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Sugar Beet Yellows Disease in the
United States

By C. W, BexyerT, plant pathologist, Cropz Rescarch Division, Agricultural
Rescarch Service’®

INTRODUCTION

The disease of sugar beet, now called virus yellows, probably was
first known in Europe under the name “JFaunisse.” It was described
by Quanjer (47)%in 1934, who suspected that it was caused by a virus.
This was confirmed by Van Schreven {57) and Roland (44) in 1936,
who showed that the causal virus was transmitted by aphids. In
England in 1935 Petherbridge and Stirrup (40) described the disease
anct designated it as “virus yellows,” to distinguish it from other types
of yellowing. They stated that the causal virus was transmitted most
commonly through the agency of -lphis fabae Scop. and that the
disease had been present for some years both in England and on the
Continent. Watson (54) identified the disease in England in 1938, at
which time it was common throughout all of the sugar-beet-producing
districts.

Yellows was first. positively identified in the United States in 1951
by Coons and Ketila (77), ut which time it already had a wide dis-
tribution. The studies, results of which are reported herein, were
begun at the T.S. Field Station, Riverside, Calif,, in 1951 and con-
tinuved there und at the U.S, Agricultural Research Station in Salinas,
Calif., from 1951 to 1939, inclusive.

The virus used in these studies is considered to be unrelated to
radish yellows virus, deseribed by Duffus (2/), which caugses yellowing
difficult to distinguish from yellowing induced by the less virulent
strains of heet yellows virus.

ORIGIN AND GEOGRAPHIC DISTRIBUTION OF
YELLOWS

Little is known of the ovigin and geographic spread of the yellows
disease of sugar beet. Thisis owing in part to the fact that yellowing

UPhe writer wishes to acknowledge his indebtedness to Phyliis R Emparan of
the T8, Agricultural Research Station, Salinas, Culif., for assistance with all
phises of the preenhomse tests from 1054 1o 1958, inclnsive ; and to R, €7 ek
gon, University of Califernia, at Riverside, and to Norman F. MeCalley, formerly
of the T niversity of California, at Davis, for verification of (he ilentification of
aphids used in the insect transmission fests.

Trealic numbers in parentheses refer to Literanire Cired. p Il
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of older leaves, which is the most obvious symptom, often oceurs late
in the season and has been attributed fo natural ripening of the plants
or to soil or other environmental conditions,

‘I'hie disease has no doubt existed in Europe. and perhups elsewhere,
for many years. Gram {26) presented evidence that virus yellows
has existed in Denmark at least since 1914, although it was not ident:-
fied as a distinet virus disease untit much huter.

Schidsser {48} postulated that the yellows virus originated in wild
beets, possibly Refe maritime L., in England, spread to cultivated
forms, and was carried to the Clontinent by aplnds horne on Favorable
winds. There is little evidence fo substantiute this theory, however,
and it seems probable that the origin of the diseuse cannot now be
traced, owing to the fact that it was widely distrbuted before s
effects were recognized ns a distinet disense.

The date of first appearance of the disense in the United States and
the source of virus for inifial infection also have not heen determined.

Although yellows in the [Tnited Btates issimilar to or identical with
that in Europe, 1t is not_known that the cansal virus wag introduced
info this country from Europe. The disease was not identified with
certainty in the United States until 1951, but Kodachrome slides,
supplied by Roy Bardin of the Monterey County Tepartment of Agri-
culture, Cilifornin, indiente strongly that it was present in the Salinas
Valley ns early as T3, The disense may have been present much

arbier, Records of the Salinas factory of 1 commercial sugar com-
pany from 1921 to 1959 show no obvious break iu either sucrose per-
centage or tonnage that would indieate intraduction of yellows virus
during that period. However, tonnage hus increased irregularly, but
sucrose pereent has gradually deereaged.

On the other hand, there is evidence that the disease has spread to
new areas in the past few years. The sugar beet industry in the Thr-
perial Valley of California, which was stacted in 1938, was apparently
free of yellows up to and inclnding 1956, Tn 1957 diseased plants were
observed in several fields in Muarch, and by the middle of April infee-
tion had become widesprend. The disease was prevalent again in 1958
and in 1959. This area, however, has o considernble degree of isola-
tion, nnd delay in the introduction of the virus might be expected.

Regardless of its origin, the vellows disease i now found in nearly
all countries where the sugnr beet is grown. Tt has been reported
from the British Tsles, Spain, France, the Netherlands, Denmark, Nor-
wiy, Sweden, Germany, Ttaly, Austria, Hungary, Yugoslavia,
TLS.SR, Turkey, Tran, Syria, Australin, and the United Stutes.

Tn the TTiited States the disense has been found in all States where
the sugar beet is grown commercinally. However, the disease has been
severe only in those Btates in which beefs, or other susceptible plants,
live thronghout the year. The disense occurs most extensively in
("alifornia, Ovegon, Washington, and Colorado. Tt hus been reported
from Wansns and Nebraska, but its importanee in these States is not
clearly defined, It was discovered in seed fields in the Salt River
Valley of Arizona in 1955, Discased plants have been found :lso in
Tdaho, Utah, Ohio, Minnesota, and Michigan, but apparently yeliows
s not eaused measnrabie osses in these Stutes.




SUGAR BEET YELLOWS DISEASE

HOST RANGE OF THE YELLOWS VIRUS

For several years nfter the yellows disease was described, the
causal virus was considered to have n rather vestricted host range.
More recently, the range of known susceptible species has been greatly
expanded (bBennett and Costa {6} ; Canova (73); Schlbsser, Fuchs,
and Beiss (50) ; Kristensen (24) ; Roland (45) ; and Bercks and Zim-
mer {7}). A list of species, reported as susceptible, was compiled by
Zunmer (67} in 1956, Further host-range studies were reported by
Bjorhing {17} in 1958.

Observations and tests in the United States have indicated that, as
a rule, only o Iimited number of species of plants nre infected exten-
sively under HReld conditions. Transmission tests, however, have
shown that the virus has a very wide potential host range and that
many of the common weeds in Western United States are susceptible

te infection under greenhouse conditions.

Plants Found Infected in the Field

Yellows attacks sugar beets. table beet, Swiss chard, spinach, and
New Zealand spinach in areas in Western United States where the
disense occurs.  Yellows huas been found also on some of the common
weed plants in the field. These include CRenopodium album. (Jambs-
gquarters), (. murele (nettlelent goosefoot), maranthus retrofleaus
{redroot amaranth), Nenerlo rulyuris (common groundsel). and
Atriplew semibaceate {Australian saltbush). A high incidence of
infection has been observed on plants of (. «lbum in the early spring
in spinaeh fields. Tsually, however, infection is low even in loca-
tions wheve there is an abundance of inoculum. (', murale is 1 com-
mon weed in beethelds in the Salinas Valley and other areas of Cali-
fornia: iowever, plants very rarely show symptonis of vellows. Thig
18 true also of dmaranthus retroflerus and Seneeie vulgaris. Tetra-
gonia ecpunsa occurs along the constal area of central Californin
Only three plants have been found infected with the yellows virus.
No clenr symptoms of yellows have been observed on plants of i#ri-
plee semibureata in the field, but tests of plants from the Salinas
Valley of (ulifernia and the 8alt River Valley of Avizona have
indicated that in both arens many plants are infected. Since 1.
semibacentu is perennial, it seems probable that a high percentags of
plants may caurry the virus in areas where yellows is prevalent on
sugar beet or other susceptible crop plants,

Plants Infected Experimentally

Tests have been made at different tinies over a period of morve
than G years to obtain additional informmtion on the possibie host
range of the yellows vivus. Potted plants of ihe speeies and varie-
ties selected for testing were ineculated by means of Iarge numbers
of green peach uphids from sugar beet plants infected with vein-
clearing strains of fthe yellows virms, [noculated planis were
observed for the appearanve of sympioms of disease. .\ wmonth or
move sfter inocnlation. nonviraliferous green peach aphids were
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allowed to feed on the inoculated plants. These aphids were later
transferred to sugar beet or some other susceptible species, to deter-
mins whether the yellows virus was present in the inoculated plants.
These tests were made with all the species tested, regardless of
whether symptoms were evident. 9o

The species of plants shown in these tests to be susceptible to
infection by the yellows virus are listed below in alphabetical order
with respect to family, genus, and species:

AIZOACEAL
Tetragonic expansg Murr. (New Zealand spinach}

AMARANTHACEAE

Amaranthus eldug L. (Rough pigweed)
A, carnens Greene

A. candatus L. (Love-lies-hleeding)

A. cruentug L, (Purple amaranth)

4, graecizans L. (Tumbleweed amaranth)
A. palmeri 8. Wats.

4. retroficzus L. {Redroet amaranth)
Celosia sp.

¢, argenteq L.

C. cristeta L. {Corkseomb)

Gomphrena globosa L. (Globe amaranth}

BORAGINACEAE
Pectocarpa pusilia Gray
CARTOPHYLLACEAE
Cerastitem viscoswm L (Stleky mouse-ear chickweed)
Gupsophile elegany Bieb, {Babysbreath)
Lycinis coronarin (1.} Desr. (Mullein-pink}
Sifene gallica L. (French silene) .
8. werecunda S, \Wats.
Spergule arvensiz L. (Corn spurry)
Stellaria media (1) Crr. {Common chickweed)

CHENCOPODIACEAE

Atripler bracteoga 5. Wats. {Bract scale)

A. eanescens James. {Fourwing saltbush}

. coronnta 8. Wats. (Crown saltbush}

. coulteri Dietr,

. elegany (Moq.) Dietr. (Wheelscale saltbush)

. expansa (D. & H.) 8. Wats, (Fogweed)

. hagtata L. {Fnt-hen)

. hortensiy L. {Garden orach)

. mierocarpe (Benth.) Dietr. {Dot scaled

. rogee L. (Redscale)

A. semibaccain R. Br. { Australian saltbush)

Bassia hyesepifolie (Pall.) Kuntze. { Fivehook hassin)
Reta atriplticifolia Rouy

B, lomutogona Fisch, & Mey.

B. macrocarpa Guss.

. maritima L.

1. patellariz Mon.

B, patuin At

I, procunbeny Chr. S,

B, trigyne Waldst & Kit.

B. milgariz L. { Sugar heet)

B, vuigaris L. var. eivie T, { Swiss chard)

B, iecbbiune Mo,

Chenopodium album L. (Lambsquarters) .
. amaranticolor Coste & Reyn,

' ambrosinides L. (Mexican-ten) var. anfhetmintivim T, { Wuormseoer)
Cooeapitatum (T.) Asch. {Strawberry-hlite)

[im oo e om fm

b b
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Q. leptophyllnm 8. Wats. (8limleaf goosefoot)

€. mnrale L. (Nettlelenf poosefoot)

C. urbicum L. {City goosefoot)

€. iwwalgoni A, Nels,

Cycloloma atriplicifolinm (8preng.) Coult, (Winged pigweed}

Hochia scoparig (1.) Schrad. (Summer-cypress)

Monofepiz nuttaliang (R, & 8.) 5. Wats.

Salyole kali var, tenwifolie Tausch (Russian-thistle)

Spinagcie olerneen L, (Spinach)

Suuede moquing Greene (Alkali sen-blite)
COMPOSITAE

Senecio vulgariy L. (Conunon groundsel )

CONVOLYULACEAE
Convolvulig occidentalis Gray
PLANTAGINACEAR

Plantago erecte Aoryis
. ingnilaris Bastw,

LEGUMINGCEAE

Melilotus indice (L) AlL {Xellow sweetclover)
REBEDACEAE

Rexada adorata L. (Mignonette)

SOLANACEAR
Nicotiana bigelovii 8. Wats. (Indian tobaceo)
N. clevelandii Gray,

In addition to the species listed above, several species of plants gave
indication of susceptibility to infection, but the type of virus with
which the plants were inoculated wus not recovered. Plants of Cap-
sella bursa-pastoris (L.} Medic. produced increased amounts of red

pigment on old leaves after inoculation, but they were not
noticeably dwurfed. Reactions were essentially the same with all
virus strains and transfer back to sugar beet produced very faint
symptoms of yellows, or none. Plants of Nameolus parvifiorus Raf,
{water-pimpernel} inoculated with yellows virus developed thick-
ened rolled leaves with necrotic spofs, and the inoculated plants were
dwarfed. Transfer of aphids from such plants to sugar beet gave
inconclusive rvesults. Whether the yellows virus is attenuated by
passage through these plants remains to be determined. It Is sus-
sected that in some cases symptoms noted may have been produced
Ly viruses other than yellows virus or by distinct struins of the yellows
virus to which these species ure susceptible.

Many species that were inoculated showed no symptoms of yellows
and ne virus was recovered from inoculated plants. Tt cannot be
stated that all these species are immune from yellows, but it seems
probable that, 1f not. immune, they are highly resistant to the strains
of the yeilows virus used in these fests. Species that showed no
symptoms, and from which ne virus was recovered, are lsted below
alphabetically with respect fo family, genus, and species,

ATZOACEAR

Mesembryanthienoom aequilaterafe Haw, { Sea-lig)
APOCY NACKAR

Finew rosee T, (Periwinkle)
IALSAMINAVEAE

fpaticns sp.
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BOoMBEACACEAE
Chaorigia gpeeivsa St. Hil, (Floss-silktree}
BORAGIN ACEAE

Heliatrapum enraszevicum Lo (Salt beliotrope or seaside-heliotrope)
Mposotis urvensis (L.} Hill, {Field forget-me-not)

CARYOPFILYLLACEAE

DHanthwg barbetus L (Sweet Willinm)
B, euryephyitus Lo (Carnation}
D.oehinensgiz T (Binks)

Silene nutuns L. { Nodding eatchfly)

CHENOIODIACEAE

Atripter teatiformiy (Torr.) 8. Wats, (Quailbush)
A, potyeurpa (Torr.) 8, Wats (Cuttle saltbush
Chenopndinn borus-henricns L. (Good King Menry)

COMMISITAE

Achillee millefolinn L. (Common yarrow)
Ambraogin pgilogtachyn DT (Western rapweed)
AL trifide L. (Big ragweed.)

Calendwla officinalis L. (Pot marigold)
Curthumus tinctoring I ( Snillower)

Cirdium vulgare {8avi) Teuore (Bull thistle)
welipta alba (T.) Hassk.

Brigeron sp. (Fleabane)

CGuaphelinm beneofens Davidson

Helianthing annis T, {Common sunflower)
Hetichrysim brachatine Andr. var. monsirosnm Builey {Strawflower)
Hypochaeriz redicata T (Hairy eatsenr)
Luctuea sp.

L. sative L. (Tettuce)}

Loserriola L. (Prickly lettuece)

Partienivm trgenltutun Gray (Guavuled
Sonchus arvensis L, (Perennial sowthistie}

S, agper (L) Hill. { Tield sowthistle)

8. oleracens I,

Trrtcucun. megaiorhiizon { Forsh.) Fland-Mazz,  Krim-saghyz)
T, eficinele Weber {Dandelion)

Zinnie eleguns Jaeq. (#innia)

CONVOLYULACEAR

Tonvolvntus arvensis L. [Bindweed)
Iipomoea prrpurer (L) Roth, 1 Morning-glory

CRUCIFERACEAE

Bragsica wigre (L) Koch. {T¥ack mustard)
. olerveced Fovar. gemrmifera 1D (Brussels spronts)
i, rape T (Turnip)
Gheiranthus cheiri I {Walitlower)
Dithyrea wistizenidi Engelm.
Lopid i foasioearpine Nukt,
Matthiola incane (1L R e (Stoek)
Faphenug sutivug Lo (Radish)
Nigymbrivm aftissimun Lo (‘Tumble-inusthzd)
Mofrin L.

CUCURBITACEAE
Cifruttus vulgaris Behed, (Watermelomn)
Cuwcumiz saticus L. (Cueamber)

BUrTIoRBIACEAE

Fremovarpus setigesns Benth, (Turkey muilein)
Fuphorbie npeenltoin T [8potted sparge)
B, serpyliifoliv Pers. (Thymelenf spurge)
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GERANIACEAE

Geraniion dissectum o, (Comnion geraninm)
G.omaculatum L. (Spotted geraninm)

GESXERIACEAE
Saintpaulic sp. (Afriean-violet)
GRAMINEAE
Avena gativa L. (Oat)
frordewin vrlgare I (Barley)
Sorghum halepense (L} Ters, (Johnsongriss)
S, vulpire ers. (Sorghum)
Zew meys L. var, Country Gentleman. (Corn)

IIVOROM IIYL.LACEAR e
Phacelio campanndarie Gray. (Californin bluebell)
LABTIATAE

Marribivm eulgare I (Horehound)
Suiviv spfendens Ker. (Scarlet sage)
LEGUMINOSAR
Artehiz hgpagoca L. (Peannt)
Cyamopsis detragonntobe (1.) Taub, (Gaur)
Lathyrag odoretus L. var, Early Flowering Spencer {Swoetpea)
Medicaga fupeding T (Black medie)
M. osative . (Alfalfa)
Mefitotus albe Dese. (White sweetelover)
M.odentuta (Wnlst. & Kin) ers.
Phaseofuy tunatus T var. wiacroearpis (Benth.) Van Eselt. (Broadbeun)
Porutyariz Loovar, Stringless Greenpod.  { Bean)
Pignne safivim Lo (Garden pea)
Puerarin nbrfe (Wilkl) Ohwi
PTrifolivm pratense I (Red clover)
Vieia sative L. ( Common veteh)
Vigaa sivensis {Torner) Savi (Cowpen)

[ILIACEAR
Adfiwm eepa o {Onim)
Pigridiv =p. {Tigerflower)
Tautipe syteestris T (Tulip)
TANACEAR
Lintom deieisii Pnrshe (Lewis lax)
Foowsitatissimnm T (F1ax)
LUASACEAR
Mentzelic pumile {XNutt)) Torrl & Gray (Bhazing-star)

LATHHRACEAE
A coecelineae Rotth, (Red-siem)

MALYACEAE
fFaxaygpivoe Birsutom Te (Cofton)
Iribixens esenfontfus T {Okri)
i orosa-ginensis Lo (Chinoese hibisens)
Mutdvw parvifiora T, ( Little mallow)
Mo refundifofic o (Eoning mallow)
Mositvestris T (1Hgh mindlow)

NYCTABIXNAUEAR
Mirahitis jalepa 1.1 Ornamental four-o'cloek}

(EYAGHACEAR
. Fpitabivm angnstifolinie 1o (Fireweed )
F,opaniesfaton Xatf, cutmmn willowweel)

SARANR0 O—1il) -
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OXALIDACEAE

Oxalis sp.

