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VIRUS - HOST AND VIRUS - VECTOR STUDIES
WITH MANITOBA ISOLATES OF

BARLEY YELLOW DWARF VIRUS

ABSTRACT
by

Brian Flmer Halstead

Virus-host and virus-vector studies were carried oub
with several vectors and isolates of barley yellow dwa
virvug ( BYDV ) from Manitobsa. Tnterference between certaln
is0lates of BYDV was observed in the plant and, possibly,

aleo in the vector. Serial transfers on test plants of

RYDV revealed

-ty

aphids infected with certain igolates of

differences in the pattern of transmisslion by nymphs and

Tnterference studies were carried out in the plant

with = Macrosiphum avenae-specific, a Rhopalosiphum padi -
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specific,and a non-specific 1s olate of BYDV., There wa
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reciprocal interference between the . svenaag-specific
and the non-specific isolates, both when the ilsolates were

inoculated simultaneously into the plant and when there
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that they were related., There was a lack

the plant between either of these isolates
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and an R, padi-specific isolate., The R, padi-spe

solate was therefore considered to be unrelated to the
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also ocourred betwe these isolates at 15 and
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conditions of single or double inoculations ©
barley yellow dwarf virus igolates 6711 and
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Tests for vecovery by Macrosiphum avenae and
Sehizavhis graminum of two isolates of barley
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CHAPTER T

INTRODUCTION

Review of Literature

sl
d

Although barley yellow dwarl virus (BYDV) wmas not

b
S

recognized as a virus until 1951 when it was discovered by
Oswald and Houston (1951), several workers prior to 1951
had worked with disesmses, similar to, and in some cases,
diseases which are now believed to have been BYDV (Barrus,
1937 Manns, 1909; Sprague, 1950). Oswald and Houston found
that BYDV could not be mechanically transmitted to plants,
that it was a yellow type of disease, and that the virus

had a circulative relationship with its aphid vectors

(0swald and Houston 1951, 1952).

ince this virus causes & diseasgse of considerable

importance in small grains and grasses, much work has been
done on control, epidemiology and related practical problems.
The virus also had been the subject of many studies on viruse-
vector-host relationships. A major development in the
knowledge of BYDV has been the elucidation of several kinds
of varisbility among virus isolates, with particular regard
to host range, symptomatology, vector specificity, and

physlological specialization among vectors,
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Watson and Mulligan in England (1960 a) and Allen in
the United States (1957) found that indlvidual isolates of
the virus differed widely in their host range, However,
data on host range 1s of 1little value in establishing
relationships among isolates, Hollings (1959) found
widely different viruses to have similar host ranges and
even cause similar symptoms on several test plants,
Similarly three distinct cereal viruses, Agropyron mosalc,
wheat streak and Hordeum mosalc virus, were found to
differ only slightly from each other in host range and
symptom expression (Slykhuis and Bell, 1966).

Symptomatology and variation in virulence are two other
criteria used to characterize strain relationships of BYDV,
Allen (1957) differentiated 16 strains of BYDV on the basis
of thelr ability to discolor each of three barley and one

oat varieties, However, many lsolates of a given virus

N

resemble each other in terms of symptoms produced, but are
quite different in terms of transmission, host range and
: ¥

stability (Hollings 1959; Slykhuis and Bell 1966). By

itgelf, virulence is of 1little value, but in combination

with other fastors such as vector specificity, differences

LY
1

in virulence have been helpful in determining kinds of



variation occurring among isolates of BYDV (Bruehl 1961;
111 1969; Rochow 19683 Rochow et al 1965),

Vector specificity, and the relative efficiency with
which an aphid specles will transmit a virus isolate have
hecome the most important criteria for differentiating
BYDV isgolates., Oswald and Houston {1952) originally

reported Rhopalosiphum padi (Linnaeus) and Macrosiphum avenas

(Fabricius) to be the most efficlent vectors of BYDV.
Rochow (1958) found in a later study, that efficlency of
transmission of BYDV depended on the igolate of the virus.
Since then many non-specific isolates (Gill 1969: Rochow
1065; Timian and Jensen 1964 Toko and Bruehl 1959:; Walson
and Mullligan 1960 b) have been discovered throughout
the world.

Based on vector relationships, isolates of BYDV fit
into one of the following filve main categories:
, nonwspecific isolates
Rhopalosiphum padl=-specifilc isolates
Macrosiphum avenae-specific igolates

Rhopalosiphun maidis-specific isolates
. Schizaphis graminum-speclfic isolates
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These categories of isolates have been characterized by

their btransmissibility with four aphid species, RB. padi, R,

-~

maidis, M. avenae, and S. crmalnui,

There ig great variatlon among the non-specific

isolates of BYDV (Gill 1967, 1969: Rochow 1967). One
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very rare. In several

is
relatively common in many years (Rochow
Isolates of the R, maldis-specific
isolated from field
G111 1969; Jemes, Cill

craninum-apecific lsola

.

