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Abstract:

From the foregoing discussion, it would appear that the viruses of bean are of different types and
possibly of different intensities, as their reactions on the plants of the same species of Phaseolus, was
quite diversified. Some types proved more virulent than others to the same selections of the Great
Northern bean. The bean may have built up a resistance to one type while it is susceptible to all other
types, or it may have a resistance to all types.

The sterile pot label and swab method of inoculation of the plant to be infected, is one of the surest
methods. The workers' hands do not come in contact with the diseased plant or the healthy plant
therefore there is little chance of careless transfer of the disease. The leaves can be gently rubbed or
injured with the swab, so a, technique of inoculating can be easily gained.

The mosaic disease of bean may vary with environmental conditions, as the winter inoculations were
not as successful as the spring inoculations? Although the yellow veinbanding is a symptom of spray
injury, it appears in the field in isolated cases. This symptom could not be transmitted to other plants
through inoculation processes. It is probably an abnormality, the cause of which is not determined.

The clearing of the veins is an early symptom of mosaoc of Solan-aceae, sugar beet, and aster, but it is
not transmitted from bean plant to bean plant? This clearing of the veins is either the symptom of an
abnormal form of bean plant or of a weakened form of virus, that is not in a great enough quantity or in
a virulent enough stage to produce mosaic symptoms through inoculation.

The different types of mosaic as demonstrated by the different patterns of the symptoms, can be either
of four different pure types or as compound symptoms? The compound symptoms of the disease were
more virulent as a group than the pure symptoms of the disease. The virulence of the complex
symptoms, were retained longer than the pure symptoms in infected juice.

The virus is not inactivated through drying for five months as dried material is as virulent as the fresh
material.

The germination of the seeds was not low due to the presence of virus within the seed, but rather
because of the imperviousness of the seed coat to water. A germination test is no indication of the
presence of virus within the seed.

The seeds from virus plants, when allowed to remain in storage for five years, produced plants which
showed no symptoms of disease.

The environment of the greenhouse tends to bring out a degenerate form of virus in the secondary
growth of the diseased plant, characterized by a slight rugosity and fine uniform mottling.

The Ring spot of alfalfa transfered to the bean plants in a slightly different type symptom than any of



the symptoms of the mosaic disease of bean, and very much different from the inoculum, It would not
transfer to the tobacco or to the sweet clover.

The tobacco appeared to be susceptible to only one type out of six (6) of the viruses of the bean. It
produced yellow lesions at the base of each injured hair for two types but only one multiplied enough
in the tobacco plant to be transfered back to the bean. The symptoms gradually disappeared in the
tobacco. The disease probably transfered over to the tobacco but was unable to multiply there as it
should, and soon died out* The optimum time for successful inoculations for Phaseolus is in the first
compound, leaf stage, just as the second compound leaf appears and before it has unfolded. This is true
of artificial as well as natural infection. Symptoms of mosaic usually appeared within fifteen (15) days
after inoculation.

The disease may be transfered in the earlier stages through rough handling in the field during the
processes of roguing. Great care should be exercised in the field especially if the plants are young.
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,,SYMPTGMATOLOGY'AND TRANSMISSIBILITY OF THE MOSAIC

~ DISEASE OF GREAT NOTHERN BEAN

INTRODU.CTION

"Many of the common diseases both of plants and of animals are
attributable to agents ecalled filter passing viruses."™ Caldwell (8).
The filterability of the principle causing bean mosaic, is an

accepted fact. The caugative agent is debagtable, and little under=

.steod. It is know that the disease will tramnsfer from plant to plant

in the same species, but the scope of the field of transfer is not known,
even within the Leguminosaes

The tobacco viroses have been found to be of more than one kinde

This has not been ascertained of the mosaic of Phaseoluss,

The investigations repépted in this paper were earried on to deter-

mine the transmissibility of the mosaic of Phaseolus vu;garis Lo %o
other mambers_of the same species, as well as to other members of the
Leguminosae, Solanaceae, Compositae, and Oxalidaceae; Further.study was
made of the symptoms of the disease in comparing them with the symptoms

of a degenerate nature. Symptomatology was studied in an attempt to

disecover if the mosaic of bean was of more than one kind. An attempt

was made to inoculate the ring spot of the alfalfa to the bean, as
well as to other plants;
Studies were made of the longevityiof the virus in the seed and in

the extract from dried mosaiec material,.
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ihe percentage of %he germination of the bean seed was very lowe
A study was made to;deﬁaﬁmine ﬁhé faétﬁf causing this low geﬁmination
and its relation to virus contained in the seedo
HISTORICAL.

Early‘ﬁ&stppy

According to Nélson (35§; Mayer in 1886 discovered an infectious

disease of tobacco, which he nemed Mosaikkrankheits Iwanowski in 1894

by using porcelain bacterial filbters demonstrated the presence of the

filterable virus as the causative ggenf, thereby increasing the interest

in, as well as the knowledge of the disease, and Beij%%inck in 1899

confirmed the filterability of the disease.
 Kllard (2} demonstrated that the causative organism.wés not an
oxidizing eniyme as alleged by .Woods (48) as he could destroy either

one without harming the other.

_ , Trensmigssion
. Go Pe Clinton:{10) demonstrated the trensmissability of the tomato
virus to the tobacco and from the tobaeco to the tomatos Jagger (23)

demonstrated that infection did not occur through diseased soil, Doo-

; Little (12) ineriminated the gucumber,beetle with the transmission of

the infeetious mosaic disease of cucumber. Stewart and Reddick (46)

succesgsfully transfered the mosaic to heal%hy plants by rubbing the

" leaves of the young hean seedlings with diseased leaves. Jagger (24)

succesafully demonstrated the non-specificity of the‘cucumher virus

by transmitting it to closely related families of the ordér Gampanula’Leé;




and to one species each of Compositae and Iobeliaceae. He reimocu-
lated the cucumber from the resultingﬂdiseased plants. However,
Doolittle (13) was unsuccessful in his attempts to transfer the disessse

from other plants to the cucumber or wifh the one exception of Martynia,

" from a eucumber to other plants. MeClintock (50) demonstratéd that

Lima Bean mosalc was transmitted through the Seed, as-he obtained dig=
eased plants on 3011 that had nct previously been crspped with beans.

Melhus (52) found mosaic to carry over the w1nter, in the wild perenial

: Solanumo It was transferred to the healthy commerclal solanaceous

plants in the sprlng by 1nsectso‘ Ghardon (8) proved the ability of the

',Aghis maides in transmititing the mosaie of sugar cane to‘healthy plantse

Doolittle (13) found the juice from mosaic cugumbér to be infective, for
only twenty-four to forty-eight hours; while fbrpéw fl?) found the juice
of mosaic tobacco to sgtill be infeétiva after seveial years when kebt
in a jar in the greenhouse. ?ierce and Hungerford (56) féund the mosaic
to remain active in bean seed for thirty‘years; although Duggar (14)
through protein tests oh7the virus peinted out fhg possibility of the
a&sérption ang iﬁactivation of the virus through stdxaga protein, He
found the protein in the bean seed to bévpoisonous to the virus in conw
centrated amounts§ but not in the amount fonnd‘in the seed, |
Fajardo (16) studied the mode of tremsmission of the bean virug
through the seed, He used.sﬁifaee steriiizatidn of the seeds, both
with and without the seed coats and found-that the mosaic had not been

killedo No infeetion was obtained when seeds were soaked in diseased
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juices As he found the greatest percentage of spread to be through
the seed, he concluded that the virus was concentrated in the embryo
of the seedo

Although MeClintock (30) demonstrated that Lima Bean mosaic

is primarily trensmitted through the seed, the disease spreads after

it gets into a field, Studies were made on the mode of transmission.
and on the possibility of the viruses being,bf different stréingo |
MeClintock (50) demonstratea that mosaic is held over in the seed and
infection can start from there. 'Jaggef (23) Qemoﬁstrgted that the

foliage and not the roots had Yo be in contact and injﬁred.for the

transference of the filterable virus of cucumber mosaic., Doolittle

(12) attempted several types of inoculatioﬁs on cucumber. Irom insect
transference he gained one hundred per cent infection, from direct ino-
culation’ of torn diseased plant éo injured healthy; he gained seventy-
nine per cént'infectiono Stewart and Reddick (46) successfully inom '
culated.plants.by rubbing healthy bean seedlingé with crushed mosaie
diseased leaves. In 1919 they fufther ascertained that infeetiop is
more sure when the plants are in the first leaf stégeo Fernow (17}
crushed Fhe fresh mosaic material in his hand and rubbed thé underside
of healphy juvenile leaves&l This necessitgted the waghing of the hands
after eéch inoculgtion. Rubber glqyes.wefe thén used, but proved
unsatisfactofya Two pairs.of forceps Wére ﬁsé&‘as they could be flamed

between each inocuiation; These proved the most suécdessful. Grafting




and splints he also found to be unsuccessful. Pierce and Hnngerford
(37) pricked through the inoculnm; but found‘this inferior to the
method of rﬁbbing the juvenile leaves with the inoculum. Burnett and
Jones (6) supported the juvenile leaveé With.a sterile pot label
while fhey rubbed the top with a.piece of sterilized cotton that had
been previously dipped in the infected juice., The pot label and ab-
sorbent cotéoﬁ was éhanged for each inoculation. The hands were thor-
oughly washed after each inoculation. Aamodifica#ioh of the method
and the one used in this work was deséribed by Jones (25) in which he

replaced the absorbent cotton with smell swabs.

