£




COMPARISONS BETWEEW WHEAT AND BARLEY MOSAIC

By
DALLAS F. EIADSWQRTH
Bachelor of Science
Oklahoma Agriculdural and Mechanical College
Stillwater, Oklahomsa

1948

Submitted $o the Department of Botany and Plant Pathelogy
Oklahoma Agriculbtural and Mechanical College
In Partial Fulfillment of the Requirements
for the Degree of
MASTER OF SCIENCE

1949



APPROVED BY:

i1

Chairman, Thesid Committee

%& U. W
Me of the Thesis Commit¥&e

Head of the Department: e

BE I it K

"~ Dean of the Graduate School

236670



TABLE OF CONTENTS

SERRODUCTION o« ¢ o ¢« s s 0 o 0o 6 695 5 s 56 09 v oo
OCCURRENCE OF WHEAT AND BARLEY MOSAIC IN OKLAHOMA . . . . .
JITERATURE REVIEW . o o oo o o as o 0 06 s 6 o 6 a8 o
MOSAIC SYMPTOMS IN BARLEY . o ¢ o « o ¢ o s o ¢ s 0 0 o & o
MOSAIC SYMPTOMS IN WHEAT . o o ¢ ¢ ¢ s o ¢ v ¢ o ¢ 5 o o o &
MATERIALS, METHODS, ANDRESULPS . . ¢ « o« o « s o o » o o o
Ingect Vector Test . . « ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ 6 ¢ 60 0
5011 Vector Test . « ¢« ¢ ¢ ¢ ¢ ¢ o 6 0 6 06 06060 000
Vector Test of Mosaic Infested Soil from out of State .
Transmission of Barley Mosalc into Wheat . .. . . . .
Miscellaneous Inoculations .« ¢ ¢ o ¢« ¢ ¢« ¢ ¢ o ¢ & & o
Differential Host Tests « ¢« ¢« ¢+ ¢ ¢ ¢ ¢+ ¢ o ¢ 6 a o o o
Effect of Temperature and Dilution with Barley Mosaic .
Dilution End Points for Wheat and Barley Mosaliec . « . .
Thermal Inactivation of Wheat and Barley Virus Extract
pH Range of Infectivity for Wheat and Barley Mosalc ., .
ICBOUBRION ¢ o ¢ o« o o v ¢ o0 5o ® v s 0o euasaeasn
DUREE = o i % & AT TR S e e e e
ACKNOWLEDGMENTS . . « o ¢ o o o o o o ¢ 6 5 6 6 v ¢ ¢ 5 o o
LITERATURE CITED ¢ « « o o s s o ¢ ¢ s 6 06 06 6o 060 6 8 s

N
@

E§ 8 R 8 8



LIST OF TABLES

Table

1

=3 W A £ D

Infectivity of barley mosaic in barley at 70°
d.ilutvions - - - " . L I - - Ll - - - - - - L] -

Infectivity of barley mosaic in barley at 93°
di lut ions L] - - - L] . - L 2 [ ] L - - - - - L - L)

Dilution end point of wheat mosaic extract .
Dilution end point of barley mosaic extract .
Thermal inactivation of barley virus juice .

Thermal inactivation of wheat virus juice . .

F. with

F. with

-

Range of infectivity in wheat and barley seedlings by

PH changes in expressed Jjuice from mosaic infected

harley leaves L] - L] - - - - - - - - L L] L] L3 - L] - - L]

Range of infectivity in wheat and barley seedlings by pH

changes in expressed juice from mosaic infected wheat

133768 - L] L - . . . - . - - - - - - - . L3 - L] . . - - -

Page

26

26

27

30

31



INTRODUCTION

In the spring of 1948, Dr. K. Starr Chester found a single barley plant
in a row of Composite Hybrid Selection 242-9-4 that showed striking mosaic
symptoms. Since this single plant was so characteristic of the symptomg in
wheat mosaic, it aroused considerable interest, and it was turned over to
the writer for investigation. As far as is known, this was the only barley
plant in Cklahoma to show symptome of mosaic, so it was considered worthy of
further investigaticn, Therefore, many questions arose, Was it a virus?
Could it be wheat mosaic in barley? If so, what was the vector, if any? So,
it became the purpose of this thesis to attempt to identify the virus by
comparative tests between the two viruses. Alse, it was desired to find by
what mears the virus is tranemitted, and to obtzin information on the physi-
cal properties.

Though cereal mosaic in Oklahoms causes no appreciable loés at present,
it is known to be guite severe in Illinois and Indiana (12). With this fact
in mind, and due to the vast acreage of small grains in thies state, it may

be that this disease is potentially epiphytotic.
OCCUBRENCE OF WHEAT AND BARLEY MOSAIC 1IN OKLAHOMA

A search of the literature reveals no irnformation concerning wheat
mosaic in Oklahoma., Furthermore, there are nc data in existance about barley
mosaic, because of its recent appearance in this state, Wheat mosaic has
been observed for the past two vears by the writer ag it occurred under
natural conditions in Pawnee wheat on experiment station plots at Stillwater.
Tumerous susceptible varieties of wheat are grown at the experiment station,
but mosaic was noted only in Pawnee, Since mosaic is net yet a serious

problem in Oklahoma, no data have been recorded dealing with leosses from



these diseases.

Wheat mosaic occurs only on an occasional plant among many normal
plants, Thus, it has been found lightly scattered throughout numerous plots.
The fact that it does not seem tio be confined to any particular part of the
field, leads to the assumption that the causal agent is not necessarily
associated with the soil, Nor, deces it indicate that the disease is seed-
borne, as is the case with certain legume viruses (3). It therefore, is
something much more obscure, and at the present unsolved.

The same conditions may prevail for barley mosaic, but it is perhaps
even less definite than for wheat mosaic. The reason lies in the fact that
one, and only one diseased barley plant has been found in the field in
Oklahoma, so far as the writer is aware. This one plant was found at the
end of a short row on the alley way of the plot, and only a short distance
from infected wheat. The location of the plant within the row, and its
conspicuous accessibility, would lead one to suspect that an insect vector

may be responsible for its infection.