(G111 1967, Gill 1969).

A complicating factor in the use of

relationships as &

within a vector species, Aphids are known

transmission efficiency depending on which

developmental stage or form of & specles

1960: 1963 a).

be important I

does not tell much about the rels

it

level,

the vir ise criteria are

3, More prec

isolates of BYDV and in particular,

importance tions among isolates,

Serological relationships bet

a reliable indicatio

N

feody

related viruses
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serologically

properties, Rochow and Bell (1967) and Aap
obtalined evidence for serologlcal differenc

of BYDV usiy the infectivity nevu

samples in some locations (Gill 16

riterion for classification is

is used

Al though vector gpecifilclty
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and Halstead 1969: Rochow 1965 b)),

ategs have only been described in

virus-vector

is the
to vary in

clone,

(Rochow

will continue t
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in relating viruses alt the strain and species
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mecigtened sand in the petrl disgh, Bach leafl was cut into

a mumber of pileceg egqual to the number of aphid

The petrl dishesg were then placed 1in a chamber malnbtalned

by
-

When the aphids were allowed to acguire virus from an
intact, infected plant, an elght inch long plastic tube one

inch in diameter was fitter over a leafl, and split

urethang foanm plastic plugs were placed at each end of the

tube, Thig type of tube wag used primarily for acguisition
feedings for serial transfer experiments. The plants were

tained in a growth chamber at 15°C, with a2 16 hour

AT1Y inoculabtions were made in the greenhouse, unless

sontrolled temperature conditions were warranted by the

D

experiment, Most inoculations were made on plants about 1
days old, which were in the 1% to 13 leaf stage. In the
teraction studies in the plant, when the inoculaltion wasg
ade at a late stage of growth, cages were used large
enough to it over the entire plant, In experiments
requiring serial transfers, each aphid was caged on a

seedling with a ventilated plastic tube eight lnches tall

F

arnd one inch in diameter, After transfer of the aphid to
g4

the next plant in the s The plants were sprayed with

funde

er

s

f=3
fe)

U

ES fo.

tetrasthylpyrophosphate (TEPP) insecticide.
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Fxperimental Deslen and Calculation of Statistics

Tn interference studies in t

iy
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plants were grown
30-40 to a flat measuring 16 inches by 24 inches. Usually
treatments were completely randomized among the plants. I n

some experiments, treatments were randomized between flat

ffi

of plants, No attempts were made in either the serial work,
o in the interaction studies in the aphid, to randomlze the

ines, A1l F tegbs were calculated with an

11
Olivetti Underwood Yprogramms 101" desk top computer,




CHAPTER III

VIRUS = HOST STUDIES

Fffect on Qate Doubly-~Inoculated with Palred Combinations of

Five Barley Yellow Dwarf Virus Isolates

Introduction

Farly studies showed no evidence of cross protection
between strains of barley yellow dwarf virus (BYDV) in the
plant (Allen 1957: Rochow 1958; Toko and Bruehl 1959;

Watson and Mulligan 1960 =z). Recently it has been shown that

complete protection can occcur between Macrosiphum avenae-

gpecific isolates and non=speciflfic olates of BYDV both
in Clintland catse (Avena sativa L.) (Jedlinski and Brown

1965: Smith 1963), and in Coast Black oats (Avena

zantina K., Koch) (Aapola, 1968). Aapola, who also

exs

included a Rhopalosiphum vadi-specific isolate in hi

studies, found that no protection occurred between this

igsolate and either the non-specific or the [I, avenae-

fic isolates,

£
1__.

apeci
This paper reports the results of interference studies
in Clintland oats doubly=-inoculated with isolates of BYDV
found in Manitoba., In the first group of experiments, a
non=-specific, an M. avenaeg-speciflec, and an RB. padi-specific

isolate were tested in palred combimations, Two other isolates

hoth transmitted most efficiently by Schizaphis graminun

¥
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The plants used for the interference tests were spring

oats, Avena sativa L. var Clintland, grown in flats of

01l in greenhouses at 1?m23066 Stocks of the virus isolates

were meintained in Coast Black oats (Avena byzantina K.

