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ABSTRACT

MULTIPLICATION AND DISTRIBUTION OF BEAN

COMMON MOSAIC VIRUS (BCMV) IN BEAN.

BY

EPHRAIM J.A. EKPO

Various aspects of multiplication and distribution of

bean common mosaic Virus 1 (BCMVl) in the susceptible bean

variety Mich-Cal-Cranberry were studied with the aid of

Monroe-local-lesion host. Plant age at time of inoculation

affected rates of virus multiplication and movement out of

primary leaves. Above-ground parts of young plants (8 day-

old) consistently Contained higher infectivity than the

corresponding parts of older (12 day-old) plants. The reverse

‘ was true for below-ground plant parts. The lag or eclipse

period between inoculation and subsequent detection of

infectious particles in the primary leaf was longer at low

temperature (18°) than at high temperature (230 and 28°C).

Greater infectious virus concentrations were associated with

high temperatures; however, in some cases the effect of

temperature was modified by the virus-tissue combination.

At a temperature of 23°, a cyclic pattern of infectivity was

demonstrated in the first trifoliolate leaf of inoculated

plants; infectivity peaks occurred at 6-7, 9-10 and 12 days

after inoculation.



Infectious BCMV particles did not move through sections

of the stem previously steamed to kill all living cells

(including phloem)..RThis evidence strongly suggests phloem

transport of BCMV as opposed to xylem transport. Furthermore,

the general inability of infectious particles to move from

the inoculated primary leaf across the stem to the opposite

uninoculated primary leaf suggests movement in the phloem.

Infectivity was associated with flowers, immature and

mature pods and seeds of systemically infected plants.

Infectivity was consistently found in dissected cotyledons

and embryos of both immature and mature (dry) seeds. Surface

decontamination eliminated infectivity in seedcoats but not

in cotyledons or embryos. BCMV was transmitted in h6.6%

of the seeds from infected plants.
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CHAPTER I

INTRODUCTION

Discovery, Distribution and Economic Importance

of Bean Common Mosaic Virus (BCMV)

Bean common mosaic virus (BCMV) constitutes a major

virus disease of bean (Phaseolu§_vulgaris L). It attacks a
 

large number of bean varieties, particularly in those countries

where no work is done on the development of resistant varieties.

‘The deleterious effects which BCMV has on bean pro-

duction vary from reduction in leaf area, flower production

and pod set, to reduction in total number and weight of

seed per plant.

Iwanowski (25) first reported BCMV occurrence around

189M on3a P, vulgaris variety in Russia. Later Clinton (10)

in 1908 observed an ”infectious chlorosis” in Connecticut

now thought to be common bean mosaic. Several years later,

Stewart and Reddick (M6) reported that BCMV was responsible

for large losses to the bean crop in New York during 1916

and 1917. In 1921, Spragg and Down (MS) reported the disease

on commercial Navy (pea) bean in Michigan and suggested that

the disease must have been present as early as 1908. Barss (3)

observed the same disease in Oregon and recorded up to 50%



infection in some fields. In Canada, up to 25% field infection

was reported by various workers including Stone and Howitt

(A7), Archibald (l) and Gussow (18). For the period 1925-

1927, BCMV ranked second only to bacterial blight in causing

reductions in total yield for the U.S. bean crop (50).

Grainger (16) reported the disease in England in 1929 and

Chamberlain (8) reported it from New Zealand in 1933.

Geographical distribution of BCMV is extensive, sug-

gesting that the virus is worldwide in distribution. Rands

and Brotherton (39) demonstrated been common mosaic in

seedlings grown from seed collected from Argentina, Brazil,

Japan, Mexico, England, Ecuador, Chile, Belgium, France,

Belgian Congo, Germany, Guatemala, Colombia, Honduras, Java,

Czechoslovakia, Peru, Venezuela, uraguay and the Union of

Soviet Socialist Republic. Cass Smith (7) reported the

widespread distribution of the disease and its possible

menace to the bean industry in Australia. In Nigeria, little

work has been done on bean viruses but field experience in

local farms, research stations and at Institute of Tropical

Agriculture, Ibadan, has revealed the susceptibility of a

large number of native bean and cowpea varieties to the bean

common mosaic virus, (E.J.A. Ekpo, unpublished information).

The losses caused by BCMV vary considerably depending

on cultural practices, environmental factors and availability

of disease-free seed. Harter (22) estimated economic loss

due to the disease in Idaho at about 5% in 1920 and about



 

 

 

 

Figure 1. Typical symptoms of stunting caused

by bean common mosaic virus.



important factors in the formation of these local lesions (#8).

Plants inoculated with BCMV 8 and 1h - 16 days after planting

produced fewer lesions than those inoculated 9 - 13 days

after planting; 10 day-old plants produced the largest number

of lesions.

Air temperature also affected both the type and

quantity of local lesions formed by BCMV on primary leaves

of Monroe bean (“8). At 16° and 200 C necrotic-type lesions

were formed, whereas at 2N0 and 280 C lesions were character-

istically ringspot-shaped. More lesions were produced at

20° and 2&0 C. The black root symptom of BCMV infection

occurs in some resistant bean varieties in which a systemic

necrosis develops; this symptom is believed to be associated

with high air temperature (17, 58).

Means of Transmission

The means of transmission of BCMV are generally similar

to those of the Southern Bean Mosaic Virus (SBMV) and Yellow

Bean Mosaic Virus (YBMV). Like SBMV and YBMV, BCMV is trans-

mitted mechanically by machinery, man and animals. Reddick

and Stewart (AO) obtained infection by rubbing the upper

surface of young leaves with crushed infected leaf tissue.

In greenhouse experiments, abrasives are often used to increase

the number of infection sites on the leaf surface prior to

mechanical rub-inoculation. Zaumeyer and Wade (60) obtained

almost 100% infection by the use of carborundum powder dusted



on the leaves prior to inoculation. Under field conditions,

however, insects notably aphids, are the primary transmitting

agents of these viruses (59).

From the standpoint of seed transmission, BCMV differs

markedly from both SBMV and YBMV. There is no record of seed

transmission for yellow bean mosaic in the literature.

Records of seed transmission for SBMV are of rather rare

occurrence (59). In contrast, however, BCMV is known to be

commonly seed transmitted. Reddick and Stewart (MO) have

demonstrated that BCMV is seed transmitted and that plant to

plant transmission is rare. Plants rub-inoculated and grown

in pots containing control plants resulted in no transfer of

the disease to the healthy plants. Similarly, seeds from

healthy plants grown in pots with diseased seeds have invari-

ably remained healthy.