G. corniculata L. (Creeping woodsorrel}
PAPAVERACEAE

Eschscholtziu eglifornica Cham. (Califoruiz poppy)

Papaver sp.

P, somnpiferem L. {Opium poppy)
PHYTOLACCACEAE

Phytolacea umericana L. (Pokeweed)
PLANTAQIANCEAE

Plantage coronopus L.

P lanceolata L. {Buckbhorn plantain)

Powmajor L, (Ripplegeed plantain}
POLYGONACEAE

Briogonum fascicwlatum Benth, {(Flat-top)

Polygonum gere HLB.K, (Dotted smartweed)

F. argyrocoleon Steud.

Rumexz aceiosella L. (8heep sorrel)

R. obtwsifolins L. {Bitter dock)

£ persicarioides L. (Golden dock)

R. pulcher L. {Fiddleleaf dock)

PORTULACAEAE

Portuluew oleracce L. (Connnon purslane)
P. retusg L.

PRIMULACEAE
Anagallis arvensig L. {Secarlet pimpernel)
ROSACEAE

Prupus persica (L.) Batsch, (Peach}
Sunguivorba minor Scop. {Small burnet)

RUTACEAE
Citrua sinesis (L.) Osbeck. (Sweet orange)

SAGRURACEAE
Anemopsis californica’ (Nutt.} Hook. (Yerba mansa)

SCROPHULARIACEAE

Minulug ap.
Nemesia sp.
Veornoica peregring L. (Neckweed)

SOLAKACEAE

Capyicum frutescens L. {Pepper)
Dature meteloides DC, {Tolguacha)
D. stramonium L, {Thnsonweed)

SBOLANACEAE

D, talale T ('urple thorn-apple)

Hynseyamuy niger L. {Tilack henbane)
Lycopersicon csculentum Mill. var, New Stone (Tomato)
Nicandra physalodes {L.) Pers. (Apple-of-Peru)
Nirotiane glunen Graham {Tree tobaceen)

N. glatinosa L.

N. paniculata L.

N, plumbaginifolia Viv,

Norastive Loovags, Tows { Wikl fohacen

N, rusalice L. var. pumile { Wild tobnerod

N, stockionii Brandeg.

N. sylvestris Speg. & Comes
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-

N, tabacum L. viirs. Turkish and Maryland Broadleaf (Tobacceo)
Petunia hybride Vilm. (Petunin)
Physaliz wrightii Gray.
Solanmm. dulcamuere L. (Bitter cliznbing nightshade)
8. elaeagnifolium Cov. (Silverleaf nightshade)
8. nigrum L. (Black nightshade)
8. tuberosun: L, (Potato)
TROFAEOLACEAE

Tropaeclam peregrinum L. (Nasturtinm)

TUUMBELLIFERAE
Apinmt gravecleny L. var, dulee DC. (Colery)
Coninm macuigtum L, (Poison hemlock)
Doaueua carvie L. {Carrot)
Pelroselinum crisp um {Mill.}) Nrm. vars. Plain Italinnp and Smooth Leaf
{ Parsley)
URTICACEAE
Urtica californice Greene (Coast nettle)

VITACEAE
Fitis sp. (Grape)
ZYGOPHYLLACEAE
Tribiatug terrestris L. (Puncturevine)

SYMPTOMS OF THE DISEASE

Symptoms on Sugar Beet

Yellows produces a rather wide range of symptoms on sugar beet,
but effects on standard commercinl varieties do not appear to vary
greatly, A much wider range of symptoms was produced on certain
selections from br eeding stocI\s, some of which were very severely
damaged by the disease. Environmental conditions influence
symptoms. Eifects under greenhouse conditions, for instance, may
differ in some respects from those found in the fleld.

Symptoms on Greenhouse Plants

Partly as u result of lower light intensity, yellowing is less murked
in the greenhouse than in the field. First symptoms produced by the
moere virnlent strains of yellows virus usually consist of vein clearing,
or vein yellowi mn, in young leaves, beginning as early as 6 days after
infection (fig. 1, A1), The vein elle(t may |JP llmlted to clear ing or
yellowing of the Tar ger veins, but in some instances it is .l(‘f‘(‘]l'llp.lllle(l
by a cerfain amount of necrosis of cells along the veins, which some-
times produces a type of “etch.™ In some instances the veins may show
considerable necrosis, and mn extreme cases nlmost the entire network
of veins of individual leaves may become necrotic.

Growth in veins that show clearing or necrosis is limifed, and, as
the leat mutures, the interveinal tissne thickens und the veing some-
times appear depressed, particularly on the nnderside of the leaf.
This gives a type of roughness on the lower side of the leaf that hus
heen catled “alligator skin,“ Lecause of ifs resenmblance to the line de-
pressions and irregular-shaped elevations in (anned hides of alligators.
The eflect, shown in figure 1, 2, appears to be limited to leaves that
linve shown vein cleaving.
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Figure 1.—Beet leaves, showing the effects of a virulent strain of yellows virus
on young leaves under greenhouse conditions: A, Upper side of immature leaf
showing vein clearing; B, lower side of leaf that earlier had shown vein clear-
ing, but now shows depressed veins resulting from retarded vein development
and thickening of interveinal tissue,

Shortly after vein clearing or yellowing appears, leaves just older
than those showing vein clearing, begin to yellow. Enlire leaves may
yellow move or less uniformly, or certain segments may vemain green.

Vein clearing may be found on two (o four leaves, but leaves pro-
duced later usually are normal until they approach maturity. They
may then hegin to show yellowing, which may be more or less unitorm
but, more often, yellowing may appear in the form of splotehes, s
shown in figure 2, 1. In some instances, leaves approaching malurily
may show smalll translucent, “pinpeint™ =pots of (he type shown in
Agure 2, B, These ave usually marked by small elevations on the lower
stde of the lenf. They appenr to be eaused by the development of loeal
merisiematic areas adjueent to the vasenlar sheath on the phlocos side
of the vascular bundle (7). The pinpoint symptom has heen ohserved
only on leaves of plants in the later ar chronic stages of disense and
only on plants in the greenhouse,

As leaves of disensed plants age, the tissue between the lrgrer veing
usitally fades, sometimes leaving the veins green,  Older leaves npe
thickened and britrie, und often die prematurely.

The less virulent strains of virms induce no vein elearing or mher
obvious effects on voung leaves. Symptoms are confined [ ety
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Figure 2.—Beet leaves, showing effects produced by virulent strains of yellows
virus on chronically diseased planis as the leaves approach maturity: A,
Flecking or mattling, typical of effects frequently ohserved on leaves of green-
house plants infected with virulent strains of virus; B, “pinpoint® effect,
relatively rare under greenhouse conditions and not observed under field
conditiens.

to older leaves and ave similar to those produced on old leaves by the
more virnlent strains of yellow virus, except that they ave less zevere,

Symptoms on Plants in the Field

Poder vondibions of natwral spread of yellows in the field in Cali-
fornin, first sympltoms ofien appenr in late Apreil or carly May, 16 to
25 duyvs after plints are tinfected.  Sometinmies the disease beging to
appear as spots of vellow plants seattered ab random throughouot the
field, These spots represent spread From initial points of infeetion
cnused by aphids that cine into the fiekd carlier in the season. The
disease spreads eadially from nfected planis and the yvellow spota
enlarge, often until the entive field is yeliow, In same instanees, par-
Vieularly in central California, spread is so extensive and rapid that
centers of infection nre not evident, or are evident foronly o few days,
and felds appear (o yellow uniformly within o period of 2 to 3 weeks.

The effeet of yeliows oo individual plants varies, depending on the
virnlenee of the strin of virus involved, fertility of the soil, aud pos-
sibly other factors. As in the greenhowse, fiesl elearly obvions syiap-
toims prodoaced by vienient stsins of the virus appenr on the yvounyg
leaves and consist of clearing or yellowing of the veins,  Even hefore
vein elenving appenrs, lenves of the plants may temd o dirvop shightiy,
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This condition is apparent only in contrast with the appearance of
adjacent henlthy plants. Vein clearing may appear on three to five
leaves, which in some selections may be dwarfed at maturity. Mature
leaves that earlier showed vein clearing often show sunken veins on
the lower side of the leaf, which produces a roughened or “alligator
skin” effect that is even more evident than on plants in the greenhonse,

About the time of appearance of vein cleuring on young leaves, three
to five leaves just older may begin to yellow over the entire surface
or, more often, in areas sharply delimited by main veins; this type of
symptom is sometimes called “sectoring” (fig. 8, 4). The yellow

NN=2351X

Figure 3.—A, Beet leaf from field plant, with unequal distribution of symp-
toms, or “sectoring,” nften found on the first leaves that show evidence of
disease. &, Beet leaf similar to that in (4), but showing necrosis.
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leaves or sectors may show a greater amount of necrosis than leaves
produced in the greenhouse and more necrosis than leaves in the
chronic stage of disease on the same plant, as illustrated in figure 3, B.

Leaves produced after vein clearing appears are more or less normal
until they approach maturity. They then may show various types of
yellowing that may be more or less uniform, or the yellowing may
consist of various types and sizes of ill-defined splotches. Usually,
leaves tend to yellow first at the tips and in parts having the greatest
exposure to sunlight. As the leaves become older, areas between the
larger veins fade, as shown in figure 4, 4, and sometimes become
necrotic. Often necrotic areas are invaded by fungi, resulting in
dark spots between the veins, a condition sometimes called “leopard
spot” by growers (fig. 4, B). Often the larger veins remain green
even after the tissue between veins becomes necrotic. Leaves in the
later stages of disease are thickened, leathery, and brittle, and die
prematurely.

As in the greenhouse, the less virulent strains of the yellows virus
do not produce vein clearing on young leaves and first symptoms con-
sist of yellowing of leaves approaching maturity. Otherwise, symp-
toms are similar to those produced by the more virulent strains.

Although the common commercial varieties of sugar beet do not
vary greatly in their reaction to yellows, certain selections from
breeding stock have shown & wide range of effects. Some show very
little yellowing, whereas others are extremely yellow, A few selec-
tions show marked necrosis of mature leaves, which gives the plant a
burned appearance. In plants with red pigment, the red color is
intensified. Leaves may show various shades of red and in some
varieties the leaves have a distinct bronze cast, often in the form of
spots that may later become necrotic.

The intenstty of both yellowing and necrosis is influenced by the
rate of growth of the plants as well us by other factors. In felds
fully infected with yellows, plants with a space advantage, such
as those in border rows or areas of poor stands, are often greener than
plants in other parts of the field. Plants in very fertile soil usually
show less yellowing than those in soil of medium fertility. The
addition of nitrogenous fertilizers may greatly reduce yellowing.

Sympioms on Crop Plants Other Than Sugar Beet

Beta wulgaris L. (table beet).—Most table beet varieties show
essentially the same reactions to the yellows virus as sugar beet, ex-
cept that leaves of diseased plants are likely to he deep red with
little yellowing in evidence. Tsually, infected plunts in the field may
be readily identified by the deep-red color of the folinge. Plants are
somewhnt dwarfed, and the leaves are thickened and hrittle and often
become necrotic with age. Leaves on seedstalks are likely to show
less reddening and more yellowing than other leaves and necrosis
often is more severe.

Beta vulgaris L. var. cicle L, (Swiss chard) —Symptoms of yellows
on Swiss chard are very similar to those prodiced on sugar heet.

Spinacea oleracen 1. (spinach) —Symptoms of yellows on spinach
are similar to those found on sugar beet but there appears to be a
wider range in severity of reaction to the virus. Under greenhouse
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“igure 4.—:, Chronic effects of yellows in which heet leaves thicken, the veins .
reniin green, and the interveinal Ussue yeliows. K, Late stage of yelinws
develepment on heel leaf in which tissue helween veins hecomes necratic,
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conditions, vein clearing may appear in young leaves 7 to 14 days after
infection, sometimes accompanied by necrosis. FLeaves just older than
those showing vein clearing may show various types of chlorotic
spotting. Some infected plants die; others survive and produce
varying amonnts ot yellowing on mature leaves.

Tn the field, vellowing of older leaves is common and usually more
intense ut the leaf tips and along the marging of the leaves. If symp-
toms are mild, the older leaves may be more or less mottled with the
veins remuining green. The range of yellowing is so great that in
some plants it may be inconspicuous, whereas, in others it may be
extensive enough to destroy the value of the crop. In some plants
the central Teaves may show vein clearing and curling soon after in-
fection. In rave cases, the central leaves on young plants may be-
come necrotic. This sometimes leads to death of the plant. Pluts
may show an appreciable amount of dwarfing and some necrosis ¢ven
in the absence of marked yellowing (fig. 5)

Symptoms on Weeds and Other Host Plants

The yellows virus produces a variety of reactions on various seed
hosts, which may range from no obvious symptoms, as in Stellaria
media {chickweed), to death of the plant, as in Bete macrocarpa.
The more virulent strains produce vein clearing in young leaves of
some species but not in others. A type of mottling is produced on
leaves of Chenopodium. amarenticolor. Some species recover from
certain phases of the disease; others show no evidence of recovery.
In general, the virus causes intensification of red color in plants that
naturally have red pigment, but red color was partially suppressed
in a type of Amaranthus caudatus that normally has an abundance of
red pigment.

RN-DINGX

Figure 7—Spinach under preenhouse conditions: Left, drooping yellow leaves
caused hy yvellows: and right, healthy check plant.

Ans3n0 0 —60—-—1
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The range of effects of yellows is indicated by the descriptions of
symptoms on the following species of plants,

Amaranthus retroflecus (vedrvoot amaranth) —This species appar-
ently has a medium degree of susceptibility to infection, and diseased
plaits are sometimes found in the field. irst synptons usually
begin to appenr on mature leaves 15 (o 20 days after infection and
consist of chlorotic sploiches in the interveinal areas, followed by
yellowing and produciion of red pigment in and around the chlorotic
splotches. Tn older leaves the interveinal tissue may show some
necrosis.  Immature leaves show little effects of (he disedse.  Aflected
plants are not markedly stunted and leaves arve nearly normal in size
and do not abseiss prematurely.

Other species of Lmaranthus shown (o be susceptible produce
symptoms similar (o those produced on 1. refroflesus, but nj ey is
less extensive on _L. graecizens.

triples hortfensis {garden orach) .- -Inconspicuous chlorotic spots
are produced on leaves, but there is no leaf deformity. Disensed
plants are not dwarfed, but flowering is irvegular and delaved 10 days
to 2 weeks.  Fruits ripen {rregularly and the yield of sced is creatly
reclueed.

Atripler rosew {redseale) -—Plants inoculated when small show
symptoms afier 20 {0 30 days.  Mature leaves produce incongpicuous
civenlar, chlorofic spots 2 to 3 mn. in diamefer.  No vein clearing
or necrosis is observed.  Although leaf symploms are very mitld, dis-
eased plants are markedly dwarfed and the infected planisat marnrity
are only about one-fourih to one-half the size of healthy check plants,
as illustrated in figure 6,

Alriplea semibucealn { Australian saltbhushy,—On rapidly srowing
plants in the greenhouse three or four leaves may show vein clearing
that persists in the form of chloresis of the larger veins., Later
growth may show splotching and vellowing between veins, but no
vein clearing,  Symptoms hive not heen vecognized on infocted planiy
growing under mafaral conditions.

Beta macrorarpu-=This species i severely injnred by the more
virnlent strains of the yellows virus. First evidence of infeetion
consists of marked vein elearing in the younger len ves, often moie ovi-
dent at the tip, followed by yellowing and thickening of 1he lenf
blades. Leaves die prematurely,  Sirain 6 (low in virulence) pro-
duced no obvious symptoms under green house eonditions. TTowever,
many plants infected with the more vieulent steain 5 were killed,
which indieates & very wide range of reaction to strains of diferent
degrees of viralence,

Beta waritimi--This species appears 10 e relalively resistant to
nyury by yellows views, bt plants from different seod colloctinng have
shown a wide vange of yvellowliye,  Syviiptows are similae (o fhose
produced on sugar beet,

Bt pudelluris-—Usunlly, syioptoms begin to appear about (2 tliys
after inoculadtion and conzist of small, eivenlur. ehilorotie, spots that
appear first on the tips of half-muinre leaves and extend to the rest of
the leaf s it matwres. Chlorotic spots. someiimes more or less seo-
cinted with the Targer veins appear on leaves of all snbrequen growth,
There 15 no tendeney toward recavery.  No symptoms were observed
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Figure 6 —Alriplex rosea: Left, dwarfing caused by yellows, as compared with
healthy plant (right).

on the yowng leaves on any infected planis. Very fittle stunting
was prodoced by the virusstrains tested.

