
[,

tt*(
[r.-
[; "ft,
E
I.r]
nrt
F

rtsrffi$ rrrrgtfis ffiB EsssErslelilr tr
nnal r&rmfi !E fi$EffirilIgr rlu

Beffi WL!#r XffirIS VIEtrs

br
&*n&tnr srilffi tor[

A tutsls
aubultta0 to

ommfls $?rfi wI*tnglnr

ln prnttel ful.fl,llmnt of
thc rcqu*rcnu*tr f,or tho

dcrrm of,

fr8m ff gsffisfi

fu6 1ffi



APIIfiSYEDI

trofegrsn of &ttEmsl,sgly

Ghalrnan sf Department sf Bltonolegy

Daan sf Sraduete Schoo1

prerentedDate thacl,r ls
llrped by Suth

Ctratrman of School Oradueta Connlttee

Chadrtok

np*i? 3, tq6z

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy



ACffierLmoilmlTs

?Ire rnttcr lE SreatLy lndebted to Dr. X. O. $renEonr

Frsfeasor of Brtsmology, tregon $tate Unlverslty, fon the

helpr guldance and eneourageuent durLng thege lnveattga-

t!,ons ard for the orlttctsm of, the nanueonlpt.

Slncere appreoLatten le axpresced for Dr. P. O.

Bltoher, Chatrmanr Departnent of, &ttomol.osyr f,or hclp and

gutdance. The wrl,ter te thankful for the benef,tta obtaln-

ed from agglstantshl,ps whlle at Oregon State Untveral.ty,

A worril of thanks t s due to Sr. J. A. l{llbrath, Prsfes-

sor of, Plant Pathologyr fsr the uso of centatn Laboratory

equlpment, and to Dr. Jersme e. R. tt, Ohalnnan, Department

of Statlatlos, for help tn the stattctleaL analyato of

eertaln data.

fhe nrtter rLshes to expreas hls gratttude to O. P.

€arpenter, R* E, t{eltonr and many other f,rlendc rho heLped

Ln many waygr

For her patleneer sscrlf,leEsr aaclstance und oiloour*

ageurcnt, tbe rnltor l,s grateful, to hls wtf,e, ffaJwant,



TABL& CIil eOXttsHrS

IXIRODUSTI0N . r t r . r r r r . . r r r . . . t

ngVIBlf OtrtIfmAfUnS .l i. r r e . ' '.. r.
Relatlve Suscepttblltty of llost Plant

YgfletleA r i . r . . . . ? . . r r . r r
Effect of Shsdtng on Sueceptlblllty of

Host PLantg t r r ., r r r ; r .' . r r
Effeet of Age of, Test Plant on fiogt

Suoeepttblltty . . e, . . . . . . c . .
Sf,f,ect of Nltrogen on ltost $ucceptlblltty .

IiATMIAI"SAilDHHIHODSt... r..... ' ) r r

A. Gengra], r . a . ) r ) . . . . . i' . .
B. Dgflnltlons . f ' r r r .',) . . r . .
C' lttatgrlaLs , ). I o.. r... r s. o

TheYlrug. o . . . . . a r . .. ..
fheYggtOr ' , .. r . o r i . r r .
The fLantg r r . . . r . . r, . r .

D. lt[igthOd8 r t . r . . i | . . . . . . . r
$oL1?reatment t. r. ".... r.
Aphld InoguLatr.on r . l . . r . . r .
Heehanl,aalIngculatton r r r r...
$tatlctloal lhthods r . . r . ., r e

RBSUITTS ) . r r'r . . . r . r r . ) r . . . . | .

Effectof l{ethodof Inooulatlon .... i r
Belat'tve Sueoeptlblltty of Yariettes . . . .
8f,fect of Llght Intenstrty ,'" r . . r . . .
Sf,fectofAgeofleatPlant . a r r. r r.
fiffgctof,$ltrogenr r. t... r 1 r r r.
Relatlon of Symptom Bxpreagr.on of, SII{S

1n Broad Bean to Ytrus 0oneentratlon . r

DXS0UgSf0ll ). o r... r r. r r. r r.. r t

SUUUftFlY.. r t. e r. r r... r r r r. r r.

BIB&IOOBAPIII . r . . ) o r r .' .' . . . . . .

APPmfDfX .. r. e . i r r t r r. r. i....

Page

I
3

3

tt

6
I

10

LCI
10
11
T1
1?
12
I3
I3
t4
15
16

19

1g
t9
25
31
3e

39

5T

59

6I

65



rlgqrg

L,2,3

4r5

IIST OT trIOTIRES

ReLatton of, ayrnptom expresslon of BYI|II
tn broad bean to vlrus concentratlon .

ReLatlve susceptlbltfty of ChenopodXum
leaves to mechanleal lnoculffiffifrT€E-
BYIt{lI . r r .' .' o' r, . . . r . .

Pge.

Iro-4a

54,5'



flsf 0r rffirlas

Table Pane

I Companl.aon of, tranautsalon of ElHt/ by
mechanloal. lnoq,u}atLon wtth lnoeula-
tlonbygroenpeaohaphtd o r i . ; t. a0

2t 3, 4 ReLattve auaceptlblllty of bean vsrt-
ettes te BYHII by meohantoal lnsoul,a-
tlsn and ts lnoculatton by green peaeh 

taphld t a . . . r . r .' r . e . r . . l?-f,ll

5, 6, 7 Effeat of, ltght lntengr-ty on the sua-
eeptlblltty of bean vartettel to Hf,lIY
by meohanloal lnooulatLon and to 1n-
oaulatton by Srsen peaeh aphtd . . o . 27*29

8, 9, Effeat of age ard nl,trogon on the BuS-
and 10 eeptlblllty of Hrarf, llortlaultural

bean to BYI{V by meohanloal lnooulstlon
and to tnocuLatlon by trecn peaoh
aphld . r . . r . . ) r | .' o . . . . 33-37

11, 1?, ReLatl.on of oymptom crpreaslon of BMV
and 13 ln broad bean to vl,ruc Eoneentratlon . 44-50



TabIe

tTSS OS APPMDIX TABI.ES

TemperaturE and 1l"6ht lntenslty data
for souree planto for the perlod fr"on
two daye beforo unttl two daya after
tnoculatton of, tost plante ln L2 ex-
pertments . . i, r r . r ] . . r . .

femperature and lteht tntenslty data
f,or test p}anta for the pcrlod from
txo dayr bef,ore untll tro days after
lnooulatlsn of, teat planta ln 12 ex-
perlments . r i t r' . . r' . r . i

GhenloaL analysts of the EotI ua6d for
grorlng sourso plants ln eIL the ex-
pertnantsr and for test pLants ln ex-
pertnento othor than nltrogen levcl.
experlmentc . r . . t . . r . . . . r

0hemlcal analysts of bhe aplL uaed fon
ratalng test plants tn nltrogan 1evcL
expgrtmento r r . . . r ) ) | r . . r

2

3

ll

66

Iege

la 65

aa

ta 6T

ta 6T



sAcroB$ ArrBcruo $rE SrrsgBPrIBI&rrr
EEAII PIA!{T$ TO II{OSI'LAITIST flISII

EBAT IETJtr 
'$8AIC 

YIBUS

Imo$rcrlw

Been ycllow mssatc yr.rur (gt1r[T), alro Imorn as bean

vlrus 2 and lhegggtge vlruo 8r not only sauaeB an lnpertent

dlaeage of beans but le also tha oause of a vtrus dlseaae

of peasr luptnear clovere and sono other legune crgps,

Bean yellox morate vlrua ls trensntttcd by aphtda ln a ron-
parttetent nanner, aeoordlng to the tatron nnd Roberts

(1939) el*ortfloatton (37, p. 543).

It has long been knsrn from atudtes deall.ng wlth hsst

suaooptlbll,tty to parasltte lrfectlon that envlronmontat

faotorsr ulncnal nutrlttonr tenpcratrrer ltght and humld!.-

ty, and othcr feotara aush rr ago arrd varlotlcc of plants

lnfluence the hoat r€spsnsc to lnfcottgn. In the fteld of
pLant-vlrua tnveatltattsns scveral sf therc faotsrs have

boen lnvaotlgated. Host of the rork haa been donar horever,

rtth neapeet to ueehanloal tnoeulatlon. Yery llttle con-

rtderatlon haE bcen gtven to the effect sf theae faotoro on

the tranamtgalon of pX.ant vtruacc by lnteotn. Stlll lear
has bean done to oompane thc effeet of thcrc fastors on

transmlaalon by mrahanteal lnoeulatlon and tnoculatton by

lngeota.

0r
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Itrt e!.4 of tho prcaent rttdy Yotr thtroforar to ooE-

prrG the *ffcat of ruch factorl on tht aurocptlbtll.ty of

bcan plantr to beln ycllor uo;rle vtrur lnfcotl'otl by nc'

Ehanlsel Lnooulattan and tnooulrtXon by aphldo. Infornt-

tl,on uas alrs aought sn ths rclattoa of rynptor oxprGrston

of BXtiY tn broad bcan to vlrur oonscntrttlsn.
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nEvlgr or xtrrmrmrffE

Hclatlve 8$rggptlb{.11tv oS Hsst Plant Yarletles

Ae carX.y as lg3lr flhttahced aruil Cumte (38, p. 5f8)

reported dl,ffercneec ln nelatlve c,usoepttblltty of sevenal

potato verlcties to pstato leaf ro11 and nosalo tnf,eotLonr

epncad by aphlda ln fleldr. Shutts gg gl. {2% p. f95'197)

oonpared oucoeptlbtlltf of oeveral potato varlctlca to thc

urlld moa&lcr latant mosaior vetn-bandlng moralcr leaf ro11

aad splrdlc tubor vtruter by flsld exporuro tectrr as rel,l
ar by tubcr ard rhoot grafto. llhty f,ound thst EoEa verte-

tlee rere completely restatrntr Bone eaoaped lnfeotton i.n

the f,leld but beoane tnfeetgd by graf,tr ond stlLl othens

eontraoted the vfrus readtly both by fteld cxpssuro and by

graft.

Ecvcral potato varletlcs rere terted for ruaocpttblll*
ty to potato vtrua Yr both ln tho flelal and ln glerahoucea

(4, p. 46). Slgntfloant vanlGtal dlffeneneea ln susocptl*

bltlty ts the vlrua rore observcd. ThG relattve aucceptl-

btltty of rsveral varietles 1a tha f,teld raa eomoletcd

rltth thelr susoeptlblllty to vlrus tnfeotlon by aphtd tn-
oculatLsn ln the gltcghousc but not to lnfcetlon by moehan-

loal lnoculatton"

$evcrel varl,ettsE of orualf,;nour planta rerc oonparcd

fsr ruroeptlbiltiy to Brp,splm ntsfq vlrus. llho rutabaga
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varLsty of rape, Bryqsgtc,a E!ig! !., sag Bucseptlblc to the

vtrur by aplrld lnooulatlon but not by meshsnteal, lnoeula-

tlon {33, p. 545*545r. Yarletal dlff6r6nceE roro reportcd

tn augar bcet ouccaptlbllXty to beet yellors vtnuo by

uoechanteal lnoculat,lon (f3, p. 235).