Additional evidence of seed transmission of BCMV is

indicated by the occurrence of mosaic in plants raised from

seeds externally disinfected by immersion in bleaching powder

solution, a method suggested by Wilson (52). Fajardo (13)

states that spread of BCMV from one locality to another is

probably through seed transmission. The disease has not been

transmitted through the soil or through root or aerial contact

between mosaic-infected and healthy plants. Pierce and

Hungerford (3“) found that about 33% of the seed from infected

plants contained the virus. Nelson (33) in a similar experi-

ment demonstrated up to 50% seed infection in plants grown

from infected seed. He stated that the observed variability



in transmission of mosaic in the seed might be due to certain

characteristics in the vascular anatomy of the bean pod; this

statement assumes that the virus might be present in only

certain elements of the vascular bundle and that only seeds

having a direct connection with the infected tissue would

become infected.

Several workers have demonstrated a possible correla-

tion between percentage of seed infection and certain stages

in the growth of the bean plant.qLFajardo (l3) and Harrison

(20) maintain that if infection occurs prior to blossom,

the seed is likely to carry infection. Conversely, if the

plants become infected after the blossoms are set, no seed

infection results. Survival of the virus (BCMV) in the seed

for a period of 30 years was demonstrated by Pierce and

Hungerford (3h).

Detailed studies regarding the mechanics of seed

transmission of SBMV are found in the literature. Zaumeyer

and Harter (57) demonstrated 5% seed transmission of infec-

tious SBMV in mature seed that had been stored for 7 months.

In 1955, Cheo (9) reported the recovery of SBMV from virtually

all embryos and seedcoats of immature seeds of P, vulgaris,

but from only seedcoats of mature ones. He was led to

conclude that infectivity in the immature embryo was inhib-

ited very rapidly upon dehydration of the seed at maturation.

McDonald and Hamilton (31) showed that in mature P, vulgaris

seed, infectious SBMV is confined to the seedcoat. They,



therefore, propose that the likely mechanism of seed trans-

mission in many hosts of SBMV is from virus on the seedcoat

and infection of the embryo during germination.

Although seed transmission of BCMV was reported as

early as 1917 (“0), no detailed studies have established the

actual location of the infectious particles within the seed.

This partial neglect may have been due to the absence of a

suitable local-lesion host for BCMV.

Monroe Local-Lesion Host

Much information on the biology of SBMV and other

mosaic viruses is a result of early discovery of local lesion

hosts for these viruses. The lack of a useful local lesion

host for BCMV hindered detailed studies on aSpects of multi-

plication and movement of this virus in its hosts. The

recent discovery that 'Mbnroe' bean is an excellent local

lesion host for BCMV (A9), prompted the author to examine

several aspects of virus activity in a susceptible bean

variety.

Several areas were of particular interest in this study.

Firstly, the effects of air temperature and plant age on BCMV

distribution and multiplication were examined.

Secondly, the particular pathway by which the infec-

tious virus particles move throughout the susceptible plant

was investigated.



Finally, several aspects relating to seed transmission

of BCMV were studied. BCMV distribution in seed developing

on infected plants was sequentially assayed during the

growing season.



CHAP‘I‘ER I I

MATERIALS AND METHODS

Plant Material
 

The susceptible test plant used throughout this study

was Mich-Cal-Cranberry herein designated 'MCC'. Uniform

planting was practised for all comparative studies. Generally

600 ml of vermiculite was placed in a 32 oz wax-lined card-

board carton (Figure l). Disease-free MCC seeds were spread

out on the medium at the rate of 5 per carton and the seeds

were covered with an additional 250 ml of vermiculite.

Measured amounts (350 ml) of distilled water were added to

each carton to insure uniform germination. Seedling number

was reduced to 3 per carton after emergence. Watering of

plants was done alternately with iron solution (Sequestrene,

Fe as metallic 1.8 ppm) and Rapid-Gro (1 teaspoon per 2 liters

of water). Unless indicated otherwise, all test plants were

grown in growth chambers containing fluorescent and incandes-

cent bulbs programmed to provide 15 hours of daily light.

10
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In the field, MCC was grown in 2 separate plots. The

first plot was planted on May 26 and the second on June 20,

1972. In both plots standard fertilizer and planting prac-

tices were employed.

Virus Maintenance
 

The isolate of BCMVl used in this study was obtained

from infected leaf tissues preserved in the freezer since 1961.

Infectivity was confirmed on Stringless Green Refugee, a

susceptible bean variety. Stock cultures of BCMV were sub-

sequently maintained in MCC by mechanically transferring the

virus to young seedlings at 3 - H weeks intervals. Contamin-

ation of stock culture with another virus was eliminated by

continuously maintaining the virus material in insect-free

chambers and by preventing accidental contacts with other

plants.

Inoculum Preparation and Routine Inoculations
 

Infected leaves showing typical mosaic symptoms were

used as a source of inoculum. Such leaves were weighed and

triturated in a sterile mortar with a sufficient amount of

phosphate buffer (0.01M, pH 6.9) to give a 1:4 (gm tissue: ml

buffer) ratio. This ratio is optimum for local lesion assay

of BCMV on primary leaves of Monroe bean (MB). The buffer-

extract was then filtered through 2 - 3 layers of cheesecloth

to remove plant debris. Inoculations were performed immediately

after inoculum preparation on primary leaves previously sprayed
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with carborundum powder. For all quantitative studies, equal

amounts of inoculum (generally 2 drops) were placed on the

primary leaves of MCC and rub-inoculated uniformly to the

entire surface with the rough end of the pestle. One primary

leaf per plant grown in the growth chamber and both primary

leaves per plant grown in the field were inoculated. Inocu—

lated surfaces were then rinsed with distilled water to remove

excess inoculum.

Local Lesion Assays

'Monroe' bean was used for local lesion assays (A9)

and all inoculations were performed on 10 day-old plants.