Chenopodium amaranticolor—Obvious symptoms are produced on
this species by all the described strains of yellows virus, exeept strain
6. Firse symptoms u=nally consist of a type of indistinet vein cleaving
aceompantetl by spotting that approaches a type of mot tling. Asthe
plant grows. symproms continue to be produced on all new growth as
the Tenves mature.  Matwre leaves appenar mottied as a resalt of the
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production of numerocus chlorotic spots, 2 to 3 mum. in dimmeter, with
indefinite margins. The first leaves that becoms infected may show
carmine splotches. Teaves abseciss prematurely. Virmlent strains
cause constderable dwarfing, and dwarfing appears to be more or less
proportional to the virulence of the strain of virus involved. Aside
from dwarfing, symptoms produced by the different virus strains are
similar.

Chenopodiwmn. capitatm {strawberry blite) —The edges of young
teaves of plants infected with a virulent strain of the vellows virus
begin to voll upwurd § to 15 days after infection, petioles miy become
twisted, and the leaves may show distinct vein clearing, Teaves just
oider than those showing vein elearing may develop an abundance of
red pigment. Young leaves niay become necrotic, rate of growth is
rectuced, plants deteriorate, and many die. Very young plants may be
kilted rather quickly and nwy show only vein clearing and dwarfing
of young leaves in addition to necrosis. Injury is more or less propor-
tional to virulence of the strain of virus involved. Very mild strains
produce little more than reddening of the older leaves.

Chenopodivm murale (nettleleaf zoosetuot) —\ge of the plant ap-
pears to influence greatly the susceptibility of this species to infection.
Otlder plants are relatively resistant, but seedlings may be infected
readily. Injury by viralent strains of vellows virus is severe on all
infected plants. First symptoms begin to appear 7 to 20 duys after
infection and consist first of twisting of petiole of one or more of the
upper leaves, followed soon by vein ciearing in the leaf blade. Vein
clearing may occur first only on one side of a leaf or in a single sector.
Affected Jeaves tend to rol! upward at the edges. Teaves formed lnter
show vein clearing and a small amonnt of upward curving along the
edges, and become slightly thickened and brittle. They eventually
yellow and absciss, Tt is characteristic of this plant species that vein
clearing is evident on young leaves thronghout the period of growth of
the plant and there is little or no tendency towwurd recovery. Plants
infected in the seedling stage are severely stunted and rarely attain
more than half the height of healthy plants.

Nicotiann clevelandit—This species appears to be relatively resist-
ant to mfection and not severely injured by the disease. Symptoms
produced by virnlent strains of the virns are easily recognized and
appear first on leaves approaching maturity as marked vein clearing
15 to 20 days after infection. Vein clearing continues to appear on all
new growth, and there is no evidence of recovery. Older leaves yellow
prematurely and may show necrosis. Symptoms produced by straius
of Tow virulence are restricted to yellowing of older leaves.

This species has a high degree of susceptibility also to other viruses
that attack sugar beet, Tt Js susceptible to the viruses of curly fop
and cucumber mosaic in common with a number of other species of
Nieotiana. It issusceptible to infection with the viruses of beet mosnic
{4y and veliow net: viruses to which most of the ather species of Xics-
tiema appear to be immune.  The species is known to be an excelient
fest plunt for a large number of viruses that attack plants other than
sugar beet,

Flantagoe erectu—Symptoms hegin with the production of red col-
oration at the tips ot the older lenves of this species about 2 weeks n fter
infection.  The red color spreads downward, nsunlly until the entire
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leat is involved, and the Jeaves die prematurely. Teaves and plants
are considerably dwarfed. P. inswlaris produces similar svmptoms,
except the obviously affected leaves are yellow instead of red.

Sulsola kali var. fenuifolic {Russian-thistle).—Plunts inoculated
when about 3 ¢m. tall begin to show stunting about 20 days after
infection.  Older leaves show a slight amount of twisting and tend
to turn yellow &}l'ezn:mn'ely. After the production of first symptoms,
the plants produce new growth that is free of symptoms. Infected
plants are dwarfed, however, and at maturity are only about two-
thirds the size of healthy check plants.

Seneclo tulgaris {common groundsel).—Young leaves begin to
show vein clearing about 10 days after infection, and leaves produced
later tend to yellow prematurely and to develop red color at the tips
and uround the leaf marging.  IPlants are somewhat dwarfed. A few
nfected plants have been found in beetfields, but the species appears
to have considerable resistance to infection under field conditions.

Tetragonia evpunse {New Zealund spinach).~—Plants inoculated
with a virulent strain of virus in the cotyledon stage show distinet
vein clearing in the first true Jeaves. Young leaves continue to show
vein clearing as long as normal growth continues (A 7. A). Older
leaves turn yellow prematurely. Planis ave decidedly dwarfed. In
Iater stiges of plant growth. sunken. brown, necrotic lesions, up to 1.5
cnu in length and 3 to 4 mm. wide, appear on the stems {fig. 7, B).
These lesions result from death of cells to «u depth of 1 mm., or less.

Less virwlent strains do not produce vein clemring in young leaves.
Some plants infected with strains of low virulence show uiype of
faint mottling, but usunlly the only evidence of disease consists of pre-
mature vellowing of mature leaves.  Strains of medium or low viru-
tence have little effect on growth.

ECONOMIC IMPORTANCE OF YELLOWS

Yellows is one of the major diseases of sugar beet in most areas
where it occurs. and it is capable of enusing severe losves in evops
grown for sugar ac well as in crops grown for seed. The disease
eaites severe losses also in table beet, and closely related plants such
as Nwiss chard, and i is o very destructive disense of spinach under
cerfain condifions.

Damage to the Sugar Beet Root Crop

Extensive damage from yellows has been reported From widely
separated areas.  TInll (247 and Waison and coworkers (57 estimated
that plants infected in June and July in England lost up o half of
their potential sngar yvield,

[n the Netherlands, Thurtsuijker (27 found thal if infection
reaches 100 pereent by the end of June fosses of 23 to 30 pereent of
the crops may ovcur. Resulis of test= by Bjarling (/0) indicate thal
Tosses in Nweden may be asg Ingh as 61 percenl in beels infected sarly
in the season.

Bonnemaison {42} estinuded that yellows in Franee may reduce
root yields 50 toH) pereent,
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Figure 7.—New Zealand spinach: 4. Leaves showing vein clearing, which symp-
tom continues to he produced on new growlh in chronically infected plants;
£, stem (upper) showing depressed neerotic lesions produced on plants in-
fected with virulent strains of yellow virug, and stem (bhotiom) from hoealthy
check plant.

Kovies 5y estimated thai 3001 pereetr of the sugr beet seed
erap, 220 pereent of the Leet roat erop, aml 252 pereent of the Forgre
heet eropy were inlected o Thieney in 19330 Losses Instreae viekds
up (o 352 pereent were reported in controlled experiments,

Wiesner 541 forndd Tosse~ du roof weigle in tests in Geemeny
rivgreed Trony 3500 to {201 pereent in tests i 1956 aned Prom 120 1o 510
pereent i test~ in 1937, Redociion i suerose pereent in the 2 years
ranged From Lo 200 pereeniige poiils,
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In the United States, losses are limited lurgely to those areas where
sigar beet, or other susceptible crop plants, are present during the
entive year, The seriousness of the disease depends on the age of the
plants when infeeted, the virulence of the stinins of virus involved,
and possibly the conditions imder which the crop is produced.

In fests in Colorado in 1953, Coons, Gaskill, and Daniels (78)
found that heets inoculated July 16 yielded 6.8 pervent less than
controls in which considerable natiral mfection occurred. They esti-
mated that if comparisons had been made on {he basis of 100 percent
infection versus 100 percent healthy plants, vields would have shown a
depression in root growth of 10 to 1. percent,  Apparently, infection
m Colorado usually oceurs later in the development of the plant than
In some other areas and losses are corvespondingly less serious. This
appears to be true in the sugar-beet-producing areas of Washington
and Ovegon. ‘

In the Imperial Valley of California, where plantings ave made in
August and September, symptoms began to appear in March in 1957
and a high percentage of infection was evident in a number of Helds
by April 15, which was the beginning of (he harvest period in that
arew. .\ osimtlar eondition was noted in 1938 and 1959, Tate infec-
tion of this type would nat be expected to canse serious losses by the
beginning of harvest, bui there s some evidence that beets with
yellows were more seriously damaged by root rot and other unfavor-
able conditions in June and July as lemperatures incrensed toward
the end of the barvest period.” The diveet wnd indirect damnge
eansed by yellows under such conditions is difticult to estimate.

In the Sun Joaquin Vallex of Califernia, a hirge share of the infee-
tion that oceurs takes place in Mareh and April and sometimes ex-
tends into early May, The amount of infeetion has varied from year
to year, but it was unnsually extensive in 1957 aned 1958, Yiekls and
sngar content were yery low in many fields in hoth yvears.  Yellows
was undonbredly a factor in these redueed yields, but its importance
in relation ro other conditions has not heen determined.  San Joaquin
Valley 15 an area with high sumnier temperatures, and it is possible
that yellows may increase the damage eaused by other factors. such
as very high temperatures and curly top.

(Greatest direct losses to the heet crop probably aceur in central
Californin, where many fields show Ligh percentages of infection by
June 1 Results of replivated tests in the Salinas Valley in central
California and at Riverside in southern California, which extended
overa period of 5 vears, have been reported nnd reviewed by Bennett,
Price, and MeFaurlune (8}, These results, summiized in iable 1,
indicnte that yvellows is capable of eausing heavy fosses.  Reduction
i root yvields ranged from 2.0 to 17.0 percent and reduction in suernse
content ranged from 0.1 ro 3.1 pereentage points.

Reduction in root weight was markedly influenced by the virulence
of the strain of virus invelved. Sivains of high virulence caused
losses up 1o nearly {wive those enused by strains of low virulence.
Reduction in suerose percentage also appeared to he correlated, to
sume degree at least, with virulence of strain of virns used,

One of the most important factor< involved in losses ennsed by
yellows isage of plane at the time of infeetion. [noendarion of plaoes
in the 12- to 16-Teat stage o tests ar Salinas, Calile, in 1935 resnlted
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Tasue L.—-Summary of resulls of tests made in California to determine
the effect of yellows on tornage and sucrose content of suyar beet

' i 1 i
! 1| ! Average virld of | Average suerose
! : beets i
Yearof | TLocation |  Virws | :
test I of test # | used t :
! Yellows] Cheel | Yollows! Choeck
: j infeutod vinfected
- 1 I
T : f -
! ; | Tons per | Toms per
: i acre acre v Pereent Pereent
19532, .. Salinas... .. ! Field.. . . 204 20.8: 168 8.7
1952 __ _-_-_do-_-_-..-'._.do-..____,!; 22,4 344 15. 53 16,4
1953 .. © Riverside ... Strain 2. 0 18,7 288 152 15. 3
1954 L. do_ ... [P+ 1 T 2404 38.8 - 0.5 2.9
1955, .. _do_.._..._ . .do. .. ..} 24§ 35.2 . 16.0: 17. 4
155 .. . .i._...do..._.. _ Strain 6. 2% 2. 35. 2 16. 2 - 17, 4
1055, .. .. Salinns__. CStraind . 1T 1y 261 133 . (7.7
I9d5._ .. ... .o do..___ .. Field_.... L 9.6; 256 14,1 . 13.5
1956 .. ... ... do...__ o Strin 3 22. 6 ‘| 0.4 - i, 1 i7.2
W6 _.. . ... .do..... . Biruin s . . 1.1 304 15.2 " i7, 2
} ! i : :

‘TCS_tS at Salinas were made in cgoperation with J. 8, AMcFarlane: those ab
Riverside in cooperation with Charles Price.

i a reduction of 341 percent in root weight, whereas inoculations
42 days later resalted in a veduction in root weight of enly 12.5 per-
cent. Nimilar results were obfained in further tests in 1956 {8) in
which inoeulations with a virulent strain of virus March 25, April
30, and June 5 resulted in reduction in root vield of 4741, 339, and
13.5 pevcent, respectively.

Varviation in the importance of different factors invelved in losses
caused by the yellows diseage in different areas where yellows is preva-
lent makes estimates of the damage 1o the heet crop, as a whole,
diffieult and nnreliable. In plot tests in the Salinas Vailey in 1955,
niatural infection eaunsed a reduction in tonnage of 22.3 percent and #
reduction in sucrose of L38 percentage points. .\s there was some
damage to the check plots in this test, it seems probable that losses
were somewhat higher.  On the basis of this test and other informa-
tion, it seems probuable that 1f Relds are heavily infected by the carly
part of June, tonnage losses may be 253 percent or greater. TF infec-
tion occurs later, losses are correspondingly lower,

Damage to the Sugar Beet Seed Crop

Yellows may cause severe injury to the sugar beel seed crop, buf
losses nndoubtedly vary considerably under different conditions. In
experimental tests in Bngland, Tlull (40) reported that the etfects
af the disease on seed yield depended on the dafe of infection of
stecklings, but plants infected in early stages of development yielded
only 40 to 60 percent as much as headthy plants.  Bonnenuison (/2)
estinmted that vellows may reduce seed yields H0 o 30 percent in
France.

Striking veductions in vield of zeeds of sugar heet und fodder beets
due fo mixtures of yellows and mosaic viruses have been reported by
Schidsser in Germany (47). Thme of infection greaily inflnenced re-
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duction in yield. Tn tests at Xinbeck, yields of seed from plants
infected in {he summer of the first year, late autumn of the first year,
early summer of the second yenr, and from healthy plants were 10.5,
20, 82, and 121 grums per plant, respectively. More or less compara-
ble losses were found in fodder beets with this virus combination.
The effects of yellows alone were not determined.

Other fests in Germany by Wiesner {(61) indicnted that infection
of beets with o combination of beet mosaic virus and yellows virus
in the steckling stage reduced seed yields 45 to 65 percent and infec-
tion in the enrly stages of seedstalk preduction reduced yields 40 to
50 percent. Seed quality was influenced less than seed yield. The
effects of the combination appeared to be a summation of effects of
tha two viruses sepatately.

Damage to the sugar beet seed crop in the United States varies with
the area in which the crop is grown, Sugar beet seeds are produced
in Salt River Valley of .\rizona, western Oregon, southern Utah, and
in the Iemet Valley and the Tehachnpi nrea of California, Yellows
undoubtedly causes damage in the two principal seed-producing areas,
namely, western Oregon and the Salt River Valley. Some fields in
Oregon have shown high percentages of infection in the spring.
Yields were depressed in some felds in 1937 and 1938, but the iinpor-
tance of yellows in these reduced yields was not determined.

The yellows disease was observed in the Salt River Valley fivst in
1955, Infection probably ranged from 20 to 100 percent in 1953 and
i sueceeding vears through 1958, but much of the infection oceurred
after bolting began. Tests were made by IHills and others (29) in
1957-58 to determine rhe effects of yellows on yield and quality of seed.
Fielkl pilots were incculated November 20, 1957, and February 21,
Maveh 26, April 6. and April 21,1958, Reductions in yields were 1,495,
LIT6, 787, 587, and 310 pounds per acre, or 35.0, 27.5, 17.9, 13.7. and
7.2 percent in plots inoculated on the respective dafes. Iiven the last
date of ineculation, made April 21 when the plants were in blossom,
produced a 7.2 percent reduction in yield and an 8.4 percent veduction
i grerminution of seeds, Seed gertnination was lower also in plots
moculated February 21, but inoculiation on other dates apparently did
nol affect wernination. Weight of individual seeds was lower n all
dates of inoenlation.

Four tesls were made in the greenhouse, in whieh an annual type
of beet from the Imperinl Valley of California and three selections
of sugar beot were nsed, in an attempt to obtuin further information
on the effects of yellows on seed production.  Needlings were planted
in pots, inocuiated with yellows virus, either abont the six-leaf stuge
or shortly after they had started to bolt, and curried to seed produe-
Gon under greenhouse conditions.  The three selections of sugar beet
were sibjected (o periods of low temperature sufliciently prolonged to
imdhiee holting,

The results of these tests are shown in table 2. Yellows markedly
docrensetd =eed yield in the aumual type of heet and in =T 53480411,
Liess reduetion 1 yield was produced in T80 330 and there is uo evi-
dence of vield reduction in T80 22 ander conditions of these tesfs,
Reduction in weight of individual seeds closely pavalleled total weight
recluction, There i no evidenee that yellows appreciably affected seed
germinalion.  Absenee of an effect an geed grermination has been inedi-

FARNBO O g +
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TasLE 2.—Effect of yellows on beet seed production under greenhouse

conditions
Selection tested and stage | Plants Average | Average
of plant development al Lhar Bolting | weight. weight Crermi-
time of inoculation fruited of seeds of 160 natiot
per plang seeds
Imperial annual beet: Notuther Pereeut Crams Grams Fercemt
O-leaf stage .. _________ 27 31 0. 57 1. 021 27.6
Early belting. . ________. & a6 . 81 1225 25, 6
Noeninoculated ____._ . ___ 50 100 1. 55 2. 487 20. 6
8.L. 54484+ 0 sugar heet:
G-leaf stuge._________._. 44 73 6. 4 1, 963 76. 8
lGarly bolting. ... ___.. 46 7 6.72 1. 503 73
Noninocnlated. ... . 40 82 0. 12 2. 479 740
(7.8, 33 sugar beet:
B-leaf stawe. .. __ ... 72 72 5 35 1. 703 03.3
Nonineeulated ... ... 06 96 636 ! 1. 721 &80. 2
U8, 22 sugar beet: !
B-leaf stage. ... . ____._. 32 52 8. 62 2. 03] 85.0
liarly beiting. ... ... .. 42 70 8 42 2. 442 777
Noninoculaded . _ .. ..o __. -+ i 73 8. 30 2. 208 73

cated also in other tests in which seeds weve harvested from individual
diseased and from symptomless plants and tested for germnination.
Seeds of disensed plants of commercial varieties tested in the Salinus
Valley have germinated in excess of 83 percent in ulmost all instances,
and it appears that under these conditions yellows has not obviously
depressed viability of seeds.

