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Abstract:

Barley yellow dwarf virus (BYDV) infects oats, barley, and wheat, causing serious losses in these
crops worldwide. This virus also infects over 100 species of grasses and is transmitted only by aphids
in a persistent manner.

During four years of field survey in central Montana, the virus induced disease, barley yellow dwarf
(BYD), was observed in winter wheat and in spring wheat, barley, and oats. On the basis of symptom
incidence and severity, winter wheat planted in August and early September appeared to be damaged
more severely than late planted winter wheat or the spring grains. Two epiphytotics of BYD were
diagnosed in winter wheat in 1980 and 1981. Early seeding and moderate temperatures during
September and October were determined to be the conditions favorable for the development of large
viruliferous aphid populations attacking the 1980 and 1981 winter wheat crops in the epiphytotic areas.
To date, planting winter wheat after September 10, appears to be an effective control measure for
avoiding serious losses from BYD.

Four strains of the virus i.e. RPV, RMV, MAV, and PAV, were identified among isolates of BYDV
recovered from diseased plant samples or native aphid populations collected in central Montana. The
PAV-like isolates were found to be the most prevalent and also the most virulent types among the
strains identified. The four principal cereal grain aphids and vectors of BYDV, the English grain aphid,
the corn leaf aphid, the oat, bird cherry aphid, and the green-bug, were all found to be present in
Montana. As both the common aphid vectors and strains of BYDV occur in central Montana, the
disease may threaten small grain production to some extent each cropping season.

In three years of field plot testing, 23 cultivars and lines of spring barley, spring wheat and winter
wheat were evaluated for their response to infection by BYDV, using a virulent PAV isolate as the
inoculum source. None of the cultivars commonly grown in Montana were tolerant to BYDV.
Averaged over cultivars and years, the yield reduction for the spring barleys, spring wheats, and winter
wheats was 65.0%, 65.4%, and 67.3%, respectively.
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~ABSTRACT

Barley yellow dwarf virus (BYDV) infects oats, bar-
ley, and wheat, causing serious losses <in these ‘crops ‘world-
wide. This virus also infects over 100 species “of grasses
and is transmitted only by aphids in a persistent manner.

During four years of field survey ‘in central Montana,
the virus induced disease, barley yellow dwarf (BYD), was
observed in winter wheat and in spring wheat, barley, and
~ oats. On the basis of symptom incidence and severity, win-
tér wheat planted in August and early September appeared to
be damaged more severely than late planted winter wheat or
the spring grains. Two epiphytotics of BYD were diagnosed
in winter wheat in 1980 and 1981. Early seeding and moder--.
ate temperatures during September and October were deter-
mined to be the. conditions favorable for the development of. .
large viruliferous aphid poepulations attacking the 1980 and .
1981 winter wheat crops in the epiphytotic areas. To date,
planting winter wheat after September 10, appears to be an
effective control measure for av01d1ng serious losses from
BYD.

Four strains of the virus i.e. RPV RMV, MAV and
PAV, were identified’ among isolates of BYDV recovered from
diséased plant samples’ or native aphid populations collected .
in central Montana. The PAV-like isolates were found to be
the most prevalent and also the most virulent types among
the strains. identified.- The four pr1n01pa1 cereal grain
aphids and vectors of BYDV, the English grain aphid, the
corn leaf aphid, the oat, bird cherry aphid, and the - green—'
bug, were all found to be present in Montana. As both the
common aphid vectors and strains of BYDV occur in central
Montana, the disease may threaten small -grain production to
some extent each ‘cropping season.

In three years of field plot’ testlng, 23 cultivars
and lines of spring barley, spring wheat and winter wheéat
were evaluated for their response to infection by BYDV, us=
ing a virulent PAV isolate. as the -inoculum source. None of .
the cultivars commonly grown in Montana were tolerant to
BYDV. Averaged over cultivars and years,. the yield reduc-"
tion for..the spring barleys, spring wheats, and winter
wheats was .65.0%, 65.4%, and 67.3%, respectively.-




INTRODUCTTION

Bafley yellow dwarf (BYD) is an aphid-borne vitrus
‘"disease that bccurs on a wide range of Graminaceous hosts.
It is economicélly important in oats, barley, wheat, and
rye, and therefore of potential concern wherever tﬁesecrops
are grown. The disease 1is khoWn to be present in North’and
South America, Europé, North Africa, Australia, and Asié.'

Historically, barley yellow dwarf was described as
early as the 1890's, before the true causal agent was known.
‘After 1951, the year it was defermined that barléy yellow
dwarf virﬁs (BYDV5 was the cause of barley yellowydwarf"
(BYD), several known epiphytotics of the disease have
occufred in Nortﬁ’Ameriqa and Eurépeu The ebiphytotic 6n
oats in 1959, which developed in the North Central Region
of the United States was most notable. This‘epidemic
brought to light the full realization for economic losses
attributable to the virus. Although the impact of BYD was’
most seriously felt in the North Qentral Region} fhe disease
was reported to be.significént in many outl&ing states, in-
-cluding Montana. As reported by E. L. Sharp (108), Mon-
fana State Uni&efsity,”Eozéman, MT.,-the diseasé was diaga
nosed pfimafily in spring barley and to a lesser extent in
oats. In some 1ate planted-bérley fields, yield losses.

were estimated at 50 percent. .The diégnosis of BYD at that
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-time was based on visual plant symptoms in association with-
the preéence of aphid infestations. No attempts were made
to confirm the diégnosis by aphid transmission fests. How-
ever, four years earlier, in August of 1955, barley and oat
samples were obtainhed from Montana by C.A:. Suneson (3),
University of California, Davis, California, énd attempts
made to recover BYDV by aphid transmission. In thoéé'trans—
mission tests, non-viruliferous apple—grain.aphids, Rhopalo-

siphum prunifoliae:(Fitch), were used as the vector species.

No virus was recovered from those samples. . As stated by

‘ the investigators, "thé somewhat desiccated condition of
the plants receivea from Montana mgy have made it impossible
to recover the virus."

Another explanation for laék of transmission, alj
though speculative, is thaf the plant samples Were infectéd
by a strain of BYDV thét could not be transmitted by fhe
apple—grain aphidp |

‘Since the>time of those earlier reported occur-
fences and attempts-to_recover BYDV from plant samples, no
effort has been made to confirm the presence of BYD in small
grains grown in Montana.

The objecfiVes considered in this iﬁvestigation

were:
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1) To détérmine the incidence and severity,of BYDV in win-
ter wheat, spring wheat, spring barley, and to a lesser
extent spring oéts grown in central Montana. |
2) To develop facilitieé and uéeful techniques for diagﬁbsis
of BYD by aphid transmission. |
3) To identify the variant or variants of BYDV recovered
’from field samples and nativé cereal aphid populations
in the area surveyed. |
4) To determine the effects of BYDV on plant develbpmenf
and seed yield éf spring barley, spring wheat, and winfv
ter wheat cultivars grown in Moﬁtana;
5) To defiﬁe more accurately the etiology and epidemiology
of BYD in small grains in the central region of Montana.
Fulfillment of these obJjectives shoﬁld lead to a
more thorough understanding of BYD and its impact on small
grain proauétion in Montana. Once the disease'has been
diagnosed precisely, and its development observed, an effec-
tive control procedure -.could be recomménded. In addition,
a disease response evaluation of the important'small grain
cultivars grown in Montana to infection by BYDV may identify
those which are least affected by the virus. Thus, if tol—
"erant cultivars are identified they could be recommended

for planting in the state.




LITERATURE REVIEW

History and Importance of: the Disease

Barley yellow dwarf was first reqognized_és a virus.
disease of barley in 1951, when it ﬁas discovered by Oswald
and Houston (59) in California. They described 'a severe’ .
yellows disease 6f barley occurring tﬁfoughout the state,
and characterized thg causal agent as a virus transmitted
by aphids. Furfher investigations. by these two fesearphers
extended tﬁe virus host range to oats énd wheat; cauéing a
'red leaf' and 'chlorosis' disease respectively (60,62)ﬂ
Although-Oswald and Houston (60)'first suggested the simi-
larity between BYD 'in oats and the oat disease referred to
as 'red leaf', it waé Takeshita (115) who verified that in:
fact, the red leaf disease of oats was caused by BYDV.

Possibly the firsf record of BYD in the United
States was reported in 1890 by.GallOWay and Southworth(30),
as a '"mysterious oat disease" in the Eastern and Central
States.. Othér epiphytotics on ocats as well as on bar;ey
and wheat have 1ike1y.occurred and bgen discussed in thé
litérature priof to charaoterization of the éausal agent in
1951 (10,79). Murphy (57) suggested. that outbreaks of BYD
on oats in 1907 rand 1949 reéﬁlted_in éreater losses . to the

national (U.S.A.)toat e¢rop than the epiphytdtié-of'l959.
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Estimated losses for oats in 1959 weré-cbmparéble to those
suffered from epiphytofics of Victofia blight and crown
rust occurring in 1947 and 1953,respective1y (57). 1In Iowa
alone, 1959 loséeS'to_the oaf’brop:were estimafed at more
than 26 million bushels (8). Mbre recently, participants
in a BYDV wofkshop Held at Urbana, Illinois in 1977, esti—.
mated averége annual losses at 1-3% of the total wheat,
barley, and oat bréduction in the United States and Canada,
with losses of 20-30% in some areas (unpublished).

| In Great Britain, Saunders and Dd&dson (i04) have
estimated yield losses in cereals to be 3—10%_during_mbst
years. However, in yield ‘trials conduéted at the National
Institute of Agricultural Botany, Cambridge,-England,'yield
losses of up to 90% wené reported for cerfain cultivars of
oats and baflgy.aﬁd a 43% yield loss forumqét wheat culti-
vars (25).

The most thorough évaluation of actualuyieldvlosses

resulting from BYD”epiphytotics occurring over the years

has been conducted by Canadian researchers. In 1959, the

" epiphytotic on 'oats in Eastern Ontario daused as high as

42% loss in plant-yield (109). Intensive surveys begun in
1964, indicate that BYDV infects cereals each year and

periodic epiphytotics cause severe damage to the cereal
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crops (39,40). : Inﬁ1965 oat losses inAManitoba were esti- -
mated at 2.25 million bushels (36) 'ln l969, barley losses:
in one cultlvar"Herta' alone, were estimated at 1. 4million
bushels (39). .In Manltoba and Saskatchewan, the 1974 ‘BYD
epiphytotic‘resulted in oat losses of-2.3‘mlllion buShels'
and a loss of>2'l‘million.bushels in two barley oultlwars,f"
.'Conquest"and 'Herta' (40)7 A 197e=outbreak of BYD in
eastern Canada was reported to bé" the. most 1mportant epl;
fphytotlc of the dlsease occurring in the last 20 years(lg) N
Yield losses of 20~50% were reported in many areas were o
oats, barley, and sprlng wheat were affected. Glll (45)
reported that a 1978 eplphytotlo resulted 1n a b. 85 mllllon
bushel loss in bread wheat produotlon, representlng about" a ;u

7% loss in the total potentlal yield.

Host Range of the Virus

Barley yellow dwarf virus infeots a wide diversity )
of'hosts‘among the Gramineae; which ls of great importanoeA.
in oons1der1ng the etlology and epldemlology of the disease.
The early work of Oswald and Houston (61), ‘Bruehl and Toko

(19), and Watson and Mulllgan (117), establlshed a host
range of 84 spe01es'w1th1n the. Gramlneae, many of whlch

were symptomless carriers. The-wirus‘is now known--to infect -
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over 100 épecies of grasses, inclﬁding'many whiéh afe com~
mon range, turf, and forage.speciesl(Sf).

The importance-of grasses as inoculum sources of
the virus and as hosts for aphid vectors has been well docu-
mented (10,14,74,79,109,110). Certéin species of grasses
are befter hosté for the virus, vectors, or both, than are
other species. The spatial relafiohship of such grésshosts
to cultivéted crops is certainly an imporfant consideration
in the epidemiology. For instance, in England, Waleé, Aus-—
tralia, and New Zealand, perennial ryegrass pastures were
found to have a high percéntage of plants infected-with
BYDV (14,23,53). Such pastures haﬁe been implicated as the
overwintering sources of BYDV and as the host for early
build-up of aﬁhid vectors, which subseqﬁently move to small.
grains (14,53). It is interesting to note however, -that’
little emphasis ﬁas been given to the direct effeét'of BYD
on ‘the production of pasture of1forag¢ grass species such

as perennial ryegrass.

Classification and Physical

Characters of the Virus

BYDV is the type member of the luteovirus group,

which includes other aphid-vectored, 'yellows'.type viruses
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(56). Members of this group areAcharacterized as being
non-seed and non-mechanically transmissible, single stranded
RNA yiruses, which are transmitted in a peréistent, circu-
lative manner by aphids (56,87). BYDV and the other mem-
bers of this group have not been shown to propagate‘in the
vector, as is the case for some Rhabdoviruses (63,85).

| The virion's of BYDV are isometric, spherical pér—
ticles, approximately 23-25 nm in diameter, with an RNA con-
tent of about 28.0%. The RNA has a molecular weight of
about 2.0 x 1O6 daltons (6,65). The virion capsid is com-
posed of a single protéin with a molecular weight of 23,500
to 24,450, depending on the particular strain of the virus‘

(105).

Biology of Virus Acquisition and

Transmission by Aphids

In infected plants, BYDV is found primarily in the.
sieve tubes of the'phloem and to a lesser extent in phloem
parenchyma cells (27,41,48). As aphids feed almost exélu—
sively on phloem sieve tube elements, the capacity for
acquisition of the virus is dependent on feeding within an
infected cell.

The concentration of virus within a diseased plant
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is very low, as yields of pﬁrified virus have been réborted
tp range from 6 to 136 ug'ber 100g of infected plaﬁt tiss@e
(29,65).. Thus, Within a single phlcem cell the amount of
virus présent would be extremély'small. The'ability of
aphids to selgctively acquire the virus from phloem sép has
been related to tﬁe physiology.of the insect in receiving
.adequate nutrients during the feeding process (10,22). The
aphid when feeding, exudes excess sap éolutioné through the
rectum as nitrogenous maferials_arg selectively absorbed
through the gut wall (10,22). Virus particles also accumu-=
late in the aphid by this differentiél absorption process;
supposedly to a concentration suffiéient to transmit the
virus for long periods of time after é single acquisition
feeding peridd (10,22). After ingestion, virus particles
pass through the gut wall into the hémolymph and eventually
into thé salivary system, which is the basis for tﬁe circu—
lative nature of the virus in the vector (22). The subse-
quent infection of bhloem cells by the probing or feeding
of the viruliferous aphid results‘from the egestibn of
salivary fluids containing virus particles into these cells
(22).. _

Studies by Paliwal,and Sinha (63) haye shown that

virus particles accumulate in the gut and hemolymph of the
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aphid. However, it has been suggested that virﬁs transmis-
sion specificity énd the peréistent nature of transmission
are regulated by the salivary system (31,32;33). Gildow
and Rochow (315 in studies using the ferritin-antibody
technique for electron microscopy, observed the presenée‘of

virus particles in accessary salivary glands and in intra-

‘cellular canals and cytoplasmic Qesicles that drain the

salivary glands. They hypothesized that cells of the sali-

vary glands have receptor sites which recognize virus pro-

" tein coat components of transmissible strains of the virus. -

These cells suﬁposedly would poséess only a limifed number
of specific receptor sites. This limitation would serve tq
restrict the flow of virus thfough the salivary system and
concentrate'virus particles in the'hemocoe}. Thus, the
persistence of the virus in the aphid may be a function of
this restrictive flow phenomenon, and further explain how a
non-propagative virus is transmitted by a vedtor'throughout
itsg lifetime after a relatively short acduisition'féeding

period.

Virus - Vector Relationships

Within the luteovirus group'the relationships and
' ) . - ] ‘ )
interactions between the virus and aphid vectors are best
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understood for BYDV. Actually, BYDV is considered to be a
group of viruses sharing the commonality of hostﬁspecifi—
city, physiological and anatomical effects on the host, and
basic biological relationships with the aphid vectors (101).
However, considerable variability exists among the-BYD Ju
viruses with respect to'vector specificity, sepolagical
homologies, cytological effecté in plants, and virulence.

In regard to vector sSpecificity, it has been well
established that some variants or strains of BYDV.arétrans—
mitted efficiently by only a single species of aphid, where-
as other variants are transmitted efficiently'byltwo or
more species (35,76,86,116,118). Jedlinski (47) recently
listed 18 species of aphids Which.are capable of transmit-
ting the virus. However, due to the complexity of -aphid
taxonomy, some of the different sﬁecies repérted in the-
early literature as BYDV vectors may, in fact; be only a
single species (47,112). Roéhow (76,80,86,89) has identi-
fied five wvariants of BYDV having distinct différences'in

the efficiency by which four species of grain aphids trans-

mit each variant. Each of the five variants has been sym;A

bolically named'by Rochow, reflecting the relative effi-
ciency of tfansmiSsioh by these four cereal gfain aphid

species.
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PAV (padi - avenae - virus) is a strain transmitted -

efficiehtly by Rhopalosiphum padi (Linnaeus), the oat, bird-

cherry aphid, and Macrosiphﬁm avenae = Sitobian avenae (Fab-.

ricus), the English grain.aphid,.6c¢asioﬁally by Schizaghis
graminum (Rondani), the greenbug, and'seldom by R. maidis |
(Fitch), the corn leaf aphid. PAV is commonly referred to
as a vector non-specific variént. RPV (R. padi-virus), MAV
(M. avenae-virus), RMV. (R. maidis-virus) and SGV (_S_._glrﬁi—
num-virus) strains'ére transmitted efficiently only by E..
padi, M. . avenae, B. maidis, and S. graminum respectively.
The RPV, MAV, RMV, énd SGV variants are commonly referreq
to as vector-specific strains. Although the transmission
‘of these vector-specific strains is most often by the desig-
" nated efficient aphid species, one or more of the non-effi-
cient vectors may occasionally effect a transmission (80,
86,89). Thus, the transmission of vector-specific strains
is not always absolute and more often than not, it is re¥g—
tive to the efficiehcy of tfansmissidn among the différeht
vector species. -

The four aphid spedies discussed are considered to
be the most important vectors of BYDV in small grains (iO).

One other species, Metapolophium dirhodum (Walker), the

fose grass aphid, is occasionally an important small grain
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pest and a vector of BYDV in England and Canada (35,675.
Gill (35) found the transmission of varioﬁs strains of BYDV
by M. dirhodum_to be very similar to the transmission pat-
terns by M. avenae. However, Piumb (67)-reported'that M.
dirhodum speéific strains occur in England and the.pattern
6f transmission of different virus isolates~by M. dirhodum

and M. avenae is not necessarily the same.

Factors Affecting Vector Specificity

Studies by Rochow (81) indiéate that.aphids caﬂ
acquire strains of the Qifﬁs Which they cannot transmit.
As such, failure to acqﬁire the virué is not ‘the basis for
vector specificity. It is fairly wellxestablished that
vector,specificify is a function of the virus-vector reiaj
tionship (93,97). The unique intrinsic properties of thé.
virus pérticle and special biological charactefistics-of
the vector combine to produce strain specifiéity (82).
Genetic plant host factors, plant-virus interactions, or
vector characteristics alone, do not give rise to thevirus—
vector specificity (82). Gildow and Rochow (31,32,33)_have
recently provided strong evidence for the role of salivaryv )
glands in the vector specificity of BYDV variants. The‘

different aphid species apparently have evolved specialized
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salivary cell receptor sites which only recognize transmié~
sible strains of the virus. Aé such it is this compati—>
bility between the virus-cdat protein and salivary cell
receptor sites, that governs- -the efficient transmission of
only certain strains of thé virus by selected aphid species.
Since vector specifici%y is a relati?ely stabie
phenomenon, BYDV isolatgs are frequently characterized by
differential aphid transmission tests. However, the result
of influences by thé hany factors involved in the host,
virus, vector, and'environment interaction do significantly
affect the pattern of strain transmissién by different aphid'
species (93). | |
Studies by Rochow (76) have illﬁstfated the:impoft4>
ance of the environment as it influences the virus—vectop
relationship. In testing the tfansmission of RMV ét 15-
2OOC, B':Régl and M. avenae rarely transmitféd the virus.
But the incidence 6f transmission by these two less effif
cient vectors was increased when both acquisition and inoc-
ulation test feedings were at SOOC. The vifgs source plant
is also a source ofnvariation. Foxe and Rochow (29) showed
that the age of virus source leaves affected the transmis;
sion efficiency of PAV by M. avenae but not by R. padi. |

Gill (37) found that a similar situation occurred in the.




