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X* IBKOUCTIdi

Os* of the «M1 1aportaat diseases Uniting taut* production la tro-
pical areas la bacterial wilt, caused by tha eott-boras baeteriuw, Panda*
aaaaa eela»*egjirtap g. T« g.

Breeding for resistance boo proved to be the boar way to control loo*
toré&sl wilt la several crop*. Siatilarly, it appears that successful son*
nsaetel produotios of tansto in nny parts of the trsyleo rsgeirss the do*
wolepii— t of toanto varieties resistant to the pathogen.

A voluminous literature, approaching 1,009 papers be* been published
on the subject of bsotsrisl wilt. Tbs genetics of roststanie to tbs disease,
however, bee boa* Investigated in only o Cow crops. Beoiotaneo is governed
by Multiple gsnotSn fsstoro in tefeesee (Smith and Clayton, 1Ml) and is sos*
posted to bo sledlst]y wultlfactorial in schav species (Singh, 1961).

Many sttssyts bsvo boon nsds to control bacterial wilt by ahead**! end
physical trostiiemo of soil (Stroma, 1901, Onrnar gL Aife Itl?t Ssdth,

1944) 19471 sod Sogastra, 1958). With for anaaptlnna, however, chemical
sum of raduaing laesss dot to wilt hsvo not boan practical (lalmsu, 1953)
bsesuss of phytotonlnity or ssysnss of sppllsetiso.

Tomcto breeders bsvo boon wnwasoaofnl in producing raawmroisl marl*
sties SnsMM to bsotsrisl wilt. A useful source of gonstis resistance,
however, it swilable in JgHBfIttIMi uiawlnellifollan Mill. Tbs present
study woe based on tbis resistant ssurss nstsrisl.

Tbs nsjor objectives of the investigstlot uarot to investigsts the
inheritance of rooitteneo to bsotorisl wilt In tansto, to oottneto tbs degree
of sawireeneetel nodificstlnn of resistenes, end to dotacudns whether reels*
tense is linked with tbs (indeterminate growth) end (nsawtods susosy*

tibllity) loti an chrawosene S.
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IX* REVIEW to LXXBAMU

Sectorial «l1!t diaeaea wt r«y«rt<Hi to bo vorld«vtd« «t tho begiaalag
of tbo 20th century (Hainan, WSJ). the dteease "«cv«d to bow!l esta*
bliahed la Mit ragtona Whoa scientific loraatigctiona wot# first initiated.
Bacterial ol.lt boo oom i booty tooooo cad snattlass total toot, iamay
crops especially la tho family 1aliaMiM. Smith (1014) reported that tbo
dlooaoo bod pat oa tad to oomorotoi tobacco productioa la certain oootlooo
Of tbo Holtod States* At oao tbo, It throatoaod to annihilate the tobaoeo
iatMtcy (Career H $&?t WIT)* laww, humid area* of tbo world* the
disease boo aloo boon bmMM t u to peenot* aod banana*.

to tbo Philippi**, Celle* awl Roldan (1922) tadicated that ao may ao
tSX of tho toato plaato were kilted by bacterial wilt la eeetela fielde of
tbo Collage of Agrieoltwrs at loo Baaoco* Agatl (1949) showed that there
wore laataocea of crop failure la ooae province* la the Philippine# as e
reewlt of tho wilt* Rosado (1991) reported that the dioeaoe dsstreyed ell
oacoaptlble temto warlettea and took a haavy toll of nstiv* Philippine lieea.