LITERATURE REVIEW

According to McKinney et al. (13) a mosaic of winter wheat was first
observed in the United States in April of 1919. At that time, the disease
was centered around the Missigeippi river bottoms near East St. Louis and
Granite City, Illinois (18). However, it is possible that the disease was
pregsent for sometime prior to its recognition because of the uncertainty of
its identity. At the time of its discovery, it was first suspected of being
wheat take-all, a disease caused by abnormal winter conditions, unbalanced
goil nutrition, nematodes or severe Hessian fly damage (13, 18). 1Iater, (18)
it was recognized as something different and called "rosette disease',
Further investigations (90, 12, 13, 16) led to the conclusion that "rosette"
was a severe expression or phase of mosaic, In the early observations by
McKinney (10) during 1923 it was apparent that rosette of wheat in many cases
was intimately associated with the Helminthosporium disease, and other wheat
digeases which were also obscure at that time., MeKinney (13) pointed out
that nothing was known of the origin of rosetté, but it is kmown that wheat
mosales oceur in Japan as acknowledged by him (21). Furthermore, he notes
(14) the occurrence of tropical mosaics mostly on the higher tribes of
grasses as classified by Hitchcock (5). This information sheds little or no
light on the origin, dbut it does give an idea of the possible distribution,

In 1937 McKimney (17) reiterated that mosaics constitute the largest
known group of plant virus diseases. The group of mosaics includes many well
known cereal diseases of ever increasing proportions as exemplified by the
recent appearance of an oat mosaic as discussed by McKimmey (20) in 1946,
and bariey mosaic described by Herbert and Middleton (4) in 1948, From the

work of McKinney (17) with tobacco mosaic, it was thought that a virue might



be: (1) a microscopic organism, (2) an ultramicroscopic organism, (3) a
connecting link between a strictly chemical system and living cells, (4) an
enzyme, and (5) a protein. The latter view is supported by Stanley (23) in
the statement: "that this unusual, high molecular weight protein is actu-
ally tobacco-mosaic virus.!" However, the results of research during the
past few year.s tend to support the idea that the disease is caused by an
ultramicroscopic organism (2), This is partially accounted for by the fact
that viruses have a tendenecy to reproduce true to type (2), and on oceasion
give rise to mutations (17).

In 1937 McKinney (18) described symptoms of five different wheat viruses
which he numbered from one to five. Rach virus produced symptoms sufficient=-
ly different for visual identification. He pointed out that those plants
developing rosette were especially susceptible to soil-borne parasites,
specifically Helminthosporium sativum. He (8, 13) stated that Helmintho-
gporium sativum causes a brown rot at the base of the tillers. So far as
the rosette disease is concerned, McKinney (18) pointed out that it had not
been isolated without mosaic. Though one cannot be isolated from the other,
Webb (28) produced information to the effect that infection giving rise to
mottling could manifest itself at later seedling stages, shorter time inter-
vals, and over a wider temperature range than that for rosette. Webb brought
out the fact that until a causal agent was found, the virus must be defined
in terms of the host response. In further discussion he stated that the
presence of symptoms always demonstrated the presence of the virus; but in
the absence of symptoms, it could not be concluded that infection had not
taken place. In the final stages of rosette, Johnson (6) reported that the
plants tended to show considerable rotting of the roots and a brown rot where

the tillers were underground. The symptoms of rosette and/or mosaic as



discussed by McKinney (18) are influenced by soil fertility, temperature,
age of the plant and variety. He (17) also mentioned that the amount of
light played an important part in the symptom-expression, Wada and Fukano
(26) suggested that the infected varieties profoundly influenced the symptoms
by their genetic constitution., McKinney (14) also suggested that varied
expressions of symptoms were greatly influenced by genetic purity of the
host, for contimued selections in wheat varieties do not necessarily guar-
antee homogygosity for factors regulating susceptibility or resistance., In
addition he (21) reported that nutritional factors modify symptoms; and with
tobacco mosaic, mutrition is known to influence the amount of virus that the
plant is able to produce. He further stated that mosaics tend to be very
conspicuous when the nitrogen of the soil is rather low, In 1930 McKinney
(15) announced that it is practically impossible to study the rosette phase
of wheat mosaic under controlled conditions throughout the year. He pointed
out that controlled conditions produce abnormally long sheaths and leaves,
and btillering tends to be reduced. Also, some winter varieties fail to head
satisfactorily. In speaking of rosette, McKinney (11) reported plants are
gsometimes found in which only part of the tillers are diseased while healthy
tillers mature normally. Breed et al. (1) state that in wheat there is
systemic chlorotic mottling.

Under controlled conditions when manual inoculation is desired, Rawlins
and Tompkins (22) found infection could often result from use of carborundum.
It was discovered that the sharp particles when sprinkled on leaves and
rubbed with virus juice, allowed the virus to enter the cell.

In 1930 McKinney (14) indicated that so far as is known the host range
of mosaic includes all the lower grasses in the Tribe Hordeae. Furthermore,

the mosaics of the lower grasses shovw certain differences from those of the



higher grasses such as sugar cane, and Indian corn. He brought out the
fact that certain varieties of winter barley became infected with mosaic
when grown on infested wheat soil, and (18) that wheat virus nmumber 2 was
discovered on the grass Asropyron repens (L.) Beauv, where it persists in
the underground rhizomes,

In 1923 and 1925 McKinney (8, 12) reported the ecausal agent of wheat
mosaic to be soil-borne, attacking the underground portions during the
geedling stage. Webb (28) stated that plants growing in infested soil for
only one week would develop infection at favorable soil temperatures. He
found that the soil temperature factor was more important than the length
of exposure., He (29) also found the amount of oxygen and moisture in the
infested soil to play an important part in the manifestation of the disease.
Pests by Webb (loc. cit.) showed the infective agent to be in the silt frac-
tion rather than 4in the filtrate. McKinney (13, 21) reported the virus to
be more active in heavy silt and clay loam soils even though the disease
could oceur in all types of soil from poor sand to fertile gumbo. He (20)
stated that the optimum temperature for soil-borne viruges is 60° to 65° 7.,
and infection may require 35 to 60 days growth in infested soil.

Mosaic-rosette is spread by infested soil east of the Mississippi river
(8) and anether wheat mosaic is spread by rhizomes of Agropvron repens (L.)
Beauv, There is no definite evidence that the western mosaicz (west of the
Mississippi river) are soil-borne. Investigation for insect vectors of
eastern mosaics were negative, but there is reason to believe that an insect
might be the vector in some of the western states. Breed et al. (1) reported
the disease not to be seed-borne,

Cereal viruses are often identified by use of differential hosts along

with various physical properties a2s described by McKinmey (19).



In areas where the disease ig soil-borne, the potential of mosaic is
of great anmal importance (18). The loss in heavily infested fields when
uncontrolled mey range from severe, where a field is worthless, to partial
or slight, In severely infected plants an occasional plant may recover,
but a recovered plant ususlly produces small imperfectly filled heads (11).
Recovered plante mature at a later date, causing somes difficulty in harvest-
ing (13).