Symptom,

Various studies have been made of'the virus disease of bean to de-
termiﬁevif it is of one strain or of meny strains. Fernow (17) fbund :
thét mosaic sympboms varied‘with the environmental éonéitions; Burk-
holder and mmller (7)-thmough‘disease gtudies fqund beaﬁ plants to‘
becomé misshapen and géotted due to hereditary eharacteristics rather
than to disease, This abnormality he found did not reduce the crop
yield and was nof infeetious. MecKinnery (31} founé three types of
mosaic in tobaceo, a yellow, a light green, and a mild lighf greene
Through careful inoculation studies, he was able to intensify the three-
symptoms in different plantss' |

Causative-Agent

The mosaics of plants have only one accepted principle, the infect-

iousness of the disease. The causative organism of the mosaic diseases
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is not‘knpwn, though four theories have been éenerally accepted as
possibilities. 1. The bacterial-theory; 2¢ The enzymatiec theoryp

3s The virus theory; and 4. The protozean theorye '

| According to Heal& (18) Mayer.first‘gupported the bacterial
theory of the mosaic theary, In (4), Boneguet found a nitrate ree‘
ducing streptococcus in mosaic infested tobaccos In 1917 (5), he be=
lieved that he had found the causative agent of the eurty top of sugar

beets. This he named Baeillus morulans. Dickson (11) found bacterial

like bodies; Nelson (33) isolated a minute goceus form; that usually
opcurred singly or in pairs or chains;, from mosaic plants. Nelson (34)
secure&‘negatiye results from healthy plants, while mosaie plants gave.
‘micrococeus bodies; He studied the progeny of mosaic plants and as- -
certained that the seedlings have an uneven distribution of the mogaic
porresponding to the amount contained in the original plants:; He bew
ligved them to be related to the Rickettsias, He was-unsuccessful in
producing artifieial infection'from'thesg cultured Qrganismg; quahashi
and Rawlins (47) used stream double refraction through a microscope
for determining the polarization of ultra-microscopie colloidal solutionse '
They found that the mosaic juiece contained rod shaped colloidal particles
while the healthy plant juice contained cirecular part;cles;

The enzymic theory was first proposed by Woods in 1899 (48)., He
suggested an sbnormal and extensive development of an oxidizing enzyme.
. Allard (2) demonstrated the impossibility of the oxidizing enzyme being

the causative agent when he destroyed the enﬁyme with hydrogen peroxide,




but did not destroy the virulence of the virus mosaice
_ The enzyme could be treated with alcohol and recovere&.while the
infective prineiple was destroyed.

According to Heald (18}, Beije:inck (3) in 1899 used the term
3Cont&gium vivum fluidum" to describe the cgusative agenf, as it would
pass through Berkefeld and Chemberlain fi;tegs; Allard‘tz) and Doow
iittle‘(13) determined that‘the infective ppinqiple would pass through
a Berkefeld filter, but not_through a Ghémberlain filter,

Hblmes:(iQ%ﬁQ) gnd E&icq (58) found &\correlation between the
‘concentrétions of thg virus and tﬂg_pumber of lesiong produced by to-
- bagceco mogaic; Holmes (21) found a rélatively definite path of in~
fection of the disease from the focal points of infection. Price (39)

Tound the Nicotiana sylvestrig to develép-a form of immunity to the

disease of ring spots This immnity is trensfered through the cutbingss
The virus is contéined in the plant, but develops no symptoms, Lachey
(87) found that the mosaic of the sugsr beet can be attenuated when

passed through tomato, squash; Nicotlana rustina, watermelon, resiste

ant varieties of sugér beets, and spinachs It can be reactivated to

almogt its original virulence when-péssed through the highly susceptible

chickweedo
Sheffield and Smith (42) found bodies. in the hairs of mosaig
plants which they designated as x bodies. These bodies varied in

different plantse
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MATERTALS AND METHODS

) The studies reported in thi.s‘paper wore carried on in the Experi-
ment Station greenhouse at Montana State College, Bozeman, Montana,
during the year 1932"-,53,‘ under the éi:cect_ion and help of Professor
He. ¥, Morris. The Great Northern bean seed was obtained for the work
from the Hunt_ley Branch Station at Huntley, Montanaj from Ralph Mercer,
Gc;:unty Agent at Forsﬁh, Montana; end from Fo G Brashear, of From- i
berg, Montang.,. The s:eedsn used in the longeviity experiment were from
the 1987 Huntley Brench Station s.el‘eations': and were contributed for
“the work .by Dry Ps As Young, of the Experiment Station of Montavna;

State Coll eéea The tobécco and clover were grown in the greenhouse of
the Experiment Station.

The mosaic diseased materisgl was obtained from bean plants grown -
in the Experiment Station greeﬁhouse; ‘from the fic—;ld. run bean selections,
and from the Ra:llph Mercer Idaho Certified bean stock%

The dried material was thained from plants grown at the Hﬁntl-e:y
Branch Sgation at Huntley, during the fall of 1932,

The fresh mosaic ieaves\x Wwere ma.efe'rvat‘ed' on a sterilized pot label
with a sméllf, sterile cotton swab, The }macérahved métefia]_, wag then
transfered to the heglthy plants, in the first to tﬁe fourth compou‘n@:
leaf stage. A different sterile swab and pot label was used for egch |
inoculation. The healthy leaves were rubbed with the s{zvab -containing .
the inoeculum until there was évidjgpt injury. The plants used for the

inoculum were those having the characteristic mottling, The riﬁg spot
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mosaic was obtained from alfélfé plént;s grown in the Ex:perimént
S‘bat‘ion greenhouse, Tes:'bs were made to deteﬁnine tﬂe optimum stage
for the inoculations. Different types of mosaic chazj:agiteriz_,eit by
mosgic~like pa{:tems were used to deterr'uine if they were répre‘senta—-
tive of different strains of the mosaic of b;ean.,

The dried leaves were pulverized in a sterilized mortar with a
sterile pestles An egqual quantity of distilled water was 'added and
again ground:; This,_ .was uséd as the ino,cu-lumé 'The'mortar‘at}d-pes’cle
were gcoured with Peets mechanic soap and water befween each pulver-
ization. The hands of the' worker were also washed with the soap be- '
‘tween each tﬁe pulveriéation;

- The juice from healthy leaves was inoculated into health;v plants
for check purposes. |

The 1987 seie.ctions from the Huntley Branch Station of Great
Northe;rn and Red Meii‘can bea'n s:eeds.' were dus:t_éd? Wi th Ci;;grous oxide and
incubated at ?.8“ Ce in sterii’e damping chambeéers, As 'they-g@MiI;a:becI
they were placed in pbts in the greenhouse, These ﬁlaﬁts were walched -
for signs of mosaic,

S}:;zecimen I, .(Een Red Mexican bean seeds from nomial'pla"nts;

Spec;,imen II.- Ten Great Norithern hean slleedS' from plants éhowing
a p:rominent mosaic in the leaves ’chéugh li'btlle_ stunting of the plante

Specimen IIT. ‘Ten Grea:b‘l\forfhern bean seeds, ;‘frqm mosaic ‘pl‘ants;

Specimen IVe Ten Red Mexic-an bean seeds from mosaic plan‘aé;,

Specimen Vo Ten Great Northern bean seeds from mosaic plants.
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Spegimen VI, Nine Hed Mexican bean seeds from plants showing
severe mosaic.

Forty seeds of the selection number six$ybnine made in nineteen~
hundred and thirty two were tested in sterile damp chambers in the
incubator for hard seedso These seeds were dusted with cuprous oxide.
Twenty of the seeds were inéubated without'priéking? while twenty of
the seeds were pricked with a size 10 Sewing needle, through the seed
coat béfore incubation, mwent&ffive~of the ungerminated geeds in the
' benches were prlckedo -

The indefinite growth of all plants was trimmed back at frequent
. iﬁtervals with scissors; flamed with‘an alcohol lamp, between e;ch
cutting. This guarded against any transfer of the disease from'plént
to plant due to the cﬁtting; It produced bushier plants and so cone
centrated the disease and brought forth symptoms whenever the plant was
diseased. It'enable& a closer study of the plants as they ware not -
allowed to entwine together, The 90891b111ty of the transference of
the disease through accliental injury in the individual study of the
plants, was in thla way avoided.

