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Virus diseases have bene present In the potato

lag districts of tht» country for asny years. fotato *«

growers haw long well ted that the control or virus

dlsoases Is one or their moat tiiiiicult probleaa. Iheee

diseases cause a condition oomonly know ssnng the

growers as "running out" 01' seed potatoes, honos they are

classed generally as aogenewtion dlsoases*

Hooalo Is .lorhaps the neat wide spread and oocuaonly

recognised or the potato degeneration dlsoases. It Is

soil know that a wry hl^h percentage of the potato

fields in the Berth contain mors or lees swsalo lnfectic

Kansas potato growers secure their seed potatoes eaoh

from the Horth. It Is wry sTldent that auoh seed shipp

Into this state Is groan fron raosals seed st .,

me aost easily recognised foliage syoptora of

aosale, as exprwsed In the northern states, is a nettled

chlorosis in the loaves, iho oonspieuoua absence of this

leaf Bottling In Kansas potato fields has oaused eonslder-

able speeulation as to ho* nosalc is expressed under our



conditions. It baa twi been suggested that the disease

does not develop in Kansas hence does not ai'ioct the yic

the purpose oi these investigations, M far as

potato nosaio Is concerned, has been only to study the

node oi potato moealo expresalon In Kansas* the princlj

studios have been on plant characteristics, including

size, shape, color and yield of mosaic infected plants

compared with healthy plants.

Spindle tuber is a serious degeneration disease of

the potato that has not long been recognised. The

cyollndrleal, pointed, or otherwiee mieshapen tubers that

characterise the symptoms expressed by this disease bat

boon observed for several years by growers and others

working with potatoes. It has been noted that those

tubers, known to oomaorclal growers as "run out seed" or

•lady fingers," deereaae the yield when used for seed.

Hevever, it wee not realised until recently that

the causal factor for t;.is condition is a filterable

virus, and furtheraore, that the introduction of thie

virus into healthy plant tissue will produce the

ation disease that we now call spindle tubor.

with the startling discovery that spindle tuber Is

transmissible eaae the realisation that there are Eiany

possibilities, in the natural production and management



of a potato crop, Tor the dissemination or tills disease.

Contact ox' diseased and healthy out seed pieces, Insects

feeding on diseased and healthy plants, contaminated

tools such as cutting knives, pickers on the planter or

other tools used for handling the potato crop nay all

furnish possible means for disseminating the causal

agency of spindle tuber.

«The purpose of the Investigations concerning

spindle tuber has been (1) to study methods or dissemin-

ation, (2) to study the mode of expression in Kansas and

(3) to determine the prevalence of visible spindle tubers

in the seed potatoes that are shipped into Kansas from

other states.

The experimental data contained in this thesis are

based upon three years investigations on mosaic expression

{1924-192 o-1926) and two years investigations on spindle

tuber dissemination, expression and prevalence {192G-1927).

REM ATDttK

The widespread interest in the virus diseases of

plants began with the discovery by ltayer (1886) that

^co mosaic is an infectious disease. IowanowsJcl

2) found that the filtered fluid from mosaic infeete

«2ne author is indebted to Dr. i
J
.. P. ..bite for Ids valu-

able assistance and advice contributed durinc: the pro-
of this work.



plants still possesses Ita infeoUoua qualities. This

opened the door to a new field In plant pathologyi

tha field o. filterable virus diseases of plants.

Beljerlnek (1898) ascribed tha cause of tobaooo

aoaale to a oontagloua, water soluble, non-corpuselar

acterlal anion ha oallcd "oontagulu vlvun flulducu"

Roods (1908) contended that mosaic ia 8m to an oxidizing

ansjaa which causes tha deetructlon of chlorophyll.

lb* t—ansa amount oi work don* on aoaalo trans-

mission leaves no doubt aa to tha infeetioua nature of

the virus when trans terred Ova diseased to healthy

tissue in plants of tha arc? species, i-urthemore, a

great deal of evidanae baa beat obtained whleh proves

conclusively that eross-inooolations of aoaale are

successful aben tha virus from infected plants of ©or

genera, iuaillea or orders is introduced to oertala

plants of other genera, families or orders,

tear (1985) working with healthy toaato plants

eeenrad cross -Infoetions -lth tha virus from soger oane,

bean, ereokseek sejeash, oalandula, volvet leaf*

allJeweed, catnip and aartynla. He also socurod infection

as cow pea from egg plant, potato, oneaaber and

erootmeek squash. Petunia plants beeaae infected with

tha aoaale virus fvoa ouoaeber and ereokneok oqoeab while



the virus iron infected celery and sparge pleats *as

transmitted to cucumbers.

SStiultB end Eblson (1983) verified the work of

others on Insect transmission oi degeneration diseases

the potato in the field* Some or their -lndlngs 4

transmission, variations of sjmptoas and oontrol

are summarised as follows 1 "in Green Mountains, mild

mosaic an* not transmitted by oontact except in stem and

tuber grafts. In Greer, {fountains, aphid* from a 'curly

dwarf' combination, apparently consisting of leaf-coll

mosaic and spindling-tuber together, transmitted the

eurly-ddarf combination to a part of the hill and spind-

ling tuber alone to the other part, distinction being

aade bet—en different tuber units of the second gener-

ation, natural transmission by insects contributes to

the difficulty of the oontrol problem. ' Koeaie symptoms

from the same seed tubers show different oomplexos in

different environments. Mottling Is suppressed by

southern regions and by higher temperatures. Daarflng

of the tubers, and therefore reduction in yield rate,

more pronounced in a southern region. Shading tended to

increase mosaic mottling and to decrease leaf rolling*

selection o- tubers without knowledge of the parent

at eliminate seed from diseased plants infected 1st



the preceding season. Proximity and hoary aphid Infest-

ation Increased the spread or mild mosaic anile sufficient

isolation from diseased stocks reduced It so that a atat

of freedom trm the disease ana maintained. Isolation

30 netors Has lnsuiiloiont, and over 400 meters see

sufficient."

Johnson (1987) aorklne with Classification Of

viruses reports eleven different moeele viruses on

tobacco and related plants* More than one virus may

exist Is a single plant. He found It possible to tepai

these on the basis of characteristic symptoms in lnfec

plants*

Sohulti and Jtoleom (USD) recognised four types of

potato moaalc and classified thea according to foliage

symptoma. These four types *rei (X) Klld mosaic, able

la oharaatorlBOd by clear out nettling, aomo wrinkling,

raffling and alight dwarfing of the foUage. (8) Leai-

rolllng moaalc which shows dlffuaod notUlng and alight

rolling upward of the loaves* Loatroll la distinguished

from leefrolllng mosale by absence of dwarfing, rl Idlty

and flhloroaia. (3) iiugoao moaalc la characterized by

Mawabut dlffuaod mottling, rugoelty and distinct d«arflna>

tabor reduction la more aar red than In mild aoaale*

(4) Crinkle mosaic resembles mild moaalc In Its clear



nottllnc but la «harooterlw>d by considerable arlnlcllng

und ruffling*

Martin (19B2) «aa the first to apply the nana

"spindle tuber" to tho Ions* oylindrioul, misshapen

eoanonly known by growers aa "run out seed." sohultz

and Tolsoa (1923) definitely established the infectious

nature of the causal agency.