Koch), These isolates were transmitted to new stock plants
every Lb-6 weeks using the mosgt efficient vector,

Tn experiments where plants were simultaneously doubly-
incculated, different batches of plants were treated as
follows:

1. infested with seven aphids for each isclate

e

2. infested with seven aphids carrying one of
the isolates and with seven virus~free aphlds

3., as for #2 but using the other isolate

Iin
of the individual isolates into the doubly-inoculated
plants, 10 aphids were used per treatment instead of seven.
Treatments for singly-inoculated plants were arranged so
that inoculation with relevant isolate corresponded with
that in the doubly-inoculated plants. An infestation with
non-viruliferous aphids on the singly-incoculated plants was
also made to correspond with the inocculation of the other
isolate in the doubly-inoculated plants.

To determine the possible effect of aphid feeding on

plant weight and seed yleld, batches of plants in each

exveriment were also infested with virus-free aphids only,

1\ experiments where there was a delay between the introductlon
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vr were merely caged wlthout aph!
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rondomized among the plants, In experi ments with isolates

a
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\718 there were 10

plants per treatment. Aphid vectors used to inoculate the

graminum

o]
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were R. padi for isolates 6801 and 6524, S.

for 6718 and 6711, and M. avenae for 607, Plants were
snoculated by allowing virus-free aphids to feed for two
days atb 159 ¢, on leaves detached from the virus stock

and maintained in petri dishes with molst sand,

were then transferred to the individually caged
test plants, After two days, the aphlds were sprayed wiin

tetraethylpyrophosphate (TEPP) insecticide.

Trnoculations were made when the
Where there was an interval between

second inoculation was mede 16 days

Attempts to transmit the individual irolates fronm

the singly-or doubly-incculated plants were made 2«3

weelrs after the simultaneous or the second inoculations,

The detached, split-leaf method was used (Gill 1969).

M, avenae were used as vecltors,
o ZUELSE

as test plants, for isolates 6801, 6524 and 607

4}

and S, graminum, with C ast Black ocats, for
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doubly

was trans

or more times for proof of
as potential vectors,

cterization of
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jgolate 6801 was

avenae, virus transferred
th thisg isclate and lszolate
test plants one

The

percentag

ity, with the two aphld
1 aphidg that transmitted

taolate 6801 from oats to oats was 41% for R. pad % for
17% for A, dirhodum, 15% for S, graminum and 2%

tdis, These averages for a total

of 240 individuals of each specles tested in 2l trials.,
Symptoms of this isolate on oats were severe. Thege results
indicate that this isolate belongs to the non-specific gtra

of BYDV (Gi1ll 1969: Rochow 1969).
Simultaneous Inoculation of Plants with Paired Comhﬁlasiwn«

splates 6801, 6407,

and 6520

Tl

inoculabed plants

1i

N

No symplboms appeal

ruliferous aphids.

on

were progressl

control plants

pl

ymptoms in 12«14

ants infested with non-

inoculated with one iszol
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ere For 6524, 6L07 and 68

3]
ok

Sk

gpecies
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experiments, there were no




Table 1.

Effect on Clintland Oats of Single or Simultaneous Double Inoculations With

Paired Combinations of Barley Yellow Dwarf Virus Isolates 6801,6407, and 6524.

BYDV ~ Isolate Combination

6801 / 6407 6801 / 6524 6524 [/ 6407
Treatment Mean dry@ Mean Meanb Mean dry Mean Mean Mean dry Mean Mean
weight Seed wt. ht. weight Seed wt. Lit. weight Seed wt. ht.
per plant per plant per plant per plant per plant per plant per plant per plant per plant
g. g. cm. g. g. cm. g. g. cm.
Isolate 1€ 1.08%d 0.10%% 58.0%% 1.28%% 0.30N-S. 76.8%%* 6.28%% 0.55% 94 . 4¥%%*
Isolate 2 2.96%% 0.93%% 91.2%%* 5.44%% O.52N'S' 83.0%% 4,82%% 0.28N.5. 89.6%%*
Isolate 1 &2 1.66 0.45 74.8 0.52 0.00 35.2 1.84 0.26 74.6

0 w2l
| | 1

[P
|

measured at maturity

mean values for 5 plants

isolate 1 is listed first in each combination

% = F value significant at the 5% level from the corresponding double inocuation

%% = F value significant at the 1% level from the corresponding double inoculations

N.S.= F value not significantly different at the 5% level from the corresponding double inoculation
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Table 2. Effect on Clintland Oats of Single or Double Inoculations With Paired
Combinations of Barley Yellow Dwarf Virus Isolates 6801,6407, and 6524 When the Paired
Inoculations were Separated by an Irterval of Time.
BYDV - Isolate Combination
6801 / 6407 6801 / 6524 6524 | 6407
Treatment? Mean dry Mean Mean dry Mean Mean dry Mean dry
weight Seed wt. weight Seed wt. weight weight
per plantb per plant per plant per plant per plant per plant
2. g. g. g. g. g.
Isolate 1¢ early  2.7N.S.4: 0.35N-5. 2. 5%% 0.15N-S- 9.9%% 3.35%%
Isolate 2 late 6.0N-5. 1.43%% 8. 4k 1.06% 7.7%% 1.69%%*
Isolate 1 & 2 4.3 0.39 1.4 0.16 4.1 1.08
Isolate 2 early 7.1N.S. 1.23N-8. b, 7% 1.01%% 5.8N-S 2.40N8-
Isolate 1€ late 7.0N.S. 1.04N.S. 4. 6% 0.66%* 7. 8%% 3.06%%
Isolate 1 & 2 8.2 1.38 1.7 0.15 4.4 1.65

