinations of viruses. Plant 
Disease Reporter 43 :1219 -1226, 

Schroeder, W. T. R. Provvidenti, D. W. Barton and W. Mishanec. 1966. 
Temperature differentiation of genotypes for BV 2 resistance 
in Pisum sativum. Phytopathology 56 :113 -117. 

Snedecor, George W. 1965. Statistical methods. Ames, Iowa, The 
Iowa State University Press. 534 p. 

Swenson, Knud G. 1954. Aphid transmission of a bean yellow mosaic 
virus. Journal of Economic Entomology 47:1121 -1123. 

1957. Transmission of bean yellow mosaic virus by 
aphids. Journal of Economic Entomology 50 :727 -731. 

1960. Aphid -virus relationships in the trans- 
mission of bean yellow mosaic virus by ,Mzuuss rsicaee. Annals 
of the Entomological Society of America - 53:521-524. 

1962. Bean yellow mosaic virus transmission by 
Myzus 

persicae. 
Australian Journal of Biological Sciences 

15 :468 -482. 

1963. Effects of insect and virus host plants on 
transmission of viruses by insects. Annals of the New York 
Academy of Science 105 :730 -740. 

1966. Professor of Entomology, Oregon State 
University, Corvallis, Oregon. Unpublished data on virus 
transmission of bean yellow mosaic virus. 

Swenson, Knud G. and Robert L. Nelson. 1959. Relation of aphids 
to the spread of cucumber mosaic virus in gladiolus. Journal 
of Economic Entomology 52:421 -425. 

Swenson, Knud G., Sadara S. Sohi and Richard E. Welton. 1964. Loss 
of transmissibility by aphids of bean yellow mosaic virus. 
Annals of the Entomological Society of America 57 :378 -382. 

Swenson, Knud G. and Richard E. Welton. 1966. Evaluation of plant 
susceptibility to inoculation with bean yellow mosaic virus by 
aphids. Phytopathology 56:269 -271. 

Sylvester, Edward S. 1962. Mechanisms of plant virus transmission by 
aphids. In: Biological transmission of disease agents, ed. by 
K. Maramorosch, New York, Academic Press. p. 11 -31. 



87 

Sylvester, Edward S. and John N. Simons. 1951. Relation of plant 
species inoculated to efficiency of aphids in the transmission 
of Brassies Ella virus. Phytopathology 41:908 -910, 

Watson, Marion A. 1960. Evidence for interaction or genetic re- 
combination between potato virus Y and C in infected plants. 
Virology 10 :211 -232. 

Welton, Richard E., Knud G. Swenson and Sadara S. Sohi. 1964. 
Effects of temperature on plant susceptibility to infection 
with bean yellow mosaic virus by aphid transmission. Virology 
23 :504 -510. 

Zauoeyer, W. J. 1940. Three previously undescribed mosaic diseases 
of pea. Journal of Agricultural Research 60 :433 -452. 