Sohulta and i'Olsoc (1985) describe spindle tuber

symptom* aat "spindling stems and upright and somewhat

darker green and slightly rugose and dwarfed foliage*

bnomally spindling, oplrdle shaped and usually dwarfed

tubers oith more or lese conspicuous and apparently

numerous eyee are eharaoterlatios of this disease*"

Ooss (1985) describes spindle tuber foliage asi

"usually daerfed and erect, slth fever stales per hill,

the branohee point upwards, and the loaves are small sit

aavy or ruffled margins. i rooted tubers are longer

more oylindrioal In shape than normal healthy tubers of

tho same variety, and are sometimes irregular and bumpy.

Tho bud end of tho tuner le more pointed and the tuber

becomes spindle shaped* Ihe eyes are more numerous,

shallow, and sometimes even bulge out* In the red

varieties sueh aa alias Triumph the color is much paler

than normal and blotchy."



torner (1020) In writing of the habit of tha spindle

tuber plant M711 "Spindlo tuber retards plant guv

•hen compared »ith newel plants, a* aanlfosted by • el

rate of plant —

e

rgon oo, low per eent 01 eprouting, and

the development of email and less vigorous plants. Sj

tuber planta haw an eroot habit of growth, the loaves ore

•mailer and narrower than normal, Xbey are folded up

•long the midrib end are unvy elong the margin. Spindle

tuber has been found in all varieties tested (representing

ten variety troupe). Bo lactone* of immunity or resist

was discovered."

tomer (19*6) doubted that apuide mere responsible

for transmitting the causal ageney ox spindle tuber la

western Nebraska beeaase there are few aphid* in that par

of the state. Gees (19B0), in a paper presented at toe

nineteenth annual meeting of toe Aaerlean rhytopatholegic

Society, reports tint the transmission of this virus can

be brought about by eras stoppers, iwenty-nine eases of

inieetion mere secured out of sixty-four inoculation*.

the plant* inoculated mere groma under esges. me unoaged

controls remained healthy.

Corns (1986) reports eaeoemsful inoculations of

epindle tuber virus with a outting «oiXe contaminated aith

juice iron a spindle tabor which was used to out healthy

tuber*, iieelthy seed pieces mere sueeeesfully inoealated



by oont&ot with tho oat surfaeo 01 a spindle tuber.

In testing artificial means of transmission of

spindle tuber, rolnoa (1923), used tuber grafts. Ba was

sueoessful in seouring infections In 83 per cent of the

trials. Leaf mutilations and stem grafts also gave in-

fection to the degree that ourrent season symptoms of

spindle tuber were expressed by the progeny of the plants

inoaulated.

c-oss and Peltier (1985) found from their oxporlnents

that spindle tuber reacts to temperature conditions in the

exact reverse to mosaic. It ems often impossible to dis-

tinguish plants affected with spindle tuber when they wax

grown at low temperatures and the symptoms were increas-

ingly evident as the temperatures were raised.

awrnor (1926) reports greater elongation of spindle

tubers at high temperatures in heavy soils of nigh mois-

ture content. Furthermore, Infected plants grown under

favorable conditions produced better type tubers then

healthy plants grown under unfavorable conditions.

MOaVUO STUDIES

Materials and Hethoda

the Investigations herein reported concerning mod*

o. expression of mosaic in Kansas include data obtained



bv tuber Indexing and studying tho progeny o£ 1,002

individual tubers abloh produced approximately 4000 pla

Tho tubers used for these studies were secured

laoonsln, Uinnesota, *orth ua :ota, Washington* Idaho*

Maine and Missouri. Host or the lots or seed received

sore of known parentage. Some had boob grown In Insect

prooi cages to Insure against occidental infection.

Others were obtained from fields known to oontaln heavy

Infeotloa of mosaic. & rev? lots of seed sore taken iron

oommerelel stock* on the market.

Tho following tables desertbo the various lots oX

seed used* their origin, the variety, tho infection

carried and the Index numbers given to tho tubers In ea«

lot of seed for tho year the seed was planted.

Table I. Seed too Mosaic Studies • 1924

Tuber
- >.

i Infection
: Carried

i

t ¥arloty
>

t OrtRln

1-76 : BOSS*
1

:. BBaaOsI 1

i

: Is consin

81 - Is*
: Im ic MM
tLea fro11

t :

: BBBBl BBSO

s Curl j dwarf
:

i Triumphs
I

»Idaho
Hi - 214

i - M
Ms - ~j0
L61 -

:

t

titosaio
jLeuiroll
: al: dl<

<

i

t

tOrooB
: ) Mj

:

t

i

:

: Ian

21o - 314
s 1 :

:

315 - 414
:

Undo .;> ii:.:- "Ml*



iablc IX* Seed for Mottle Studies • IX-

:..cclTJr
^-IjtlButai—_

—

Varietr o.-l;,lrv

1C

.33^10 fi'rlurtyiH JBHBML
..3- ic :'lriuBpha ;,..lvo^w-li.

20 £ ::-3-:-^:

tSplndlo Tub;:-

:.' n>n
43 CO

51 X
Bosuic and
Spindle Tabw

JL1--1V ~" •i:*--'-
iKor:

Booaie and
Swindle Tuber

ifrfTr
"*'<<

l
' iBorth Eekota

59 0C . 1 1 »h o»mh« tiiorth feaoto

- os do uariy.oiile. miaaourl

94 - 119 :.oa_ic Irish Cobbler missourl

120-300 "
.

'

...
.airly Ohio market

310 - 488 Uriah Cobbler iKarket

ifct>le III. Seed Tor :Jo««le Studios - 1906

jetfll i.

1 Infection
t ferried

: i

larlct • i orlfdn

1-50 :

Uriah Cobbler Jiilnnosota
1 : s

51 00 tfhfl ic Uriah Cobbler ila——t»

sixteen lota of eeed from different

used In 1884 and 198 6. Theee lots of aeed carried mosaic

leafroll and spindle tuber, a oareful study of the

of oach tuber ems aade la the greenhouse and in the field

in order to beooae acquainted with the mode of expros i

oi these diseases.