—15—:
transmission of a SGV isolate by thrée'vector species,Where
the relati&e trénsmission efficiency was'dependenﬁ‘onlthe
age of source leaves. The deyelopmental stage of the aphid
véctor is another'source.of variation. InvestigationS'by 
Johnson and Rochow (4§) showed that first or second instar
nymphs qf §; graminum transmit the SGV strain more effi-
ciently than do'adults. A éimilér'situation has been re%
ported for B.'méidis in-transmitting'thé RMV:strain (885,
.Clones of single aphid species have béen-shown'to‘differ iﬁ
théir abilify toftransﬁit various stfains of the Qirus.
Sﬁch differences Have been fbund among clopes of R. méidis,

R. padi, S. graminum, and R. fitchii (58,77,83,103). The -

genetic.divepsiﬁy of the virus itéelf is evident 5y the

wide distfibutibh of ;ectorfspécifié‘and vector_non;spécific
isolates in natufe'(35;37,84,101)¢' Variations in"tranSmis—_
sion‘efficiené&\by thé.different aphid speciesiiéespeéiéllyvfl'
lévident‘among vector.non—sﬁeéific isoléﬁés (37,84,93).‘ For
ékampie, Giil'(S?) has’répqrted-thg'occurfence’of‘nonfsbeg;;s
‘fic_isd;ateslih'cangda thch are transmitted most effi- -
éiently by S. graminum,.wﬁereaS'PAV-;ike isoléfesﬂare.tfaﬁéqi =
fmittedtbest by Ri padi. R S |

Charadterization,of'aﬁ isolate‘aS'é vecfor'ndnﬁ

speqifie‘étrain:and“the'assignment of. the vectér species in .-
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order of transmission efficiency may sometimes be érrone-
ously determined, This is an evident pfoblem whéré mixed
infections (more than one strain infecting a single plant)
occurs. R. padi transmits both the RPV vector-spebific
strain and also vector non-specific strains. The separate
identity of RPV and a vector nbn-specific isoléte in mixed
infections cannot be determiﬁed by vector transmission
studies (100). As such, R. Eggi’méy not be the most effi-

cient vector of the vector non-specific isolate alone.

Diagnosis and Characterization

of BYDV by Serology

To. aid in the diagnosié'and characterization of
BYDV isolates, the application of serological techniques
has greatly augmented vector transmission tests, especially
where mixed infections are encountered (100). Specific |
antisera prepared-against the PAV, MAV, RPV and RMVvériants
have been used to identify-strains of the virus from field |
collected plants, for serological grouping of the vifus |
variants, and to investigate basic biologica; relationshipé
in the virus-vector interaction (1,31,54{64,90,96;100,101,
102). Most rgcently, the use oflépeéific-antisera in the

enzyme immunosorbent assay (EIA) technique has enhanced the
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detection and identification of virus strains, especially
in doubly infected planfs (100).

Rochow and co-workers (1,90,102) have established
that two serological gfoups exist among the variants of
BYDV. The MAV and PAV variants are serologically related
and are grouped'accordihgly. ‘The RPV wvariant is’serologi;
cally unrelated to MAV and PAV,jand'is‘cdnSideréd as the
cher.diéfinct group. The RMV variant appears to be related
to the ﬁPV variant.

"Although serologically unrelated, the RPV and MAV
strains exhibit a unique relationship when both occur in |
the same infected plant. A phenomenon of.phenotypicmixipg
or transencapsidatioﬁ occuré in such doubly infected plants.
During virus assembly in doubly infected plants, the MAV
genomic integrity is-maintained but the MAV-RNA is encap-
sidated with RPV coat protein (70,88,92,99). In serial
transfer from doubly infected plants, R. padi regularly
transmits RPV and MAV together, as evident by recovéry of
MAV b& M. avenae (70). Studies by Réchow (70), and Rochéw
.and Gill (99) showed that R. padi would transmit RPV and
MAV even after épecific antiserum against MAV was injected
into the viruliferous aphids. Additionally, when R. padi .

aphids were allowed to feed through membranes on .virus
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preparations made from doubly infected plants, aftér sero-
logically blocking the preparation with MAV specific anti-
serum,. R. padi cohtinued to transmit MAV. |

A 'similar situation of transencapsidation occurs
between the RMV and MAV variants. However, the ability of
R. maidis to transmit MAV from doubly infected piants is
lost after a maximum of eight sérial transfersz(QS).A In
the RPV-MAV complex, the ability of R: padi to trénsmit MAV
is not lost through serial transfer (95). vThé phenotypic
mixing of vector specific stfains may.play an important

role in the maintenance.of -such strains in nature (91).

Separation of BYDV Variants Based on theé Cytological

Alterations Théy Cause in Plants

The division of BYDV variants into two distinct
groups has further been substantiated by cytological effects
they cause in host plant tissues. Gill and co-workers (41,
43,44) 1nvest1gated the cytological manlfestatlons inplants
infected with the wvector spe01f1c MAV RPV, RMV, and SGV
variants, and two vector non-specific variants. One of the
vector non-specific strains is transmitted most rqadiiy by

R. padi and the other is- transmitted best by 3. gtaminum.

Based on the cytological evidence, subgroup one éontains
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the MAV, SGV, PAV, and S. graminum non—specific variants
and subgroup two contains the RMV and RPV variants. The
division of BYDV variants based on cytological evidence
(43) is in agreemeht with their claSsificatién by serology

(1,90,102).

Characterization of BYDV Variants Based

on Virulence and Host Range

Differences in virulence among BYDV variants have
been used to identify and group vifus'isolates, in conjunc-
tion with aphid transmission tests (35,76,86,116). Gener-
ally, vector non-spédific isolates cause more severe symp-—
toms in host planﬁs than do vector spécific isolates (35,
76,86). However, numerous.factors affeét the expression
and degree of symptom severitylproduced'by different strains
and by different isolates of any one particulaf strain.

Environmental conditions such as shading and tem-
perature affects the relative severity of symptoms quite
signifipéntly. As reviewed by Bruehl (10), numerous re-
searchers ﬁavé éhéwn‘thgt low light.intensities'and high
temperatureé tend to mask symptoms and can cause symptom
'remissioht The relative severity of symptoms caused by

different virus strains is. also quite variable when compari- -
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sons are made among different small grain cultivars (4,86).
For example, Rochow (86) showed that RPVland RMV strains'
caused more severe symptoms in 'California Redf oats than
in '"Coast Black{ oats, whereaé.MAV and PAV were more se&ere
in Coast Black oats. .

| The variations in symptom severity aé a result of
infection by different isoiates with differing virﬁlencg
ratings was shown by Jones and Catherall (51). They found
that both mild and severe virulence types occurred among
virus isolates.transmitted specifically by M; avenae and
élso aﬁong'isolates trénsmitted most efficiently by E. padi.
Plant stunting in a susceptible bafley cultivar infécted.at
an eafly growth stage was more.séveré when caused-by R.
padi isolates than by M. avenae isolates, regardless of the
viruiénce classification. However,*in the same bapley cul-
tivar infected at a later growth stage, M. avenae isolates
caused more severe symptoms. than R. padi isolates. They -
postulated that with B. Eggi transmitted isolates, the virus
concentration was.the important factor in.retarding plant
growth. However, they suggested that for M. avenae trans;_
mitted isolates, virulence was more important than concen-
tration. Studies by Burnett and Gill (11) indiéate that.

symptoms are. more severe in small grain cultivars with in-
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creased dosage of the virus. Research findings by many in-
vestigators haveléhdwn that symptom expression.and severity-
in the host is quite variabie with.respect to dosage,devel—.
opmental sfage of the host at.the time of infection, the
crop or cultivar affected, and virulence of the isolate (4,
26,34,51,111,113).

The use of a host range 5mong species of Grgmiﬁeaet
alone has not proved to be adequafe in differentiating iso;
lates of BYDV (10,79). Rochow (79) has suggested that mucﬁ
of the variability in-symptom expression is a result of the
genetic diversity among plants of any one grass species;
the variability among virus isoiates, aﬁd the readiness
with which aphids feed on diffefent grass species. Con-
sidering all of the factors that affect the variability in
symptom expression and disease severity, symptoms alone
have not been a.reliaﬁle means for differentiation of the

virus variants.

Further Evideﬁce for Taxonomic

Division of BYDV Variants

The unique characteristics of the R. padi vector-
specific group of BYDV variants has merited distinction for

special status as a separate luteovirus. Catherall  (17)
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has suggested that R. padi vectof—specific isolates are dis-
tinct from other BYDV variants based on symptoms in rye-
grass, and proposed the name ryegfass.bhlorofic streék‘virus-
for such isolates.

Further evidence for this distinction exists in thé
strong serological relatedness of.B. padi specific strains
to other'lﬁteoviruses, such as beet western yellows virus
(98). Other BYDV variants, -notably MAV show a mqfe distant
relationshib (98). Adaitibnally, the rice giallume disease,
which is caused by a virus transmitted by R. padi, shows
marked similarities to the R. padi vector-speqific strains
of BYDV (43). This evidence further supports the division
of R. padi vector specific isolates from other BYDV variants.
Future investigafions may provide strong support to classify
.and group the R. padi specific variants as a -separate luteo—‘

virus of Gramineée hosts.

Symptoms of BYDV in Small Grains

Evén though there is considerable variation in the
degree of symptom expression produced by different»strains
of BYDV, the visual symptoms, 'regardless of tﬁe infecfing
strain type, are diagnbgtic and characteristic of the dis-

ease. Symptoms caused by BYDV in small grains have beén
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well documented (10,61,79).

In barley, yellowing of the leaves and plant stunt-
ing are the most apparent symptoms. The color is a bril-
liant golden yellow and the chlorosis usualyy starts at the
left tip and progressively developes down along the leaf
margin. However, the chlorosis may begin as'irregular
blotches midway in the leaf blade and eventually cbalesce,_
turning the leaf totally yellow. Extreme stuﬁting occurs
in some cultivars, and é stimulation of the tillering proc-
ess.is sometimes observed. | |

In oats, color changeé in_leaves range from a‘yél—
low~-red to a briiliant scarlet, and is dependent on the
cultivar as well as environmental conditions. S&mptom
developméht in oa% leaves is similar to that inlbarley. In
highly susceptible cultivars, plants become severely stunted
and bllasting of florets is'common. When susceptible oat
and barley cultivars are artifically inoculated and grown
in greenhouse environments,'deep leaf margin serrations
may develop in'newly emerging leaves.

Symptomé in spring and winter wheats -are less dra-
matic than in oats or barley, although wheat yields‘may be
dramatically reduced. Color changes in infected planté

range from a'gradual chlorosis to a bright yellowing. Ex-
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pression of red to scarlet anthocyaniﬁ'pigmentation often
occurs, which is depehdent on the cultivar and environment.
"In some cultivars, intérveinal chlorosis is apparent, start-
ing atttﬁe leaf tip and extending down the leaf blade,
mostly along‘thé margins. Tillering is suppressed in wheat
and plants are dwarfed, although not to the extent that
susceptible oat and barley-Cultivars are affected.’

| The effect of BYDV on growth and development of all
small grains can be quite variéble and highly depéndent on
the stage of plant growth when infection occurs, prevailing.
environmental conditiens, and the virulence of the infect-

ing virus isolate.

. BYDV Effects on Yield Parameters and

Correlation to Symptom Expression

The effect of the virus on yieid parameters is.as
variable,és the other interactions in the complex biological
relationships bétWeen the vinus, vécfors,-the host, and'the
environment. Generally, losses in yield résulting from
BYDV are due to reductions in the number and fertility of
headed tillers, reduced inflorescence size, and reductions
in kernel number.and kernel weight (10,13,24,25,26,28,39;

45,61). A great deal of the variability in the yield re-
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sponse of small grains to.virus infection is related to the
susceptibi;ity'of individugl cultivars (10,15,24,25,36;61)°

Doodson and Saunders (24,25) in assessing varietal
reactions of spring and winter grown cereals to BYDV infec-
tion, found that yield was reduced for all cultivars when’
compared to healthy controls. ﬁowever, not:all cultivars
of a particular crop (oats, barley, or wheat) responded iﬁ
the same manner to infection. For example, in glasshouse
trials Doodson and Saﬁnders (24) found that most spring and
winter wheat cultivars produce fewer fertile shoots'thanf
their respeétive controls, Whereas two cuitivars produced
more but smalier fertile shoots. Furthermore, the reductioh
in tiller number for all thé crops, except oats,contfibuted
significantly to decreases in grain yield. However, in
field trials they found that reduction in tiller number was
not significantly correlated to yield loss (25). In general,
tiller reduction was greater in wheat: than barley, and
spring wheat cultivars were less affectéd than winter.wheat:
cultivars. In comparing the yield lossés of oat, barley,
and wheat cultivars, barlgy and. oats were more significantly
affected than the wheats, and spring wheats Qere more fol—
erant than winter wheats. Contrary to the‘finding»of Dood-

son and Saunders (24,25) Oswald and Houston (61) found that
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wheat was moré-sevefely daﬁaged by BYDV than oats or barley.

Correlations between symptoms and yield have hot
necessarily proved fo be stébie,parameters for predicting
'yield response ép for differentiafing cultivars into toler-
ant versus susceptible classes relative to'expected yields
(5,7,15,20{28,119). Doodson and Saunders (24,25) reportedA
.thaf leaf symptoms were -correlated with seédling height and.
both.symptoms positi&ely correlated to decreases in yield.
However, Catherall and Hayes (15) reported that mo signifi—A
cant correlation existed between leaf yellowing and stunting
for the 13 barley Cultivarsvtested. They founa that leaf
yellowing was a better measure for prediqfing yield losses
than plant.stunfing. But, beéaﬁse of‘environmental_yaria—;
‘bility and- differences in the virulence, of wirus = iso-
lates, leaf yellowing was not a.very stable parameter by
which grain iosses'could be prediqted. boodson and Saunders
(24,25) indicated that the number of grains pef head and
kernel weight'were significantly correlated to yield. How-
ever, the number of grains per head provéd to be a better
estimate of yield response to infection than kernel welight.

Although the extent of yield reduction due to virus
infection is ﬁighly dependent on the relativé dégree Qf |

tolerance or susceptibility of the particular crop or cul-
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tivar 'in question, other factors also influence the extent
of yield reduction significnntly. Such factors include the
developmental sfage of plant growth at the time of infec—
tion, the virulence of the infecting strain,.virus dosage,
and influences of the environment. |

Studies by Panayotou (66) indicate that the stage
of plant growth at the time of inocuiation affects vegeta-
tive growth of cereals significantly. He fnund that'yield'
was reduced more notably.in early than late infected oats,
but that late infection reduced yields.in barley and wheat
more dramatically than early infection. .In the case of lateA‘
infection among'ceftain cultivars, the virus stimulated
growth and the greater the stimulatory foect, the more
severe were the yield losses obtained. Conversely, studies
by Doodson and Saunders (25) indicate that yielq.differences
between controi and infected plots for smail grain culfivarS'
were frequéntly insignificant when inoculation wés at late
growth stages.

The effect of the vifus virulence and virus dosage
on yield is similar to the influence both have on symptom
expression discussed in the previous section. Generally;
the more virulent strains of BYDV réduce yield in the crop

more severely than less virulent strains (26,51). Increased
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dosage of the virus has a similar effect on yield (11,113).

The environment has a substantjial influence on tﬁe.
yield potential of BYDV.infected cultivars. Conditions
that favor disease development in the piant quite gbviously
increase the 1ikelihopd for drastic yield reductions, és
opposed to conditions which favor rapid plant growth and
coincidentally, do ﬁot favor dévelqpment of the disease.u
Classicai studiés of the influehce of the eﬁvironment as it
relates to the development of the host and of the virus
within the host were conduéted by Jones and Catherall (50),
and Catherali, Jones, and Hayes (16). In investigating fhe
genetics of tolerance to BYDV in barle&, these inVestigétors
noted that soﬁe cultiyars'which seemed fo be highl§ folerant
to BYDV under glasshouse conditions were susceptible in‘the
field (50).. They concluded that tolerance was most fully
expressed in those genotypes and envifonMents‘which’résulted
in rapid plant growth. Also involved was thé‘level of tol-
erance conferred by different alleles of the gene that
govern tolerance in barley (16), tﬁe impliéations of which

will be discussed in the following section.
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. Control of BYDV and Sources

.of Host Plant Resistance

Bruehl (10), in reviewing the first decade of re-
search on BYDV, diScussés thé methods for contfol of the -
disease, many aspects of which are still true today. Con-
trol measures such as the use of insecticides to kill the
vectors, host resiétance to aphids, and cultural praqtibes,'
such as seeding dates to avoid timgs of high aphid popula-
tions, have not proved to be - -totally dependable control
strategies (10); |

Control of BYDV by fhe application of systemic in-
secticides to kill the aphid_vectofs has only océaéionally__
been effective. Caldwell and co-workers (12) were success-—
ful in protecting oats with a single application of Dimetho-~
ate. Schaller and Qualset (unpublished) reported that the
effects of BYDV can be minimized in experimental plots by
the application of Thimet at seeding time. Studies by
Close (18) indicate that systemic insecticide abplication.
can reduce the amount of damage by preventing secondary'
spread of the wvirus from initial foci of infection. Unfor-
tunately, in most situations the use of insecticides in com-
mercial fields has failea to limit the incidence and épread‘

of BYDV (10). Failure of vector control to reduce losses
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from BYDV has usually been a result of heavy and‘repeated
infestations of viruliferous aphids (10); Also of signifi-
cance is the necessity for the moméntaéy feéding of the
aphid vectors to acquire lethal levels of insecticide,
which is probably of sufficient durétion to transmit the
virus.

Host resisténee to aphids has also not been a suc-
cessful approach to minimize losses from BYDV. Aphid re-
sistance in the host is genérally conditioned By antibiosis,_
tolerance, non—prefefence, or a combination of these fac;
tors (122). Such host resistance'affeéts the duration of
feeding, fecundity, Viébility, and mdvement of the-aﬁhids,
but again does not prevent momentary feeding and subsequent
transmission of the virus (123). Furthermore, cultivars

resistant to one specific aphid species or biotype within

a species are not necessarily resistant to another biotype

or different aphid species (21,42,55,114,120, 121) For
example, Gill and Metcalfe (42), uqstudles on re51stance in
barley to the corn leaf aphid, found that a barley cultivar
and its hybrid derivative were reSisfant but not immune to
R. maidis. However, the resistance did not affect four
other aphid species tested. A majority of the work done in

developing host resistance to aphids has centered on green-
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bug because of the toxic-effect this species has on plants.
A number of 5iotypes of this species exists and the culti-
vars resistant to one particular’bidtype are not ﬁecessarily,
resistant to thé other biotypes_(él,ll4,l2l). Here again,
the host resiéténce mechanism generally does ﬁot completely
inhibit aphid feeding and thus the level.of resistance does
not prevent Qirus infection from occurring. From an epi-
Idemiological standpoint, hosf'resistance to aphids could-
perhaps limit the rapid build-up éf virulifepous'aphid popu-
lations if the use of resistant cultivars was widespread.
It is not however, a practical sblution considering the
limitations aforementioned.

With regard to cultural practices, only blanting
date for small grains has been usefﬁl in preventing heavy
. losses from BYDV, and only in certain geographiclareas(lo).
Success with'disease_avoidance by proper planting date is
solely dependent én tﬁe biology of aphid population mainten-
ance and movement within or migration into a particular
agriculturai region. Therefore; some khowledge.of cereal
grain abhid; bopulation dynamics, including time of migra-
t;on, overwinferingu potential, and potential infestation
periodslare‘necessapy to determine planting dates which

will provide some. level of disease avoidance in any partic-
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ular area. As a general recommendation, early fall seeding
of winter habit cereals and late spring planting of spring
habit grains are to be avoided, as these times often coin-
cide With periods af rapid and extensive aphid populatioh
bu}ld—up and migration (10,69). A

Currently -the most suqcessfuf and éctively pursued
method for control of BYDV is in the development.of tolerant'
resistant small grain cultivars. Tb datef release.of agri-
nomically acceptable, BYDV tolefant barley cultivars has
made the most progress. Some éuccess in prbviding tolerént
oat varieties has been realized,'whereas an acceptable level
' of tolerance in wheats for the'mést-part, has yet to be
found. | | | |

The source and genetics for fesisfqnce to BYDV is
most well established for barley. Schaller and co-workers
(106), in testing 6,689 barley cultivars. for their'reaction
to BYDV at Davis, California, found 117 cultivars which
showed a high level of tolérance. -Of these 117 cuitivars;
116 were of Ethiopian origin and one was from China. When
some or all of these tolerant cultivars were tested by re-
searchers in other geographic areas, a few of the entries
were classified as being susceptible,(5,46). fhe_apparent

reasons for differences in the,réaction of such barley .
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cultivars have been attributed to the pathogenicity of
virus isolates,_fhe environment, and the growth rate of tﬁe
‘particular cultiVarﬁthhose environments (5,46).