Unless otherwise indicated, all seedlings were grown under

identical conditions of light (luhr photoperiod) and tempera-

ture (230 C). Inoculations were carried out within 1 - 2

hours after inoculum preparation and most were performed on

primary leaves using the half-leaf method (28). This method

has the advantage of eliminating possible variations in

susceptibility from plant to plant, and from leaf to leaf

on the same plant. The arrangement essentially consisted of

randomized blocks each of four units. Each plant constituted

a block and the half leaves of opposite primary leaves formed

the units as follows:
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PLANT NUMBER

1 2 3 to

B E B. E B. L B. L

Leaf I A B A c B D C D

Leaf II c D D B c A B A

Surfaces of uniform primary leaves to be inoculated

were dusted with carborundum using a hand operated atomizer.

A measured amount of inoculum (1 drop or 0.05 ml) was placed

on each half leaf and rub-inoculated uniformly with the rough

and of the pestle using Trujillo's method of rubbing (AS).

The inoculated surface was rinsed with a gentle stream of

distilled water immediately after inoculation to remove any

undiluted sap or toxic materials that might interfere with

lesion formation. For purposes of reproducibility, it was

advisable to confine inoculations to the same time of the day.

Bawden (A) and Matthews (30) state that the number of local

lesions formed is related to the time of day at which inocu-

lation is performed.

Each experiment was repeated 2 - 3 times and lesion

counts were made 5 - 7 days after inoculation. Lesion counts

were made either by visual inspection when the number was low

or by the use of an electric counter when lesions were numerous

and crowded together.



1h

Experiments

Effect of Plant Ag; on Multiplication

of BCMVLin MCC

One primary leaf per plant of 8 and 12 day-old MCC

plants grown in separate cartons at 24° C were inoculated

with BCMV Inoculum consisted of a 1:M buffer dilution of1’

infected leaf tissue extract. Inoculated plants were incu-

bated at 2&0 C and 15 hour photoperiod.

Ten days after inoculation, plants of each group

were individually harvested and immediately dissected into

the following plant parts: 1) inoculated primary leaf;

2) uninoculated opposite primary leaf; 3) trifoliolate

leaves in order of unfolding; A) last internode plus terminal

bud; and S) roots. Each plant part was then weighed and

assayed for virus infectivity on Monroe bean at a lzh dilution.

Since certain tissue sections were very small, unfiltered

extracts were sometimes assayed for purposes of uniformity.

Four half leaves were inoculated with each tissue extract

and lesion counts were expressed on a fresh weight basis.

Effects of Air Temperature and Incubation

Period on BCMV Distribution

Ten-day-old MCC plants grown at 2u° C and 15 hour

photoperiod were selected for uniformity. One primary leaf

per plant was inoculated using standard procedures. The

plants were then distributed randomly among three temperature
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regimes -- 18°, 230 and 280 C. All growth chambers were

programmed with 15 hours of light daily and infectivity assays

of plant parts were performed 3, 6 and 9 days after inocula-

tion.

Infectivity of BCMV in the

First Trifoliolate Leaf

Ten-day-old plants grown at 230 C were inoculated

(one primary leaf per plant) using standard procedures.

Samples of first trifoliolate leaves were harvested h days

after inoculation and daily then after, until 13 days after

inoculation. Three leaf samples were randomly taken each

day and fresh weights were quickly determined for each leaf.

Infectivity assays were performed in two ways, namely:

(1) by using inoculum prepared from fresh material, and (2)

by using inoculum prepared from frozen material. In method

(1), assays were performed as soon as leaves were detached

from the plants each day. Staggered planting of the Mbnroe

local-lesion assay host was used in this method. In the case

of frozen material, leaves were weighed, labelled with group

symbols (A, B, C), and then stored in the freezer until all

assay samples were obtained. In this case, the Monroe test

plants were all planted at the same time.
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Effect of Freezing on BCMV

Infectivity in leaf Tissue

To study the possible effect of freezing on virus

infectivity, systemically-infected trifoliolate leaves of

MCC plants were harvested and divided into two samples along

the central vein. Each sample was immediately weighed and

labelled. One set of half leaves was placed in a freezer

(”-50 C) for 2 hours while the other set was placed in petri

dish moist chambers for the same period of time. At the end

of 2 hours, inoculum was prepared from each half leaf in

appropriate volume of buffer. Infectivity assays were then

performed on primary leaves of MOnroe plant.

Movement of BCMVl from Inoculation Site

a) Direction of movement

Labelled primary leaves (one per plant) of 10 day-old

MCC were inoculated with equal amounts (2 drops) of freshly

prepared BCMV inoculum. The inoculated plants were maintained

at 230 C and 15 hour photoperiod. At 12 hour intervals, A

plants were harvested and the different tissue sections were

aseptically cut and separately assayed for infectivity on

Monroe seedlings.
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b) Time required for infective particles to

move out of the inoculated leaves

Primary leaves (one per plant) of 10 day-old MCC

seedlings were inoculated by standard procedure using equal

amounts of inoculum per leaf. Opposite leaves were left

uninoculated and their tips were clipped off for purposes of

identification. Extra care was exercised to prevent inoculum

from running down or splashing on to the petiole of inoculated

leaves. Plants with uninoculated leaves served as controls.

One and four hours after inoculation and at A hour intervals

thereafter, inoculated leaves were detached from the intact

plants at the petiole-stem junction. Flame sterilized blades

(one per leaf) were used for this operation to avoid cross

contamination. Comparable leaves were also detached from

control plants. All plants were adequately labelled and

maintained at 230 C and examined for systemic symptoms during

the following 2 - 3 weeks.

Pathway of BCMV Mbvement in a Susceptible Host

To investigate the apparent pathway of movement of

BCMV through MCC, a method used by Schneider g£_§l_(hl) was

employed, with several modifications. Essentially, the method

consisted of inoculating seedlings some segments of which were

previously steamed to kill living tissue (including phloem

cells). Plants receiving the steam treatment were supported

on poles to prevent falling over. Steaming was performed at



18

different internodes, namely: between the primary leaf node

and the 1st trifoliolate leaf; between the cotyledonary node

and the primary leaves; and internode between the 3rd and Nth

trifoliolate leaves.

Tissue sections (5 - 10 mm) to be steamed were wrapped

with wet cotton over which was wrapped one layer of aluminium

foil (Figure 2). Heating was done with a small naked flame

from a gas burner which was moved around the aluminium foil

to insure complete and uniform steaming of the desired segment.

Steaming usually took 3 - 5 minutes. Leaves and/or stems one

internode below the steamed internode were then dusted with

carborundum powder and rub-inoculated with BCMV extract 30 -

60 minutes after steaming. Plants steamed at comparable areas

but left uninoculated and plants not steamed but inoculated

at identical segments were included as controls.