‘The possibility of the trensfer of %he disease in the field through
injury and contact was studied by injuring adjoining healthy and dise
eased plants and allowing them to rub together, '

'T@e sterile swab method ﬁas used: for the plant inoculations in
thig vorke - ]

Following is a classification of the mosaic symptoms observed,
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Smnptoms&é Following is a claésification of the mosaic symptoms observed:
) Tyﬁa; of Bean lMosaic used - clasgified
| Symptoms that appeared to be singles
lé‘stunﬁing.
~ Type As The plant was stunted and of a-light green
c¢olor. The cotyledonous léaves develope&‘smail; shért; light yelldw
zig-zag.lines. |

2o Vein. bandings A darkened banding of the main veins of

the leavess

Type Be Tﬁe leaves displayed a typical vein banding
of the principle velns, thfoughqut.the whole leafs The lgaves were very
unsymmetrical. |

Type G, The vein handing displayed a y'ello'w‘band.ing-9
"starting with g,yellow.tip mottling and working inward towafd‘the base.

Type Ds The leaves were slightly elongated and vefy
migshapen, The vein banding of derk greeﬁ worked back from the tips

Type E, The leaves were broader than they were lohg,
with a darkened vein banding throughout,

3s Bugoses & necrotic spottiﬁg‘of dark and light green
fhroughout~the leaf, with a hypertrophy of the leaves hetween the veins;
_giving a very rough appearances
| 8., Small rugose sébttingq
Type Fo The leaves were elongated with small angular

darker green patches on a lighter green background;
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Type Ge Dried leaves obtained from the Huntley Ex-
periment Station, 1938, contained very.small rounded spotting of
darker green on‘light green.

Type Ho The crass veins weré all of a light trans—
parent green while theismall darkened areas between were very hyper—
trophied.

:b; Large rugoese spotting.’

Type I. Dried leaves from the Hintley Branch Statiom,
1932, displayed an énlargea spottihg of dark green on light‘green; The
leaves were normal in shape. |

Type J; The 1ea§es.showed a large dark green spotting
on a light background with a hypertrophy of the leaf between the veins.
The leaves were of a normal shapes .

Type Ko The leaves wefe extremeiy elongated with the
dark green -large rugose“spottingn' A high degree of hypertrophy be-
tween the leafes; . h

| Type Ls ihe‘leavewaere broadened with 1érger dark
green SpottinéQ | | | | |
4y Curling, The leaves were curiad; not cuppeds

'Type Mo The leaves were g‘Very ﬁniform;dark green
throughout.e t;; rf;AQm;s | | | ‘

The symptoms of sdme:of thé-iypes'appeared to be com=
plex e?pressions of more than one virus, Thesg types have combined

symptoms.as shown below,
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5, Vein bandingﬁand,cupping; The 1eeves ha@vtﬁe character-
istic darker green vein banding, while the edgee of the leaves were
cupped downﬁard;

Type -No was of this typee

6. Vein banding and small rugose combined, The leaves were.

veinbended in dark green With a very small spotting of dark green with
the hypertrophy of the leaf between the veininge |

‘ Type Qo The leavee were alongatedg with dark vein-
;bandingb There was a: small dank rugose spottlng in the llght between

‘the darkened velning Wlth a hypertrophy of the leaf between the veéinse

7o Vein banding and large rugosece ‘There was a darkened
- > ' “\ . '
vein banding with enlarged darkened mosaice

Type Po Dried leaves from the Huntley Brahch Station,

19535 The leaves were elongated with the veinbandlng contalning enlarged

darkened rugose spotting in the enllghtened arease

Type ﬁ% The.leaves were light green wifh darker green
rugose moﬁtling; combined with a darkened vein banding.

Type §§ The leaves were of‘e normal shape with vein-
banding and with an enlarged darkeniﬁg in the'lightened aﬁeae&

The Ring spote T%eralfalfa leaves of the.plants effected,
showed a veinbanding of very.small,'alternating lines of yellow green
and normal green, combined.with‘coneentric rings of the two colors of
greeny

Ln AN
:If’tI‘HdH ‘ull%n\%h
ERARNERRE RO R
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’EXPERIMENTAL DATA

By *gsuccessful®, the author means that the plant developed the
disease, while by ﬁunsuccessful" the author implies that there wag no
bhange in the natural development of the plént due to the inoculum
used,

The following resulis are summarized_in Table i and I,

Type A was inoculated into thirteen (15) plants; all of which
proved uﬁsuceéssful for this inoculum; | '

| Type B was inoculated into four (4) plants, The two (2) we=
sulting suqcésgful inoculations were used as inoculating material
for four (4) plants; one (1) of which proved successful and it was
used as the inoculum for itwenty three t25) inoculations, éf whicﬁ -
eighteen (18) were successful, Thig type ﬁas also used as the ino-
culun for three (3) tobécco.plants and thrae‘(z) clover plants--all ugé
suceessfules | ‘

fype C was the inoculum used for nineteen (19) bean plants,
one (1) clover plamt, and one (1) tobacco plant, Twelve (12) of fﬁe
bean plants became diseased, wﬁile neithgr'the tobéccq nor the clover
showed any disegge gymptomss. ' | |

Type D was used as the inoculum for seventy (70) bean plants;
sixty one (él) of which becéﬁb diseased.

' Type E was the inoculum for seventeen (;7)‘beén plants, seven
(7) of wﬁieh were successfuls This inoculum was again used as the in-
fective juice for one (1) tomaté;_twp (2),lamb9qﬁarters,‘aﬁd six (6)

fan weeds,
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TABLE. I.

Total inoculations made on Great Northern Bean
and other host plants.

Plan% Inoculum Results
-+ Ineceulated e . Postivel Percent| Ni
. Great Northern Béan A § 13 - - 13
B | @1 21 67% 10
¢ | 19 12 63%
" p | w0 61 g% | 9
E | 17 7 41% 10
F | 274 172 63% 102
¢ | 29 20 69% 9
"] 15 - . 15
I 29 13 45% 16
7 | 10 9 90% 1
K | 134 o1 | . 67% 43
. | .56 47 8%% 9
M 14. 8_ 57%
N | a2 29 69% 13
0 76 45 59% | 31
2 | 20 20 68%
R | 10 9 90% 1
s | =0 22 | 8% 8
| F-r-B_| 15 2 | 158 15
| K-T-B 15 10 66% 5
|
Chili K | 10 1 10% 9
Kentucky Wonder 141 5 - .0 5
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TABLE L. (Continued) 5
Plant Tnoculum Results
. Inoculated ] _T_gg 2. Noo Pogtiye ‘Peljgentl}\'fegative
Ingnrove'&‘ Golden 1 5 , 5 . . 100% ’uf,' _
' 2 | .5 - 0 -5
3 5 4 | 804 | . 1
" Burpee Strinzless . 1 5 4 80% | 1
2 5 4 - 80% 1
. . B 5 4 | so% 1
Peneil Pod 1 5 5 100% -
2 |- 5 5 ] 1005 | =
. 3 5] 3. 60% 2
m = e s —i—wis}
Burpee Brittle Wax - ,l N 3 . 60%
2| 5 5 | 1006 | =
_ .3 5 4 80% |
1 5 1
5

1
206 ) . 4
5

I
@

' Sweet Pea K | 3 - 0 3
Clover _ White Anmuel B | 3 - - 5
" ¢ S - - 3

" I -2 = = o

" x| 3 . - 3

y N 1 - - 1

10 9

5 Common - 5 Red

Tdbacgo

3 Ring

]

& = leR e jen




10

TABLE I. (Continued)

Plant

Inoculum

.Results

Inoculated .-

. Tomato

: ) '.tge , ,‘! Noo

" Postive

B . 1

. 0xalis SDo .

ishi-carvense Lo,

1

Bhenopddivm . album. Le,

&
Y

6 .

-6
L _ 6

3]

=
1

=
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TABLE IT

Results of inoculation with six types of mosaic in
Great Northern Bean plants

- Plants | . Resnlts . .Perc‘enta'ge
_Type. . Inoea.}. Posifivel:.Ne"gatj.x‘_z_e, 1 Positive
_ Stunting 15 . __18 0
Veinbending .| 180 | 101 | @6 78%
Bugose Small | 318 102 | 128 60%
Rugose Large 1 289 160 . . .69 69%
Gurling 14 . 8 6 . 57%
Complex 187 125 1. ez 69%




21

M was the inocuj'.'t_m for two hundred and forty-four (244)
bean plants, three (3) tobacco plants, and three (3) clover plants,
Of the bean plants inoculated, one hundred and forty-eight (148) were
infected, the tobagcco gppeared siightly infecte@, and the clofer re=
mained unchanged. |

Zype .G was the inoculum for twenty nine (29) heen plants?ltﬁenty
" (20) of. which became diseased. o

Type H was inoculeted into fifteen (15) bean planté; None bew
came diseased. | ' |

Type I was the'inoculum.for‘twanty nine (29) plents of which
thirteen (13) plants were successful.

' Type T was the inoculum for ten (10) been plants, nine (9) of
which became-sueéessfully diseasged. | o

Type K was the inoculun for one hundred end thirty-four (134)
bean plantg, three (3) tobacco planté, and three (3) éiovér plantéé |
Ninty-one. (91) bean plants became diseased; The tobacce appeared to
. receive a slight infection; wﬁile fhé clover was normal.