Genetic analyses df resisténcé to BYDV have shown .
that one-gene (¥d,), conditions fggiétaﬁée in all cultivars.
that have been féSted (15,20,46,73). According to the wbrk
of Schaller and co-investigators (107),.this'gen¢ is located
on thé left arm of chromosome 3. Although only-a single
gene appears to govern BYDV resistance in barley, the pos-—
sibility of closely linked genes or é series of alleles
cannot,be excluded. Hayes and co-workers (46) found that-'
the tolerant parent'source affected the genetic ratio of
F2 generation progeny from tolefant X susceptible crosses.
The.nature of inheritance in these studies ranged from com-
plete dominance to recessive, depending on the source of
tolerance. . They also found that there was a positive cor-
relation between levels of tolerance expressed by the par-
ents and progeny with their growth rate. Jones and Cather-
all (50) have suggested that virus replication is retarded
more so in fést growing genotypes than in slow gn6ﬁiﬁgig@no—
types, all of which were homozygous for the tolerance geﬁe.'
Thus, the genetic background. as well as the parental sourcé

of tolerance seem to be important in the level of tolerance
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expressed. Schaller and Qualsetitunpublished) have stated‘
that the varying levels of tolerance could be a result of
closely linked genes, multiple alleles and genetlc'back—
ground, or modifier'genes, whichlmay influence grthh»rate
or -other biological aspects of the virus;host interaction.

ln Wheat a number of re51stant sources have been:
1dent1f1ed but only . moderate success has been reallzed 1n:
.release of agronomlcally acceptable, tolerant cultlvars
(lO 71, 72) The orlgln of tolerant sources for wheat as.
is the case for barley, seems to be:limited to Ethiopia.

Currently, only two tolerant springhWheat cultivars,'Anzam:h

and Shasta, .are grown on a.commercial hasis (Schaller and.. ' .

'Qualset.funpublished).

.The 11m1ted genetic analyses on tolerance inh sprlng
wheat suggests that 1nher1tanoe is domlnant but not s1mply
rnherlted and that a recurrent selectlon would be the most
effective method to breed for res1stance ‘in wheats (71)
Commerc1ally avallable W1nter wheat cultLvars tolerant to
BYDV have yet to be released although cons1derable empha81s
is belng placed on dlscoverlng and exp101t1ng sources of"

tolerance’ in winter wheat.




CHAPTER I

FIELD DISEASE SURVEY AND IDENTIFICATION OF

BARLEY YELLOW DWARF VIRUS

~Materialg and Methods'

To ascertain the opcurrencé and prevalence of barley
yelléw dwarf in Montana, gréin fields in a 10 c¢ounty aréa
were ménitored four consecutive years, beginning in 1978.
Cascade, Chouteau, Pondera, Toole, Te£on, Judith Basin, Fer-
gus, Gallatin, Glacier, and Yellowstone Counfies constituted'
the survey area (Figure 1.1). These 10 counties are located
in the north- to southcentral portion of tﬁe state, where
the majérity of Smali grains are gfown.

-During thé surveys, fields of winter wheaf,.spriné
wheat, spring barley, and spring oats were examined fof
plants exhibiting symptoms of the disease. Individual plants
showing symptoms typical of BYDV infection were colleqfed
from the field survey sites. Such plants were subsequently
used as source material for vector tranémission of BYDV to
indicator test seedlings. Live aphids were also collected
from néturally odcurring infestations found in small grain
fields. Aphid samples provided a means by which BYDV could

be isolated directly from the vector population.

Strain identificatioh of BYDV isolates originally
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transmitted frém field pléﬁts or by aphids from native popu-
lations was accomplished by vecfor-strain specificity studies
and enzyme immunosorbent assay;
Four aphid speéies were used to transmit barley
yellow dwarf virus ffom.diseased field plants to indicator

test plants. The four species were Rhopalosiphum padi (Lin-

naeus), the oat bird-cherry aphid; Macrosiphum avenae (Fab--

ricus), the English grain aphid; Rhopalosiphum maidis

(Fitch), the corn leaf aphid; and Schizaphis graminum (Ron-
dani) the greenbug. Biotypes of.these aphid sbecies were
kindly provided by W. F. Rochow, Cornell Univefsity, Ithaca,
New York. These New York biotypes of proven vector effi-
ciency were used for most of the transmission studies in
preference to Montana biotypes of unproven vector effi-

ciency.

Aphid Rearing

Colonies of the four aphid species were reared and
maintained in the insectary facilities at Montana State Uni-
veréity, Bozeman, Montana. Colonies were raised on 'Klages'
barley, grown in greenhouse soil in 15.0 cm diameter clay

pots. Approximafely 30 seeds were sown per pot_and'the 5-7
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day-old seedlings were subsequently infested with 10-15
aphids. Colonies were started with first iﬁstar'nymphs less
thaﬁ 24 hours old. This praétice was done to insure that
the resulting aphid populations would be non—viruliféréus,
as newly borne nymphs fail to acquire BYDV (18).. The indi-
vidual colonies were confined with a nylon mesh cage. Cages
were constructed using a 7.5 cm long x 15.0 cm diameter piece
of acrylic resin tube (Almac plastics, N.Y.) as a base, to
which a 297/6.5'cm3 mesh Nitex fabric (Tetko Inc., N.Y.)
cage, 25.0 cm high x 15.0 cﬁ.in diameter, was attached.to
one end.

Colonies. were reared for 21-25 days before the
aphids were used for a transmission experiment. After the
necessary aphids were removédlfrom colony support plants,
the planfs were placed in an oven operating at 270°C for a
period of 5-10 minutes. This procedure was used to limit

the escape of any remaining aphids into the rearing area.

Vector Acquisition of BYDV From Diseased Field Plants

Two methods were used for recovery of BYDV from
diseased field plants by the aphid vectors. The first
method was the 'detached leaf technique', as described
by W. F. Rochow (75,76). Leaves from field Coliected,

plants exhibiting BYDV symptoms were detached at the base
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of the leaf blade. Leaf pieces, 12-15 cm long, taken from
the base to ﬁiddle portion éf the detached léaves,.were
placed in plastic dishes along with non-viruliferous aphids.
Aphids of each of the.four species were caged separately on
pieces of leaves detached.from tﬁe field collected sample,
and allowed a 48 hour acquisition access feeding period in
the dark at 15°C.

The second recovery method used was the 'membrahe
feeding technique', also developed by W. F..Rochow (78). -
This prdcedure allows aphids to acquire the vifus by feeding
on the liquid preparations of plant tissue extracts when
they probe through parafilm membranes.

Feeding cages were méde‘frbm sponge rubber sheets,
15;0 cm x 15.0 cm x 1.3 cm. Six l.Q cm diameter holes were
made in each cage with a cork borer and a seventh hole made
in the center. To one surface of the cage was attached a
piece of Nitex nylon mesh, formiﬁg the bottom of the feed-
ing well. About 10-20 non-viruliferous aphids were trans-
ferred to each well with a camel hair brush, éXCept to the
center one, whiéh was left open for air circulation. After
the aphids had been deposited into each well, the hole was
closed using a glass tube, 12 mm in diémetér x 5 cm long,

one end of whichrwas covered With a tightly stretched para-
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film membrane. The membrane covered end faced down into
the feeding well., The feeding cage containiﬁg aphids and
membranes was then placed over .an open petri dish'-filled .
with water. ApprOximately.O.S ml of .the liquid plant tis- -
sue extract to be tested was.placed in &ach tube.

The liquid extract was prepafed by hbmogenizing the
plant sample tissue in distilled watér (1.0g/2.0 ml water)
in a Wariﬁg blender. Usually, 50 g of tissue and 100 ml of
water were used per sample. The hoﬁégenate was centrifugéd
at 3550 g for 15 minutes in a GSA Sorvall Rotor at 460.

The supernatant liquid was adjusted to 10% sucrose (wt/vol.)
and allowed to warm to_room temperature before being piaced
in each feeding tube. The aphids were given a'16-18 houf,
acquisition access feeding period at 49C "and then tragg;f

ferred from the membiranes to indicator test seedlings.

Vector Transmission of BYDV to Indicator Test Plants

In the virus transmission studies, the indicator

test plant for all experiments was oats (Avena byzantiha'K;

Koch 'Coast Black'), unléss otherwise stated. Seeds of
'Coast Black' oats were planted 4-5 per pot in greenhouse
soil in 8.0 cm clay pots. Each of the 5-7 day-old seedlings
were infested with 10-15 aphids previously allowed to ac-~ |

quire BYDV from detached leaves or piant tissue extracts.
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After the seedlings had been infested with the vector aphids,
the.seedlings were caged for the transmission access feeding
period of 5 days. Cages were made from clear acrylic resin
tubing, 25 cm long x 8 cm diameter, with one end covered
by a pilece of Nitex nylon mesh.. During the transﬁission
access feeding period the indicetor test seedlings were
placed under cool white fluorescent lights for a 24 hour
per day photoperiod, at approximately 10;000 lux illumina;
tion and at 21°C. At the end of the transmission feeding
period the aphids were killed by fumigating the test plants
in a closed chamber, using Vapona (dichloroves) insecticide
(Pratt Chemical, N;J;). Test seedlings were then pleced in
the greenhouse for a 21 day post-inoculation period. The
greenhouse facilities were fﬁmigated with Vapona insecti-
cide every 7-10 days to maintain an aphid—free‘environment.
During the symptom development period‘the indicator test
plants were grown under metai-halide, incandescent lights
for a 16 hour per day photoperiod, at approximately 40,000
lux illumination. During the summer, daily temperatures in
the greenhoese ranged .from 20°C to 4OOC,'which is less than
ideal for BYDV symptom expression (10). Therefore, whenever
‘possible, test seedlings were placed in an Cbﬁviron growth

chamber (Controlled Environments, Winnepeg, Canada) after
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the 5 day transmission access feeding period. . Growth con-
ditions in the cﬁamber were maintained at ZLOC with a 16
hour per day photoperiod, at approximately 40,000 iux illum-
ination and at 30% relative humidity. ~BYDV symptbm develép—
ment in the indicator test plants was monitored weekly'and
final evaluations were made at the end of’the‘al day symp-
tom expression'period.. |

In all of the virus fransmission studies where plént
material was the virus source, test aphids of each species
were transferred from the leaf samples afﬁér the:virus
acquisition feeding period to separate groups‘of indicator
test plants. By this procedure, some iﬁdication of the
vector-strain specificity couid be determined from the ini-
tial transmission of BYDV. Additionally, in all experiments
where reared aphids were used to vepfor'BYDV, a portion of
the aphid population from each colony was useq as é control.
Aphids from eaéh colon& were transferred directly to indi-
cator test seedlings for a5 day transmission access feed-
ing period. This control proéedure assured that'the,col—
.onies of aphids were non-viruliferous prior to their use in

each virus transmission study.
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Transmission of BYDV by field Collected Aphids

Test abhids collected'from field populations. were
.transferred direcfly onto 5-7 day¥old bat or‘barley (Hordeum
vulgarevL. emend Bowden 'Califorhia mariout') seedlings for.
a 5 day transmission access feeding period. 1In most trans-
mission tests, single aphids of a particular spécies from a
field population sample were transferred to single test
seedlings. HoWever,’in some expefimen£s, groups of 2-5
aphids were placed on single test seedlings. Infested seed-
lings were caged individually with a 2.54Icﬁ diameter x
25.4 cm long clear butyrate tube, one end of which was
sealed with a sponge rubber stopper. The identity of aphids
collected in the field was determined by Dr. V; Eastop,

British Museum of Natural History, London, England.

Virus Strain Identification

Two procedures were followed to differentiate and
identify variants (strains) of-the virus isolated from field
collected plants and native éphid populations. The initial
procedufe required the use of the four aphid,spepies to
determine the vector-strain spécificity of éach field iso-
late. This proéedure is referred to as the "4 bug" method
by W. F. Rochow. After one cycle with .the "4 bug" method,

in which BYDV is transmitted from field material to indica-
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tor test plants, a second "4.bug'" cycle is used to transfer
the virus from ariginally infected test plahts to a second
set of indicator‘test plantsf Fbr exampie, if from the
original sburce, R. padi and M. avenae transmitted BYDV to.
individual test seedlings, aphids<xfthe four'vector species
were separately placed on detached leaf pieces from both
the R. padi and M. 'avenae vectored soufces independently.
At least three "4 bug" cycles of serial transmission were
completed before a determination was made as to the vector-
strain specificity of a particular isolate. Once the BYDV
isolate had been characterized by such vector specificity
studies, a confirmation of the strain identity was obtained
by serology. Leaf samples of oat test plants, 4-6 weeks
0ld, infected by a particular isolate were sent to Dr. W. F.
Rochow for testing by Enzyme Immunosorbent Assay (54). This
test relies on a specific precipitation reaction betﬁeeﬁ the
virus antigen and one or more of the immunoglobuliné pro-
duced specifically against known stréins of BYDV. Thus,~
isolates recovered from diseased field plants or aphids
from native populations were characterized asvto their vec-

tor specificity and serological grouping.




Results and Discussion

. Over the four yéar disease survey period a total of
179 sources including botﬁ plant and aphid samples,lwere
tested for the presence of_BYDV. From.these 179 sources,
27 isolates‘of the virus were recovered (Tabie 1.1). Aﬁoﬁg
these'27 isolates, fqur.variaﬁts of BYDV were identified'by
aphid transmission tests and/or EIA and were found to be
widely distributed in central Montana (Figure 1.2). The
strain type, source of recovery, and location of recovery
for each isolate are listed in Tabie 1.2.

In 1978, one isolate, MT 781, a MAV vector-specific
strain; was recovered by the 'membrane feeding technique'.
This isolate was acquired from diseésed.oat tissue extract
and transmitted to indicatbr test seedlings by M. avenae.

In 1978 and 1979, an additiqnal 16 plant'samples were tested
using the 'membrane feeding technique'. None of the test
aphids transmitted virus from these samples. Rochow (78)
has reported that.among the four species of test aphids used,
only M. avenae efficiently -and consistently acquires virus
from plant tissue extracts. It is‘quite possible, that
these 16 samples expressihg ‘typical' BYDV symptoms may haVe
been infected with vector-scpecific strains not readily trans-
mitted by M. avenae. Because of this'inﬁerént problem in

using the 'membrane feeding techniqueé' for recovery of BYDV.
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Table 1.1. Summary results for the. recovery of BYDV iso-
.lates from fleld sources )

_ Soufce" » No. . No. of Isolates
Tesged - : . Recovered.
Oats .‘ S 1.6 | S - 2
Bafléy' : S | 2Q: : _>‘ N 6
Spring Wheat . I A - . ;,'2:‘
Winter Wheat | 88 S e 8
Native Grasses .5 | o :{" 1
Aphid Colonies e . _8.

Total . 179 " ‘Total . 27 .




Distribution of BYDV strains found in central Montana.

Figure 1.2.
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Table 1.2. Isolates of barley yellqw dwarf virus recovered
from various survey sites in Central Montana
1978-81. o

Isol_atel Strain Typeg/ Sources/ County

MT 781 MAV ¢ Oats ‘Toole

MT 782 PAV c Oats Gallatin

MT 79la RMV a R. maidis Yellowstone

MT 791b RMV a Barnyard Grass Yellowstone

MT 792 PAV c¢ Barley Gallatin

MT 793 RMV a Barley Gallatin

MT 801 PAV a Winter Wheat Pondera

MT 802 PAV c, RPV b Spring Wheat. Pondera

MT 803 PAV ¢, RPV b Barley Teton

MT 804 PAV ¢ M. avenae Pondera

MT 805 PAV ¢ R. padiformis Judith Basin

MT 806 PAV ¢ M. avenae Pondera

MT 807 PAV. a R. padi Choﬁteau

MT 808 RMV a R. maidis ‘Gallatin

MT 809 RMV a R. maidis Gallatin

MT 8010 RMV a R. maidis Gallatin

MT 8011 ‘RMV a Barley Judith Basin

MT 8012 RMV a Winter Wheat Judith Basin

MT 8013 RMV a Barley Judith Basin

MT 811 PAV ¢, MAV ¢ Winter Wheat " Pondera -

MT 812 MAV ¢ Winter Wheat Pondera

MT 813 MAV c -Winter Wheat Pondera -

MT 814 PAV c Winter- Wheat Pondera

MT 815 PAV a Winter Wheat Pondera

MT 816 PAV c¢ Spring Wheat Yellowstone
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Table 1.2 (Continued)

Isolatel/ Strain'Typez/ source 3/ : -County
MT 817 RMV a Barley . Hill
MT.818 ' RMV a, PAV ¢ Winter Wheat Pondera

l/The first two numbers in the isolate code denote the year
of collection. I '

2/The letter a, b, or ¢ following the strain classification
indicate.. if the strain was characterized by aphid trans-
mission only, EIA only, or aphid transmission and EIA,
respectively. Where two strain types are recorded, both
were recovered from the same plant sample.

3/Isola{tes were recovered from plant sources by aphid trans-

mission tests, and/or identified by EIA. Some isolates

were recovered from aphid sources directly after trans-

mission of the virus sample by the field collected aphids

of each indicated species.
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from plant samples, i1ts use waé discontinued in favor of
the 'detached leaf teéhnique'. Thus, the remainder of iso-
lates recovered from plant sources were obtained by aphid
trapsmission from detached leaves.

Three variants of BYDV were recovered by aphid
transmission ekperiments and~tﬁeir identity determined by
vector specificity studies. Four isolates were of the MAV
strain type, fourteen isolates were of the PAV strain type
and eleven isolates were of the RMV strain type (Table 1.2).
The transmission results for th¢ MAV-, PAV-, and RMV-like
isolates are consistent with those reported in the litera-
.ture for each of these BYDV variants. MAV-like isolates
were.consistently transmitted only by M. avenae, PAV-like
isolates were transmitted by R. Eéﬂis M. avenae, and §;
graminum,.and RMV-1like isolates weré transmitted most effi-
ciently by R. maidis and océasionally by R. Eggi'ahd S.
graminum (Table 1.3).

Although the RMV-like isolates recovered were char-
acterized as R. maidis vector-specific strains, considerable
variability in the transmission pattern by the less effi-
cient vectors R. padi and S. graminum was oEserved (Table
1.4). Isolate 791b was transmitted by BT maidis oﬁly, where-

as the transmission pattérns for isolatés MT 809, MT 8010,
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Table 1.3. Aphid transmission results for the most preva-
lent vector-specific and vector non-specific
strains of BYDV collected in Montana. Trans-
mission data is consolidated over all '4 bug'
tests and over all isolates for the specific
strain type indicated. '

.Strain Typel/
Vector Species . PAV MAV .- RMV - _ éontr013/~
R. padi 3794172/ 22,145 3254 Oyz01
M. avenae 860434 17026 © 9249 /315
R. maidis 9381 O/140- 178/264 0208
S. graminum  29/374 8/131 39271 O/208
l/For each stfain type, the transmission data is a consoli-

dation for several isolates, each being transferred through
at least three cycles of serial transfer using the four
species of aphids ('4 bug' test).
2/The denominator is the total number of plants infested
with test aphids and the numerator is the total number of
test plants that became infected. '
3/The control results are consolidated over all transmission
tests for all of the strain types. In each separate '4
bug' experiment, 40-60 aphids were taken directly from
each of the aphid colonies used in the experiment and
placed on indicator test seedlings. This was done to
assure that the aphids were non-viruliferous prior to
their use in an experiment.
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Table 1.4. Transmission of BYDV by four Rhopa1051phum
maldls vector specific 1solates

Transmission Resultsl/

Isolate MT 791b - MT 809 . MT 8010 MT 808
Vector

R. maidis 34,602/ . 26,34 48 /57 57 /63

R. paai - /60 %28 8/s0 24 /64

s. graminum  °/60 °/33 7/so . 2l/ez

M. avenae O/60 O/33 , 0752 ' O/60
1/ |

The transmission results for each strain are consolidated
over at least three cycles of serial transfer u81ng the
four species of aphids ('4 bug' test).