Adlerz (1, p, e61-ed$) hcted roveral bEan varletl.es

fon guaoepttbtltty to BfW lnooulatlon by 6rcen peaeh

aphtd and pea aphld, Strtngleec Blue Lcke varlety res sone

auaoepttble than alL otherg to Lnooulatlon by both thc

aphlds. lftre or€er of reLstlvo cuaocptlbl.llty of aaveral

varLetleg uEEr horevsr, nst thc raBG f,or the tro aphtdr.

Barloy varletles dlffered ln ourceptlbl,ltty to etrtpe
rosale vtrus tnf,eotlon by maahantoaX lnoculatlon (A5,

P. eg4),

fffppt of $lualng on flgggSn$4P1ll.*v os Soet Pl,ant

Eeveral lnveetlgrtpra have reported thst prelnsEula-

ti.on chadXag altcrg euooepttbltf.W of host planta to vlrur
tnf,sotlsn. Sanucl arrd Bald (aO, D. 88*89), Samuel, e-t pI.
(at, p. 518-513)r Hougaa (15, p. 487*4991, s111, and ralksr
(e3, F. 389-330), Eosg (19, p. 1-8), Sarden and f,obentr (6,

p. e95) {7, p. 4r8}, 6osta ard Eennett t13, p" e35-236),

ard Yarwood (4O, p. 6e1), ronktng rtth scvenal vLrucct and

hogt planta, obacnved that keeplng plants ln darkneas or 1n

chade for a f,er houro to eeverrl dayr prtor to moohantoal
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tnoculatton lncreaEed thelr susceptlbl.LX.ty to vlrus many-

fold.
Pnelnoculatlon shndlrlg for 24 hours gave maxtmum tn*

creaBe 1n host euseepttbll.lty to several vX.rusea by

meehanteal tnoculatlon lT, p. 418) (23, p. 3?9-330). eom*

plete darknese ryas not neceesary to brtrrg about thls
tncrease ln susseptlbl.llty {13, I). 235r. Sugar beet p}antE

that hed been preoondlttonod tn aLmost eomplete darlrneoe

trene compared wtth plants that had been kept ln reduoed

Ltght urder a grecnhouso benoh. lrhchanleal tnooulatlon

wlth beet yelLoua gave a hlghen number of looal lestonp on

plantr kept ln redueed ltght than on those subJected to

compS.ete darhnesa.

On the other trand, tfinttheys (LB, p. 559) found that
for moet tlnaa of lnosulattonr planta kept X.n oontlnuous

darhress for tro d*ye bofsna meehantEal lnoeutratlon pro-

duoed f,erer lpeal lectons than plantE kept ln an unEsntrol*

l,ed gleashoule. I{e funther obrerved (18, p. 56rt) that
tnoreastng expocure of plante to l!,ght from darn to ofter*
noon lnoncaecd tnfec,tLon from cuboequent meohanlaal tnoou*

Latlon wtth aeveral vlruEss, Even I ooe-filnute expocure to
8OO foot*oandlas befone lnooul.etton oould dorrbXe the numben

of, looal lectons.

Eltra-vtol,et tmadlntl,on of, Freneh bean Leavea kapt in
Ltght for 2ll houre neculted in more J.aatsns fron auboeguent
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nechantcal lnoculatfon wltb tobaees nogalo vtrue than those

kept tn the dark for a slmllar parlod (8, p. 7I). InLrdnar

gg E!. (17, p. 8l[*85]raported that a 2[-hour dark perlod

pntor to uechantoal lnoouletton dld not aff,eot sugoeptt-

blllty of ousumbor ootytrodonr to tobaoco moaalc vlrus.

rtltghtre {39, p. 83&*ffi5} tnveattgeted the ef,feet af,

ahadlng on ths ausoeptlbtllty of trenoh bean to tobaoeo

necnoals vlruE by meohanLoal tnoaulatlon. Otrt of 31 toatsr

leston nunben was lnoreasad twofold or Eorpe ln 1tl, deorsag*

ed to onc-hnlf or lese ln 4, ard not affeoted rlgnlfloantltr
tn 13 by pretnooulatton ehadtng.

Bro to fsur days of darhneaa prlor to tnoculatton wlth

hcnbane Bocalo vlrue tnoraared ruaoepttbtltty of llgg$[ggg

I.,urtr,ga to meehanteaX, l,noeulatton but not ts tnooutratlon by

aphlds (9, p. 93-#$). $tmLlorlyr 24* ts lt8-hsur prelnocu*

latton ehadlng falled to aff,eot suaoepttblltty of, muat*rd

plants to ry.,?Fslga nl.&r{ vtrus by aphtd lnEoulatlon (3e,

p. 2LO-211). Suacepttbl"lLty of, lettuec eeedllnga to

lsttuoe noeate vlrua war lnorcasedr horeverp by a 48*hour

rhadtng pertod prlqr to lnooul,atton by aphtda (35, p. 36Tr,

Effcat of l[est Plant on Hoat Surceptlbllltv

-

Carter (11, p. f$?l reported thst auacepttblltty of
plneapple aeedllngr to .figWLlEE E3E![IEB t. uocalo vtrua

by aphtd lnoeulatlon deereaced aa the aeedlltrgs g16r oldor.

4gg of
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I,ettuae aeedllnga varylng 1n age f,rom pne ts flve weeks

were aompared for suscepttbtlLty to Lettuao mssalo vlrus
by green peaoh aphld lnooulatlon (3r, p. 368). Older

plantc ilere Eone ouuoeptlblo than the younger planta. It
wae not detenmtned whether Euch neoults ilere due to in-
crreased auooeptLblllty t*tth oge or to a greater probabtlt$y

of aphlda feedlrg on larg*r planto.

Dtfferences ef L5 to 30 days tn the age of potato

pl,ants dtd not alter theLr euscepttblllty to potato vlruE y

by aphtd tnoeuLatlon (l[, p. {8}. $tmtlanly no dlfferences
lretre obaerved ln the eueaeptlbtltty sf one* to ftve-reek-
old mustattfl plants to Bfaestea ntgra vlrus lnocuXatton by

Sreen peoah aphld (3a, I). eLl).
Roga (19r p. L) reported thst Flrysalls fLef.l.$ggg

plante at f,lorerlng stage gare more dtetlnat and a greatcn

number sf Looal Leslons psr untt area wlth meotuntoal lR*

oculatLon of potato vlrur Y than dld elther younger or

Beneocent plantr. l{eehanlca} trancmlaalon of beet yelLows

vtrus ras not achlevad nhen cotyladona of very young seed-

ltnga wera inoculated. Ho dlffersnoes $ere faund, horever,

between seedltnga rhlch had onl,y f,our or fLve leaves and

otder plants (13, p, a35).

Barley plants at dlfforent stagee of growth were

tested for: suaoapttbt.Llty to atrLpe mogalo vLrus by sap

lnoculatLon. InoEuLatLons rnado one to three weeks bef,sro
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headl"ngr ttlat ls, 4O to 5O days aften planttngr oauged moat

severe oymptoma and greatest reductLon tn yteld (14, p. T22l

lz5, p. egr{}.

Hougas (15, p. 489-490) founA thst potato Leaveo f,rou

the mtddl,e one-thlrd, of teEt plants rrere 2 to L2 ttmes more

euseepttble to potato yeLJ.ow dwar"f by sep tnansnlsston than

elther. the youngexr upper leavee on the older Lower leavecr

reepeotlveLy, lfhere was greater varlatton tn guseepttbtlt*

ty to l{yoEcyamue vlrus 3 by sap lnoculatton emong tobacco

leaves on the same plant than among leaves Ln oonreapondl.ng

pooitlons on dlffenent plants (36, p, 463-4551,

Effect# of tl.trogen on llo6t Suaceptlblllty

Spenoen (e7, p. 188*I9O) fourd that there lras a dofl-
nlte oorreLatlon between ni.trogen aupplled to l{Sgott$tq

$$r.tlno,sa.r E' tala.9rur &hd PtEPgqIua vulgantE L. aml their
auscepttblttty ts lnfeotton wlth tobaaoo moeatc vtrus by

naehantcal lnoculatlon. l{ttrogen tnoreanad euseeptlblltty

even when applted ln amountg thst greatly retauded growth.

$usoeptlbtllty deoreaeed above a certaLn level of nltrogen.

Stmtlarlyr app}Lcatton of nltro6en Lnoreased ausoeptl-

bl,Lttf of, tobaceo and potato pl,sntc to uap inooulatlon wtth

tebaeao mocato and aueuba mosatc vtrusee (5, p. 56).

Orreatest Lnorease tn nuseeBtlbl.llty wag obtatnedr howeverr

wlth fenttllsen tneatments thst were nost favorable ts
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plant Erowth. $usoeptlbt ltty dtd not l,n*t'aaee rhen nltno-
gen ssa supplt ed tn auounts rhlch r.etarfied grorth. Sr tha

sthar hard, fertlltscr tnestmcntr that greutly tnf,lucnccd

the growth of tobaooo srd potato plants tn potr had lttttc
effect on tuoeepttbtllty to aphtd lnoeuletton rlth potato

vtrug Y.

Applloatton of duns anil other nttrogenous fe:rtlltsarr
to potatoes tnercased, tho tnatdonoe of potato lcaf, ro11 ard

rugoae mosata vtruseE under natural oorulttlona of, rpread

(10, p, 509). lhrenson ard goht (3X, p. 6?l rcpsrtcd that
nutnl,ent trevatr of bean plants aLtored thetr curaepttbtllty
tE ffi!{V by grecn poeeh aphtd tnoculatltrn" frn trogan nutnl-
snt Eolutton dld not affeet el8ntfleantly thp rurorptibtll*
ty of corpes ptrante to cucuuben mosatc vl,rus I by raB

tnooutetton (e3, D. 3s9).