Type L was the inoculum for fifty»five (55) bean plants and six
(6) fan ﬁeeﬁs; Torty-seven (47) beaﬁ plants became diseased and none of
the fan weeds became affectedo . "

Type M was inoculated into fourteen (14} bean plants, eight (8)
of which were successfuls | | ‘ |

Type N was the inoculum for forty-two ﬁ42)-plants¢ Twenty nine

629) of these inoculations were sucgessful, This type was the inoculum
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for three (3) tobaeco and three (3) clover plants, all of which re~ |
mained normai;' .
j@gﬁgjg wés the inoculum.fof aeveﬁt&}six (76) bean plants; of : {
which forty-five (45) became sucéessfdlly diseasedo |
Type P was the inoculum for‘twenty nine (29) bean plants, twenty
(20) of the inoculations being successfule
Iype R was the inoculum for ten (10) bean plant inoeulations, of
whlch nine (9) produced diseased plants.
Type S was the inoculum for: thirty (30) bean plants, twenty two
(22) of which beceme diseaseds : ' o

Types F and K were reinoculated from the tobacco into fifteen (15)

bean plants eaeh; Of the fifteen (15) plants inoculated by Type F, two
(8) were diseased, while of the flfteen {15) inoculated with Type K from :
~ tobacco to bean; ten (lO) were diseasedo .

The Ring spot was inoculated into twenfy nine (29) beén plantsy
twenty two (22) of which became diseased. It was the inoeulum for three
(3) tobaeco seedlings; ten (16) clover plants, six (6) fan weeds, one (i)
lembsquarters; sixz (6) okalis, and one (1) tomato plant,

Eﬁﬂﬁiig was injured and aliowed to rub against three (3) injured
healthy bean plants in the second 19af‘stage on;yé,:Ona (1) became diseased,
.$ype N was allowed.tplruﬁ against three (3) injured healthy bean plamts
in their fifth éompound,étage oniy; These all proved,negativeo Type J
was injured énd‘allowed to rub against four (4) injured healthy Bean'

plants in the third leaf atage only. Onre (1) of the four (4) plants
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became diseasedo |

The tobacco was inoculated with types B, N, F,.Kb and I of the
mcsﬁic disease of beén, and with the ring spot from the alfalfa,
Types B and N produced no symptoms on the tobaceo plant. Type F
showed afslightly lightened ﬁottling‘on the 1eave§ immediately above‘
the leaves inoculated; after the yellowing‘at the‘base of éach“injured
heir had faded. Type K showed a definite yellowing of the 1eéf‘at phe
base of each‘brokén hair infeeted, ‘This rééchgd ité‘greatest dévelop-
ment within five days an& then gnaauaiiy fadedé Three (3) tobageo plents
were injured without inoeculum and three (3) were’inoculated with'heglthy
bean plaﬁt leaves, The leaves on these.plants-remained clear, The ring
géot of élfalfa produced no di;ease symptoms on the tobacéo ilanto

The clovers remained unaffeqted from all of the inoculations from
the diseased bean plantse Gn'e.(l)cj!.overa the_red sweet clover; pro-
duced.the characteristié symptoms of the ring spbt Aisease from tpe ino-
culatiion from the alfalfa; |

The tomato was inoculated Qith‘typgs 0 and R of beaﬁ and with the
ring spoi of the glfalfa& ‘Typé 0 produced no mottling of the leaves, ale
though é slight curling of the.leaves.wéa noficeableo Type R produced
a pleéring of the veins, The ring spot preduced no symptomse

The thrée (3) sﬁeet.pgas inoculated with Type K remained normal,
although slightly stwmbeds '

Six (6) varieties of begns were inoculated with five each of the

following typese
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1, Veinbanding
2o Rugoge
3. Curling

The results of these inogulations are rggordgd in Table I,

The symptoms of the disease are not distingﬁishéble unti; aftef
the compound leaves appear, as they may be magked in the simple
léafes and not appear until this later stage is reacheds To ino-
culate in the cotyledonous gtage is therefore; very uncertaing as .

‘the results are never definitely fositiveo When the first compound

. leaves have unfolded there is a better chance of determining the dis-

eased from the healthy planis because the symptoms are becoming évidents
The symptoms appeared'pléinly oﬁ the plants when inoculated in the pri-
mary compound leaf stgge; The second compound leaves show more definite-
ly the symptoms of thé disease frem:the-seeq, than fram'the primary leaf

stages Although the difference is'slighté_the.symgtcms from inoculation

are not quite asg definite as in the éompound leaf stageo The third

leaf stage ayﬁptoms 6f the‘diseasa from the seed were mo:e-pronounce&
than iﬁ the earlier stagess The results of thesé'inoculationS'were
not as certein of success as the otherss' The fourth compound leef stage
proved to be too old for inoculation purposes, since the percentage of
successful results was. very low ‘

The plants inoculated with the differeﬁt types of mosaic.dee
veloped the characteristic symptoms on the first leaves becoming ine

fecteds ‘These symptoms continued thrqughout the primsry growth
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in the plant. By primary growth the authop refers to the compound
leaves arising from the main stem, while the secondary grdwth arises
in the aiils of the compound leaves. As the secondary growth gtarted - |
the symthﬁs beceme the small or medium rugose type; while the leaves
were gréatly stmteds These secondary symptoms developed from any’
type, varying in intensity, comparably with the intensity of the pri-
mary infection in the plant. The secondary symptoms did not develop
until after the fburth weeko

One plant developed all four types distinetly on four different
leaves. Each leaf was a distinet type 1ﬁ itse;f, while two other leaves
on the plant were a blending Gf.the four. Of the three types, one leaf
was curled, oﬁe veinbanded, one small mosaic; and one large rugoses Of. ‘ !
the complex symptdms? one leaf was a eombinﬁtién of veinbanding and ‘
curling, and one of veinbanding and rugoses In most of the other plants
the éypea,were true throumghout all qf the leaves for the primary symptoms..
This was true of the-cdmplbx4‘symptoms, as well as the pure strains,

Two of the driéd specimeﬁs were of the true symptamé of Type G,
small rugose, and Type I; large rugose. Type P was a complex of veinw
'banding and larée rﬁgoses The true types were much mbre virulent the
first day but lost their virulence more quickly then the complex typeo :
Types G end I produced,ée% sﬁall rugose and 86% large rﬁgosg mosaie from o
the inoculations made the first days (Table III)L The ieaves'of wype.
P, displaying the complex symptoms of leaf banding and large rugose

produced seventy three per cent (73%) mosaic from the first inoculations.
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~ TABLE ITT.’
Results of inoqulations with extract from
ﬁ:c‘-i;sdzleaves of Great Nor.th,em beans, showing typiecal

k mosaic symptoms.

1[51/55‘- . 2/1/33 — 3]4/35

B s S N IS /A 5N 3 N A 5 B P I

G_ .15 iz 1 5i80%1.9 |6 |3 Jeeh! 65 1 2 | 3 |40%

L

T 25 |13 (286l o |~ 1o o | 5| 1] 4 |2o%

2 ) aslaalelves] o la e lasgl s ) 2l 5 [aog .
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The gecond day, T&pe I produced no mosaic_wﬁile it broducéd
twenty per cent (20%) the third days The other two.fypgs went grads
ually down to forty per cent (40%) the third day. The deeling of
the curve of the Type P was not as'greaf as the curve of Type Go -
Type I may have been inoculated into a plant in whiéﬁ the symptoms
had been masked until after the inoculationss ﬁlthopgh Type I was
very virulent the first day, its virulence was qniékiy’lost oﬁ stand-
ing in sterile test tubes, while the virulence of the other tWo.was

lost more slowly. The complex type was.not as virulent as the other

.two at the start, but it retained its virulence better,

The inoculations made on the Greét Nbrthgtnbaan plants, were ¢i~

vided ipfo two groups; the one; en planis grown from the Ralpthﬁrcqr

~stock of Certified Idaho seed, andfﬁhe other plants grown from seed

from the Huntley Branch Station at Huntley; Montang. OCne set of ino~
culations was made in the winter months on these tﬁo groups, while
another set of inoculations was madq during the-spring monthso' Table
IV gives the resultg_ﬁrom.the winter inoeulations, while iable V gives

the results from the spring inoculation in these two groupse. de'of

‘the plants used as inoculum for fifteen (15) plants each of the Certi-

fied Idaho Stock were, possibly, pseudomosaic as the results were uns
suceessful, Type F ffom tobaceo to bean ﬁad.tWo (2) diseased plants
oﬁf‘of the fifteen (15) inoculateds The disease-in theée two was pro-
bqbly fngm the\seed, réther +han from'the inoculations, Type H showed

a clearing of t;e veins in the qrigingl plant used for the inoculume




28.

TABLE

Iv.