2/Numerator is the number of coast black oat indicator test
seedlings that became infected and denominator is the
number of seedlings infested with test aphids. None of
319 test plants used as controls became infected.
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and éven more so for isolate MT 808, weré reiative among
the aphid vectors, R. maidis being the mbst efficient véctor
whereas R. padi and S. graminum transmitted these isolates
but less frequently. In several e#perimenfs all four of the
isolates were transmitted to teét plants during the same
period, sﬁch thaf any environmental influences can‘be dis-
counted as possibly-affecting the pattern of vector trans- -
mission. More likely an explanation is that ﬁMV—;ike iso-
lates represent a heterogeneous group within the barley yel-
low dwarf viruses. Variation in tranémission patterns are
probably a résult of differencés in the intrinsic bioloéical.
properties among such RMV isolates, a hypothesis supported
by Rochow (personal communication).

A fourth BYDV variant, RPV, which is transmitted
specifically by R. padi, wés identified by EIA but not re-
covered in aphid transmission sfudies (Table 1.5). The rea-
son for this non-recovery by aphids is a result oﬁ:confound?
ing by the presence of another, yet.different strain of the
virus present in the particular -plant samples teéted. Iso-
lates MT 802 and MT 803 were transmitted from infected
spring wheat and barley plants respectively (Table 1.2). 1In

aphid transmission-étudies, both isolates were transmitted

in order of efficiency by R. padi, M.’avenae,'and S grami- -
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Table 1.5. Enzyme Immunosorbent Assay results for BYDV iso-
lates tested at Cornell University, Ithaca, N.Y.

A405 With Immucglobulin Shownl/

Isolate Date ~ RPV MAV - -PAV. RMV Strain Type2/
MT 781 - 6/7/79 .009 1.40 .123 ..004 MAV
MT 792 ' .007 .115 1.25 .006 PAV
NY PAV" .003 .099 .860 .001 PAV
NY MAV .013 1.50 .063 .008 MAV
Healthy Ck. _ .005 - .007 .010 .007
MT 782 4/3/80 .030 .060 .209 .008 PAV
MT 791b .039 .018 .011 .011 - - RMV
MT 791b .055 .039 .016 .018 RMV
NY PAV .020 . .170 .730 .011 PAV
NY RMV .054 .015 .021 -.150 RMV
NY MAV .018 1.10 .095 .0l0 MAV
NY RPV .750 0.24 .011 .020 RPV
Healthy Ck. .031 .023 .025 .015
MT 791b 7/9/80 .015. .007 .010 .009 RMV
NY RMV - e - .135 RMV
Healthy Ck. .008 .007 .005 .01l
MT 8lla 8/7/81 .003 .096 .865 .012 . PAV
MT 811b .005 >1.50 .055 .002 MAV
MT 812 .001 1.12 .043 .022 MAV
MT 813 . 049 .202 .017 .035 MAV
MT 815 .000 .076 .784 .002 PAV
MT 814 10/29/81 .016 .062 .324 .009 PAV
MT 818a , .005 .100 .624 .0l0 PAV
MT 818b ‘ .012 .010 .025 .011 RMV
MT 817 .002 .002 .010 .005 : RMV
MT 808 ~.002 .007 .014 .011 RMV
MT 803 . .308 .034"° .294 .007 RPV, PAV
MT 816 .011 .095 .475 .007 PAV
MT 802 .982 .054° .283 .005 RPV, PAV
MT 806 .009 .088 .668 .010 PAV
MT 804 011 .036 .288 .007 PAV
MT 805 .009 .062 .489 .007 : PAV
NY RPV .925 - - RPV

NY MAV - 1.439 - — MAV




55~

Table 1.5. (Continued)
A405 With Immunoglobulin Shown 1/
Isolate Date RPV MAV PAV RMV - Strain Typeg/
NY PAV — - .897 - PAV
NY RMV - - - ".978 RMV
Healthy Ck. - .015 .010 .011 L

l/Spectr‘ophotometr‘ic absorbence reading through a 1 mm
light path. '

2/

The RMV strains from Montana did not react strongly with
any of the four immunoglobulins,
by EIA results was not possible.

such that, identification
Strain identification

therefore was based only on comparative aphid transmission

tests.
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num, sugéesﬁing that PAV, the vector non-specific variant
was the strain type involved. However, 'Coast Bladk"oat
piants infected &ith either bf thé MT 802 or MT 803 isolates
were severely stunted with respect to un—inocglated control
plants, as well as plants inoculated with other known PAV-
like isolates. Subsequent analysis by EIA determined that
isolates MT 802 and MT 803 were mixed infecfions of PAV and
RPV variants, the identity of each being inseparable by
aphid transmission patterns (Table 1.55;

Among the 27 BYDV isolates, the strain identity for
18 was determined or confirmed by EIA results (Table 1.5).
In comparison to New York MAV and PAV variants, the Montana
MAV and PAV typeé were remarkably similar in homologous énd
heterologous reactions with immunoglobulins prepared against
New York MAV and PAV antigens respeptively (Table 1.5).
However, the‘RMV;like isolates found in Montana failed to
react with the immunoglobulin prepared against the New York
RMV wvariant, or against any of the other variants. All
Montana RMV—liké isolates, 1.e. MT'79lb; MT 818, Mf 817,
and MT 808, were similar in thét regard, even though the
patterns of aphid transmission by the less efficient vectors
were not always the same, i.e. MT 791b vs. MT 808 (Table

1.4). The EIA data for Montana RMV variants supports fhe
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hypothesis that these variants are yery similar, yet some-
what genetically different with respect to their variability
of transmission by the less efficient‘vecﬁors.

Among the plant samples tested by EIA, fourhwere
found to be infected by a mixture of BYDV strains (Table
1.5). 1Isolates MT 818a and 818b were recovered from winter
wheat and transmitted to test plants by B.‘Egg;‘ahd R
maidis,respeétively. . The twé strains involved were PAV and
RMV types, as charactérized by both aphid transmission’ and
ETA. In New York transmission tests, isolates MT 8lla and
MT 811lb were recovered from a winter wheat sample whére MT
8lla was selectively transmitted by R. padi and S. graminum
and MT 8l11ib was selectively transmitted by M. avenae. As
determined by aphid transmission tests and EIA, isolates MT
8lla and MT 811lb were PAV and MAV variants,respectively.

In Montana transmission tests using detached leaves from

the same winter wheat sample, only a MAV variant was re-
covered by M. avenae. Apparently E. padi occasionally failsh
to acquire Qirus from field plant materials, a phenomehon
occasionally observed by Rochow (personal communicatidﬁ).
Isolates MT 802 and MT‘803.wene found to be a‘mixture of
PAV and RPV strains (Table 1.5) by EIA but not separable by

aphid transmission studies.
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Rochow (94) has reported that mixed infections are
most often found to occur in winter wheat orlwihter barley
samples and seldom in spring oats. Both MT 802 and MT 803
" isolates were recovered from spring grains, which may have
important epidemiological significance considering the mix-
ture of strains found to be present. As is the case for
winter wheat doubly ipfected.with differént strains, perhaps
doubly infected spring grains may provide an inoculum reser-
voir for. aphid épecies that are not yet present—in the crop
producing area (91). 1In the case of the MT 802 énd MT 803
isolates, RPV and.PAV are available for acqﬁisition by R.
padi, M. avenae, and S. graminum, the latter two species
able to transmit only the PAV variant. However, R. padi
being capable of transﬁitting both strains, provides the
potential to incite further double ihfeétions and thus, an
expgnded virus reservoir for the other two vector species.

Among the native érasses sampled for the presence

of BYDV, from only one, Barnyard-grass, Echinochloa sp., was
virus recovered. Isolate 791lb a ﬁMV—like variant was fogﬁd
to be the infecting strain, as was the case for isolate 791a
recovered from barley in the same field. Barnyard-grasé
being a perennial, may provide an overwintering reservoir

for the virus, although its actual importance in the epidem-
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iology of BYDV in Montana is ﬁnknown.

A total of eight isolates were recovered from aphid
populations sampled in 1979 and 1980 (Table 1.2). Five
species of aphids among those populations sampled were iden-.
tified by V. E. Eastop, Entomologist, British Museum of
Natural History, four of which were the.common cereal grain
aphids R. padi, M..avenae, S. gréminum and R. maidis. The
fifth species was identified as 3. padiformis (Richards),
previously known only from British Columbia. Only two
strain types, PAV and RMV were fecovered difectly from

transmission by the sampled aphid populations. In most

~vector transmission experiments, the percentage of aphid

populations shown to be viruliferbus was Very low or
non-existent (Table 1.6). However, in two situations, the
percentage of viruliferous aphids in the population sampled
was very high (Table 1.6).

Plumb (68)foundfhat over aperiodof‘four years, the
percentage of viruliferous aphids of any one species céught
in suction traps was never more than 11.5%. A'Brook and De-
war (2) found that the percent viruliferous alatae aphid
vectors caught.in suction traps was as high as 38.9% for any
one particular species; They also observéd that over a ten

year period, the species with the greatest proportion of in-
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Table 1.6. Aphid populations sampled in CentralrMontana
found to be carrying BYDV.

Location Aphid Species . - No. of % of Sampled
Collected Colonies Aphid Popula-
Tested tions Infective
Huntley, MT R. maidis 12 12
S. graminum 11 -0
M. avenae - 2 0
Buffalo, MT R. maidis _ 12 : 85
R. padi 6 0
Bozeman, MT R. maidis 13 71
Central MT 1/ R. padi :
M. avenae 38 10
S. graminum
R. padiformis
l/During field surveys aphid populations were sampled ran-

domly from both 'healthy' and 'diseased' plants. Indivi-
dual aphids were selected and placed directly onto indi-
cator test seedlings of 'Coast Black' oats or 'California
Mariout!' barley.
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'fective alatae was R. maidis. Furthermore, the greatest
proportion of infective aphid vectors were often'caﬁght in
August through early October. |

The R. maidis colonies ffom Huntiey, Bozemaﬁ, and
Buffalo? Montana were collected August 8, 1979, September-
15, 1980, and Sepfember 23,1980 respectively. The highest
percentage of infective aphids was found at the latter two
Jlocations sampled in September. Although the vector popula-
tions were not monitored on a monthly basis, this evidence
and the supportive findings of A'Brook and Dewar (2) suggest
that for R. maidis acting as a BYDV vector, late summer to
early fall infection of winter wheat may perhaps be an im-
portant epidemiological factor in Montana. |

In 1978 and 1979, the prevalence 6f BYDV symptoms
in fields surveyed in the ten county area'was very low to
negligible. Only occasionally were fields found that showed
any level of BYDV infection, and then only‘as scattered
diseased plants along field margins.

In 1980 however, a severe BYDV epiphytotic on winfer‘
wheat was diagnoéed in Judith Basin and Fergus Counties,
based on observable symptoms (Figure 1.3). In the epiphy-
totic area, it was ﬁoted fhat fields Qf winter wheat‘pianfed

prior to about September 10, 1979 were severely affected,
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whereas those planted after that date were only slightly
affected or free of the disease. The major foci of inféc—
tion appeared to be located Jjust north of Judith Gap, Mon-
tana. The epiphytotic extended from that point in a nortﬁ—
westerly direction, coincidentally with the direction of
prevailing fall winds in the afea. Additionally, heavy
aphid populations were present in late August through mid-
September 1in 1979'(A. Dubbs, Superintendent, Central Montané
Agricultural Experiment Station, personal communication).
The evidence indicates that fall infection of wintef wheat
was by a major infestation of viruliferous aphidé in the
area.

Numerous samples of winter wheat were collécted and
tested for BYDV by aphid transmission. However, these
studies failed to detect the virus.. This féilure may have
been a result of high greenhouse temperatures during these

particular transmission experiments, which were obviously

non-ideal for symptom expression. Additionally, the indica-

tor tesf plants used were 'California Mariout' barley which
is more sensitive to environmental masking of symptoms at
high temperaturés than are 'Coast Black' oats..

Although virus was not recovered by aphid transmis-

sion from field plant samples, a PAV-like wvariant was trans-
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mitted by R. padiformis colonies, collected at the Moccasin

Agricultural Experiment Station (Table.l.2). Furthermore,
in September 1980 bofh R. maidis and R. padi populations
were in abundance in several fields of volunteer winter-
wheat and spring barley, and the R. maidis but not the B..-
padi populations proved to be infective (Table 1.6). There-
fore, the potential for a second epiphytotic in winter wheét
was present for the following year. Although evidence for"
BYDV infection by aphid fransmission of.the virus from plaﬁt
materials was lacking; the supportive evidencé strongly
implicated BYDV as the infectious agent.

In other areas of central Montana surveyed during
1980, several isolates were recovered (Table 1.2); However,
plants exhibiting symptoms of virus infection Qere found
scattered along!field margins and no fields surveyed outside
of the Judith Basin epiphytotic area were observed to be
severely affected. | |

In 1981; a second BYDV epiphytotic on winter wheat
was encountered in Pondera County and surrounding areas
(Figure 1.4).. Again, fields planted prior to about Septem-—
ber 10 were severely affected whereas those planted'bast

that date showed considerably less incidence of disease.-

Two virus strains, PAV and MAV were identified as the pre-
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dominant variants by aphid transmission studies (Table 1.2)
and EIA results (Table 1.5); A third strain RMV, was iden-
tified in a winter wheat sample also infected with a PAV
variant (Isoiéte MT 818, Téble 1.2).‘ Winter wheat samples'
collected May 13, 1981, exhibitéd'typical symptoms. of BYDV
infection, which was confirmgd by EIAvresults (Table 1.5).
However, as the gfowihg season pfogressed, remission of
BYDV symptoms was observed .in many. of the fields for which.
BYDV infection had been positiﬁely identified. No doubt,
the abundant spring precipitationnfollowed by the warm sum-
mer allowed infected plants to '"grow away' from the virps.
Furthermore, diagnosis of BYDV later in the season was con- -
founded by a coincidental epiphytotic of wheat streak_mosaic
virus (WSMV) in central Montana. In fact, some winter wheat
samples were doubly infected With both BYDV‘and WSMV (Table
1.7). Rochow (94) has noted that BYDV can be recovered

from wintef wheat plants which appear to bé healthy. Under
environmental conditions which favor rapid blant growth and
BYDV symptom remission, i.e. adequate soii moisture and high
temperatures, the virus may perhaps become latehf in the
host. This may be especially'true for less virulent iSQf
lates of the virus. A éituation such as this Qas observed:

in certain fields within the Pondera County epiphytotic
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Table 1.7. Diagnosis of pathological disorders in winter
' © wheat collected May 13, 1981 in Pondera County,

MT.
Diagnostic Test Used
Location'/ . Aphid Transmission EIA‘> ssEM-wsuv2/
1 mi. N. Brady " MAV "AVipav -
Forstman. : - - +
Bartch : ~ RMV
Kellogg - _— -
O'Brien ——— MAV +
Wipperman . R +
Matheson —_— MAV . +
Huggie - +
Ratsburg § = +
E. Community - _ —-—— RMV +
Sprague ) PAV - PAV +
Jermansen - - + ’

l/Locations are named for towns or growers' fields from
which the samples ‘were taken. .

2/The presence of WSMV was confirmed by serologically speci-"
fic electron microscopy (SSEM).
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area. At the O'Brien location (Table 1.7), MAV (Isolate -MT
812, Table 1.2) was the infecting strain.’ By mid-June BYDV
symptoms were ﬂot apparent. However, in anéthér fieid 3
miles north of the O'Brieh location, BYDV syhptoms weré
evident throughout the growing season. In this field, the
infecting strain was PAV (Isolate MT 815, Tablé 1.2), a more
virulent strain than MAV. Thus, the virulence and preva-
lence of the infecting strains along with climatic.condi-
tions may have facilitated the eafly remission of BYDV éymp—
toms in the Pondera County epiﬁhytotic.

Yield losses due to the 1981 BYDV epidémic were not
_determined, in part because of the coincidental occurrence
of the WsSMV epidémic in the same area. Losses were esti-
mated for the 1980 Judith Basin epidemic by A. Dubbs, Super-
intendent, Central Montana Agricultural Experiment Station
(Table 1.8); The 550,000 bushel loss is a conservative
estimate based on the 10 year average yield for winter
wheat in the Judith Basin area. However, if the yield loss -
is calculated on the éstimated'potent;al yield of winter
wheat in 1980, the loss would be about 1,100,000 bushels.,
The potential fof conéiderablelyieid reduction.in‘winter
wheat due to fall infection is quite évident froﬁ this -

yield loss assessment.
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‘Table 1.8. 1980 estimated yield loss to barley yellow
dwarf virus in winter wheat in central Montana.

Potential yield of winter wheat ‘ 50 bu/Ac
in Judith Basin (relative to the '
1980 spring wheat and barley

yields) T

Average yiela'of winter wheat in " 30 bu/Ac
Judith Basin in 1980

10 year average yield for winter 40 bu/Ac
wheat in Judith Basin

Total number of acres affected 55,000
Estimated loss due to BYDV ‘ 10 bu/Ac
Total bushel loss o 550,000

Monetary loss at $3.25/bu $1,787,000




CHAPTER II

' THE EFFECT OF BYDV ON GROWTH AND YIELD
OF WINTER AND SPRING GRAINS

UNDER FIELD CONDITIONS

Materials and Methods

The effects of BYDV on growth and yield-parameters
of spring wheat, spring barley, and winter wheat cultivars
were evaluated over a three cropping-year period. Experi-
mental plofs were located at the Field Experimental Labora-
tory of the Bozeman Agricultural Experiment Station, Boze-
man, MT., hereafter referred to as Bozeman, MT. The field
ekperiments consisted of sebaréte healthy and diseased
plots, where the diseased plots-were'artificiéllyinoculated‘
with a vector ﬁon;specific strain (PAV), isolate MT 792, of
BYDV, hereafter referred to as MT-PAV. This isolate was
selected because it was one of the most virulent strains of
the virus identified in Montana. For each experiment con-
ducted, direct Qomparisons of the growth and yield param-—
eters measured were made between healthy and diseased plants
for each cultivar entry. ‘Cultivars wefe also evaluated

based on symptom expresSion in response to BYDV infection.
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Rearing of Viruliferous Aphids and .
Methods of Inoculation

‘Virus infected plants. for rgafing viruliferous
aphids were either 'Coast Black‘.oats or 'Klages' barley.
The virus sourcé plants Were inoculated as 5-7 day—oldASeeA—
lings with the.MT-PAV strain, using R. padi as the vector.
After‘iﬁoéulafioh, the virus source plaﬁts were alloﬁea to'
gfow aﬁhid-ffee for three to féur,weeks prior tO'ré;infesta—
tion. After that period, a population of R. padi from a
non-viruliferous colony was transferred to the virus source
plants and allowed to build up énd acquire the MT-PAV strain.

Rearing of the aphid population for field dissemina-
tion was done iﬁ a Conviron growtﬁ chamber, maintained at
21°C under continuous light and abaut 40%_relative.humidityL
Enough viruliferous aphids were available for field plot
inoculation four to five wegks after the time of infesting
the virus source plants with the non-viruliferous R. padi
colony. At the end of the reafing period, aphids were re-
moved from the Virué sourcé plants and placed in plastic
dishes for transport to the field. Prior to spreading the
aphids along rows'in'the diseése nursery plots, talc pow-
der was. sprinkled over the aphids. This practice gidéd in
disseminating the aphids e&enly along the rOWS'ana also to .

some extent, prevented the alatae (winged-forms) from flying.




1979 Field Evaluation of Spring Barley
to Late Infection by Barley Yellow
Dwarf Virus :

In the .1979 field experiment; 6 barley cultivars and
4 barley breeding lines were evaluatéd for their response to
a late infection by BYDV. The 6 éultivars were 'Piroline!,
'Steptoe', 'Klages', 'Unitan', 'Hector', and ‘Combana'
(Appendix Table.l). The 4. breeding lines were Hiproly-
Steptoe selectiéns 657357, 657358, 657361, and 657370 (Appen-
dix Table 1), the seed of which was'obtained from E. A.
Hockett, USDA-ARS, Bozemaﬁ, MT. Plots wefe arranged in a
split plot design, with each barley entry represented once
within each of four blocks. Plot rows were 1.5 m long and
spaéed 35 cm apart, with each plot sepérated by a 1.2 m
alley. Inoculati&e aphids were spread on two of the four
plots June 17, at which time the barley plants were heading
and at a growth stage of 10.1-10.5 according to Feekés
scaie (52). The two dﬁinoéulated plots served as the
heélthy control. - Both the healthy and inoculated plots were
sprayéd with the systemic insécticidefdimethéafe, 7 days
'after the inoéulative aphids were disseminated. |

Disease rétings for each of the barley entries were
made 14 days after the fifst symptomé of infection appeared.