Control of the dissase in the East is by three methods (18): soil
disinfestation by formalin (8), very sarly or very late sowing (8, 28), and
by resistant or tolerant varieties (8, 27). ILittle or no information is
available for control of western mosaies (18). Though inactivation of in-
fested soil is hardly a control method, Johnson (7) reported that infested
201l conld be inactivated when heated between 50° and 60° C. for 10 mimtes.
Also, plant juice can be inactivated near 55° C. when heated for 10 minutes;
after 7 months in tissue frozen near -1?° C.; and in dry tissue at room
temperature after 34 to 40 days (19).

Webb et al. (27) stated in 1923 that at that time over 200 varieties
and straine were tested for resistance to recsette and only 4 per cent were
highly susceptible. O0f these 200 varieties McKinney et al. (13) drought out
the fact that a few varieties showed resistence to rosette, but 2ll varieties
were susceptible to mosaic in varying degrees. Webb et al. (loc. cit.) made
it known that control of the wvirue ig relatively simple where there are no
complications from the use of resistant varisties., 1In some areas where flag
smt is o complicating factor, Tisdale et al. (25) revorted there were
several varieties resistant to flag smut, but not so many as were resigtant
to rosette: however, the varieties resistant to both disesses were still

fewer.



MOSAIC SYMPTOMS IN BARLEY

The symptoms of mosaic in barley have a wide range which is governed
by the susceptibility of the variety, and the concentration of the inoculum.
The conditiong under which the inoculations were made, tend in many cases to
influence the rapidity with which infection talkes place, and the appearance
of the first symptoms.

In barley the symptoms will begin to appear within 6 to 8 days, pro-
viding all conditions were favorable for normal infection., The first
indication of infection is the pale-green color of the apieal leaf. Fregquent-
ly, this is in great contrast with the normal color of the remainder of the
plant., This pale-green color may spread throughout the plant (Figs. 1, 5A).
In the latter case the slight chlorosis persists until death of the plant.
Within a very few days after the first discoloration, small chlorotic fleck-
inges will appear. The flecks then elongate to form very definite stripes
(Pigs. 2, 3, 4). As the virus concentration increases within the plant,
the chlorotic stripes may become enlarged, and the entire leaf or the major
portion of the tip (Fig. 5C), then becomes necrotic. If the chlorotic to
necrotic striping fails to appear, the symptome may be more severe. This
condition is often in the form of irregular chlorotic spots or blotches that
harbor numerous tiny green islands. However, these small green islands are
soon replaced by chlorosis.

While many severely infected plants as occur under artificial inocula-
tion fail to mature, those that do reach maturity are often stunted, or fail
to head, or produce imperfectly filled heads (Fig. 1).

In the field the symptoms are not so pronounced; since, infection must

be from a source of low concentration, as would be expected if transmission



is by insect, The nznal characteristics in the field are dwarfness, wide—

)

gpread growth habit, and a mossic mottling in the upper leaves.
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Fig, 1 (Left). The healthy barley plants are about 3 weeks old, (A).
The virus diseased barley plant which is approaching maturity is stunted,
and has small, imperfectly filled heads, (B). The leaves show a vale-green

mosaic pattern.

Pig., 2 (Right). Fifteen-day-old barley plants that have become

chlorotically striped from barley mosaile,
gymptoms of infection.

The darker plants do not show
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Pig. 3 (Left). Close up of barley plants diseased with barley mosaic.

Fig. 4 (Right). Healthy young barley plants (A), as compared to barley
plants (B), which are infected with barley mosaic and are about 1 month from
maturity.
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MOSAIC SYMPIOME IN WHEAT

The same governinz factors for wheat meosaic are in effect, that were
present in the control of gymptoms in barley mosaic. Agsin, the variety is
regponsible for the segregation of sympbtoms, and ths description will be
linited %o the varieties under observatien., Iun Pawnee wheat the character-
istic symptoms differ comsiderably from those in Michigan Amber wheat, even
theugh inoculation technigues and cenditions were identical. Here agdin,
mammal ineculabtion produces distinetly different charscieristics from those
seen under field conditions.

As a result of artificial ineculation, Pawnee vhealt freouently assumes
a stunted condition with rather pr@lific.tillering. ywever, tillering is
not az prolific as is ordinarily associated with the rosette disease, and
many of the basal leaves retain a dark bluish-green color; while, the younger
leaves shov o mild mottling or mosaic (Pigs. 5 F, G).

In the fisld the diseased plant is less conspicuosus, but it can be
recognized among the healthy plants. Ia mesh cases there is but one or twe
disecased plants smong healthy ones in any given area, But ivs stunted, wide-
gpread grovth habit mekes it easily discernible. Further examination reveals
mosaic mottling of the upper leaves.

The majority of plants showing infection in the Tield will sometimes
head, though maturity mey be somewhat later than ordinarily. The concentra-
tion of virus within the plant will, ne doubt, debermine vhether the head is
imperfectly filled er not.

In definite contrast, Michigan Amber vheat when infechted by artificial
means develops a yellowish mottling in the youngest apieal leaf. With further
development the entlre plant takes on a yellovling and mottling, snd is then

ephanced by short chloretic strines, but rarsly comparsble to those of barley,
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A B C D EF G

Fig., 5. Barley and wheat leaves: A. pale-green barley mosaic in
barley. B. Barley mosaic infected barley leaf with chlorotic striping.
C, Mosaic infected barley leaf with severe necrosis. D. Healthy barley
leaf. E. Healthy wheat leaf., F, G. Wheat leaves infected with wheat mosaie.
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This variety also

wee of infected leaves,

ince this variety is a2 soft wheat, it

rbicularly adaptable

to this region; and therefore, could not be observed under field conditicuns,



MATZRIALS, !BFTODS, AND RISUITS

Yhen these investigations were begun, 50 varieties of barley plants were
available in the greenhouse ag check plants for another problem. Sinee these
plants were young and in good condition, they wers momially inoculated with
virus exvract taken from the ons diseased plant in the field., The inceculum
was preparsd from selected young lesves that showed the most obvicus symp-
toms, The barley tisesue was then thoroughly macerated by mortar and pestle.
Since a very few leaves were availsble, the volums of virus extreet was small
andé it vas diluted with an equal volume of distilled water. The pulp was.
rewoved, dubt the julce was not filbered. The use of carborundum powder as
sugzested by Rawlins and Tompkins (22) (600 gzrain silicon carbide) was dusted
on the oldest leaf of healthy plante., and the Juice was spplied fo the sur-
face of the dnsted leaf By mesns of 2 zwab. In most cases oo much carborun~
dun was azed, and it resulted in the death of the inoeculated leaf, but it did
19% hinder the eatrancs of the imsculum. In abosub 2 waek, sympitoms began %o
appear iz & of the barley varieties. Thus, the first step of the problem was
complebed, and there was now no doubt that the condition of the plant in the
fi2ld was She resuld of & virus infeection,

AF the timz the barley lesves were selechzsd in the Tield, several wheat
plants with wheat mossic were taken up in a Pall of soil and transplanted in
¢ izeh pote Tor mainbenance of fresh mesaic enltures.