10

I{ATERIAI,S AND Iffi$IOD$

A. Oeneral

Ai.I investigatlons were made ln greenhouses at 0re6on

State Unlverslty, SorvalJ.ls, 0alegon, durtng the eummer and

faLL of f96O. $eather was genenally olear and warm, w!.th

scattened alouds at ttmeE, tn summer, and moetly el.oudy on

lntermtttently cloudy and aunny durtng faIl. Efforts were

made to malntaln the greenhouEe envtronment unlform, but

eti}l thene nae much varlatton Ln datly temperature and

lfght Lntenslty. Xnformatton about temperature and about

Lt6ht lntenslty ln the greenhouse dunLng the pertod from

two daya before to t'vo days af,ten Lnoculatt ng the test
pl.anto ls summonlzed tn appendlx tables I and 8.

s, DcfLnlttonr

$g,gu+SlttpTr {qgltEffi r,efera ts feedtns, pertod of, sphl.ds

on the dlceased pLant (all, p* ag) (3o, p. 52L).

Solony Bas I numbor of, green peach aphlds tnfegtlng

the aamo lrdlvldual plant, whloh ls raf,erred to aB a ,gg}ggg

p-lqnt.

&alpnl"oa* tqgoglatlgg wag rubblng of, a pl,snt rt th

JuLeer dtluted ulth a buffer, from a dlEeaoed plant. Tho

plant was ducted wtth oarborundun to facLlltate lnf,eotton,
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Frellglnaqy sta,qyat*.qg denotes the perlod of atarva*

tlon after the aphld was removed from a colony plant but

before the acqulst.tlon f,eedlng (30, p. 5221 (3tt, p. T5-TT!,

Fo*ree qlq,pt wao the dlaeased pXant used for aequlsr.-

tlon f,eedtng of, aphldg (3[, p. 83-8tt) or for prepsnattsn

of Julee for aechanlcal lnoeulatton.

?egt f,eedtns raa the feadLng perlod of the aphld on a

healttry plant, used oB an !.ndloatpr plant for the vlrur
(a4, p. ?;91 (30, p. 5a2t,

Tegt g[gg! was the heolthy plant used fsr test fcedlng

of, aphld (24, p, e4) (30, p. 5221, or otherrytse tnocul.ated

as an lndtcator plant for thc vlrus.

0. HaterlaLe

The Ylruc

fhe stratn of the bean yellor mssate vlruc (nnry) uEed

throughout thts atudy rar that lEslated and deacrtbed by

Sranson tn 1954 frou nsturalll-tnfsoted red elover near

Gienavar l{er Iork (89.r F. tLeL). ftrl.s Bttrttl straln raa mar.n-

tatned by meane of, aphldr .WI!!g I,gfqlcae (Sulzer), tranr*

mlaston stnce L956 ln broad bean, Ylola lglg t., vstr. maJorr

or Drarf HortlculturaL varlety of, the beanr P!|seoLt+s

rglggrlg L-
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Tbe Veetor

The green peaoh aphld, .ltfsu,B per.Etoaq (SuLacn), uag

ueed as the veotor" throughout thls etudy, Aphld oo}onles

were atantod f,rom colonles malntalned by Dr. t(. ([, Srancon

for several yearo, Srequently durtng the oourae of pneaent

atudy aolontes il€re sterted afresh f,rou elngle parthens*

genette aphtda ln ord.er to krep genetle varlatlon tn the

aphtda to a mlnlmum.

the aphtd colonles were aaged lndlvldualLy and kept

ln a 6reenhoure room reparate from roomE ueed f,or natrtng

Eource plants gr teat planto. Tlrla waE done ln ordcr to
prevent oontantnatlun.

Plantg

Chlneee eabbaser Bqeq$t-cp pe31np3?1g Rupr,, HaE usad

f,or col.ony plants and broad baan fsr souree p3.anta ln all
experlments. Both rere raigad ln number L0 eana or slx*
lnoh clay pots. Shtnese osbbage ras flngt grorn ln f,lato,
and eeedllngs Here laten tnanaferred to oans or pote,

The bean tett plents $ero grorn ctther 1n flve-tnch
clay potc (ttrree plcntu per pot), or tn nuuber 1O oans

(f,our or flve plante per oan). Chenopodlum amqfanttool_o{

Goate and Bayn teat plants rere ralscd 1n number l,O 68nar

wlth a alngle plant ln a &&n.

the
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D. !trethods

sol* 4qa,nlngpt

Ttre solI used 1n these experlments was a 3 to 1 mlx-

ture of a rlver-bottom loam ard peat moss. For colony

plants lt was f,urther eupplemented wtth one oup each of

ammonlum nttrater 6-10-4, and ltme per 2?-25 gallons of

ootl, For Eource plants arrd test plants tn all except

three experlmente, where nLtrogen level of teet plants war

an e:(perlmental vartable, the fol].outng fertlllzers were

added per' 1O gallons of solL:

Ammonlum nltrate one gs,

6-10*4 one oz.

LLme two oz,

Chemical analyato of, thls sotl ntxture ls gtven ln apperdix

table 3.

Llme ard 6-1O-4 were Lrsed Ln nttnogen level trtals at
the same rate ae Ln other testE. Ammonlum nltrata was add-

ed to sotl to obtaJ.n flve Lsvel.s of nltro6en for test
pl.antei 0,06, 0.O9, 0.12., 0.15 and o.I7 per eent totsl
nl.trogen ln the aoll. Ghemloal enalyala of, sotl mtxturcs

utth thess levels of, nltnogcn lc prarent*d ln appendtr

table 4,

ftte gotl for souree plante ard test plants wae Etxsd

for half an hour" Ln a cement mlxer to ensure unlf,onn
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dlstrtbutton sf fcnttllaent, AII seada r{Bre tnceted rlth
ph$Son or sper+6sn fungleldec at the ttne of sorlng. In the

oasa of beans, fcrnoolda was aX.no addcd weekXy to the pote

or oans ln thc canly ntagco of growth to prevent rsot rot
ard denptng off,.

Aphtd Inoouletlon

Aptcrour aphlGtr othsr than very young nyaphr, r6rc

ured, fn theaa exporlncntr only aphtds fnon young colonler

wGro u86d. For any onc rapl,toatlon the aphlda uatre urcd

frEm s aln$Xe colony. Sranaon ard $ohn (3f, F. 6?) rcpont-

sd that aphtds f,rsn vlgorously grortnE 6htnese cabbage

leovea tranontttod BIilY at a htgher rstc ttun aphlda fron

old enordcd eolonlelr and that aphldr from youns l,eaves of,

Chlncge oabbagc trcnsnlttcd Bftr at a hlgher rate than

aphlds frou naturc lcavcs sf, ths renc tndlvldual pltnt.
Aphlda w6rc rEmoved frsu the oolonles erd plaecd i.n

&lenncycr flacka fen a prclLmLnary ctarvatton perlod of 15

mlnutss or longcr. Prcllnlnar';y otangtlon lnercegeg ttrana-

ml"Eai.on of nenpcretatcnt vlrurca (SBr F. e6a). Xhc naxLuum

effaot of thls stanatlon lE obtaln*d ln lS nlnutes rtttr
H$NV (3o, p. 9e3-584). ttte Etarvad aphtdr lrone plaoed on

the last fully openqd leaf sf the souree plant and rllored
an acqu!.sttlon fecdlng of LO to 45 ceeorrdr befsre thcy retro

tnansf,erred to tost plantr. ltextnum tranrntsslon of, Stl[V
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by .U. p.cqql$e ooouro wlth aoqulsltX.on f,eedXngs of Ll to
45 seeoruls (30, p. 543). &rly thoce aphldo whloh termt-

nated aoqulaLtlon faed!.ng naturally wXthln l,O to 45 gesorda

were tranofomed to test plants, others betng dtssanilcd,

lllanemtgston sf aome nonpcratsteat vl,nuseg 1a reduccd lf
acgulEttlon fecdlng i,c fErolbtry termtnated (9, p. 81) {3tt,

p.54).
One aphld raa transferred to each teat plant. flre

aphtdE t*ero herdled wLth a moXatened cemeJ. I s-halr bruoh.

Aoqulattlsn feedlng ras watohed rtth the CItd ef a lOX hard

lens and ueaaured from the tlne the probpeot.s of, the aphtd

touched tha leaf aunface untll lt was removed. Aphldr rGre

allored a test fcedtng of 4 to 24 hounar Efter rhl.oh they

$ena kllled by f,umigatlng, the room csntalnlrg the test
planta rLth IEP? aerocol.

Dlechanloal In-olulqtt$n

Inoculun for meehantoal tnoaul.ati.on was obtalnsd fnom

the l"est f,uXl,y opened and next half*opened Loavee atd at

tlmEs from a part of the saoond last ful,ly opened leaves et

the aourge plantc. Leaf ttosue waa 6rourrd ln sne per cent

potaaotuu dl,hasto phosphate buffer rlth a ratto of one-half,

gram of leaf tlraue to 9. ! ml. buffer. 1[ro X"noculum was

elcved through chseseoloth to avoLd eloggr.n$ of, plpettes.

Itrlg gavo I rtoek lnosuluu at l/20 oonsentratlon rhlch raa
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dl.Luted to the destred etrerrgth by addlng one per cent

potaaatum dlbaslc phoophate buffer. InosuLum for eaoh

nepLtcatton wao prepared afresh to reduce ohanoes of lnag-

tlvatton tg vtFIF,

feat plants lr€ro lnoaulatad by nubbtng wlth ohEose*

cloth pad dtpped ln tho Lnooulum. Garborurd,urn (40O-meoh

slltcon carblde) waa duEted on the upper surfaee of leaves

to be lnoculated. the l.eaf, belng lnoculated war supported

frsm belor rtth a pleoe of stlff cardboar,rl to ensure unl-
f,orm rubblng. &re prlmary 3,eaf waa inoeuleted on eaeh bean

plant, rharaaa on ghenltpod.lgn glx leaves per plant v,are tn-
oeul.ated. Eaoh half of a leaf ras glven one utroke. fire
cheeEeeloth pad was dlpped tn tnooulum hefore each gtroke.

!{eehantcally lnocu1ated teet plante were funlgated

along wtth pLantn i.nosuJ.ated by aphtdo to keep alL tho

pLants unlformly treated tn all reopeots except tha uethods

of tnooulatlon.

ftl$rpttep} lhttlo9r

SLnee eeveral f,aetone affectlng suncept!.btltty of bean

planta to HtilY wore to be companed unden bwo methoda sf, ln-
oculstlon {vtz. r rrcGhanleal lnooulatLon and i,noculatlon by

aphtdlr onLy the faotontel deElgn eouJ.d be ured. fhta de-

aLgnr beatdes betru econouLeal of tfuner labor and materlaX,

makeE posatble the otudy sf, lateraetton of aeveral faotora



17

(Ia, p. l52l (16, p, 3l.o) (46, p. 333-334).