In 190£ only the Irish Cobbler vuriofcy was used be-

cause this variety la the principal one grown in the com-

mercial dlstriots in the state* ibis seed was aeleeted in

Minn—ota from a Held that contained a high inleetion of

Mosaic, torty tubers fron aosaic lmeeted hills and fifty

tubers from apparently healthy hills sere *uml»hed by

A. C. Tolaas, in oherge ox Potato Seed Certi-i cation mask

in Minnesota*

Tuber Inds*lng i In order to secure data on the

progeny of each individual tuber an indexing system sas

used* this work consisted in numbering eaeh individual

tuber. She index number of each tuber was inscribed on

the tuber uith India ink* The plants produced by eaeh

tuber unit were staked* both in the greenhouse and in the

field, eaeh stake carrying the index number of eaeh tuber

unit*

Oreenhouse Studios ; Previous Investigations by

several workers show that mosaic foliage symptoms she*

most distinctly on plants that are grown at cool temper-

atures and in diffused sunlight* Therefore* it mas

advisable to produce one plant from eaeh tuber in the

greenhouse whero these conditions could be obtained.

tor the greenhouse study, one eye was out from each

tuber end planted in a 5 inch pot* the pot was given the



Index number on the tuber from allien this eye was taken*

the reminder or the tuber mm stored for field plant

A* soon as the plants In tho greenhouse wore large

to express foliage sjnptoas notes were taken and reeor

Mo yield data were taken in the sroennouse beeause the pots

were too small to secure nor-a yields* the object of the

greenhouse study was to determine which tubers carried the

mosaic Tiros and '.niloh ones were healthy. *his w

necessary because under the intense sunlight ox field con-

ditions the foliage symptoms are often nasleed.

field atudies

i

the portion of the tuber saved iron

tuber indexing study in the greenhouse ems used for

a field study of mosaic. iSaoh tuber still carried the

laden number given it bsxore the greenhouse plantings wer

ando. these tubers were cut into fro* two to four seed

pisees which constituted a "tuber unit." iacli tuber unit

was planted In a short raw of from two to four hills and

was staked, the statto carrying the Index number of the

tuber froo which the tuber unit was taxes*

anon the plants in the field were about ten inches

high the first field notes won taken* tho foliage

each tuber unit was inspected carefully to determine the

symptoms expressed. A. record was made indicating the

symptoms expressed by each tuber unit. Field notes were

taken a second tine whan the plants ware In bloom. Tho

neeeeeenene.



third set of field notes was taken alum the tabors mere

harvested. **sh tube* unit was harvested and the progeny

weighed separately In order to compare yields o. diseased

and healthy tuber ib..

In order to shorten the work of talcing notes and to

make it possible to formulate tables doserlbing mosaic

foliage symptoms a system or abbreviations aas used* Vho

letter used describes the a/aptams expressed on the foliage

of plants groan in the greenhouse or under field condition*

Key to Abbreviations Describing rbliago

H - Healthy Appeoranoe

I * Rild mosaic - Bottling only

tat » rugose noeaie • Rugosity .-Ad mottling

IM - Loefrolllng mosaic • Leafrolling end mottling

L - Leairoll only

aCPEUMEHTAL EVIA

L'tllising the methods Just described, studies

made ©t the mode oi expression 9t mosaic by plants and by

the progeny oi the various lota o* seed obtained* ihe

results of these studies follow. In presenting the data

each lot of seed la treated eeparately for the year in

shieh the work was done*

the following tables show the number of tubers



expressing «Mb type of acwaie or other ayaptoms atom

:eu In the greenhouso, aid the smwequent expression

or syxptocw by progeny or these seme tubors *hea grown

under Kansas rield conditions.

InTQStifiptlons. 1384

ioble XV. Bliss iriampiis iroa »iseonsin rrocueed
in a field Heavily Iniectod srith iosale. lad or. So. 1 - 76.

I

June 1 t June 1
«

« : «

«

5 » « ' «yield
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IS »88sg saoq i2 :jjt3 i22:. aXXJ;
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lahle V. iiusset Burbsnk Vubors free a Hold in
fcs.shinr.to. flontainlng a High Infection oi Soeaio end Leal
roll* Index Bo. 81 -141.

Greenhouse
txiald ^yaptoms tsield Syaptaaasivorv^e
: June 1 t June 16 .11

SERe?
2222222222 «yield

i *U *j.U«L-ii- :!. : Jounces
li HUH
Healthy

*f"t 1
' i i * 1 i " 1 J i

- —
:C .1 t i3 :Z :<j : : If i
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"
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"

4 TaHrs
Loafroll ttosaio
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i 2 X 24 S 1 J 2 24 S I "
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Unknown. Index :;o. 215 -
otion

)tbmaTTxeTd \

:

itons : : : s :yield
: i - •• : sou

1
.* : s : j :

L c 11*1 • 3 s 2 : : -

ftaaosc

• •

• 1 » : 1 s : 1 i<

a'oora were Indexed in tin. .ly six
tubers shoved msaie symptoms, thee
Uoalthy tubere «r«

Tfcble K. *Irlsh Cobaior Seed froa
.. Inde: - 414.

.

a Syaptoms iileX*

.anhouse ; June 1 : Juno 15

s II . K
•

s n
'/ Jubors

L-liy : 7 •"

: 7

s :

: ta
1 Tuber

/Aid Mosaic JL

: :

1 : : 1 1 22i

* ICO tubers were Indexed In the greenhouse. ,ne

...ed a m. Ld nostlc. this tuber
an<? seven Healthy tubere were used ior field planting.

tloua. 1925

Table X. Bliss i'riuir.r>iis i'ror.i Jones; itt,
Minnesota, fi'oo a field Oontalnii^ a Klijli Iniectlon of

Greenhouse

.-. <-, 2£_
2 Tubers
Healthy

-leld Si'apto
; Hay 10 : June 3 :blll

Kl! t A
' ?ld

i mh Jounces

6*
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table HZ* Blifls ^rlumphe iroo Sid Uason,
Minnesota, iron a field Shoving «nly Light Stoaaic Imee-
tlon. Index Ho* 26-42.
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Tabic XIII. Green Houn tains from H. i«. Boley,
targo. North Dakota, from a £leld Containing High In-
fection of foaelc and Spindle ruber. Index So* 43--.0.

