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Knowledge of the viruses which are mechanically transmitted 

from pear to herbaceous plants and the diseases they cause in pear 

is not complete. This thesis discusses the means used to mechani- 

cally transmit pear viruses, the properties of those viruses and their 

relationships with latent viruses of apple. 

Herbaceous plant virus indicators did not develop symptoms when 

they were grafted with infected pears. Virus was only mechanically 

transmitted to herbaceous plants when the reducing agent cysteine 

hydrochloride and a chelator of the copper in polyphenol oxidase, 

sodium diethyldithiocarbamate, were added to the grinding medium, 

phosphate buffer. 

A virus was mechanically transmitted to Chenopodium amaranti- 

color from four pear species inoculated with one virus source, and 

Bartlett pear (B -13) previously inoculated with seven virus sources. 

C. amaranticolor developed local lesions, systemic oakleaf patterns 

, z °d 



and chlorosis, and was the only genus which became infected. All 

virus sources were positive for ring mosaic and vein yellows symp- 

toms. The virus which incited ring mosaic symptoms was filtered 

through inoculated Prunus spp. and in this way was separated from 

the vein yellows virus. Similar symptoms were incited in C. amar- 

anticolor by a virus mechanically transmitted from pear showing only 

ring mosaic symptoms. 

The pear virus isolates incited two local lesion types on C. 

quinoa. "Type 1" lesion was water -soaked, tan and 2 to 3 mm in 

diameter. "Type 2" lesion was brown and 1 mm in diameter. 

The two pear virus isolates were partially purified by homogeniz- 

ing infected C. quinoa tissue in phosphate buffer, pH 7, containing 

sodium diethyldithiocarbamate, cysteine hydrochloride and a clari- 

fying agent, bentonite, and concentrating the suspension with one low 

and one high speed centrifugation. Purified preparations of these 

isolates infected seven other herbaceous plant genera. 

The pear virus isolates incited symptoms in Chenopodium identi- 

cal to the symptoms incited by virus isolates transmitted from apple. 

Twelve of fifteen apple virus isolates were transmitted from apple 

sources which had caused a chlorotic leaf spot reaction in Hopa crab 

apple. The Hopa crab reaction is thought to be caused by the chloro- 

tic leaf spot virus. Physical, chemical and serological properties of 

the pear viruses show they are closely related to the chlorotic 



leafspot virus. 

The two isolate types were not transmitted to B -13 by rubbing 

partially purified virus on pear leaves, injecting infectious C. quinoa 

sap into B -13 stems, or by budding and approach grafting infected 

Chenopodium to B-13. 
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ISOLATION, PURIFICATION AND OTHER STUDIES OF 
VIRUSES MECHANICALLY TRANSMITTED FROM PEAR 

INTRODUCTION 

In the last thirty years considerable effort has been directed to- 

ward determining the latent complex of viruses in stone fruits and 

finding both woody and herbaceous indicators for them. Similar re- 

search for the viruses infecting apple has been the interest of many 

researchers for nearly ten years. Many of these tree fruit viruses 

have been further characterized by isolation and purification methods. 

The identity of pear viruses in woody indicator plants has been better 

understood the last ten years, but very little progress has been made 

on the mechanical transmission and purification of these viruses. 

Several reasons have been responsible for the slow advances 

made in pear virus research. One reason has been the difficulty re- 

searchers have had establishing by symptomatological means the 

viruses which infect pears. Although pears are an important crop, 

they only are grown commercially in specific areas of the world suit- 

able for their culture. Therefore, the progress made in pear virus 

disease research has depended mainly on researchers located near 

or in the pear growing regions. Another reason has been the com- 

plex nature of pear virus inhibitors. These inhibitors are mainly 

oxidation products of phenols and tannins. They usually have 
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prevented the mechanical transmission of pear viruses to herbaceous 

hosts, where additional virus studies can be made. 

Many of the advances in pear virus research have been made 

within the last ten years. Posnette has been foremost among the 

European investigators of tree fruit virus diseases. In 1957, Posnette 

(29) listed five symptomatologically distinct naturally occurring vi- 

ruses infecting pear (and related genera) in England. He detected 

these viruses with woody indicator plants. These indicators have 

provided the researcher with a means of distinguishing different vi- 

ruses, filtering viruses from mixed cultures and locating disease 

free clones. Dr. John Milbrath of the Botany and Plant Pathology 

Department at Oregon State University recently found a satisfactory 

woody indicator for two viruses infecting pear, vein yellows and ring 

mosaic. This indicator, Bartlett seedling number 13, was the most 

expressive for both viruses and was referred to in this thesis as 

B -13. 

Mechanical inoculation of herbaceous plants has provided the re- 

searcher with another means of establishing virus identities. Not 

only has this technique offered a wide range of potential indicators, 

it has provided hosts that support high virus titres, enabling the study 

of serological relationships between viruses and virus particle mor- 

phology with electron microscopy. Prior to 1962 none of these 

methods had been applied successfully to the viruses infecting pear. 
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In 1962, Pfaeltzer (28) first reported the successful mechanical 

transmission of virus to herbaceous plants from pears infected with 

the stony pit and ring mosaic viruses. No attempt was made to re- 

produce the pear virus diseases with her isolates. In 1963, Cropley 

(1 1) transmitted virus by sap inoculation to Chenopodium from twelve 

apple virus sources which incited chlorotic leaf spot symptoms in the 

Russian apple indicator R12740 -7A. Cropley (12) subsequently re- 

produced the chlorotic leaf spot disease in apple when he approach 

grafted infected Chenopodium amaranticolor Coste & Reyn. to the 

indicator R12740 -7A. Cropley et al. (10) and Milbrath and Reynolds 

(24) reported that graft inoculations between apple infected with the 

chlorotic leaf spot virus and pear infected with the pear mosaic virus 

indicated one virus as the cause of both diseases. Cropley (11) stated 

that the viruses transmitted from apple with chlorotic leaf spot symp- 

toms and pear with pear mosaic symptoms caused similar symptoms 

on Chenopodium. He suggested that these results indicated a common 

virus existed for both diseases. 

The present work was undertaken to investigate the methods re- 

quired to transmit pear viruses to herbaceous plants, to determine 

the relationships between these viruses and those mechanically trans- 

mitted from apple and attempt to infect pear with the mechanically 

transmitted viruses. Oregon ranks first in the nation in the produc- 

tion of winter pears and second in all pears (27). This crop has 
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several important virus diseases which warranted an undertaking of 

this research. The recent reports (10, 11, 24) which indicated af- 

finities between apple chlorotic virus and pear ring mosaic virus, 

and the work by Pfaeltzer (28) which demonstrated the mechanical 

transmission of pear viruses served as added interest for the initia- 

tion of this research. 
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LITERATURE REVIEW 

Pears expressing symptoms of virus infections were known long 

before the causal agents of the diseases were identified. A stony pit 

condition of pear was recognized as early as 1910 (20) to be a major 

disease problem in southern Oregon, although it was not until 1939 

that Kienholz (19) determined a virus as the cause of stony pit. 

A. Cristoff (9), in 1935, first described several virus diseases 

of pear in Europe. In Europe other investigators (4, 18) in recent 

years have reported virus disease symptoms of pear. Descriptions 

of these disease symptoms, in general, have in the past been grouped 

under the term "mosaic" which Canova (7, p. 64) defined as "a whole 

set of alterations which concern the leaves of pear trees different one 

from the other and which do not normally occur together in nature. " 

In 1957, Blumer (4) reported three mosaic symptoms of pear, 

ring or band mosaic, vein yellows and red mottle. Canova (7) dis- 

tinguished at least five symptomatological kinds of pear mosaic on 

the indicator "Beurre' Hardy. " He listed these five symptom types 

as simple chlorotic spotting, vein mosaic, ring- mosaic, red spotting 

and chlorosis, deformations and necrosis. The first three types were 

the most prevalent. 

Posnette (29), in 1957, listed five symptomatologically distinct 

naturally occurring viruses in pear (and related genera) in England. 
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The virus symptoms he observed, in addition to stony pit, were 

mosaic, vein yellows, red mottle, quince vein banding and hawthorn 

ring pattern. He found the varieties Beurre' Hardy and Doyenne' d' 

Ete' to be the most expressive for ring mosaic. The Quince E seed- 

lings were superior to other indicators for all but one of the pear 

viruses, red mottle. 

Posnette and Cropley (30) used the Quince E clones C 7/1 and 

C 7/2 to detect two latent viruses in pear. One of these, termed yel- 

low blotch, caused diffuse yellow blotches on the leaves of C 7/1 and 

C 7/2. The other one caused roughening and splitting of the bark on 

the quince indicator, especially near the union of the scion and root- 

stock. Posnette and Cropley (31) also used the sensitive Quince E 

(Portugal Quince) as an indicator for the quince stunt virus complex. 

They suggested that this syndrome was caused by a complex virus in- 

fection which probably included sooty ringspot, bark necrosis and 

pear mosaic. Results of work by Cropley et al. (10) suggested that 

the quince stunt virus was distinct from the apple chlorotic leaf spot 

and pear mosaic viruses. In their tests the quince stunt virus caused 

no symptoms when transmitted to Malus platycarpa Rehd. , Spy 227 

apple or Beurre' Hardy pear. 

Mink and Shay (25), in 1959, described a new latent virus of 

apple, chlorotic leaf spot, on the Russian seedling R12740 -7A. Three 

years later Cropley et al. (10) stated that chlorotic leaf spot symptoms 
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of apple and pear mosaic symptoms were caused by the same virus. 

They found that 25 apple sources infected with the chlorotic leaf spot 

virus caused ring and line mosaic symptoms in inoculated Beurre' 

Hardy pear. Symptoms characteristic of chlorotic leaf spot developed 

when M. platycarpa and Spy 227 were inoculated with mosaic virus 

infected pear buds. 

In 1962, Milbrath and Reynolds (24) reported that Hopa crab 

apple inoculated with buds of Anjou pear showing ring and band chloro- 

tic mosaic developed symptoms typical of chlorotic leaf spot. Subse- 

quent work by Reynolds (33, p. 46) indicated the pear ring mosaic 

virus was not identical to chlorotic leaf spot virus. He concluded 

that the virus causing the chlorotic leaf spot reaction in Hopa could 

not be transmitted to pear seedlings, but that the pear ring mosaic 

virus could be transmitted through crab apple and returned to pear 

by bud inoculation. 

Yarwood (39), in 1955, reported the first successful mechanical 

transmission of virus from a pome fruit. He transmitted a virus 

from an apple with mosaic symptoms to herbaceous hosts and then 

reproduced the mosaic in apple by training dodder to healthy apple 

seedlings from tobacco plants infected with the virus. 