Spllt-pl.ot dsstgn tn strtps was followed 1n all. except

one expertment, where randorntzed blocks were used. Ttre

methods of lnoeul.atton $ere esstgned to maln plots and the

factore affecttng susceptiblltty to su5-plots. In the

spllt-plot deslgn the eruor mean square for" the eub-plote

and for the tnteracttons ia emalLer than that for the matn

plota. fhls deslgnr theref,orer provtdeo a more efflctent
testtng techntque f,or tnteracttone and for dlfferences

among sub-plot factors than for the factor aoolgned to the

matn plots, fhls lnoneased efftctency ls, however, at the

cost of reduced efftcteney for the factor tn the maln plote

(ta, p. 296-297) (45, p. 366-36?). xn the present study

the effect of factora aff,ectlng the suaeepttbtllty of,

plants and thelr tnterastlon stth the methods of lnocula-

tlon w€re more tmportant than the nethodE of tnoeulatlon

thetnselves.

AnaLyata of vartance (16, p. 196-208, 309-346)r &B

adapted for sp1ltr-plot deolgn tn atrLpo (1e, p. 306-309),

wag used for all expertnents exoept oner whteh wag a

factorlal dealgn ln randomlsed blockc and waB analyaed aa

such. In three expertmente the several emor mean Bquarer

of epL1t-plot deatgn were not f,ound atgntflcantly dlff,er-
ent by Bart,Lettf e teat (3, p, 27?-275), fhesE analysee are

not lneluded here. The analyalr of, varlanoe of these three



IS

elperlmcntc ls prcoented by randonlred blsokt (taUles 4,

5 an0 8), fha nendomlaed blookn deaLgn hae an advnntage

oy6r opltt-plot (cttgn lf th6 aovEral Eoan Equarlor !,n the

latter ana nEt rtgnLflosntly dlffemnt. IhG rsdonla.d
bloekg pnsvlde nom {*grca* of f,recdou fon tha alnglc

6rror EGen lqu&ru thoy rqs$ri:i6 (l,Br p. eg6-eg7)-

XtG drtr of dtlutloa rry;rLnantt raa f,trrther cubJact*fr

to aarlyrlc af sovanianoa (16, p. 34ll-3?8) (86, pr 3#*-l+re1

tn ordcr to detcrrlnc rluther thc rogreoslcn of glW tnf,ec*

ttrgn on dllutton rat trLnnar. Beeldos, the lndtvL.dual

degrce of frccdom test (t*r p. 6f-7o) (16, p. a86*433) waa

uged to oouprrG aBIr tro traetncnte.
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[f,feot
ffi

of kthod of

RESI'LTs

Inooulatton

franeuLsalon of S[ilV by meohanlcal tnoculattsn wae

oompared wlth lnsoulatlon by gre6n peaeh aphld ln ntne ex-

perluenta (taUles ?-10). the recuLts are aunmarlued tn

table 1. fransmlsslon by neahanloal lnooulatton varled

from e8.6 ts 77,8 per aent and that by aphtd lnooulatlon

f,rom 3O,g to 53.2 per oent.

franrmtsston by mechanteal Lnoeulatlon daoreased rlth
lncreaaX.W dllutlon of lnooulum. Dlluttan of LnoauLum

waa chartged from expertnent to experlment ln or.der to get

about 50 per eent, lnfectton. Yarlatlon ln the rate of

transmlsglon by aphld tnocul,atlon oouLd not be eontrslled.

$tmtlar varlatlona !n rate of transml,sctsn of BtTttY by t{.

perploae have been neported by Srenaon (3O, p. 5a1).

Re1atlve Sugoepttbillty of Tartatlesre

$evenaL bean varlettes uere tested ln dlff,orent GoB*

blnatlons trn elx expertmentc f,or suaeepttblltty to gruV by

mechanlaal tnoeulatton and by lnooulatlsn by Srsen peach

aphld. Yarletles lne}uded tn thaae tests Hetr6 &rarf fiortt-
cultural, l[op Crop, Bachlcha, Ssnlnole ard Banger. ttrere

were large varletal dtffErenoes ln the number of plante

lnfected.
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Tab1e L

Comparlron of, tranomlcelon of, Bt'Htf by meohantoel
tnooulatton wlth lnoou}atton by green peaoh aphl.d

Aphtd l&ehsnloaI
&ryert-

ment
f,umben

Plants hr eent
lnoou- trang-
lated mtgslon

Sl1utt on
of

tnooulurr

Plantc Pcn oant
tnoGu- trgng-
lated mlacton

t

2

3

4

5

6

T

I
9

2?'/

e16

216

144

e88

360

e$a

e50

200

30. e

34.7

38.8

t+T.g

33. O

35.6

53.2

4e.8

l+T. o

L/Loa

V3ao
L/To0

L/aoo

L/4oo

L/6ao

V6ao
tftoo
Lfiaa

2e5

2L6

2L5

144

a88

360

390

e50

200

?7.8

70.3

32.1+

45.8

It5.8

28,6

#1.8

6lt.lt

60. o

llore planta of tbe tsaohloha vartety tlun of tho Scmt-

nol,e varlety ucre Lnfeoted Ln three tsets, Dlf,ferenocr

w6re algnlf,teant at the one per oent Level Ln trs experL-

ments (taUleu 3 and 5), but not olgnlf,loant Ln the thtrd
(taule e). fn a olngle test, Eaehtoha ?ras fiore cuaoaptlblc

than RanBer, the dtfferenee belng st8nr.fr.eant at thc onc

per ecnt tevel (taute a).

llore Dryarf, llortLcultunal plants than Senlnole rero ln-
feated ln three tcats. Slfferenoea were stgnlflaant at the
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on6 psr oent level 1n two expertmento (taUlas 3 and 4), but

not aigntftoant tn the thld (taUle e). In three tegts,

nore &rarf llortLouLtunal plants than Eangen woro l.nfected.

DlffenenoeB wcre slsntftsant at the one per eent level tn
one experlment (taUfe a) but not stgntfteant ln the other

two (taulee ll and 7)"

In a sln6l,e teetr rnor6 pLants of the Top Crop vanl.ety

than of, the Serrtnsl,e and Rangcr vartetteo rere tnfeeted

(taUle a). Dtfferences betxecn Top Crop arrd Eangor wer6

etgntf,tsaat at the one per oent levelr but thoee bctween

lrop Crop and Scmlnol,e were not eLgnLf,leant.

Ho Large dtfferenses wsro found ln the numben of

lnfeeted plants emong Dwarf llortlculturalr lfop Crop and

tsaohlchar or between Rangen and $emlnoLe,

lblhgFs I V+ftf,fl+q Intrraotlon. Yart etal dfff,er&neea

tn the nunber of, lnf,eetcd pXanta vere not the aanG by me*

ohenl.oal tnoculatton and by lnoculetlon by aphtds, Xarge

dtfferenoes were obtalned by meohanlcal Lnooulatton, but

the eonreepondtng dlf,ferenccr by aphld tnooulatlon were

muoh smalLer. Separate analyata of vartailoer not lncludad

hsr.e, ahowsd the dlfferenoos by meohanloal tnooulatton to

be otgnlff,cant at the one por cent level ln threa cxparl-

uents, slgutftoant at the flve pcr sent lcvel ln anothcn

and not olgnl,f,loant ln two experlmcnt!. fhe dtffcronceo by

aphld lnoculatlon were not olgRlfloant ln any of thc expenl-

centa.
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tablc 2

Rclattve susoeptlbfLtty of, bean varlettes to HIIIIV
by meohantoal tnooulatlon and to tnocul,atlon

by grcen peach aphld

A. Data

nep. l l{eehanleal TotalDlf ro BR DH fC
I9
13
1l$
15
15
10
16
10
aa,
1t
T9
?r4,
19
go
18

33333e0313
333003331323313
33300t0323
322003334o33300333x?,33333333333333333333

03 I or at o e 0 I
1 I 1I I
0 1 00 t
I X OO Io o oo I
1 I T1 3I 1 10 0
2 3 3A Ix o x0 0
1 I A L A
1 I 2,2, I
t o t0 2
e I 11 0o I oo 2

1
2
3
4
5
5
7I
9

to
l,L
1e
13
rl[
L5

totaL r3 1,3 t5 I r8 41 38 4ll e3 29 ell3

Il. Anatryel.s of Yarl,anoe

Souree of, Yantatl.on $ogrees of traedom llean Squarc

RepLloattone
tethods
Ernor (a )
Yartetlcs
Ernor (b)
llethodr I Varlettes
Error (e)

lll
1

14
4

56
4

56

l.Ta'
75,33**

L.2T
3.51*
o. 96
2. $1r*
0.38

1 n"P' - Replteatlon
2 gn - Drarf Hortlculturalr f0 r Top Cnop, B - Bschtctur

BrBangarr I-$emlno1e
3 l{umbcr of lnfeoted p].snts out of ttrree tnscu]ated
* r SlgnlfLcant at 7# leveJ., ** : Sl8ntftcant at lf levet
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Itrable 3

Relattve ausoeptlbltlty of bean varlettes to Btlfif
by mcchanleal lnoculatlon and to lnoou}atton by

gresn peaeh aphtd

A. Sata

Repllaattons 4flt*g , -Ddss
teclunl,oal

DITBS total

e4
e3
lIt
a4
T3
T8
17
I8
e3
aL
r.3
rg

665663
52065303a.55156a441666664
6llt66a

4et1e4242I
334431tl+1
21,0
2,341?,2
320aoo203

1
a
3
4
5
6

E
9

10
I1
Le

Eotal 63

B, Analyclg of Yartanee

Source of Yarlatlon Sesreaa of Freedom Itiean Square

x9 30

Repltoattons
kthods
hror (a)
Vanletlee
&ror (b )
t{ethods I Vartetles
Ernor (c)

86
35
38
89
39
T2
6a

r.1
I

r.1
2

22
2

22

g.
83,
4.

ee.
l.
6.
1.