The absence of systemic symptoms in tissues above the

steamed segments was used to indicate the inability of BCMV

to move across the steamed area. In addition to symptom

expression, infectivity assays were used to determine the

presence or absence of virus above the steamed segments. In

such assays, all leaves one internode above the steamed areas

on each plant were macerated as one sample in an appropriate

amount of buffer (l:h ratio). Filtered extracts were inocu-

lated to primary leaves of Monroe plants. leaf extracts from

steamed but uninoculated and from plants not steamed but

inoculated were similarly prepared and used for infectivity

assays.



 

Figure 2.
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Mich-Cal-Cranberry plant showing

the method used to steam-kill stem

segments.
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Proper functioning of the xylem vessels was confirmed

by the movement of India ink beyond the steamed zone into the

leaves and the apical bud. Additional evidence of active

xylem transport was the presence of green unwilted tissues

above steamed areas 10 - 1a days after steaming.

The presence of living cells (including phloem) in

steamed areas that might support BCMV multiplication and

movement was assayed using the 2, 3, 5 -- Triphenyl tetra-

zolium chloride (TTC) method (51). The development of a

pink colour by dehydrogenase activity on TTC was used to

indicate presence of living cells. No colour reaction was

indicative of the absence of living cells. One to two mm

sections of steamed and unsteamed portions of the same inter-

node were separately dark-incubated in a 1% solution of TTC

prepared in both distilled water and in phosphate buffer

(pH 6.9) at room temperature. The tissues were inspected for

colour reaction macroscopically and microscopically 2 - 2h

hours after incubation.

The Distribution of BCMV; in Reproductive Organs

(Flowers, Pods and Seeds) of a Susceptible Host

3195;

MCC seedlings grown in the field were mechanically

inoculated by the standard leaf-rubbing technique. Both pri-

mary leaves per plant were inoculated. One group of plants

was inoculated 13 days after planting and the other group was
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inoculated at 38 days after planting. Plants were examined

for typical BCMV symptoms three weeks after inoculation and

those with no typical symptoms were removed from the test

plots.

The distribution pattern of infectious BCMV in flowers,

pods and seeds at different stages of development was

sequentially determined by quantitatively assaying tissue

extracts prepared in buffer on Monroe-local-lesion host.

Figure 3 shows the different groups of pods and seeds (except

the dry mature group) investigated for virus activity.

Representative samples of each group were randomly harvested

from both plots and kept in separate bags. When seeds were

assayed for infectivity, they were carefully removed from

the pods to prevent scratching and possible contamination

with pod tissue. Generally, seeds from 3 - h pods of each

age group were combined and two samples of four seeds, each

randomly picked, were obtained for infectivity assays. The

seeds in the first set were dissected into seedcoats, coty-

ledons and embryos. These parts were surface-decontaminated

by washing in running water (31). Each seed part was separ-

ately wrapped in one layer of cheesecloth and exposed to

running distilled water for 10 - 15 minutes. The second

set of seeds was similarly dissected but parts were not

surface-decontaminated. Flame sterilised blades were used

for all dissections.
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Figure 3. Pods and seeds of MCC at various

stages of maturation.
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The following inocula were triturated in minimum

volumes of buffer: (a) four unopened flowers; (b) four

opened flowers; (c) three pods; (d) four seeds; (e) four

seedcoats washed in water; (f) four seedcoats, untreated;

(g) four pairs of cotyledons, washed in water; (h) four

pairs of cotyledons, untreated; (i) four embryos, washed

in water; (j) four embryos, untreated. In several cases

the triturate was pressed through two layers of cheesecloth

to remove much of the tissue debris. The inocula were applied

to Monroe plants (pre-shaded for 2h hours) using the half-

leaf technique. Infected leaf extract ( k ) and phosphate

buffer solution ( l ) were included as controls.

To determine percent seed transmission of BCMV, seeds

taken from infected MCC plants were grown in vermiculite at

the rate of one pod (3 - 6 seeds) per carton. The seedlings

were allowed to grow for 3 - h weeks and then examined for

mosaic symptoms.



CHAPTER III

RESULTS

Effect of Plant Age on Multiplication of BCMV1

BCMV was detected in all above- and below-ground

portions of bean plants 10 days after inoculation of one pri-

mary leaf (Table 1). Virus titer was generally higher in

above ground tissues of younger plants than in the corre-

sponding tissues of older plants inoculated at the same time

(Table 1). However, slightly more infectivity was detected

in roots of older plants than in those of younger plants.

In only one of six plants was virus infectivity detected in

the uninoculated primary leaf opposite the inoculated primary

leaf. On a particular plant, virus titer was highest in the

terminal bud (leaf) and leaves of increasing age progressively

contained less infective virus.

Effect of Temperature
 

Temperature had a pronounced effect on plant growth,

symptom development, and virus titer (Table 2).

24
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Table 1: Virus infectivity (no. lesions/gm fresh weight)

of tissue sections of MCC 10 days after inocula-

tion of 8- and 12-day old plantsa

 

 

_

 

 

Plant age at inoculation

Tissue section 8 days 12 days

Inoculated primary leaf 171.9 1 18.7 lh6.h 1 27.h

Uninoculated opposite

pr1mary leaf 9.6 t 2.3 0.0

lat trifoliolate leaf 100.2 1 12.6 un.3 3 8.6

2nd trifoliolate leaf 2u7.6 1 un.0 eu.6 3 13.3

3rd trifoliolate leaf 350.1 a 33.u 76.3 3 7.9

Last internode plus

terminal bud 375.5 1 56.2 136.9 1 21.0

Roots 2.H : 1.“ “.9 t 2.1

 

8Average of 3 separate plants each assayed on A half leaves.
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3 days after inoculation

At 3 days after inoculation, first trifoliolate leaves

were still in the bud stage at 18° while those at 230 and 280

were partially unfolded. Infectivity assays were negative

when extracts from inoculated plants grown at 180 were assayed

on Monroe p1ants(Table 2). On the other hand infectivity

assays were positive with most extracts obtained from plants

maintained at 23° and 280 C. Highest virus concentrations at

both temperatures were found in the terminal bud. Downward

movement of the virus to roots was relatively rapid and was

evident within 3 days after inoculation at 230 and 28°. All

tissues examined contained greater virus activity at 280 than

at 23° c.