Cropley (11) described a virus sap transmissible to Chenopodium 

from twelve apple virus sources which caused chlorotic leaf spot 

symptoms in R12740 -7A. Inoculated C. amaranticolor and C. quinoa 
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developed circular necrotic lesions and after three to six weeks sys- 

temic chlorotic spots, ring, lines and leaf distortion. The virus 

mechanically transmitted from apple incited symptoms in Cheno- 

podium similar to those incited by a virus Pfaeltzer (28) transmitted 

from pear with ring mosaic symptoms. The similarity of the virus 

symptoms in Chenopodium indicated that the same virus was trans- 

mitted from apple and pear. 

In 1964, Cropley (12) transmitted a virus from C. amaranticolor 

to Spy 227 apple by inarch grafting. The leaves of infected Spy 227 

developed chlorotic flecks and rings. The virus had been isolated 

from an apple that caused a severe stunting and chlorotic leaf spot 

in Russian seedling R12740 -7A; line pattern, dwarfing and scaly bark 

in the Long Ashton clone of M. platycarpa; ring and line pattern, leaf 

epinasty, bark necrosis and decline in Spy 227 apple; stem pitting in 

Virginia crab apple; stunting, leaf distortion, chlorotic rings and 

lines in Quince C 7/1; ring and line pattern in Beurre' Hardy pear 

and a green mottle on the leaves of peach seedlings. When budwood 

from virus infected Spy 227 was used to inoculate R12740 -7A, the 

Long Ashton clone of M. platycarpa, Virginia crab apple, Quince 

C 7/1, Beurre' Hardy pear and Spy 227 apple, symptoms developed 

which were typical of the symptoms previously described for the in- 

dicators. From these results Cropley explained that the strain of 

chlorotic leaf spot virus used could cause symptoms not only in 
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R12740 -7A but also in several other woody indicator hosts. He re- 

ported that the thermal inactivation point of this strain was between 

46° and 49° C, The dilution end -point for this strain was never high- 

er than 1 x 10 -3 and electron micrographs showed long flexuous rods 

in preparations of the virus. 

The identity of the apple latent viruses mechanically trans- 

mitted to herbaceous hosts received further attention from Kirkpat- 

rick and Lindner (21) who inoculated Hopa crab apple seedlings with 

a partially purified preparation of apple latent virus from lettuce. 

The Hopa crab apple developed chlorotic areas with diffuse margins 

and small brown necrotic lesions on young leaves. Virus symptoms 

were not reported for R12740 -7A, Spy 227 apple and Virginia crab 

apple inoculated with the infected Hopa crab apple seedlings. 

Lister et al. (22) achieved transmission of chlorotic leaf spot 

virus by approach grafting infected C. quinoa to unselected apple 

seedlings that originated from a complex cross involving R12740 -7A. 

Lister et al. (23) prepared a more complete analysis of sap - 

transmissible viruses from apple. On the basis of this work the 

viruses were classified into two groups (Type 1 and Type 2) by the 

type of symptoms incited in C. quinoa. Type 1 was nearly always 

isolated from sources infected with chlorotic leaf spot virus. Both 

types were incited by long -flexuous rods similar to the virus Cropley 

(12) transmitted from apple. 
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In 1962, Pfaeltzer (28) first reported the successful mechanical 

transmission of virus from leaves of pear trees infected with the 

stony pit virus and trees with ring mosaic symptoms. Transmission 

from the pear with stony pit symptoms resulted in a few local lesions 

on a Cyamopsis sp. , Chenopodium quinoa Willd. and Sesbania ex- 

altata (Raf.) Cory. The virus or viruses causing these local lesions 

could not be maintained in the herbaceous plants. Inoculum from the 

ring mosaic virus infected source, prepared by grinding buds free of 

scales in a few ml of a 2. 5 percent nicotine solution, caused local 

lesions on a wide range of herbaceous indicators. Two of the indi- 

cators, C. quinoa and C. amaranticolor, developed systemic ring 

and line pattern symptoms. It was not determined if the isolates 

transmitted caused the two pear diseases. 

Canova and Casalicchio (8) also reported the mechanical trans- 

mission of virus from pear with ring mosaic symptoms. They chip - 

budded infected pear to healthy peach seedlings and then inoculated 

herbaceous plants with sap from the leaves of the infected peaches. 

Inoculated C. amaranticolor leaves developed chlorotic leaf spots in 

four to five days. Cucumber reacted with a marked systemic diffused 

chlorosis. C. quinoa reacted with a yellowing of the principal vein 

network and part of the contiguous parenchymatous tissues of the 

leaf 20 -25 days after inoculation. Attempts to isolate viruses from 

pears without ring mosaic symptoms were unsuccessful. 
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In 1963, Cadman (6) showed that the Prunus pissardii Carr. 

strain of raspberry bushy dwarf virus was serologically related to 

and shared similar physical properties with viruses isolated from 

cherry, apple, plum and pear. The pear virus was provided by 

Pfaeltzer (28) from a source with ring mosaic symptoms. 

Along with the research on the latent viruses of apples other in- 

vestigators have attempted to mechanically transmit pear viruses. 

Wolfswinkel (38) undertook an extensive study to find herbaceous 

hosts of pear viruses and determine the diseases caused by the vi- 

ruses. He reported the mechanical transmission of two pear viruses 

to Chenopodium of which the symptoms of one closely resembled 

those incited by a virus isolate transmitted from apple. 

Waterworth (36), in 1965, first reported the mechanical trans- 

mission of a pear virus in the United States. This virus appeared 

to be different from Pfaeltzer's (28) ring mosaic virus in that it 

caused systemic necrosis and dieback in bean varieties and was latent 

in the infected pear sources. Recently Gilmer et al. (15) reported on 

the progress made indexing apple and pear varieties on C. quinoa for 

latent viruses. In their work virus has been transmitted from four 

of ten pears. 



MATERIALS AND METHODS 

Plant Inoculation Techniques and Culture 

Woody Plants 

12 

Woody plant indicators were prepared by grafting a pear indicator 

variety six to eight inches above the crown of a pear seedling or 

clonal rooted cutting. Bartlett seedlings and Old Home x Farming- 

dale rooted cuttings served as the rootstocks for the pear indicator. 

After the graft was prepared, two chip buds containing the inoculum 

were budded into the rootstock an inch or two below the indicator. 

Both the graft and the inoculum were sealed with a strip of Parafilm 

M. Uninoculated indicator plants were planted in number 10 cans con- 

taining a standard soil -peat moss -fertilizer mixture and placed on 

the greenhouse floor. Woody plant indicators were grown in the green- 

house at approximately 70o F with natural photoperiod conditions 

during February, March and April. Field experiments were per- 

formed with seedlings or clonal rootstocks planted about six to eight 

inches apart in rows at the Plant Pathology farm. These plants were 

grafted and inoculated, in the spring in the same manner as the plants 

grown in the greenhouse. 

Herbaceous Plants 

Herbaceous plants were propagated from seed originating from 
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commercial, herbarium and greenhouse grown sources. Small seeds 

were first germinated in vermiculite and then transferred to number 

10 or 48 ounce juice cans filled with a standard soil -peat moss - 

fertilizer mixture. Large seeds were germinated directly in the 

planting mixture. Seedlings were mechanically inoculated by dusting 

their expanded cotyledons or primary leaves with carborundum pow- 

der (600 mesh). A small piece of infected leaf, about one cm square 

was ground in a mortar with one -half ml of 0.01 M sodium phosphate 

buffer, pH 7. Extracted sap was spread with the forefinger of the 

right hand, with light pressure, over the surface of the leaf or coty- 

ledon supported by a paper towel held in the left hand. Excess in- 

oculum and carborundum were washed off the inoculated leaves with 

tap water. In other host range experiments and in the normal in- 

oculations of Chenopodium, all reagents and mortars were pre - cooled 

before use to retard the oxidation of the polyphenol virus inhibitors. 

Other reagents were used to stabilize the virus in vitro. In winter 

propagation of C. quinoa seedlings, they were exposed to 16 hours of 

artificial light from 16 cool white fluorescent lights placed side by 

side and suspended one foot above the seedlings. These lights pro- 

vided 1, 170 foot candles of light at that height. All inoculated plants 

were grown under 15 hours of artificial light from November through 

March. The day and night greenhouse temperature was maintained 

at 70o F. 



14 

Sources of Inoculum and Plant Material 

Virus infected pear trees growing at the Oregon State University 

Botany and Plant Pathology farm were used as initial sources of in- 

oculum. Other sources of virus infected pear originated from or- 

chard varieties grown by Mr. James Smart and from varieties Dr. 

Milbrath indexed for Dr. Melvin Westwood of the Oregon State Uni- 

versity Horticulture Department. The pear sources used in later 

studies were infected with vein yellows virus, and all but one of the 

sources were infected with the ring mosaic virus. Four of these 

pear viruses sources were used to inoculate pear species and other 

rosaceous plants. Two of these sources the, a Bartlett; and 2hf, 

a Winter Nelis, were obtained from Mr. Smart and were infected with 

the ring mosaic and vein yellows viruses. The other two sources, 

12, an Anjou; and 62, a Bosc, came from the Botany and Plant Path- 

ology farm. Source 12 exhibited ring mosaic and vein yellows symp- 

toms and source 62 exhibited vein yellows symptoms. 

Apple virus cultures were selected from trees growing at the 

Botany and Plant Pathology farm. These trees were indexed from 

1960 to 1962 for the major latent viruses by budding infected buds to 

a seedling grafted with an indicator variety. The Spy lethal virus 

was detected on the indicator Spy 227, the stem pit virus was de-. 

tected on Virginia crab, and a chlorotic leaf spot reaction was 
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detected on Hopa crab apple. 

Pear rootstocks and the rosaceous plants were obtained from 

Mr. Lyle Brooks, Cornelius, Oregon and Pacific Coast Nursery, 

Portland, Oregon. The pear species were acquired from Dr. West- 

wood from a collection of species growing at the Lewis Brown Horti- 

culture farm. 

Bailey's Manual of Horticulture (2) and Rehder's Manual of Culti- 

vated Plants (32) were the sources for standard horticultural nomen- 

clature. 
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RESULTS 

Techniques Attempted to Isolate Virus from Pear 

Mechanical Inoculation of Pear Virus to Herbaceous Plants without 
Virus Stabilizing Agents 

The first experiments designed for the mechanical transmission 

of pear viruses did not include additives to prevent the in vitro oxida- 

tion reactions which were thought to decrease virus stability. 

In these experiments leaf tissue, flower petals and pear bark 

pieces were ground in a mortar containing sodium phosphate buffer, 

pH 7, and rubbed on the leaves of the indicator plants. The ground 

tissues almost immediately turned the buffer solution a dark red to 

brown color. Eleven pear trees with symptoms of vein yellows, 

stony pit, bark measles and ring mosaic were selected as sources 

of inoculum. These sources were tested on eleven herbaceous gen- 

era. No mechanical transmission of virus was successful with this 

method. 