I>IHW
March 2\)

« Tabem

J.lold SymptorasiFieid Sjmptome «Average"
« «SZ_if » JHSSL? «W11
l

* » * l * syiold
» H l K IHMIU » M « KM lounoea
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: 2 I

T ;
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: 3 i 1
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• ~jV.(.

s e I 2

Sable XIV. Early Ohloe from H. J-. Dolloy,
Horth Manota, from a rlald Containing a BLgh Per Cen
Mosaic and Spindle Tube*. Index Ho. 51 - B.
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Table xv. Irish Cobbler* from u. L. Bolley, Snrgo,
Korth Dakota, rroa a Field Containing a high f*r Cant of
Boeaie and Spindle Tuber. Index Mo. 88 - e.
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Table XVI. Barly Ohio* from J. T. Qnlnn, Oolwsbla,
Missouri, Iron a Field tb*t Showed 3 Per Cent Xosala.

Ho. 67 - 93.

' fl
"on»« liald r>ymptora*» -veraee

.fMLf.
H » K 'Mil 11 i» » 8B

ahlll
*yield
MMi

17 I 4 » 1 1 1/ i 4
2

'• 6

¥fc» 3 4
:

: 1 4-i-

>^1C
:

« 1 JJL

Table XVII. Irish Cobbler* from J. £. Onlim,
Qolunbla, Uissouri, fron a field Shoeing a Very 3raall

Cent of Moeale Infection. Index Bo. 94 - 119.

NMtMl
';/ ;pu>n»

Uleld
gsxJL£ 1

—

j«ssl4—
M IB |C n

rrvereSe"
ihill
(yield
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Table XIX. Irish Cob'olors iron Cowsercial Stoelee.

Infection Unknoan. Index Be. 310 - 453.

UmbMM

STobere"

jl-iula ,-;/apca:s:. UU. ../-. -jt.o- .9: :>::•... o

JSSJLil * &S2-2 [**ii
(yield
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: n
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jBgeee »ooalo , 7 8 2
:

: 3
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Investigations. U/fa

table XX. Irisli Cobblers Selected by *• 0. rolaas,
St. real* Minnesota, from pleease-tree Mile In a field
um« Bamiaai BMk »* IM j \>s: ic. fees* ie X • --*

Greenhouse
;. iold Syaptoms»±leld Symptoms tAverage
1 Kay 28 1 June 4 :hlll
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If i| I
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i yield
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1 IB 1 « : 36 s t
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Cable XXI. Irian Oobblars Selected by
fron Mosaic In.e
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auewuat

lb* foliage STaptoms expressed by the three different

types of mosaic studied wher. grown under conditions iavor-

able for the disease, as were present in the &

•re as follows!

*• |a^d —aif — Battling of tho loaves into ftiirly

veil defined light and dark green patches. Often the

loaves eve slightly wrinkled and aero or loos dwarfed.

2. Basnee Hoaalc — Pronounced depressions of

depth In the leer surface at the veins with tho

between the veins of very uniform heitfitl aoeoapanied by

diffused aottllng.

3. (^.tron^nmBBj^ — Stpreased by a rolling up-

ward of the leavosjsjay be distinguished froa wrinkling

one to the proalaenees in rugose mosaic being of equal

height end the depressions of equal depth, while with

ordinary orlnkllng the depressions and proainenoos are

unocjuul in depth end height*

Expression of the foliage oyaptons of those typos

mosaic in tho field aay be tho ease as are expressed in

the greenhouse especially ii cool and cloudy weather per-

sists, iiojowor, as soon as a period of intense sunlight

and high teaperatoro prevails tho syaptoas usually

apparently vary with the type of



mosaic oarriod by the plant and With the variety. She

usual changes In symptoms In Irish Cobblers, as the gram

season progresses are J (X) A masking of the mottling in

the case of slid mosaic end (8) lama of rugosity In the

oaa« of rngoae mo—lo leaving only the mottling. In some

eases both rugosity and mottling are masked and the plant

la apparently healthy*

In tho ease of the aarly Ohio* mottling Is not ana

as irequontly as alth the Irish Gobbler. Shows is. how-

ever, a strong tendonoy toaard —king as the season pro-

gresses. Tho changes in rugose moealo symptoms In tho

Early Ohio is toaard loss of rugosity and In some oases

mottling is masked.

Tho behavior of the . U ss Triumph variety as regu

making of symptoms of mild aosalo is practically tho

ammo as In tho Sarly Ohio. Tuber units that expressed

typtoal rugoeo mosaic symptoms In the groenhouse often

oxhlbltod tho symptoms Of losfrolUng mosaic In the field.

Probably both leatrolling mooalo and rugose mooalo msre

present In oortain tabor units but only rugose symptoms

more recognised In tho greenhouse beosase leafrolUng

symptoms ore sopprooood by shading. Throughout the

the oroen Mountain variety exaressod mat aio symptoms tho

most consistently of tho varieties studied. In each case

tho symptoms expressed in tho greenhouse more also



exhibited in tiio iiold by a large proportion oi the tuber

unite. Xhle e&a especially true in the oaae oi rugose

aoaulc rad leafrolllng lo.

The following tables eemaariso the data obtained an

eaeh variety tkat ma la uio

tlirec

that

.iesc tables so.. tt»

-o.' t.ie Ml

oi Mbe* u^.its

healthy plants or axpressed the different

types of mosaic In the greenhouse, the) tablcealso enow

the nuaber of sister plants iron the

expressed syaptoas of each type oi mt

sequent growing season In the field*

taher ur.it that

.ic eantei ;_c PJeW

table XXII. Irish Cobbler variety
Synptoos Bspresaed in the Greenhouee and In the field.

.].A :;>.:'"
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I
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:
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Table XXIII. Early Ohio Variety Comparing M
Symptoms Bxprweed In the Greenhouse and In the Fle"

t iold Syaptome i Field Synptom"
i ?lanta 10" hlr* « Plant. In bloom

ulld Mfale

u .1,:

i t

I 27 t *
1 t

; 27 » 4
I

: 1

: 2 i 11 t e

t 2 I 1 .-
ft

Table XXIV, BUii Triumph Variety, Comparing
.age symptom Expressed In the Oreenhouse and in the

Field.
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symptoms expressed nn a decrease In ail

r, honoe * daemso In yioid per hill. ft review

-ios XV to *XI »hows that the average yield per hill

01' healthy tuber* was greater then that from tubers

lag mile moeale, rugose mosaic, leafrolllag noeale or

leafroll.

Slid moeale redueed the yield per hill froei ten to

iifty per oont* <4igoee aosale ueuelly deoroesod the

from fifty to seventyflve per cent. i'hls was true chore

foliage symptoms were masked as well as where foliage

symptome were not smoked* Leafrelllng mosaic often

early death and very few tubers were predated on hills

that survived*

SPZSSCS T03ER STUDIES

Materials and Usthod.