6 days after inoculation
 

Six days after inoculation, 1St trifoliolate leaves were

completely opened at 28° (1.5 - 2.0 x 3.5 - u.0 cm); partially

opened at 23° (0.7 - 1.5 x 2.5 - 3.0 cm); and still folded

but separated from the terminal bud at 180 C. By this time

the 2nd trifoliolate leaf was still in bud stage at 180

but separated and unfolded at 230 and 28°. Disease symptoms

varied from a general chlorosis of inoculated leaves at all

temperatures, to mosaic and puckering of 1St trifoliolate

leaves at 28° and only puckering of leaves at 230 C.

Systemic symptoms were not evident at 180 C. However, tissues

of plants at 180 (Table 2) contained infective virus. A

direct correlation between infectivity in inoculated primary

leaves and temperature of incubation was evident. This

relation between infectivity and temperature did not hold in
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other comparable tissues where concentration peaks more

characteristically occurred at 23° than at 28°. Least infec-

tivity was consistently obtained at 18° in all comparable

tissues. Infectivity was not found in opposite uninoculated

primary leaves at any temperature, suggesting absence of

infectious particles in amounts sensitive to our assay tech-

nique. Greater infectivity was associated with younger

leaves than with older ones at all temperatures. 0n gram

fresh weight basis, infectivity was highest in the terminal

buds (Table 2).

9 days after inoculation

At 9 days after inoculation plants grown at 180

possessed two opened trifoliolate leaves while those at 23°

and 28° possessed three opened trifoliolate leaves. Typical

mosaic symptoms were now observed on plants maintained at

23° and 28° but not at 180 C. The infectivity pattern was

similar to that at 6 days after inoculation; however at 9

days, infectivity was found in opposite uninoculated primary

leaves of plants grown at 23° and 28° C (Table 2). In

inoculated primary leaves greater infectivity was associated

with higher temperature. In the other comparable tissues

there was no simple relationship between infectivity and

temperature. Infectivity in the terminal buds was approxi-

mately equal at all three temperatures. (Table 2).

Infectivity of BCMV in l8t trifoliolate leaf at times

after inoculation

Infectivity assays of the 1St trifoliolate leaf on



29

inoculated plants during a 13 day-period suggested a cyclic

or fluctuating pattern of virus infectivity (Figure 4). This

cyclic pattern was consistently observed, both when frozen

and fresh tissue samples were assayed. More infectivity on

a fresh weight basis was detected with the latter sample.

This was due in part to the deleterious effect which freezing

has on BCMV infectivity in the tissue (Table 3). There were

slight variations in the time of appearance of infectivity

peaks depending on whether fresh or frozen tissue was assayed.

Generally, 3 peaks were obtained, these occuring 6-7, 9-10

and 12 days after inoculation (Figure 4).

Movement of BCMV from inoculated leaves

No virus infectivity was detected in any plant parts,

including inoculated leaves, during the first 24 hours after

inoculation (Table 4). At 36 hours after inoculation, however,

virus activity became evident in the inoculated leaves only.

By 48 hours, the virus had moved out of the inoculated leaves

and BCMV infectivity was detected in all parts of the plant

above the inoculated primary leaf. During this 48 hour period,

no virus infectivity was detected in tissues below the

inoculated leaves or in the opposite uninoculated primary

leaves. At 60 hours, (that is 12 hours after detection in

apical tissues), the virus had reached the roots. Sixty

hours (23°) was therefore sufficient time for the virus to

be distributed throughout the entire plant from a single
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Table 3: Effect of a 2 hour freezing period on infectivity

of BCMV measured as number of lesions/gm f wt. of

leaf tissue8

 

 

 

Half leaf No. Frozen Tissue Fresh Tissueb

1 46.1 1 12.5 114.8 3 23.1

2 102.9 3 10.0 152.6 3 17.3

3 66.7 3 20.7 99.4 3 13.9

4 66.6 3 23.9 137.3 3 35.7

5 103.4 3 19.7 124.2 3 26.3

6 115.9 3 21.0 130.7 a 28.2

 

a mean of 8 half leaves

b equal amount of intact tissue held in petri dish

at room temperature
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source in the inoculated primary leaf. By determining the

distance moved (between the petiole—lamina junction and the

base of the lSt trifoliolate leaf via the stem) and the time

between detection of infectivity in inoculated primary leaf

and detection in the trifoliolate leaf, the rate of movement

from the inoculated primary leaf to the first trifoliolate

leaf would be estimated at 6.4 x 10-1 cm/hr at 230 C and 15

hour photOperiod. Visible mosaic symptoms were not observed

on the lat trifoliolate leaves even at 72 hours after inocu-

lation of the primary leaves. The plants were healthy looking.

From leaf-detachment studies (Table 5) and observations on

systemic symptom development, it was obvious that BCMV

required a minimum of 12 - 16 hours to move out of the

inoculated leaf through the petiole into the stem for systemic

infection.

The_pathway of movement of BCMV
 

Infectivity assays of tissue samples located above and

below steamed areas of the stem showed that BCMV did not move

through such steam-killed tissue sections (Figure 2, Table 6).

No infectivity was obtained in tissues above the steamed areas

of inoculated plants. Similarly, no lesions were obtained

when tissues above steamed areas from uninoculated plants

were assayed. This control was included to demonstrate the

total absence of BCMV in test plants prior to controlled

inoculation. Infectivity was consistently obtained when

tissues from inoculated but unsteamed plants were assayed.
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;#Table 5: The effect of detaching the inoculated leaf on

systemic infection of bean by BCMV

 

 

 

Detachment No. of plants showingitypical mosaic symptoms

timea Trial 1 Trial 2 Trial 3 controIb

l 0/4 0/4 0/4 0/u

4 0/4 0/4 0/4 0/4

8 0/4 0/4 0/4 0/4

12 1/4 0/4 1/4 0/u

l6 ' 2/4 2/4 3/4 0/4

20 2/4 3/4 3/4 0/4

24 3/4 3/4 4/4 0/4

28 4/4 4/4 4/4 0/4

32 4/4 4/4 u/u 0/u

36 4/4 4/4 4/u 0/0

no 4/4 4/4 4/4 O/u

 

a hours after primary leaf was inoculated

b uninoculated plants
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Table 6: Absence of BCMV in living tissues above steamed

internodes of Mich-Cal-Cranberry plantsa’b

 

 

 

Plants Plants Plants not

Experiment steamed and steamed but steamed but

No. inoculated uninoculated inoculated

(control) (control)

1 0/12 0/6 6/6

2 0/8 0/8 8/8

3 0/6 0/3 3/3

 

8 Each ratio represents the total number of MCC plants

in which BCMV was detected above steamed areas (numerator)

to the total number of plants assayed (denominator).

b Infectivity assays were conducted with extracts prepared

from leaves above the steamed internode.
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This control was used to justify the inoculation technique

as well as to confirm the susceptibility of the test plants

to BCMV at the different sites of inoculation.