Bud Inoculation of Potential Herbaceous Hosts with Pear 

Buds from sixteen virus infected pear trees were employed in 

an experiment to attempt the transmission of virus from the trees to 

Petunia hybrida Vilm. , Vinca rosea L. , Antirrhinum majus L. and 

C. amaranticolor. These plants were chip budded with dormant 
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wood; the budded stems were sealed with strips of Parafilm M. None 

of these plants developed virus symptoms in the greenhouse. The 

inoculated V. rosea, A. majus and P. hybrida were indexed on C. 

amaranticolor but no virus transmission was apparent. C. amaranti- 

color was chosen as a potential index host because it was found to be 

an indicator for the Prunus ringspot, rose mosaic, and chlorotic 

leafspot viruses; all of which infect other rosaceous plants. 

Approach Grafting of Chenopodium amaranticolor with Pear 

Infected pears were approach grafted to C. amaranticolor in an 

attempt to transmit virus from pear. Ten different pear sources in- 

fected with one or more of the viruses, stony pit, vein yellows, bark 

measles, and ring mosaic were propagated in number 10 cans. When 

healthy C. amaranticolor had grown about a foot in height, in number 

10 cans, they were approach grafted to the growing pears. The graft 

area was sealed with Parafilm M. None of these twenty grafted 

Chenopodium plants developed virus symptoms. 

Mechanical Inoculation of Virus with Purified Preparations of Pear 
Petals and Leaves 

Purification by Centrifugation. In preliminary experiments 

varying quantities of pear petals and leaves were processed by a gen- 

eral purification schedule involving one low speed centrifugation 
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(2, 683 x g) followed by one high speed centrifugation (80, 730 x g). 

The plant material was first blended one to two minutes in a Waring 

Blendor, containing 0.01 M sodium phosphate buffer, pH 7, and then 

filtered through cheese cloth before centrifugation. The reducing 

agents, cysteine HCL, ascorbic acid, and sodium thioglycolic acid 

were added separately, or in combination with sodium diethyldithio- 

carbamate, to the phosphate buffer. The final molarity of these virus 

stabilizing agents was varied between 0.01 to O. 04. The pellets re- 

sulting from the high speed centrifugation were suspended in phos- 

phate buffer and rubbed on carborundum dusted leaves of cowpea 

(Vigna sinensis Endl. var. Blackeye) , bean (Phaseolus vulgaris L. 

var. Bountiful), cucumber (Cucumis sativus L. var. Chicago Pick- 

ling), Nicotiana glutinosa L. and Chenopodium amaranticolor. Me- 

chanical inoculation failed to transmit virus to these herbaceous 

hosts. 

Purification by Density Gradient Methods. Attempts were made 

to separate the pear virus inhibitors from the virus by density gra- 

dient centrifugation with and without a prior partial purification. 

Various quantities of virus infected pear petals and leaves were 

ground in 0.033 M phosphate buffer, pH 7, filtered through four lay- 

ers of cheese cloth and layered over a 35 percent sucrose solution. 

After four hours of centrifugation at 25,000 rpm (53,500 x g) , two 
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distinct color bands were noticeable. The top -half of the sugar solu- 

tion was tan to brown in color, the lower half was clear, and in the 

bottom of the tube a small greenish brown pellet had sedimented. 

Each color band and pellet were assayed on a range of herbaceous 

indicator plants but none developed virus symptoms. 

After partial purification at 2, 683 x g for ten minutes, 5 ml of 

the supernatant was layered over a gradient containing 5 ml each of 

a 10, 20, 30, 40, and 50 percent sucrose solution. After centrifuga- 

tion 5 ml portions were removed from the tube with a syringe and 

rubbed on carborundum dusted leaves of cowpea (V. sinensis var. 

Blackeye), bean (P. vulgaris var. Bountiful), cucumber (C. sativus 

var. Chicago Pickling), N. glutinosa and C. amaranticolor. None of 

these test plants developed virus symptoms. 

Direct Mechanical Transmission of Pear Virus to Herbaceous Plants 
with Stabilizing Agents 

Transmission of Virus from Pear Species. Preliminary experi- 

ments designed to infect herbaceous plants by mechanical inoculation 

from infected pear with the aid of various stabilizing agents failed. 

Reducing agents, such as cysteine hydrochloride (cysteine HCL) and 

ascorbic acid were used to protect the virus from oxidation reactions; 

nicotine and nicotine sulfate were added to precipitate the endogenous 

tannins. Caffeine and p- nitrophenol were added for their value as 
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competitive inhibitors of polyphenol oxidase and sodium diethyldithio- 

carbamate (NaDIECA) was used to chelate the copper in the enzyme. 

Polyvinylpyrrolidone (PVP) and hide powder acted to adsorb the 

tannins. Liquid nitrogen, used as a coolant, reduced the oxidase 

activity in buffered extracts of pear tissue. These stabilizing agents 

were added separately and in combination to phosphate buffer. 

The first successful virus transmission developed from an ex- 

periment designed to transmit virus from different pear species. 

Twelve pear species and two subspecies were propagated in the green- 

house from dormant wood obtained from Dr. Melvin Westwood. 

Three plants of each species were inoculated with source 2hf and two 

plants were uninoculated. Small pieces of young leaves, about one 

cm square, were ground in cold phosphate buffer, pH 8. 7, containing 

O. 02 M NaDIECA and 0. 01 M cysteine HCL and rapidly inoculated to 

C. amaranticolor and Gomphrena globosa L. Four to five days after 

inoculation, leaves of C. amaranticolor inoculated with sap of Pyrus 

balansae Dcne. , P. elaeagrifolia Pall. and P. pyrifolia (Burm.) 

Nakai. developed small white necrotic spots about one millimeter in 

diameter. By the eighth day a narrow necrotic band developed un- 

evenly around most of the spots; the entire lesions never became 

larger than three millimeters in diameter. Ten to twelve days after 

inoculation an uneven systemic veinal chlorosis developed which later 

turned into mild to strong oakleaf patterns along some of the main 
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leaf veins. These symptoms incited in C. amaranticolor by the virus 

transmitted from the three pear species were indistinguishable from 

one another. G. globosa was symptomless and when indexed on C. 

amaranticolor was negative for the virus transmitted from pear. 

Table I lists the pear species tested and the reaction of C. amaranti- 

color to the pear inocula and Figure 1 shows the local and systemic 

reaction of C. amaranticolor to the pear virus. 

Other attempts were made to isolate virus from the twelve pear 

species and two subspecies. Most attempts failed, but a virus in- 

citing symptoms in C. amaranticolor similar to the symptoms pre- 

viously described was isolated from one other species, P. pashia 

D. Don. Healthy C. amaranticolor, inoculated with sap from C. 

amaranticolor tissue systemically infected with the pear virus, de- 

veloped local and systemic symptoms characteristic of those in the 

donor host. The three inoculated pear species from which virus was 

transmitted to C. amaranticolor were positive for ring mosaic when 

indexed on B -13. Only P. pyrifolia developed ring mosaic symptoms 

in two years of greenhouse testing. 

No virus was transmitted from the uninoculated pear species to 

C. amaranticolor over a two year period. The uninoculated pear 

species also indexed negative on B -13 for the ring mosaic virus. 

Transmission of virus from pear was always difficult and the 

number of local lesions resulting from inoculation were variable in 
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TABLE I. PEAR SPECIES INOCULATED WITH PEAR VIRUS 
SOURCE 2HFAND SYMPTOMS INCITED BY VIRUS 
MECHANICALLY TRANSMITTED FROM THE SPECIES 
TO CHENOPODIUM AMARANTICOLOR. 

Pyrus Species 
Symptoms in C. amaranticolor 

Local Systemic 

P. amygdaliformis Vill. 

P. amygdaliformis var. 
persica (Pers.) Bornm. 

P. balansae Dcne. 

P. betulaefolia Bge. 

P. calleryana Dcne. 

P. calleryana var. fauriei 
(Schneid.) Rehd. 

P. canescens Spach. 

P. communis L. 

necrotic lesions chlorosis & oakleafs 

P. elaeagrifolia Pall. necrotic lesions chlorosis & oakleafs 

P. nivalis Jacq. 

P. pashia D. Don. necrotic lesions chlorosis & oakleafs 

P. pyrifolia (Burm.) Nakai necrotic lesions chlorosis & oakleafs 

P. ussuriensis Maxim. 

P. regelii* Rehd. 

similar to P. heterophylla Reg. and Schmal.h. 

indicates no reaction. 

-- -- 

-- -- 

-- -- 

-- 
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Figure 1. Symptoms in Chenopodium amaranticolor 
incited by virus mechanically transmitted 
from Pyrus balansae, P. elaeagrifolia and 
P. pyrifolia inoculated with pear virus iso- 
late 2hf. A) local lesions. B) systemic 
symptoms. 

410# ill'i A 
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number. Virus transmission failed after the buffered pear sap began 

to change to a brown color. Before inoculations several measures 

were taken to delay the color change enough in order to make rapid 

inoculations to the indicator plant. All mortars and pestals were 

pre - cooled at 4o C in a cold room or cooled with liquid nitrogen 

prior to use. Phosphate buffer containing 0.02 M NaDIECA and 

0.01 M cysteine HCL retarded oxidation reactions and was prepared 

cold before use from two stock buffer solutions of NaDIECA and cys- 

teine HCL. Inoculum was prepared from 13 mg of leaf tissue. One 

half ml of buffer was added to the mortar containing the leaf tissue, 

then the tissue was ground thoroughly and the sap quickly rubbed on 

the leaves of the indicator plants. 

The small volume of buffer and leaf tissue made the complete 

grinding of the tissue possible in a few seconds. Grinding with larger 

quantities of buffer or leaf tissue caused enough of a delay to allow 

the formation of the brown color. In later experiments and for all 

subsequent transmissions a small amount, 10 mg, of bentonite 

(Volclay) or activated charcoal (Norite -A) was added to the mortar 

prior to mixing. The adsorbative properties of bentonite and char- 

coal increased the frequency of transmission and the local lesion 

number. 

Pear viruses were not transmitted in buffered extracts containing 

nicotine, nicotine sulfate, caffeine, p- nitrophenol or PVP. Virus 
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was transmitted twice to C. amaranticolor when 5 mg of hide powder 

was used alone with phosphate buffer. The first mechanical trans- 

mission of an isolate from a pear had to be confirmed with several 

additional attempts. Sometimes no more than one or two local lesions 

developed on an inoculated C. amaranticolor plant. 