a

b

[

d - N.s.
— *
- %%

- late inoculation - 16 days after early inoculation
— mean value for 5 plants

-~ isolate 1 is listed first in each combination

= F value not sig. different at the 5% level from the corresponding double inoculation

F 1" 1 1 1" 1% 1 n 1" " "

il

F value sig. at the 5% level from the corresponding double inoculation
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Table 3. Effect on Clintland oats of single or double inoculations with barley
yellow dwarf virus isolates 6718 and 6711 when the paired inoculations
were separated by an interval of time.

Treatment & Mean dry Mean seed Mean

weight weight height
per plantb per plant per plant
g. 8. cm.

Isolate 6718 early 5.6%%C 1.56%% 70.9N8

Isolate 6711 late 7.1 1.18%x 73,085

Isolate 6718 early & 6711 late 3.6 0.66 66.1

Isolate 6711 early 4, 2%% 0.63%%* 76.8N5

Isolate 6718 late 8.8%% 2.33%% 78.9N5

Isolate 6711 early & 6718 late 3.3 0.39 74.2

2 the late inoculation was made 16 days after the early inoculation

b mean
€ NS
*%

values for 10 plants

F value not significantly different at the 5% level from the corresponding doubie inoculation.

F value significant at the 1% level from the corresponding double inoculation.
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suggested
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that there was 2
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In the present study, the results from experiments with
a delayed second inoculatlion supported the
results for simultaneous inoculations., The resgults for

plant data are gimilar to th
in his tests with a delayed

i oy
also

found evide

rotection bhet

M
-

wearn his

v ise of differvent. isolates, Also, Aapola used Coast
Black oats as his test plants, and Clintland oats were
uged in my study, These Tactors may have had some bearing
on the results of the recovery data,

Loss of vector specificity has been reported in cases
where oats were doubly-inoculated with an M., avenae-specifilc

P

nadl - igsolate of

e s menacmncre

Rochow 19675 This loss of vector
to be caused by a phenotyplic mixing
and Bruehl (1959) found no evidence

when an M., avenae-~sepclfi
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spe ll’{-‘j i t:\}‘ is bhe javed
(Rochow 1970), Toko
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Cross-probection between a non-spe gelfic isolate and

Macrosiphun avenae-speclfiic ianlate of barley yellow dwal

virus (RYDV) had been demonstrated by several authors
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£L07 and 6711,

Dizon (1968) found that temperature caused differences
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temperature influenced the degree or type
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from one plant each
and two Plante esach of the doubly-inoculated treatments,

ht, dry weilght and seed welght per plant was

[

The heig

- .. 2 e
at maturity,

Tnoculation of Plants with BYDV Isolates 6407 and 6711 under
i

Greenhouse Conditions, the Two Troculations Separated by

an Interval of Time

In the singly-inocculated control plants, symptonms o

ate 6711 appeared 3-4 days later than symptoms of isolate

o

o7,  Although obvicus symbtoms for isolate 6711
not as strong as those for isolate 6407, the ef;

(Table 4), In the plants doubly-inoculated with isolates

incculated plants were more

in the gingly=-inocculated controls.

inoculated early in the doubly=

inoculated plants, the symptoms on these plants were no more

gevere than the symptoms on the plants singly-inoculated

Table 4 gives the mean seed number and mean seed




Table 4.

Effect on Clintland Oats under Greenhouse Conditions

of Single or Double Inoculations of Barley Yellow Dwarf

Virus Isolates 6711 and 6407 When the Paired Inoculations

Were Separated by an Interval of Time.