Iwery day or oo, other varieties sh&weé virus symphboms until ab she end
of abeont 2 menths, szoms 30 or more varieties hod come down with the virus,
The ?éaga of symphtoms was often very imclusive, Though some warieties had
but & single sympion, others seemed to have s combirnabion of seversl which
suggashe a complax of viruses rather than a single virus as proposed by VWada

and Pakano (24). Likewise, many sympboms were comparable to those previocusly
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described by McKinney (18).

e to the high summer temperaturss, the infected varieties were re-
potted and placed oubtside the greenhouse for further observation. It was
noted sometime later that cerbtain varieties failed to reach maturity, and
some variebies failed to head.

Trom the previous experiment, it was shown that 4 of the original 50
varieties were highly susceptible to the barley virus. Therefore, these 4
varieties designsted as numbers 19, 28, 29, and 43 nersly for convenience in
writing, were selected for further study. These 4 varisties (4 pobs each)
were not seed treated, and were grown in standard greenhouse soil.l These
conditions were maintained in all further tests. Seven or sight days after
seeding, when the plants had developed 2 leaves, they were thinned to 4 plants
per pot, and inoculated with extract from carefully selected, symptomatbie
leaf tigsue from the original incculation., The method of inocculation was
repeated Just as previously described, sxcept that the Juice was not diluted,
and in addition, 1 pot of each variety was used as a earborundum check plantz,.
and 1 pot of esch variety was used as an absolute checlc..3 Extreme care was
used in handling the check plants to prevent possible transfer of the wvirus,

Juice left over from the incculation was stored under refrigeration ab
?0 C. for later tests.

Mve days after inocnlation, sympbtomg were clearly visible in 211 4

varieties, and possibly were distinguishable on the Lth day. With respect to

1 . s .
Standard is considered as two pards soil, one part ssnd, and one vart
barnyard nanure.

~ Carborundum check plant has the oldest leaf gwabbed with carborundum,
and no virus. ’

2
- Absolute check is without treatment of any kind.,



the remzinder of the test, there were no symptoms on elther the carborundum
checks or the plain checlks., It was interesting to note that all 4 varieties
ef barley showsd the same type of sympioms at the same time, and at least 75
per cent of 211l insculated plants were infected,

Further observation of these 4 varieties substantisted ths former state-
ment, and allowed for the use of the varieities interchaungeably with uniform
resulss in later work, From this peoint on, no mention is made of the parbtic—

Of particular interest was the Tact that pogssible virus symptoms hsed
begun to show on a few of the carborundum and plain check plants., This was
noted 10 days to 2 weelks later, Though the symptome seemed to indicate ine-
fection, it reguired inoculation from expressed juiece inboe healthy plants for
pesitive conclusions., After incculsbtion from the check plsnts and ipcubsiion,
the test plants came dowm with the viras, This fact proved that the check
plants were somehow infected, as well asg the mamwially ineculated ones,
Whether this was due to negligent bandling, or from an unknown sourece, was
not known. As was mentioned earliier, care was exercised %o prevent infection
gf the check p»lants; therefere, the possibllity of an insect vector ventured

inte the realm of possibility,

Isnisect Vector Testh

.

simple insect transmission test was set up., Since it is practically

5~

impossible to keew aphids out of the gresnhouse, there was an ample sourze
on hand. Due to the fact that the aphids were commen in the greeshouse, &
sapply was taken withoubt any special attempt to identify the species. The
green bugs were allowed to feed on diseased plants for 6 dsys, and at the

erd of that bime, they were placed ¢n young, healthy plants. The culturing
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of graeen bugs on disensed plants, followed by the transfer to healthy vlants,

&

was not done in the greenhouse, bubt in a building zome distance away. This

was done, in order, to exercise as much conbrol in ths experiment as possible,

Pl

One group of aphids was allowed to fead on healthy plants for 6 days before

removal, and anobher group fed on healthy plants for s month., During the
long feeding period, 1t was necessary to reduece the inzsct population for
survival of the plants, After the sphids were removed from both groups of

-3

plants, they were under close ruting for 2 or 9 weeks, The resulbts of both

o]
e

groups ware negative. This rather lusignificant vector sxperiment was not
undertaken as a major problem of this thesis, but it was conducted in the
hove that the discovery of a vector might be as simple as the experiment; or

possibly, to discover the vector by sheer chance.
8601l Vector Test

To shed further light on a possible vector, several diseased pots of
barley were selected. The choosing of these particular pots was based on the
fact that the plants were obviously diseased, and had been grewing in the
sane 801l without repotting for well over a month, Therefeore, 10 darley

>

soeds were planted in a circle aboul the disessed plants approximately % ineh
from the edge of the pot, and ¢ to % ineh deep., The young plants grew to
maturity and showed no symptoms of mesalc irrespective of the fact that the
original diseased plants died long before the experiment was concluded. The
results of all plants in a5ll pols were negative,

Here again, this'test wag not accepted as positive proof that the causal
agent is not soil-borne.

In anocther test for a soll-borne vector, soil had been carefully saved

from vots in which diseased barley plants had grown a1l summer. This geil
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was diluted 50 per cent with soil which had not been exposed to diseased
plants.

The mixed soil was placed in a large 8 ineh erock, and about 20 barley
sceds were egquelly spaced over the ecoil surfacs. They were then coversd a
a depth of approximaiely 2 inch. Ab maturibty there was no symphom of ths
virus in sny plant, he same experiment was dupliceted with Pavnee wheat In

soil fyoem disecased barley plants with the sawe results,

Vector Test of Mosaic Infested Soil from ous of State

meat mosaic infested seil from Clemason, Soubh Carelins and Statesvills,
Worth Carolins (3% qts. from each) was received from Dr. MeKimney for soile
borue tests in Oklahoma. In addition 2 variebties of wheab, lHichigan Amber
and Asd Minter speld which are highly susceptible were alse received. Zach
nogt varisty was planted ab the recommended dats of planiing for Oklahons
a 10 seeds per pot svvwa in s elircle,

(0et. 10-15) in four 6 imeh pots wikl

Baeh pot contained half Qklzliems s0il and kslf mesaic fnfested soll with

R

infes*%;e& 5531 on tep. In additlon %o Michigan Awber and Red Vinter spelt,
seversl pots of Pamee whea apd Yariey vers subjeebed %o the same soils,
Das 4o the fact thet check plants occasionnlly hecame infected, ib was neces-
827y ¢ provides insect prosf cages oubside the greenhinuse for absolute conbrol
of vots with ixfested s0il as well as thuse for checks, After sesding, the
pote were placed in cages where sesdlings vere freguenily protected by 10 per
eent B D B, sulphur dust znd nicobine sulphate cpray.