In the greenhouse tests, and alse nnder feld conditions, bolting is
delayed in plants infected in early stages of development. This delay
usually averages T to 10 days. In some varieties, yellows probably
reduces the percentage of plants that produre seeds, particulurly under
conditions in which plants have been subjected to thermal induction
inadequate for the production of a high percentage of bolting in
lealthy plants,

In tests at Salinas, Calit, in 1956-57 and 195758, vellows pro-
duced reduction in yield ranging from 21.1 to 70.2 percent (7). The
amount of damage was influenced to a high degree by the time
the piants were infected. Weight of individual seeds was lower in
plots inoculated in March than in plots inoculated in May and
appreciably lower than weight of seeds from the check plots. There
wis no evidence that yellows depressed germination. Preliminary
evidence indicated that varieties and selections may differ apprect-
ably in their susceptibility to injury by yellows.

Damage to the Table Beet and Spinach

Very little information is available on the effects of yellows on
yield and quality of the table beet. Infected plants, however, ure
obvicusly dwarfed in some fields. Meclean (7Y reported that in
Washington, seed plants of table beet with yellows preduced smaller
seeds and seeds of lower vitality than vivus-free plants,
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Yellows hus proved to be a serions disease of spinach in the Salinas
Valley of California. The damage varies and probably is influ-
enced greatly by envivonmental conditions. Some fields with high
percentages of infection show Jittle yellowing and little reduction 1n
quality of spinuch, but yields may be rveduced appreciably. Other
fields have shown so much yellowing of older leaves that they have
not. been harvested.

Secondary Effects of Yellows

In addition to the Qivect injury caused by yellows, the yellows dis-
ease probably angments the injury caused by certain other diseases.

(tiddings (29) reported that under greenhouse conditions beet
plants with yellows were more susceptible to infection with curly
top virns and more severely injured 1by the curly top disease than
yeilows-tree check plants. .\ similar effect was noted in field tests
nt Riverside, Culif,, in 1955 in variety tests in which alternate blocks
of 200 selections were inoculated with yellows virus. Considerable
natural infection with curly top virus occurred, which permitted
observations of the effects of curly top and yellows, nlone and in com-
bination, on plants of each selection. In many instances plants
with vellows were more severely dwarfed by curly top than were yel-
lows-free plants. The effects of the combination were rather spec-
tacular on certain selections, particilarly on some of the selections
that had considerable natural resistance o curly top.  Plants of some
of these selections that were damaged very little when affected with
curly top alone were very severely dwarfed by the combination of
curly top and yellows.

In fields in Californin in which yellows has oceurred in combination
with lenf spot, caused by Cercospora beticoln (Sace.), it has appenred
that plants infected with yellows virus were much more severely af-
focted by Teaf spot, Kovies (43) reported that in Hungary, yellows-
iseased plants showed increased susceptibility to leuf spof.  Schlés-
ser {47), n (Fermany, states that the resistance to leaf spot was
Inrgely overcome by inoculating with yellows virus in mid-June and
that the losses enused by leaf spot were considerably grenter on planis
with vellows rhan on planis that were free of yellows infeclion.
ITeiling and others {28) reported inereased Teat spot susceptibility of
yellows-infected plants in field tests in (Germany and found the (.
heticofa grew hetter on media prepared trom yellows-nflected leaves
than on media prepared from healthy leaves.

The effects of yellows in combination with heet mosuic were studied
by Lildecke and Neeb (36) in Germany.  They found that, in general,
the Tosses resulting from mixed infection approximated the sum total
of the quantitabive aial qualitative depreciations due to both viruses
separafely.

The number of wilting und dying plants found in a number of
spinach fields in the Salinas Valley of California indieates that yel-
lows in spinach may render spinach plants muoch more susceptible to
certain types of vasenlur parasites and root rot organisms.

Yellows therefore wmay be expected to increase the damage caused
by cercosporn leaf spol and curly top. T may be that losses caused
by rhizoctonia reot rot and rcertain other soil-borne organisms are
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also increased by infection with the yellows virus. Ir. some instances

it may be that secondary damage of this type may be more severe
than that caused by divect effects of yellows.

TRANSMISSION OF THE YELLOWS VIRUS

Transmission by Insects

Several species of aphids have been shown to be vectors of the sugar
beet yellows virus., Van Schreven (57) rveported transmission of the
virns by the bean aphid. Aphis fabee, in 1936, and Raland (44) ve-
ported transmission by both 1. fabee and the green peach aphid,
Myzus persicae (Sulz.), the same year.

Doncaster and Ilassanis {20) found that the shallot aphid, Myzus
ascalonicus Doncaster, is able to transmit the yellows virus, but they
considered it of little importance as a vector.

Hartsaijker {27) reported transmission of yellows virus by the
aphids, Rhopalosiphoninus tulipaellus (Theob.), R. latisiphon David-
son, Doralis rhamni B. d. F., M aerosiphuwm solanifolii {Ashm.), and
Myzus solani (Balt)) (dwlacorthum solani Kalt)). In the Nether-
lands &, fulipaellus moved from mangel clamps to beetfields in the
spring, and for this reason rhis aphid was considered important in
the initial spring spread of the virus to beetfields.

Of the species of aphids known to be vectors, Myzus persicae and
Aphis fabae appear to be the most important in the spread of the
yellows virus in JBurope. Watson and coworkers (58) state that, in
England, spread of yellows is more closely correlated with popula-
tions of A. persicae than with populations of 4. fabae. Rietberg
(42) states that, in the Netherlands, field studies of aphid populations
have indicated that in some years A, fudee plays the major role in
yellows virns spread, whereas in other years M, persicae is the more
important vector.

Szirmai (5.3) states that the main vector in Flungarvy is oA phis frbee
and that Myzus persicae is ravely observed theve on sugur beet,

In 1952 tests were begun in the Tnited States to obtain evidence on
the ability of various species of aphids to transmit the yellows virus.
Colonies of aphid readily available were established on appropriate
host plants.  Each species of aphid was either obtained from a known
authentic source or collected from the field and submitted to an en-
tomologist for identifieation, Aphids were transferred from infected
sugar beet plants, or other species of plants infected with yellows
virus, to healthy seedling plants. Most tests were made with strains
of the yellows virus that produce marked vein cleaving on the
younger leaves of sugur beet plants.

The results of these tests, shown in table 3, indicate that 7 of the
14 species of aphids tested are able to transmit the yellows virus,
The tests indicate a rather wide range of efficiency in bransmission
among the different vectors.  The green peach aphid, Myzus persicue.
appears from these und other tests fo bhe a very efficient agent of
transmission. The high efficiency of Aphis cruxcntee Davis as o vector
15 somewhat surprising in view of the fact thut it lived only 2 to
3 duys on the prants on which it was tested. Some of the species
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TaBLE 3.—Resulis of tests of species of aphids for ability to transmit
sugar beet yellows virus

Species of aphids tested Plants Plauts
inocuiated infected

N MNumber Number
Aphis cuscufae 5

b L]
L B LN

A. gessypii

A. medicaginis
Hyalopterus alriplicis
Hysteroneura selariae
Macrosiphum chrysanihemi

—_—

M. solanifoiit

Myzus hieracif

M. ornatus

M. persicae
Pemphigus belae
Rhopelosiphum maidis

41

CORAO~RRIOOD

that did not tfransmit the virus were given extensive tests. Pem-
phigus betee Doane, among the nonvectors, occurs abundantly on
roots of beet and other plants in arens where yellows is prevalent.
This aphid does not feed readily on green tops of beet plants, but
it will feed and multiply on eticlated beet leaves in the dark. There-
fore, first tests were made by trunsferring aphids from the roots
of yellows-infected plants to etiolated leaves of healthy plants in the
dark. None of the inoculated plants became infected.

In other tests with P. befae, beet seeds were allowed to germinate
in the dark, and aphids from the roots of diseased plants were placed
on the young seedlings. The aphids fed readily on both tops and
roots of the seedlings under these conditions. After feeding periods
of 24 to 72 hours, the aphids were destroyed and the inoculated seed-
lings were transferred to pots in the greenhouse. Since no infection
occurred under these conditions, it is assumed that this species is not
a vector of the yellows virus. This conclusion is supported by the
fact that there has been no evidence of spread of yellows virus from
yellows-infeured plants in greenhouses used for yellows tests over a
period of 7 years under conditions of lHght to heavy infestation of
roots of both healthy and diseased plants by thisaphid.

Aphis medicaginis Koch was tested on both sugur beet and Aéri-
plex voser. The Iatter plant is a host of Aphis medicaginis and of
the yellows virus that permitted the breeding of the aphid on diseased
plants and transferring them in large numbers to healthy seedlings.
Maerosiphum ehrysanthemi {Oest) was tested in a similar manner
on Senecie vulgaris. As no infection was obtained, it seems highly
probable that neither of these aphid species is a vector of yellows virus.

Transmission by Juice Inoculation

Transmission of the sugar beet yellows virus by juice inoculation
was obtained first by Kassanis (32) in 149, who reported that smull
numbers of inoculated plants developed local lesions on rubhed leaves
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and that some of the plants that showed loca] lesions later developed
systemic infection. Watson (56), using techniques similar to those
employed by Kassanis, reported good results in cross-protection tests
with strains of yellows virus.

Coons {76}, using yellows virug in the ["nited States, reported sys-
temic infection in a relatively high percentage of inoculated plants,
but he observed no loeal lesions. Costa and Benneit (47 transmitted
yellows virus to sugar beet and fo Chenopodinm murale by juice
moculation and obtained both local lesions and systemic infection,
Production of infection, however, was very erratic, and only a rela-
Lvely small percentage of the inoculated plants showed svimptoms.
Usually. but not always, production of local lesions was followed by
systemie infection.

More recently, Mundry and Rohmer (38} reported mechanical
transmission of yellows virus to sugar beet and (4 enopativm foliosum
{Moench.} Aschersin Germany,

Beginning in 1953, 1 more extensive soarch in the United Staies
was started in an effort 1o And o plant more susceptible 1o infection
by juice inoculation than the sngar beet varietios that had been used.
Tests were made of more than 300 selections of sugar beet, hat none
of these appeared to he more susceptible than the variety U8, 75
used v earlier experiments. Tests were made also of most species
of plants that had been shown by inoculation with aphids to be sus-
ceptible to infection with the yvellows viens. Most of (hese SPECHS
appeared te be Immune from or very resistant to infection by the
rubbing method of inoculation,  Some loeal lesions were produced
on leaves of Chenopodivm nurale and spinach, but inoculated plants
ravely showed systende infection. A few loeal lesions were found
on moculated leaves of . wmuaranticolor. but none of the inoculafed
plants became infected systemically.

Of the species of plants tested, Chenopodinm eapitufnm gave the
highest number of local lesions. In fact, under cortain conditions,
this plant is a very excellent local-lesion host of the vellows virus.
Lesions offen are produced in large numbers, nid they are sufficiem v
distinet to be counted readily.  Plants of this species were nuved exien-
sively in Turther studies of conditions favorable for infection and for
studies of properties of the yellows virus,

Lesions on Chenopodium capitatum

Local tesions may Begin to appear on Jeaves of planis of O henopo-
dhume cupitaliom 5 days after inoendation, bat often longer periods ape
reqriived.  After the first lesions are visible, others nimy continne to
appear for several days, which indieatos 1 variation in e of el in-
vasion by the virus. Leslons are ewenler and rarelv attain 1 dinmeter
of more than Ui They Bist appear as slightly sanken, watersonked
spots, visible only by reflected Heht sond only on the neculated side of
the Jeaf. Within 2 or 3 days after they bevome evident, the lesions
become visible on Doth leal surfaces as light-colored, shehily sanken,
necrotie spois that fend to fade to abnost white with aegel A Jeaf
6f O, capitutnm with 1y pical loeal lesions ax they appeas 10 ta 15 days
after inocubation is shown tn fignoe 80220 Tesions on sugar beet and
(. noerale are shown in licuee 8,1l 8, 0 vespeetively,

The dirst evidence of injmey to individuad eells by rhe viros, ax indi-
cated in frechand sections of infected leaves of . capitutum, is the
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Figure 8—Leaves showing Ineal feszinns produced following juice inoculalion of
() sugar beel, (Y Chenopodium ecapitelum, and () O murale.

etnkineg ol davkening of the peatepbe-m o epiderual, pabisale,
Al mesophv D eell- T the fnvaded sorea. Protophasin di-ivreseaiion
progresses papive eell o walls heenne diseodoredl sed ~onee walis
pavtiatiy collap=eo vesnliinge th shrdeuw Vi apper pact ol the
lostons whiel i Tades the epidermi-c Spreead Do deptl nanalhy i nore
l‘.'lllill thean Laterd -}rl'l‘:tl]. ]:h:l::ll:l_\ n\\inu‘ Ter e i':lI:inl Liitay vl
ol virn- i the eloneaned paliside eoll-

Spreel of the virk i paorerehvsa appeseed to stope with collapee
af |'|‘|'I:l}l; I;Illrj}ii'l' af ill\;il{l'll 1'1-”~. .\I:II:‘\' I'E"ir‘“ Tybt \\Ei‘-"ll ]ln':li
le~inars werve peodiesd <lnd ne Pttt fected systemisalis, Fhe
rr!IJnlml‘ UI. }ln'.‘l! Il"-‘.l:!:- }l!‘:uhl-‘i-ul B | v!r:-vtt\ Pl !'E-Irlfml WY 'H.;l ‘:‘.'||' Ijl‘nlr
:1|)i|-:1.\' of ~i<temie infition flabde o Oy o perest of ahe
1![:II‘II- Wikl 25 Il‘-;fl!"- (B le-a |u-1"|]=.|- E]jl‘t'l'li'lE ~-% -H’tilil"l”_\. [fereian
dre ol sastenste oo agresed Ot pere e 0 paedber s Toead
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Tanue 4.—Relation of number of local lesions per plant to production

of systemic infection following mechanical inoculation of Chenopodium
captiaium

ants ants i
Local lesions per plant (number) ingr.l:w:thed }i‘“:{';"ll':gﬁﬁ‘[ld
Number Number i Pareent

25 0rloss_ ... .. ... 176 18 ! .2
26 to T .. ... 84 33, 384
49 33, 67.3

18 15 - 83 3

18 I8 100, O

| 7 i i 100. 0

number of local lesions reached 200 per plant.  These results indicate
that virus infroduced into the parenchymm by the rubbing method
of moculation islimited to parenchyma. cells in the majority of lesions
but that it may escape into the phioem in a low percentage of instances
and produce systemie infection.

Factors Infleencing Transmission of Yellows Virus to Chenopo-
dium capitatum

A high percentage of infection of plants of (*henopodium rapitutum
by juice inoculation was obtained only during the winter and eurly
spring.  Inoculations during the summer and fall months gave loeal
lesions in some instances, but usually the number was small. The
reasons for this seasenul result Ive not been determined.

The highest numbers of locul lesions were produced on plants in the
i~ 10 8-leaf stage.  Larger plants appenr to be resistant. The num-
ber of local lesions on different leaves of the same plant nELY e
from few or none to 200 or more. Tests made to determine which
feaves are most susceptible to infection indicated that with plants in
the R-leaf stage the largest leaf. whicl on this type of plant s just
reaching maturity, usually showed the greatest number of local lesions.
Few lesions were produced on the immature leaves or on the oldest
leaves.  Tnoculation of the upper surface of the leaves giuve more
lesiong than inoculation of the lower surface.

The conditions to which plants are subjected before and after inocu-
lation influenced the number of lesions produced on inoculnted leaves.
Preconditioning in darkness or reduced light, as found by Kassunis
{42) with sagnr beet, resulted in incereased numbers of lesions on loo ves
of (' cupitatin. However, preconditioning is not always necessary
for infection, as indieated by results of tests shown in tible 5. Two
days insubdued Heht appeared to be near the optimum period for pre-
conditioning,  Rhorter periods were not sullicient for proper condi-
tioning, and longer periods caused changes (hat were Hikely to resull
in death of inoculated leaves before lesions had time to appear.

Greater numbers of lesions were obtained on plants that remined
in subdued light short periods after inoenlation than on leaves (hal
were refwrned to Full Tight of the greenhouse mmediately after inocu-
lution (table 33,

Other tests indicated that washing leaves with (apwater imme-
diately after inoeulation eaused a reduction in the nunmber of lesinns,
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TasLe 5.—FEffect of different treatments, before and after inoculation
on production of local lesions on leaves of Chenopodium capitatum

H

Lesions on leaves of plunts in—

Time plants kept in
subdured iight Subdued light for 48 hours | Normal light of greenhouse

followu(\ir,r inom}:ulntion prior to ingeulation ! prior to inoculation !
I01LES

Test | Test 2 Test t Test 2

Nmnbero Number Nuwber MNitmber
1 :

21,
30.
31.
3k
47,

D
9
13
12
8

5.