Symptom expression was an additional criterion used

for virus presence in tissues above and below steamed areas.

Leaves above steamed segments (when leaves below steamed

segments were inoculated), and leaves below steamed segments

(when leaves above steamed areas were inoculated), never

developed typical mosaic symptoms during a 14 day period

after inoculation. This observation was true for both

inoculated and uninoculated steamed plants. On the other

hand, definite mosaic symptoms were seen on leaves of plants

inoculated, but unsteamed.

Proper functioning of xylem vessels was shown by the

active conduction of India ink beyond steamed areas to the

apical growth. Presence of green unwilted tissue up to 14

days after steaming also indicated that such tissue was still

being supplied by the xylem. Absence of living tissue in

steamed areas was confirmed by the lack of dehydrogenase

activity. One to 2 mm thick sections immediately above and

below the steamed regions gave a positive red colour reaction

with TTC in 1-2 hours at room temperature in the dark. No

such colour reaction was obtained with steamed sections

examined macrosc0pically and microsc0pically even up to 48

hours.
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Distribution of BCMV; in Flowers,

Pods and Seeds of MCC plants

Virus infectivity was found in the blossom developing

on infected plants, at both the bud stage and at the time when

the blossoms were opened (Table 7). Infectivity was also

found in pods at various stages of development. Immature

green pods (0.2 - 0.5 x 2.5 - 5.0 cm, Figure 3) gave lower

infectivity than maturing green pods (1.5 - 1.7 x 10.0 - 12.0

cm). Infectivity was also recovered in the seeds contained

in both mature and immature pods and in this case too, older

seeds contained higher infectivity than younger (immature)

seeds. z

The distribution of BCMVl infectivity in the various

seed parts (seedcoats, cotyledon, embryo) is shown in Table 8.

The results indicate that little infectivity is associated

with seedcoats. Even this little infectivity was completely

eliminated when the seedcoats were subjected to surface

decontamination in running water. In contrast, very high

infectivity was found in cotyledons. Surface decontamination

had no apparent effect on the cotyledon infectivity. The

data suggest a gradual increase in cotyledon infectivity as

the seeds began to mature (dry).

Virus infectivity was also found in the embryos. Sur-

face decontamination was effective in reducing (but not

eliminating) this infectivity. In several cases embryo

infectivity was reduced by more than one-third by surface
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decontamination. Generally, more infectivity was recovered

in mature, than in immature embryos.

The data on seed transmission (Table 9) indicate that

not all seeds in the same pod contain the virus. Occasionally,

less than one-third of the seeds transmitted the virus but

in a few cases more than half the seeds from the same pod

established infection. An incidence of 46.6% seed infection

and transmission was estimated for a sample of 58 seeds con-

tained in 20 pods randomly harvested from field infected

plants.
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Table 9: Seed transmission of BCMV in a sample of field-grown

Mich-Cal-Cranberry beans

 

 

No. of seeds No. of seedlings No. of seedlings

 

Pod No. pplanted with mosaic without mosaic

l 4 3 1

2 2 2 0

3 3 1 2

4 3 l 2

5 4 3 1

6 3 0 3

7 2 2 0

8 2 0 2

9 2 0 2

10 l l 0

ll 2 2 0

12 3 0 3

l3 2 2 0

l4 3 3 0

15 5 2 3

16 2 0 2

l7 5 2 3

l8 2 0 2

19 S 3 2

20 .2. .9. _3_

Totals 58 27 (46.6%) 31 (53.4%)



CHAPTER IV

DISCUSSION

This study examines various aspects of BCMV multi-

plication, distribution and movement in the susceptible MCC

bean variety and adds to our knowledge regarding plant

virus-host relationships. {For example, the results show

that plant age and temperature strongly influence both the

rate at which BCMV moves from the inoculated leaf and the

rate of multiplication in various plant parts} Relative

to plant age, above-ground tissues of plants inoculated when

8 days old generally contained higher infectivity than

comparable tissues of plants inoculated when 12 days old.

In contrast to the above-ground tissues, the below-ground

tissues of the older plants contained higher infectivity

than corresponding tissues of the younger plants. Bawden (4)

in his study of tobacco necrosis virus demonstrated that

inoculated leaves of 10 day-old french beans (2, vulgaris)

gave numerous local lesions while leaves of 13-14 day-old

plants were not susceptible; he did not examine roots in

his study.

The reasons for this differential effect of plant age

on virus multiplication in above- and below-ground tissues

42
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are not clear. If inhibitory substances are involved, then

it is possible that such substances are lacking (or are

present at very low concentrations) in the roots of older

plants (12 days) while the opposite may be true in the above-

ground parts. Another possible explanation for the differ-

ential rate of multiplication may be related to the deve10p-

mental stages of the plant at inoculation time; this might

involve translocation patterns from the inoculated leaf to

the growing points.

The effect of temperature on virus infectivity seemed

to depend on the particular virus-tissue complex examined.

Temperature pg£_§g.seemed to have little influence on the

rate and direction of movement of BCMV once infectivity was

detected in the inoculated leaf (Table 2). The lag or

eclipse period between the time of inoculation and time of

detection in the primary leaf was, however, inversely related

to temperature tested and could account for the delayed

movement of BCMV from inoculated leaves to distant parts at

the low temperature. Virus titer of leaves above the

inoculated primary leaf showed an inverse relationship between

leaf age and virus concentration once systemic infection had

developed. The titer was high in young leaves and progress-

ively lower in old leaves. This relationship was true for

all 3 temperatures. The infectivity pattern in the inoculated

primary leaves was particularly interesting. At each sampling

date, a sharp gradient of infectivity existed in these leaves,
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the highest concentration being found at the highest tempera-

ture. This result is concordant with that obtained by

Bancroft and Pound (2) when they determined the concentration

of tobacco mosaic virus (TMV) in leaf extracts of susceptible

Connecticut Havana No. 38 tobacco plants 4 days after inocu-

lation.