Results of inoeulations on Great Northern bean from the
Idaho Certified Stock and the Huntley Field Run
Stoek. These inoculations were made during
~ the winter months,

— Toculum | Gertitied Taahe Shosk | Huiie Tl Stock
' I Noo | Posi=~] .| Nega- Oo | Posi=l ~ INega-
oo Type. . ). .. Tnoco . tive| & | time | Inoe.| sive| # |sive.
sl __z =] o® & ol . o]l
B 28 18 freg| 5 | 8 | 5 |om]| s
G 19 I aadess )l 2. - | - 4 1 .
E_ 15 .| 12 jsosl 3. 144 |86 |eog | 58
G .20 1 |rog.| 6 6 __le6h| 3.
I 22 13 lesg ). 7 -~ 1o} 9
I B : 0.1 .9 _go‘% I I -] -
K . = == 9 - ) 35 |20 e a4
N _25 20 j80% | 5 | 17 | o 4| s
P 20 .16 fsos |. 4.1 o ] 4 Jag] s
__ R L1 ele| 1 | - - |1
* . outwe |, & | 2lsg|.2 | - | - |_ |
vorar | 160 | 124 Jvss | 45 s im0 157 | 201

Types and where they were obtained: .

A - Huntley Field Bun
B - " " ”
€ < Idaho Certified
D - Huntley Field Run
B - " " w
F « Idaho Certified
& » Huntley Field Run
H = Idaho Certified
I - Huntley Field Run

*Explanation on Page 3B, -

J - Huntley Field Run
K - Idaho Certified
L - Huntley Field Run

M = Experiment Station Greenhouse

N - Huntley Field Run
0 « Huntley Field Run
”n

- n w
R - " e o
'S - n .o "
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‘This type producgd no symptoms in thé fifteen (15) plants inoculated.
| Eﬁcluding these two types F_and'B, and Hy the percentage of Suceéssa'
fui inoéulations in the gpring inoculations is higher than the per-
centage of the winter inoculations. In ﬁhe Cértified Idaho'stockg
‘the spring inoculations were eighty éer cent (80%) sucecessfully dis-
.eased, while the winter inoculations were seventy-three per cent (75%)
suceessful, In the Huntley Fie;d Stock fhe winter percentage of success~
ful”inoculations waé fifty-seven per‘cent (57%) as compare&ttqlsixtyk
éi‘ght -.(68%,)391' cent in the spring in.oculatic:'nss |

- Clearing of the veins has been reported as an early symptom of
cuﬁly top of sugar beet by Ralph Smith (45dq It was also reported by
Ko Mo Smight (44) as a s&mptom of the mosaic virus of Solanaceae, and by
Kunkel (26) as a symptom of gster yellowss Type H (Table V) showed the
'symptoms of ¢learing of the veins, Fifteen (ls)lbean élants'wgre ino=
'culated with this type and gll proved unsuccessful,

Of the totél inoculations¢ (Table VI) the‘certified Idahc‘stoek
was more susceptible to the virus disease 6f mosaic of bean as.the peré
centage of succeasfully ‘diseased plants is hlgher in the certified Idaho
Stock than in the Huntley Field Stocks

Type A was unsuccessful ;n the Huntley Stock and in the Certified
Stockg Table VIo‘ Eblloﬁing thirteen (13) unsuceessful experiments, Type
A.was.discarded for inoculation purposes, as a degenerate or pseuﬁo-
mosaic plant, The pods were allowed to ripen and the seeds were germina

ted in a 30° G4 incubator, They were potted in the greenhouse as they




TABLE V,

Results of inaeulations on Great Northern Bean from the Certified Idaho. -
Stoek, the Huntley Field Stock, and the Brashear Stoek. These
inoculations were made in the spring months,

Thoculum | .. Gertified Ideho Stock |  Huntley Field Stock | . Brashear Stock
No. | Posi- Nega-| No. -Posi- 1 Nega-| Noo {4 Posi-f  [Nega~-

tive | % . five | Inmoc. |tive| % ‘| %ime |. Inoes| %ive

b, 1w | 15 {ees]| =z | 58 |50 jeeg | 8 | - | - 4. |-

N R , -1 -1~ 1= 4 - 17 ,,’7_:741% T
15 4 12 1805 3 85 | 49 |57% 6 | - IR
15 o4 o] - 411 | - D

15 | 14 Josg| 1 |7 | avfeor | 20 | 10 | 1 Jiog | o

"" S -1 56 __47-83%f 9 | - -‘:-',-,,-

= - ’ -] - {‘A-“’—' -1 - 2 | 5 loea \ :6
LI " 1 =1 = 1 e |38 : 56% | 29 - -l T .
s | a5 | 31 fvep] e |35 Javifemg ) e | -1 - 1. | .

FiaeB | 15 .2 izl 13 ] - I T

K-TeB . . 15 1 10 leez|l 5.4 - ] T - R R I A
_ omimgepot] oo - | -] - 135 | uvsg] 4 ] 14 | nlmeg| s
- 248 ' ‘

romar. | 105 | ez I50%l 43 | zer lesr | 1104 55 | 274 4041 28

el lplrlnl= = |o

w.

. wm - . - - ) = br™Y
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TOTAL VIo

Total inoculations of Great Northern Bean from

Field Stock,

the Certified Idaho Stock and the Huntley

Certified Idaho

" Huntley Field Stock

*Explanation on Page 33,

Inocuitm ) Stock

_ ' ‘ Noo | Posi- " |Nega-| No. .| Posi= Yega~
e Typ ) . ’Inoco' tivg.. : Zo ’tive e Inogc, . =1_:‘ivei % wive

& ¢ } - Jo | a g | .-Jo }o

B 25 | 18 | 7ez! ' s 8 | 3 lam|s

c 19 12 | e3%] 7 I D R

D 15 13 86% | 2 58 | 50 |ses] s

F 30 24 805 6 | 244 J148 | 96

G _ 20 | 1¢ | vog] e o | 6 leon| 3

H 15 o] ot | = e e w

I 20, 15 ‘:, 635 v ) . e -Jole

J 10 9 | oozt 1 | - - . | -

K. 15 14 93%4 1 | 109 76 .| 60%'| 33

L B -1 = 56 | 47 | e5%

N_ 25 20 | 80%| 5 17 o |s58t| 8

o 15 12 | 8so%| 3 62 | 35 | sen] 20
3 20 | 16 | sopf 4 o | & Jaug| s

R 10 9 90%:] 1 - . |- -

s 15 11 | 7sg| 2 15 4 11 | 7eg| 4

. F-1-B 15 2 i 13% | 13 = = -1 =

K-T-B 15 | 10.| e6%| .5 - -] -] -

Ring spot| - ==l - 35 | 11 |7ss] e
% . Culture ¢ |2 som| 2 j - S e -
ToTAL | 200 109 | ees] 01. | e20 | 400 eass | 250
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géminatedq Thése plants were Watcﬂed for signs of the transfer of
the mosaic through the seed in an attampt to diseover if the plgnt was
diseased in a weakened form, or if it was degenerate,

The pure symp'boins in the total inoculations in the Certified Idaho
Stock, produced sixty-two per cent (62%) infection, while ‘the inoculum
showing comple’x‘ symptoms, produced eighty per é’ent (80%) infectione

"The Certified Idaho .Stock was 1.26 times more susceptible in the
winter inoculations, generally, to the mésaic diseases, than the Huntley
Field stocko The Idaho stock was quite susceptible fo the Typeé B and
N, while the Huntley stock was not as susceptible to these typese 4s
the types were from the Huntley mosaic stock, a slight amount of immunity
may have been built up, The Idaho stock being naturally more susceptible
may have lacked this degree of immunity; as the T'y;_oe P was from the Iaaﬁo
stoek and it was 1056 'times more susceptible in “the Idsho stock,

Type C produced 98% darker green rugose mosalcp/l'l?élotfgh ne typical
yellow veinbanding symptoms appeared at firsta The plants were sprayed
with Black Leaf 40 (8 in 100) and molagses for Thrips. Following this
the same yeliow symptoms appeared throughoﬁt the greénhouseo This same
yellowing appears in fhe fields without any previous spraying, but thére"
it is not as prevalen’c; |

Types J and R were predominant in the 1952 Huntley field selectionss
The Idaho stock proved 90% susceptible. to both typeé&, These two types
appeared to .be of a very virulent nature in both stocks.

Type K of the Mercer plants produced 88% successful inoculations in
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the Huntley field stock. The plants inoculated with this type showed

very prominent symptomse | ‘

The culture juice was sterilized t'hrc‘:ou'gh. a Chamberlain filter, ané
} i)lated on agar. A4 minute coccus was found in the juiceo On the plated
agar, numerous ﬁinute translucent colonies weére formedo This micro-

’ epecus was a gram negati{rea When inqéuiated into fhe plax_lt.s'? -it prodﬁcgd
negative results as two were diseased and two were not. This microgoccus:
may have entered from some other soﬁ:cce regardleéess of the care in handling
the apparatus, or it may have been a saprophyte originaily fron.the bean
plants, The two successful inoculations may have been originally diseased
plants, Tables IV and VI,

. Thev'lgsz an@. 1931 gelections from the Huntley Brz;.nch Station were
tested for resistant individuals. (Tableés VIT and VIII). Selections Noo
45, 67, and 70, were resistant to the virus of Type Py, a vei-y virulent
type. Selectioﬁs 38, 39, 55, 56; and 69 were 100% successful 1ﬁ6¢ﬁ»1ations
and contained no disease in the uninocui‘l.ated'checkso' Seleetion 36 ﬁas
susceptible to Type ¥, but was un_susce_pfible %o Type Ko. Sqlggtibﬁz;f.ééams
sugeeptible’ tovirus B waile it was unsusceptible to Typé Ko ‘contrast'ed
to this, selections 37, 42; 43; 47, eand 60 were resistant te F, although
éuscejp.‘bible to K; while Selection 4 m‘:.esistanf %o ﬁ and susceptible
to K, and .Selection 50 was resistant to -Eéype N, while susceptible to Ko
Selection 47 was 5% diseased, susceptible to only one, Type K, while
‘Selection 53 had 33% éusceptihle inoculated plantse.