*t

l+

I

1

2
DH- Dwarf ltrortlou}turnll BrBaohlchar I r $emlnsl,e
llunber of tnfeoted plants out of, s1x tnoeulated

r * Sl8nlfloant ab W leveL tr* r $lgnlfteant at lf, level
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fabLe 4

Relattve suaoeptlbtlX.ty of bean varlettes to Bt![V
by mechantaal lnoculatton and to lnoculatton by

green peach aphld

A. Data

tsepLleartone ::iJ*s* 
r!e-cqagrca'1' 

rrDH*RgDHRsTotal

14
18
15
10
I

1g
9

14
T

t5
9

r.5

L3eao43a
23A3523
32535o0ll 3Slz1o52112r.260e3644
T23LA108313133
93102101035A,13r

11 440olo
L243332o

?ota1 3e 32 2a 33 a2 15 154

B. *nalyato ef Vartance

Souree of Yartatlon hgrees of Freedom lilean Squore

Replloatlons tl 2.54}&ethods I A.TaYartettes 2 9.60*rUethodsXVarletlee 2 I.A5&ror 55 1. 90

I DtI - Drarf, Hortloultura]., B r Rangerr S r SemtnoXe
2 Number of tnfeeted plants out of slx tnoculated
*'r ., Slgnlftoant at I$ Level
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Analyela of, venr.anos showed the lnteraotl.on between

methodc of tnoeulatlon and varletlea to be stgnlftcant st
the one per oent level !.n tws experlments (tar:.eo I and 6),

stgntfloant at the f,tve per oent leve1 tn two (taUleo 3 and

71, and not oX.gntfleant tn the othen two (taulea 4 end 5).

f,tre elgnlfteance or lask of, algnlftoencer both tn reX.atlon

to lnteraetlon snd varr.etLes rlthln methodg, waa due to the

partleular eomblnatton of vartetlog coapaned. There lrotre

no varletal dtffarcnoeo l"n the number of tnfeoted plants ln
one of these cxperlments (taUl.e 3). The absenee of lnter*

actlon between methods of lnoculatlon end vartetteg ln thl"e

oase ts not, therefsrer unexpected. In the other Gxpenl-

nent (taUte 4), the Error me&n square wac relatl,valy too

Large to shor thla lnteraotLen.

Eff,eet of Lxsht Tn$pqsr,ff

Ii'tre effect of, ltght lntenalty on the ausceptlblllty af

bean planta to Hlt{V by meahanlcaL lnoeuLetton and lnocula-

tton by grean peaoh uphl.{ war studled in three experimento"

lftre llght f,actor was supsrlnpoaed on vartettea.

&re-ha1f of the planta were kept Ln the ordlnary

fluctuattns ltght lntenstty tn the greenhouse. the othcrc

rere kept tn almsat eomplcte dark*reas by ahadtng wlth blaek

eotton-cLoth. Ltght lntenslty ln the greanhouae varted

between 5O and 4IOOO fqpt cand].ce, and under aheded
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eondltlons f,rom aero to three fsot eandleE f,rom I a.ts. to
6 p.m, ttght X"ntenstty was neaeured wlth a llght meter

erery tro houra durlng thtg part of the day. Tamperature

under the shaded condltlons nas 74-82" F. (day), 68*?6e p,

(ntght) ana under unshsded ooruiltttons f0-B5o F. (aay) and

68-76' P. (nlght).

Flante ucre kept f,or ll5-58 hours ln the dtfferentlal
lteht condttlona before belng tnoouloted. AlL the plents

lrere kept under the f,luctuatLng llght oondltlons ln the

greenhouae prlor to, and eften the dtfferentlal Ltght

treatment. tfie ehaded planta Looked altghtly ettolated
and aplndly.

thadlng dld not have muoh effeot on the euooeptlblllty
of plants, fhero were f,ewer plenta lnfeated ln the ohaded

group than tn the unshsded group ln two expenlmenta (tableo

5 and 7), In the thtrd expertuentr there were ellghil.y
more plants lnfected ln the shaded group than ln the un*

ehadcd group (taUte 6). flfie dlffarensos were not, however,

elgnlflcant ln any Gare.

[4t]-rsdr E lr.l&h.q Int?{aotfutn. &ffect sf shadlngr at-
though anall, was not the same by nechanleal lnocuJ,atlon

and lnoculatl,on by aphldc. Studlng rLlghtly l"nsreaaed the

number of tnfcoted planto by mechanleaL tnoculatton tn all
three tects. $lmtlar ehadilU appreelably decreasedr hor{-

ever, the number of Lnfected plantc by aphtd lnoouLatlon ln



Tabl"e 5

Eff,eet of llght tntenslty on the eusceptlblLlty of
bean varleties to BYFIV by meehanlcal lnoculatton

and to lnocuLatlon by green peech aphld

A, Data
r .t t _ - r r t!-t____r 

- r----_-__?---_ 1_i- , ii r .

Flechanleal
Ituaif Hoft. gp-qfgp fotaL

SUsU
Rep- --- $Pr*S. -*,, *ll.ea- Drarf Hort. FPq Sf.qPtlons=f U S U

1,OI
12
11
13
12
t1I
I6
12
15

7

232e
21
2?r.3
3313e,o
3321
3312

o
t
3
o
3
a,

3I
3
3
2
2

2
I
3
2.

3
3
2
2
3
3
2
1

oaooo0
02
10o10a
11
11
01
12
00

oa1o2
2L
L2
L1oo
00
01
02
1t
1Lo1

L
2
3
4
5
6
7I
I

10
LI
l2

TotaI r3 23 26 L35

B. *nal.ysls of, Varlance

Souree of Varlatton OegreeE of Freedom l{ean Square

BepLlcatlong
Hethode
Yertetles
Ltsht
Irtethods x Yarletlee
Iriethods x Llsht
Tarletles X Llght
l&thods X Yarlettes X Lleht
Erusr

I1
I
1
1
I
I
t
I

7T

o.9l
ll4. Ol**
o,10-
1.76
o.09
3. oe*
o.51
o,25
0.64

1s-shadedrUrUnshnded
2 Nunber of, lnf,aoted plants
* - Slgnlf,leant ae 5fi J.evel,

out sf three tnoaulated
r* c Slgntfloant at 1$ Level
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l[able 6

Effeet of ltght tntenElty on the Eusceptlblllty of,
bean varletles to BYilE by nechanlcal lnoculatlon

and to lnoculatlon by green peaeh aphld

A. &ta

Rep11-
C8-

tlons

AphLd ileehanieel
Bachleha SqqlnpXq
sl usu

tsaehlcha Semlnole total

19
1g
2L
86
11
18
r8
a3
L?
lll
a9
],,a,

o
o
o
2,

o
3
o
1
o
3
e
o

3352516L
L0
426l
606a
10
5010

T60544
*,6
23o5
16a52,506
3513

xeg,323?'2e3
351?21lrx
181
234
2003r0551+2e3

1
2
3
4

5
TI
9

10
r.1
IE

fotal 26 e8 a3 L260x8 4g g,e?11

B. Anal,yEl"s of Yarlanoe

Source of llanlatlon Segreee gf, Freedom kan $quare

Replleatlons
ffethodc
Error (a)
Yarletles
Ltsht
Vartettep X LXeht
Error" (b )
H,ethods X Varletlee
Hethodg X ttsht
DtrethodE X Varletlee X Ltght
Error (c)

L1
L

L1
t
I
1

33
1
L
L

33

3.56
1"4. ?6
3.74

xga.0g**
e,34
0. 09
1.43

55, rt**
0.84
3" 01
l.e4

1
2

Srshadedr UrUnshsded
Humber of tnfeeted plants out of, slr tnoeuJ.ated

** * Stgntfloant at 1$ level
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SabX'e 7

Eff,ect of }lSht, lntenslty on Ehe oueoeptlblltty of,
bean varl,etteg to H$tY by ncahanLoeX lnooulat!.on

and to lnoculatlon by Snsen paach aphld

A. Data

Beptr l- Aphfd lsahantoal
ci- Drarf _&Hffiqf &r,aTL$.orF., -$agggf Total

$s8u8u
11tl
101520Igoat,z
? tltlo1x5001643112a19lr1a6oole4s.ea41102,418
1111

3I
3I
I
3
0
e
2
2
e
I
3
I+

4

o
I
3
2
2
4
a
2
o
6
0
2,

0
2
I

8L35a5olr
31a343oo
3ll33r435oo
I$ot

raa2e132,32eo?.
34oo
33431&a320
10
21

I
E
3
4
5
6
7I
9

TO
ll
18
13
14
x5

Tstal A6 3g W &3 *l 3a 2T 17 831

I s - thgdcd, u - llnshaded
? Nunber of lnfaEtod plantt out of alx tnoeulatcd
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$ebl.e ? (fonttd )
B. lnalyite ef Yarlanae

Ssurce of, Vartatlon Segreea of freedoa l{esn Squane

RepX.leattons
kthodE
Error (a)
YarXetLes
ftsht
Yanl.etlst N Llght
kror (b )
tiethodc X Yarlett ea
l{ethods X t16ht
lrtathods S Yartetlee X Ltght
Enror (a)

e.69
4,54
5.10
o.08
e.[1
o. el
l.4g
6,74*
6.7tt*
4.54
r.llo

I4
I

1l+
x
L
I

4a
I
I
T

4a

* r S!.gnlftoant at 56 Levetr
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two expertnentsr dtff,erencet belng atgnlftoant at thc f,tve

per eent letel tn one experlment (taute 5) but not 8Lgn1f,1-

aant ln the other (taute 7). In the thtrd expertment ohad-

lng eaused a sltght Lncreaue ln the number of, I'nfeeted

planta by aphld l,noouJ,atlon (taufe 6).

Yarrqflqg E &$sh$. qt,f*rgeFlqP. fha eff,est of uhndlns

waa allke on all the vnrlotles tnoludad 1n theee teEte.

Effeat of -igq, o{ t.bs,t Pla,nI

Ttre effect of oSGr and nttrogen on the euoccptlbtlfty

of bean planta to lnfsotlsn wlth BII{Y by mechanleal' Lnocu-

latlon ard lnoou}atlon by Srecn peach aphld wor studlad tn

a three-f,actorlal arnansement tn three experlmenta (taUlen

8-tO). Gheplcal analyete of tho Eell eamplea contalntng

dLfferent nLtrogen level,e tested La preaented tn appendf,x

table lt.

*lore ntue-day*sld p}ants than eeven-day-old planta

were lnfoeted ln one experlment. firc dtff,erence war 415*

ntf,tcant at the one per sent level (tailte 8). Ho larg;o

dtfferenoos wore preeentr howcverr ln the number of Lnfeot*

ed plants between el8ht*dsy-old and ll-dsY-old plants

(taute 9) or betwecn nlns*day and l8-dsy-old planto (taute

ro).
Itathodp I .*Eg. Inlerygqtlqg. fhe effeEt of age on the

number of lnfected plantE wae not the Bsme by meclunloaL
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lnooulatlon and aphtd lnocuLatton. fhene was practtoalLy

no effect of age on the number of plants lnf,eeted by aphld

lnocuJ.atton. Sush an eff,ect wae pnesent 1n the case of

mechantcal tnoculatton ln two expertmente (taUles I arrd

1O), though ther"e wats no effeot ln the thlrd expertment

(taute 9).