ENEN Eur N EN ¥

ba s pa - bl
L N ]
DO =W =]

|'
N N =",

U Average of 3 leaves,

ranging from 11 to 100 percent. The reduction in number of lesions
from washing was greater on plants that were returned to the green-
house immedintely after inoculation than on those that were held in
subdued light.

The source of inoculum greatly influences the number of lesions ob-
tained.  Plants that have given best results as sources ave Nicotinone
elevelundii and Chenopodivm murale. Juice from New Zealand
spinach has given reasonably high lesion counts in a number of tests,
but beets in a chronic stage of disense have been rather uniformly poor
s a source of inoculation. In one test that is more or less representa-
tive of results of many series of inoculations, the avernge number of
local lesions produced on leaves of (7. capifaium plants showing the
highest count, were 89, 44, 24, and 6 with juice from V. rlevelandii. €.
murale, New Zealand spinach, and sugar beet, respectively. In this
test juice was presced from plants that were chronically infected.
Juice from beet plants showing incipient symptoms has given higher
virus titers thun juice from chronieally infected plants.

The strain of virus used in making mechanical inoculations is
highly important.  No lesions and no systemic infections were oh-
tained from inoculations with any ene of the three virus strains of low
virnlence that were used. Each of three vein-clearing strains of the
virus nged produced loeal lesions on inoculated leaves, and systemic
infection followed . n number of plants. An isolate, designated
strain 3, however, consistently gave the highest number of lesions.

Tests for Seed Transmission

Seed transmission of the yellows virnus that oceurs generally
throwrhout Kurope hag not been considered of practical significance,
Tests in England and the Netherlands have given no seed transmis-
sion: however, Nikoli¢ (J42) in Yugoslavia reported transmission
through 4 of 2,064 seedlings, which may indicate that the virus is
transntitted throngh a very low percentnge of seeds under some
conditions.

SABAND QB0 - -5
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Clinch and Loughnane (75) found that n virus that caused symp-
toms on beets similar to these caused by yellows virus is transmitted
through a high percentage of the seeds of a family (No. 41) of sugar
beets bred in Eire in 1945. Watson (56) states that the Trish yellows
virus produces slightly different symptoms, and her evidence from
serological comparigons and cross-protection tests on beets indicated
that the geed-transmitted virus in Eire is unrelaied to the (rue yellows
virus. o

Field observations in the United Stutes have not indieated that seed-
ling sugar beets have yellows. Seeds known to be derived from in-
fected plants have given virus-free fields when planted in avens where
yellows does not occur.

Greenhouse fests were started in 1953 to obtuin additional evidence
on the possibility of seed transmission of the virns. Seeds were har-
vested from available species of plants that showed marked symptoms
and that did net recover from symptoms. It seemed rearonable to as-
sume that if the virus is transmissible through the seeds of such
plants, symptoms would appear in the seedlings.

The vesults of these tests, shown in table (; give no indication that
the yellows virus is transmitted tlhrough the seeds of nuy of the species
of plants tested.  From these results and from ohservations, 1l seems
unlikely that sgeed fransmission is a factor in the dissemination of
virus vellows in the TTnited States.  Also, as vet, there is no evidence
that the sced-transmitted disense of sugar beets found in Eire ocenes
in this country.

Tanug 6. Resulis of lests o dedermine whether the yelfows rirus s
frensttied throngh seeds of discased plants

Seedlings
Plant jesterd from sveeds Noedlings
of infeeter - elisousog
plants .
Nimiher Nusther
Amaranthns retroflerns (redroot amuranthy 2.
Shmaranthas sy : v {1
Atripler rosea vrodsealed 312 3§
Bela patellarix 163 4]
B. endguris sugar beet) 3, 2140 {l
Celosia sp .. . . ' 2 0
Chenapoditon afbon (lambsquarters) . : 3at) i
C'. amuranticofor . THR {
C. murale (sowhane}_ . 364 0
C. wrbicom (goosefuod . a7 {
Nieofiana efevefandiy 716 (]
Telragonfe eepunsa [ New Zealand spinachy 250} {

Tests With Dodder

The yetlows virus is of the general iype with which conxsiderable
snecess has been obtained in transmission with dilferent species of
(useut. Tlowever, conflicting resulfs with this virus have been ob-
Fained by different investigators.
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Truchs and Betss (:22) reported in one fest that all 8 plants inoeulated
with yellows virus in Germany by means of ¢usewdn gronorii Willd.
developed symptoms of yellows after 8 weeks: In further tests, Beiss
(1) reported a high percentage of transmission with this speetes of
dodder. Canova (2.4), in Italy, failed to transimir two torms of vellows
virus by means of Cuseietre ¢ pitdopnam Mure., hut he fonnd that apliids
(W yzus peesicae) acquired virus by foeding on dodder growine on
intected beet plants. This stwdy would indieate that dodder pieked
up the virus from (the diseased plants, althongh dodder did 1or 1rans-
mit the virus to healthy plats.

Rather extensive nttemipt= were mude at Salinas, Calif., to transmic
the yellows virus by means of Cuserta amevicana 1u, €', californica
Choisy, (", campestris Yancker. and €7, grenorii Willd, from sugur beet
to sugar beet and other susceptible species,  Veln-oleaving straing of
the virux were used in all texts to Insure elearly defined enrly synyp-
foms. “T'he rests were uade by establishing virus-free dodder on dis-
cased beel plants and by allowing vigorous stems 1o grow to adjacent
ealthy plant<. Contact= by dodder Letween dizeased and healthy
plants were maintained for ar least T days in most instances. The
results shown in table 7 indicate that none of these spectex of dodder
teansmitted che yetlows virus in this series of (ests.

In further experiments, green peach aphids were allowed to feed
on colopies of € rulifornicn ancl €0 cinn pestris growing on disensed
beet plants. and then transferved 1o seedling beet plants. ITigh per-
centages of infeetion were oblained Trom hoth apecies of dodder, show-
ing conelusively thar the dodder wis able to aequire yellows vivus from
the infected beet plants. Daodder from the disensed beetr plants was
allowed to grow to plants of Tarkish tobaceo. Thivty days after van-

tael with the diseased heet plants was broken, the dodder on the Tark-
b toliaceo piants wis tested Tor presence of the vellows vienus by means
ofaphids. No infection was obtained i hese tests, indieating that the
virns did not persi=t in dodder for as long as 300 days after il beeomes
extablished ona plant monme to yellows,

Tyuee 7. Nesulis of tists fo dibermdne 3f 6 rin-eliaving stegdn of
yetlors vivus s transimissible by dodde

Singar beer Sogar boert
Bpreeirs o f daddir geed plani~ plants
it bated infreted

Namfer Newmber
('nwsendo amrrivany 110
(" ralifornica 150)
£, eampesiria it
(7 qronersy w2

PROPERTIES OF THE YELLOWS VIRUS

Although Kassunis"1.42) reparted jnice transmission of the yvellows
virng on sugie beet in 1 infeetion bas been o erratie anel uneer
tain with the methods employed that appareniy Tirtle effort hns been
niuele fo take advantaoe of mechnnira! trasmission to determing the
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properties of the yellows virus. Tests were made by A. 8. Costa
and the writer in 1953 to determine the thermul inactivation point of
the yellows virus. Good results were obtained in two tests in which
sugar beet plants were Inoculated with juice from diseased beet
plants, These tests indiented that the virus 15 innetivated by a 10-min-
ute treatment at a temperature between 50° and 55° . Other tests
to determine properties wers inconclusive, becanse of the Jow inci-
dence of transmission.

Bercks and Zimmer (9), using serological procedures, obfained
evidence indicating that the thermal inactivation point of the yellows
virus hes between 50° and 54° ¢ {mean 52.5°). The virus retrined
serotogical activity in extracted juice for 20 days at 30° and for £ to
5 days at room temperature, ' )

After it was determined that under proper conditions (“henopo-
diwm capitatum is highly susceptible to infection when inoculated by
means of juice and that Targe numbers of local lesions are produced
on inoculated leaves, further tests were conducted by direct inccula-
tion procedures to learn more of the properties of the virus, particu-
larly its thermal inuctivation point, tolerance of dilution, and
longevity in vitro.

Thermal Inactivation Point

In tests to determine the thermal inactivation point of the vellows
virus, 2-ce. quantities of juice from diseased plants were placed in
small, thin-walled tubes and subjected to the desired temperature for
10 minutes, The juice was then used to inoculate leaves of plants of
Chenopodivm capitatum. The vesults of three tests, selected as rep-
resentative, are shown in table 8, These results indicate that the
thermal inactivation point of the vellows virus lies beiween H50° and
55° . However. there waus appreciable inactivation at 45 and a
high percentage of the virus was destroyed at 507, This was indi-
cuted both by reduction in number of Toeal lesions produced and by
the number of incculated planis that became Infected systemically.

Tolerance of Dilution

Extracted juice from infected plants was diluted with tapwater
and inoculated into leaves of plants of Chenopodhon rupitatum.
The results of three tests, selected ns representative, show that the
virus survived a dilution of 1 to 300 in one test and 1 to 5,000 in two
tests (table 8). Infection dropped sharply as dilution was inereased.
As wounld be expecled, virus in juice with the higher virus titers
showed the greatest (olerance of the higher dilutions.

Longevity in Vitro

Juice was extracted from disensed planis by means of o handpress
and placed in 30-ce, flasks that were held at 20° 1o 24° (', At intep-
vals, 2-ce. quantities of juice were removed and nsed fo inocultte
plants of Chenopodium capitatum. Resulis were based on local-lesion
counts of inoculated leaves. The vesults of three tests, selected us
representative, are shown in lable 8. Tests were mude also with 13




Tanre 8. ~Properties of the sugar beet yellows virus as indicated by results of local lesion counts (average of 3
leaves) after mechanical inoculation of Chenopodium capitatuwm.
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° C. for i _— at 20° to

: Lesions per leaf in trial Lesions per leaf in trial
10min) = 24° C.
1
|
e b t

No.— No.m
Dilution

! IR 22 33

Niunber Number Number Hours U Number . Number Number § Number Number Number
: 0.0 : '

Cheek, 20-24. .

g0 B .

$3.3 1 10| Y S ose s 1332 | 666
16,91 63] 21]- 3.3| 880

53.0
18. 5. 5

ST o7 .3 1.0 20. 3 20.
| : 8.

2,

0

15.

|
I
i
f .
|
-
!

0

. 0
. 0 0 0 .3 1.5 0

! VR 0 0 0

: 5,000 .. _

] 10,000. ...

|
i

ASVASId SMOTIEX 1ddd dVOHAS

i i

bJuiee from sugar beet.
2 Juice from Chenopodinm murale.
3 Juice from Nicoltiana clevelandii,




36 TECHNICAL BULLETIN 1218, U.S. DEPT. GF AGRICULTURE

other lots of juice from 4 species of plants. In most tests, the virus
wns inactivated in 12 hours or less. In one test, there was some
survival after 24 hours.

Tests with juice from sugar beet, New Zealand spinach, Nirotinna
clevelandii, and C. capitatum indicated thut the source of incenlum
did not appreciably influence the period of survival of the virus in
extracted juice, despite the fact that juice from . elevelundii ap-
peared to have a much higher titer at the beginning of the test. It
appears from the results of all tests that the virus content of ex-
pressed juice decreases very rapidly and may be lost' in 8 hours and
ravely survives more than 24 hours. These periods of survival are
considerably shorter than those found by Bercks and Zimier (9)
when they used serological methods. It miny be, however, that the
virus retuins its serological properties for longer periods than it
relnins is eapacity to produce infection.

Other Properties

Juice from diseased plants was dried in watchglasses und resns-
pended in water equal to the original volume of juice after different
time infervals and used to inoculate leaves of Chenopodium. cap-
ibatum. These tests indieated that the virus did not survive drying
in plant juice. \lso. no virus was recovered from dried leaves of
digensed plants. However, the virus was uctive in frozen juice of
Chenopodiwm nurale and O, cqpitatum after 12 months, The amount
of infection obtained indicated no appreciable reduction in virus con-
centration of the juice duiring this period.

STRAINS OF THE YELLOWS VIRUS

The virus cauvsing yellows of sugar beet in the United States is
a complex of strains differing in virulence and other characteristies.
The dominant types of yellowing in all areas where the disease has
been studied ure typical of the yellowing produced by strains of low
to intermediate virulence. In some areas n part of the milder form
of yellowing in beets is caused by the rdish yellows virus described
by Duffus {27}, The relative importance of mild strains of yellows
virus and radish yellows virus in the production of the less severe
forms of yellowing of beets has not been determined.

The most virulent strains of beet yellows virus recovered have come
from the Sulinas, San Joaquin, and Imperial Valleys of (‘alifornin,
and the Salt River Valley of Arizona. Plants infected with virulent
strains appear to be increasing in incidence in all these areas.

Attempts were made {0 isolate and purify variants that more or less
represent the range of virnlence found within the beet yellows virus
complex. In this work, sugnr beet, (Yienopodivm murale. (. amei-
anticolor, O. capitatum, Nicotiana clevelandii. and New Zealand spin-
ach have been used extensively as differentinl hosts.  Of these plants,
sugar heet, New Zeuland spinach, and (. eapitairon have wiven the
widest range of symptoms. For the sake of simplicity in nomen-
clature the isolates that have heen selected and preserved are desig-
nated as “straing™ in this publication.




S8GGAR BEET YELLOWS DISEASE 37

Description of Selected Strains

Probably variants of the vellows virns are so numerous that efforts
to isolate and describe al) of them would be impractical. Therefore,
attempts to sepurate and describe strains of the yellows virus com-
plex have been limited to isolates that produce characteristics on
differential hosts that permit identification with a reasonable degree
of certainty,

Six of the selections that have been made have been under observa-
tion for move than 3 years. These strains have been numbered 1 to
G, inclusive, us they were selected. Three of {he strains do not pro-
duce vein clearing on sugar beet and range from very low to inter-
mediale in virulence. Three produce vein clearing onsugar beet and
are considered more virulent.  The six strains have remained reason-
ably stable in both sugar beet and New Zealund spinach over a period
of more than 2 years, hut il s not heen established with certainty
that the selections represent single entities. Attempfs have been
made to purify further the three vein-clearing strains by successive
transfers on sugar beet by means of single aphids used in short-period
feedings. In the course of these purification attempts, avirulent iso-
Jates were obtained from two of the vein-clearing selections. The
three less virnlent strains have not changed pereeptibly in any of the
hosts in which they have been held.

The six virus isolates that have tentatively been called strains Nty
be divided into two groups and characterized as follows:

(Froup 1—These straing do not prodnce vein clearing on sugar
beet, New Zealand spinach, or Nieotiuna clerelund iy symptoms con-
stst mainly of vellowing of older leaves of infected plants. They are
not lethal on plants of Chenopodivm copitatim. and they have net
been transmitted by juice inoculation.  (Strains 1, 3. and 6

Strain 1 Distinguished from strain 3 by its ability to produce mild
mottling on young leaves of plunts of New Zealand spinach,

Strain 3. More virulent than strain 6; does not produce mottling
on yonng leaves of New Zealand spinach,

Strain 6, Very mild on all hosts.  Produces no symptoms on New
Zenland spinach and only slight reddening of older leaves of ¢,
cupitatim after 20 to 30 days.  No symptoms on (" gmaranticelor.
Comrnle. or Beta maevorarp.

(froup 2.—~These strains produce distinet vein clearing on sugar
beet, New Zenland spinach, and Nieotiana clevelundii. and mottling
on (Chenopodinm amaranticolor. Usuaily these strains are lethal on
O capitatum. Small necrotic Iesions are produced on leaves of (7.
cupitafim after inoculation with juice of diseased plants.  (Straing 2,
-+ and 5.)

Strain 2. Somewhat milder than strains 4 and § on all tested hosts.

Strain 4. Greater fendency to produce pinpoint lesions on beet
leaves than strains 2and 5.

Strain b, Somewhal more severe on beef, and possibly other hosts,
than strain 20 Probably more readily transunssibie by means of
individual green peach aphids and by mechaniea) inoculations than
strains 2 and 4
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Cross-Protection Tests

In general, plants infected and completely invaded by one strain of
a virus are immune or highly resistant to infection with a second
strain of the same virus. Flowever, Giddings (24) showed that
strains of the curly top virus do not effer protection against either
infection or injury by other strains of the virus, and Bennett, {5)
showed that this is true =also with strains of curly top virus in
Samolus parviflorus (water pimpernel}.

Cross-protection tests were made with two virulent strains (strains
2 and 3) and two less vivulent strains {strains 3 and 6) of the yellows
virus to determine whether evidence of strain interference or cross-
protection could be detected. I3oth virulent strains produce marked
vein clenring on yoting beef leaves, usunily in 7 to 12 days after
inoculation, whereas the less virulent strains produce symptoms later
that consist mainly of mild yellowing of folinge. usually confined to
the older leaves. Vety little yellowing is produced by strain 6 under
areenbiouse conditions.

Strains 2 and 3 were used in the Hrst test. Beet plants were inocu-
lated with each strain in the cotyledon stage. Forty-two days later,
after the plants had grown to considerable size, plants that had shown
definite symptoms characteristic of the respective virus strains were
selected and reinoculated with the two viras strains in the four pos-
sible combinations. At the same time henlthy plants of the same age
were incculated with each of the two strains. In the second test,
strains 5 and 6 were used in a similar way and the second inoculation
was made 49 days after the Arst,

A summary of the results of these two testy is shown in table 9.
Al plants inoculated for the first time becume infected and showed
the type of symptoms characteristic of the strain uged. All plants
infected with either of the less virulent strainsg and later inoculuted
with either of the virulent strains began to develop distinct vein
clearing in the young leaves a few days after the second inoeulation.
This was followed by production of yellow, thickened, and brittle older
leaves. There was no evidence that reinoculation of any of the m-
fected plants with either of the less virulent strains resutted in the
production of more severe symptoms.