The Investigations herein reported concerning the

transmission, expression and prevalence or spindle tuber

Include date obtained from two years study (192 6*1987}

of the dissemination, symptoms axpressed and peroenteges

Of visible spindle tuber oontalnod In various lots of

acrdul eeed shipped Into .Kansas from northern states.

the tubers used for these studies were obtained

the following soureee:



29.

1. Spindlo tuboro from the Department of Botany and

Plant Pathology, Unlvarslfcy of ilebraolta, for

transmission and expression studies.

8. Kanaaa spindle tubers oeleeted from the general

•rep raised by Chas. Speaker* Kansas City* Haass

R. B. W.

3. Mian—ota wisratal seed. Selected ior typloal

Cobbler typo and apparently froc from splndlo

tuber. Those core used In tho trenaalasion studies.

«* spindle tubers und good typo tubers from •

dal seed. This seed *as used In studios on tho

expression of symptom of spludlo tuber.

&• aaok lots of oommerolal seed from various sc

#ere usod for determining pereontage of visible

spindle tuber being ahlppod Into tho state.

1. Xnseet Dissemination i The object of those studloo

aaa to dotormlno whether or not spindle tuber Is trans-

mitted In tho field by insects feeding on diseased and

healthy plants.

Methods of Inoculation ! A. good typo apparontly

healthy Irish Gobbler tuber ..as out Into four seed pieces

with a sterile knife and planted In a short row. Closely

surrounding these plants .'ere planted a number of seed



pieces out iron spindle tubat's,

is 6 check, another good typo apparently healthy

Irish -ob'aiop tutor was out Into lour places with a

ate- and planted nearby* coed pieces iron

spindle tubers were planted surrounding these tour seed

plooes. An Insect proof cage oX cheese cloth was built

over Oils chads.

iculaUop i the object oi theee

experiments ens to determine whether or not the spindle

tuber causal agency Is transmissible by artificial net

that olsjulate injuries produoed by sucking and chewing

insects.

(a) Cent—Ira t«d Needle Junctures In Leaves and

Petioles Simulating Insect *nncturos.

MuaM. a ^ m. A (' Thm •*•• 1 ,itl ii 1 fj ^ — —
-
* Met ^ -~ ~- - S**M^M A VWSftSS M

W^Bk^.^^. t

^**-^*^»<e>- ^TrJQg* www**
I*'*' *" **m» e»«*»ss» »»-j»>^-*

healthy good type tubers were planted. frfcen the plants

were about a foot high inoculations were made by insertl

a sterile needle Into a typical spindle tuber infected

plant and then puncturing the leave* and petioles of a

healthy plant with the eontsnini tort needle.

(b) .-Ulceration of Leaves with Contaminated

Simulating Pssgi lane by Colorado Potato Beetle in the

field.

Methods of inoculation i Seed pieoes from good tj

apparently healthy tubers ware planted, when the plants



were about i. Xoot high Inoculations were made by crushing

the loaves ox u -pilule tuber infected plant between the

thanb and forefinger and then isaedlately robbing the

contealnated finger• on the loaves of healthy plante»

exerting Just enough pressure to break the leaf opiderais.

thirty plants were treated in this manner.

3. Patting Knife Dissemination i The object of

experiments was to deteralno Aether or not the causal

agency of spindle tuber may be transmitted by eontesdnat

cutting knives.

—thod of Inoculation t ^ good type tuber sas

lengtbslse thromgh the bud end with a sterile knife. One

half was then cut into too seed pieces with a knife that

had Just been used to cut a spindle tuber. The sister

half sas out into two seed pieces with a sterile Unlfe to

serve ss a cheek on the Inoculated b

The two seed pieces from the inoculated half

nlsnted fourteen inches apart in one row* The two seed

nieces iron the unlnoculated sister half wore planted Just

opposite in the adjoining row.

In 1966 this experiment was repeated twelve Usee at

the abas. Speaker fom at fiances City and ten tines In

the experimental field at Manhattan waking a total of

forty-four hills of inoculated oaterial and forty-four



onlaoculated sister hllla*

In 1927 this eras ropeatod t.;clve tioos In tho

experimental Held at Manhattan making twenty-four hills

Of Inoculated seed t>locea end twenty-four ur.lnoculuted

alster bills*

4. M.-«nlr»^ by Contact qf Cut Surlaooai ibe

object of these experiment^ was to determine whether or

not the oat surface oi spindle tuber seed piece cooing

In contact with the out surface of a healthy seed piece

would transmit the disease to tho healthy aeed piece.

oi..:;:: o. luocul. lo;: : .. |B*i type tuber M lvod

lenethwlae through the bud end with a sterllo knife* A

aplndle tuber waa then halved and the ireahly out surface

rubbed against the freshly out aurfaoe of one-half of the

good type tuber. Wu- Inoculated hr.lf and the unlnooulat

sister half were enoh out Into two aoed pieces -1th a.

sterile knife. She two aeed plsoee from the Inoculated

half wore then planted In one row and the two unlnooulat

alater quarters were planted just opposite In an adjoining

wj .

In 1926 this experiment waa repeated twolve tlaea at

the Obaa. Speaker far* asar Kansas City and ten times In

the experimental farm at Manhattan, making a total of

forty-four Inoculated hills and iorty-lour uninoeulu ted

alater nil la*



In 19E7 this m Ofoatod taelve times Is the

experiaetital field at aonhittcn, siting twenty-four

inoculated hills ana twenty-iour uniuaouluted sister idlis.

5. tr-f—''bHon by tuber grarts t since contact of

freshly out surfaces elves only a short tirao for ini'eotion

to take place beiore the surfaces dry, a teat a».s planned

whereby contact of cot surfaces Bight be scoured ibr a

considerable length of tine, tabor grafting aas the aeanc

eheraby this woe acoonpllehod.

ctbod of Inoculation ! .. sterile cork borer ems

used to eat a hole through a good type tuber. By aeunc

of the cork borer a round plug oas then out out of a

spindle tuber and fitted tightly Into the hole in the

good type tehee. The whole tuber cue then planted*

This experiment oas repeated ton times as the

Speaker fans at Kane** °lty and thirty-six tinea in the

experimental field at Manhattan, making a total gl iorty

six trials.

ff Planter Boo DiaBoalnatlon t The juice iron cut

seed pieces often oaueeo the planter bos to become wot.

In order to test the tranaalselbllity 01 spindle tuber

virus fresi the wet sides oi the planter hopper, an

experiment vac planned »horeby inoculation by thic aeanc

sight be simula ted.