Analysls of varlance ahoued the lnteractton between

methodE of tnoculatlon and age of test planto to be sfg-

ntfLcant at the one per cent Level. 1n one expertrnent (tatte

8), stgnlflcant at the flve pen cent level ln another

(tauIe 1o), but not stgnlf.oant tn the thlnt (taule 9),

Ef,fect of llltrocen
-rr*

An tncreese ln the total nttnogen content of soll up

to 0,1 to 0.15 psr oent lnereaaed the number. of tnf,eeted

planta tn alL the three expertments. llha lncraaae was ngtr

however, stattetLca).Ly utgprlf,teant (tables 8-1o). lfhe

nuraben of lnfected plants wae decneased tf nltrogen esntent

was hLgher than 0.15 pen oent.

Eethqdq X tltlfgeg Interactton. Ihe effect of nLtro-

gen r{as the same on the numben of plants tnfected by me-

chantoal tnoeulatlon and aphld tnooulatLon.



33

Tsbl,e I
Effeet of, age and nttnogen on the euaceptLblltty
of &rarf llorttoultu:pal bean to BIIr{lt by mechantcal

tnooulatlsn and to tnseulatlon
by gneen pesoh aphld

A. Sata

Seatments Beplteattons
!ethod Age of, f,f.r L2 l3otaI

13
13
14
14
L2

LO
1a
16
1l+
r.5

I
9

10
L3
ta

aP 4 4 I s
31?302534o
e4332
3lr3e0
331,21324?.1
35332
3432?43341
l?.ItrO
1412122?,3r"
23431r4lr30
335214et+14
14314,453r+45423

.06

.09
,Ie
"1,.L7

.06
,09
.12
.15
,17

.06

.09

.le
, J.5
, J.7

,06
.09
.le
.1$.u

Aphld f dayo

9 days

!!echant-
oal

7 days

9 dayr Lll
19
x7
eL
18

Sotal, 56 Te 62. 50 30 ETCI

I T.P. - Ssat Plantsr U r Bar oent tstal nl.trsgen tn aotl
2 t{*b", of lnfeeted planta out of flve LnaeuX.atad



3,1

fablo I (sonttd)

B. Analyel.s of Yarlanee

Souroe of Yariatt.on Degrees of, ftreedom kan Squere

ReplLcattona
Uethods
Age
ilt trogen
Age X ilLtrogen
libthodE I Age
lilethods X Hltno6en
lbthodeXAgeXHltrsgen
&ror

lt
1
1
4
4
1
It
4

76

I?.39**
o.16

11. 56rr
2.35
o.35

10,a4**
o,66
o. ?g
1.40

*i* : slgntflEant at }F level
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Table 9

Bf,fect of age and nltros,cn on the suocepttbXllty
of Dnarf llontlsulturaL bean to EfiltI by
ueohanlcal LnoeuLatl.on and to tnoeula-

tton by Sraen peaeh aphld

A. Data
i.t-r.i!''|t- rr . _T,Tii.jir. i".ii.r..ii.-]'i-iI-].F----.ii:i ...i rr..I tt,..rrl t tt.i

Itoatnente heplteatlsns
lfstal

10
6

lI$
L5I
1L
I

L3
I

1A

rl$
XT
rlr
LT
1?

Lr[
L7
e1
t"&
t6

aa 4 t o 3otLez42314
321+151232,0
333113120343303
2,032?,
3331?,
4all 312155441342
22454
a1554
3a33333353134rlr423t+1
33541

.06

.09

.IA

.15
-LT

,06
.09
,1?
.15
.17

,06
,09
,1?
,15.u
.os
.09
.1A
,x5
,17

Aphtd I days

IL days

&etranl-
aaX

I daya

11 dsyc

Sotal ,7 4r 65 53 5e

I t. f. - sest Flantsr t[ r hr eent
2 Number of tnf,eeted p}antn out of

total nltrogen tn ss13.
f,tve lnoculated
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tah,la g ($ont'd)

B. Analysf"e of, Yartance

Souree of Varlatlon kgreeg of Ereedom lIean Squsre

Repltcatlons
l&thods
Error (r)
Age
t{ttnogen
Age Mltrogen
kror (b)
ilethodc X Age
Hethode tr Xltrogen
l{ethoda I Age X Httrogen
Ernor (c)

4
1
4
1
4
4

36
t
4
4

36

3,Tg
ag,T6
9.11
o.16
1.411
1.66
1.33
o.0r+
1.36
r,3ll
o.93
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Iab1e L0

Effeot of age and nttrogen on tha suoceptlbtltty
ef Disarf llorttsultural, bean to EIilT by mechanlea}

lnoeulatlon and to tnoculatlon
by green poaoh aphl,d

A. &ta

Treatments Replleatlona
l{ethod Age of, T" P.} SotaL

1LI
10

T
T

320 3 a
212?,2t4a
3O202030
103X4330
133E.
2143
311A
03e4a334
3?,3323331313
I10431341213
2? 14
2001r

3
1
I
D

I
I
e,

I
3
3

3
a
l{
It
4

e
3
3
1
4

6
1a
t0
x3
10

1e
llt
x,
15
1e

I
14
10
10
Lo

.06

.09

.12

.15

.L7

.05

.o9

.14

.15
"L7
.06
.09
,xa
.15
"L7

.06
,09
. J,2
,15
. I"7

Aphtd 9 days

IE days

fieehenL-
eal

9 days

1,2 days

BotaL 4o 30 tl5 50 llg els

I T, P. - llbst P!.antc, t{ - Per eent total nitrogen tn coll
? Numban of, lnf,eoted plants out of four lnscuJ.ated
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table 10 (Cont'd)

B. Analyete of Yarlance

Source of Vartatlon Degraes of Fneedem l{ean $quaro

Rapll"eatlons
I{ethoda
&rEr (" )
Age
Hltrogen
Age X Hltrogon
Error {b}
ltethods X Age
ltlethods X Bitrogen
HethodalAgelNltrogen
Brrsr (a )

* * El8nlftoent af # levo1

It
t
,+

I
l+

4
36t

4
4

36

3,34
6.76
g. 09
o.6lt
1,06
L.39
J.. Ol
5,76*
o,16
o,91
0,9x
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Relatlon of {ygptom 4xpreaston of BYI{V tn Broad Bean

to Vlrus Concentratlon

The relatlon of sympt,om expreaslon of BYIdII ln broad

bean to vlrus csneentratton was studled by mechanleaL Xn*

oculatlon ln a serles of three expertmentB, fest plant

ln one of the experlments was ftrarf Herttcultural. vartety

of t,he bean, g, g!1}gg5lg L, , and ln the other two, the

Local leston host 9fgnppp$lqo amar.ant,l,co,Ior.

The source p).ants were dlvlded tnto two groups on the

baste of aymptom expreonlon of, BYMI ln them:

1. Plante wlth mtld otrrmptoms

2. Plants wl.th Eevere sSmptoms

the two typee of souroe pl.anto were compared at several.

dtlutlons of tnoculum. Bean plante were lnocuLated Jurt
before trlf,o1late ata6e, In the ease of Oherypo4l,qp!, atx

leaveg, sertally numbered f,rom top to bottom after exeLud-

1ng the 4-5 top, purple leaves, were lnoeulated.

S{metom, $xpTe-ast!rl}, The relatton of symptom expf,€E*

slon tn broad bean to vlrus sonoentratton ls shown ln
flgurea L-3. In alL three expertments source pl"ants wlth

severe symptoma gave htgher tnfectlon than those wlth mtld

s;rnptorna. The dlffenenoes were slgnlflcant at the ono per

eent level tn one expertment (taUte 11) but not olgntflcant
ln the other two (taU}eo L2 and 13).
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PllpJ}ofiq. Infectlon decreased wtth an lncrease ln

dllutlon Ef Lnoeulum (flgures 1-5). the desrease was slg-

nlfleant at the one per aent level. ln aLL the three ex-

pentmenta. fhe regresslon of, lnf,ectton on dllutlon of

lnooulum was llnear (taUleo 11-13).

$vmPtone X DLl,uttons Interactlsn. ltore plants were

tnf,eeted from aource plants wtth severe symptoms than the

plants wlth mlld eymptome at all the dll,utlone trled ex*

cept at a dLlutLon of l/5OO ln tno experlments wtth

thgnpqoFfpqr teat plants (flguree 1-3). The analyelo of,

csvarlanoe Ehowed no lnteractlon between symptom expregslon

of, the vlrua ln source planta and dtlutions 1n any of the

three experlmenta (taUteo LL-13), The llneg of regresslon

f,or s}'mptomg are paral}el to eaah otherr showlng absence

of tnteractton (ftgures 1-3).

-4gg gf Chenop-glr,,uq @Igg. &ramlnatlon of data re-

vealed dlfferences ln the eusceptlblllty of leaves of the

same ChenopgdJ.um plant, TIre data $ere, therefone, analyaed

fEr the relatlve susceptr.blltty of leaves. fhe younger,

upper Leaves gave greater number"s Ef losal leslons than the

older, lswer leaves (tautes 12 and 13, and ftgunes 4 and

5). the dtff,erences were elgnlftcant at the one per eent

level. ln both experlmentE.

Dlluttons X teaves Interactlon, 3he rate of f,aLL tn

number of 1oeal lestsna per leaf wtth a unlt tncreage Ln



table ]1"

Relatlon of sympton expresslon of BIHV
tn broad bean to vlrus eoncentratlon

A. Data

Rrp.1 - $evere {qmPtgms H1Ld ,$ymptoms
t/zaa 1/3oo 1/4oo t/Eoo L/6ao IptaL

2'
12
1g
11
53
5r
4a
2t
3T
48

I
o
o
o
2
o
o
o
3
2

I
1
o
1
5
1
7
o
2
2

o
o
3
o
tt
5
2
o
4
o

7
3I
o

10
2
6
2
o
5

10
1
o
o

t0
3
4
2
?
6

2
2
1
?
5
3
o
3
,
3

o
I
L
o
2

10
5
4
1
I

o
e
2
I
3
5
7
6
4
3

1
I
,
o

Lo
I
L
o
4

Lo

1
2
3
4
5
6
7
8
9

10

33
L
6
7

t2
t2
10
4

12
9

fotal 76 llt 32 25 38 18 203634 329

1 R*P. * BeplteatLon
2 nttutton of lnoculum
3 Humber of lnfeoted Dryarf Hortleultural bean pLente sut

of L2 lnoeulated

F



Sable 1l {Cont'd}

B. lnalyrla of Covarlanee

$ource of, Tarlatton Degrees of trneedsn Hean Square

BcplleatlEna
$srmptens
FtlEtlaae

Llnear E*grerelan
Eavl.atlen f,res Linpart fy

S5ruptoms X trLlutlone h
Varlatlon anong B.O. rg-
Devlatton frEn lrlnearlty

Er.ror

9I
4

I
5

4
T

3
8r

31* o5r*
79. err+
4?.5Fn

l8T.gllr*
0.58- -
8" 1A

19,?8
6.57
6.45

4 n.6.'B - Eegraaclon Coefflelantc
,ilil r $tgnt flcant at Lf, level

&vt
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fable La

Relatlon of symptom expresston sf BYUV
tn broad bean to vtrus concentratlon

A, Data

Tneatments RepLlcattons
Smptome Pl}. 1 Lurf total

5].'
45
a8
a8
Itl
18

63
36
t7
3z
19
15

16
2T

5
7
5

to

3T
1g
15
18
a3

5

t2
17
LL
1g
15
9

6:S
431
430
36?
387
zga

aT9
eLo
L88
175
1A0
117

?05
178
143
106
t69
131

To 204 105 135
T5 17t 25 615g r4r a5 6081 ro9 a8 6T4g 111 43 8249 5t 54 6g

58507642853074
303T2Br2231359
24255247625r55
24 62 29 62
18 24 23 5g
12 44 14 5615 14 ?3 e822 39 41 t+6