Further tests were made in which plants of New Zealand spinach
were inoculated with straing of low virnlence and reinoculated 1 to
2 months later with straing of high virulence that produce vein clear-
ing. As the strains of low virnlence used do not produce vein clearing
on New Zealund spinach and the more virulent strains produce vein
clearing on the leaves ns long us the plani continues to grow rapidly,
tha presence of a superimposed vein-clearing strain is easily detected
in this species. In these tests, there nppeared to be no protection
offered Dy strains of low virulence agminst infection and injury by
vein-clearing strains.

Tnder the conditions of these tests little or no protection wus
aflorded by strains of low virnlence against infection und injury hy
more virulent strains of the virus in sngar beet and New Zealand
spinach, More evidence is reguired, however, before finnl conclu-
sions may be reached regarding the degree to which yellows virus
straing protect, or fail to protect, each other. Watson (56) reported
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TaBLE 9.—Results of cross-protection tests with virulent strains 2 and
5 and less virulent sirains 3 and 6 of yellows virus

[First tnoculation made in the cotyledon stage nnd the second 42 or 49 days later]

Btrain of Strain of Final average
virus used virus used | Plants in- | severity of
in first in second cculated | symptoms!

incculation | inoculation
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_ " Baséd on numerien] system of grading, which ranged from 1 to 9, inclusive,
in aacencll[ing order of severity of yellowing,
? Check,

a degree of cross-protection between yellows virus strains in England
in tests made by juice inoculation. Also, Canova (13) reported that
attempts to superimpose a “Romagna™ yellows virus on sugar beets
already infected with the common form in Italy were unsuccessful.
It seems probuble, therefore, that a certain degree of antagonism may
exist between certain strains of yellows virus, although no evidence
has been obtained indicating that this is true with isolates that are
considered strains of the yellows virus in the United States.

The uncertainty with respect to the eross-protection relationships
of viruses and virus strains that have been studied in different parts
of the world on sugar beet is further emphasized by the discovery
by Russell (46) in England and Duifus (27) in the United States
of viruses, apparently distinct from true yellows virus, that cause
yellowing of beets not easily distinguishable from yellowing eaused
by the less virulent strains of beet yellows virus.

RELATION OF YELLOWS VIRUS TO VECTORS

The relationships of the yellows virus to the green peach aphid
hias been studied i England by Watson (54, 55). Sylvester (52)
reported results of similar studies in the United States. These
studies have shown that the virus is a “persistent” or “semipersistent”
type in relation to the green peach aphid and that acquisition and
transmission of yellows virus by this insect is more or less in accord-
ance with expectations from this type of relationship.
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In the course of work on the yellows disease reported in this bul-
letin, further studies were made of some of the relationships of the
yellows virus to certain of its vectors. Virus strain 5 has been used
m all tests. This strain has the advantage of producing distinct
vein clearing in young leaves of beet plants in T to 12 days which
facilitates the reading of results, and probably increases the accuracy
of the hndings. Most tests were made with the green peach aphid,
but other vectors were used to alimited extent.

Relation of Age and Form of Aphid to Transmission

Alate (winged) green peach aphids and apterous {wingless) in-
dividuals of various sizes were tested to determine their relative effec-
tiveness in transmission of the yellows virus. The aphids were
colonized on rapidly growing sugar beet plants infected with virus
strain . After the aphids were well estublished, leaves were selected
that carried large numbers of aphids in different stages of develop-
ment. The leaves were allowed to wilt until the aphids detached
their mouth parts and began to move. They were then lifted with a
small brugh and placed on seedling sugar beet plants, one aphid being
placed on each plant. The four types of auphids tested were classified
as (1) small {very young), {2) medium size, {3} adult wingless, and
(£} adult winged. ISxcept In some cases with the winged form, all
aphids n a single test were tuken from the same beet leaf. Tn each
test, 20 plants were inoculated with each type of aphid. In some
tests the aphids were placed directly on ne plants and each lot of
plants was kept in u sepurate cage 24 hours, after which the insects
were destroyed. In other tests aphids were confined on Jeaves in leaf
cages Tor 24 hours and then removed.

The test was replicated 12 times. The results were paired in the
order in which the fests were made. The sums of the paired tesis
are presented in table 1 as percentages of infection. There was con-
siderable varinbion in results of ditferent tests, but analysis by the
are-sine fransformafion method of analysis of variants showed that
some of the results are highly significant. Medium-size und adult

Tanve 10— Vellows infection produced on seedling sugar beets by green
peach aphids of different ages or form

Plants infected of 40 planis inoculated by aphids of
indieated size or form {1 aphid per plant)
Test No.
Smuli Medium-size! Adult wing- | Adult winged
aphids aphids less aphids aphids
Pereent Fercent Pereent Fercen!
S i5.0 i7. 5 30. 0 15. 8
.S, - 50 75 32.58 10 ¢
s S 7.3 15.0) 20.0 24
AL S 20.0 25, © 27.5 5.0
5 22.5 22. 35 17. 5 1, &
B .o .o oo L. 15. ¢ 27. 5 20. 0 12. 5
Average . o . i4 2 16, 2 241 02
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wingless aphids showed superiority over winged aphids at the 1-per-
cent level, and wingless adults were superior to small aphids at the
f-percent level. Whether these differences reflect differences in innate
ability to transmit the virus remains to be determined. It was ob-
served that the winged aphids were more vestless than the other types
and appeared to feed less. It is possible that this may be one of the
factors involved in the lower efficiency of the winged aphids in trans-
mission of virus In these tests.

Feeding Time Required for Aphids to Acquire Virus

Tests were made to determine the relation between the time the green
peach aphid feeds on yellows plants and its ability to transmit. the
yellows virus to healthy plants. In these tests nonviruliferous aphids
wera placed on leaves of diseased beet plants and allowed to feed for
different periods, which ranged from 5 minutes to 72 hours. At the fer-
mination of the feeding period the aphids were transferred immedi-
ately to healthy seedling sugar beet plants and allowed to feed 24
hours. They were then destroyed and the plants were watched for
the appearance of symptoms of yellows. Three adult, or nearly adult,
wingless aphids were placed on each plant, and 20 plants were inocu-
lated in each test at each time interval.

The results of five replications of this test are shown in table 11.
Theve was no evidence that the aphids were able to pick up the yellows
virus in & feeding time of 5 minutes. Apparently very little virus was
acquired in feeding periods of 10 and 20 minutes. It was not until the
aphids had fed 1 hour or more that they acquired sufficiert virus to
produce an apprecinble amount of infection, A 6-hour feedin g period
seemed to enable the aphids to reach their maximum effectivencss as
vectors, and feeding periods longer than this apparently did not in-
crease further their virus charge.

Tasre 11.—Relation of feeding period of green peach aphids on diseased
plants to subsequent tnfection of healthy seedling sugar beet plants

¢ Plants infected of 20 ineculuted by aphids that had been feeding
on diseased sugar beet plants for—

Experiment
No.

5 K43 20 2 4 6 12 24 48 72
min- | min- | nin- hours|hours{hioursthoursihoursihotrs| hours
tes | ukes | utes

BRI CHID WY

14

Feeding Time Required for Aphids to Transmit Virus

Tests to determine the relationship of period of feeding of virulif-
erous aphids on seedling sugar beet plants to amount of infection pro-
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duced were made with green peach aphids that were fully charged with
virus strain 3. The aphids were placed on healthy seedling beets and
allowed to feed the allotted time. They were then destroyed and the
plants were watched for the appearance of symptoms of virus yellows,
Thres aphids were used to inoculate each healthy plant, and 20 plants
were inoculated at each time-interval in each test.

The results of three replications of this test are shown in table 12
The aphids produced infection in a feeding time of 5 minutes, but
infection was relatively low in the 5-, 10-, and 20-minute feeding peri-
ods. Tn two tests, percentage infection rose to a level in the 1-hour
feeding period that was maintained in the remaining feeding periods.
In the third test a high percentage of infection was obtained in the
12-hour and longer feeding periods. The reasons for these variations
have not been defermined,

TarLe 12.—Relation of feeding period of viruliferous green peach aphids
on healthy seedling sugar beet plants to infection

Plants infeeted of 20 inoculated by viruliferous aphids that
had been feeding on test plants (3 aphids per plant) for—

Experiment No. 1
5 10 20 1 2 6 12 24
min- |.min- | min- | hour [hours{hoursjhoursjhours
utes | utes | utes

48 72
hoursihours

| . 1 2 7 L5 14 18 17 18 14 12
e e eaaaa 1 3 6 11 10 4 ... 16 16 15
H T 0 [\ 0 3 15

Time That Virus Is Retained by the Green Peach Aphid

Green peach aphids were removed from sugar beet plants infected
with virus strain 5 and placed in cages on radish plants. As radish
is immune to infection with the strain of yellows virus used, the fime
the viruliferous aphids were able to retain the virus while confined
to this plant should be a measure of the time the virus is able to per-
sist in the aphid. Teaves with aphids were removed from the radish
planfs at 24-hour intervals, and 10 or more aphids from the radish
leaves were placed on each of 20 seedling sugar beet plants. The
aphids were allowed to feed on the beet plants 48 hours, and then
destroved. The plants were watched for appearance of yellows
symptoms.

The results of five replications of this fest, shown in tuble 13, ave
sontewhat erratic and suggest: that environmental conditions to which
the aphids were subjected while feeding on radish, or other factors,
may have influenced the perind of persistence of the virus in the
vector. The resulis indicate that the virus content of the aphids de-
creased ruther rapidly and that the virug was able fo persist in the
aphid T2 hours i some instances, but not for i hours.
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Tanve 13.—Time the green peach aphids retained the yellows virus
while feeding on an tmmune host plant (radish)

Plants Sugar beet seedlings infected of 20 inoculated
infected by aphids ! from yellows sugar beet plants
by dircet after feeding on an immune plant for—

transfer of

apiids from
diseased

beets to 20 | 24 hours | 48 hours | 72 hour 06 hours
secdlings

Number Number Nurgber MNuwmber Nuwmber

11
20
20
20 i

I'1G or more aphids were placed on each scediing beet plant,

Relative Efficiency of Myzus persicae and Aphis fabae
as Vectors of the Yellows Virus

The two species of aphids that oceur most abundantly on sugar beet
are Myzus persicae and cAphis fabae. T3oth species are considered
important agents in the spread of the yellows disease, but their rela-
tive abundance and importunce as vectors vary widely in different
areas and even in different seasons of the year.

Tesis were made to determine the relafive efficiency of the two
species as vectors under greenhouse conditions. In these tests, the
two species were colonized together on the saine diseased beet plants.
Comparisons were made with adult wingless individuals from plants
nfected with virus strain 5. Aphids were transferred by meuns of
# small brush from diseased leaves to healihy seedling plants, where
they were permitted to feed 24 hours, and then removed. The indi-
viduuls of the two species came from the same diseased beet leatf in
each fest.  Imoculations were made with 1, 2, 5, and 10 aphids,

The resuifs of these tests, shown in table 14, indieate that Jyzus
persicae is amuch more eflicient vector of the yellows virus used than
Aphiés fobue. This is especinlly evident in the tests in which inocula-
Hons were made with one aphid per plaat, The reduced infection in
plants inoculated with 4, fabue apparently was not associated with
less severe symptoms of the disease.  Average grade of severity of
symptoms was approximately the samie in plants infected by means
of each of the Lwo species of aphids,

Further tests were made with t aphid per plant in which 138
plants were inoeulated with each species of aphid.  In these tests,
M. persicar produced infeetion in 37 plants, whereas 4. fabur pro-
duced mfeetion in only 12 plants. '

In other tests the potato aphid, Maerosiphum solanifolii, was com-
pared with 3. persicae,  This aphid feeds veadily on sugar beel and
hreeds on the plant in the greenhouse, but it is not often found on
sugar beet wnder field conditions.  Results indieate that its efficiency
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Tasre 14.—Comparison of Myzus persicae and Aphis fabae as rectors
of the yellows virus

Plants infeeted of 20 inoeulated with
the indieated number of aphids
Test No. Aphid tested

1 aphid | 2 aphids| 5 aphids |10 aphids

Number Numher Number Nymber
{nyzus persieane. ... _. 12 16 14 16
Aphis fabae {1 5 T 9
Myzus persicae.. . . __ .. 1t i6 20
LA phis fabae k 13 15
{J.’yzus pergicae K 18 . 18
Aphis fabae__.__ . __._ .. : 2 8
{M’yzus persicae k I 18
Aphis fubue 3 15

as a vector of the yellows virus 1s considerably below that of Jf. persi-
cie and probably in the range of that determined for A, fubre.

Conclusions

Transverse sections of beet leaves on which gmeen peach aphids
have fed indicate that the path of penetration of the stylets is not.
direct, as with the beet leafhopper, but somewhat erooked and inclined
to follow to some extent the intercellular spaces. Apparently, pene-

fration is not so rapid as that effected by the beet leathopper. All
evidence indicates that the green peach aphid feeds predominantly in
the phloem. The method of feeding probuably precludes the acquisi-
tion of appreciable quantities of virus from parenchyma tissue, even
if the virus were present in high concentraticens in sueh tissues. It
seems probable, therefore, that mostk. of the virus acquired by the vector
18 derived from the phleem. This concept. is supported by the rather
abrupt increass in the eflicieney of the green peach aphid us a vector
after feeding periods of 20 minutes to { to 2 hours on diseased plants,
as shown intable 11.

The retention of the yellows virus by the aphid for periods of T2
hours while feeding on an immune host suggests that the virus is
retained lavgely in the body of the insect, perhaps in the blood, rather
than as a contamimnt on the mouth parts. The loss of virus in
periods Jonger than 72 hours suggests that the virus does not multiply
m the vector. In sumniry, the evidence suggests thai the yellows
virus is picked up by the aphid principally from the phloem nnd that
1 passes into the alimentary tract with the ingested food: from the
alimentary tract it passes into tlie blood, from which it passes into the
salivary glands and s reintroduced into the plant through the medium
of the salivi. The period of retenrion in the insect may represent
the time required for exhaustion of the virus charge, bhut, more likely,
it represents the time the virus is able fo retain its activity outside of
the hving plant.

Aphids undoubtedly introduce yellows virus into all types of tissues
penefrated by their stylets, There may be considerable differences,
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however, in the susceptibility to infection of the different tissues into
which the virus is introdnced. The results shown in table 12 indicate
that the green peach aphid is able to produce infection in a feeding
time of 5 minutes. This would indicafe that systemic infection can
be produced by introduction of the virns inte parenchyma, as the
aphid probably could not often penetrate to the phloem in so short
a time. The rather marked increase, however, in the percentage of
infection in the 1-hour feeding period as compured to shorter periods
suggests that infection may be much more certain if the virus is
intraduced into the phloem by the aphid.

RELATION OF THE YELLOWS VIRUS TO THE
PLANT

Plant viruses probably invade all types of living tissue, but the
extent of nvasion varies with the virus and plant involved. In
some instances there appears to be a high degree of tissue specificity.
Those viruses that prodiee disturbances prinwrily in the parenchyma
probably occur in greatest concentration in that tissue. Tsually such
viruses produce mottling or other types of chlorofic or necrotic spot-
ting.  Some virnses that produce disturbances primarily in the vas-
cular system appear to be more hichly concentrated in the plilecem,
In general, such viruses induee leaf curling, yellowing, or rosetting,
but they rarely produce mottling.

Stgar beet vellows bag certain charncteristics of both the *mosaic™
and the “vellows™ proups of diseases.  Chlorotic and necrotic spots
are produced in beet leaves by some strains of the virug, and definite
motthing is evident in leaves of (“henopodium amaranticolor. The
general appearance of the disease in the field liowever, is more typi-
cal of the yellows group of discases. Studies have been made to
determine some of the relationships of the vellows virus to its host
plants as well as some of its relationships to specific tissues,

Relation of Point of Inoculation and Age of Plant to
Infection

Tests have shown that beet leaves of all ages are susceptible to
infeetion with the yellows virus, but, as yet, no lests have been made
with leaves of different ages on large plants ro determine their rela-
tive susceptibility to infection.  Tests were made, however, to deter-
mine relative susceptibility of cotyvledons aud true lenves of beet
plants in the two-leaf stage of development in which viruliforous
green peaxch aphids were eaged singly on cotviedons and true leaves.
The resulis of 5 replications of this fest, involving 200 plants in cuch
treatinent, indicated that there was no significant dilference belween
the susceptibility of cotyledons and true leaves to infection when the
plants were in the 2-leaf stage of development.

Apparently there is little inerease in resistunce to infection with
inerease inoage of the beet plants. Plants in the cotyledon stage
compared with plants 5 weeke after potting have wiven APProxi-
malely the swume percentages of infectinon when inoeulated by means
of one aphid per plant, In field inoculations over a periad of 5
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years, nearly 100 percent infection with more virulent strains has
een obtained with approximately 10 aphids per plant, regardless of
the size of the plants at the time of inoculation. )

In 1956, for mstance, plots planted December 15, 1955, were inocu-
lated March 26, April 30, and June 5 with approximately 10 aphids
per plant.  Each plot had approximately 304 plants, and each date
of inoculation was replicated 8 times. Infection wag above 93 percent
in all plots, and there was no obvious difference in the amount of
infection produced on the ditferent dates. The results of this series
of inoculations indicate that large beet planfs refain a very high
degree of susceptibility to infection.