MMffd of Inoculation s The Juice from a spindle



tuber Mia expressed upon a clean board by tubbing Its

froehly out sur-aeo upon tho board* A. g>od typo tuber

as than eat In hair with a sterile knife, The eat sur-

face of one half was rubbed against the contanln -.ted sur-

face of the beard* The other half ems oaed aa a cheek.

£aoh half was out Into two eeed pieces witlt a

sterile Knife* the Inoculated quarters being planted In

one row and the uninoculr-.ted quarters just opposite In

adjoining row*

rhls experiment was repeated twelve times at the

speaker fara and fifteen tlnas in the experiaental field

at Sanaattan malting ility-iour hills with Inoculated

material and flfty-iour hills from unlnooolated sister

Ml lAMeee

7. injury frow flrHttf^'W *Mffi*t? **«*•*»' »•

pio'rers on a potato planter often Injure the sprouts on

pieces. *"hls experiment was planned to determine

dokere that are contaminated with the Juice fr

spindle tubers might transit the virus to healthy owed

pieces ehen the sprouts arc Injured,

hotted of looeolatlon i A good type tuber ehowing

short sprouts was selcctod for the experiment. Thte tuber

see halved with a sterile jrife. inoculation was then

attempted by piercing the sprouts on one half with a

sharp needle that had Just been Inserted Into a spindle



tuber.

The inoeulnted half v»o pl-.nted In one rov and the

Tculated sister hair ass planter laa la an

-. *iorve aa a che

Bits expartnont ma repen.toti six tlae* at the

Speaker farm at Kansas City and nine tines In the

laental field at Hanhattan, nefeinc a total of fifteen

trials.

The node of expression of spindle tube/' bus studio

by planting seed ptoses from definite spindle tubers in a

row beside apparently healthy good type tubere. tallage

eyaptone were observed from tine to tine end too plants

from spindle tubers were eonpared with thee* froa good

t rpc Met Pea

At harvest records sere talcen on the progeny of

type tubers and spindle tubers to determine tuber ej

end yield.

C. Spindle Tuber Prevolonee gtudlsa

The prevalence of spindle tuber was studied by

examining various lots of seed shipped into Kansas by

Kau Valley potato growers, ebfl percentage of visible

spindle tuber In eaeh lot of seed sas determined by aaki



courts ol tabera in several seeks oX seed* Counts

mads in seventy-iour lota oi aeed,

himimm 1 1 b n

Utilising the methods just described, studies were

aade ol the transmission, expression sod prevalence or

spindle tabor. The results oi. these studios are herotflth

prosentod in tabular fom. Each year*s work is presented

soparatoly.

ostlaatlops. 1926

A. Tranaalsslon Studio., 1M6, The rosults of the

transmission studies are shorn in the followinc tables*

these tables shoo the methods of inoculation, the nunber

or plants used, the nuober of plants that produced s;

tuber progeny at harvest and the per cent ol plants that

produced spindle



Bible I.
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Tubers from hills that did not show current season

symptoms of spindle tuber from the various methods of

inoculation were saved for planting in the greenhouse to

determine whether or not they were carrying the spindle

tuber virus but did not express either foliage or tuber

symptoms in the first generation.

These good type tubers were planted in the greenhouse

on October 25, 1926, and were harvested February 21, 1927.

This work is to be criticized from the standpoint

that no healthy checks were planted in the greenhouse to

determine what part of the infeotlon was due to insect

transmission in the field the previous season and what

part was due to the artificial inoculations.

Table II. Results in second Generation when Progeny
of Spindle Tuber Inoculated Plants liere Grown in the
Greenhouse, 1926.

Method Used to
Inoculate
Parent Plants

:Ho. of
: Plants

2 Ho. of
2 Plants
:S. T. Progeny

:Per Cent of
rPlants
:S. T. Progeny

2. (a J Contaminated
needle punctures in
leaves and petioles

i 31 10 2 32.2

2 . (b) Maceration of
leaves with contam-
inated ringers

: 16 i 5 i 31.2

3. Cutting Knife • 59 I 17 2 28.8

4. Contact of cut
surfaces

2 59 2 3 : 5.0

V. Sprout Injuries : 20 : 11 2 55.0



B. K*»re»aior. Studies. 1920 1 Flint* produoed from

plndlo tubers were compered alth plants from good type

tubers of the esse variety, the Irish Cobbler and the

Early Ohio varieties were used. 2h© lollage symptoms of

spindle tubor aero expressed as follows!

(1) Plants more or lose dwarfed and ereot growing.

(2) The angle between the petiole and stalk Is very

acute.

(3) Plants aho» rigidity and when bent over return

quickly to an ereot position.

(*) Leaves slightly dwarfed and usually show a

ruffled margin.

(5) soilage usually lighter green than In normal

plants.

The tuber symptom expressed werei

(1) Elongated or pointed at the bud end.

(2) Bumerou*, shallow or bulging eyes.

(S) Greatly decreased yield due to smaller tubers

but not necessarily a smaller number of tubers.

(•) Early Ohio tubers lighter red In color than

noroal.

Yield records were ta.:on to determine expression In

yield by spindle tuber Infected plants as compared *lth

healthy plants from the same strain of seed.



Table XXI. -'ioios of Spindle Tubera Coopered with
flood Type Tubers. Xriah Cobbler Variety. 13(26.

»Per Cent
: S. I.

*W9 Hf^IlP ft11

LOt Ko.
i Spindle Tuber! Goad *ype
J lb-. J IV.

1 i 0.9 3 .43 : .54

2 3.5 : .31 1 .00

3 l 5.9 .19 ,se

4 : 8,5 : .23 : .62

5 t 3.4 « .Vi> I 1.56

6 1 3.C J .32 : .32

7 3.1 .28 .71

v tmmm : 3.8
3 t

l .37 i .72

C. Prevalence Studies. 1986 1 A survey s*a taade of

several lota of seed purchased by Kansas growers to de-

tozBlne the percentage of visible splndio tuber shipped

Into the atate by northern aeed growers.

The following table sows the lot mashers of the

aeed froa atoleh the oounte were made, the kind of aeed

the percentage of spindle tuber found In each lot.



Tabic IV. For Gen*, dlo .Tuber Contained In
Various iots oi Seed Purchased by Kansas Potato Growers in

18B6. Irish Gobbler Variety.