Plant Datab

Treatment? Mean Number Mean Seed
of Seeds weight
per plant per plant
Isolate 6711 early 37.5%%C 1.04%%
Isolate 6407 late 64.,6%% 1.24%%
Isolate 6711 & 6407 20.2 0.50
Isolate 6407 early 25, 3N8 0.74NS
Isolate 6711 late 49.0NS 0.92N8
Isolate 6407 & 6711 33.9 0.70

b - mean values for 10 plants

late inoculation was 10 days after early inoculation

¢ - NS= F value at 5% not sig. from corresponding double inoculation data

- %%= F value at 1% sig. from corresponding

" 1" 1"

aded

1€
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When isolate 6711 was inoculated early and iszolate 607

the seed numbers and seed weights

inoculs

ontly lower than

Ry

Aoubly-inocula

shoge of the (Teble 4). When

were inoculated in the reverse order, le.,

saelate 6711 late, there were no

Picant differences between the seed welght and seed

mumber of the singly-incculated controls and the doublyw

inoculated test plants,

culation of Plants with BYDV Isolates 6407 and 6711 in

hinets at 15° and 30°C,, the Two Inoculations

an Interval of

4
ymptoms ab 153Cﬁ were

\ A
RS

and appeared 3L days later,

snoculated with isgolate 6711 developed

* [ e} . - e 4 o &
4107 only showed visible sympboms at 15°C. At 15°C.,,

inoculated with isolate 6407,

At maturity, symptoms in plants doubly=incculated with

early and 6407 late were no more

= 6711,

the

and doubly=-inoculated




Table 5. Tests for recovery by Macrosiphum avenae and Schizaphis graminum of two isolates of

Barley Yellow Dwarf Virus inoculated singly or successively into Clintland oats.

Transmission of virus from plants
inoculated with disolate indicated

15°¢ 30°¢
Treatment® Plant Macrosiphum Schizaphis Macrosiphum Schizaphis
No. avenae graminum avenae graminum
Isolate 6711 early 1 3/5P 5/5 1/5 3/5
Isolate 6407 late 1 5/5 0/5 5/5 0/5
Isolates 6711 early and 6407 late 1 1/5 4/5 415 4/5
2 3/5 3/5 3/5 4/5
Isolate 6407 early 1 5/5 0/5 0/5 0/5
Isolate 6711 late 1 0/5 0/5 0/5 475
Isolates 6407 early and 6711 late 1 5/5 0/5 1/5 0/5
2 5/5 0/5 4/5 3/5

@ late inoculation was 20 days after the early inoculation,

b pumber of plants infected of the number infested with 10 aphids each.

Acquisition and inoculation feeding periods were 2 and 2 days respectively.
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Table 6. Effect on Clintland Oats of Single or Double Inoculations of
Barley Yellow Dwarf Virus Isolates 6711 and 6407 at 15 and 30°C.

When the Paired Inoculations Were Separated by an Interval of Time.

Plant Data

Treatment® Mean dry Weightb Mean Seed Weightb Mean heightb

per plant per plant per plant

g. cm.,

150 300 150 300 15°  30°
6711 early 7.078¢ 1,585 0.7%8  o.oNS 89.5N5 6g.oNS
6407 late 16.3%% 2, 4NS 3.6%%  0.0NS 100.0%5 69, 3%
6711 & 6407 8.8 1.9 1.7 0.0 95.0 60.7
6407 early 9.1NS 3 oNS 2.485 o oNS 101.6NS 67.2NS
6711 late 15.1%% 3,588 4, 0% 0.3NS 102.088 74.8%
6407 & 6711 7.7 2.7 2.2 0.0 105.4  62.6

a - late inoculation was 20 days after early

b - mean values for 5 plants

¢ — NS= F value at 5% not sig. from corresponding double inoculation data

= 1M " " gignificant from
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Table 7. Effect on Transmission When Aphids Were Allowed to Feed on Paired

Combinations of Five Barley Yellow Dwarf Virus Isolates.

Transmission of BYDV Isolates by Indicated Aphid

6407/65082 6407/-6524 6407/6524 6407/6711 6407/6711 6407/6711 6508/6711 6524/6711 6524/6718 6524/6718
Treatment Macrosiphum  Macrosiphum Schizaphis Macrosiphum Schizaphis Rhopalosiphum Schizaphis Schizaphis Schizaphis Rhopalosiphum
avenae avenae graminum avenae graminum padi graminum graminum ecraminum padi
1) Isolate 1 early 10P 26 2 24 0 0 1 22 8 19
2) Isolate 2 late 3 0 3 2 9 4 14 4 0 0
Total of 1) and 2) 13 26 5 26 9 4 15 26 8 19
Isolates 1 early
and¢ 2 late 15 30 2 27 11 2 18 21 5 12
1) Isolate 2 early 4 6 2 0 4 0 23 0 2 0
2) Isolate 1 late 13 21 0 23 0 0 0 24 1 9
Total of 1) and 2) 17 27 2 23 4 0 23 24 3 9
Isolates 2 early
and 1 late 16 25 12 29 12 -0 23 25 3 7

a8 - igolate 1) is listed first in each combination.
b - number of plants infected of 30 infested, each with a single aphid (except for the totals).

C - aphids were allowed to feed on the two isolates in succession. 8.