t2 34 39 A7

68
54

107
4g
51
49

44 t6526 T6
32 T943 9632 7ae7 73

Ll. ll4
929429
5t510 e807

40 23275
103
234
21 1tl 6

9643
65
3146
31

T
I
6
e
4
3

t2213?56
34134a8
5366TB
156265
335413
131600

12
2
3
4
5
6

Severe r/2o

Vra

t/wo

1./2oo

Vroo

I
2
3
4
5
6

I
3,

3
4
5
6

23
T

rB
15

9
r4

1 ot1. - Dllutlon of, tnocul,um
! Leavea ane numbered from top to bottom
3 LosaL Lestons per Chenopodlirul leaf



t+r

Table le (0ont'd)

Treatments freplleabtona
$ymptomE DlL. [,eaf ]. T ltotaL

38 136 51 119 115 L45 605
37 48 47 8r 81 U8 472
18 59 58 51 52 9T 33526 95 a4 46 63 L2' 37919 8a 17 50 51 40 a59
tT 38 eS 5a 31 61 ?.37

t
2
3
4
5
6

1
2
3
,t
5
6

Lo ?5 t3 1ll 37 t6 1.158 el T 13 eo t+T 119
0t55781551
71Al+14 10?l26903612 11 le4lt
36zTAlleO6e

t/rca I
I
3
l$

5
6

L/aAO I
e
3
4
5
6

&111d 1/2O

Uro 9 37 26 49 8r 45 2t|,74?.6720336E1S5
e 25 lr 18 36 61 150
1 r.4 6 38 43 25 L?T
2 38 lr 2t 55 38 158
328518483e134

31 13 31 35 5e 31 194r.5 19 9 25 32 a5 145
5Ao151523e09816 38 9 r,A 26 Le r.r3
Tr8149r41880710 16805r.3Tt

7
2
l{
o
I
o

9913 lr8
3713358ao14St8e13
1eoL?;96T016

1364
100
11a0
21

L/loo r.
2.

3
lt
5
6

8e4 r5r5 raol ztTS 1553 ajT6 g8stlfotel
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Table 12 (Cont'a)

B. $ymptorna X Dt1utlone

Dllutlons - ,Eymptoms
Sevene !{tId

Mean

t/20
{/5a
vrco
L/2oo
t/5oo

70.364
3id_.25
a5.89
15.51
t*.2A

63.53
26.97
18.92
l'2.75
4.94

66.94
a8.51.
2e.40
1"4.18
4.83

ltlean ?9.27 25,42 27.34

C. Dtlutlons X Leaves

Leaves
DlJ.utlons

t/2o vno tnoo L/aoo t/,oo l{ean

1
2
3
4
5
6

103. t ?5
75.?5
63.75
6t.75
53.83
43.9e

43.83
30.I+a
a8. IT
25.W
a3,17
g.o.g2

33,25
25,25
ao. oB
1.8. e5
?4.75
1.6,83

23.33
16,25
10.83
t3.75
9.67

11. e5

T,17
5.33
6. oo
e.33
4.75
1,92

4a,lg
30.50
?5.77
?4,25
aa,43
18, g?

llean 66.94 e8.6L Ea,4o 14.18 4.83 27,3tt

Average number of, Local
based on 36 leaveg.
Average number of, Iscal
based on 12 leaves.

Leslons per thepopodlum l.eaf,

Leslons per Chenopodlum leaf,
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D,

fabLa Le (Cont'd)

Analyola of eovartanee

Ssuree of Yarlatj.on Degrees of
Freedom

l{ean
Square

flepLtcatlone
Symptoms
RepLlcatlons X Symptoms
Dllutlons

Llnean Regreoelon
DevLatton from lrlneanXty

Replteatlono X DtlutLona
Leavee
Replleattons X Leavea
Symptoms X Dllutlons

Yanlatlo; ;ilng B, G. 's6&vlatton from llnearlty
Bepllcatlons X Symptoms X Dllutlons
SymptomE X Leaves
Bepltcations X Symptoma X Ieaves
Dllutlons X Leaves r

Yarlatlon aman& &.0, rso
Devtatton from Llneartty

Beplteatlons X Dlluttons X Leaves
Symptoms X Dllutlone X l"eaves
Repllcatl,onc X Symptome X Stlutlons

X Ireaves

5
1
5
4

1

3
20

5
25

4

6,813,63
1r 330. 18
2,569.37

41.,139. T3**
161,579,F8+*

959.78
1r 303.53
l+r026.4o**

e55.80
1.83.8?
286.63
149.61
996,01
91,18

182. 01
66$.37**

2rV4O"4g**
41.66

1 48.8?
141.0?

176.93

I
3

20
5

25
2A

5
t5

100
?o

100

6 R.c. rg - Regresslon
** r Slgnlftcant at 1$

CoefflcLents
Level.
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Table 13

Relatlon of Eymptom expreaston of BYIII/ tn
broad bean to vlrus eoncentratlon

A. Data

Treatmenta
Symptoms D11..1 Leaf

Repltcattons
TotnI"

Severe tl2o

L/ro

t/\ao

1/2oo

L/5oo

913 4o
7a 39105 eB109 a3
52 27
55 a,
u2
8r
16
T8
e3
77

15
1.8
13
16
I

1L

e1
7

15
I

TO
1e

3
9
5

1e
o
4

9
25

3
LL

9
x2

I
L7

T
I
6
I
9
4
T
It
3
9

2
2
3
t
3
0

ttg 35
,o B0
e8 9345 3530 T4
36 6a

2T 40
28 4240 ll4
38 27
30 28
et+ 25

13 2T20 t2
t5 2238 eo
11 llr
26 15

1a
e
3
It
5
6

1
3
3
4
5
6

98
T6
88
6g
92
44

,2
4l+
3o
2t+
30
3o

40
31
IT
ao
18
10

14
9
B
5

11
5

3
2
2
3
3
1

314
315
34e
281
275
ea3

170
2g.4
133
1t8
1e0
108

t
e
3
It
5
6

t
2
3
4
5
6

I
2
3
4
5
6

6?,L
519524416
310518

103
98
T4

103
58
70

7L
h,r
59
s8
3T
49

t8
20
LT
?,4,u
13

46
2524
24
2gr7

1 ntt. ,, Dtlutlon of l"nsculum
2 L*av"" have been nuuberod from top to bottom
3 Local leslons per $4ffr,oeqqlqE leaf
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TabLe 13 (Conttd)

llreatnents
$ymstoma DJ.l. Leaf

Repllcatlona Total

t54
166
t23
t10

93
8o

e8 50 107 I 68 a6L17 29 119 I 56 22911 42 101+ I 40 205
21 28 110 6 65 A3016 3o 68 7 46 t6T
5 8Ir 75 14 50 168

8028eI*8415354TT8r.851 L268L5aor2355?;5e447
81815610

21T10
96Lt1547

L227627636
611 goll

1A t8 4 1 0
2510 11245a3e6?,rl
51113

72 1r. g
T3 1I, LL4T 4 t4
5831636? 19
4?t1T

14 48e6 4513 l+5
L2 Ar.8a8153

1
2
3ll
5
6

1
e
3
4
5
5

I
2
3
4
5
6

Veo

Vea

1,/x0o

t/aoa

8ll
1ra

9:5
,5
66
57

51
55
55
38
3e
33

30
29
1,9
16
1e
I1

58to 19
T2t8989

10B

l.
2
3
t$

5
6

t/Yoo I
e
3
,+

5
6

1et6 1036 20s;5 73? 135e 6E66l[staI
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Table L3 {Conttd}

B. Symptomc X Dllutlona

Dt lutlons
$ymptoms

Severe tll1d ilaan

Vao
t/50
L,/100
ileoo
1'/5oo

18.33&
?8.9?
16.87
9,93
3"5?

4a.0o
e4.20
15,63
8.80
3.90

50,17
26.fi
L6.A5
g.3T
3,73

Ir&aan 23.53 18" 91 2L.22

0. Dlluttona X lleares

$l"uttono _Ieaves l{ean

L
2
3
4
5
6

5T .55 3e.4,4.4 38. 6>4,T e5, 6
51. L 8?,.8
44. a er.4
39.1 18,8

18,7
al. o
15.9
15.8
le.4
Lg.T

L2.2
9.9

IL.4
7.6
6.9
8.2

It.8
4.9
3.6
3.8
2.9
2.1+

25.Ie
?,5,75
e2,.1+4
p0"ae
L7,57
16. e4

Hean 50. 17 a6.58 16,85 9.37 3.73 ?,L,-e?,

Average aumbar sf Iseal J.esLona
baaed on 3O Leaves.
A,venaga nuuber of locaL leslona
based on I0 leaves.

ffiqEgod*g,g Leaf,

Slten?eqd*uF leaf,

psr
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D.

Table 13 (Oonttd)

Analyols o,f Covarlance

Souree of Yarlatlon Degreee of
Freedom

Mean
Square

RepLlcatlons
Syrnptoue
Repltoatlons I( Symptoms
DtLutlpnc

Ll"near Regreoslon
DevtatJ.on from Llnearlty

RepLl.catlona X DtLutlons
teaveq
RepLtcatlons X leaves
Syaptoma X Stlutlons E

Varlatlon among R.e. rB"
Devlatl.on from Llnaarlty

Rep3.lcations It Symptoms X Dllutlons
$ynptoms I lreaveE
RepJ.lcatlons X Symptoms X leaves
DlLuttone X Icavee 7

Vartatlon among R,0, rso
DevLatlon from llneartty

Repllcattons X Stlutlone X Leaves
$Irmptoms X Dlluttons X trearreo
Sepltoatlons X Symptoms X

Dllutlone X Ieaves

4
I
4
l{

I
3

16
5

e0
4

L
3

16
5

20
20

5
L5

80
20

80

Sr Be6,8F
11 606.10
e,746.48

20, 064.93r*
78,799.90ttl

486.60
I,324.56

766.66**
118.37
695. 03

2.1747.5o
10,8?