A disease severity score for each barley entry was deter-
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mined.based on the number of infected tillers per row and
yellows index rafing (Appendix Table 2). The aisease
' severity score was then calculated by the formula: number
of infected tillers ber row X average. yellows score per
row + total number of tillers per row.' At maturity, the
center 1.0m of row for each barley entry in.the'diseaSed
and healthy plots was harvested and'SOO kernel weights.
determined. | v

Statistical analysis to evaluate differences in 500
kernel weight between healthy. and diseased plants was by
analysis of variance for a randomized block design. ‘Although.
the field plot design was a split plot, the randomizgdlblock
method of analysis was chosen to increase precision in eval- .
uating differences between diseased and healthy plant re-
sponse among cultivars. Treatments andAcultivars Were
therefore treated'as facfors within the randomized block
design analysis; rathér than main plot and'subplot.affects
of a split plot desigﬁ. Differences in 500 kernel weight
between healthy and diséased plants for each cultiyar were
determined by the 'Least Significant‘Difference* (LSDi_'
method. Correlations befween disease symptoms and_pércgnt

reduction in 500 kernel weight were conducted.
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1980 and 1981 Field Evaluation of Spring Barley
Cultivars to. Early Infection by BYDV

In 1980 and 1981, seven cultlvars of soring barley
were planted in a split plot design with two replications.
Main plots were healthy versus virus 1noculated treatments,
Qith cultivars randomlzed w1th1n main plots as subplots.
Each cultlvar'wasreplloatedtw1oe in each of the four blocks.
Rows were 3.0 m.andspaced35 cm apart, with 1.2 m alleys
between blocks. In the 1980 field exberiment, the cultivar.
entries were 'Klages', 'Hector'; 'Compana‘) f?iroline',
'Steptoe', 'Unitan', and 'Sutter' (Appendix Table.l). In
the 1981 field experiment, the cultivar entries werelthe
same except that 'Piroline! was replaced by the cultivar”
_'Coracle! (Appendix Table 1). IIn the 1980 field"experiee
ment, cultivars_were planted_May 1é, ahd inoculated when the
'seedlihgs-were in'the five leaf to first t;ller formation
stage of developﬁent.. In the 1981 field experiment, culti-
vars were olanted May 21, and inoculated when seedlingsvwere
in the second tiller formation stage of development. Both
healthy and dlseased plots were sprayed W1th Malatlon 5 7
days after the 1noculat10n aphlds were dlssemlnated “to pre-~
vent further spread of the v1rus.'

For both experlmental years the growth and yleld

'parameters evaluated included plant height, splke length,
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number of tillers per plant, number of florets per head,
number of seeds per head, total weight of grain harvested,.
and 1000 kernél weight. Measqrements were made on single
plants harvested'at maturity from the center 2.0 m of row.

Statistical evalﬁation, conducted on the i980-spring
barley experimental data, was by analysis of variance for a
randomized block design. This analysis method was used for
the reasons meﬁtioned previously. All of the growth and
yield parameters measured were sub jected to analysis of vari-
ance and significant differences betweén healthy and diseased
plant response determined by the LSD method (Appendix Table
3). The performance ranking of cultivars in response to
BYDV infection was calculated on a pércent of control basis
aﬁd significant differepces again determined-by the LSD test.
similarly, the data tabulated for the i981 barley trial was
evaluated by analysis of variance and LSD tests (Appendix
Table 4). However, only one barley plot was inoculated be-
cause of a shortage of viruliferous aphids. Therefore, the
analysis of variance method uéed‘was for a completely ran-
domized design, as only one inoculated and one uninoculated.
plot were available for compafison. Year to yeér variation
in cultivar response fo'virus infection was evaluated for

yield, using percent of control data, and tested by analysis
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.of variance for both year's data combined.

1980 and 1981 Field Evaluation  of Spring
Wheat Cultivars to 'Early Infection

by BYDV

In 1980 and 1981, six cultivars of spfing wheat were
planted in a split plot design with two replications. Main
plot effects were healthy versus virus inocdlated treatments
with cultivars randomized within.main plots as subplots.
Each cultivar‘was'replicated twice in each of thé four
blocks. Rows were 3.0 m and spaced>35 cm, with 1.2 m alleys
between blocks. In both the 1980 and 1981 field e%é
periments, the cultivar entries were fFortuha;' 'Lew',
'Tioga', 'Prodax', 'Olaf', and 'Anza' (Appendix Table 1).
in 1980,‘cu1tivars wefe planted Ma& 2, and inoculated when:
the seedlings wefe in the five leaf stage of development.

In 1981, cultivars were planted April 22, and inoculated
when‘the seedlings were in thel3-5‘1eaf stage of development.
Both healthy and diseased.ploté were sprayed with Malathion
5-7 days after fhe inocﬁlative aphids were disseminated, to
prevent further spread of the virus. Statistical gnélysis
was by ana;ysis of variance for a randomiéed block aesign
conducted on each year1s data sepérately (Appendix Tabie 5
and Table 6?._ Differences between healthy and diseased

plant response were determined by the LSD method. Year to

i
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year variation in cultivar response was evaluated for yield,
‘based on percent of control data, and tested by analysis of
variance for the combined data..

1980 and 1981 Field Evaluation of Winter
Wheat Cultivars to Fall Infection by BYDV

In 1979 and 1980, five cultivars.of‘winter'wheat wefe
planted in a randomized design in two blocks, one of which
was inoculated and the other remaining block the healthy con-
trol. In 1979, cultivars were replicateé three times in
each block, each cultivar row being randomly assigned in
both blocks. 1In 198d, cultivars were planfed as four row
plots with cultivars randomized in each block. Rows were
3.0 m and spaced 35 cm, with 1.2 m alleys. In 1979, no
border rows were planted, whereas in 1980 a four<row border
of winter wheat was planted around the perimeter of the two
blocks, to limit the spread of BYDV outside of the experi-
mental unit. The cultivar entries for both years were 'Cen-
turk', 'Cheyenne', 'Wiﬂalta', 'Winoka', '‘and 'Warrior' (Appen-
dix Table 1).

"Statistical evaluation was by analysis of variance
for a completely.randomized design, conducted fof each year's
data separétely (Appeﬂdix Table 7 and Table 8). Data fof 

all growth and yield parameters measured were'subjected to
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analysis of variance and differences between healthy and.
diseased plant response for each cultivar determined by the
LSD method. Year to year variation in cultivar response to
infectionlwas not‘determined fof the winter wheat yield_'
data, as difficulties were encountered in the'analysis-where

replication was not equal for each year of testing.
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~Results. and Discussion

1979 Barley Experiment

In the 1979 sﬁring'barley experiment, symptoms of
virus infection apbéaréd in the diseésed plots about 13 days
after iﬁoculation} Symptom development begdan .as ieaf tip
chlorosis of the lower. leaves and was evident in all barley
entries. However, at 27 days after inoculation when symptom
readings were taken, not all entries exhibited similar
levéls of disease prevalence or disease severity (Table 2.1).
Un-inoculated plots appearea to remain healthy throughout
the growth season as no symptoms typical of BYDV wére ob~-
served. A

Seed yield based on 500 kernel weight was less for
éeed harvested from diseased rows than healthy rows. The
differences were statistically significant fbr all barleyﬂ
entries but three, 'Steptoe!, 'Compana', and MT 657370'
(Table 2.1). By analysis of variance (Table 2.2) treatments
and cultivars were significant, ind&cating that PAV decreased
500 kernel weight over all entries and that some entries
were less affected than others (Table 2.1). 1In regression
analysis, only the symptom index of diséase sever;fy rating
was significantly (P =0.1) correlated with kernel weight

reduction (Table 2.3). Neither disease prevalence nor the




Table 2.1. Disease score and 500 kernel weight (g) response of six spring
barley cultivars and four spring barley lines inoculated with BYDV-
PAV isolate MT 792 at Bogzeman, MT 1979.

Barley Entry . Disease - Disease . Disease 500 kernel Wt.(g).4/
Prevalencel/ ’ Severity Score3/ -Inoc. Cont. % Red.
Rating?2/

Klages . .06 2.2 0.13 16.9% 20.9 19.1
Piroline .12 1.6 0.30 17.8% 20.2 11.9
Steptoe .24 3.1 0.74 20.8 22.6 " 8.0
Unitan - .43 2.6 1.12 19.1* 22.0 13.2
Compana .39 3.0 1.17 26.6 "28.2 5.7
Hector = - .36 1.8 0.65 18.2% 21.6 15.7

-Hiproly x Steptoe .

lines G _ .

MT 657357 .24 1.2 Q.29 14.8% 17.0 12.9
MT 657358 .30 1.6 0.48 16.6% 20.0 17.0
MT 657361 .45 2.5 - 1.12 15.5* 18.0 13:9
" MT 657370 .26 2.4 0.62 17.7 ©19.5 9.2

*B8ignificant at P =0.05 by LSD test. BSee Table 2.2 for analysis of wvariance
and LSD value. S

1 Expressed as ratio of no. of infected tillers per row]total no.. of tlllers
er row.

2 Average disease rating = .sum of rating scores’ for all infected tlllers per

row/total no. of infected tillers. '

-3/Product of disease prevalence x disease rating.

4/values in Inoc. and Cont. columns are mean 500 kernel weights averaged over
.two replications. ) ' :
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Effect of barley yellow dwarf virus on 500

Table 2.2.
kernel weight for 10 spring barley cultivars
and lines inoculated with PAV isolate MT 792
at Bozeman, MT, 1979. Analysis of variance
(ANOV) was computed as a two factorial ran-
domized block design.
ANOV
Source af M.S. . F-value
Blks 1 1.257 1.25
Treatments 1 69.30 69.09%
Cultivars ] 40.50 40.38%
Trt x Cult. 9 0.6457 .6438
Error 19 1.003

LSD @ 0.05, 4f 19 = 2.10

*P=0.05

Table 2.3. Correlation of disease symptom responses with
500 kernel weight for ten barley cultivars
and lines inoculated with PAV isolate MT 792
at Bozeman, MT. 1979. Correlation coeffi-
cients are for the regression analysis of the
independent variables, disease prevalence,
disease severity rating, and disease score
against the dependent variable 500 kernel
weight.. :

Variable . ‘ Correlation Coefficient

Disease Prevalence -.2771

Disease Severity Rating ~.5555%

Disease Score -.5126

*P=0.1
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disease score variable were significantly'cofrelated to ker-
nel weight reduction (Table 2.3). However, all three inde-
pendent Variableé did show negétive correlatioﬁ coefficients,
which is evidence that an increase in either disease preva-
lence or disease severity corresponds to a decrease in ker-
nel weight (Table 2.3).

That these symptom indices used in attempting to
predict'differential responée‘in kernel weight aﬁong culti-
vars as a measure of tolerance were unsuccessful, can be
illustrated by comparing the response of 'Klages' and ;Cqm—
pana' (Table 2.1). Both diseése prévalence and disease .
severity were less in 'Klages' than in 'Compana'; yet kernel
weight reduction in 'Klages' Was considerably greater than
that in 'Compana’. '

A number of factors may be responsible for the poor
correlation betWeen symptom indices and reduction in kernel
weight. The barley entries selected are all éusceptible to
BYDV, although 'Hiprdly', oné of the parenﬁs-in the Méntana
lines has been reported to perhaps have a low level pf foler—
ance to the Qirus (R. Sears, personal communication). Iﬁ this
experiment at least, there was no appafént level of to;er—
ance in these lines when compared'to the dther susceptible

cultivars (Table 2.1). As such, the correlation analysis
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was evaluated onISusceptible entries which essentialy& re-
sponded to virus infection to about the same degree. With
little or no difféerential response, it is difficult in this
case to ascertain whethef or not these disease symptom in—-
dices could potentially-be applicable to predict tolerance
against kerneltWeight=lbss'baéed oh“%he'fegreésibn analysis.
Secondly, the bapley entriés were inoculated at a late
growth stage and the full effect of the virus on each barley
entry not realized. Had infection occurred in the early
seedling stage, symptom differences among the barley entries
may have exXpressed a wider‘range of prevalence and seﬁerity
readings, corresponding to greater differences in yield re-
sponse. However, even when barley cultivafs that differ.in_
susceptibility to virus infectionlare scored for 1eaf dis-
coloration, such rénking has not-neceséarily prbvided a good
predictive measure of tolerance against yield loss (i5,20,
73). Rasmusson and Schaller (73) have éuccessfully used a
rating scale combining symptoms of leaf discoloration and
stunting‘to identify tolerant barley cultivars. But, even
a disease scale such as this may not provide a reliéble‘
means of identifying a loW level of toleranée among suscep-
tible cultivars, especially when infection occurs_at a late

growth stage.
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1980 .and 1981 Spring Barley Experiments

"In both 1980 aﬁd 1981, symptoms 6f virus infection
appeared in the inoculatediplatés'about 17 days-afﬁer the
viruliferous aphids were applied. Infection was uniforh
throughout the inoculated plots for both years, with essen-
tially 100% of the plants becéming infectéd. The un-inocu-
lated plots, except for the occurrence of a few scattered
infected plants along row bdfderé,.rehained heaifhy through-
out the growing seasons. Symptom development in the suscep-
tible cultivars began as leaf tip chlorosis and eventually,
as the growing seasons.progresséd,“early emerged leaves‘be—
came completely yellow. The pattern of chlorosis develop-
ment.started at the leaf tip, extended down the leéf margin,
with the intra—marginai area of the leaf blade becoming pro-
gressively. mottled. Newly emerged leaves including the flag
leaves followed the same pattern of leaf symptom develoﬁment.
All of the barley entries, including the tolerant cultivars
'Sutter' (1980 and 1981) and 'Coracle' (198l1), were stﬁnted
in comparison to the un-inoculated controls (Table 2.4 and
(Table 2.6). Growth of the cultivars Piroliﬁe (1980) and
Klages (1980 and l98i) was affeétedlto the extént that héadsv'
seldom emergéd from the boot and éohe plants«of-each culti- |

var were observed to not grow past a rosette stage of devel-




_g5-
opment. The tolerant cultivars 'éutter' and 'Coracle!,
" although exhibiting a slight stunting in diseased plants,
showed no appreciable expreséion-of any other symptoms of
virus infection when compafed fo healthy plants.

All’ of thé growth and yield parameters measured i.e.
plant height, rachis length, tillers per plant, spikelets
per head, seeds per head, seeds per spikelet, 1000 kernel
weight and yield per plant were reduced for diseased suscep-
tible cultivars in comparison to un-inoculated controls, in
both 1980 and 1881 experiments.(Tablgs 2.4, 2.5, 2.6 and
2.7). For the cultivars 'Sutter’ énd 'Coracle'’ some of the
parameters measured such as plant yield (Table 2.5 and Table
2.7) were inbreésed in diseased plants when comparéa to
healthy plants. Catherall and Hayes (15) have stated that
such a positive increase in inoculated plants indicates tol-
erance. Such increases are not 1ikely due to stimulatory
effects of the virus as has been observed by Panayotou (66),
but‘probably a function of coﬁpetition effects. Tolerant
cultivars planted adjacenf to inoculéted susceptible culti- .
vars have a better competitive advgﬁtage for ligﬁt,‘nutri—
ents, and water, than Qhen grown adjacent to the same sus-
‘ceptible cultivars which are'healthy.

Among the parameters measured, seeds per spikelet




Table 2.4. Effects of bafley yellow dwarf virus on plant height, rgchis length,
tillers per plant, ard spikelets per head for seven spring barley
cultivars inoculated with PAV isolate MT 792 at Bozeman, MT. 1980.

Plant Height (cm) Rachis Length {(em) Tillers/Plant (no.) _ Spikelets/Head (no.)
Cultivar Inoc.l/ Cont. % Red-zl Inoc. Cont._ % Red. Inoc. Cont. % Red. Inoc. Cont. % Red.
Hector 78.0 90.6 14.0 7.0 8.0 - "11.6 6.585 7.2 10.3  20.585  22.2 7.9
Compana - 70.4 87.7 19.8 5.8 ' 7.4 21.6 5.8 7.2 20.7 15.088. 19.5 23.1
‘Klages " 61.6 ° 83.3 26.0 7.7N8 8.2 5.5 6.0 - 7.0 14.3 21.585 23,8 9.5
Piroline 63.2 85.8 26.3 7.1 8.6 17.0 s.0N5 5.5 9.1 20.58S8 23,2 11.8
Unitan 76.5 96.2 20.4 5.1 7.4 30.7 4.0N8 4.2 5.9 34.8 45.0  .22.8
Steptoe 75.0 92.8 .19.3 5.0 5.8 13.7 3.8NS 4.5 16.7 40.8 48.2 15.5
Sutter 81.8 88.9 8.1 6.4N5 .3 + 4.0 5.0N8 4.2  +17.6 49.8N5 49.5 4+ 0.5
1/

Data in Inoc. and Cont. columns are treatment means. Fifteen plants were harvested from each of two
rows/cultivar/plot/treatment. Treatments were replicated twice in a split plot design with cultivars
as subplots. The difference between inoculated and control treatment means are all significant at .
P =0.05, except where indicated by NS = nonsignificant. See Appendix Table 3;for mean square error-
and least significant difference values. '

2/.

Percent reductions were calculated using treatment mean values before rounding to one digit right of
-decimal. A + indicates a percent increase over control.




Table 2.5. Effects of barley yellow dwarf virus on seeds per head, seeds per

spikelet, 1000 kernel weight, and yield per plant for seven spring
barley cultivars inoculated with PAV isolate MT 792 at Bozeman, MT

1980. : .

Seeds/Head (no.). Seeds/Spikelet {(no.) 1000 Kernel Wt. (g) Yield/Plant (g)
.Cultivar Inoc.l/ Cont. % Red.2/7 Inoc. Cont. % Red. Ino¢. Cont. % Red. Inoc. Cont. % Red.
Hector 19.2%% 21,2 9.4 9488 g 1.6  30.4 41.4 26.7 2.4 4.5  47.6
Compana 14.0 18.8 25.3 .93N5 g6 3.1 3l1.2 50.5 .38.1 1.6 5.2 69.1
Klages 18.8NS 21.8 13.8 .ggNS g2 4.4 18.0 40.6 55.5 0.7 4.5 84.9
Piroline 18.0 23.2 22.6 .88 ~ 1.0 12.5 14.2- 37.2 61.9 0.3 3.5 91.5 -
Unitan 33.0 42.0 21.4 .g6NS 94 + 1.6 31.0 39.4 21.4 2.5 5.2 51.1
Steptoe 39.0 48.5 19.6 9688 1.0 5.0 29.7 41.2 27.9 2.9 5.6 48.8
Sutter 47.2N8 46.5 + 1.6 .96NS 94 + 1.6 .37.4 34.6 + 8.4 7.2 4.8 +49.0
1/

Data in Inoc. and Cont. columns are treatment means. Fifteen plants were harvested from each of

two rows/cultivar/plot/treatment. Treatments were replicated twice in a split plot design with
cultivars as subplots. The difference between inoculated and control treatment means are all
significant at P =0.05, except where indicated by NS = nonsignificant. See Appendix Table 3 for
mean square error and least significant difference values.

2/

Percent reductions were calculated .using treatment mean values before rounding to one digit right

of decimal. A + indicates a percent increase over the control.




Table 2.6.

Effects of barley yellow dwarf virus on plant height, rachis length,

tillers per plant, and spikelets per head for seven spring barley
cultivars inoculated with PAV isolate MT 792 at Bozeman, MT 1981.