The results were termed additive when the addition of

the values for Transmission of virus by aphids given an early

€

ngle acguisition on the virusg scurce, was about

i
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ggqual Lo the values for transmission by aphlds given an

O]

acquisition on the same two isolates in succession., Often
the results were additive no matter which isolate the aphid
vector was given access to first, This was the case when

M. avenae was given access to isolates 6407 and 6508, and

also when S, graminum was given access to isolates 6508 and

\;’J

6711 (Table 7). 1In other caseg the results were only additive
when the vectors fed on the virus sources in a specific
seqguence This sequence was generally the same regardless

wnich vector fed on the isclates, For example, when bhoth

M. avenae and S, graminum were given access to isolates 6407
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effects were only observed when the

vectors were given access bo i1solate 6407 first in the

seqguence, Similar results were observed in the vectors 8.

i

and RB. padl, when the aphids were given access to

6718 and 6524 in that order. This so-called
additive effect was the most common effect observed.
Another type of result, termed a suppression effect
was observed in some of the virus isolate combinations. In
this case, the addition of the values for the transmission

of virus by aphids given an early or a late single




values for the transmission by aphids given a n scguisition
on. the same two isolates in succession. Thisg phenomenon was

graminum and R. padl, when

Loty

observed in both vectors 3.

given access to isoclates 6524 and 6718 in that order

L,

(Table 7)., This suppression effect was also observed when

fte

solates 6524 and 6711 in

w3

S. graminum was given access to
that order,

Y s

211led a synergistic effect, was

3

A third response, ¢
noted for certain vectors and combinations of isclates,
When synerglsm was invelved, the number of transmissions

~1

by the aphids given access to the two isolates in succession

was greater than the addition of the number of transmissions
by aphids in both the early and the late single acquisition

corttrols, Synergism occurrved when M

&
o

. avenae was given

access to isolates 6407 and 6524 in that order and when
g8, egraminum was given access to lsolates 6520 and 6407 in

That order, Synergism also occurred with both Z. graminum
and M, avenae when they were given access to isolates 6711
and AM07 in that order,

In the total of experiments performed in attempts U

O

i—te

find interference between BYDV isolates in the vector,

o

difference wag noted in the ability of the aphids to

crangmit certain lsolates when the aphlds were given
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three~day holding period between the acqul

test plants for the incculation feed afte
feed, For isolate 6407, M, avenae, and

graminum, Ttransmitted virus

wry
L&

s

transmitted virus to a greater number of

aphids were held for three days

when they were placed on the test plants

the acquisition feeding (80 of 110 wvs, 69
isolate 6524, R, padi, . graminum and M,

to a greater number of test plants after

riod than similar aphids placed on best

no holding period (total 72 of 200 vs. b5
A different effect was noted for tra
jaolates 6711 and A508, The aphids which

three days on althy plants between

inoenlation istently

eding cong Iy ansmi

plants than thoge aphids glven access to
then placed directly onto the test plante
83 of 325 for isolate 6711 and 14 of 115
igolate £508),
Discugsion

The present work and that of Smith (
experiments ofa type where single aphids
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to the test pl
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one case,
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a three-day holding
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(71 of 325 vs



Wo

t

L

t

-
il

g e
L CESS

.

»

given ac

re

fao3

7
Y

W

2

Fe)

&

roun

st

o

omb

O

I

e

pes

O

4

le

sasib
T

S
[

£

S

— W

i

B Vad o

ad

{

kb

ATO)

Y

-

<

b

ed

wnr

1
o

DO

-~
{

o
oL

d

e

cury

G

{

1y

rar

.

ot
o

effe

i

Ps
<

o

n
52
[
<
<
o




cont

ey T
\g \} }i‘

7ol

Tred

. - -
ol 1 A
e 1]







S
>1C

Ve

P
1

O

P o
Va L

nny
-




¥y
Li

T




The present work reports the results of experiments with
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transfers was compared,

Wt ood
Haverle

Rhopalosiphum padli (Linnaeus), and the greenbug, Schizaphls

as those previousgly

were tested regularly to insure that

they were free

were 6515 (non-specific)

- s . 7z - .
crapinum-specific) (G111l 1969). Stocks of the virus isclates
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were maintalined in oa

.