In a somewhat related study, Schneider g£_al_(42)

found that temperature influenced not only the extent of

multiplication but also the site of multiplication of SBMV in

detached leaves of a local lesion host. Exposure to high

temperature (32°) after inoculation facilitated SBMV invasion

of veinal rather than interveinal cells. They suggested that

the effect of high temperature after inoculation was more on

a later stage of disease development than on the primary

infection, since a 24- and 48-hour delay in high temperature

treatment did not eliminate an increase in vein necrosis.

,qxdth BCMV, it appears that the effect of high temperature is

on both the primary and the secondary infection. Infectivity

was detected in inoculated leaves 3 days after inoculation

at 23 and 28° but not at 180 and higher virus infectivity was

obtained in most tissues at 23 and 28° than in tissues at 18°.

It is possible that the physiological changes associated with

high temperature (23 and 28°) in the presence of BCMV are

more advantageous to the multiplication process than are

changes at the low temperature (18°). It must be stated,
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however, that the differential effect of high and low temp-

erature may partly be on the virus itself.

The effect of temperature on multiplication (infectivity)

of viruses, in general, is not a uniform predictable phenom-

enon. A temperature that favours a high concentration of one

virus may be inhibitory to another strain of the same virus.

Pound and Walker (37) reported a higher concentration of the

cabbage strains of turnip virus I in cabbage plants grown at

28° than in plants grown at 16° C. However, with a horse-

radish strain of turnip virus I, a reverse gradient was

demonstrated in horseradish (35). In Nicotiana species all

three strains of turnip virus 1 develOped systendcally more

rapidly and in greater concentration at 160 and 20° than at

24 and 28° C. These differences in temperature response

suggested that the effect of temperature is a function of

the specific host-virus combination.

Pound and Helms (36) have offered suggestions to

explain why variations in virus concentrations occur at

different temperatures. They argue that: a) the proportion

of infective to non-infective virus particles (or non-lesion-

forming virus) may vary under different environmental condi-

tions. At low temperature, host plants may produce a greater

proportion of non-infective to infective particles than at

higher temperature; b) the proportion of infective virus

formed may be approximately the same under all temperature
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conditions, but a third substance, an inhibitor that decreases

the infectivity of the sap, may be formed at low temperatures.

Relative to (a), the general lack of correlation of

results often obtained for concentration of virus when measured

by the optical-density and local-lesion techniques seems to

favour this arguement. For example, Pound and Helms (36)

failed to establish such correlations for concentration of

potato virus X using both methods. In the present study,

optical density technique was not used and a test for the pres-

ence of an inhibitor was not carried out to support the sug-

gestion that an inhibitor molecule may be operative at low

temperature. In any case, an inhibitor hypothesis can only

be meaningful if such inhibitor principle can be extracted,

crystalised and described. Until this is done, we cannot

positively and conclusively ascribe the observed decrease in

infectivity of BCMV at low temperature to a singular effect
1

of an inhibitor. From the present study it can be adduced

that temperature appears to influence BCMVl activity in two

stages namely: (a) synthesis and multiplication at site of

introduction and (b) movement from the site of introduction

(as a function of lag period) to other distant parts like

roots and apical buds.

The cyclic pattern of virus activity observed in

systemically infected leaf tissue shows a similarity of BCMV

to several other mosaic viruses. Wood g£_§l_(53) have
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recorded a cyclic pattern of infectivity for the W strain

of cucumber mosaic virus in leaves of Havana 425 tobacco.

Menke and Walker (32) observed that the concentration of

cucumber mosaic virus in the second leaf of resistant cucumber

plants reached a high level 6 - 8 days after inoculation and

and that it afterwards declined steadily to a very low level.

In an attempt to explain their observation they postulated

that it could be that the production of virus ceases for some

reason, that a mechanism inhibitory to virus synthesis builds

up or that virus breakdown occurs faster than the virus syn-

thesis in the aging leaves. The inhibitory mechanism appears

satisfactory for a bell-shaped infectivity curve but not

for the cyclic pattern observed in BCMV. It is possible that

variations in the rate of breakdown and synthesis of infec-

tive particles may account for the observed daily fluctuations

in BCMV infectivity. This cycle of infectivity may not be

the general rule for all plant viruses; Pound and Helms (36)

failed to demonstrate the cyclic pattern with potato virus X.

The appearance of the infectivity peaks may also vary in the

same host/virus combination depending on the assay technique

employed. In the present study BCMV1 infectivity generally

declined in frozen material thus giving rise to lower infec-

tivity peaks. The infectivity curves suggest that the highest

virus concentrations in the BCMV-MCC system are 6-7, 9-10

and 12 days after inoculation.
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3*The study on the direction of movement of BCMV from

the inoculated leaf indicates that BCMV first moves to the

shoot and then to the roots. This pattern of movement is

similar to the translocation pattern of C1° metabolites in

the phloem of the bean plant where Biddulph and Cory (5)

report that upward export preceded downward export by several

to many hours. The pattern also resembles that reported for

tobacco mosaic in tomato plant (23, 24). Of interest is

the general inability of BCMV to move from the inoculated

primary leaf across the stem to the opposite uninoculated

primary leaf. Biddulph g£_ai.(5) state that when metabolites

flow through the phloem of bean plant (Red kidney), little

moves tangentially between bundles except, of course, where

anastomosing occurs. Radial loss to the xylem was very low

(4%) when export was from a mature primary leaf. Livne

and Daly (29) while studying the translocation pattern of

labelled 01° photosynthate in healthy and rust-infected

primary leaf of bean plant found that there was no translo—

cation of labelled material across the stem to the opposite

unexposed primary leaf. Our observed pattern of BCMV move-

ment resembles this pattern of translocation and strongly

suggests a similar transport pathway.

Other viruses are known to move with difficulty into

certain leaves. Schneider (41) demonstrated that while

SBMV readily moves to the uninoculated primary leaf of
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Black Valentine bean in as short a time as 4 days, tobacco

ringspot virus (TRSV) rarely moves into this leaf. He

suggested that TRSV for some unknown reason becomes dependent

on a slow cell-to-cell invasion in the petiole of the inocu-

lated primary leaf. Karle and Shalla (26) also found that

peach yellow bud mosaic virus (a strain of tomato ringspot

virus) in inoculated primary leaves of cowpea behaved like

TRSV in bean. This differential ability of viruses to move

into the opposite primary leaf may be related to their path-

way of movement. While SBMV is known to move in both xylem

and phloem, TRSV, peach yellow bud mosaic virus and BCMV are

likely to move in just the phloem and thus rarely are trans-

ported to the opposite primary leaf. gThe present study

strongly suggests that phloem transport is involved in long

distance movement and distribution of BCMV} The inability

of BCMV to move across steamed sections indicates that

a) infectious particles can not move through a section of

the stem devoid of living cells, i.e. movement is interrupted

by dead tissue; b) movement in the xylem is very unlikely

and relatively unimportant; and c) movement of BCMV is mainly

in the phloem.