Plant Height (cm) Rachis Length (cm) Tillers/Plant (no.) _Spikelets/Héa& (no;)
Cultivar Inoc.ll cont. % Red.z/ Inoc. Cont. %% Red. Inoc. Cont. % Red. Inoc. Cont. % Red.
Hector 48.2 66.3 27.2 8.2 10.0 18.9 2.5 5.4 53.7 21.2 26.3  19.4
Compana 50.3 8.2 13.6 8.2NS 8.6 4.1 3.2 5.6 41.4 19.9¥5  20.6 3.2
Klages 47.6 66.6 - 28.5 g.3N5 0.2 9.3 2.8 5.3 48.1 23.9 27.5 13.1
Coracle 66.8NS  68.4 2.3 11.288  10.6 + 6.6 3.688 3.9 9.0 26.485 24:7 4 6.7
Unitan 51.9 61.8 16.1 6.9NS 7.6 8.6 2.2N8 3.4 32.8 44.7N5 471 5.3
Steptoe 47.2 58.3 19.0 6.2NS 6.4 3.1 2.4885 o 9 11.1  45.3 51.6 12.2
Sutter 62.085  64.1 3.2 6.90S 6.6 + 5.3 4,288 4.2 4+ 1.2 49.2N5 - 45,3 4+ 8.6

1/

cant.

2/

Data in Inoc.
cultivar/treatment.

and Cont. columns are treatment means. Ten plants were harvested from each of two rows/

Treatments in 1981 were not replicated. The difference between inoculated and
control treatment means are all significant at P=0.05, except where indicated by NS = nonsignifi-

See Appendix Table 4 for mean squaré error and least significant values.

of dec1mal.

Percent reductions were calculated using treatment mean values before roundlng to one dlglt right
A + indicates apercent increase over control. .
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Table 2.7. Effects of barley yellow dwarf virus on seeds per head, seeds per
spikelet, 1000 kernel welght, and plant yield for seven spring bar-
ley cultlvars 1noculated with PAV isolate MT 792 at Bozeman, MT

1981
Seeds/Head (no Y. A_,Seeds/Spikeletl(no.) 1000 -Kernel Wt. (g) -1 Yield/Plant (g).
Cultivar ,Inoc.l/ Cpnt. % Red.z/ “Tnoc. Cont. % Red. Inoc. Cont. .% Red. .Inoc. Cont. % Ped.
Hector - 19:1 25.6° 25.2 - 0.9N% 1.0 “7.2  "28:8 °42.7 32.4 1.1 4.2. 74.9
. Compana- 18.1N8 - 20/2 11.3 0.9, 1.0 ‘8.5, 35.5 57:1  37.8 1.5 4.6 66.7
.Klages 21.6: 26.1 " 17.2 0.985 1.0 5.3- 31.6__ 44.0 28.1 1.3 . 4.8 .72.7°
Coracle 25,685 | 24,1 + 6.4 1.08% 1.0 0.5 -"-46.685 45,6 + 2.2 3.8N5. 4.0 4+ 7.3
Unitan 34.6 45.2  23.5. © - 0.8 - 1.0 19.3 :  30.0 43.8 31.6 1.6 . 5.8~ 72.1 )
Steptoe 35.2 ' 49.0 28.1 - 0.8 ° . 1.0 18.4 33.6_*47.0 28.5 2.0 4.9 58.7 R
‘Sutter 46.8NS 43.7 + 7.0 7 0.9 1.0..7 1.8 36:6N5 35.9 4+ 2.1 5,088 4.6 :

B 8.4

"1/

Data in Inoc. and Cont. columns are treatment means. Ten plants were harvested from each of IWO'
rows/cultlvar/treatment. Treatments in 1981 were not replicated. The difference between inocu-
lated. and control treatment ‘means are all significant at P =0.05; ‘except where indicated by NS =
non51gnif1cant See Appendix Table 4. for mean square error and least slgnlflcant dlfterence
values. - :

2/

~68-

Percent reductlons were calculated u51ng treatment ‘mean- values before roundlng to one’'digit rlght
of de01ma1. A+ 1ndlcates ‘a percent increase over control.
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was éalculated.to evaluate whether or not floral sterility
was‘a significant contributing factor in reducing yield fof
any of the barley cultivars. For barley, énatomically only
one seed can be produced per spikelet (= floret). Thérefore,
an absolute value of less than one for the number of éeeds
per spikelet, is actuall& an indication fhat séme,spikelets
on the raqhis failed to set seed. 'This may be due.tp ste-
rility of a particular floret, or that the seed did not
develop beyond the embryonic stage. In 1980, 'Piroline'
(Table 2.55 was“the.only cultivar which showed a siénifipant
reduction in the number of seeds produced per spikelet
parameter. In 1981, the cultivars 'Compana', 'Unitan', and
'Steptoe' (Table 2.7) showed-significaht'reductions in_this
parameter. In highly susceptible bariey cultivaré, Bgt‘per—
haps more so for oats, sterility has been reported to be an
important yield loss response to BYDV infection (61,66).
The observation that some plants of the cultivar P?iroline'
never progfessed past the rosette stage of development, and
that plant yield (Table 2.5) was dramaticaliy reduced, shows
the extreme case of susceptibility in barleys to virus in-
fection. |

In ranking the cultivérs for their fesponse in til-

ler production, seed set, kernel weight, and plant yield to
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virus infectioh;'it'was apparent that 'Steptoe' showed the
highest degree of toleranee'améng the susceptible,cdltivars:
(Table'2.8 and Table 2.9). HoWeVer, in comﬁafison to tﬁe‘
cultivars 'Sutter' and 'CoracleP;.'Steptoe' edgld nof be
classed as a highly toierant cultivar. In eomparihg the twd
year's data (Table 2.8 and Table 219), the cultivars did‘ndt
respond the same in each year;s performance ranking alfﬁough
'Steptoe' was fairly cdnsistent in 5oth'years. For”example;
'Hector' in 1980 (Table 2.8) was the hlghest yleldlng two-
rowed cultlvar whereas in 1981 (Table 2.9) it was the lowest.
‘Overall, yields for alllinoculated susceptible cultivars
were less in 1981 than in 1980, partially due .to a coneideréu
able reduction in tiller_proddction (Table 2.8 aﬁd Table
2.9). By anaiysis of.vapiance'(Table 2.10) for yield dQer.,’
envirohments, using percent of contrql’as the'respense yapi-ﬁ
able, year’to year variation was not significaht for the s;xff
cultivars included ih the teet. This indieates that the
combined cultivar response.to virus infection was apout the
same in both expeérimental years.. The mean responee in yield
for the cultlvars averaged over the two years was hlghly
significant (Table 2. lO), 1nd1cat1ng the obv1ous dlfferences
in.cultivar response to virus lnfectlon (Table 2.8 and.Table

2.9). Significant interactions between treatment'and culti-
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Table 2.8 ., Performance ranking among two rowed. and six .rowed
spring barley cultivars inoculated with PAV iso-
late MT. 792 at Bozeman, MT. 1980. Values for
yield per plant, 1000 kernel weight, seeds per
head, and tillers per plant are expressed as per-
cent of control.

Cultivarl/ Yield/ 1000 Seeds/ Tillers/

Plant Kernel Wt. Head .- _Plant
: % : % % %

_Two Rowed- 5/ _

Piroline 9.0a 38.5a 77 .0ab 91.0a
Klages 15.0a 44.5a 86.5 bc . 86.0a
Compana 31.0 62.0 b 75.0a ~79.5a
Hector 53.0 73.0 b 90.5 ¢ 90.0a
Six Rowed

Unitan 51.0a ' 78.5a 79.0a . 94.0a
Steptoe 53.0a 72.0a 80.5ab . 83.5a
Sutter 150.0 108.0 . 102.0 122.0

1/

The analysis for two -rowed and six rowed cultivars was

computed separately.

2/

Valueé followed by the same letter are not sigﬁificahtly

different at P=0.05 by LSD method.
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Performance ranking among two rowed and six rowed

Table 2.9
spring barley cultivars inoculated with PAV iso-
late MT. 792 at Bozeman, MT. 1981. Values for
yield per plant, 1000 kernel weight, seeds per
head, and tillers per plant are expressed as per-
cent of control.
Cultivarl/ Yield/ 1000 Seeds/ Tillers/
Plant Kernel Wt. Head Plant
% % % %
Two Rowed. Y
Hector 25.0a 67.5a 75.0a 46.5a
Klages 28.0a 72.0a 83.0a . 51l.b5a
Compana 33.0a 62.0a 88.5ab , 59.0a
Coracle 4.0 102.5% - 106.5 b 90.5
Six Rowed . : )
Unitan 28.0a 68.5a 77 .5a 67.5a
Steptoe 41.5 ¢ 71.5a 72.0a 89.0a
Sutter 111.0 102.5 107.0 105.0
1/ The analysis for two -rowed and six rowéd .cultivars was

computed separately.

2/ Values followed by the same letter are not 51gn1flcantly
different at P= 0.05 by LSD method.




Table 2.10 Effect. of barlcy yellow dwarf virus on yield
- for six spring barley cultivars inoculated with

PAV isolate Mt. 792 at Bozeman, MT.

Analysis .

of variance (ANOV) for 1980 and 1981 combined
environments using percent of control as the
~indicator for disease response.

ANOV
source V df M.S. E+Value
Blks/Years 2 .0407 1.548
Environments | 1 .1262 3.101
cultivars®/ 5 .6303 23.966%
Error 15 .0263
*P =0.05

1/

Cultivars included in the analysis were 'Sutter’,
toe', 'Unitan', 'Hector', 'Klages', and 'Compana’'.

'Step~.




-95--
vars were indicated for a number of the response variables
V(Appendix Table 3 and Table 4). Such treatment by cultivar
interactions would be expected when_tolgrant cultivars,'
which respbnd differently to virus infection than susceptible
cultivars, are included in the analyses;

In addition to climate differences duriﬁg the two
~experimental years, virus dosage and the plant growth stage
at the time of inoculation may have also influenced the cul-
tivar response to virus infection. Virus dosage has been
shown to dramatically affect the growth and yield responée
of both tolerant ana susceptible barley culfivars. Even
though the level of infection in the inoculated plots was
essentially 100%, and dissemination of viruliferous aphids
appeared uniform during both'years, there was no assurance
that the virus dosage on a plant to plant'or row té row
basis wés the same during 1980 and 1981 experiments. Also,
the 1981 plots were inoculated at a later plant growth stage
than that of the 1980 plots. This does not in ifself, sug-
gest that the inoculated cultivars in 1981 would yield
higher thén the same-cultivars inocqlated in 1980. Paﬂayotou
(66) has in fact; shown that late infection can have either-
a stimulatory or suppressive effect on growth depending on

the particular cultivar. Undoubtedly, both virus dosage
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and growth stage at fhe_time of inoculation contributed to
some of thé variability in growth and yield parameters mea-
sured among the different cultivars between the 1980 and
1981 experiments. However, the influence of the environment
is quite obvious in comparing the data for un-inoculated
‘plants for both years, where the nﬁmber of tillers per plant
for most cultivars was less in 1981 than in 1980 (Table 2.4
and Table 2.6). .Ceftainly, the virus dosage, plant growth
stage at time of inoculation, and thé environment interact
and contribute to the variable response of a particular cul-

tivar or between cultivars to virus infection.

1980 and 1981 Spring Wheat Experiments

In the 1980 and 1981 spring wheat experiments the -
diseased plots appeared to be uniformly inoculated, as essen-
tially lQO% of the plants bgcame'infected. In both years
the uninoculated plots remained healthy except for some
movement of inoculative viruliferoué'aphids into border rows
in the 1980 plofs. However, enough heélthy plants were
noted and tagged in these rows for valid comparisons to be
made. Symptom develobment in susceptible cultivars durihg
both years was typical for BYDV in spring wheat. Symptoms

were first observed about 15 days after inoculation in'1980
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and 1981 as leaf tip chlorosis. Leaves that first showed
symptoms eventually became'totally yeilow and prematureiy
senesced 1in compérisqn to healthy plants. Newly emergeé
leaves including flag leaves first developed leaf tip .
chlorosis followed by marginal and interveinal yellowing ex-
tending about half way to two thirdé down the leaf blade,
giving a chevron pattern.appearance} In comparisén to symp-
toms in barley, leaf mottling in spring wheat was not as
apparent but did occur. Later in the growing season antho-
cyanin pigmentation developed in-leaf tips and along thé
leaf margins. There appeared to be no differential respoﬁse
in symptomvdevélopment between the susceptible cultivars.
In 'Anza', the tolerant cultivar included in both test years,
symptom development lagged about 4-5 days beﬁind that in
susceptible cuitivars, althoﬁgh evidence of virus infection
was obvious. Symptoms were not as severe in 'Anza', being
limited to leaf tip and 1éaf‘mérgin chlorosis, and antho-
cyanin pigmentation was not observed as in the other culti-
vars. Plantlstﬁnting was significanf in all the cultivars
for both test years, although 'Anza; was least affected in
this regard (Taﬁle 2.11'and Table 2.13).

All of the érthh and yield parameters measured iﬁ

1980 and 1981 were reduced for diseased plants in comparison
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to healthy plants for all cultivars, except for one case
(Tables 2.11, 2.12, 2.13 and 2.14). The cultivars 'Fortuna'
and 'Tioga' showed a positive but nonsignificant increase

in the number of spikelets produced per hegd for diseased
plants, reiative to healthy plants in both years tested
(Table 2.11 and Table 2.13). This response may in fact be -
a stimulatory effect of virus ‘infection, as it was a con- |
sistent observation between years and only for thesé two
cultivars. It is not likely due to a competitive advantage,
gf both 'Fortuna' and 'Tioga' are very susceptible to BYDV..
However, componeht compensation in diseased plants of 'For-
tuna' and 'Tioga' cannot be discounted, as these two culti-
vars may respond and compensate differently to virus infec-
tion, or any other stress phenomenon for that matter, in
relation to the other susceptible cultivars.

Seeds per spikelet was measured to determine if BYDV
caused either sterility or a decrease in the number of ¥
floral embryos which subsequently develop into mature seeds
among the cgltivars tested. For wheats, gnatémically there
are multiple florets produced per each spikelét, where the
average is often.2-3 fertile florets per spikelet in healthy
plants. In both test years, all the cﬁlyivars showed signi;

ficant decreases in the humber of seeds produced per spike-




Table 2.11. Effects of barley yellow dwarf virus on plant height, rachis
length, tillers per plant, and spikelets per head for six
spring wheat cultivars inoculated with PAV isolate MT 792 at
Bozeman, MT. 1980.

- Plant Height (cm) Rachis Length (cm) Tillers/Plantt(no.) Spikelets/Head (no.)
Cultivar Inoc.l/ Cont. % Red.2/ Inoc. Cont. % Red. Inoc. Cont. % Red. Inoc. Cont. % Red.
Fortuna 77.0 103.8 25.8 7.73S 8.2 6.1 7.5 9.0 16.7 14.085  13.2  46.1
Tioga 79.8 103.5 22.9 8.888 9.0 2.2 7.885  g.8 11.4 14.285 14,0 1.4
Lew 74.1 103.4 28.3 8.8 9.6 8.3 7.5 9.2 18.9 14.2N% 15,0 s.0
olaf 67.6 8l.7 17.3 7.0N8 7.2 3.5 6.2N8 7.2 13.9 14.08  14.0 0.0
Prodax 62.0 80.4 22.9 9.3 10.5 11.4 5.5 7.0 21.4 15.585 16,0 3.1
Anza 64.0 74.7 14.3 7.188 T7.5 5.3 7.3% 7.8 6.4 14.585 150 3.3
1/

Data in Inoc. and Cont. columns are treatment means. Fifteen plants were harvested from each of
two rows/cultivar/plot/treatment. Treatments were replicated .twice in a split plot design with
cultivars as subplots. The difference between inoculated and control treatment means for each
cultivar are all significant at P =0.05, -except where indicated -by NS = nonsignificant. See Appen-
dix Table 5 for mean square error and least significant difference values. . .

2/ Percent reductions were calculated using treatment mean values before rounding to one digit
right of decimal. A + indicates a percent increase over control.

-66.~




Table 2.12. Effects of barley yellow dwarf virus on seeds per head, seeds
per spikelet, 1000 Kernel weight, and yield per plant for six
spring wheat cultivars inoculated with PAV isolate MT 792 at
Bozeman, MT. 1980.

. Seeds/Head (no.) Seeds/Spikelet (no.) 1000 Kernel Wt. (g) _ Yield/Plant (g)
Cultivar Inoc.lf Cont. % Red.2/ Inoc. Cont. % Red. Inoc. Cont. % Red. Inoc. Cont. % Red.

Fortuna 20.2 28.2 28.4 1.4 2.1 30.9 25.8 42.8 - 39.7 2.5 -7.8 67.3

. Tioga 20.8 28.5 27.0 l.4 2.0 27.5 . 23.5 37.9 38.1 2.4 7.1 65.8
Lew " 20.8 31.0 32.9 1.4 2.0 30.0 21.8 31.8 33.3 2.0 6.5 69.3
Olaf 26.8 32.8 18.3 1.9 2.4 18.8 26.8 33.6 20.2 2.8 6.8 57.5
Prodax 36.2 51.8 30.1 2.4 3.2 26.6 19.9 34.4 42.4 2.3 6.5 75.7
Anza 37.0 -41.8 11.5 2.6 2.8 8.9 23.4 32.3 27.3 4.0 7.2 44.5
1/

Data in Inoc. and Cont. columns are treatment means. Fifteen plants were harvested from each of
two rows/cultivar/plot/treatment. Treatments were replicated twice in a split plot design with
cultivars as subplots. The difference between inoculated and control treatment means for each
cultivar are all significant at P =0.05, except where indicated by NS = nonsignificant. See
Appendix Table 5 for mean square error and least significant difference values.

2/ Percent reductions were calculated using treatment mean values before rounding to one digit
right of decimal. -
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Table 2.13.

Effects of barley yellow dwarf virus on plant height, rachis
length, tillers per plant, and spikelets/head for six spring
wheat cultivars inoculated with PAV isolate MT 792 at Boze-
man, MT 1981.

Plant Height (cm) " Rachis Length (cm) Tillers/Plant (no.) Spikelets/Head (no.)
Cultivar Inoc.l/ Cont. % Red.z/ Inoc. Cont. % Red. Inoc. Cont. % Red. Inoc. Cont. % Red.
Fortuna 85.0  102.4 16.9 8.2 g4 2.4 2.0 2.8 26.8 15.og§ 14.9  + 6.7
Tioga 80.8 101.9  20.7 8.6 9.2 6.5 2.0 2.5 20.4 15.0 14.8  + 1.4
Lew 78.4 99.7 21.4 8.3 9.6 13.5 1.4 2.4 42.9 14.8 16.2 8.6
Olaf 68.7 83.8 18.1 6.8, ¢ 7.4 6.8 2.1N8 2.2 4.5 14.4 14.8 3.0
Prodax 64.8 80.7 19.7 10.0 10.2 0.9 1.6 2.3 32.6 16.085 16.5 2.7
Anza 62.6 71.4 12.3 7.6 8.2 6.7 1.8N5 1.8 0.0 15.1N8 ;5.2 0.6

1/

Data in Inoc.

and Cont. columns are treatment means. Ten plants were harvested from each of two
rows/cultivar/plot/treatment. Treatments were replicated twice in a split plot design with cul-

tivars as subplots. The difference between inoculated and control treatment means for each culti-
var are'all significant at P =0.05, except where indicated by NS = nonsignificant. See Appendix
Table 6 for mean square error and least significant difference values.

2/

Percent reducfions were calculated using treatment mean’ values before rounding to one digit
right of decimal. A + indicates a percent increase over control.
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Table

2.14. . Effects of barley yellow dwarf virus on seeds per head,
seeds per spikelet, 1000 kernel weight, and yield per
plant for six spring wheat cultivars inoculated with PAV
isolate MT 792 at Bozeman, MT 1981.

Seeds/Head (no.) Seeds/Sp;kelet (no.). 1000 Kerﬁel wt. (g) Yield/?lant (g)
Cultivar Inoc.l Cont. % Red. % Red. Inoc. Cont. % Re@. Inoc. % Red.
Fortuna 23.0 3.9 - 27.7 27.9 23.4 43.2 45.7 0.95 70.2
Tioga 24.5 30.3 19.1 19.5 23.6 36:4 35.2 0.97 51.7
Lew. 22.1 35.3 37.4 31.8 20.8 37.4 44 .2 0.60 76.4
Olaf . 24.4 35.9 32.0 29.2 20.0 34.6 42.0 0.89 60.2
Prodax 30.2 49.0 38.4 35.6 14.5 39.0 62.8 0.60 81.5
Anza 33.0 42.4 22.0 20.0 23.4 33.3 29.8 1.1 46.2

Data in Inoc. and Cont. columns are treatment means. Ten plants were harvested from each of two

1/

2/

right of decimal.

rows/cultivar/plot/treatment.
tivars as subplots.
tivar are all significantly-different at P
and least significant difference values.