An attempt was made to msindain the temperabure in the greesmhouse during
the vinber months between 60° and 85° F. Actually the tempereture fluctuated
considerably on hoth gides of thie range. Shortly alter bringing the planis

into the greenhouse congtant terperature recording ceased. In the greeniicuse,



under warner bemperatures, the plants Look on nsw growbh., At the end of 3

weeks mosalc sympiomsg were showing on Michigan fmber and Bad Winbter speid,
buk not on FPawnes wheat nor dbarley. Ab the time of this writing, some 3

A

months later, eymphboms have s4ill ned appeared in Pawnes wheat or bariey.

If Pawase wheal and barley fall to beconms infected, it would sesm that under

) 1

heze condltionsg the szoll-Dorane viruses from the Carclinas de not appear o

(el

k)

he the same as thase in Cklahoma.

5

According to MeKinrey {(19) in 1044 certalu varietises of wheal mosale

lose their infectivity with enlture trangfer. Likewise, certain varieties
of wvheal nosalic become inactivated from high summer temperatures. This fact
is an important means of variebal separatian.. fhus, o running temperature
log was kept in the greenhouse by thermograph during the summer and winter

months, This data appears in Figure 6.

95
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Fig, 6. Average greenhouse btemperature in F. over a period of 9 months,
Theze temneratures were rTecorded by thermograph. The dsily average was from
6100 a.m. to 6300 p.w. and the nightly average was from 6:00 p.m. until 6:00
e 18,

In addition, with the approach of summer months when wheat can not be
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diseased leaf tissue, and cubtbing i% into 1 inch lengths, The tissue was

wrapped in gause, and then placad in a ragular desiceator coutaining ealcium
chloride, The tissue was under desiccation from 14 to 21 days at 70 C. At
the end of this peried it was removed from the desiceator, and placed in a
small bottle which alse contained calcium chleride, Then, the bottle was

d

o \ . o
stored at 77 C. over the suwmner months. Diseased tiszue from both vwheat and

barley was prepared in this mannsr,
Transmigsion of Barley Mosaic into Wheat

Thus far, the experimental work has been centersd aboul virus trang-
migsion inbo barley, but several Lests were conducted whersby the barley
viros was inceunlated inbo wheat., Ia persvmal correspondence Dr. MNeKimney
pointed cut that beth Michigen Amber and Red Winter gpelt wheat are highly

susceptible teo wheat mosale, Pownee wheat from this section is alse suscep-

€\"’

;‘

nee

P

title. Therefore, s hese varieties have already besn proved to be

sngceptible to wheat mosaic, they were tes@ed to ascertaln thelr susceptibility
te barley meosaie, This inceulation was Eeg;n,when plants had developed two
leaves {about 8 days 0id) as previously described, bub with this modifications
carborundum was thorsughly mixed with the virus exbtract rather tbhan being
applied directly to the leaves. Inoculation was then accomplished by strip-

ping the oldest lea ee between the fingers. In esarlier inoculations it was

found unnecessary to use both carberundum and plain checksy g0 control plants



wne of carvorundom.  AfGer 10

Lng somewhatb
wnee, severs chloresis woe Observed on
eacly dsath of that portion of the

zevars effect on the other 2 wvarietien.

. ,
& NPV . - . 4 -
1t asz compared e vheal me

viruses are possibly not the same.

remsined free from iwfection, o grest desl of signl-
his experiment.
Since an aceasioral conbrsl plant Decomes infected, o faw seedlings

of the wheat, oat, and barley varieties wers grown in insect preef cagoes

Ho infection developed on any of these seedlings,

Since barley mosaic extract wag left over from the wheat varietal
inoculstions, it was used to inoculate several 6-day-old barley plants and

~

everal ll-day—old plants On the 6th day the youngest leaf was just be-

el

rinning o protrude while 1l-day-old plants had 2 or more well develeped

Fa

inch from

B

leaves. Inoculation was done by clipping off the oldest leaves

the tip and merely inserting the cut edge of the leaf inta the viruvs Julce

for 3 to 5 seconds., Infection developed in both age groups 7 days later.
This best illustrates the ease and varliasbility of vlante in which infection

can 6Cour.

Miscellansous Ineculations

Afte

D

r barley mosalc extract had been under vefrigeration for months

Lad
[

ab 7 Coy it wos diluted with an equal amount of digtilled water to increase

¥

Grniod

its volume. Immediately following dilution 16 pets of barley were inoculated

Yy the extract-carborundum stripping methed., Fellowing an ample incubation



period, infection failed %o appear, indicabting inactivaltion of the virus
from either lengbh of storage or the fact that the virus was in liguid
guspension.

iiot being able 1o keep wheat mosale in eculture during the hot summer
monthe necessitated the preservation by desiccation of &iseased wheat leaf
tissue, and diseased barley leaf tissue for comparisen. After storage for
3 menths at 7@ G. and the begluning of coocler weather, incculations on wheat
were vesumed, Inoculum from both Pavnee wheat and barley was prepared by
grinding the leaf tissue in mortar and pestle with 10 ce. of phoegphate duffer
solution (23). Immedistely after preparation, 16 pots of ll-day-old Pawmee
wheat were inoculated with wheat mosaic extract, and 16 pots of ll-day-old
barley were inoculated with barley nosslc extract by the carborundum=-strippiag
method., In this case ne check plantis were set aside, because there ware
mumereus healthy plants of all age-groups available.

The results were negative with the barlsy desiccate, and only one wheatl
plant ever developsd infection. Since the purpess of this experiment was to
oversomaer the wheat mossic virus, its recovery in but 2 single plant was
ingufficient as & source of imocuwlum. Therefore, a live culture had %o de
obtained fror Dr. McEinney at Belbsville, Maryland.

in the meantime, Michigan Amber wheat was planted and was ready for
inoculation wpon arrival of the culturs. This inoculation preved effective,
but enly about 50 per eent of the plants were infected. Inoculum was
immediately obtained and increased on more Michigan Amber, but again the
infection percentage in wheat frem wheat mosaic was nobt as high as for barley
inoculated with barley mosaic: thus indicating once again the possible

difference between the twoe viruses,
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Differential Host Tests

In 1044 McKimney (19) reported that wheat rm’.:sa,i;::l"L infected many hosts

among which were Zes mays, variety Golden Gilant sugsr, Triticum aestivum,

varieties Harvest Queen and Turkey, and Avenz sativa, variety Victoria. BSeed

of thess ceresls were oblanined for differential testings.

Four 6 inch pots with 6 to 8 fifteen~day-old Golden Giant sugar corn
plants were inoculzted with desiccabsd wheat mosaic by the carborundum—
stripping method with negative results, Check plants were also negative.