According to sherbafceff (1917) tbe succeeding ouoceptible eropc ta
iefeeted field# were increasingly atteeked. Crop rotation* to foov to fir#
year* with liavimi crop* redweed the incidence of tbe dloeecoe* However,
ghoobehoff Mcc.cit.) warwad that lafeetad field* romlaed iafested
Indefinitely*

2*  Suvmtaefltal ./gy

Specific wpctniM of bacterial wilt ayapteas eery with the ereps,
end tba rata to dcoslapasat lo tafloonood by cowiroamatal condition*. Sjop*

toos associated with i1afoettoa by the bocterlcK oa met hoot plant* tooled*



i
taddoa wilting, Mnniait sad yellowing of foliago. Vascular discoloration
to notlcoablo. Zf < oooti«o of itas to caopoadort ia wator, 11m milky
strands of bootorio otrom out froo tho margin* of tit* uaooular tlssu*
(tiwti, iMJ). Sloe* tOMto plant* contain no latex, this method to effi-
cient to diagnosing the preaocae* of III* disease. 8iaiUvl], tt holps to
ftotd diagnosis to tUltipdik bo*tort*l wilt froo vascular wilt* caused

by fungi.l

Vogln (tH4) food that plant* wilted at « ooil t— p*r«t«ro of 26,4*6
bat recovered turgor «t 12.7°C. Disease development os* optimum between
25 ood 35°C* bat inhibited at temperature* below U*6, Those flading* war*
corroborated by Oallegly md Walker (1949). tho wilt bootortsn to NMitln
to doolceatioo (Sequelra, 1958).

Hollo* nod Roldan (1923), Gallegly sad Walker (1949), and Itlam (1993)
roportod idiot tha rat* of developosat of oilt to tooato woo nswitmisod by
a0|] aono weather *od ootot ootlo. Smith (1949) foand that wilt as* ton

severe towt then to dry arose of tin ftold.

& YistifeUlfcr if ?_tttgog»

Bootorl1*1 vilt-reoietsat poaowto dovolopod to Xodooooio sod roolotoot
tobaccos develops* to tho BOttod ttatw I m rotalaod foil resistance far
amp yc*ra. Bowover, tho aototoooo to do toil of strains of
to bow oot ioolotoo of tho orgaoiao Hava booo oado by vartoeo aorbaao
(Bododbogoo, 1940). Variations to tho morphological ood physiological cha*

rectoristics of tho atrains havo boo* motod (Xolmao, 1994| Rotate* oot Forson,
1999] fsrlaees, 19401 Klomoot «*I Lourekovich, 1942).

* &opubllafc*d lofocmottoo from Dr. O. f. Boltsaam, Dopartaneat of float
Pathology, SOtvorotty of Seeeii.
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Virulence of aagr attain of eh* bacterium wariea froo hoot to toil and
hotoooa location* on tha tone hoot (Kalman and Person, 1941)* Stfwlit
(I1tSS) found that nwly erlaing wttott forma of thiu» patbogaa were pathogenic
to o oooll fraction of watiniloo or opooteo tooted. At the man time, no
opeeieo or variety me oaaceptihl* to oil tin outanto. Zafrlra end falti
(1960) coopered different 1tnla* of wilt on tomato, potato and eggplant
froo differanfc geographical location*. Aooviooo iocolotm and loraoli too*
Utu differed in their hoot roofo and m m of their Morphological end bio-
cheolcal troito*

ludenhagea (1962) reported a attain thidi wan wtdeopread in banana
aoila that did not afloat oonaatoial triplaid bananas. Bo suggested that
"unhe* diaaaM of banana* iIn South laariti wa# cawed by o specific attain

MUnaeeufna.

I* aolanaesaram undergoes a relatively rapid loaa of pathogenicity ia
culture (Walla, 1931)* la the breeding progran* oirotant otraina are noodod
and can ha Maintained by eovoriog baatorial wilt culturoa in aolid nodiua

with a layer of eterilo mineral oil (BEolaota and Jenaan, 1951)«

Tha control of haotorial wilt dioocaao through breeding «m suggested
at aarly ao 1903 (Starena and Sackett, 1903). Haay foreign and donootit
tobacco verUtiM woro taatad In the early trial* but nona had sufficient
reaiataooa to ho waloable In brooding program.