Percent reductions were calculated using treatment mean values before rounding to one digit

Treatments were replicated twice in a split plot-design with cul-
The difference between inoculated and control treatment means for each cul-.
‘See Appendix Table 6 for mean square error
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let in diseased plénts (Table 2.12 and Table 2.14). -However,
the‘number of ééeds per head was also significantlyrdecreaéed
in diseased plants for all cultivars (Table 2.12 and Table
2.14), yet the number of spikelets per hgad was not signifi--
cantly reduced (Table 2.11 and Table 2.13). 1In this case

the decréase in viable floreté per spikelet reasonably

accounts for a portion of the reduced seed yield in virus

infected plants.

The tolerant cultivér 'Anza' showed the least yield
reduction due to BYDV among the cultivars tested, although
the decrease was significant,'44.5'percent in 1980 and 46;2.
percent in 1981 (Table 2.12 and Table 2.14). Among the Mon-
tana grown cultivars 'Tioga' and 'Olaf' showed the least
yield reduction in both years tested (Table 2.12 and Table
2.14). In comparing the performance ranking among the qul~
tivars, in termé of percenf of control for diéeased.plants.

(Table 2.15 and Table 2.16), only 'Tioga' and 'Olaf' were

ranked differently in 1980 and 1981'experiments. In 1980,

the number of seeds produced per head and kernel weight for

diseased plants were significantly different in comparing

'lTioga' to 'Olaf', the latter being the least reduced (Table

2.15). However, in 1981, only"seeds per head was signifi-

cant, where for 'Tioga’ this'yield componént was consider-
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Table 2.15 Performance ranking among six spring wheat cUlL
" tivars inoculated with PAV isolate MT 792 at '
Bozeman, MT 1980. Values for yield per plant;'
1000 kernel weight, seeds per head, and tillers
per plant are expressed as percent of control.
Cultivar Yield/ 1000 Seeds/ Tillers/
Plant ~ Kernel Wt. Head Head
: % 1/ ' % % %
Prodax 24 .5a 58.0a - 70.0a 78.5a
Lew 31.0ab 69.0ab 67.0a .8L.0a
- Fortuna 32.5 b 60.5a 71.5a ' 83.5a
Tioga 34.0 b 62.0a 72.5a :° 89.5a
Olaf 42.5 ¢ 80.0 b 81.5 b 86.5a
Anza 50.0 ¢ 72.5ab 89.0 b  93.5a
1/

Values followed by the same letter are not significantly

different at P=0.05 by LSD method.

Performance ranking among six spring wheat cul-:

Table 2.16
tivars inoculated with PAV isolate MT 792 at
.Bozeman, MT 1981. Values for yield per plant,
1000 kernel weight, seeds per head, and tillers
per plant are expressed as percent of control.
Cultivar Yield/ 1000 Seeds/ = Tillers/
Plant Kernel Wt. Head '~ Head
% 1/ % % % -
Prodax 19.0a 37 .0a 61l.5a 68.0ab
Lew 24.0ab 56.0ab .63.0a 57 .0a
Fortuna 30.0abc. 54.0ab 72.5abc 73.0abc
Olaf 41 .0abc 58.0ab 68.0ab 95.5 bc
Tioga’ 48.0 bc 65.0ab 81.0 ¢ .79.5abc
Anza 54.0 ¢ 71.5 b 78.0 bc 97.5 ¢
l/Values followed by the same letter are not

different at P=0.05 by LSD

method.

significantly
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ably less reduced than for 'Olaf' (Téble 2.16). .It is dif-
ficu;t in this caée to determine if the change from year to -
year in.these two cultivars is a funcfion of virus inféctiqn
or environment. In 1981, (Table 2.16) tiller production was
considerably more variable- among the cultivars than in 1980
(Table 2.15). In 1981, (Table 2.16) tiller production in
'Olaf' was not significantly affected'by vifus infection.
However, the greater reduction in kernel weight'and seed
production for fOiaf* in 1981 may have been influenced by a.
compensation effect of'the.tillering process, in addition t§
the direct effects of the virus. ' In 'Tioga' perhaps the
opposite was true, where low tiller production was offset
by increasing seed production and kernel weight in diseased.
blants. However, thé compensating effects may not have been
equal between the two cultivars and as such the yield per
plant for 'Tioga' was slightly better than that of 'olaf!
(Tab;e 2.16).

In'ahalyzing.the yield response.for'all.cultivars
over the two years tested, year to Yeaf variation in the re-
sponse of those cultivars to virus infection was nonsignifi-
cant (Table 2.17). Thus, virﬁs infection reduced the yield
for all the cultivars to about the same degréé in 1980 as |

in 1981. That the mean response in yield for the cultivars
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Effect. on barley yellow dwarl virus on yield

Table 2.17 ]
for six spring wheat cultivars inoculated with
PAV isolate MT 792 at Bozeman, MT. Analysis of
variance (ANOV) for 1980 and 1981 combined en-
vironments using percent of control as the indi-
cator for disease response.
ANOV
Source df - M.S. ' . F-value
Blks/Years 2 .01767 3.31
Environment 1 .000038. .00215
Cultivars 5 .04895 9.2306*
Error 15 .005303 :

*P =0.05.
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averaged over th¢ two years was significant (Table 2.17) in-
dicates the obvious differences iﬁ cultivar response to
virus infection in Both years tested (Table 2.15 and Table

2.16).

1980 and 1981 Winter Wheat Experiments

Symptoms in the .inoculated winter wheat plots for
both 1980 and 1981 experiments did nof appear until‘growth
in the spring resumed. The first indicatiqns of ‘virus in-
fection were the dwarfing and general 1ight green appearance '
of the plants in the inoculated plots in tomparison to the
healthy plots. Later, leaf tip chlorosis and mild chloro-
tic mottle Sympfomsﬁbécame visible iﬁhleaves'thét'haaﬁ
emerged the previous fall and in the first leaves developed
in the spring. These leaves eventually became totally yellow
and senesced prematurely in'comparison to healthy blants.

As the season progressed, newly emerged leaves, including the
flag leaves, developed leaf tip chlorosis, marginal chlorosis,
and a chloroticnmottle, much more so thaﬁ in spring'wheats.
Anthocyanin pigmentation waé extensive, where some leavéé
were completely changed to a red—séarlet éoior. Very little
interveinal chlorosis was observed in the winter Wheats.in

comparison to the spring wheats. An obvious difference be-
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tween diseased and héalthy piants was the stature of infec--
ted leaves. Leaves of inoculated plants were short and nar-=
row, slightly cupped abaxially, and spike-like, whereas
leaves of healthy plants were long, wide, and_teﬂded to bend
downward from the culm. Symptoms in winter wheat have been
reported to be mild and considerablylleSS diagnostic of the
disease than in barley, oats,'and even sbring wheat (61).
Winter wheat can in fact, be infected yet symptomless (94).
In both the 1980 and 1981 inoculated fiéia plots, winter
wheat symptoms of BYDV infection were quite diaghostid,
which in part, may .be the result of using a‘highly virulent
strain of the virus as the inoculum. However, early symp—.
toms of the disease could easily be mistaken for nitrogen
deficienéy or 'wet-feet!, a'conqition often observed in.Mon—
tana as a result of cool soil températures and saturated.
soil conditions in early spring, which retards nitrdgen up-
take.

In comparing plant height for diseased versus
healthy plants, the virus caused significant stunting in all
cultivars in both years'(Table 2.18 and Téble 2.20) Fér éll
parameters evaluated in the two years of testing, diseased
plants consistently showed reductions in compérison td

healthy plants for all the cultivars evaluated (Tables 2.18;
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2.19, 2.20, and 2.21). Among the yield components, tiller

production and seed production were most significantly

. affected by virus ihfection, whereas kernel_weight was the

least reduced yield component in diseased plants. Similar
results for winter wheat response to BYDV infection have
been reported (13,25,28). As was indicated for spring
wheats, the number of seeds per spikelet wés significantly
reduced. in inéculated winter wheat cultivars in comparison:
to the controls (Table 2.19 and-Table 2.21). . Thus, a reduc-
tion in the number of fertile or viable florets in diseased
plants partially acéounts for the reduction in seed yield.
However, the number of spikelets per head was'alsb sign;fi—
éantly reauced for most cultivars (Table 2.18 and Table_
2.20), which also contributed to the decreased seed yield
of infected plants.

In ranking thé winter wheat cultivars for both years
tested, 'Centurk‘ﬂconsistently yielded higher than the other
cultivars, wbén comparing the yield of diseased plants to
healfhy plants on a percent of control basis (Table 2.22 and
Table 2.?3). In 1981, (Table 2.23’ tiller production was
less for all‘inocu}atgd cultivars than in 1980 kTable 2.22),
aifhough some cultivars i.e. 'Centurk' and 'Warrior' show

more or less dramatic changes in tiller production between




Table 2.18.

Effects of barley yellow dwarf virus on plant height,

length, tillers per plant, and spikelets per head for five

rachis

winter wheat cultivars inoculated with PAV isolate MT 792 at

Bozeman, MT

1979.

Plant Height (cm)

Rachis Length (cm)

Tillers/Plant (no.)

Spikelets/Head (no.)

Cultivar Inoc.1/ Cont. % Red.2 Inoc. Cont. % (Red.” Inoc. Cont. % Red. -.Inoc. Cont. % Red.
Centurk 88.3 114.9  23.1 6.1N5 2.7  20.8 8.0 12.0 33.3 14.0 . 16.3  14.1
Warrior 9l.1 124.0 26.5 6.2N5 7.8 20.5 8.3 11.7 29.1 12.3 15.0 18.0
Winoka 91.7 128.8 28.8 6.6 8.6 23.3 6.3 12.3 48.8 12.3 14.7 16.3
Winalta _ 91.3 130.2 29.9 6.6N5 8.3 20.5 7.385 9.0 18.9 12.3 14.7 16.3
Cheyenne 86.2° © 119.5 27.9 6.0 8.0 25.0 7.3 12.3 40.7 11.3 15.0 24.7
1/ Fiffeen plants were harvested from each of

Data in Inoc.
three rows/cu

and Cont. columns are treatment means.
The difference between inoculated and control treatment means for

ltivar/treatment.

each cultivar are all significant at P =0.05, except where indicated by NS =

2/
of decimal.

nonsignificant.
Appendix Table 7 for mean square error and least significant difference values.

Percent reductions were calculated using treatment mean values before rounding to one digit right
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Table 2.19. Effects of barley yellow dwarf virus on seeds per head,  seeds
per spikelet, 1000 kernel weight, and plant yield for five
winter wheat cultivars inoculated with PAV isolate MT 792 at
Bozeman, MT 1979. ' '

Seeds/Head (no.) Seeds/Spikelet {(no.) 1000 Kernel Wt. (g) Yield/Plant (g)

Cultivar Inoc.ll Cont. % Red.2/ Inoc. Cont. % Red. 1Inoc. Cont. % Red. Inoc. Cont. % Red.

Centurk 28.3 41.7 32.0 2.0 2.6 20.8 30.1 32.4 7.3 4.9 10.5 53.1
Warrior 21.7 35.3 38.7 1.8 2.4 26.4 3l.4 34.6 9.4 3.7 9.8 62.0
Winoka 20.7 36.7 43.6 1.7 2.5 33.3 29.3 35.2 16.7 2.6 11.8 78.4
Winalta 20.0 35.7 43.9 1.6 2.4 32.9 29.4 35.0 16.1 2.8 8.2 65.0
Cheyenne 19.3 38.7 50.0 1.7 2.6 33.8 31.2 36.7 15.0 3.3 12.0 72.8
1/ Data in Inoc. and Cont. columns are treatment means. Fifteen plants were harvested from each of three

rows/cultivar/treatment. The difference between inoculated and control treatment means for each
cultivar are all significant at P= 0.05, except where indicated by NS = nonsignificant. See
Appendix Table 7 for mean square error and least significant difference values.

2/ Percent reductions were calculated using treatment mean values before rounding to one digit right
of decimal. .

A




Table 2.20. Effects of barley yellow dwarf virus on plant height, rachis
length, tillers per plant, and spikelets per head for five
winter wheat cultivars inoculated with PAV isolate MT 792 at
Bozeman, MT 1980.

Plant Height (cm) Rachis Length (cm) __Tillers/Plant (no.) Spikelets/Head (no.)
Cultivar Inoc:I7 Cont. % Redl2/ Inoc. Cont. % Red. Inoc. Cont. % Red. Inoc. Cont. % Red.
Centurk 98.0 132.6 26.1 7.2 8.2 13.3 7.2 11.8 39.7 16.4NS 17.3 5.2
Warrior - 108.4 140.5 22.8 6.0 8.3 28.3 4.9 10.6 53.1 13.1 17.4 24.7
Winoka 99.1 147.3 32.7 6.6 7.9 17.1 5.0 10.0 50.0 12.5 13.7 8.8
Winalta 102.9 144.6 28.8 6.4 8.2 21.8 5.8 10.4 44.2 13.7 15.2 9.9
Cheyenne 107.0 134.9 20.7 6.2 7.4 16.3 5.4 11.1 . 50.9 14.8NS 15.6 ° 5.1

Data in Inoc. and Cont. columns are treatment means. Ten plants were harvested from each of the
two center rows in four row plots/cultivar/treatment. The difference between inoculated and con-
trol treatment means are all significant at P =0.05, except where indicated by NS = nonsignificant.
See Appendix Table 8 for mean square error and least significant difference values.

1/,

2/

Percent reductions were calculated using treatment mean values before rounding to one digit .right
of decimal.
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| Table 2.21. Effects of barley yellow dwarf virus on seeds per head, seeds

! per spikelet, 1000 kernel weight, and yield per plant for five

‘ winter wheat cultivars inoculated with PAV isolate MT 792 at
Bozeman, MT 1980.

| . Seeds/Head (no.) Seeds/Spikelet (no.) 1000 Kernel Wt. (g) Yield/flant (g)

. Cultivar Inoc.l/ Cont. % Red.2/ Inoc. Cont. % Red. Inoc. Cont. % Red. Inoc. Cont. % Red.

3 Centurk 30.1 45.9 '34.4 1.8 2.6 30.2 32,788 31.8 + 2.8 4.6 11.6 60.9
Warrior 13.1 35.5 63.7 1.0 2.0 50.0 29.2N5 31.8 8.5 1.5 5.7 74.6
Winoka 14.4 28.1 ‘48.9 1.2 2.0 42.5 28.0 31.8 11.9 1.6 5.3 70.1
Winalta 16.6 29.4 43.7 1.2 2.0 38.5 30.3Y5 32,6 7.0 1.6 5.4 71.3
Cheyenne- 14.4 26.0 44.7 1.0 1.7 44.1 29.6N§ 31.8 6.9 1.4 3.8 64.5
1/Dai:a in Inoc. and Cont. columns are treatment means. Ten plants were harvested from each of.two

center rows in four row plots/cultivar/treatment. The difference between inoculated and control

treatment means are all significantly different at P= 0.05, except where indicated by NS = nonsigni-

ficant. ©See Appendix Table 8 for mean square error and 1east significant difference values.
2/Pel:'cem: reductions were calculated using treatment mean values before rounding to one digit right
of decimal. A + indicates a percent increase over control.

-e1T—
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years. The minor differences in yield reduction between
1980 and 1981 results for each of the cultivars are most
probably a result of different climatological influences and
a.response of the individdal cuitivars'to those changes.
Involved also may be the component compensation phenomenon,'
where one yield component may show a decrease and another.
show an increase in diseased plants, but tﬁe‘individual cul-
tivars may not all be affected or respond in a similar man-
ner. An analysis of year to year yield-résponse averaged
over all inoculated cultivars was not conducted. However,
in comparing the percent of control data for 1980 and 1981
(Table 2.22 and Table 2.23) and in considering that tﬁe
spriné.barley and spring wheat experiments shoWed no signi-
ficant year to year variation in thé yield responsé to.virus
infection, a similaf statement can be made for the winter
wheat response. Averaged over all cultivars, the yield re-
duction as a percent of control wés 34.4% and 31.9% for 1980
and 1981 respectively. Thus,‘the virus isolate MT 792 causead
consistently similar reductions in the yield of infected:

winter wheat cultivars for both years.
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Performance ranking

Table 2.22 among five winter wheat cul-’
tivars inoculated with PAV isolate MT 792 at
Bozeman, MT 1979. Values for yield per plant,
1000 kernel weight, seeds per head, and tillers
per plant are expressed as percent of control
Cultivar Yield/ 1000 Seeds/ Tillers/
Plant Kernel Wt. Head Plant
00 l/ % % %
Winoka 23.0a 83.3a 56.7ab ‘52.3a
Winalta 35.3ab 83.7a 56.0ab . 83.0 b
Cheyenne 27.7a ~ 85.3ab 50.0a 59.7ab
Warrior 38.0ab 90.3 bc 61.3 bec . 72.7ab
Centurk 48.0 b 92.7 ¢ 67.7 ¢ 67.0ab

1/ Values followed by the same letter are not 51gn1f1cantly
different at P =0.05 by LSD method.

Table 2.23 Performance ranking ambng five winter wheat cul-
"~ tivars inoculated with PAV isolate MT 792 at
Bozeman, MT 1980. Values for yield per plant,
1000 kernel weight, seeds per head, and tillers
per plant are expressed as percent. of control.
Cultivar Yield/ 1000 Seeds/ Tillers/
Plant Kernel Wt. Head Plant
1/ % % %
Warrior 25 5a 92.0a 37 .0a 46.5a
Winoka 29.5ab 88.0a 51.0ab 49.5a
Winalta 29.0ab - 93.0a 57.0 b 55.5ab
Cheyenne 36.5ab 93.0a 55.5 b 49.0a
Centurk 39.0 b 102.0a 65.0 b 60.5 b

1/ Values followed -by the same letter are not 51gn1flcantly
different at P= 0.05 by LSD method.
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Comparisons Between Spring Barleys,
Spring Wheats. and Wlnter Wheats In-
fected With BYDV = ™

In comparing thé response to BYDV infection of
spring barleys, spring wheats andwinﬁerwheatéé@erégedovér.
cultivars and ygars (Table 2.24), fhe data appears to coin-
cide wélivwith the_resulfs of other investigators. For
plént height the winter wheats were most reduced (é6.8%),“in
comparison to spring wheats (20.4%). and spring barleys
(20.2%) . .Oswa;d and Houston (61) reébrted that winter wheat
plant height could 5e redﬁced by as much as ohe—thifd‘to
one-half that of healthy planté, and often to a greatef'ex—
tent than in barley or oats."Tiller productién,in diseased
wintef'wheatspwas éonsidefably reduced (44.4%)'with respect .
.to spring wheats (21.2%) or sbring'barleys (20.2%),. a re-
sponse difference also observed.by Dbodson and Saunders
(24). .It'is interesting to note that kernel weight was ﬁot
an appreciably reduced yield combonent in diseased winter
wheats (9.6%) but was for'spfing wheats (39.7%). However,
Fitzgerald and Stoner (28) found that kernel weight was
significantly reduced in the hard red winterjwheats they
tested, which included 'Winalta'. Iﬂ comparing the response.
of winter and spring wheats to BYDV infection, it aﬁpears

that the greater decrease in tiller productioﬁ and seed.pro—




-117-

Table 2.24 Comparisons of the percent reduction in growth
and yield parameters between winter wheats,
spring wheats, and spring barleys infected
with PAV isolate MT 792, averaged over culti-
vars and environments. o

Crop © Plant Tillers/ -Seeds/ 1000 Yield/
Height Plant Head Kernel Plant
] Wt. .
Winter Wheats 26.8 40.1 44 4 9.6 67.3
Spring Wheatse/ 20.4 21.2 28.2 39.7 65.4
Spring Barleyss/ 20.2 20.2 20.4 33.7  B5.1
6 rowed ©18.8 11.0 23.0 27.3 57 .7
2 rowed 21.7 29.5 17.9  40.1 72.4
1/ Winter wheat cultivars: 'Winoka', 'Winalta', 'Centurk’',
'Warrior', 'Cheyenne’'. : .
2/ Spring wheat cultivars: 'Olaf', 'Prodax', 'Lew', 'For-
tuna', 'Tioga’'. )
3/ Spring barley'cultivars: 6 rowed -- 'Steptoe', 'Unitan';

2 rowed -~ 'Piroline', 'Hector', 'Klages',
'Compana’.
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duction in winter wheats and the greater reduction in kernel
weight for spring wheats'tend to.offset each othér; as the
‘yield reduction of winter wheats and spring wheats is not
appreciably different (Table 2.24). ' |

In‘compéring the response of two-rowed and six-rowed”
barley cultivars, tiller production is feduced more for the
former than the latter, 29.5% and 11.0% respectively. This
perhaps Qould be expected, as two-rowed barley cuitivars
tend to produce more tillers than 6-rowed cultivars. Tiller
production in two-rowed types is the factor in&olved in off-
setting the greater seed yield capacity of six-rowed types,
making yields comparable between the two. As might be ex-
pected, the six-rowed cultivars showed a slightly greater
reduction in.seed prbduction in diseased plants than the
two-rowed cultivars (Table 2.24). However, kernel weight
was reduced less for the six-rowed (27;3%) than the two-
rowed (40.1%) cultivars and infected six-rowed types did
in fact, yield better than two-rowed types (57.7% fedﬁction
versus 72.4% reduction). Thus, ambng the spring barleys,
the two-rowed cultivars were.more susceptible than the six-
rowed cultivars to virus infection over two years of test-

ing.
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Discussion

Barley yellow dwarf virus is an economically impor-
tant disease of small grains produced in the central region
of Montana. Over the four years of field survey for the
disease, two epidemics occurred=éhd'BY5V;w§s féé?&?réd
ffom diseased plants or aﬁhid'vectors each yeér frdm 1978
through 1981. Both BYDV epidemics occurred-'in winter wheat
as a result of fall infestations of viruliferous aphids. A
serious occurrence of BYDV was not observed in sprlng gralns,
although virus was recoveréd from spring oats, spring wheat,
spring barley, or aphid samples collected in those crops.