Thirty 4 inch pots with 2 to 4 Golden Giant sugar coern plants per pot
that were 4 inches to 1 foet high were inoculated with fresh barley mosaie
extract by the pin point method.s Several plants appeared to be infected,
but pesitive results could not be ascertained, The experiment was repeated
with equally indeterminate results.

Victoris oats were inoculsted by the carborundum methed with fresh
barley virus Juice on two occasions with negative results. Also, diluted
extract was poured on the soil of several pots of Viectoria ocats with nega-
tive results, \

Turkey and Harvest Queen wheat were inoculated by carberundum method
with weak to mild susceptibility and results. Alsc dilubed exbract was
poured on the soil of several pots with negative resulis.

The wvalue of these differential tests points out that barley mosaic

does not appear to give clearly recognizable infection in Zes mays as does

. ; . . N
¥ MeKinney stated that the wheat mosaic sent to hinm from Stillwater
probably was Marmor virgabtum,

5 Consists of placing a drop of virus juice from = pipette at the ligule
of the cldest leaf and making 15 - 20 punctures through the drop with a fine
peint, preferably an insect meunting pin.



wheat mosaic, nor doss barlsy mosaic give comparable resulbs in Harvesd

Queen and Turkey wheabs.
Elfscl of Tamperature and Dilutieon with Darisy Mosaic

Turo experiments were set vp for barley inocenlation with freszh unfiltered

p.
«-

. \ © . .
barley virus, one at 707 F., and the other at 930 B, in combinstion w;

a4

gxtract dilubi

L’f
g-r-

ions., Hach test consisted of 20 potg of young barley vlan
with 4 te & plants psr vobt. In both cases inoculation was by the carborundum-
gtripping method whers ons grouw of plants was inccuvlated ab 93 ®yy and
held at thal temperabture for 24 hours., Fach group of 20 pots was divided

into 4 sactions of 5 pots per sechtion for dilutions. A large volume of
extract was expressed from dlseased tiesue in 2 ce. of digtilled water, and

thiz procedure was repeated uabtil 8 cc. of exiraet was obbainsd,  The wvirus

Juice was then divided into 4 paris of 2 co. each foy the 2 experiments,
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]

. / .
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are snown in Table 1 and 2. Ths higher tenper-

abure bt 22 cc., dilubiocn obvicusly zives a higher percentage of infsetion

whils the concentrated virus at either Semperature gives poor results.

12 se. dilution was preferved from an ease of working sbandpcint,
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TABLE l.-=Infectivity of barley mosaic in barley at 706 F. with dilutions
as shown below,

N R R AT A T N R R e N S R ey, 2 e
Virus extract dilution Infected plants Healthy plants
2 ce. (concentrated virus) 1 27

Do 4 10 cc. of distilled water 3 20

Do 4 20 de 7 16

Do 4 30 do 3 19

TABLE 2.--Infectivity of barley mosale in barley at 93° F. with dilu-
tions as shown below.

Virus extract dilution Infected plants fisalthy plants
2 ec. (concentrated virus) 3 23

Ds # 10 ec. of distilled water 1 10

Do £ 20 do 19 7

Do 4 30 do 8 18

Dilution Znd Points for theat and Barley Mesale

Dilution of viruvs julece for moxirmum infectien sheds very little or no
light on the dilution end pointe. Thus, the reason for thie following twe
experiments. Twenty-four pots of Michigan Ambder in U groups of 6 pots each
were lnoculated at 93o C. at the following dilutiomst 2 ce. of concentrated
extract, 1 ce. of concentrate £ 9 cc. of distilled water (designated as “AY),
1 ec. of A% £ 9 ce. of distilled water - ¥3%, 1 cc. of "B® £ 9 ge. of dis~
$illed water. At these concentrstions high percentage infechbion appearsd ab
all dilutions, the maximum of which was 13 1000, indicating of course that

the @¢ilution end point is beyond 1 part virus infected Jjuice to 1000 paris



of distilled wabter. Actuslly, there is 1little need to carry dilutions
beyond this point because end points vary according to the original cone
centration of virus., Determinstions of the eriginal concenbtrstion can be
done by Kjeldahl nitrogen measurements. This calls for elaberate equipment
not available in this department., Results are summarized in Table 3,

The same method wag employed with barley mosaic except that the dilu-
tion was carried ouvt 1 step farther in hopes of a difference in end points.
Infection appeared at a dilutien of I 100, but not at 1l: 1000 or above.
Analysis of these differences under the conditions of this experiment suggests
either a physical property difference or a difference in virus concentration

of the orizinal solution or both., IData of this test are shown in Talle U,

TABLE 3.-=Dilutien end point of wheat mosaic extract.

Tilution by distilled water Infection ¥on-infection
Full strength rositive —
1: 10 Do —
1: 100 Do ——
1: 1000 Do —

TABLE &, -=Dilution end point of barley mosaic exbract.

Dilution by distilled water Infection Hon-infection
Faull strength positive o
13 10 Do ~———
1: 100 Do —
1: 1000 —— —




Thermal Inactivation of Wheat and Barley Virus Extract

Ho data are avallable on the thermal inactivation of infected barley

fuice, However, McKinney {(19) in 1944 reported insctivation of wheat mozaic
<. -

juice tc be near 55° C. after 10 mirmute subjection. Therefore, a test was
designed in 2 parts for comparison with MceHinney's data. To obtain thege

results 9 pots of barley averaging 10 plants per pot were inoculated, 3 at

o (&}

507 ¢,, 60° C., and ?O° Coy by carbormdum—stripeing., While the plants for
incculation were held st 930 €., the juice was prepared in the following
manners diseased barley tissne was ground in 2 ce. of distilled waber, and
diluted with 10 cec. of distilled water. The solution was not filtered;
however, the.pulp was removed. IHext, the solution was placed in a small
beaker and suspended in a wabter bath that was being held at 500 C. (within
1% 4 or = ) for 10 minutes.

S8inece a constant temperature bath was not available, a bath was impro—
vigsed, This was done by using a large pan of watera which was heated by a
bunsen burner., A centigrade thermometer wag suspended in the water near the
beaker for the temperature readings. The same method was employed for all
10 degree temperature changes. Following each treatment, the inoculation was
performed as vpreviously mentioned. With completion of the above test the

same sequence was repeated for wheat mosaic, and the results of both experi-

ments are presented in Tables 5 and 6.

8 larger the volume, the easier the bemperature control.
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TABLE &, ~=Thermal inschtivebion of barley wirus Juice.

Temperature Degres of infection Hon-infection

el @

50 G, Bevere —

6o§' Ce Mild ——

70" ¢, -— Hone
TABLE 6,==Thermal inactivation of vheat virus juice.