Rates of Movement of Yellows Virus Qut of Inoculated
Leaves

The time required for the movement of a virus out of an inoculated
leat is influenced to a large degree by the tissue into when the virus is
introduced initially. Curly top virus probably is intreduced directly
into the phleem of heet plants through the teeding of the beet lenf-
hopper (Cireulifer tenellus (DBaker)}, and the virus is known to
move out of the inoculated leat very rapidly. Rates of ,movement
as mgh as 1 inch per minute have been recorded (2). Viruses that
are introduced into the parenchyma through juice inoculation are
known to require longer periods of time in which to escape from the
leaf into which they are innculated,

Tests were made to determine the rates of movement of the yellows
virus out of inocnlated leaves of sugar heet and of (Thenopodirm
capitetum after the wtroduction of the virus by means of the green
peaclh aphid and by means of mechaniceal inoculation with plant juice.

Movement Qut of Beet Leaves

To determine the rate of movement of yellows virus out of beet leaves
following introduction Ly means of a natural vecter, viruliferous
green pench aphids were caged on the distal ends of leaves of rapidly
growing sugar beet plants. In the tests ull inoculated leaves were
more than 10 em. long at the time of inceulation.  After exch period
of aphid feeding the moculated leaf on haif of the plants was severed
10 em. from the point of inocnlation. At the same time the aphids
were removed from the inoculated leaf of the remaining plants and
the plants were retained to provide a check on the probable amount
of infection produced by the aphids feeding on the noculated leaves
that were removed.

The results of this fest, shown in table 15, indicare the number of
Nants infected in the indicaled feeding period and the number of
mfected plants in which the virus moved a dislance of 10 em. from
the point of introduction in the wllotted (iime interval.

No viros moved out of the inoculaled leaf in a period of H ninutes.
although the results with the check plants indicated that some of the
inoculated leaves probably were infected. The virus maoved out of
G of 67 leaves in a periedd of 20 minutes.  In general, the percentage
of leaves in which the virus moved a distance of 10 ¢m. increased
with rhe time mterval, hut there was some variu ion, probably cansed
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TasLe 15.—Rates of movement of yellows virus out of tnoculated leaves
of sugar beet plants following introduction of virus by means of green
peach aphids

Results in plants from Results in plants from
which inoculated leafl was | which inoculated leaf was
Time for virus to removed not removed

move 10 em.

Plants Tufeetion Piants Infection
inocuiated inocuiated

Percent MNun ber Percent
10 minuntes.__________. 7
20 mimites
30 minutes

RN 0L IO D —
WO DO R @D
Wl QN D~ oD

¢

n part by the fact that not all inoculations were made at the same
time and under the same conditions.

The results with check plants and plants from which the inoculated
leaf was removed indicate rather clently that the virus probably did
not move out of all the leaves that were infected even in periods of 24
and 48 hours,

Efforts were made to determine rates of movement of yellows
virus out of inoculated beet leaves after introduction of the virus by
mechanical inoculation: however, these tests were abandoned, owing
to the difficulty of obtaining infection on sugar beet plants by me-
chanieal inoculation. It was thought, however, that essentially the
sume results might be obtained by using beet. mosaic virus, which is
reacily Juice-transmissible,

Beet plants growing rapidly in boxes were selected for the test.
One leaf on each plant was inocniated by rubbing inceulum from
mosaic plants over the snrface of the leaf tip. At different time
intervals following incculation, the inoculated leaf of approximately
three-fourths of the plants was severed at a distance of either 10, 24,
or 30 cm. from the inocnlated aren and the inoculated leaf on the re-
marning plants was retained. Thus, the experiment was designed to
determine the time required for the virus to move a distance of 10 em.
out of the feaf blade, which in most instances was less than 10 em.
tong, nnd also an additional 10 or 20 ¢m. through the petiole.

The results of this test, shown in table 16, indicate that the beet
mosric Virus required more than 48 hours to move a distance of 10 em.
out of the moculated leaf, and in the mujority of plants it required
more than 72 hours, The results indicated thaf whether the virus was
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TanLe 16.——Influence of distance of travel of beet mosaic virus on pre-
centage of systemic infection in beet plants following mechanteal

inoculation and removal of inoculated leaves 10, 20, and 30 centr-
melers from points of inoculation at G-hour intervals

Distanee of movement of infection out of leaf
Time for virus o .
fo move out of 10 em. 20 ¢nm. 30 em,
inoc{nl:nod leafl —_—
hours) 3, N a7,
Plants | hiecee Plants | 1 fpe- Plants | 1p5ee-
inoeu- tion inoeu- tien inoct- Lion
Iated lated iated
Nuwher ercend MNwnhier Fereent MNumber Fereent
B S -2 0.0 ‘ L 0 E 1
5 S H) 2.5 41 ¢ 40 0
BO_.. o e G} 31 G7 -3 ! Gt 3.0
66 ... . . . . .. [s51 ko6 Gt 6.2 i 1% 6 2
T2 o L 53 3.8 51 G 8 al 39
1 T a3 3.6 a3 25.4 ¢ 50 34.0
Si.... e . EN a5, 8 44 44,0 433 41,9
Cheek .. . 0 0 : 51 843 62 | 6. 4 61 ¢ 8.7
' : [ i

' The inceulated leaves were not removed,

required to move 10, 20, or 30 cm. to produce systemic infection made
little, if any, difference in the number of plants showing gystemic in-
fection. Tt seems probabie, therefore, that. there was first a slow move-
ment of virus through the parenchymi before the virns enters the
phloem, but that after enfrance to the phloem was effectad. movement
was so tapid that additional movements of 10 to 20 cm. through the
petiole could not be detected i the G-hour intervals of the test.

Movement Out of Leaves of Chenopodium capitatum

The susceplibility of Chenopodinm capitatum 1o infection from
inocnlation with plant jitice afforded an opportunity to compare move-
ment of the yellows virus in the sane species of plant after the intro-
duetion of the virus by aphids and by mechanical inoculation.

I fests with a vector, 10 virnliferous green peach aphids were
allowed to feed on the distal end of o feaf of cach inocutated plant of
(', capitatim for time-intervals ranging from 10 minutes to 6 hotrs.
At fhe end of the allotted feeding period the inoculated Jeaf on
half of the plauts was severed 1t em. below the point of inoculation.
At the same time, the aphids were removed from the inoculated leaves
of the remaining plants, which served as checks on the amount of -
fection produced by the feeding of the aphids,

The results of this test. shown in fable 17, indicate that the virus
moved out of the inoeulated lenf of one of five plants in a period of
40 minutes. A period of 6 hours was suflicient to permit movement
out of all inoculated teaves. The results in the cheek plants indieate
that infeetion was produced in a feeding time of 10 minutes and that
percentage of infection was high in longer feeding periads.
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Tasre 17.— Rate of movement of yellows virus a distance of 10 cm. out
aof inoculated leaves of Chenopodium capitalum as influenced by
method of inoculation

Results in plants from | Results in plants from
which inocunlated leaf | which the inoculated
Time for virus Mcthiod of wis removed leaf was not removed
to move 10 e, ingeuintion

Plants Infection Plants Infection
inoctinted inoculnted

Nunier Prreent Number Percent
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This experiment was repeated, except that the inoculations were
made by mechanical inoculation and three leaves were inoculated on
each plant,  Numerous local lesions were obtained on al] leaves fhat
were retained for a sufficient length of time, and systemic infection
waus reasonably satisfactory in the check plants, as shown in table 17.
There was no movement of virus out of inoculated leaves until the
fourth day. More extensive tests probably would indicate a shorter
period for movement out of the inoculated leaves, but the faet that
there was no movement out of inoculated leaves in the 1-y 2-, and 3-day
periods indicates that the virus required considerable time to move
through the parenchyma from points of introduction and to enter the
phloem.

The results from juice inoculation of (henopodium. rapitatum indi-
cate that when the vellows virus is introduced into the parenchyma of
the leaf of u susceptible plint It moves very slowly through the inter-
vening parenchyma cells and eventually enters the phleem through
which it presumably moves very rapidly.  The rafe of movement
fhrough the parenchyma atter juice inoculution is more or fess the
sanie as that found with beet mosaic virns, The results of inoculution
of both beet and (" cupitutim by means of the green peach aphid indi-
cide rather elearly that the aphid is capable of introducing the veliows
viras directly info the phloem, However, the reduced infection in the
shorter fime-intervals in plants with inoculated leaves removed as
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compared with the check plants suggests that some of the virus intro-
duced by the aphids, and that eventually led to systemic infection, was
introduced into the parenchyma. Tt seems probable, therefore, that
the aphids introduce yellows virus into all the tissues in which they
feed nuad that infection may result from introduction of virus into
either parenchymatous or phloem tissue. Apparently, however, local
lesions do not result from introduction of virus into parenchyma by
the aphid, whereas local lesions offen are quite evident after the intro-
duction of the virus into parenchyma by the rubbing method of
inoculation,

Conecentration of Virus in the Beet Plant

Tests were mude with aphids to obtain information on the relative
concenfration of virns in leaves of different ages in chronieally in-
fected sugar beet plants. .Aphids were removed from (1) old leaves,
(2) recently matured leaves, (3) half-grown leaves, and (4) small
Teaves, and caged singly on seedling plants. Nine tests, each in-
volving 20 plants inoculated from ench virus source, were made. In-
fection obtained was 23.5, 340, 30.0, and 2.0 percent, respectively,
from the different-aged leaves. These results indicated that mature
leaves were significantly higher in virus confent than old leaves, but
ofther results were not significant,

More extensive tests, using a local-lesion technique, were mude to
obtain additional informafion on virus concentration of lewves of
ditferent ages at different times after inoculation. In these tests,
juice was pressed from the material fo be tested and rubbed over
leaves of ('henopodium capitetum on which a small amomnt of car-
borundum had heen sprinkled. Tests were made of old, recently ma-
ture, and young leaves of clirenieally infected plants. In further
tests comparisons were made between leaves showing vein clearing
and leaves of the same age on chronically infected plants showing
no vein cleaving, and also between the yellow and green areas of
leaves from recently infected plants showing sectoring.

The results of these tests are shown in table 18, They indicute that
in chronically diseased plants virus concentration 18 appreciably
higher in recently mature leaves (han in young leaves of the same
plant. The largest contrast, however, was between virus content of
voung leaves in recently infected and chronieally diseased plants.
Teaves showing vein ¢learing had u very high virus fiter, wherens
Teaves of the sume age from plants chronically discased had a rela-
tively Tow virus titer,

Virus concentration was high nlso in the yellow nreas of leaves
showing secloring.  No virus was recovered from the green arens of
8 of 17 lenves: this finding would indicate perhaps {hat these areas
were uninvaded at the time of test.  Virus content of the green seg-
ments of the remuining nine leaves was low as compared with the
vellow segments of the same leaves.  Virus concentration in the yei-
fow pertions compures favorably with that i youig leaves with vein
clenring, and it seems probable that high initial concentrations of
virus are present in obviousty affected areas of segmented leaves.
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TanLe 18.—Relative virus concentration in leaves of different ages on
chronically diseased plants, youny leares of recently infected plants
showing rein clearing, and in green and yellow areas of sectored
teaves in recently infected plants

]

b Lesions produced on Chenopodimm capilatim by juice from
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CARBOHYDRATE TRANSLOCATION AND VIRUS
MOVEMENT .

Evidence has heen presented thai the curly top virus is closely
wssociated with the phloem and thar its rapid rates of movement in
the heet plant ean be inffuenced markedly by manipulation of the
direction and rate of transportation of carhohydrates ().

The rates of downward movement of vellows virus in beet leaves,
already mentioned, indicate (hat this virus algo moves reiddily and
rapidly in the philoem and suggest that viens movement may be influ-
enced by food transpert,

In tests to determine whether invasion of the heet plant by vellows
virus may be influenced or controlled by manipnlation of earbohy-
drates transported, advantage was taken of the faet that beets ean
be indueed readily to form separate crowns on the snme root system,

Beet roots were split into three parts at the erown and the split ex-
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tended about 15 cm. into the root. The plants were potted with the
crowns widely separated. The crowns on each plant were pruned to
produce shoots of approximately equal size. After the top growth
was well advanced, one of the three shoots of each plant was inocu-
Iated with yellows virus by means of Myzus persicee, one was de-
foliated at the time of inoculation of the first shoot, and one was
vetained as a check on virus movement.

Similar tests were made by the viruses of sugar beet mosaic and
sugar beet curly top, in order to compare the movement of these two
viruses with that of the yellows virus.

The results of the tests with the three viruses are shown in table
19. Bach virus moved from the inoculated shoot and produced symp-
toms in the defoliated shoot in ubout the same time as in the inocu-
lated shoot. In somne instances symptoms appeared earlier on the
defoliated shoot than on the inoculated shoot, This probably was
due to a more rapid growth of leaves on the defoliated shoof. .Ap-
pearance of symptoms was much delayed in the noninoculated, non-
defolinted shoets. Of the three viruses, mosaic virus moved across
into the nondefolinted shoot in the shortest time and produced symp-
toms in an average period of 33.7 days. Yellows virus requived an
average period of 57.3 duys, whereas cutly top virns had not produced
symptoms in any of the check shoots in a period of 140 days.

Tanre 19.—FEfect of defoliation in triple-croun beet plunts on the
movement of viruses causing yellows, mosaic, and curly top

Average time for uppearance of
! syimptoms on indicated shoot
cooPlants L
Viruz used ; tested i

i Tnaenlaled.  Noninoeu- Noningeu-

! non- i lated, lated, non-

| defolialed ' defalinted @ defolinted

l I__.,__..____._.d e mimmat ¢ w———— —

i Nuwaber H fheys Thays . Bayx
Yellows .. .. . 15 | 125 1| 57. 3
Mosale ... ... I8 | 9.4 10, 2 3T
Curly top._. .. S 10 '1 16. 3 181 L1, @

13

1 No symptoms of curly top were evident after 140 days, when the test wus
dizcontinued, ’

Fssentially the same results were obtained with triple-crown plants
following simnltaneous introduction of the three viruses into one
shoot and defolintion of a second shool in each plant at the time
of inoeulation, Bach of the three viruses nguin produced symptoms
in the defolinted shoot at abeui the swine time as in the inoculated
shoot. Mosaie symptoms appeared in the check—noninoculated, non-
defolinfed shoot—in an average time of 37 days, and yellows symp-
foms ocenrred in an average time of 57 days. Curly top symptoms
appeared on 3 of 10 plunts in an average time of 110 days, and no
symptoms were evident on compurable shoots of the remaining 7
plants after 180 days, when the experiment was discontinued.

Tt may be suggested that this type of experiment does not neeces-
sarily prove that the virus moved from an inoenliated inte a noninocn-
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lnted shoot as & vesult of defoliation, since the yvirus may have been
present in the nondefolinted check shoots but failed to produce symp-
toms. This seems highly unlikely, as shoots of approximately t-{l’e
sume size and age on the same plants did show symptoms following
infroduction of virus by direct inoculation. However, the following
experiment. was made to fest the validity of this objection. Forty
plants, each with two crowns, were selected. One shoot on each of
fhe 40 plants was inoculated with yellows virus. The noninoculated
shoots of 20 plants were defoliated, and the noninoculated shoots on
the remaining 20 plants were retained as nondefoliated chécks. Symp-
toms of yellows appeared on the inoculated shoots of the 40 plants in
an average time of 9.2 days, the longest incubation period eing 16
days.  Symptoms appeared on the defoliated shoots in an average
time of 9.2 days; t}le longest incubation period was 17 days. No
symptoms were evident on any of the noninoculated, nondefoliated
shoots nfter 20 days.

After 20 days the 20 check plants were divided into 2 lots. The
noninoculated shoots of 10 plants were defolinted and the root left
attached to the noninoculated half. The roots of the remaining 10
noninoculated shoots were severed about 10 cm. below the erown and
ench noninoculated part was removed to a separate pot.  Yellows
symptoms appeared on the attached, defoliated shoots in an Lverage
time of 3.8 days after defolintion. The detached, defolisted parts
wera retained for more than 2 months and developed into thrifiy
plants.  Tour showed yellows symptoms and six remained free of
yellows symptoms.

This experiment was repeated with the curly top virus, Symptoms
of curly top appeared on the inoeulated shoots of 20 plants in an
average time of 12.4 days, with a maximum incubation period of 19
days.  They appeared on the defoliated shoots of the sume plants m
an average time of 13.3 days, with a maximum incubation period of 19
duys. Symptoms appeared on check shoots attached to the plant and
defoliated 30 days after the plant wus inoculated, in an average
period of 4.2 duys after defoliation. Symptoms appeared on 2 of 10
shoots that were removed, defolinted, and repotted, and the remain-
ing 8 shoots remained free of symptoms.

This evidence appears to show conclusively that yellows virus had
not invaded the mujority of noninoculated, nondefoliated erowns of
dunl-crown heets in a period of 20 days and that the curly top virus
had mvaded not more than 2 of 10 of the noninoculated, nondefoliated
parts in a period of 30 days.  The rapid development of symptoms in
the shoots that were defolinted 20 to 30 days after inoculation of an
attached shoot and left uttached to the plants probably is cansed by
the movement of preater quantities of virus from the inoculated part
mto the shoots than would be introduced by insect vectors.