Transmission of Virus from Other Rosaceous Plants Inoculated 

with Pear Viruses. Nine woody rosaceous plants were selected for 

inoculation with pear virus isolates to determine if virus could be 

mechanically transmitted from them to herbaceous indicators. Five 

of the rosaceous plants, Prunus persica L. Batch. , P. cerasifera 

Ehrd. , P. besseyi Bailey, P. tomentosa Thunb. , and a Sorbus sp. 

were grown from seedling progeny. Prunus glandulosa Thunb. , 

Cydonia oblonga Mill. 'Angers', Amelanchier florida Lindl. and 

Marianna 2624 plum thought to be a cross between P. cerasifera and 

P. munsoniana Wight and Hedr, were asexually propagated. 

Four sources the, 2hf, 12 and 62 were chosen for inoculum. 

The rosaceous plants were inoculated with these sources in 1965 and 

tested in 1965 and 1966 on P. vulgaris var. Pinto, N. glutinosa and 

C. amaranticolor, 

A virus was mechanically transmitted to C. amaranticolor from 

some of the rosaceous plants that had been inoculated with isolates 

the, 2hf and 12. The virus symptoms in C. amaranticolor were 
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typical of the symptoms in C. amaranticolor incited by the virus 

mechanically transmitted from infected pear. Virus inciting these 

symptoms was mechanically transmitted to C. amaranticolor from 

P. persica, P. glandulosa, P. cerasifera, P. besseyi and P. cerasi- 

fera x P. munsoniana 'Marianna 2624' inoculated with source the. 

The same symptoms developed in C. amaranticolor by transmissions 

made from P. besseyi inoculated with source 2hf and from P. persica, 

P. cerasifera, P. tomentosa and a Sorbus sp. inoculated with source 

12. Virus could not be isolated from the five rosaceous species in- 

oculated with isolate 62 or from the uninoculated control plants. 

Table II shows the inoculated rosaceous plants and the reaction of C. 

amaranticolor to mechanical transmission from them. None of the 

inoculated woody rosaceous plants developed apparent virus symptoms. 

Comparison of Pear Virus Isolates in Chenopodium quinoa 

In the spring of 1965 pear viruses from sources 2he and 2hf 

(designated hereafter as isolates 2he and 2hf) were sap transmitted 

from C. amaranticolor to C. quinoa Willd. C. quinoa developed local 

lesions and strong systemic oakleaf patterns from both inocula. When 

C. quinoa was inoculated with systemically infected C. quinoa sap, 

it developed local and systemic symptoms typical of those in the donor 

host. Each of the isolates 2he and 2hf were observed to cause dis- 

tinct local lesions on C. quinoa. Lesions incited by isolate 2hf were 
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TABLE II. REACTION OF CHENOPODIUM AMARANTICOLOR TO 
MECHANICAL TRANSMISSION FROM WOODY ROS- 
ACEOUS SPECIES INOCULATED WITH FOUR PEAR 
VIRUS SOURCES. 

Species 
Virus Source 

the 2hf 12 62 Control 

Prunus persica L. Batch. + + 

P. glandulosa Thunb. + 

P. cerasifera Ehrh. + + 

P. cerasifera x P. 
munsoniana Wight & Hedr. 
'Marianna 2624' - * 

P. besseyi Bailey + + * * 

P. tomentosa Thunb. - * + 

Sorbus L. sp. - + 

Amelanchier florida Lindl. - - 

Cydonia oblonga Mill. 
'Angers' 

+ indicates positive virus transmission. 
indicates no reaction. 
indicates no test. 

at first small and water soaked and eventually spread to a diameter 

of 2 to 3 mm (Figure 2, A). They were regular in shape, sometimes 

almost perfectly round, light tan to grey in color and became necrotic 

and dry with age. Later systemic oakleaf patterns developed which 

generally became more chlorotic and less distinct. Sometimes a 
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Figure 2. Virus symptoms incited in Chenopodium quinoa by pear 
isolates the and 2hf. A) Type 1 local lesion incited by 
2hf. B) Type 2 local lesion incited by the. C) Systemic 
rings, chlorosis and necrotic spotting incited by 2he. 
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systemic necrotic spotting appeared. Isolate the caused tiny brown 

pinpoint necrotic lesions about O. 5 to 1 mm in diameter. These 

lesions were first apparent five to seven days after inoculation when 

the other lesion type (2hf) was nearly fully developed (Figure 2, B). 

The systemic symptoms consisted of mosaic, rings and general 

chlorosis with some necrotic spotting (Figure 2, C). The lesion 

caused by isolate 2hf was designated "Type 1" and the lesion caused 

by isolate the was designated "Type 2." 

The length of day appeared to alter the typical development of 

each lesion type. Lesion "Type 1" was easily distinguished from 

lesion "Type 2" in the fall and in the spring. During the seasons 

when the length of day was the longest and the shortest, the lesion 

types were difficult to distinguish from one another. In the summer 

the 'Type 1" lesion resembled the "Type 2" lesion. In the winter the 

"Type 2" lesion became watersoaked and both lesion types remained 

small, about 1 mm in diameter. Systemic ring and line patterns of 

both isolates were stronger during the spring and fall months. 

Association of Pear Virus Isolates with Pear Ring Mosaic 
Symptoms and Similarities of These Isolates 

with Virus Isolates from Apple 

Pear Virus Isolates Transmitted from Ring Mosaic Infected Sources 

The viruses which caused the two local lesion types and ring and 
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line patterns in C. quinoa were eventually isolated from seven pear 

sources. These sources were 12, an Anjou; 15, an Anjou; 2hf, a 

Winter Nelis; the, a Bartlett; M -10, a Seckel; M -19, a Seckel and 

MW -20, a French Bartlett. All seven sources were infected with the 

ring mosaic and vein yellows viruses; source 62, a Bosc was nega- 

tive for ring mosaic and virus was not transmitted from it to C. 

quinoa. Thirteen other pear sources negative for ring mosaic symp- 

toms but positive for vein yellows symptoms were negative for the 

pear viruses, as indicated with C. quinoa inoculations. 

Transmission of Ring Mosaic Virus by Inoculating B -13 with 
Rosaceous Plants Infected with Ring Mosaic 

Separation of Ring Mosaic Virus from Vein Yellows Virus. The 

pear ring mosaic virus sources used in this study were also infected 

with the vein yellows virus. Ultimate determination of the virus iso- 

lates mechanically transmitted from pear required that the ring 

mosaic virus be separated from the vein yellows virus. Separation 

of these viruses was one purpose of this experiment. The rosaceous 

species listed in Table II inoculated with pear sources the, 2hf and 

62, and uninoculated plants of these species, were bud inoculated to 

B -13. All rosaceous species inoculated with the incited ring mosaic 

symptoms in B -13. Prunus besseyi inoculated with 2hf incited ring 

mosaic symptoms in B -13, but Amelanchier florida inoculated with 
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2hf did not incite ring mosaic symptoms in B -13. Prunus persica, 

P. cerasifera, C. oblonga 'Angers', P. tomentosa and a Sorbus sp. 

inoculated with 62 did not incite ring mosaic symptoms in B -13. The 

only B -13 plants to develop vein yellows symptoms were those budded 

with C. oblonga 'Angers' previously inoculated with the and 62, both 

positive for the vein yellows virus. None of the uninoculated ros- 

aceous plants incited ring mosaic or vein yellows symptoms in B-13. 

Table III shows the reaction of B -13 to inoculation by the rosaceous 

species. 

Mechanical Transmission of Virus from Ring Mosaic Virus 

Sources Free of Vein Yellows Virus. An attempt was made to me- 

chanically transmit virus from B -13 that had been bud inoculated with 

rosaceous plants inoculated with the 2hf, the and 62. The B -13 in- 

oculated with the genera Prunus and Sorbus previously inoculated with 

the and 2hf only developed ring mosaic symptoms. The B-13 inocu- 

lated with C. oblonga 'Angers' previously inoculated with the and 62 

exhibited ring mosaic and vein yellows symptoms. 

Virus was transmitted to C. quinoa from B -13 bud inoculated 

with P. persica, P. cerasifera x P. munsoniana 'Marianna 2624', 

P. besseyi, P. tomentosa and a Sorbus sp. that were inoculated with 

source the. Virus was transmitted to C. quinoa from B -13 inocu- 

lated with P. besseyi previously inoculated with source 2hf. The 
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TABLE III. REACTION OF BARTLETT PEAR (B -13) TO INOCULA- 
TION BY ROSACEOUS SPECIES INOCULATED WITH 
PEAR VIRUS SOURCES AND SUBSEQUENT INDEXING 
OF B-13 ON CHENOPODIUM QUINOA. 

Species 

Pear Virus Source Inoculated to Rosaceous Plants 
the 2hf 62 

Indicator 
Control 

C. C. C. C. 
B -13 quinoa B -13 quinoa B -13 quinoa B -13 quinoa 

Prunus persica R. M. + 

P. glandulosa R. M. 

P. cerasifera R. M. 

P. cerasifera x 
P. munsoniana 
'Marianna 2624' R. M. + 

P. besseyi R. M. + R. M. + 

P. tomentosa R. M. + * 

Sorbus sp. R. M. 

Amelanchier florida * 

Cydonia oblonga R. M. V. Y. - 

'Angers' V. Y. 

the and 2hf pear ring mosaic virus infected sources. 
62 vein yellows virus infected source. 
+ indicates positive virus transmission. 

indicates no reaction. 
R. M. indicates ring mosaic symptoms. 
V. Y. indicates vein yellows symptoms. 

indicates no test. 

* 

- 

- 

, 

T 
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viruses mechanically transmitted from B -13 were identical to the 

isolates previously transmitted from pear to Chenopodium. No virus 

transmission occurred from B -13 inoculated with uninoculated ro- 

saceous species or from B -13 that were inoculated with source 62 

by way of the rosaceous plants. Table III illustrates the reaction of 

C. quinoa to virus transmissions made from the B -13 inoculated with 

the rosaceous species. 

Association of Mechanically Transmissible Apple Virus Isolates with 
the Hopa Positive Reaction and Their Similarities to the Pear Virus 
Isolates 

A group of apple varieties indexed from 1960 to 1962 for the 

chlorotic leaf spot, Virginia crab stem pitting and Spy 227 decline 

viruses were used for sources of virus inoculum. Attempts were 

made to mechanically transmit virus from apples to Chenopodium, 

bean (Phaseolus vulgaris var. Bountiful), Nicotiana glutinosa and 

Gomphrena globosa. Only inoculated Chenopodium developed virus 

symptoms. One group of isolates incited local and systemic symp- 

toms in C. quinoa and C. amaranticolor. This group of apple virus 

isolates was more readily isolated from flower petals than from leaf 

tissue. Up to 100 lesions per leaf developed from inoculations with 

petals. When virus was transmitted from leaf tissue no more than 

one to ten lesions developed per leaf. 