Temperature Begree of infection Hon-infection

o ,

20, G Severe —

600 c. Do ———

707 C. Do ——

. - . . o .
In the case of ssvere infection of wheat mosaic at 70° £, in Tadble 6,

(&)

it should be explained that only one plant out of thirty developed symptoms,
Due to the fact that space was inadegusbe for keeping all experiments in
insect proof chambers, the one diseased plant may be the result of an unkuown
vector, But the fact, that the infection in barley was mild at 60° C. and

gevere in vheat at that temperature geems to indicate once again the mere

probable difference bebtween the two viruses,
PE Range of Infectivity for Vheabt and Barley Mosailc

The final experiment for comparison was for the range of pH infectivity.
In this case btitration was done with .1 N sodium hydroxide and 10¢ acetic
acid over a pE range of 1.85 te 11.85. Since this type of experiment is

time~consuning, it was not possidle to run tests for both viruses in the
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same day. This meant that the Beeckman pH meter had to be ealibrabed for

room temperature on two separate occasions. Before using the pH meter the
barley virus extract was expressed in 2 cc. of distilled water and dilubed
with 10 cec. of distilled water. This extraction gave a pH reading of 5.85,
which was approximately the same as the wheat virus., Bach successive extrac—
tion was varied one unit from the previous reading wuntil the indicated range
wag covered. The barley virus at each pH change was transmitted into 2 pots
of barley and 2 pots of wheat averaging 8-10 plants per pot. The plants wers
then held at 930 C. for 24 hours before being taken to the greenhouse., The
samne technique was followed for the transfer of wheat mosaic inte barlsy and
wheat. Summarization appears in tabular form in Tables 7 and 8.

PABLE 7.-=-Range of infectivity in wheat and barley seedlings by pH
changes in expressed juice from mosaic infected barley leaves.

55

|
|

o wegre e

Barley mogaice

Wheat Barley
H Ho. infected Healthy Wo. infected Healthy
1.85 0 16 0 1%
2.85 0 18 1 13
2.85 2 16 6 10
L, 85 19 1 17 0
5.85 18 0 153 0
6.85 17 0 18 0
7.85 18 0 14 L
8.90 17 1 16 1
9.85 7 10 13 4
10.85 0 18 0 18
11.85 0 19 3 13

Realizing that symptoms alone are often mislesding the 3 infected barley
plants at a pH of 11.85 may be in error. Iikewise, one infected barley plant

2t a U of 2.85 is doubiful, but there is a significant differepnce in suscep-



$ibility at 3.85 and 9.85. Alse, it was inferesting to note that symptoms
from barley mosaic appeared in barley before symptems were observed in vheat

at 4,85 and 5.85.

TABLY 8,-~Range of infectivity in wheat and barley ssedlings by pH
changes in expressed Juice from mosaic infected wheat leaves.

A e R M AN S g T e,
R SR I R == Bt s T et s =roerae =]

Vhest mosaic

Wheat ‘ Barley
pH Ho., infected Healthy o, infected Healthy
1.85 _ C 21 0 12
2.85 0 19 0 15
3.85 2 18 Q 15
L, 85 17 0 3 15
5.85 18 0 5 9
6.85 21 1 15 b
785 16 0 7 10
8,85 i3 Ly 5 13
9.85 16 2 1 18
10.85 0 17 0 17
11.85 0 21 0 17

These data show a consisbant trend for lses susceptibility in barley
than in wheat when infected with wheat mosaie., Also, the symptoms appeared

first in vheat and later in barley at a pH of 5.85 and 6.85.
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DISCUSSION

is unusnal that a single virus diseaced barley plant could glve rise
extensive investigation, not oniy for its own physiecal properties,

comparisons betwesn two hosts, On this basis it was earnestly en-
to distinguish between vheat mosaic and barley mosaic, or to prove
and the same. It was 2 nstural, so to speak, in the way of a
problen for these reasons!? (1) the virus host was barley which can

igh summer temperatures, (2) the virus was not inacti-

during the higl
high summer temperatures, (3) it could be readily transmitted by
joice, (4) it can be cultured indefinitely without loss of infec-—
(5) masking of symptoms is not pronounced at high temperatures on
susceptible varieties, and (6) fifty varieties of barley were at a

e age for infection when thege researches were begun,

ce only one barley plant was known to be diseased, there has been

congiderable speculation about whether it will reappear in the field or

vhether
the viru

distinet

that either virus will

o

3

[}

Tiruses.

the experimsnts the

it was just a freak of nature. In either event it seems logiecal thatb
s was btransmitted as wheat mossaic or a mutation, thus becoming a
1y separate virus. Both conditions are plausible, due te the fach,

infeet the two hosts, wheat and barley. Fromw the data
writer leans toward the supposition of different

Though the viruses are undoubtedly closely related as a result of

common origin, barley mogaic seems to be somewhat betbter adapted to barley

than is wheat mosaic.

come, it

twe viru

If barley mosaic conbtimues to appear in the years to

s evolubionary change may result in a greater separabion between the

SE8.

At present in Oklshoms, it is not known how mosaic menages to over—

summer,

Yet, it is known that there are native grasses in this ares which
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harber virus. Whether this is a source for reinfection, is likeswise unknown,
Still, alternate grass hosts seem to be a good possibility, especially since
mach experimentation discourages all but the insect vector.

In viewing sgome 35 virus infected barley varieties, one can not avoid
noticing similar gympioms in various cowmbinations and varieties. This fact
could easily infer that a single virus was not isolabed, Dut rather, a com—
posite of twe or mors. & determination of thisg type lies beyend the scope
of this paper, and is presented only for consideraticn. Vhen nany varieties
are infected by a virus, the resulting reactions can be accounted for by

arietal differences; but if there is a composite of viruses, it seems logical
to surmise that segregation will occur in certain varieties; thus, accounting
for different incubation periods, virus combinations, anﬂ's?mptams.

ith regard to high summer temperatures, magking of virus symptoms
frequently presents a serions handicap. For instance, a variety may be
obviously infected, but with o steady rise in temperaturs, as msnifested in
summer, bthe symptoms gradually disappear. In this condition the plant is
actually a carrier, that reiterates virus symptoms with the appreach of lower
over-all femperatures. Up Te & given point, the lower the temperature, the
more severe the symptoms. At its meximum the virulence is ultimately limited
by varietal susceptibility. Conseguently, many diseased planbs escape detee=-
tion through masking.