Tha United Stataa Department of Agriculture* hi cooparatioo with tha
Stata of Worth Carolina, rmow kafforta la 1934 ho find wilt-raalatent typaa
Of tobacco, within four year*, 1,304 collactlooa woro tooted. Very few
linaa ahowad raalatanea. Clayton and Smith (1942) aueeeasfully selected

two ooderately rtiimnt otraina. Ope highly realatant otrain woo found,



3.
but proved to Ini otberwtiMi poor* kt«r, = Mae tt 448A who faced to peeeeea
high mt«ta«e«( without objietioutbli growth characterlstlea and quality.
Crceeea m i «ad* between tX 448i and i MHomi il variety. frca thii
orou, 32,303 hybrid plant* van tooted by Clayton <ad Smith <1942) cod
floe petcuttelly vitotti ploati can selected. After floe yeare of latw*
«lm cod rnifcl selection to the presence of dicocoo epiphytotica cod co
aawiranitt favorable for bacterial growth, c high quality tobacco with high
wilt reeietceee woe obtained OKAE8, 1943a). ftia woo rolocoed co % hv t
26".

Several viittMITtMt vericticc of peaawete hare been found in Indon™"
etc (Schwars, 1926). In eggplant, resistant varieties hero boon released
fron c croce of Natela (resistant) cod Javansaa rerictlec (Winstead cod
Xshnam, 1960).

In the ocee of baoiarUil ndlt la teneto, the eecreh of c realatent
variety by neoy investigators bee net been co successful co with other
oolcocooooo crept. Currence <1934) aacrlbed ehla to the ccoclntly variable
cad ootcblo mature of the pathogen. With the teating of different rertetlee
by rerlouc workere in ocay parta of tho uerld, however, It beo been ameer-
tcloed that thearo ere differcm Icrela of bcotorlcl wilt susceptibility.

the iInportcnce ef a reeletant variety of tenets to bcetericl wilt me
rcecgnlaad by Kolfe <1998) and Earlle <1908). they detected different level*
ef susceptibility in cnemnrctet varletiee but they did not find the reels-
tcnee to bo adspaste. In Florida, ttace <1993) found that * plan-typo teneto
themed oone resistance. Several year* later, Sherbakolf <1919) teetod 49
different varletiee but fotaod ell to bo eeooeptiblo. Early screening wee
alee conducted to Sorth Carolina but the reunite wore uaauceeaaful (JHaceey,
1993), Stanford <1917) coaeluded that raelttaoea In tomato to bacterial

wi It cannot bo aegwanted by awed oolottloo from diacaae-fraa plants which
renained healthy to natwity.



Efforts tomrdc finding s vHt*re*i*tant eam cctil tomato w t«ty
wars renewsit lit ths raid«*thirtiea (Sdoldt, 1IMT). The only variety that
sh—fsd resistance was U rnitim Flak, ani it m crossed with ths cowmsrolal
susceptible variety, Margtsfee* Resistance among selections frcm this cross
was not consistent in field trials* Aamber of other types wore tested
end s smell*fruited current tenets free Sooth Anerles shooed high resistance
(SCABS, IMS). Xa 1943, lines sbteh showed definite resistance were selected
from crosses of Louisiana Fink x t 414 from Puerto Rice end T 414 a Dewon
Surprise (MCAES, 1949Db).

A wore Intensified program of finding resistant tomato tines combined
with cesmsrsiel fruit sis# mad quality was later aadsrtakaa (MASS, 194S).
In 1950, 909 collectlona wore evaluated. Of theee, only 26 had an appro*
ctabla degree of resistance. Cwo line did hsvo good fruit else but the
quality was not suitable (MASS, 1952).

In Ohio end Indians, Alexander ifc.il* (1942) tested 449 lines frsn
Sooth and Central America mod various foreign countries sad thsy found no
tins with s satisfactory level of resistance* To facilitate the work, e
Cooperative Screening fauntttso wes farmed end mare then 109 wild apcelee
end strains wars tested. Bills and Barham at Barth Corollas need grsachema
tests choreas McGuire in Barnett used s field tost (Alexander, 1999)*

Extensive aeroenlttg si resistant varieties else has beam dens outside
ths Baited states* Lsbroueee (1932) found no hish level resistance in 20
ecmnerciel varieties tasted in ftence. Negative results wars else obtained
in field trials with different varieties in ths Philippines (Kendiela end
Oefemia, 1926 and Enplg 1962)$ Puerto tioe (Bella, 1931)\Fiji
(SImnsnds ead Parham, 1934)) Caylea (Park end Fernando, 1938)j South Africa
(Wager, 1944)) Queensland (Aberdeen, W 46)] end Malaya (Burnett, 1949).