Phloem transport has been described for other plant

viruses. Caldwell (6) showed that TMV did not pass through

pieces of stem that had been killed with steam. Esau and

Cronshaw (12) later demonstrated the presence of TMV particles
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in phloem elements of tobacco plant. Movement in the phloem

(54) as well as in the xylem (43) has been reported in SBMV.

«Associated with phloem transport is the rapid movement

and general distribution of BCMV in all parts of the plant)

Viruses which move slowly through the plant from infection

foci are less likely to survive and spread effectively than

those which move rapidly. Speed of movement is important as

measured relative to the life-time of the plant. In the case

of bean, a rapid movement of BCMV throughout the vegetative

tissue into the seed and its survival therein are of ecological

advantage in spread and survival of the pathogen. The results

of infectivity assays clearly show that absence of symptoms

should not be interpreted as absence of infection; high virus

titers were detected in many leaves prior to the appearance

of visible symptoms.

Seed transmission of BCMV has been reported by numerous

workers. However, little definitive work on the biology of

such transmission has been done until the present study.

This study indicates that the virus (BCMV) is associated with

all reproductive organs - flowers, pods and seeds -- of the

susceptible host, MCC. The data on infectivity of seed parts

show that infectious particles are associated with both

cotyledons and embryo of immature and mature seeds. Low

levels of infectivity associated with seedcoats were readily

eliminated by decontamination. Seed maturation and the

associated dehydration apparently had no inhibitory effect
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on BCMV infectivity in both cotyledon and embryo. Higher

infectivities were consistently obtained in mature than in

immature seeds and seed parts. These results differ markedly

from those reported for SBMV in bean. Cheo (9) found that

SBMV in the embryo was rapidly inhibited when dehydration of

the seed occurred; infectious particles in the seedcoat were

unaffected during maturation. Gay (15) in a similar study

found that cowpea chlorotic mottle virus (CCMV) was rapidly

inactivated during drying and suggested that CCMV is not

transmitted in mature, dry seeds. In this case the virus was

associated specifically with the seedcoat of both immature

and mature seeds. No infectivity was associated with embryo

or the cotyledons. Pea streak virus (PSV) is another virus

which can be transmitted by immature, but not by mature seeds

(Ford 1966).

Several theories have been advanced by different

workers to explain variation or absence of seed transmission

with certain viruses and the probable cause of virus inacti-

vation during seed maturation (9, ll, 14, 15). Two of the

most commonly cited are: anatomical isolation of the embryo

from the rest of the seed; and inactivation by adsorption onto

the seed protein.

It does not appear that anatomical isolation is

sufficient to explain why only 46.6% of the seeds from systemi-

cally infected MCC plants transmitted BCMV. Obviously, all

seeds in a developing pod are anatomically identical, and
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yet, some of the seeds contain BCMV and some apparently do

not (Table 9). These results are substantiated by numerous

studies (13, 20, 34).

If on the other hand, inactivation and/or inhibition

is involved, then seed-transmitted viruses such as BCMV

probably possess some characteristic which resists the inac-

tivation process (associated with adsorption and drying) or

which protects them from the effects of inhibitors or both.

Assuming this premise to be true for BCMV, we propose that

the high incidence of seed transmission in BCMV is due to

one or more of the following: (1) the ability of infectious

particles to invade and multiply in the micro- and mega-spore

mother cells; (2) the ability of infectious particles to

withstand inactivation and inhibition in mature seeds; and

(3) the ability to invade and multiply in the cotyledon and

embryo. Perhaps the simplest explanation regarding the

apparent absence of infectious particles in certain seeds

within the same pod is that only seeds supplied by BCMV-

invaded vascular connections become infected. Once in the

seed the virus is able to survive adverse environmental

conditions and then establish primary infections during the

growing season. Successful seed transmission is insured

not only by infection of the embryo at the time of germination

by contact with infected cotyledons, but also by the presence

of BCMV in the embryo itself. Such mechanism could explain
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why seed transmission is more common in BCMV than in SBMV,

where studies (31) indicate that seed transmission is a

function of chance-infection of the embryo at germination

with virus from the seedcoat.



CHAPTER V

S UMMARY

Monroe-local-lesion host was utilized in a study on

the multiplication and distribution of bean common mosaic

virus 1 (BCMVl) in a susceptible bean variety, Mich-Cal-

Cranberry (MCC). Primary leaves of all test plants were

rub-inoculated with virus inoculum, usually at 10 days after

planting. BCMV inocula (dilution 1:4) consisted of infected

tissues triturated in 0.05M phosphate buffer (pH 6.9).

Plant age and temperature had a marked effect on

multiplication and distribution of the virus. Above-ground

parts of younger plants (MCC) consistently contained higher

infectivity than corresponding parts of older plants. The

converse was true in below-ground parts where higher virus

infectivity was associated with the older plants. Temperature

affected the lag period between inoculation and subsequent

detection of BCMV in the primary leaf; the lag period was

inversely related to temperature. Infectivity, on the other

hand, was directly related to temperature; greater virus

concentrations were associated with high (23, 28°) temperatures.

54
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At constant temperature (23°) and photoperiod (15 hr), a

cyclic pattern of infectivity was demonstrated in the first

trifoliolate leaf. Infectivity peaks occurred at 6-7, 9-10

and 12 days after inoculation.

BCMV did not move across steam-killed stem sections

devoid of living cells (including phloem). This evidence

strongly suggests that phloem transport, as opposed to xylem

transport, is involved in movement of BCMV. With one excep-

tion, infectious particles failed to move from inoculated

primary leaf across the stem to the opposite uninoculated

primary leaf.

Infectivity was obtained with flowers, immature and

mature pods and seeds taken from systemically infected plants.

Infectivity was consistently associated with dissected coty-

ledons and embryos. A seed transmission rate of 46.6% was

recorded in a sample of 58 seeds harvested from the systemi-

cally infected plants.
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