The insect transmission trial produced negative results, but certainly
did not prove thet an insect is not a vector. The fact that check plants
occasiconally develop infection, intimates that the caugal agent may be insect=-
borne. At any rate, this preliminsry experiment has led to a much more
thorough approach in the way of a separate problem and an exbensive investi-

gation ig currently in progress.



thy infeetion takes place at one time and not at ancther, ﬁhen conditions
appear to be identiecal, is 2 mosd perplexihg problem., Boually baffligg, is
the difference in per cent of infsection from time te time undsr similay
circumsbances. In culburing barley moasaic 100 per cent infection was not
uncomion, but infeetion in the calturing of whent mosaic was rarely, if ever,
100 per cent, ¥o doubt, the answer can be summed up by physiclogieal differ-
ences within the plant, bub that sheds no light on the cause, This difference

makes it @ifficult to evaluate Aiffersntial inscculations, Hence, an inccula-—

s

tion may have to be repested many times before infection cecurs., The big
guaesbion is where 1o gbtop before assuming that a plant is not susceptible,

4

Therefore, the fact that Zem mays L. and Victoris oats were net infected by

barisy mqsaic, in conbtrast to wheab mosalc, is not conclucive procf t@at
infeetion could net take place. Consequently, 1t ¢nly ¥ends ts indicatz a
grence between the btwo viruses,

For some btime virus research has been on a cooperative basis, with free
gxchange of materials. Samples of wheat mosalc sent to Ir. MeXinney were
tentatively identified by him as Marmor wirgatum, and on ths basis of proper-
tiss as obssrved abt $3illwotsr this identification was verified, Also, he
sbabted that barley moszsaic had certain properties in common with Marmor

virsatum; yet, it possibly was a different virus. As a result of tests ab

Stillvater, bthab possibility is subetantisisad.

l-'-“l

gippi river produced infec-

Missl

w2

Hosaie infested soil from sast ¢f the

ions. However, soil west

[N
e

tion in vheat under Oklahoma environmenbal cond
of the river is not known to produce infection. This mesus that the mechanism

&

for infeetion is something within the soil proper, rabther than environmental.
The factor within the soil which allows for transmission may be the result of

emstern environmensal conditiens, but there seems to be litbtle information
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regording this phenomenon.
In the dbegimning, culture of the barley virus was aided materizlly by

natural conditions., Since a higher

kol

ercentage of infection was obtained at
.-O ] B ~\ % . 1 2 X
temperatures near 93 #. (Table 2}, the het suommer weasther played an imporbtant

and faverable part. Likewise, the fact that extraction of purs virve Jjuice

vields such a small velume, it was necsssary to dilute it slightly for
sufficient solution with which to werk, Dilubting 2 to 3 co. of extract with

10

ot

o 20 ce, of distilled water geve maximom infection ag shown in Table 2.
Thus, high sunmer temperatures and reguived dilution were factors of necessity,

that later experinentation proved most satisfactory.



UMMARY

In the spring of 1948 2 sivgle barley plant was found nesr Stillwyater,
Oklahowa, bhat appeared to be infeected with a virus disesse. Juice was

Ei

expregsed from thie one barley plent and wenmuslly inceunlsted into 30 wvarieties
of Darley. Over balf of theze varietiss developed symploms that resembled
te some degree, thoss geen on ths original host plant,

The history of uwheat and berley mosaic is revieswed asg it ocours in or
abeat Stilluwster, tegsther with descriptions of gympleoms of wheat wosaie in
whest, and barley nogaie in barley. Theugh, it is possible te infset either
host with either virus, no attempt has been made te distinguish betveen
viruseg on the basis of minute syuptom differences,

Becauss of irregularity in occurvenc nl the searcidy of infected plants,

.

whenb moassic accounts for no zppreciables loss in Oklahoma., As a resuli, ne

contrel nesgsures are in effect, In event of an increase in prevalence and
severity, control wounld net dbe a majer problem, dbecause there are meny vari-
stieg of wheat that are registant or partly resisbant o mosalc.

A degoription is given of the teechnicoue emplayed for manual incculation
with carboruvndum and virus extrsct. Alsc it was found that infection could

be sided by dilutien of virzus extract (1 part virug Juice to parts digtillied
£

water) snd inoculsztion st Inocnlsted plants remained

ab bhot bemperature about

caleium ehloride and held wunder refrigeratien abovt 3 months., The barley
desiceated tlssne failed te produce infection when insceulated into barley,

aud the wheat desicceated material produced very mild infection when incenlated

into whest.

Mo infection ceccurred in barley from barley virts Julce that had been
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under refrigeration for 3% months.

Barley virus juice failed to produce infection when poured on soil
growing oat and wheat seedlings.

Yhen sastern wheats were grown at Stillwaber in wheat mosale infested
seil from North and South Carelina, they became infected, whereas barley and
Pawnes wheat from this ares failed to produce symptoms, Unforbunately, the
same experiment was not duplicated in North and South Carelina., As & resnltd
it wonld seem that envirommental conditions in (Oklahomz are not a limiting
factoer for soil-borne infection.

It is knoun that wheat mosalic ig¢ not seed-borne, either sast of the
Mississippl river or west of it. Hhile, i% is scil-borne sast of the
Mississippi river; it does not appear to be soil-borne in (klah¢ma. Such
tests as were and are being carried out at S$tillwater with insects, heve not
shed any light on the vector problem. However, the ever accusing finger
pergistantly points towards an insect vector.

{n the basis of, and under the @revaiiing conditions of experiments as
conducted at Stillwater, wheat mosalc and barley mosalc do not appear to be
the same virus. In spite of the fact that the two viruses infeect sither host
and are Aifficult or impossible to distinguish on the bagis of gymptoms, each
virus tends to be better adapted to its respective host, Por instance, barley
nosaic in spelt was much more virulent than wheat mosaic in gpelt, also
percentage of infection in barley from inoculation with the barley virus is,
for the moeb part, consistantly higher than wheat mosaic in wheat, In additien
when beoth hosts are inoculated with the sawe virus, symptoms regularly appear
somewhat sooner on the host to which the virus is more adepited., Furthermors,
differential ineculations with barley meosalc failed to infect corn, eats and

produced peor results in Turkey and Harvest Oneen wheats. The previously



méntianed facts are in opposition to wheat mosaic,

Thne difference in end point dilutions between the twe viruses nay
indicate 2 difference of the viruses, but there zre to0 many variables in
dilubions for this to be acceptad ag relisble datum.

Thermal inactivation indicated that barlsy mesaic extraect ls somevhat
1ees tolsrant of high tewmperatures than is wheat mossie,.

Yhen extracted julce from barley mosaic tissue is subjected to changes
in pH, there is little difference in susceptibility of wheat and barley.
However, there is = perceptible difference when wheat mosaic extract undevr-
goes pH changes. In the latter case infection in wheat was consideradbly

highew,

“

e

sgrite the obvious differences between the two mogaics, they are
undoubtedly very closely related; therefore, experimenial resultes show

similarities as well as differences.
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