Black! in a greenhouse at 17=-23"C, The igolabes were
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transmitted to new stock plants every 4.6 weeks using

most efficlent vector,

(]

In one test with isolate 6515, virus-free nyumphs and

adults of 3. graminum and B. padl were selected from

2

regular aphid colonies and caged together on a lea
of the virus source plant, After an ascquisition feeding peric
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of three days, the stages of S, graminum and R. padl

were caged separately in groups of three aphids per plant
onn Clintland oat seedlings grown in wooden flats of

goll in the greenhouse., Aften three days the aphids were
sprayed with tetrasthylpyrophosphate (TEPP) insecticide,

In all of the experinments invelving dally transfers of

individuals of R, padl or S, graminum on test plants, Coast

Black oats, grown twe seedlings to a 5S5«inch pot, and

inoculated at the 1% to 13 leafl stage, were used as the viru
source plants 10-15 days after the ilnoculation. Aphld nymphs
with an average age of 12 hours were derived by placing virus-
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free apterous adults on he
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plastic dighes at 15
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old aphids
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C. Tor 24 hours, Ten-day

were derived by placing 12-hour old nymphs on healthy caged
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Herta barley 1in a growth cabinet at 15°C, The mature forms
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12«hour old nymphs and 10-day old adults were caged

together on a single leaf of the virus source plant in a

transferred to a second caged test seedling at the 1-2

leaf gtage, the transfer continuing until the aphid died

4

or the experiment was concluded.
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Tranemission of Virus Isolate 6515 by Apterous Adults of

~hizaphis graminum and Bhopalosiphum padi Whern Transferred

Daily to Successive Test Seedlings

al transfer was only carried out
until the 10th day. The object was to determine the
pattern of transmission by S. graminum for the non=specific

Sl e s et

isolate 6515, R. padi, the most efficient vector for this

isolate, was also included. All 10 adults of HR. pad

seedlings inoculated became infected. No decrease in the
infection rate was apparent by the 10th day. Only 2 of 10
8, graminum adults transmitted virus, Dach aphid transmitted

only once, one on day .l and the other on day L, These results
confirm the findings of Rochow (1959 b) and Dizon (1968)

that R. padi adults are efficient vectors of non-specific

proportion of S, graminum adults transmit, and then only
rarely.,

Tranemicssion of Virus Isclate 6515 by Nymphs and Adults of

Rhovalosiphun padi and Schizaphls graminum

The discovery by G111 (1970) that nymphs of R,

S, gcraminun transmitted an R. maidisg-specific

ianlate more efficiently than adults, initiated an inves



of the comparative ability of nymphs and a
oraminum to transmit the non-specific

tegted above, In two trials with B, padl, al
plants infested with nymphs and all of 9 plan
adults became infected, In one trial with 3.
out of 18 plants infested with nymphs and

19 plants infested with adults became infecte
other trial, 13 out of 20 plants infested wit
g out of 20 plants infested with adults becanm

oY
Y

amnlnum

ted with
1 12

only one

Transnission of Virus Isolate 6718 by Apterous Adults on
Yymphs When Transferred Dallv to Successive Test Seedlings

-
S

Thesge studles w

e then extended to isgolates Tor which

S. graminum was the most efflcient, or the sole vector, he
obiject was to compare transmission patterns of nymphs and
adults when the aphids were transferred serially on the test
seedlings, and to compare the rate of transmlission of

adulte that had fed on the plants when 10 days old, to

that for adults which had fed on the source plants as

voung nymphs. A U-day acquisition feed was used because a
very low transmisslion by 3. resulted from a
2-day acquisition feed., In one trial only 1 of 10 and in

o

r trial only 2 of

transmitted th izolate




Table 8 shows the transmission pattern obtained when 12
S

feed on the source plants., Four of 15 adults and 8 of 15

nymphs transmitted virus, The four adults trane mitted to 5%

-

O

s

of the 80 seedlings inoculated, while the eight aphlids that
fed on the virus source asg 12-hour old nymphs transmitted
to 13% of the 160 plants inoculated. Four of the elght aphids

matured as apterous adults and four matured as alatas, For

y\.)

6% of 34 plants

=

aphids that acquired virus as nymphs,
inoculated by the nymphal stages and 11% of 116 plants

Tnoculated by the adult stages became infected. The percent

bod

troanemission for nymphs and adults of all aphids that fed

O

on the virus source as 1l2<hour old nympt including those
that did not transmit, was 10%, while the percent transmission

for all the aphids that fed on the virus source as 10-day

o~ - (/
0ld adults was 1.5%,

A second trial was run with 10 daily transfers per

a7 using ten 12-hour old nymphs and ten 10-day old
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sdults, Tive of 10 aphids that fed on the virus source as

of o

12.hour old nymphe transmitted.the virus to 18% of the 50
vlants inoculated, while 2 of 10 aphids that fed on the virus

source as 10~day old adulte, transmitted virus to 107 of the

N
D
]
fod
S
=
ot
0
fde

« inoculated, Of the aphids that ascquired virus
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Table 8. Transmission of Barley Yellow Dwarf Virus Isoclate 6718 by Individuals of
Schizaphis graminum When Nymphs or Apterous Adults were Allowed to Feed on
the Virus Source for 4 days and were then Transferred Daily to Successive
Seedlings of Coast Black Dats.