The apple virus isolates that induced local lesions in C. quinoa 
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caused two distinct types of lesions which were typical of the two local 

lesion types incited by the pear viruses. The apple virus isolates 

were given the same designations assigned to the pear viruses, "Type 

1" for the large necrotic lesion and "Type 2" for the tiny necrotic 

lesion. The two apple virus lesion types were also similar to the 

two apple virus lesion types Lister et al. (23) described on C. quinoa. 

They identified one lesion which was large, sunken, water -soaked 

and eventually necrotic as "Type 1" and the other lesion which was 

brown and pinpoint in size as "Type 2. " 

The apple virus isolates were consistently transmitted from 

varieties that were positive in Hopa crab apple. Two isolates were 

transmitted from an Ontario and an Arkansas Black which were nega- 

tive in Hopa crab apple. Virus isolates were also transmitted from 

two Red Delicious apples, a Gravenstein, Black Johnathan and a 

Yellow Delicious that were not tested in Hopa but were propagated on 

East Mailing IX rootstock which was positive in Hopa crab. Table 

IV shows the reactions of the apple latent virus indicators from in- 

oculations with the apple varieties and the apple varieties from which 

virus was sap transmitted to C. quinoa. 

Purification of Pear Viruses 

Purification of isolate 2hf was attempted and infectivity was 

assayed on C. quinoa at stages in the purification schedule. Leaves 
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TABLE IV. REACTION 
LATENT VIRUS 
APPLE VARIETIES. 

OF CHENOPODIUM QUINOA AND THE 
INDICATORS TO INOCULATIONS WITH 

Variety 

Index Hosts and Latent Viruses 
Hopa Virginia Crab Spy 227 

Reaction Stem Pitting Decline 
C. quinoa 

Chlorotic Leaf Spot 

Early McIntosh -I 
* + + 

King + + + 

Red Transparent + + + 

Yellow Delicious + + + 

Milton + + 

Red Staymen + + 

Winter Banana - - 
Whitney 
Red Delicious 

+ 

+ 

-t 

+ 

Gravenstein 
Black Johnathan 
Red Delicious 
Yellow Delicious 
Jonadel 
Connels Red Fire Side 

+ 

+ 

+ 

+ 

- 
- 

- 
- 

* 

- 
- 

+ 

+ 

+ 

+ 

- 
- 

Black Winesap - ? - 
Anoka - - + - 
Snow - - - - 
Red Spy - - - - 
Okanoma - + + - 
Idared - - 
W ormle s s - + - - 
Winter Banana - - - - 
Yellow Delicious - - - - 
Ontario + + + 

Moore Red - - - 
Red Jonathan ? - - + 

Arkansas Black - + + + 

indicates negative reaction. 
+ indicates positive reaction. 

indicates no test. 
? indicates indefinite reaction. 

* 

- 

O 
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of C. quinoa beginning to show local and systemic symptoms were 

ground in 0.01 M phosphate buffer, pH 7, containing O. 02 M NaDIECA 

and 0.01 M cysteine HCL. Partial purification of virus was conducted 

in a cold room at 40 C. 

Preliminary experiments indicated that bentonite sedimented 

host protein after low speed centrifugation with little loss of infecti- 

vity in the supernatants. Fifty, one hundred and two hundred milli- 

gram quantities of bentonite were individually added to mortars con- 

taining 15 ml of phosphate buffer containing the virus stabilizing 

agents and one gram of virus infected tissue. The tissue was ground 

and expressed through four layers of cheese cloth, then centrifuged 

in a Servall angle centrifuge for ten minutes at 4,225 x g. Centrifu- 

gation of the supernatants in a Spinco Model L Ultracentrifuge (No. 

40 head) for 120 minutes at 39, 000 rpm (100, 262 x g) yielded very 

small pellets about 2 mm in diameter. The pellets resulting from 

clarification with the 100 and 200 mg of bentonite were almost clear 

and contained only a slight amount of host material. The pellet re- 

sulting from clarification with 50 mg of bentonite was a dark green 

color. The three pellets were suspended in buffer and assayed for 

infectivity. In another experiment activated charcoal was substi- 

tuted for bentonite to purify isolate 2hf with the same purification 

schedule. All of the pellets resulting from the high speed centrifu- 

gation contained green host material in addition to sedimented 
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charcoal. Table V shows the virus titre as indicated by local lesion 

number after purification steps with bentonite and charcoal. 

TABLE V. COMPARISON OF BENTONITE AND CHARCOAL USED 
TO PURIFY PEAR VIRUS ISOLATE 2HF. 

Purification Bentonite (mg) Charcoal (mg) 
Stage 0 50 100 200 50 100 200 

6, 500 rpm supernatant 32a 123 45 83 90 34 17 

6, 500 rpm pellet 1 33 42 80 13 27 60 

39,000 rpm pellet 83 121 72 40 125 125 125 

aFigures represent local lesions per inoculated Chenopodium 
quinoa leaf. 

One hundred milligrams of bentonite was chosen as the most ap- 

plicable quantity for subsequent virus clarification because it yielded 

an almost clear pellet with a high virus titre. Isolate the was puri- 

fied as readily as isolate 2hf with the bentonite purification technique. 

Purified preparations of isolate 2hf were infectious for 30 days at 

4° C. 

Physical and Chemical Properties of Pear Viruses 

Infectious sap from young C. quinoa leaves was used to determine 

the dilution end -points, longevity in vitro and thermal inactivation 

properties for the two pear isolates, 2hf and the. Crude sap was 

extracted in a mortar and expressed through cheese cloth. All 
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dilutions were made in 0. 01 M phosphate buffer, pH 7, containing 

0.02 M NaDIECA and 0.01 M cysteine HCL. For the first dilution 

0. 1 ml of expressed sap was diluted 1:10 with the buffer solution in 

a Kahn tube. Both isolates had dilution end -points between 1 x l0 -3 

and 1 x 10 -4. Isolate 2hf incited only 0. 5 lesion in one test at the 

1 x 10 -4 dilution. Isolate the was not infectious at 1 x 10 -4 dilution. 

Table VI presents the data for the dilution end -points of the and 2hf. 

TABLE VI. DILUTION END -POINTS FOR PEAR ISOLATES 2HE 
AND 2 HF. 

Isolates 

Crude 
Sap 

Dilutions 

10 -1 10 2 10 -3 10 
-4 10-5 10-6 

the 

2hf 

11.Oa 

15.0 

42.0 

32.0 

12.0 

12.0 

7.0 

4.0 

0.0 

0.5 

0.0 

0.0 

0.0 

0.0 

aAverage number of local lesions per inoculated Chenopodium 
quinoa leaf. 

Longevity in vitro studies showed that both isolates were in- 

activated after five minutes when infectious sap was extracted in 

0. 01 M phosphate buffer, pH 7, and allowed to stand at room tempera- 

ture. Infectivity of both isolates was extended to three hours when 

infectious sap was extracted in phosphate buffer containing NaDIECA 

and cysteine HCL. Ten mg of bentonite ground with one square centi- 

meter of inoculated leaf tissue in 0. 5 ml of buffer extended infectivity 

to six hours. 



39 

Thermal inactivation ranges were determined for both pear virus 

isolates in sap partially clarified through cheese cloth. Virus in- 

fectivity was prolonged by mixing the sap with phosphate buffer con- 

taining NaDIECA, cysteine HCL and bentonite. Isolate 2hf incited 

6. 5 local lesions per C. quinoa leaf at 60o C and still retained a 

trace of infectivity at 62° C (0. 5 local lesion per leaf). Isolate 2hf 

was not infectious at 65o C. Isolate the incited six local lesions per 

leaf at 55o C, but none at 60o C. Both isolates gradually lost their 

infectivity as the temperature increased. Table VII presents thermal 

inactivation data for the and 2hf. 

TABLE VII. THERMAL INACTIVATION OF PEAR ISOLATES 2HE 
AND 2HF. 

Temperature 
Isolates Control 50 55 60 62 65 70 

2hf 155. Oa 53.0 17.0 6.5 0.5 0.0 0.0 

the 50.0 20.0 6.0 0.0 0.0 0.0 0.0 

aAverage number of local lesions per inoculated Chenopodium 
quinoa leaf. 

Isolate 2hf was purified from infectious C. quinoa sap by the pre- 

viously described bentonite purification technique. The high speed 

pellet was suspended in 8 ml of phosphate buffer and the ultraviolet 

absorption spectra of the virus suspension was measured with a 

Beckman DB spectrophotometer. The absorption spectra of the 
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purified virus is represented by curve A in Figure 3. For compari- 

son the spectra of the purified healthy C. quinoa sap is curve B in 

Figure 3. Curves for both preparations showed an absorption maxi- 

mum of 280 mµ typical for most proteins. 

The percent ribonucleic acid (RNA) and protein were calculated 

with the optical densities at 280 mµ and 260 mµ, by using the nomo- 

graph devised by E. Adams (1). The purified healthy sap preparation 

contained 3. 9 percent RNA and 96.1 percent protein. The purified 

2hf virus preparation contained 3. 8 percent RNA and 96. 2 percent 

protein. The ultraviolet absorption spectrum for isolate the was 

studied and that virus preparation yielded a spectrum curve similar 

to the one for 2hf and contained 3. 9 percent RNA and 96. 1 percent 

protein. Ultraviolet absorption data for both isolates indicated an 

RNA content of near 5 percent which is characteristic for rod - shaped 

virus particles. 

Herbaceous Host Ranges of Pear Viruses 

In the first attempt to infect herbaceous plants, 38 species repre- 

senting 19 families were mechanically inoculated with isolate the in 

buffered sap preparations of infected C. quinoa. Virus infectivity 

was extended by adding NaDIECA and cysteine HCL to the phosphate 

buffer. None of the inoculated plants, except Chenopodium, de- 

veloped virus symptoms. All of the inoculated plants without 
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Figure 3. Ultraviolet absorption spectra for A) pear isolate 
2hf prepared from Chenopodium quinoa and B) un- 
infected C. quinoa. 

.5 

I I I 1 I 1 



42 

symptoms were assayed on C. quinoa to detect possible symptomless 

systemic virus infections. None of the plants assayed gave a positive 

reaction on C. quinoa. 

More plants became infected when the isolates the and 2hf were 

purified by ultracentrifugation with bentonite and used to mechanically 

inoculate a selection of plant species, many of which were commonly 

utilized as virus indicators. Table VIII lists the species tested and 

their reaction after inoculation with 2hf and the. Symptomless sys- 

temic infections were detected with the assay plant C. quinoa. Isolate 

2hf was detected systemically and symptomless in the genera Brow - 

allia, Cassia, Sesbania and Torenia. Isolate the was detected sys- 

temically and symptomless in the genera Browallia, Cassia, Sesbania 

and Zinnia. Purified preparations of both isolates caused local le- 

sions on Phytolacca acinosa Roxb. and Chenopodium. Isolate the 

incited local lesions on bean. The lesions on P. acinosa were white, 

necrotic and were no larger than 1 mm in diameter. The isolates 

that infected P. acinosa were not transmitted from the local lesions 

to C. quinoa after five attempts. The necrotic lesions which appeared 

on bean (Phaseolus vulgaris var. Bountiful and var. Dwarf Horticul- 

ture) were dark brown, irregular in shape and rarely larger than 1 

mm in diameter. No more than seven local lesions developed per 

bean plant from five separate inoculation experiments. 