The incidence of BYDV observed in spring grains was
limited to scattered diseased plants or gréups of plants
along- field margins. The major influencing factor for this
low occurrence of BYDV in spring grainé was the absence of
aphid vectors during late épring_and'early summer periods.
Alfhough no monitoring of aphid.pqpulations was conﬁucted,
observations made duriﬁg the field surveys suggest that
cereal grain aphids do not becéme abundant until mid- to
late~July. Perhaps é further contributing_factof for the
minimal incidence of BYDV in spring grains was the low per-

centage of the aphid populations sampled in mid-summer that

proved to be infective (Table 1.6). Because of these two




|
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factors, spring grainé éSCapé serious levels of virus in-
fection early in the growing.season, at which time thepoteh-
tial for drastic yleld reduction is tﬁe highest. However,
late infection may be prevalent, but diagnosis of the disease
made difficult Qy-the confusion of BYDV symptoms with nat- |
ural maturation. | | !

. An important consideration in‘the.epidemiplogy of
BYDV, especiallylas it peftains to winter wheat; is the
potential for late planted spriﬁg grains to provide an iﬁoc—
ulum source of fhe virus and food host for aphid vectors..
The resulting:viruliferous aphid populatiqh could then move
into the fall-sown grains. Perhaps of greater signifiéance
is the growth of.volunteer spring and wiﬁter grains in'the
fall, which may act as a bridging host for large numbers of
viruliferous aphids. The initial aphid populations,'having
previously acquired BYDV from other sources (potentially
late planted spring grains) could then inoculate the volun-
teer plants and expand-the virus reservoir available for
acquisitioh b& the aeveloping aphid population. Such a
situation was obsérved in Judith Basin, where viruliferous
R. maidis populations were found in abundance on volunteer
barley (Table 1.6).

That both epidemics of BYDV occurred on winter wheat.
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as a result of fall infection, is evidence that the greatest
potential for a rapid buildup and'migration of 1afg¢ popu-.
lations of wviruliferous aphids into this crop occurs in late
summer and early fall. Winter wheat emerging at times cor-
responding to the presence of heavy aphid populations pre-
sents the greatest potential for economic losses} as evident
by the Judith Basin epidemic. As aphid populétions were ﬁof
monitored, it is speculative to suggest that the BYDV epi;
demics of 1980 and 1981 resulted from a maséive population
migration 6f viruliferous aphids into the area. However,
A'Brook and Dewar (2), have shown that the greatest propor-
tion of infectivé alatae aphids appear in thetfall. Uﬁder
favorable weather conditions, these winged aphids reproduce
prolifically, pfoviding the large vector reservoir necessary
for secondary spread of BYDV in winter-sown grains.

In both of the 1980 and 1981 epidemic areas, the
temperatures were comparatively mild during the months of
September and October. Thus, climatic conditions were
favorable for aphid population increéses and secondary
spread. Whether or not the primary source of viruliferous
aphid vectors arose locally or migrated in frbm a distant
area is very difficult to ascertain. Even though the source

of the inféctive aphid populafions was undetermined, knowl=-
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edge that four strains of BYDV i.e. RPV, MAV, RMV, and PAV,
are widely distributed in central Montana (Figure 1.2), pro-
vides an.indication that some level of inoculum is always

present. The movement of one or more of the four cereal

grain-aphids into an area can occur, andeach canpotentially"

acquire one or more of these virus strains locaily. Never-
theless, aphid populations were abundant in the fall at both
epidemic locations and secondary spread of viruliferous
aphids undoubtedly occurred.

The observation that planting date Wwasg-réleévant
to the incidence of BYDV in the two‘epidemic areas provided
a potential meanslof control. Growers in the Judith Basin
area were advised to plant winter whéat after September 10
as a general control recommendation. In a survey condﬁcted
September .23, 1980 only two fields of emerged winter wheat
were found in ﬁhe Judith Basin‘area. Yet, the potential for
a second consecutive year'of BYDV movement into the crop was
evident by the presence of wviruliferous R. maidis aphids in
the area. Surveys conducted in the summer of 1981 found
only a very low incidence of the.disease indicating that
adjusting planting dates was succéséful. Although planting
date for the control of BYDV has not always-beén useful (10),

it appears to be an effective control measure for Montana
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growers.

| From the'1980 and 1981 field'experiment results, 1t
is quite apparent that there is little or no tolerance in
any of the Montana small grain cultivars tested. However
among thése evaluated, the winter wheat culfivar 'Centurk’',
the spring wheat cultivars 'Olaf! apd 'Tioga', and tﬁe
spring barley cultivar 'Stéptoe', were least affected by the
virus. With respect to the'various yield components meaQ
sured, the individual éultivars did not necessarily respond
the same to virus infeqtion from one year to énother. Cer-.
tainly the. observed variébility was a result of environ-
mental influences, virus dosage, plant growth stage at the
time of inoculation, and component compensation response,
all of which varied to some extent from year to year. How-
ever, the diseased plant response of each cultivar, in terms
of percent of control data for yield, was fairly consistent
between years and indicétes the potential for substantial
yield reduction under the right circumsfances.

In considering the low incidence of BYDV observed
in spring grains, growing highly suscéptible spring wheat
or spring barley cultivars does not present a problem, un-
less perﬁaps they are plantedllate in the season. In Mon-

tana, the widespread use of BYDV tolerant cultivars -such as
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'Sutter!, 'Coracle','of 'Anza' would have no particular
advantage for inpreasing productivity. In the event that
én epidemic of BYDV' in spring grains.occurred iate in the
growing season, the overall yield reduction would probably
be minimal, as indicated by the 1979 spring barley experi-
ment. As there was also no meaningful level of tolerance
observed in the commonly grown winter wheat cultivars, ad-
justment-of planting dates to avoid times Qf 1arge'viruli—
ferous aphid populations is the most practical control
measure -at this time.

The yield reductions observed in the small grain
cultivars tested were in response- to the most virulent iso-
late of BYDV found thus far in Montana. The Véctor?specifiC'
strains found in Montana i.e. RPV, MAV, and RMV are less.
virulent than the MT-PAV strain. As such, the potential
yiéld reduction in the commonly grown.cultivars feéulting
from infection by one of thesg less virulent strains would
likely be less than that observed for MT-PAV. Therefore,
.although soﬁe information is now available on the pdtehtial
yield reduction in these cultivars, the actual 1oéses attri-
butable to BYDV for any given occurrence of the disease:Will
’be dependent on the virulence of the infecting strain(s),

time of infection, prevalence of the disease, the cultivar
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affected, and tﬁe influences of the environment.

In retrospect, the information gathered during the
course of this study has provided a better understandiné of
the etiology and epidemiology of BYDV in central Montana.
However, as there are substantial differences in climatic
conditions between different geographic areas ih:Montana,
the epidemiology of BYDV in other areas may not be the same
as in central Montana. For instance, oﬁ the west side of
the Rocky Mountains where the environment is moderated by
pacific coaét weather patterns, the ecology of. aphids may
be quite different than that in central Montana. Thus, the
epidemiology of BYDV may also be quite variable, and the
inferences and control methods which are Qalid for central
Montana may not necessarily be applicable'for western Mon;
tana. o

There are still a great many factors involved in the
etiology and epidemiology of BYDV in Montana which are un-
known. Little is known about the 1life cycle and overwinfer—
ing potential of cereal grain aphids in Montana. The source .
of the virus and the imporfance of native grasses as virus
hosts are still undetermined parametefs. Certainly these
factors as well as others are areas that warranf further
study and would enhance our knowledge of the etiology and

epidemiology of BYDV in Montana.
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Appendix Table 1. Small grain cultivars used in the 1979-81
field experiments. ) '

Name - ' 'C.I. or Iden- Background
tification No. ’

Winter Wheats

Warrior C.I. 13190 . Pawnee x Cheyenne
Winoka C.I. 14000 ‘Selection from Winalta
Winalta C.I. 13670 Minter x Wichita
Cheyenne C.I. 8885 Selection from g£rimean

: C.I. 1435
Centurk C.I. 15075 'Kenya 58'/2/'Newthatch!/

3/'Hope'/2%*'Turkey'/
'Cheyenne'/5/'Parker'.

Spring Wheats

Fortuna C.I. 13596 'Rescue' x 'Chinook' x
' ('Frontana' x 'Kenya 58'-
'Newthatch')

Lew C.I. 17429 . 'Fortuna'/S6285
Olaf C.I. 15930 'Waldron'/selection from
: 'Justin' x 'Conley' x
'Norin 10*
Tioga Cc.I. 17286 ' 'Fortuna'/S$6285
Prodax c.I. 17407 'Tezanos Pinto Precoz'/
'Sonora 64'/3/'Lerma
Rojo 64'/Tezanos Pinto -
Precoz'/'Andes Dwarf'/
4/2%'Jaral'//'Mengavi'/
~ 8156 P
Anza C.I. 15284 ('Lerma Rojo' x Norin
10' - Brevon) x Andesg'
Spring Barleys .
Hector C.I. 15514 'Betzes' x 'Pallister'
Klages C.I. 15478 'Betzes' x 'Domen'
Piroline C.I. 9558 . 'Weihenstephaner Mehtau-
negsis-tente C.P.' x
- 'Morgenrot'
Compana . C.I. 5438 Selection from C.I. 4116
Coracle "British Cb 1029 C.I. 3906-1 x 'Deba '

Abed?!
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Appendix Table 1 (Con't).

Name C.I. or Iden- ’ Background

’ tification No.

Steptoe C.I. 15229 'Washington 3564' x
: : 'Unitan'
Unitan C.I. 10421 'Glacier' x 'Titan'!
Sutter C.I. 15475 Selection from C.I.
1237 x 'Winter Tennes-
o see! C o
Montana Lines MT. 657357 'Hiproly' x 'Steptoé!
© MT. 657358 "Hiproly' X 'Steptoe!’
MT. 657361 'Hiproly' x 'Steptoe’
MT. 657370 'Hiproly' x 'Steptoe!'




-128-

Appendix Table 2. BYDV yellows index used for determining'

disease severity ratings among ten spring barley
cultivars and lines inoculated with PAV isolate
MT 792 at Bozeman, MT 1979.

Leaf Symptoms Corresponding to Rating Scalel/
‘Rating Flag Leaf Penultimate Leaf .- Third Leaf
Scale - , )
1 Healthy Healthy Yellow
2 Healthy Less than 1/2 More than 1/2
, yellow yellow '
3 Healthy - More than 1/2 More than 1/2
yellow | yellow
4 Less thanh 1/2 More than 1/2 More than 1/2
yellow yellow yellow
5 More than 1/2 More than 1/2 : More than 1/2
- yellow yellow
1/

Disease severity rating was based on the amount of
yellowing exhibited by the flag leaf, penultimate leaf
and third leaf of each infected tiller. All infected
tillers/3m row were scored and the average disease rat-
ing determined for each barley cultivar or line. (Aver-
age disease rating = sum of rating scores/row + total
number of infected tillers/row.)




Appendix Table 3. Effects of barley yellow dwarf virus on growth and yield
componehts for seven spring barley cultivars inoculated in 1980.
Values are presented for mean square errors and leaStsignificant differ-
ences between inoculated and control for plant height (S), rachis
length (T), tillers per plant (U), spikelets per head (V), seeds per
head (W), seeds per spikelet (X), 1000 kernel weight(Y), and yleld
per plant (Z)

Source _ df s T u VW X Y Z
'Treatmentsl/ 1 2025.0% 7.98% 2.29% 122.2% 153.2% (0.007% 1232;0* 35.33%
Cultivar? 6 123.5% "3.45% 5.64* 695.3¥ 660.7¥ 0.002% 99.87% 6.85%
Trt x Cult 6 29.38% 0.59*%¥ 0.49 l12.51 . '13.62 .0.002* 84.92% 4.,48*
Error - 3/ 13 5.24 0.089 0.22 6.40 4,87 0.0008 1.56 0.53
LSD @ 0.05 13 4.94 0.64 1.01 5.46 " 4.77 0.062 2.70 1.57
* P =0.05
l/Treatments: BYDV inoculated versus control piots.
2/Cultivars: Hector, Compaha, Klages, Piroline, Unitan, Steptoe, Suttef.

3/

LSD calculated from analysis of variance error mean square for a random-

ized block design with two factors, treatment and cultivars.

62T~




Appendix Table 4. Effects of barley yellow dwarf virus on growth and yield
components for seven spring barley cultivars inoculated in 1981.
Values are presented for mean square errors and least significant
differences between inoculated and control for plant height (8S),
rachis length (T), tillers per plants (U), spikelets per head (V),
seeds per head (W), seeds per spikelet (X), 1000 kernel weight
(Y), and yield per plant (Z).

Source df S T U \ W X Y y4
Treatmentst/ 694 .0% 1.37% 12.76% 22.32% 156.5% 0.049% 767 .6% 39.77%
cultivars2/ . 106.60% 11.30* 2.04* 640.9* 472.2%* 0.008% 82.05% 2.08%
Trt x Cult 47.22% 0.70. 1.48% ~13.41* 37.7%¥ 0.005% .69.38*% 2,.97%
Error 3/ 4,33 0.25 2.88 2.24 3.54 0.001 4,19 0.25
LSD @ 0.05 - 4.60 1:11 1.20 3.13 4,12 0.073 . 4.46 1.10 -
* P =0.05
1/

Treatments: BYDV inoculated versus control plots.

2/
3/

Cultivars: Hector, Compana, Klages, Coracle, Unitan, Steptoe, Sutter.

LSD calculated from analysis of variance error mean square for a completely
randomized design with two factors, treatments and cultivars.

-0eT~




Appendlx Table 5. Effects of barley yellow dwarf virus on growth and yield

components for six spring wheat cultivars inoculated in 1980. Values
are presented for mean square errors and. least significant differences
between inoculated.and .control for plant height (S), rachis length

(T), tillers per plant (U), spikelets per head (V), seeds per.head
(W), .seeds per splkelet (X), -1000 kerhel weight (Y), and yleld per

plant {Z).
Source . af s .. T U VoW Xy z
Treatmentsl/ 1 2517.0%  I.84% 8.76%  .260 - 455.0% 1.87*  854.1% ~135.8%.

. Cultlvarsg/ 5 . 425.6% -5.06% . 3.19% 2.24% . 282.1%. ,918% 32.28% 1.34-
"Trt x-Cult - 5 53.6% J157 .210 .285 ‘14.59% ,040% . 15.76%- 1.78%
‘Error 3/ 11 - 7.84 .054 .238 .147 . 1.37 © .007 - 3.15. . 447
"LSD @ 0.057° 11 6.16 . 513 1.07- .843 1 2.57  .189 ° - 3.91 . 1.47
* P =0.05 , h

1/ | ‘ ' | =
Treatments BYDV ‘inoculatead versus.- control plots. ~T_
2/Cultlvars Fortuna, Tloga,,Lew, Olaf Prodax, Anza:-

3/

1zed block des1gn with two factors, treatments and cultlvars

L,SD calculated’ from analy51s of varlance error mean square for a random—




Appendix Table 6. Effects of barley yellow dwarf virus on growth and yield
components for six spring wheat cultivars inoculated in .1981. Values
are presented for mean square errors and least significant differences’
between inoculated and control for plant height (S), rachis length
(T), tillers per plant (U), spikelets per head (V), seeds per head
(W), seeds per spikelet (X), 1000 kernel weight (Y), and yield per

plant (Z).

Source ar . s T u_ v W X Y z
Treatmentst/ 1 1655.0% 1.76% 1.71% 0.74 -  758.3% 2.67* 1601.0% 17.04%
Cultivard/ 5 495.,4% 4.,24% (Q.20% 1.32% 116.8% 0.35% 22.0% Q.22
Trt x Cult’ 5 21.53% 0.18%  0.16% 0.34 20.0% 0.047%  26.9% = Q.47
Error g/ 11 3.90 0.050 0.046 0.28 1.98 0.005 5.98 . 0.089

' LSD @ 0.05 11 4.35 0.49 0.47 . 1.17 3.10 0.15 5.38 0.66
* P =0.05
1/ preatments: BYDV inoculated versus, control plots.
2/CultivarS' Fortuna, Tioga, Lew, Olaf, Prodax, Anza.
3/

LSD calculated from analy51s of variance error mean ‘square for a random—
.ized block design with two factors, treatments and cultlvars




Ap

pendix Table 7. Effects of barley yellow dwarf virus on growth and yield
components for five winter wheat cultivars inoculated in 1979.
are presented for mean square errors and least significant differences
between inoculated and control for plant height (S), rachis length
(T), tillers per plant (U), spikelets per head (V), seeds per head
(W), seeds per spikelet (X), 1000 kernel weight (Y), and yield per’

Values

2/

'3/

Treatments: BYDV inoculated versus control plots.

Cultivars: Centurk, Warrior, Winoka, Winalta, Cheyennef

LSD calculated from analysis of variance error mean square for a completely

randomized design with two factors, treatments and cultivars.

plant (Z).
_Source df . s T U W X ¥ Z

Treatment;}/ .1 8550.0% 23.60% 120.0% 53.3% . 1825.0% 4.03* 153.7% 366.0%
- Cultivars 4 105.9% 0.60* . 3.62 3.70%  51.78% .064%. 6.03% 4.82
Trt x Cult 4  33.5 . .06  4.08 .50 8.62  .031*  3.85% 5.16
Error 5/ 20 19.9 .082 1.73  .534 4.20 .010  1.22  3.32
LSD @ 0.05% 20 .7.60 . 1.78  2.24 1.24. 3.49  .173 ~ 1.88  3.80
* P=0.05

e
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Appendix Table 8. Effects of barley yellow dwarf virus on growth and yield
.components for five winter wheat-cultivars inoculated in 1980: Values
are presented for mean square errors and least signhificant differences

between inoculated and control.for plant.height (S), rachis length

(T), tillers per plant (U), spikelets per head (V), seeds per head

(W), seeds per spikelet (X),; 1000 kernel weight-(Y), and yield per’

plant (2).
Source. . df s T - U v W X Y . 7
'Tréatmentsl/ 1 .6815.0% - 12.17% 131.6% 15.14%* 1i67.0*_ 3.53%* 20.40* 91.76*.-
Cultivars? 4 54.97% -0.48% 2.46% 7.43% - 210.8% 0.,49% 3.20 19.26%
Trt x Cult 4 64.68%. 0D.27% 0.25 2.12% -  18.19*% 0.016 3.07 2.93*%
Error . . 20 5.30 . 0.04 0.14 0.24 - 3.71 0.009 1.88  0.113-
LSD @ 0.05 20 5.48 0.47 0.73 .1.13 . 4.30 0.22 3.20 0.72
.:* = : | | - il_l
P=0.05 5
Vel W ' ; T
Treatments:  BYDV inoculated versus control. )
2/Cultivars} Centurk, Warrior, Winoka, Winalta, Cheyenne.’

3/LSD calculated. from -analysis of variance error mean square for a completely
randomized design with two Tactors, treatments and cultivars.
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