7.
Holt. (1931) Undid 23 tomato farIMiM Is (tiM and greenbouee firiab

lb fwrt« Kice. la ilttiattiM co preview# fitdian* ts auggeeted chat tha
variety Korglobt, «m partially vtiUUat, and that 1o«UUm flak wti among
thaa m euaceptlble mlatlc*. Sana of tha Mttvt PuertoUcu llaaa na
reatatant* Ae a manic of tha breeding work, a variety wee developed which
ana a m resistant than Marglobe and tha local varieties.

tietnke and Crusado (1949) nada selection# firm 43 Mayeguaa llaaa la
Puerto Klea. tha aalaotloaa autylalded both tha toperted and local aerie*
tie* la a teat 1* infected Field#*

fork and Nmato (1938) taatad dgfit local and foreign varletiee Is
Ceylon but found none at theaa that ahoaad «awfi reelatenee to bo woeful
far t arrlal planting® At Hji, lImanda and Peahen (1934) noted that a
mull-fruited, cherry-type teneto mm rolativoly raalatent, but during tha
early period of growth a large number of pleat# died doe to haotarlal wilt*

to facilitate tha development of viU-reeiatant llaaa to tha teneto
braadint program, Paocada (1939) to tho Philippine# evaluated different bread-
ing procedure#* lie arparlnanril data faworad bacherooatog to tho reeletaet
parent to other breeding procedure#*

4t protest there to na great problem to aolaatlag plant# highly reels*
tent to boctortol wilt to Kamil* tho major prohlan to that of conhlntog
roalataneo with tho nacaoaary horticulturel character# for oouaunaial eceep-
tabllity* Barham gt al- (1934) reported that prentotog lines waro aalaatad
firm a progeny of large-fruited Fj selections gram to North Caroline* Simi-
larly, prmtotog Ilnao have haan obtatoad at tha Keunii Agricultural Super!-
ent Station (1934)* Bewrar, an llnat with fully natiafaetory level# of

rceietaaca and with eomaareiel fruit qualltiea have horn found*



Remittance fea nnba of pathogens of the tomato hue bean tha subject
Of genetic studies. Schalble 8§} (1931) cited tha reports of several
Investigators, noting that resistance to each of tha pathogens — Scoterla

8pe&*» Puaarlam atmanu Ff. lrcooeraici (Sace.) Snyder and

Beneea, Stesaphvliim aolaul Usher and the spotted wilt virus — use based
an « single dominant feetor. Resistance to wilt caused by Varticliup
aibo-atrum leaks end Berth, use shewn by Sehaibla &> (1931) ta be in-
herited as a Nmefaeterial dominant condition. Resistance ta toe root-focnat
nematode, Maloldoevne ieamaeft* (Refold and White) Chitwood is also governed
by a ainfla dominant gene (Gilbert and McGuire, 1934)e

there has hoao little success is analysing the tunic control of re-
sistance to beatarial wilt in teneto* McGuire (1934) noted that anviroa-
mantil factors altered the expression of raalstance. 8a observed wide
variations in disease readings of individual varieties in successive taste*
tha greatest obstacle encountered wee the difficulty in differentiating
various levels of resistance* Shlfriss and Myers (1941) triad to specify
a criterion far detesting various degress of resistance of eueuObers to
nasals virus, the segregating populations ware grouped and inoculated at
different stages of growth of tho plants, they suggested that the delay in
appearance of tha symptom was due to gonaa in tho host rather than tha
effects of envireaneat* they emphasised that a weakly record was essential
in obtaining reliable data an toe total number of goaca Involved in tho
disease anpresaioa.

Smith and Clayton (1948) ware tha first to report tho anaasr of Inheri-

tance of bacterial wilt In any solsnaceoms crap* they reported that resis-

tance In tobacco is recessive, and governed by multiple factora.