Selections No. 45, 67, and 70 were germinated in a 30° Co incubator

and were potted in the greenhouse. They were tested with Type K for
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TABLI.‘ VII

Results from the inoculaticns. of the seventy-~four select:.ons

Huntley I'ield Stock

of Great Northern Bean made in 1932 from the-

% % ‘ ' Un-
Germ, | Germe % | Noo - |_Results inoco
Selection ' 88 | b - i
1 et | 664 | ol 5 | k£ J1 ]l alzosla | 2] 209
2 60% 80% 120%-] < | o« |~ T -1 w J12] =] 100%
B_ 93% | 73% 205 | 6 | K |4 | LI [80% ]« | 6 )
4 60%. 60% | 0] 3 K I3 [ -T100%211 T 5[ 16%
5 60% g86%. 12661 B | K [ & | - |100% 101 ~ | 100%
6. 73% 80% 1361 4 1 K |3 [T (7% |- | 8 0
7 _60% 80% _|20% 4 | K | - 4 0 |= 8 ]
_8 I E 80% | 7% 1 4 1 XK |3 [ 1 7%|4 | 2| 50%
9 .. 46% 73% |2%% | 4 K |8 1T 1T7%]~ |7 0
10 73% 86% 1135 | 6 | K }J~.].5] 0 l=- 181 0
11 46% 86% 140% 1 1 | K 11 | - Ji00% [12 [ = | 100%
1z 73% 78 ] 0 .1 6 | X. 5 | = 1004~ | 6 0
13 46% 1 60% l14% | 4 | K |4 | - [100%]L | 4] 20%
14 73% 73% | O 3 K '8 | = JI060% |7 | L | 8%
15 266 | 26% 1o | =2 F |-1210 {2 "~ 1002
26 | 464 | 6536 | 7% ). 2 | F [2 | - J100%]6 | = | .1004
17 | . 686% 66% 4 0 | 5 | F |15 | -~ JI00%[1 | 21. 20%
18 75% 73% | © - 4w e | -1 -0 [132] <71 10067 .
19, 7% 78%_| O 1.1 7 131 |~ 1300% J10.[ = | 100%
20 B6% 80% 114%6). 5 | . F |5 [ = J100%|= ] 7] ©
21 86% 73% 31 5 |. b 13 1 2Teos|s | &£ 2%
22 73% | 73% 5 1 » T2 1 37J0% [= | 61 0.
23 404 .| 60% :20% 3. 1 D 131 - 100% 2 141 35%
24 . 46% | 46% | 0 4 1 b 1e [ - Tooz|i T2 33%
25_ 6% | 80% J14% | 5 | D |5 | - |100% ]2 | 51 26%
: 26 . 33% | 60% 1274 | 3 D |8 [ - 1002 (- [ 6] 0
2 .| _53% 66% |13% | 3 D _[3 | - T00% |7 | 5 | 100%
28 | e6% % 1 7% 1 8 | b |1 | £ [20%1]5 | X | 85%
. 29 _aezo 80% .0 [ 6 1 D [6 7] ~ 062 |2 | 4] ©3%
30 .86% 1 8% |0 | 6.1 F 6 | -~ 1100414 | 3] 35%
3L.. |. 80% 80% 10 1 6 | ¥ 16 [ ~o0%l= 161 0
_38 VA IE AR 5 1 F 12 18 140%1T | 5] 16%
83 93% 1 86% ¥ 7% 1 6 | I 14 | 28 leespll | 61 14%
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TABIE VII (Continued)

% % En.. =
' ' Germs | Germ. | % No. - Regults |  _Hnoc. | %
$Selection | 1/28/33 |2/25/33|Hard |Inoc. | Types| & | = .{% 3 o |Nosaie
B l4ar & | = |- ‘ |
34 435 | 636 | 20% |7 | IK |1 - |100%.]11 1 |8%.
] I} | 4F [ 4 | = 1 , _
35 30% | 53% | 23% | 7 K |.- | & | 57%. |- [10 o
_ 1P | ~ |1 N
1 . ZF | 3 | ~ |
36 46% | 80% | 34% ({7 | X |1 |~ 57% |1 15 |6%
T ’ 3P - 3 ‘
37 26% | 70% 44% | .7 2K 2 | = 71% 12 12 14%
§ . ) SP 3 - R
38 se | 58 | 17 | 7 S d 3 L= | oo0g{- {2 |0
. ¥ ' 48 14 |- ) i
39 60% | 86% | 26% | 8 3G | 3 | - | 1004~ |17°|0
. . . K |1 ] - 11 -
2B | 2 | =»
40 2306 | 564 | g6 | 7 [ X6 1 1] - | 100411} 2°|84%
. . Y 4K' . 4 T 7
41 336 | 63% | 3041 7 16 | -1 1 42% -{11}| ©
. ) : ] ! K | 3 | - ° ’ R
42 50% .| 80% | 50% | v gfc‘ 5 2 1 mng 1l1e ] 5%
43 535 | veh | 4shi| 7 -gg = ]l 4 42%“ 1{16 | 5%
Torl 7 il = 1~ T 5 1207
40% . . {7 . 7 .
44‘ 4‘“% : 63% _15%“ = T E T 1 ,;% 1 9,210%
45 56% |- 734 | 174 ] 7 IS 1 =181 o0]-]15] 0
: ) ot -1 31 ‘
46 567 | 80% | 24% | 7 g L2 ';f 428 -|16] 0
' ‘ 1 BF | -] 8
- 47 s53% | 83% | 30%| 7 3T.| -1 8 5% -7 ] @
. ol N , .
- 1 1 % {3 ] -

48 ' B6% | B6% | 20% | 7 - 3L | -~ | 3] 424 -{10}| ©
. Kk [ -T 11 1. .
49 56% 1 70% | 14% | 6 N 1.4 2 66%| 2113 113%

e , K 1] = 1T 1
50 63%°| 90% | 27% 1 & 58 1 & | 6 16%"_2: 191 9%
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TABLE VII (Continued)

% | % | ' 1. : Un-
Georm. | Germ. { % | Noo | Results inoc. | %
Selection| 1/28/35{2/25/35 Hard| Tnocs| Bypes | ¥ | = | % |+ |~ | Mosaic
5 66% | 100% {3a%] 6 |- 7 | 6| l100%]12 |12 | so4
52 30% | 83% |53%| 6 gg ' g‘ —1100%-| 5 [14 | ‘B5%
55 50 | 70% lsos) 6 | ¥ | 2] 4] s8] - l15:] o
54 6% | 6% |10%]| 6 F | 4] 2] ee |1 J16] 5%
55 70% | 86 |iex| 6 | ® | 6] -Jioop| -laa| o
56 63% | 7% |13%]|. 6 - F | 6] ~]100%] -Ji6 ] O
57 50% | 70%.|20%] & F | 5| 1] 8] 3 2] 20%
58 nos, | o34 [1z3%] 7 .| * | 7| -l100%]| 3 l15-] 16%
59 5% | ez% |10} 8 | F | 571 3| e1%| 1 10| of
60 53% | 635 |so%| 6 ?g 15 L 8L ek} 2|9 18%
61 6% | 935 l2ww) o | - | -] -1 - .| -1~ z00%
- 63 586 | 785 |208] 2 Fl.al -li00% |16 | 4| 80%
63 505 | 70% |20m] 6 | F | 1] 5] 1es|1 f1a]| es
64 ses | so% tevw] &« | 7 | 2l 2| 501 2 |18 | 10%
65 _ s0% | 93% [43%]| 6 F | a]| 26| 2|20] oz
66 | . 48%h | eeh j2oh| 6. ) F | 6| ~lio0s| 1 13| 7%
67 sz | oep |1ss| 6 | ¥ | -l elo Jojm]| o
68 50% | 705 leoz| 5 | ® | 4] 2] 209} -l386f o
69 10% 83% |73%| 7 gg 3 g =1 100% - |18 | ©
70 60% 70% |10%| 7 Pl -7l o} -f15) 0
13/31/33 |5/9/33 :
71 gp | ess |asp| - | - |- -f - J9o]-|100%
72 6% | eon |20m] 3 4 5| | 100 7| -1 100%
7% 60% | 60% |O .| 4 -4 | <1002 -1s] .0
74 v3% | %% |0 | 5 4 | 1] so# 1|5/ 16%

*Pgrecentage of plants that dieds
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TABLE VIII

Results from inoculations made on the 1931 selecbions
of Great Northern Bean from the Huntley
Field Stock

% -} % . : SRR B | Un-
Germo | Germ.{ % |No. - fResults| = | inoc. | %
Selectioh | - 1 <773 7 {Hard | Inoce + | = T+ |~ . |Mosaic
-1 _B3% | 3% .| 0 -1 8]0 0
2 1. E% " 80% | 20% = 4 10 12%
6 60% | 66% - 6% - 4 1-0 16%

3
R

8 "0 .| 82% | 85%
9 | 18% | 40% | 27%
15| 664 | 75% 1 77% 4.