Browallia speciosa was chosen as a pear virus reservoir 
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TABLE VIII. COMPARATIVE HOST RANGES OF PEAR VIRUS ISOLATES 2HF AND 2HE, 

Species 
Virus and Symptoms 

2hf 2he 

Browallia speciosa Hook. (S) (S) 

Cassia occidentalis L. (S) - 

C. tora L. - (S) 

Chenopodium amaranticolor Coste & Reyn. L, S L, S 

C. quinoa Willd. L, S L, S 

Phaseolus vulgaris L. 

'Bountiful' - L 

'Dwarf Horticulture' - L 

Phytolacca acinosa Roxb. L L 

Sesbania sp. (S) (S) 

Torenia fournieri Lind. (S) * 

Zinnia elegans Jacq. 'Floradale' * (S) 

Antirrhinum malus L. - - 

Capsicum annuum L. var. cerasiforme Willd. - - 

Crotalaria spectabilis Roth - - 

Cucumis sativus L. 'Chicago Pickling' - - 

Cucurbita maxima Duchesne 'Buttercup' - - 

Cynoglossum officinale L. - - 

Datura inoxia Mill. - - 

Datura stramonium L. - - 

Dolichos lablab L. - - 

Gomphrena globosa L. - - 

Gossypìum herbaceum L. - - 

Lycopersicon esculentum Mill. 'Bonny Best' - - 

Petunia hybrida Vilm. - - 

Plantago major L. - - 

Nicotiana fragrans Hook. - - 

Nicotiana glutinosa L. - - 

Nicotiana megalosiphon - - 

Nicotiana rustics L. - - 

Salpiglossis sinuata Ruiz & Pay. - - 

(S) designates a symptomless systemic reaction. 
L designates a local reaction. 
S designates a systemic reaction. 

designates no reaction. 
designates no test. 

- 
* 



because it grew slowly and resumed growth when pruned and re- 

potted. 

Inhibitor Studies with Pear Viruses 
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Recent virus inhibitor studies showed that oxidized plant phenols 

can decrease the stability of the viruses Tulare apple mosaic (26), 

prune dwarf, sour cherry recurrent necrotic ringspot and necrotic 

ringspot (16) in vitro. Virus inactivation occurred when plant phenols 

were oxidized by polyphenol oxidases to quinones which eventually 

polymerized to form dark colored melanin compounds. Williams 

(37), in 1960, presented a list of phenolic compounds and their dis- 

tribution in apple and pear. He found chlorogenic acid and isochloro- 

genic acid to be the two major phenolic constituents in pear leaves. 

No research dealing with the inactivation of pear viruses by phenolic 

compounds present in pear has been located in the literature. An 

experiment was initiated to learn the effect chlorogenic acid, the 

most promin.ant pear phenol, had on pear virus 2hf. 

Polyphenol oxidase was prepared from potato tubers because 

they contained the tyrosinase type which hydroxylates mono and di- 

phenols. Polyphenol oxidase was purified by a modification of the 

technique used by Sisler and Evans (35). The tubers were homogen- 

ized in a Waring blender with an equal weight of phosphate buffer, 

pH 7, at 40 C. The preparation was strained through cheese cloth 
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and the resulting homogenate was centrifuged at 25,000 x g for 20 

minutes in a Sorvall RC - 2 refrigerated centrifuge. The superna- 

tant was made to 37 percent acetone by volume and centrifuged for 

15 minutes at 12, 500 x g. The resulting precipitate was mixed with 

phosphate buffer and centrifuged for 15 minutes at 12, 500 x g. The 

resulting supernatant was fractionated with 45 and 90 percent am- 

monium sulphate and the precipitate resulting from the 90 percent 

fractionation was suspended in phosphate buffer for use. 

Isolate 2hf was purified from C. quinoa sap by ultracentrifuga - 

tion and the ultraviolet absorption spectra of the partially purified 

virus solution was measured with a Beckman DB spectrophotometer. 

With the aid of a nomograph devised by E. Adams (1) the protein 

content of the sample was determined as 0.930 mg protein /ml. Puri- 

fied enzyme contained 0.480 mg protein /ml and contained 125 units 

of activity as determined by the method of Sisler and Evans (34). A 

0.004 M chlorogenic acid solution was used in all inhibition studies. 

One ml portions of virus were incubated separately with chloro- 

genic acid and stock enzyme for one hour at room temperature. 

Original virus infectivity was 30 local lesions per C. quinoa leaf. 

Virus infectivity one hour after treatment with chlorogenic acid was 

26 local lesions per leaf. One hour after adding enzyme virus in- 

fectivity was 28 local lesions per leaf. Virus infectivity was not 

substantially reduced by either the chlorogenic acid or enzyme. 
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Virus infectivity was assayed on C. quinoa at zero time and at 

intervals of 15 minutes to 30 minutes after adding 1 ml portions of 

chlorogenic acid and enzyme to 1 ml of the 

the decrease in virus titre with time. 

TABLE IX. EFFECT OF CHLOROGENIC 
STABILITY OF PEAR VIRUS 

virus. Table 

ACID OXIDATION 
2HF IN VITRO. 

IX shows 

ON THE 

Final Relative 
Treatment Concentration Time (min) Infectivity 

(1) Virus alone 0. 310 mg/ml 0.0 (control) 19.0a 

(2) Virus + 0. 310 mg/ml 0.0 1.5 

Enzyme + 0. 160 mg/ml 15.0 0. 3 

Chlorogenic acid 0.00133 M 30.0 0. 0 

arepresents number of local lesions per leaf on Chenopodium 
quinoa. 

Virus stability was reduced 92 percent immediately after adding 

chlorogenic acid and enzyme to the virus. The characteristic brown 

oxidation products appeared after all three substances were added to 

one another. No virus infectivity was present after 30 minutes. 

An experiment was designed to determine the effect enzyme di- 

lutions had on virus infectivity. The virus and chlorogenic acid con- 

centrations were not varied but the enzyme was diluted 1:10 and 1:20 

with phosphate buffer. Table X shows the relative infectivity of 2hf 

15 minutes after the chlorogenic acid and diluted enzyme were added 



to the virus. 
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TABLE X. EFFECT OF ENZYME DILUTIONS ON STABILITY OF 
PEAR VIRUS 2HF IN VITRO. 

Final Concentration Enzyme 
Dilution 

Relativea 
Infectivity Virus mg /ml Chlorogenic Acid Enzyme mg /ml 

0.310 0.00133 M 0. 160 none 0.3 

0.310 0.00133 M 0.016 1:10 0.3 

0.310 0.00133 M 0.008 1:20 5.0 

0.310 none none - 15.0 

a measured 15 minutes after chlorogenic acid and diluted enzyme 
were added to the virus. 

b represents number of local lesions per leaf on Chenopodium 
quinoa. 

Enzyme dilutions apparently affected chlorogenic acid oxidation 

which in turn had an influence on virus stability. Enzyme diluted 

1:10 had as much of an inhibitory effect on virus stability as undiluted 

enzyme. Virus stability was reduced threefold by a 1:20 enzyme di- 

lution. 

Another method was utilized to demonstrate the effectiveness of 

pear inhibitors on pear virus stability. Infectivity of purified isolate 

2hf was measured after the virus was mixed in a mortar with young 

pear leaf tissue. Chenopodium quinoa was inoculated immediately 

after 5 ml aliquots of virus were mixed with 4. 2, 21.0 and 42.0 mg 

of leaf tissue. The virus mixed with 4. 2 mg of tissue incited an 
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average of 12 local lesions per leaf on C. quinoa, the virus mixed 

with 21.0 mg of tissue incited 0. 6 local lesions and the virus mixed 

with 42.0 mg of tissue incited 0. 35 local lesions. Untreated virus 

incited an average of 44.5 local lesions per leaf on C. quinoa. 

Virus infectivity was reduced to about one -fourth of its original 

infectivity with 4. 2 mg of leaf tissue. Virus was not inactivated with 

42.0 mg of leaf tissue. 

Electron Microscopy and Serology 

Electron microscope grids were prepared by first coating them 

with Formvar or collodion. One drop of a 1:2000 polystyrene latex 

suspension was added to each grid for a size reference. The latex 

particles had a mean diameter of 264 mµ. In the "quick -dip" method 

of Brandes (5) cut edges of local lesions incited by the and 2hf on 

C. quinoa leaves were moved through the polystyrene latex suspen- 

sion. Partially purified extracts from infected C. quinoa also were 

suspended in 0. 01 M phosphate buffer, pH 7, and one drop was added 

to the polystyrene latex suspensions. After one minute of standing, 

the drops were reduced to a thin film and allowed to air dry. They 

were shadowed with a platinum- palladium alloy and examined with 

an RCA type EMLT -2 -D electron microscope. Long virus like parti- 

cles were not detected in four separate trials. 

Virgin female New Zealand white rabbits were used for antiserum 
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production. Virus 2hf was purified by ultracentrifugation with bento- 

nite from C. quinoa and B. speciosa and suspended in phosphate 

buffer. Two antisera were prepared for 2hf purified from each 

species. The antigen was treated with 0.2 percent formalin (17). 

One ml portions were injected in the ear vein at weekly intervals for 

four weeks. Ten to twenty ml of blood were taken five days after 

the final injection and antisera were prepared. The two antisera to 

infected B. speciosa reacted with normal host antigens in Oucterlony 

agar double- diffusion tests (3) after being absorbed once with healthy 

host antigens. The healthy host antigens were purified by ultracentri- 

fugation without bentonite. One of the two antisera prepared from 

infected C. quinoa did not react with healthy host or purified virus 

after being absorbed once with healthy host antigens. It also was 

tested against healthy and partially purified virus antigens in a mic- 

roprecipitin test (3). The same test was used to determine if isolate 

2hf reacted with chlorotic leaf spot antiserum, designated C -8, pre- 

pared by Lister et al. (23). The results of these tests are presented 

in Table XI. 

The information in Table XI, although derived from only one test, 

showed a serological relationship between apple chlorotic leaf spot 

virus and pear isolate 2hf. The 2hf antiserum titre of 64 in the reac- 

tion with the 2hf antigen indicated that a functional antiserum was 

prepared. 
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TABLE XI. SEROLOGICAL REACTION OF APPLE CHLOROTIC 
LEAFSPOT ANTISERUM, C -8, AND PEAR ANTI- 
SERUM 2HF WITH ISOLATE 2HF. 