6Te,T3
4. L4

134,41
117. A5r
e4L.o4**
75.99
63. rF
58.46

84,T8

6 n.C. rs * Regreeston Coefflclents* rr SLgnlflcant af 5fi leveL.** *r $lgnlf,tcant at If Ievel,
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thrr {zw Llroo

L= Irf

I40
r.{

t
Int
?,1

F{
8
s

20

L1

L5

L6

flgurc 5. Rclrtlvc TrtGqtlb0llty of cbcmooi[rr hvo to
rcabaloal trooulrtfon ffi-ffi .-
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dtLutton wag not the same for the dtff,erent leavea of the

same tndlvldual ChPnopod!,qln plant. Thts rate was hlgher

for the younger, upper Leaves than for the older, J.orer

Leavee. thts ls lllustratad ln flgurea 4 gnd 5. The ltrnea

of regrecslon for the dlfferant Leaves converge at hlghsr

dllutlona, and tn eome oAsGE even GrOEa eaeh other, ahowlng

that thclr slopeo are not the aame,

llhe analystr of sovartance aleo ahowed the lntaractlon

betreen dllutlona and leavea to be stgnlflcent at the one

per eent level tn both the expertmentE (taules 18 and 13).
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DISCUS$TON

one of the prob].emE encountered durlng the courge of
the present atudy was the lnconslstent resulte tn some of
the expertments. PrelnoeuLstlon ahadlng sllghtly lncreaeed

the number of bean pS.ante lnf,eeted wtth By!{v by mechaalcaL

lnoculatton 1n aIl three testa. $lmlrar shadlng apprect-
ably deereased the number of, tnfected bean plants by aphld

tnoculatlon ln two expertrnente but sltghtly tnereased thetr
number 1n the thlrd. conoequentLyr there was an lnterac-
tlon between methods of lnoculatlon and l1ght lntenslty tn
two experlmente but no such lntenactlon tn the thlrd.

Agatn ln experLments deaLlng wtth the effect of age on

the eueeeptlblJ.tty of bean plants to ByHlIr there Has an

lnteractlon betr*een methodn of l"noculatlon and age of test
pl,ants ln trs experlments but not tn the thlrd, Also thene

were large varlatlsns frsre one repLleatlon to another i.n
most of the experlments.

rnstances of such varlabLe results are not uncommsn

ln the llterature, Swenson (3O, p. 5AJ-) and Adlenz (2,

p. 33-31+) have reported slmtlar vartattons tn thelr results
of BY!{V tranamlgston by aphlds.

rlLtehtre (39, p. 434-a3F) obtalned qulte vartable and

eontradlctory regulta Ln preLnooulatton ahadtng trtals,
Out of hta 31 tests, J.eslon number ltae lnoreaeed by twofold
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I

6r serr X,n trS, drororrl{ ts om-hrtrf or laar [n fourr rdrl

not affccttd ;l*nlfletnBly tn tr3r bf th*dir$ IIumA UcaJ

prtor to ncchrnl.ertr fnoeulrtfgm ri.th tobroeo ncsrarlr 
I

I

vlrus. 
i

f,uch nrcdr ts br dmt tu lroata rnd ollutaetc tlrc l

l

erurGr of rush vmtrrtfuu* Ln tmnrnlerlan of ptrrnt vLrlrsr
;rpretrlly ln the onrc of ln*tat tranrnlallon. 
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I

I
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SUFIII{ARY

Transmlsglon by meehanlcaL lnoeulatlon varled from

28.6 to TT.8 per cent and that by aphtd lnoeulatlon from

30.2 to 53.2 per cent ln nLne expenlments.

There were Large varletal dtf,f,erenees ln bean susc€p-

ttbLl.lty to lnfectton wlth BYHV by meehanlcal lnssulatlon

but not to aphld tnocuLatlsn, Dwarf Hortlcul,turalr top

Crop and Bachtcha were more sueceptlbl.e than Ranger and

SemlnoLe. Shere w€f,€r however, no J.arge dlfferences among

Dr,rarf, HortlcuLtural, Top Crop and Bachlchar or between

Ranger and SemtnoLe.

FrelnocuLatlon atradlng for 45-58 hours dld not have

much effect on the number of bean plants lnfected wl.th

BYIW by sap lnoculatlon ln three tegte. The same degree

of shadtng appreclably decreased the number of bean plants

lnfeeted by aphld lnooulatLon ln two experlments, though

tt dld not have much ef,f,ect ln the thtrd.
There was practLcally no effeet of, age on the numben

of plantc lnfected by sphtd lnocu}atlon. Such an effeet

wa8 observed, however, tn the caos of mechanlcal tnoeula*

tton 1n two expertmenter thou6h there wao no eff,eet ln the

thtrd.
Nltrogen dtd not hrve any algnlfloant effect on the

susceptlbtllty of, bean plsntE to lnf,ectlon wlth ByldY elther
by mechanLcal lnoeul.atton or by aphld lnoculatlon.
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InocuLum obtalned from Bource plants wtth severe

oymptoms eaused more tnfeatton than that from planta wtth

ml1d symptoms. The regreoolon of lnfectlon on dtlutlon
waa Llnear. There wae no tnteraetlon between sJrmptoms and

d1lutlone.

There $rae a greut varlatlon ln the susceptLbll.lty of

leaves of the Bame lndlvldual plant of ChenqpodLum amarantl*

coLor to BYIIV. the drop tn lnfectlon wlth an lncnease tn

dlLutton was oteeper ln the younger leaves than tn the

oLder leavea.

The results of these expertments lndlcated that ef-
fecte of envlronmental, and other factors on the ousceptl*

blLtty of pJ.ants to vlrua tnfectton by sap lnocuLatlon may

not be the same for lnseat transmlselon of vtruges. The

relattve reElgtanoe of, candLdate varletJ.es to vlrus tnf,ec*

tlon by mechanlcal lnooulatlon may not be the same tn the

fleLd where vlrus ls spread by lnsects and not by oap ln-
ocuLatlon, Ihe extrapolatlon of, reEuLts of transmleelon

of, plant vlrusea by eap lnocu}atlon to lnocuLatlon by

lnsects should, therefore, be made wlth eautlon and reeen-

vatlon.
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Appendlx Table I
Temperature and ltght tntenslty data f,or source plants

for the perlod from two days before untlL two days
after lnoeuLatlon of test plants ln L2 expertments

Experlment
l{o.

Date of
Experiment

TemPerature r,lght rntensltgl
-_l:at- (Foot Candles )
Day Nlght

tCeathen

I
2
3
4
,
6

6
9

IO
11
t?

June 1960
August 1960
September 196O
July 1.960
September 19@
September 19qO
September 1960
October 1960
October 1960
August 1960
October 1960
November 1960

76-96
73-79

T4-94
70-86
70-86
7o-Bo
T2-87
T4-go
72-80
6e-8r

70-74
72-76

T2-74
65-ra
&-7e
68-15
72-74
72-74
7\-78
68-zB

35O*e, BOO
350-2, COO
Lr+o-E,8so
250-4,OOO

5O*3, OOO

5O-3, O0O
140-3, OOO
80-e,0oo

4oo-3, ooo
5O-3, OOO
20-2,500

Partlally eloudy
Partla3.ly eloudy

6lear aky
Hostly eloudy
l{ostLy c}eudy
Hoatl.y cloudy
ilostly eloudy
Clear sky
!{ostIy cl.oudy
Hoatly eIoudy

t Lleht lntenstty lras measured wlth a
and 6 p.m. durtng June to September,
October and November.
fnformatlon was not r"ecorded,

meter every two houre between I a.m.
between 8 a.m. and 4 p.m. durlng

1lght
and

tliul



Appendtx fable 2

Temperature and ltSht lntenslty data
for the perlod from tno days before
after lnoculatlsn of test plents tn

for test plants
untll two days
12 experlmentc

Experlment
Iilo.

Date af
Sxpertment

Llght Intensltyr
(foot Candles) Ueather

Ilay

1
2
3
4
5
6

I
I

10
1L
L2

June L96O
August 1950
September L960
JuIy L96O
September 19QO
September 1960
September 196O
October 1960
October L96O
August 196q
October 1960
Hovember 1960

p6slp,6oo
2to-a,600
250-2,8OO
150-4, OOO

5O-2,8OO
2o-3, ooo
6o-3, ooo
5O-3, OOO

6oo-a,5oo
350-2, OOO

3OO-2, OOO

Parttally eloudy
PartlaLLy clsudy

Clear sky
![oatI.y cloudy
l{oetLy eloudy
!{oot3.y cloudy
ltootly cloudy
Clear slr;r
Hort}.y eloudy
ldoetly cloady

7B-98
76-85
T5-96
T2-87
70-90
72-86
7?-90
70-85
T5-9t+
72-84
78-8Il

72-76
6r-ta
64-76
72-76
68-76
68-72
68-74
70-73
68-f 6
?o-Bo
T0*76

Ltght lntenslty was measured wlth a
and 6 p.B.r. durtng June to Septe&berr
October and November.
Ind'ormatton was not recorded,

llght meter every two houre between 8 8.m.
and between 8 8.r8. and 4 p.m. durlng

Cfr
o\
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Appendtx Tab1e 3

Chemlcal analyste of the soll ueed for
Eource plants ln al,L the experlments,

test plants ln experlments other
nttrogen Level experlmente

growtng
and fon

than

SolL
pH

Phoa- potasalum
phorus m.e. /lOO g

ppmr

Caletum
m. e./loo g

Ittragneslum Total
m, C.f oo g Nttrogen

Per eent

6.8 0,51t3L 13.8 5.10 o.09

L ppm
8-

rr partg per mtLllon, IB,€, - mtLll equtvaLentsr
gramE

Appendlx Tab1e 4

OhemLcal anaLysle of, the solI used for ralo!.n6
test pXants tn nltrogen leveJ. experlments

Nltro- 8s1L
Ben pH

Ievel

Phes* PotgsElumphorus m.e.f
ppmz 100 g

calcrum "Hf;, roral
vt.G./ m-e-/ Nltrogen
IOO g -iOO'e Per eent

4.75
5.10
4.95
5.10
4.75

6.8
6.8
5,7
6.6
6.6

1
?,

3
4
5

e6
31
eL
?5
a5

o.lH.
o,54
0.49
0.45
0.63

13.8
13.8
13, A
15,0
L2.9

o. 06
o, og
0.l"e
0.15
0.17

? pp,
EJ

i parts per mttrllon,
gram6

Rt,B. c mtlLl equlval.ents,