"_207

O

14 | . 60% | 7% | 18% :53%% 57%,
16 . 1 75% . ’%\a b 1':0%' 0
18 - 60% . | 66% | 6% 100%' 0
12 |  20% | 26% | 6%

(] £ [3%) [ f1 1S B o P

{gwﬁhmP-$»m
v ol v feafeaft: |

-+ 11 .§ -

25 . | 20% ] all djed ..

&
S

117
L |5
. 11 [12
- 1 |4
2 - |6
1 A ER
5 = 18
- - '5_,’
: 1 1 |
26 | 467 | '58h) 7% | & | F |- | B 0 T |4 | 20%.
28 | 5%, %% | . 0 | 8. . F. | 3] = |1004]=.l12 | O
29 | 60% ] 60%5)] 0 15 1 F -] 5] 0 |= |4 10 |
BL | 60% | %e% | 131 5. ] K =] 51 0 J= 16 | =
Bo 95% 80% |*18% | 6 ' | K |1 | 5| 16%4= |6 1 0
85 _ | 467 | 60% | 14% | 4.1 O |- 4] 0 11 |8 | 254
Z4 ~ 53% 56% ] 0 |1 8 1. 0 |- 84 0 |- |5 |0
36 1 . 73% | 73%.] 0 | 6 |]..0 6] -.]10040-= 15 | 0.
37 | 73% | 686% )| 18451 6 4 O |- 6] 0 J= 17 | ©
58 —86% | 9% ] "] 6.1 0 1-1 6] 0 |=1]8 ].0
39 . 9% | 78%.] .0 | 6 0 |5 | T|86% 11 [4 | 20%.
42 66% | 80% | 14% ] 6.1 O |6 | = |100% L. 156 | 16%
44 . 80% | 86%.| 6%). 5 | O J2 | B]140%]~- 18 1 0.
47 . 66% | 80% ] 14%] 5 . 0 1-] 6] 0 |- |7 | O
51 T 20% | - 40% | 2_7 - = |- =] = |6 |- |100%.
52 9% | . 86% 171 7 | L |71 - ]10%]~ |6 | 0 -
55 . | 80% | 8041 0 | 5 L |5 2]604]= 17 | 0.
54 | . ©83% || %8% ] 0.] & L |2 | = | 1004]= |3 | O
55 | 40% | 53%| 1%% | B L |3 =~ |100%{L |& | 20%
_ 66 | 46% ] 464 | 0 | B3 | L 18 | = ]190%|= 1% 1.0
58 | . 26% 26%] 0 | | © =1 1] 0 =18 .0
59 . . 40% . 1 46% ) 6»| 3 | L 2.1 1 ]66%6]3 |1 | 75%
61  66% | 98%] 0 | 4 | T | & .1 7%]|56 1 | 75%
62 |  40% .| 33% 1* 7% 1 & | L J2 | =.0100%4]8 |- '1007f
66 . 15% | 38% | 20%1 1 ] L 1L | - |100418 |1 | 75%
67. | 66% |.66%] O | & L |13 | 1] 75%41.16 | 12%
69 56% -26% |*30% | 4 L |3 | L 7% = 1= | =
70. .| 78% | 80%1 %1 5 L |4 1I]80%]L |6 | 14%

*?ereentage of plants that died.
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further tests for susceptibility. No mosaic symptoms resulted.

The Huntley Bi'anch Station 1927 selections of Great Northern and
Red Mexican beans were germinated in ﬁhe incubgtor and were transfered

to the greenhouse to potss No mosaic symptoms were obaeﬁvedo {Table iX,o '

TABLE IX.

- Results of the germination and presence of mosaic in
the 1927 selections from the Huntley Branch

Station
-. DI nok -
| Seledtion o, Germo - | No, Grew. | GRow::: .|l Results
1 . | 1004 | 80 | 2 rotted | No mosaic.
2 200%. ] 60% . | 4molded | No mosaic
8 90% . 9% | . - No mosaic |
4 100% - i . 0% . .].1 wormy 'No mosaie
. 1 ‘ o 1 rotted | R
.5 20% | . 50% 1 wormy .| No mosaic. .
6 . .. 4 00% | 100% . ) = | No-mosaic
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W, H, Pierce (36) found seed to contain mosaic after thirty years-
storaéeo Duggar (141 found that the seed protein in sufficient quanti-
ties, would.inéctivate the virus, although the amount of protein in
each seed Was imsufficient to inactivate the vims, .He states that the
améunts contained in the seéd, might produce this inactivation when the
seeds were held 1n storageo The seeds used from the 1987 selections
were six years Qldo No mogaic was observed on the Tifty nlne plantse

Five of the twenty unprlcked geeds of selection sixby-nine af the
Huntley Branch Station 1932 selections genmlnated in incubatlon at
30¢ Co The twenty pricked seeds all‘germinated’in the inbubator; The
unpricked seeds required fivé days to germinate, while thé‘pficked seeds
required three days: In fﬁe bénch, twenty-=four of the twentybfivé prlcked
seeds came upe ‘These seeds had failed to genminﬁté& The‘seeds were
fertile, but the seed coats were imprevious to water and were, therefore,
‘hard seedsa o |

"fhe'fixst_three‘sets‘of seeds placed in the ineubgtor; were dusted
with Cuprous oxide. lhe last set was disinfected with Uspulun. The
sets dusted with Cuprous oxi&e; were free frdm:mcld for two weeks, while
the ones sterilized ﬁith Uspulun were moldy ﬁithin Tive dayse Thesé
Sgeds were then dusted with Cuprbus oxide'and placed.in the incubator
again. They did‘ﬁot regain their moldy state for a ﬁeek; \

The mosaic Types B and N'produced no.sympﬁoms'oﬁ the tobgeco (Table
I)é Type K produced a small ring of yellow around each injured halra

within three dayse This strengthened in color for two days and then
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slowly fadedo The check élafrb,s thet were incubated at the same time -
from healthy leaveé' prodixced no yelloWing‘at‘ tﬁe b‘ase of the injured
hairss Type F di‘spla&ed‘ the same yellow cirele at thé base of each
;Lnjﬁréd hair, | The leaves immediately above egch indéulated leaf became
fainly méttled one week gfter the ,inéculation; This mottling slowly
faded outs Type € produced no symptoms of mosaics |

Trichomes of healthy and diseased beans were mounted and observed.
The cytoplasm of the healthy trichomes was hq‘les's gfanular than the.
cytoplasm of the diseased tm‘.chom_es;

DISCUSSION

’Bh_‘é mosaie j.n Phaseqlus ‘Julgaris is tranamit’ce‘d th;;ough the seed
from mosaié plants;‘, ‘as.; the diseased pianfs appeared in new soil in be‘nche.'s9
(that had not contained bean planis before}, It is possible the protein
in the seed will inactivate the virus ii; time, though it may vake a few
years to accomplish thise Artifical transmission of the virus has proven
sucecessful 'althoug-h there are three possibilities, Rirst, that the mosaic
may have beeﬁ in the seed, although maék,ed or weskened, and appeared
later in the .]\;lant; The inoculation may have streng'bhened the virus withe
in the plant, Second,, the plant may be a resistant individual that would
not bgcoﬁe infecteds Third, the mosaic stock used for the inoculum may
| have been a ~d.égenera;te plant rather than a traly mosaie plant; or it may ‘
have been of ' a very weak individuel, The Suséic_zi_ousiy appearing plants
may be caused by either weakened virﬁs or by a degeneration of the

plante
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Yellowing, which appeared in lgrge quaptities in the greenhous‘e,‘ : - _. |
would seem to be- due to the 'sp'rlay injury, but when in "bhe‘ fields énd -
not subjected to spray it may be due to degenération of. ‘!".hewchl'o'roplasts
of the plant. McKinney (31) found a yellow symptom in tobacco that he
was able to congentrate tc:a pure Torm through artifieial systematie
inoculationss The yellowing in the. beans does not appeaf to be c§m—,‘-
parable to the yellowing in the tobaceo, The yellowing in the bean .ean -
not be ‘bransfered, to pther beans or othe:c; plants by artlfieial inoculag»
tipn$o ‘ - o ‘ : - ‘. L |
‘ The mosaig diseases of Pha.seolus appear. to be of d:,fi‘erent typese |
‘Some plants have a resis’cancse to one virus while they may . be susceptible‘ - | o
te all others, or they may be res;stant‘ to all bubt one.. The pure forms
of the virus are very prevalent and usuaily remain pure throughouts The
complex:forms of the dé.sease appear to be mixtures of the virus, The two
forms combined as one, are not as virulent at first as the pui'e type, but
they appear to aet in conjimction in their ability to retain the vimlgnca
of the diseaseo |