Aphid  Aphid Days of transfert

Stage No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Adult 1 T - P - - - - - - - -

(10 2 ~ - - - P - - - - = - - - - - - = - - -

day 3 P - - - - - - - - - - - - P - - - - - -

0ld) 4 - - - - - - - =P - - - - = - - - - - -

Nymph 1 - - - = EX - - - - - - - - - - - -~ = P -

(12-hr. 2 - P P - - XX- P - - - - - - - - = - - -

0ld) 3 - P - - X - P - - - P P - - P - - - = =
4 P P - P - XXP - - - - - - - - - - - - -
5 R T T O - - - - - - - - P -
6 - P - - X - - - - - - - - - - - - - - -
7 - PP - X PP - - - - P - - - - - - - =
8 - = - = X « - - P - - - - - - - - - - -

1pF

plant infected
—= plant not infect
x= aphid matured as

xx= aphid matured as

ed
an aptera on this plant

an alata on this plant

axed

9%



at

as 247 of 35 plants inoculated by the nymphal stages
and 107 of 10 plants inocculated by the adult stages becanme
infected, The percent transmission for nymphs and adults of
all aphids that fed on the virus source as 12-hour old

nymphs ni

211 the

old adults was two

ne nercen

Virug Isolate 6711 by Apterous Adults

t, while the percent transmission fov

fed on the virus source as 10~day

percent,

or Nymphs

Trangmission of
Wrien Transferred Dally to Successive Test Seedlings
The object of the three trials run with This isolate
was similar to that of the tests on isolate 6718 above,
Partiasl results from two of the trials ave included in Table 9,
and a summary of the results of the three trials 1n Table 10,
Trn trial 1, 5 out of 15 adults and 3 of 4 nymphs transmitted
virus to at least one plant in the serial transfer, In
trial 2, 2 of 8 adults and 9 of 12 nymphs transmitted Tthe
virue, while in trial 3, 3 of 10 adults and 8 of 10 nywmphs
transmitted thé virus, Therefore, more aphids that
sequired virus as nymbhs transmitted (77%) than did aphids
that scquired virus as adults (30%)., Furthermore, aphid

transmitted more fre
nymphs than as adul

gquently during serial transfer

)

ts (Table 10). Although all of the 59

aphids tested survived 20 serial transfers, none transmitted
beyvond the 10th day.




Table 9. Transmission of Barley Yellow Dwarf Virus 6711 by Individuals of Schizaphis graminum
When Nymphs or Apterous Adults were Allowed to feed on the Virus Source for 2 days
and were then Transferred Daily to Successive Seedlings of Coast Black Oats.

Trial Aphid Aphid Day of Tramsferl

Stage  No. 12 3 4 5 6 7 8 9 10 11 12 i3 14 15 16 17 18 19 20

1 Adult 1 - = = P - - - - - - - - - - - - - - - =
(10 - 2 - P - - - - - - - - - - - = - - - - - -
day 3 P - - - - = - - - - - - - - - = - - - -
old) 4 P - - - - - - - - - - - - - - - - - - -

5 P - - = = = = = - - - =~ - - - = - - - -

2 Adult 1 - P - - P - - P - - - - - - - - - - - -
(10-day 2 - = P - - - e e - - - - - - - - - - - -
0ld)

2 Nymph 1 - P P < - - X - - P - - - - - - - - = -
(12-hr. 2 - - - P - X - - - - - - - - - - - -
old) 3 - - - - - - - %P - - - - - - - - - - -

4 - P - - PP X - -« - P - - - - - - - = - -
5 PP - P - - - E - - e - - - = - -
6 - P - - - - - X - - - - - - - - - - - -
7 - P P - - - ¥ = - = - - - - - - - - - -
8 - P - - - - X - - - - - - - - - - - - -
9 - - - - P - - X - - - - - - - - = = - -
1 p= plant infected

-= plant not infected

x= aphid matured as an aptera on this plant

xx= aphid matured as an alata on this plant

J
©
(6:¢]

£0



Table 10.. Percent transmission of barley yellow dwarf virus isolate 6711 by nymphs

of Schizaphis graminum in three serial transfer experiments.

and adults

Life stage Number of Percent plants infected of those infested by
allowed aphids that Aphids that transmitted virus A1l Aphids®
aquisition transmitted
to virus of number tested Adults Nymphs
Nymphal Adult Both
Stages Stages Stages
10~day old 10/33 8 — —_ — 3
adults
12-hr old 20/26 - 25 4 11 8
nymphs
a

includes aphids that transmitted and those that did not transmit.
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