Antiserum Antigen Titre 

CLSV -8 Healthy 

CLSV-8 2hf 

Normal Healthy 

Normal 2hf 

2hf Healthy 

2hf 2hf 

16 

128 

0 

0 

16 

64 

Attempts to Infect B -13 Pear with Pear Viruses 

The isolates 2hf and the infecting herbaceous plants were selected 

for transmission to B -13 with four methods of inoculation, budding, 

approach grafting, mechanical inoculation and virus injections. These 

inoculation experiments were designed to demonstrate the ability of 

these isolates to cause ring mosaic, vein yellows or a symptomless 

condition in the leaves of the host. 

Budding 

B -13 pear was inoculated with buds of C. amaranticolor in- 

fected with the and 2hf. These buds were inserted in a T -cut on the 

stem of the pear below the graft. In this way twenty B -13 plants 

were inoculated with 2hf and thirteen B -13 plants were inoculated 
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with the. Each B -13 plant was inoculated at two to six sites shortly 

after dormancy was broken in the greenhouse. Each T -cut was 

wrapped and sealed with Parafilm M. The inoculated B -13 were held 

in the greenhouse one growing season during which time they re- 

mained symptomless. The inoculated B -13 were negative when they 

were mechanically assayed on C. quinoa. 

An experiment was planned to determine the effectiveness of 

virus transmission from Chenopodium to Chenopodium by budding. 

Healthy C. amaranticolor plants were inoculated with virus infected 

C. quinoa buds. In five experiments 65 C. amaranticolor plants in- 

oculated with isolate 2hf remained symptomless. However, in one 

experiment two of fifteen C. amaranticolor plants developed systemic 

symptoms when they were inoculated with C. amaranticolor buds in- 

fected with 2hf. A low percentage of virus transmission (2.5 percent) 

from these experiments partly explained the failure of buds to trans- 

mit pear viruses from Chenopodium to pear. 

Approach Grafting 

B -13 pear was inoculated by approach grafting virus infected C. 

amaranticolor to the pear rootstock on which the B -13 was grafted. 

By this means eight B -13 plants were inoculated with the and eight 

B-13 with 2hf. The inoculations were made in the spring when the 

grafts had healed and were breaking dormancy. A union of C. 
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amaranticolor with pear did not result, however both plants developed 

callose intimately at the graft. The C. amaranticolor plants con- 

tinued to show systemic symptoms through September, but the B -13 

did not develop virus symptoms. Leaf tissue of the inoculated B -13 

plants was negative after being mechanically assayed twice on C. 

quinoa for the pear viruses. 

Eighteen healthy C. amaranticolor were approach grafted to C. 

amaranticolor infected with the to determine the efficacy of virus 

transmission by this means. Three of the inoculated plants developed 

systemic virus symptoms. 

Mechanical Inoculation 

Isolates 2hf and the were partially purified from C. quinoa by 

ultracentrifugation with bentonite and mechanically inoculated to 

B -13 when the first three leaves expanded fully. Each isolate was 

inoculated to ten plants and they were observed for virus symptoms 

one growing season. No apparent virus symptoms developed in these 

plants and they were negative when leaf tissue was assayed on C. 

quinoa for the pear viruses. 

Injection of Virus 

Pear seedlings were inoculated by injecting pear virus into the 

stems a few inches above the crown. These seedlings were 
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inoculated in the field in September 1965 and grafted with B -13 in 

February 1966. Each isolate, the and 2hf, was inoculated to ten 

plants by this means. Infectivity of these isolates was prolonged by 

extracting them from C. quinoa in phosphate buffer containing 

NaDIECA and cysteine HCL and bentonite. Five ml of this prepara- 

tion were injected with a syringe into one T -cut made on the stem of 

each plant. The inoculated sites were wrapped and sealed with Para - 

film M. By September 1966 none of the plants had developed virus 

symptoms. 
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DISCUSSION 

In 1962, Pfaeltzer (28) reported the transmission of a virus from 

pear to herbaceous plants. This isolated report was a milestone in 

pear virus disease research because prior to and after her success 

many workers had attempted and failed to mechanically transmit pear 

viruses. The emphasis at that time on the mechanical transmission 

of pear viruses was due, in part, to the prominence given to the pear 

decline virus research in the Western United States. 

During the early phases of the present study graftage and me- 

chanical inoculation techniques were used in an attempt to transmit 

viruses from pears to herbaceous plants. No apparent virus symp- 

toms developed in the plants tested. The failure of virus trans- 

mission with these techniques was not primarily due to the absence 

of transmissible viruses and suitable indicator plants or even to the 

lack of graft compatibility between pear and Chenopodium, but was 

caused more by the rapid inactivation of the viruses by pear inhibi- 

tors. This study showed that a natural pear phenol, chlorogenic 

acid, reduced virus infectivity 92 percent in vitro when the phenol 

was oxidized. An increase in polyphenol oxidase and peroxidase 

activity is a characteristic of virus infected tissues (14). This acti- 

vity may increase through the spring to account for the decreased 

success of virus transmissions made in late spring in contrast to 
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the better success with virus transmissions made in late winter or 

early spring. Rapid virus inactivation was encountered with the vi- 

ruses which were eventually mechanically transmitted from pear. 

These viruses were only transmitted when the transmissions were 

rapidly made and when several precautions were taken to retard oxi- 

dation reactions. Cysteine hydrochloride and sodium diethyldithio- 

carbamate were essential for virus transmission. The adsorpative 

properties of bentonite clay (13) prolonged virus infectivity in sap 

preparations and during purification of the virus by ultracentrifuga - 

tion. 

The pear viruses were only transmitted from pear sources with 

ring mosaic symptoms. These pear sources also exhibited vein 

yellows symptoms. The two viruses causing these symptoms were 

separated when the ring mosaic virus was filtered through rosaceous 

plants. Sap transmission of virus to herbaceous plants from pear 

showing only ring mosaic symptoms is the strongest evidence pre- 

sented to support the hypothesis that the sap transmitted viruses are 

the ring mosaic virus. Healthy B -13 were mechanically inoculated, 

injected with infectious C. quinoa sap, and T- budded and approach 

grafted with infected herbaceous plants in attempts to transmit the 

sap transmitted pear viruses. After one growing season the inocu- 

lated B -13 did not react with virus symptoms. If the viruses were 

not transmitted to B -13, then the pear inhibitors were just as 
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effective preventing the admission of a virus to B -13 as they were 

preventing the transmission of virus from pear. 

The association of sap transmissible viruses from pear with ring 

mosaic symptoms was made by two European investigators (8, 28). 

Descriptions of the symptoms their viruses incited in Chenopodium 

were similar to the symptoms incited by the pear viruses reported 

in this study. Their viruses were reported to infect only a few spe- 

cies other than Chenopodium. The pear viruses in this study were 

first transmitted from pear to Chenopodium and then only trans- 

mitted to other herbaceous plants after they were removed from the 

inhibitors in Chenopodium by ultracentrifugation. Waterworth (36) 

reported an herbaceous host range for a virus isolate transmitted 

from a symptomless pear. His host range bears some similarity to 

the host ranges established for the isolates studied in this report. 

His isolate could be the ring mosaic virus and still be symptomless 

in the pear source. A pear ring mosaic virus isolate reported in 

this study was symptomless in eleven of twelve pear species for two 

years in the greenhouse. 

The virus isolates transmitted from pear were distinguished by 

two types of lesions which developed in C. quinoa. Virus isolates 

were also transmitted from apple that incited similar lesions in C. 

quinoa. One apple lesion type was apparently incited by the chlorotic 

leaf spot virus Lister et al. (22) and Cropley (12) transmitted from 
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apple to Chenopodium and back to apple. The resemblance of the 

pear viruses to the apple viruses by the lesion types incited on C. 

quinoa were not the only similarities they shared. Lister et al. (23) 

reported dilution end -point, thermal inactivation, chemical, serologi- 

cal and host range information for the apple isolates that was simi- 

lar to the same data presented for the pear isolates. 

Reynolds (33, p. 45) suggested that the virus causing the reac- 

tion in the Hopa crab was not identical to chlorotic leaf spot, Spy 

lethal, stem pit or line pattern viruses. However, the sap trans- 

missible apple viruses, believed to be the chlorotic leaf spot virus, 

were transmitted primarily from apples positive in the latent virus 

indicator Hopa crab apple. Two isolates were transmitted from 

sources negative in Hopa crab. An indexing error or the presence 

of mild virus strains could have accounted for a negative reaction 

with those two sources. Implication, however, is not strong enough 

evidence to state that the virus causing the Hopa reaction is the 

chlorotic leaf spot virus. Although, Gilmer et al. (15) have recently 

reported indexing results which have suggested one virus, chlorotic 

leaf spot, as the cause of similar leaf symptoms in the candidate 

apple indicators R12740 -7A, Evelyn, Jay Darling and Hopa. Reynolds 

(33, p. 42) also showed that the virus which caused the reaction in 

Hopa could not be transmitted to a pear seedling but that the pear 

ring mosaic virus could be transmitted to Hopa crab and recovered 
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in B -13. Reynolds (33, p. 47) concluded that the two viruses were 

not identical and that the pear ring mosaic virus was capable of caus- 

ing a symptom on crab apple indistinguishable from the Hopa crab 

reaction. However, in contrast to Reynolds (33, p. 42) report that 

the reaction in Hopa could not be transmitted to a pear seedling, 

Milbrath and Reynolds (24) and Cropley et al. (10) were able to incite 

ring mosaic symptoms in pear with chlorotic leaf spot apple virus 

cultures. It is evident that this information has three possible ex- 

plainations, the first one is that the virus causing the Hopa reaction 

does not infect pear, the second is that the virus is symptomless in 

pear, and the third is that the virus causing the Hopa reaction is the 

incitant of pear ring mosaic symptoms. The data presented in this 

thesis tends to support the last explaination. 

In summary certain points are explained to account for the con- 

fusion surrounding the relationship between the Hopa crab reaction 

and pear ring mosaic symptoms. One characteristic of the ring 

mosaic virus and the sap transmissible pear viruses was that they 

were symptomless in rosaceous plants. This was even true for most 

of the herbaceous plants infected with the sap transmissible pear 

viruses. This characteristic suggests that the reaction Reynolds 

(33, p. 42) observed in Hopa budded with ring mosaic virus infected 

pear may not have been caused by the pear ring mosaic virus even 

though the virus infected apple. The Hopa reaction was observed to 
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be a more stable reaction than pear ring mosaic symptoms. Ring 

mosaic symptoms in one group of pears were noted to appear one 

year but not in another. Ring mosaic symptoms were the first symp- 

toms to appear but they were later masked by vein yellows symptoms. 