In the field the sympitoms remain of‘ the pure type to the end of the
season anp. do not degenerate into the.small rugose, as they do in the
greenhouses By bringing out the secondary growth in tr;e plant, any virus
that might be masked, either from the seéd or from later infeq:tiong would
be brought Ou'b; &his Ry aecourit for the degeneration of the type. The
shortening of the grom.ng period and the forc:.ng of the plants gy bring

forth the virus in the planto Fernow (17) found mosaic symptoms to
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change with the envirommental conditionss This would account for the
change :E;étween the symptoms in the fi;ald anﬁ_g:;-ee_nhou,se@
* The clearing of the veiné in the bean plant can not be ‘éonsidered
a sympiom of the digease as i’ci can in the sugar beet, Solanaceae; or
aster, Inocuiations made from leaves showing clearly the property of
clearing of veins, produced mo infections
The ring spot of the alfalfa doe.s transfer to the bean, but not as

the typical ring spot mosaic. It transfers as a faint mottling of light

yellow green on darker green, without the accompanipg symptoms of rugosityo

The ring spot Kof alfalfa does not traﬁsfer over to the tobaecco, oxalis,
sweet clover, or fanweed, It only transfered to the red clover. The
fanweeds imoculated with this type diedo

' The, dark gfeen eurl ipg of the 1eavés, ﬁ;'ansfered over a darkened
curling. The leaves were slightly elonéatedg but not as elongated or as
dark as the original inoculum.

. The presence of the virus in the seed did not influence the germinge
tion of the seed as rows having the least number or fhe gréeatest number
of seeds germinate; cqntaiﬁed. no viruse Sirﬁila,r rows contained a grea,'t_
amouﬁt of viruse The failure %o geminate was eaused by the ix;xpregiousé
negs of the seed coat rat"h,er than the unfertility of the’embryo or tha
influence of the virus. A4 highei:‘ percentage of germination could ﬁe Obw
tained if the seed coats were slightly scra‘bc;h'ed, without injuring the
embryo, before planting. Cﬁprous oxide brow'reﬁ the most effective fungi.-.-.
cide in controlling the fungi on tﬁe seedsoh"

The virus of Phaseolus appeared o transfer to the tobacco as the
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light yellowish rings were formed around each injured -hair in the
inoculated plant. As the check plants did not show this yellowing at
the base of each injured hair, there must have been @ transfer of the
mosaic in the inoculated plantse. The sympboms gradually disappeared.
Bean plants inoculated from the tobacco did become sixty per cent dis-
gased in one type only. The wirus may have transféred over but 5.’0 was
unable to ‘in\crease.greatly in the tobacdo p}anti, The clover showed no
signs of anyv'bransference of the mosaic from the bean., It did show
a ﬁaigt trangference of the ring spot f“mmvthe alfalfa, The tobaceo
did n;t' demonstrate any symp’cc;ms from the alfalfa ring spobe

The mosaie disease of the Phaseolus appeérs to be speecifiié to the

variety of the bean, gnd is not readily transfered to other plantse

The Huntley field run bean is less susceptible to the disease than

the Idaho @ertified, possibly because of ‘bhe‘ chén"ge in environment and
the inoculations of other viruses and possibly Becaus-e the Id;aho Stock
is naturally less resistant to the virus as a group. They were more
susceptible to the virus from their own stock as well as the virus

from the Huntley Stocke

Drying does not inactivate the virulence of the disease, Inocula-

tions made from dried material were as successful as th‘e'inocu‘lations
made from the freéh material. The virus loses its virulence graduglly
upon staning as an extract, |

The virus in the slee.d does not ranai_n active over a period of &

few years as there was no mosaie obtained f-ro‘m;_'!:he; seeds that were six

years old, They were from plants that were mosalc as well as one get
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from healthy plants. None of the plants showed any signs of the
symptoms of mosaic. The ﬁosaic did not live over in the seed., The
seeds were originally from plants that had become mosaic through their
seed, The first and second compound leaf stage was the optimum time
for the transference of the disease artifieiplly or through injurye
Before that time the mosaic may not have shown up, while after that
time the percentage of diseased plants is‘nqt as great, The second
coméouné,leaf éhquld be just unfolding to be used. The swab and pot
- label method of artifical trangference, if‘perfbmmed at this timeé ig
of the best methods, The swab and pot label in béingvused Tor the ino~
culations, elimiﬁate all possgible transference of the disgaée by the
hands of the worker. Through changing the label after each inoculation;
. there is no possibility of careless transfer. ‘
The plants that were injured and gllowed fo rub together were too
old in the field. Thereiwés a transfer, so there is a possibility of
a trénsference of the disease in the field through careless handling

of the plants while they are still younge

SQMMARY’AND CQNCLUSIQNS
From the fofegoing‘diSGussioné‘it,wduld appear ﬁhat‘the‘viruses
of bean are of different tyﬁes andApoﬁsiblyfof different intensities,
as their reactions on the plants of the same species of Phaseolus, was
quite divérsified; Some types proved more virulent than others to the
sSeme selecfions:of the Great Northern bean. The bean may have built up &

resistance to ome type vhile it is susceptible Ho all other types,
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or it may have a resistance to all types;

The sterile pof label and swab method of imoeulation of ‘the ﬁlant
%o be infected, is one of the surest methods, The workers® hends do
not comg in coqtaét with the diseased plant ‘ox( the healthy plant there-
fore there is little chanee of ecareless transfer of the disease. The
leaves can be gently rubbed or injured With the swab, sp a technique
of inoculating can be easily gained.

The mosaic disease of bean may vary with environmentél conditions
as the winter inoculat.ions were not as suégessful as the spring inocula-
tionse ’
| Al'l;.hough the yellow veinbanding is .g symptom of spray injury, it
- -a;épears‘ in the field in igolated cases. This symptom could not be transs
‘mitted. to ‘c‘mher’plants through inocula;tidh processes. It is probably an
. abnormality, the qﬁqse- of which is not determminede

The clearing of the veins is an éarly syﬂiptom of mosaoc of Solan-

. aceae) sugar beet, and aster,‘ but it is not transmitted from bean plant
to bean Aplanto This elearing of the veins is either the symptom of an
abnormal form of beén plant or of & weakened form of virus; that .'is not
in a grest e_noﬁgh quantity or in a virulent enough stage to produce
mosaic symptoms through inoculation.

The different types of mosaic as demonstrated by the different
pa.tterns of the symptoms, ean be either of Ffour different pure types or
as compound symptoms. The compound sympton;s of the disease were more

virulent as a group than the p_ﬁr-e symptoms of the disease. The vipu-

lence of the complex symptoms. were retained longer than the pure symptoms
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in infecﬁed,juice;

The %irhs is not inaetivated through drying for five months as
dried materiél is as virﬁlent as the fresh materiale

The germination of the seeds was not low due to the presence of
virus within the seed, but rather because of the imperviousness of the
seed coat to water. A gqnminatién test is no indication of the pre-
sence of virus within.the seed.

The seeds from virus plants, when allowed to remain in storage for
five years, prédueed plants whieh showed ﬁo symptoms of‘diseaseo

The envirorment of .the greenhouse tends to bring out a degenerate
form of iirus_in the secondary growth of the diseasgiplant; charac¢terized
by a slight rugosity and fine uniform mottlinge o |

The Ring spot of alfelfa transfered to the bean.plants in a slightly
different type symptom than any of the symptoms‘of the mosaic disease
of bean, and very mﬁch different fram the inqeulum;'_It would not transm
fer to the tobécco or to the sweet clover.

The tobacco appeared to be-éusgeptible‘tb only éne type out of six
(8) éf thejﬁmﬁaaéor thé bean, If produced yellow lesions at the base
of eacﬁ injuréd)hair for two types but only ome multip;ied,enough in
fhe tobaeco plahf to be‘transfered back to the bean, The symptoms grad-
ually disappeére@ ih the tobaécoa' The disease probably transféred over
to the tobaeco but was unable to multiply there as it should; and soon

died out,
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The optimum time for successful imoculations for Phaseolus is in
the\first compound 1eaf stage, Jjust as the sepond‘cempqund leaf appears
and before it has uﬁfo;ded;‘ This is true of artificial as well as
natural infection._ Symptoms of mosaic usually appeared within‘fifteen
(15) days after inoculation,

The disease may be ﬁransfered in the earlier stages through rough
handling in the field during the processes of roguing, Great care

should be exercised in the field especially if the plants are younge
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HEXPLANATION OF . PLATES

‘Plate Io A leaf of Phaseolus vulgaris demonstrating the

synptoms of veinbandings (3/4 natural size)

Plate II, A leaf of Phaseolus vulgaris demonsirating the

symptoms of small rugose. (Nétural size)

Flate III, A leaf of Phaseolus vulgaris demonstrating the

SyﬁPtomS of large rugose. (&/4 natural size)

Platé'IVo‘ A 1eaf‘of Ehaseolus vﬁlgaris demonstrating the

{ symptoms of veinbanding and curling. (Natural size)
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