Lot Ho. Kind or Seed Per Cant Spindle ruber

1 Certiried 0.9

8 OwsrnLal 3.5

9 Oomerelal 3.9

4 Oo—erolal 8.5

5 Oa—Telal M
6 OMMMtel 3.6

7 OoB»erelal 3.1

8 0—uerelal . .5

9 Ooemrelal 13.S

10 Hill II ll 11 4.4

11 m hi Bi in M
18 Oooaorciul 5.9

IS Oomerelal .L

14 till I'll 1 1.7

IS Oamaerel&l 3.7

16 eOBMTCUl 3.0

17 O—riUl ui

18 8wmtnt.pl 3.4

19 Bo-eero-n 0.0

80 I lllillH o.s

21 III in II 1 8.9

22 •BMBMtal 8.6



i-able IV (Continued)

Lot BO. Kind of Seod *•* Cent Spltidle rubor

M CoMnerolol 0.2

84 flWBIPlltl 2.7

M QmmmI&I M
2C Co-. MMtal 1.2

27 CD . CTCi .1 2.0

2b Ooenerdttl let

29 ftMNU 1.1

30 Certified 0.3

n Oertlilod 0.3

m 1 llll Illl 3.0

99 G> 2:ci-l 0.8

94 Commercial 0.9

3o •MMMMtat 1.3

98 Ooo»«rclttl 1.3

97 iMBflMtal 0.4

93 OMTfttl 3.4

99 OoMMrolftl 1.7

40 Cbaaeroi&l 4.0

41 flwirnl,*! 2.8

« MMN14 M
49 Oaonercltl 3.4

44 Ooeraercial 3.4

.v pft^pi 2.9



Investigations. 1987

.. rrenstilsslon Studios. 1927. The imlti of the

transmission studios arc shown In the iollo«lnt, tables.

These tables shoe methods oi Inoculation, the nuaber of

plants used* the nuaber or plants that produced spindle

tuber progeny and the percentage of plants that produced

nplndlo tuber progeny.

Table V. Soeults of Inoeulatlng Healthy Seed He<
spindle Tuber by Roans o- Cutting Knife and Seed

Piece Contact. Harvested September 8, 1987.

T
MMi oi

'*-lva-Bgaeu
halves} Cutting

Ho. Of
nil

.- oi : ">sr Cent i

Plants tef Plantst Per Oent
i . s s. X. tdue tc

r»MIWr t*fP*I »Ino«nltttlon

24 JUl . ....

M
Mr*

t«a

>ct ox Out
Surfaces j Inoeu-
ited halves

36
lated
Unlnoc

21 t 30.3
:

aoulated
bnl«M| contact
Cheeks

Tubers were saved frees the healthy tuber unit In the fie]

that nas surrounded by spindle tuber injected plants In

1926. Tubers irom the healthy cheek that was planted In

the lnseot proof eage and surrounded by eptndlo tubers

ere also saved* The object ox this test was to deter



what par cent of the progeny or the plant* surrounded by

spindle tubor In 1960 would produce spindle tubor progeny

In 1*7.

Seod pieces tM these tubers were planted separat:

In oege* In 1927. «io results obtained with the

generation are shown in the following table:

Sable VI. Hesulta In Second Generation Hon .

o- Caged and Uncaged Plants Produced In 1926 .ere Grown

In Cages In 1927.

Uettiod Used to i

inoculate t Ho. of
Parent Plants : Plants

I. Insoct wans- :

nlsslon from near-* 7
by plants

: ; for wsnt or
at Plants t Plants

: . *. ropwnv is. I. Progsar

1.' Cheek plants T
In Insect proof :

45

B. Agression studies, 1927 : In 1927 the foliage

symptoms of spindle tuber lnieoted plants were similar to

those described In the 1926 expression studies, iho tuber

symptoms were also similar! however, additional yield

expression data were obtained* She results are shown in

the following table.



Table VXI. yields 01 -ipiadlo rubers Oorapured with
Good Type Tubers, irlah Cobblor Variety. 1967.

:ln seed

: .voi Btfi Pm iiin

Lot Ho«
: :

: Spindle 'iUbor! 'jy.'i J/pC

i-l

:

: 2.2 1.0 1.33

2 i 3.4 .31 i 1.61

3 3 3.0 .48
I'

: 1.36

4
:

t 3.6 .41
i

t 1.30

|

:

: 2.8 : .08 ; 1.24
: 1

V--' ;,c 3.1 .OT 1.2

C Prevalence studios. 1987 1 Further studies on

prevalence were made in 1987 to detemine the percentage

of visible spindle tuber shipped into Kansas.

The following table shove the various lota of seed

and the per cent of spindle tuber contained therein:

Table VIII* Per Gent of Spindle Tuber Contained in
various Lots of Seed Purchased by Kansas Potato Growers
in 1927. Irish Gobbler variety.

Lot KO. Kind of Seed Per Cent Spindle Tuber

1 Certified 1.7

8 Certliled 0.7

3 Certified 1.0

4 Certified 8.5

5 Certified

Certified 3.0



Table VXIX (Continued)

Lot no. ind of soed ?er Gwt Spindle lobar

7 Certified 0.6

8 Certified 1.3

9 Gamerolal 6.1

10 Ceatttrelal 3.3

11 n>niiiiei nlnl 3.2

12 Co—ireUl 4.8

13 Conmerelal 6.3

14 •yield Inapeetlon o. .

lold Inapeetlon 0. . 9.6

16 •Vleld inspection 0. . .

17 •Meld Inapeetlon o. .

18 •Meld inapeetlon ** 2.0

19 •Field Inapeetlon u. . 7.1

eo 'Held Inapeetlon o. . 7.6

21 •Meld Inapeetlon O.K. C.9

M COBnerel&l 1.3

23 Coanerolal 1.7

24 in in 1.7

Ooenerel&l 11.1

26 Commercial

27 Coaaerelal 9.0

28 Coaaaaralal 11.0



Table VIII (Continued)

Lot Ho* Kind or seed Per Cent Spindle

29 OHMMUa
SO Comerclal 7.6

MS £6 *»6

jThe field inspections were passed for eeed osrtiiioation

but the final bin Inspection neoeseary for osrttilcation

nas not made.

DISCUSSZ08

Transmission of spindle tuber was secured by several

methods of inoculation. Current season synptorcs were

obtained by inoculation of tbe parent tubers end by intro-

duetlon of the Juloe from spindle tut- ar lnfeetod plants

Into growing Healthy plants by various aeons.

Insects feeding on spindle tuber Infected plants In

the field transferred tbe virus to healthy plants Jhleli

beeaae infected. However, not ell of the progeny of the

infected plants showed eurrent season symptoms. This «as

shown by tbe fact that three out of seven apparently good

type tubers* produced In 1926 on plants In the field that

were surrounded by spindle tubers* yielded spindle tuber

progeny In 1927. The progeny of healthy checks grown la

the ea; e in 1926 and surrounded by lnieoted plants pro-

duced only good type tubers in 1927.