The irregularity of ring mosaic symptom expression is a plausible 

factor for possible inaccuracies reported in some experiments. 

In the present study several points are evident. Virus has been 

mechanically transmitted from pear and only from pear with ring 

mosaic symptoms. Data about the properties of the pear viruses has 

shown that they are either closely related to chlorotic leaf spot virus 

or they are the chlorotic leaf spot virus. The Hopa reaction appears 

to be caused by a sap transmissible virus presumed to be chlorotic 

leaf spot virus. 
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SUMMARY 

1. Virus symptoms did not develop in herbaceous plants when they 

were approach grafted or budded with infected pears or mechani- 

cally inoculated with infectious sap in phosphate buffer. 

2. Virus was transmitted to Chenopodium amaranticolor from 

pears in 0. 01 M phosphate buffer, pH 8. 5, containing 0.02 M 

sodium diethyldithiocarbamate and 0. 01 M cysteine hydrochlo- 

ride. The virus was transmitted from four pear species in- 

oculated with one virus source, and Bartlett pear (B -13) pre- 

viously inoculated with seven virus sources. The C. amaranti- 

color developed local lesions and systemic oakleaf patterns and 

chlorosis, and was the only genus to develop symptoms. All 

virus sources were positive for ring mosaic and vein yellows 

symptoms. 

3. The virus which incited ring mosaic symptoms was filtered 

through inoculated Prunus spp. and a Sorbus sp. and in this 

way was separated from the vein yellows virus. Symptoms, 

similar to those previously described, were incited in C. am- 

aranticolor by a virus mechanically transmitted from pear 

showing only ring mosaic symptoms. 

4. The pear virus isolates incited two local lesion types on C. 

quinoa. "Type 1" lesion was water- soaked, tan and 2 to 3 mm 
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in diameter. "Type 2" lesion was brown and pinpoint to no 

larger than 1 mm in diameter. 

5. The pear virus isolates incited symptoms in Chenopodium 

identical to the symptoms caused by virus isolates transmitted 

from apple. Twelve of the fifteen apple virus isolates were 

transmitted from apple sources which had caused a chlorotic 

leaf spot reaction in Hopa crab apple. 

6. Both pear virus isolate types were purified by homogenizing 

infected C. quinoa tissue in phosphate buffer, pH 7, containing 

NaDIECA, cysteine HCL and a clarifying agent, bentonite, 

followed by one low and one high speed centrifugation. 

7. The pear virus isolates were noninfectious after five minutes 

at room temperature in phosphate buffer preparations of Cheno- 

podium sap. Isolate "Type 1" had a dilution end -point of be- 

tween 1 x 10 -3 and 1 x 10 -4, was still infectious at 62° C and 

contained 3. 8 percent RNA and 96. 2 percent protein. 

8. Isolate "Type 1" infected the genera Browallia, Cassia, Cheno- 

podium, Sesbania, Phytolacca and Torenia. Isolate "Type 2" 

infected the genera Browallia, Cassia, Chenopodium, Sesbania, 

Phytolacca, Phaseolus and Zinnia. 

9. Inhibitor studies with the purified "Type 1" isolate using a pear 

phenol, chlorogenic acid, showed that virus infectivity was re- 

duced 92 percent when the phenol was oxidized. A 1 :10 dilution 
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of polyphenol oxidase reduced virus infectivity as much as un- 

diluted enzyme. Virus infectivity was reduced three -fourths 

with 4. 2 mg of pear leaf tissue. 

10. The two isolate types were not transmitted to B -13 by rubbing 

partially purified virus on pear leaves, injecting infectious 

C. quinoa sap into B-13 stems, or by budding and approach 

grafting infected Chenopodium to B-13. 



63 

BIBLIOGRAPHY 

1. Adams, E. Nomograph. Los Angeles, California Corporation 
for Biochemical Research, n. d. 1 p. 

2. Bailey, L. H. Manual of cultivated plants. New York, Mac- 
millan Co. , 1949. 1116 p. 

3. Ball, E. M. Serological tests for the identification of plant 
viruses. Ithaca, N. Y., American Phytopathology Society, 
1961. 16 p. 

4. Blumer, M. Das Birnenmosaik. Schweizerische Zeitschrift 
für Obst- und Weinbau 66:459 -463. 1957. 

5. Brandes, J. Ein Beitrag zur Frage der Vermehrung faden - 
und stäbchenförmiger Pflanzenviren. Naturwissenschaften 
43:428. 1956. 

6. Cadman, C. H. Affinities of viruses infecting fruit trees and 
raspberry. Plant Disease Reporter 47:459 -462. 1963. 

7. Canova, A. Researches on pear -tree mosaic. Tidsskrift for 
Pl ante avl 65:64-66. 1961. 

8. Canova, A. and G. Casaliccho. Mechanical transmission of 
viruses from apple and pear -trees with mosaic symptoms. 
In: Proceedings of the Fifth European Symposium on Fruit 
Tree Virus Diseases, Bologna, Italy, June 1 -8, 1962. 
Bologna, Edizioni Agricole, 1962. p. 71 -73. 

9. Christoff, A. Mosaikfleckigkeit, chlorose and stippenfleckig- 
keit bei Aepfeln, Biren und Quitten. Phytopathologische 
Zeitschrift 8:285 -296. 1935. 

10. Cropley, R. , L. D. Wolfswinkel and A. F. Posnette. The 
identification of some viruses infecting apple, pear and quince. 
In: Proceedings of the Fifth European Symposium on Fruit 
Tree Virus Diseases, Bologna, Italy, June 1 -8, 1962. Bologna, 
Edizioni Agricole, 1962. p. 56 -60. 

11. Cropley, R. The association of a sap -transmissible virus with 
apple chlorotic leaf spot. Plant Disease Reporter 47:165 -167. 
1963. 



64 

12. Cropley, R. Transmission of apple chlorotic leaf spot virus 
from Chenopodium to apple. Plant Disease Reporter 48:678- 
680. 1964. 

13. Dunn, D. B. and J. H. Hitchborn. The use of bentonite in 
purification of plant viruses. Virology 25 :171 -192. 1965. 

14. Farkas, G. L. Z. Király and F. Solymosy. Role of oxidative 
metabolism in the localization of plant viruses. Virology 12: 
408 -421. 1960. 

15. Gilmer°, R. M., A. B. Groves, G. I. Mink and J. R. Shay. 
IR -2 pome fruit virus subproject -- an interim report. Plant 
Disease Reporter 50:461 -464. 1966. 

16. Hampton, R. E. and R. W. Fulton. The relation of polyphenol 
oxidase to instability in vitro of prune dwarf and sour cherry 
necrotic ringspot viruses. Virology 13:14 -52. 1961. 

17. Hollings, M. and O. M. Stone. Use of formalin treated anti- 
gen in the production of antiserum to a plant virus. Nature 
194:607. 1962. 

18. Kegler, H. Untersuchungen über Virosen des Kernobstes. 
II. Das Ringfleckenmosaik der Birne. Phytopathologische 
Zeitschrift 37:379 -400. 1960. 

19. Kienholz, J. R. Stony pit, a transmissible disease of pears. 
Phytopathology 29:260 -267. 1939. 

20. Kienholz, J. R. [ Discussion on] the pear virus and stone pit 
situation in Oregon. In: Proceedings of the 71st Annual 
Meeting of the Oregon State Horticultural Society, Corvallis, 
Oregon, Dec. 6 -7, 1956. Salem, p. 55 -61. 

21. Kirkpatrick, H. C. and R. C. Lindner. A mechanically trans- 
missible virus latent in apple. Phytopathology 54:229 -232. 
1964. 

22. Lister, R. M. , J. B. Bancroft and J. R. Shay. Chlorotic 
leaf spot from a mechanically transmissible virus from apple. 
Phytopathology 54:1300 -1301. 1964. 

, 



65 

23. Lister, R. M , J. B. Bancroft and M. J. Nadakavukaren. 
Some sap -transmissible viruses from apple. Phytopathology 
55:859 -870. 1965. 

24. Milbrath, J. A. and J. E. Reynolds. A virus disease of pear 
caused by chlorotic leaf spot of apple. (Abstract) Phyto- 
pathology 52:743. 1962. 

25. Mink, G. I. and J. R. Shay. Preliminary evaluation of some 
Russian apple varieties as indicators of apple viruses. Plant 
Disease Reporter, Supplement no. 254:13 -17. 1959. 

26. Mink, G. I. Inactivation of tulare apple mosaic virus by 
o- quinones. Virology 26 :700 -707. 1965. 

27. Oregon. Department of Agriculture. Agriculture in Oregon. 
Salem, 1965. 52 p. 

28. Pfaeltzer, Hillegonda J. Mechanical transmission of virus 
from diseased pear trees to herbaceous hosts. Plant Disease 
Reporter 46 :338 -339. 1962. 

29. Posnette, A. F. Virus diseases of pears in England. Journal 
of Horticultural Science 32 :53 -61. 1957. 

30. Posnette, A. F. and R. Cropley. Quince indicators for pear 
viruses. Journal of Horticultural Science 33:289 -291. 1958. 

31. Posnette, A. F. and R. Cropley. Quince stunt. In: Virus 
diseases of apples and pears, ed. by A. F. Posnette. Farn- 
ham Royal, England, 1963. p. 113 -116. (Commonwealth 
Bureau of Horticulture and Plantation Crops. Technical com- 
munication no. 30) 

32. Rehder, A. Manual of cultivated trees and shrubs. New York, 
Macmillan Co. , 1940. 996 p. 

33. Reynolds, J. E. The use of flowering crab apples for the de- 
tection of latent viruses in apples. Ph. D. thesis. Corvallis, 
Oregon State University, 1963. 56 numb. leaves. 

34. Sisler, E. C. and H. J. Evans. Direct spectrophotometric 
determination of chlorogenic acid oxidase activity. Biochimica 
et Biophysica Acta 28:638 -639. 1958. 



66 

35. Sisler, E. C. and H. J. Evans. Electron transport mechanisms 
in tobacco roots. II. Reduced pyridine nucleotide oxidative 
pathways. Tobacco Science 2 :132 -138. 1958. 

36. Waterworth, H. E. Some properties of an unidentified virus 
latent in a pear introduction. (Abstract) Phytopathology 
55:1081. 1965. 

37. Williams, A. H. The distribution of phenolic compounds in 
apple and pear trees. In: Phenolics in plants in health and 
disease, ed. by J. B. Pridham. New York, Pergamon Press, 
1960. p. 3 -7. 

38. Wolfswinkel, L. D. Some factors affecting the mechanical 
transmission of pear viruses. South African Journal of Agri- 
cultural Science 7:611-620. 1964. 

39. Yarwood, C. E. Mechanical transmission of an apple mosaic 
virus. Hilgardia 23:613 -628. 1955. 