These results indicate strongly thal the movement of all three
viruses info noninoculated shoots of the beet plant ean be necelerated
by defolintion of these shoots and that 1his acceleration is associntecd
with transportation of carbohydrates. The more rapid movement
of mosaic and yellows viruses into nondefolinted, noninoculated
shoots may be caused by the ubility of these viruses to increase and
move slowly through the parenchyma outside the phicem, whereas
the corly top virus may Le largely restricted te the phlocm and
dependent: on fhis type of tissue in its movemeont through the plant,
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CONTROL MEASURES

Under favorable conditions the yellows virus spreads rvapidly.
Tixtensive spread may take place from limited sources of infection
that, in some instances, may be located considerable distances from
beetfields. This rapid spread of the yellows disease is eaused, in
large part, by the efficiency of insect vectors, chiefly the green peach
aphid, in the transmission of the virus. In the principal sugar-beet-
producing areas of Californin, aphids live and increase through the
winter months and conditions favor large increases in aphid
populations in the late winter and spring.

The presence of aphids throughout the year in many beet-producing
areas, particularly in California, and the occurrence of sources of
infection such as wild and escaped beets, sprouts from roots remain-
ing in harvested felds, and overlapping of erops ol successive yeurs,
present unusual problems with respect to control of yellows by con-
ventional methods. The size of aphid populations, diversity and
variation in planting dates, and type of source of infection in different
areas further complicate the problem of control.

In general, possibilities for conirol of yellows are limited to one or
more of four methods. These consist of (1) destruction of aphid
vectors by application of ingecticides, (2) destruction of sources of
mfection for initial spread of the virus to beetfields, (3} planting on
dates that enable the beets to escape infection, and {(4) development
and nse of varieties vesistant to the disease.

Use of Insecticides

TUnder rertain conditions in Kurope, spraying beetfields early in
the season to kill aphiids has been effective in giving a high degree of
control of yellows. Rest results were obtained by timing one or
more sprays to destroy uphids in the spring betore they had an oppor-
tunity to produce se(-on(tu-y spread from plants infected initially by
winged fornis that carry the viros into the feld from outside sources.
Where spring populutions of aphids were higl, however, control has
heen reported as unsatisfuctory, In lurge-senle experiments in the
Provinee of Limbery in 1955, Rietberg and Iijner (43) reported that
{wo applications of Systox reduced mcidence of infection about 40
pereent.  They concluded that asingle application in this area and in
eastern Brabant would be profitable,  Similar bevelicial results from
aphicides have heen reported in Englind and in Germany.

In most arens in California where sugar beets are grown exten-
sively, populations of green peach aphids are nsually very high dur-
ing March, April, and May, During this period, large numbers of
winged individuals may enter heetficlds from outside sources. It
is probable that where virus sources are available, the winged form
alone is eapable of producing high percenfages of infection betore
June 1 in surh areas as the Salinag Valley.,  This conclusion is hased
on the nmumbers of winged aphids found in beetfields and on the results
of tests I 1955, 1966, and 1957 i which selected plots were sprayed
with insectivides at 7- to 10-day intervals from thinning to 4 to 6
weeks before harvest. In all these fests, infection in the sprayed
plots incrensed until it reuched nearly [0 percent before harvesl,
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Location of diseased plants in the plots indicated a random distribu-
tion, such us would be expected trom aphids moving in from outside
sources. In all the spray tests, damage by the disease was reduced,
but costs of spray upplications were far in excess of the increased
vatlue of the crop.

In areas where conditions are favorable for the production of large
populations of aphids throughont most of the year, as in the Salinas
Valley, it seems unlikely that attempts to control yellows by applica-
tion of insecticides will be profitable. In other areas, control by use
of insecticides may hold greater promise.

In the San Joaquin V:ﬁiey and most of the other inland areas of
California where summer temperatures are high and humidity low,
aphid populations may be high in March and April and early May,
after which they may drop to very low levels. It is probable that
in most seasons T)irtle spread occurs in these areas affer the middle of
May or the first of June. Under these conditions one or two spray
applications, properly timed in Mareh or April to destroy aphids after
the winged forms have invaded the fields and before they have had
time to increase and produce appreciable secondury spread, might
greatly rveduce infection. Tlowever, further experiniental results are
needed before definite recommendations ave given. '

Elimination of Sources of Infection

Yellows is likely to be a serious disease of sugar beet in Western
United States only in areas where sugar beet or other host plants are
present to serve as sources of infection throughout the year. The
principal source of infection of new beet plantings appears to be the

beet itself. Wild beets or beets escaped from cultivation and grow-
Ing along fence rows, ditchbanks, and in waste places may be found
in most of the heet-producing areas of Califorma. Also, in some of
these areas heetfields nre not harvested until afrer the next erop 1s
already started and in some fields the beets nre enrried through the
winter and harvested the following spring.  Such fields serve as
sources of infection for fields in adjacent areas and probably for
Relds over an extensive arex in some cases.

Fields may serve as sources of infection even after harvest. Many
of the smaller beets are left in the field. Usnally the beet crop is
followed by barley, alfudfa, cotton, or corn. Muny of the beets re-
maining in the field are destroyed in preparation for these CTOPS,
but others ave buried just deep enough to produce tops that harbor
aphids that may move to new plantings, TIn burley and alfaifa felds
in particular, beets may persist well into the following spring and
continite to serve ag important virus reservoirs over an extended
period.

Spinach is susceptible to yellows and is a favorable host plant for
green peach aphids and some of the other vectors of the yellows virus.
It is grown as w winter crop in the Salinas Valley of California and
in_certain other arens of Western 1Tnited Siutes, Spinach often is
infected in the fall fram beets or other sources and earries the virus
throigh the winter to serve as a source of infection for Leets in lale
winler and early spring.

Weed hosts appear to be of lesser imporiance as sonrces of infec-
tion, but their full significance remaing to be determined. Most weed
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hosts are annuals and apparently are not extensively infected under
field conditions. These annual hosts appavently are of little
importance.

Australian sultbush {Aériplex semibnecata), one of the few hosts
that are perennial, may be a source of infection. Yellows virus has
been recovered from plants growing adjrcent to beetfields in the Salt
River Valley of Arizona, and evidence indicates that most of the
older plants in the Sulinas Valley arve infected. Australian saltbush
undoubtedly harbors virus in a number of areas where yellows oceurs
on sugar beet. It is a poor food plant for the green peach aphid.
The nphid (Hyelopterus atriplicis) commonly found in abundance
on the species apparently is unable to transmit the yellows virus.
It seems unlikely that extensive spread of yellows from Australian
galthush to beets occwrs, but the species may be important in enrrying
virus threugh periods bei ween crops in areas such as the Salt River
Valley of Arizona, where & small amount of infection from salthush
in the fall might be spread extensively by high populations of aphids
during the following winter and spring.

At present, it appears that the practice of harvesting one crop be-
fore the next erop is planted will delay and reduce infection, De-
struction of wild and eseaped beets and beets left in the field after
harvest should stil] further delay spread. Towever, in California and
certain other uren in Western T nited States, even after employment of
the most effective sanitary measures likely to be achieved on a large
seale, enough virus sources reamin to provide virus for extensive
spread hefore the first of Juo - in seasons when aphid populations are
high.  Although sanitary measures may he expected to delay infeefion
and reduce injury, completely satisfaetory control is not likely to be
achieved in many areas by these measures under the systems of beet
production now being employed.

Relation of Date of Planting to Control

Under some conditions in some areas, the date of planting may
greatly influence the amount of yellows infection and the period in
the develepment of the plant in which infection ocenrs. In some vil-
leys in central and southern Califernia aplid populitions drop ta
very low levels with fhe advent of high temperatures and fow humid-
ities in May and June, Plntings made in late April near Riverside,
Calif., remained relatively free of infection throughout the season,
event when growing adjacent (o infected arens: whereas fields planted
in December showed a high percentage of nfection. Late planting to
eseape infectinn, however, probubly would not he a profirable methad
of contrel, even I areas where it would be elfective, owing fo lower
vields from late-planted beets,

In some areas in California, early planting may resnlt in lower
losses from vellows, Plantings in the Salinas Valley nsually wre made
in December and January, althowrh some plantings are made lator.
The greater amount of yellows infection ocenrs in April. Evidence
indicates that if plants eseape infection in the enrlier stages of beet
development, reduetion in yield due to yellows is likely to be corre-
spondingly reduced.  Under these conditions pereentnge loss would
probubiy be less in beets planted in December than in beols planted in
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February or later. The degree of effectiveness of this practice, how-
ever, is complicated by a number of factors that may vary in dilferent
areas and in dificrent seasons.  One of the most. important involves
the date of harvest of the preceding crop. If the harvest period of one
crop extends very far beyond the planting date of the next crop, in-
fection in the new crop may oceur in the early stages of plant develop-
nient:_:md mmjury under such conditions might be increased by early
plnting.

Resistant Varieties

Bome commercial varieties of sugar beets in common use show
somewhat more yellowing than others, but there is no evidence that
dilferences in resistance justify selection of any of the common vuri-
eties in preference to others on the hasis of resistance to yellows alone.
Observations and tests of more than 500 varieties and selections have
indicated, however, that there is a wide range of susceptibility to
injury within the species Betu vulgaris. Injury in & number of these
selections has resulted in more than 60 percent reduction in yield,
whereas reductions in yvields of commen commercial varieties of
sugar beet have usually not exceeded 35 percent. Use of highly sus-
ceptible selections in Ineeding programs might result in appreciable
merease in susceptibility of the final selection,

On the basis of prefiminary observations, certain selections also
appear fo be more snscepiible to infection than other selections, Af
leasl, certain sclections 1n check plots that were sprayed at regular
ntervals remuained relatively free of yellows infection over periods
in_which other selections  showed nearly 100 percent infection.
Whether these selections escape infection as a result of being less
attracfive to aphids ov are inherently more resistant to infection
remams 1o be determined.

A\ breeding progiam has recently been initinted by the T.8. De-
partment of Agriculture at the U.5. Agricultwnl Research Station
at Salinas, Calif., in an effort to obtain sugar beets with increased
resistance to yellows, Considerable time may be required, however,
to obtain substantial results, due principally to lack of criteria for
accurate determination of resistance in individual selections and fo
the apparent abgence of wide ranges of variation in the resistance
in the genetic material available for selection.

Substantial progress in breeding for resistance to yellows has been
reporfed from Furope. In the Netherlands breeding programs have
been in progress since 1948 and, although imnunity has not been
achieved, selections have been developed in which yield reductions
frone the heaviest infections do not exeeed 14 to 16 percent. (43).

Production of more resistant varieties constitutes (he ¢hief hope of
satisfuctory control of yellows and. in certain arens, this is the only
method of control that appears likely to be effective under the ¢li-
mactie conditions that prevail and the methods of procluction of
sugar beets that appear to be mast profituble from the standpoint of
provessing costs and most economicn] use of land.

SUMMARY

The disense kuown as beet virus yellows or beet vellows has heen
present in beetficlds in Europe for many vears. [t was not identified
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in the United States until 1951, but it probably was present several
years earlier. The distribution of the disease is now practically
worldwide in aveas that produce sugrar beets.

The causal virus has an extensive potential host range, Crop planis
that are aftected include sugar beet, table beet, Swiss churd, other
close refatives of sugar beet, and spinnch.  The causal vivus has been
transmitted to at least 6 species of plants representing 12 tamilies.
Chiet symptoms on sugar beet consist of yellowing of mature leaves.
otten followed by necrosis of areas between veins, and thickening of
the entire Jeaf. Certain virus strains also produce vein clearing or
vein yellowing in young leaves in the carlier stages of development
of the diseuse. Certain of the weed hosts, as chickweed and Aus-
tralian saltbush, are symptomless carriers of the virus, at least- under
most environmental conditions.

Tn areas where extensive infection oveurs in early stages of plant
development, yellows causes marked decreases in yield of roots. In
replicated plot tests at Riverside and- Salinns, Calif.. the discase
reduced vields as much as 47 percent and sucrose content from 0.1
to 3.1 percentage points. Reduction in yxield in arcas where the dis-
ease is most prevaient probably reaches 25 percent. or more.  Yellows
may Increase injury by cercospora leaf spot aud by curly top in areas
where these diseases are prevalent.

The causul virus is transmitted by a number of species of aphids,
the most important being the green peach aphid.  Seven of 14 species
of aphids tested, however, did not prove to be vectors. The virus
was not transmitted by species of (uscufu.  Tests showed that the
virus was present in dodder growing on diseased plants, but the virus
was soon lost when the dodder was transferred to plants immune lo
vellows. The virus was transmitted to sugar beet, to Chenopodim
merale. and to £'. eapitatien by juice inoculation.  Best results were
obtained with (", capitaium from inoculations during the winter
months.  Loeal necrotic lesions, about 1 nun. in diameter, were pro-
duced. Production of local Tlesions was not always followed by
systemic infection.

The virus has a thermal inactivation point between 50° and 35 (.
At room temperature it was active n plant juice after 24 hours but
not after 48 hours. A small amount of infection was obtained from
juice diluted 1 to 5,000, but no infection was obtained from dilutions
of 1 to 10,000, The virus wus aetive in frozen plant extracts after
12 months.

The vellows virns exists in the Tnifed States ws a complex of
strains, ranging in virulence from those that produce mild yellowing
on older leaves of sugar beet to strains that produce vein cleaving
on yonng leaves and marked vellowing and necrosis on older lenves.
No evidence was obtained that one struin of vies protects against
infection or injury by a recond strmin,  Nix strains, or isolntes, cover-
ing a range of virelence, are deseribed.

Grreen peach aphids acquired virus from diseased plants in n feed-
ing period of 10 minutes, and they obtained & maximum vivus charge
in u feeding period of 6 hours.  Aphids reared on diseased plants
transmitted virus in o feeding thiie of 5 niinutes: maximun efliciency
in transmission was reached in feeding periods of 4 to 6 hotrs, Virns
wag retained by aphids for 72 howrs bul not for 46 hours. The green
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peach aphid is very efficient in transmission of the yellows virus;
apparently it !s much more efficient than the bean aphid and the
potato aphid.

The yellows virus appears to be introduced into bolli parenchyma
and phloent by aphid vectors, but introduction inio the parenchyna
alone delays systemic infection.  Virus introduced into beet plants
by a vector moved 2 distance of 16 i ont of an inoculated leaf in a
minimam time of 20 minutes, wherens beel mosaic virus introduced
by rubbing required a minimum time of 54 hours to move the same
distance.  Virus introduced into leaves of ("henopodium copilatum by
means of vectors moved o distance of 10 cm. ont of the inoculaied leat
in w minimum tme of 40 minutes, whereas virus introduced by rub-
bing required 4 duys io move out of the inocnlated lenf. The rapid
rates of movement after aphid feeding probably resulted from intro-
duction of the vivas divectly info the phioem by the vector,

Beet planis appurently do nof ncrease appreciably in resistance fo
infeetion with age. Ten green peach aphids per plant have con-
sistently produced high percentages of infection in the greenhouse
and on plants of dilferent ages up ro L3 months in the field.

In chronically diseased beet plants concentralion of virus appeared
to be higher in leaves just reaching marurity than in old or very
voung leaves,  Tlowever, concentraiion of virus in youny leaves of
recently infected plants was approximately six times grenter than that
in leaves of compurable age from chronically diseased plants. In
seetored Jenves conconteation of virus in the yellowed parts was muceh
greder than rhat in the green areas. In some instances no virns wis
vecovered from the green arens,  [igh Inithal concentrntions of virus
in recently inlected planfs are associated with acute symptoms, and
reduced virus coneentrations are associnted with the chronic stage of
the disease in which the plants recover (o some degree.

In beel plants with three crowns on the same oot svsten, the virng
maved out of the inoculated crown into a defolinted crown and pro-
dueed sympioms in average times of 124 and B days, respeetively,
whereas it required 373 duys to produce symploms on a noninoeu-
lated. nondefoliated shoot of the same plant. The respective periods
for wovement of mosaic vires and production of symiptoms were 9.4,
Hz2 and 307 days. Mosaie and yellows vipuses moved into the non-
moculated, nondefolinted shoot in much shorter times than did enrly
top virus.  This finding indiewtes that part of the movemeni of
yellows and mosaie viruses may have becn i the parenchynm, whereas
movement of the corly fop viras may bave heen restricied to the
phlocn.  Factors nvolved in food translocation appear to be im-
portant in the movement of alf three vivuses in the philoem.

Possible control menstires consist of (1) spraying to conlrol vectors,
{2} destruction of sources of mieetion, (3} seleetion of planting
dates to avold infection, and (1} development and sse of resistant
Vel ey,

Control of aphid vectors with aphicides appears to be unecononiics]
inconstal aveas of Catifornia where aphid populations ave igh
thronghont the seuson, but nse of aphicides mny be peofitable o indand
areas where aphid popidaitons drop to Jow levels in fate May or Jone.
Destruetion of wild and eseaped beets and other sonrees of infection
reduces or detays infeetion in some areas. December nnd Junmary
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slantings probably are damaged less than later plantings in the
Salinas Valley. Plantings made after the middle of May in the San
Joaquin and other inland valleys escape infection to some degree,
but it is donbtful whether late plantings of this type are often advis-
able from the standpoint of yield. At present no varieties with high 9
degrees of resistance are available, but it seems probhable that varieties
considerably more resistant than those now in use may be produced.
Development of wvarieties resistant to yellows appears to offer the
oreatest hope for eventual control of the disease over much of the
area in Western United States, where yellows is now causing the most
serious losses.
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