Seedle pnnetures simulating insest punctures yielded



t.clvo par cent spindle tuber In lSEe. XUese plant*

not grows under ou uoo una no cheeks were used] therefore.

It is impossible to tell exactly tea nuoh or tho swindle

tubor obtained was frap ordinary field Insect transmission.

The evldonee points to very little Insect transmission In

toe plot wuere the trun*.isslan studies were conducted,

this Is probable because the plot was planted with seed

picoos from only good type tubers and lo furttior substan-

tiated by toe fact thut not one or the cheeks used In

connection with otuer Inoculations showed arrant season

All inoculations by loaf aaaoeration woro unsuceesi

as fur as the securing or current season ayaptons ens

oonoernod. Shirty plants wore inoculctod, but not one

•hewed any sigh or spindle tuber during the growing seas

or vshen the plants were harvested.

Gutting tai*o inocul tl .ns were aade with forty-four

seed pieces in 198C. Only t-o plants or 4.5 per cents'

ourrent season eyaptoac of spindle tubor. These plants

wore harvested on duly 14. Ztooo of the ohoelce wore in-

fested. In 19BV the plants were allooed to stand in the

field until September 2, or about six weeka longer tisan

10BG. TUNto were tJenty-four plants in the expc-l-ont.

fifteen, or ee.fi per cent, showed ourrent season aynptooe



of spindle tuber, 'fwo plants In the chect: row also showed

spindle tuber, indicating that the disease was present In

one tuber before It m oat far seed, omitting these two

plants there was still 54.S per cent spindle tuber in the

inoculated row.

Leaving the plants la the field for a longer period

apparently allowed time for the disease to express itself

daring the current season.

In the greenhouse the second generation from cutting

knife inoculated seed in 1966 showed 88.8 per cent spindle

tuber infeetlon. AS previously noted only 4.S per oent of

the plants showed current season symptoms in the first

generation. In the greenhouse no eheo.ee were included

uninoculated seed, hence no allowance Is Bade for insect

transmission in the field during the previous season.

Contact of freshly out surfaoes of spindle tubers and

healthy tubers gave evidence of sons transmission In 1986

when forty-four trials wero nds and one plant showed

current season symptoms. The ehee.es showed no symptoms.

In 1987 plants from the contact inoculated tubers were

allowed to stand until September 8. Of these inoculation

trials oB.8 per oent were successful.

Cut surface inoculation and cutting lmlie inoculation

probably take place very frequently under field conditions

The symptoms, however, apparently do not become evident



for a considerable period lollowing infection. The Kansas

crop la usually due in July and tho ilrst half oi August

which no doubt aoocunts for lack of expression of current

season s^aptoms in the field*

tuber grafting ess the nest efficient means or tr ns-

nittlng the diseaee for securing current season symptoms.

Forty-six inoculations were made, of which thirty-six, or

70*2 per cent, «ere successful, vhe oontaot of the out

surface of the spindle tuber graft and the healthy tuber la

maintained for a considerable tlae end this is probably the

reason shy a high perpontage of infection ems secured* Se

Plates 1Z and III.

Planter box inoculations were unsuccessful in all of

the fifty-four trials made, fhe reason for tula has not

been determined.

Sprout injuries Inflicted with a needle that had

previously been eontwins tod by pricking a spindle tuber

gave one successful Inoculation in fifteen trials. In the

greenhouse the second generation produced 56 per cent

spindle tuber progeny. Ho oho sirs were used, benoe it is

not known how much insect transmission might have ooeurcd

in the field.

The spindle tuber expression studies indicate that

folla«e symptoms are expressed by more or less dwarfed and

erect growth, the angle between the petiole and the stalk



being very eoute. Infooted plants show rigid! ty| the

leaves show dwarfing and rufiling at the margins. See

Plates XV and V.

fhe tuber symptom* are expressed by elongation*

numerous shallow and bulging eyes and greatly deereaeed

yield, ilel'l reoords lndtoute that the weight of spindle

tuber hills is about one-third to one-half that or bills

from good type tubers.

the seetelenee of visible spindle tuber in seed ship*

ped into the state by Kansas growers onuses a greater loss

then was heretofore imagined* the growers have begun to

realise this in the last few years and are earefully sorting

over their seed and throwing out the visible spindle tub

are using oertliled seed.

A. oomparlson of the percentages of spindle tuber in

rtlfied and oommerelal seed indioate that the oertifled

seed eontalns far less spindle tuber then oomaeroial seed*

this la due to the continuous roguln.,. out 01 spindle tuber

infected plants in the field by certified seed growers.

du.-i-.uy

1. All types of potato mosaic studied express them-

selves in decreased yields even though the infested plants

show no mottling or other foliage symptoms under field

SBBditions.



2. The mosaic symptoms expressed on potato slants oft

chang<> «s the season progresses, a plant siiowlag rugose

mosaic early in the season may show only mild r»s&ic symp-

tona or the symptoms may be entirely masked by the time

plants are In bloom*

5. Klld mosaic symptoms arc usually masked by too t:

the plants are In bloom.

4. Fvidenee sas obtained showing that spindle tuber

©an be transmitted (a) by insects* (b) by contaminated

cutting knives* (s) by contact or diseased and healthy

pieces, (d) by tuber grafts, (o) by injuries inflicted to

sprouts by contaminated tools*

5. spindle tuber expresses Itself in top growth as

follows i (a) Plants are dwarfed and very ereot* (b) The

angle between the petiole and the stclk is very ucu .

(e) Plant is rigid and when bent over returns quickly to

an ereot position, (d) Leaves are dwarfed tea usually

haw* slightly ruffled margin, (e) She color of the In-

fected plants is usually a lighter green than normal.

6* Ihe yield from spindle tuber infected plants Is

about SO per cent by anight as such as the yield from goi

type tubers*

7* Counts made in various lots of certified and corn*

merelal potato seed show that certified seed con tains far

less spindle tuber than dees ooaBserclal seed*
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56.
Plate I.

Good type tubers used in the Spindle Tuber Trans-
mission Studies. Such tubers as these vrere inoculated by
the various methods described.



57.
Plate II.

Spindle tuber transmission by tuber grafts. A plug
was cut from a spindle tuber and fitted into the bole in
a good type tuber.



58.
Plate III.

A tuber graft and its progeny. The
old seed piece did not decay and the graft
from the spindle tuber 3till shows.



59.
Plate IV.

A spind]e tuber infected plant. Note
the erect habit of growth, the sharp angle
betv/een the petiole and the main stem and
the ruffling of the leaf margins.



60.
Plate V.

A healthy potato plant. Kote bushy habit of growth in
contrast to spindle tuber infected plant in Plate IV.