9*
McGuire (1934) ladlestad thst resistance of tomatoes ta bacterial

nilt «m heritable* later, McGuire (1940) proposed that raalntaaaa derived

from Berth Carolina llaaa wsa raeaaaiva, alaee Fj hybrids vara susceptible
towilt. A new type of resistance from a small-fruited wilt tcamto Or
Blgoltmll Ifallunl appeared to be dominant. Singh (1961) investigated the
inheritance of tha Barth Carolina type of resistance in tonate, and found

that resistance vee recessive, proposing that three genie governed tha

resistance.
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*aOm 0. I# * Irtjje-£ifcited variety dw#lopt<l by Sc* <l
L Gilbert  »ti« Kinmii Agriculturel ftBPertoeat Stetiae* Uhs other eon-
autreis1 vsciitiM, it Is auseeyelMc te bacterial wilt but has reetetsace
fee t&m diseases™ fiviosty* oosmew mam of root-kaot neatstodes, ymbar*—
wilt, s»ewriwtittm tm i spot sad ayetted wilt vim i» BmU, St lise «
dsterttlasts habit of growth» uaifora rijcalfls, «sd yellow gel arouad th*
seed of tbe ripening fruit* tbe fruit weigh* «a everege of abed 119 grans*
Ist e hiE* degree of resistance fee Imperial wilt wee selected by Dr* D+ 8*
MGOnre* Xt bee bcei ssisftsised as senses ef resistance fee sens diseases
st Sannfj twftl Ssysrleesfe Station* Xt Is tutceptlble fee root
best sasetodss but bee sees telwaece fee blights* Xt bee ext
habit of growth, with eery sesll fruit weighiae about 15 gran*. *he laan-
lure fruies have grass sheuidsra with green gel around the seeds.

fsllee Plbb ees s *** « ri*<b varietv* Xs tbe field,

ytests of feds yellow-fruited variety were alternated with eeeh feeet plant.

2* Inairiiliitin Xm m toam

A large aree of tbe fooasho sub-stafclos of Htbd ess tsade mllibit for
tests* Tield fitetelmTIss ess eeifs by hypodarwic#lly injecting bacterial
*»4 1t suspension seer tbe sell lise is tbe-dee*id establisbed aescaytibls
plants closely is the ftefdt a tmithrf planttog of susceptible plants

ess eiilt fee ssewre s heavy and -u e — TootleUKki were used

im thts <«**«lav<«* I* *1»«* Af (oftcacbrokaa™ hvDQderaic needles* Two so
t&re& ts@hdvel* whivhl fw 24 hmors In it fitjit sdwesfaNHfciss df tescswisl
With s hadfe*
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IwfwiteM «n« *Im poared into th« Uttccl lw water for bath fiold
laocealetloae.

Early report* indicated that m&m ttaoefaonee conditions mitUat
varieties wowrt to bacterial wilt. Recently, Wtostaad «ad Eslaan (1952),
Dosad® (1958), and Ztfrlr* and Fatti (1960) ohcmM la ttedyiag Dm 4la*
eno oadar UdMntaijr twdltiwa using dilate bacterial nupoMUw. Uadi*

flatlaw node of these ridaiyoi mm dtacoaaod together with the resalts.

The masher of day* until death fro* wilt was oatd at dm woaawra of
vwhdMM* Nfdrtfaw tarn described by weighted mviiit eases, espree*
tad i1a noehar Ot days froa pleating watil 4a*th froa baetsrial wilt. At
weighted aaaa, f, waa calculated a* follows™

T*»] « ¢ 2  * *1 H
a
where* % * survivors ha t] aaty

% * iwrwleera between tj aai tj only, ate.

( » acahar of days froa plantlag wal l tlaa ef observation
tg « acahar of day* at teat observation +7
a <« total aader of plaata ia rath papeSetioa

Plants surviving at the taat observation war* arbitrarily given awaa deya
aara as reaiafcenee. It la recognised throighout; the fOllowimt diaeuealnne
that da eaawptioa ofa 7-dey ineransnt la arbitrary, aai aaaa* bcaed o0
thia eaaeaptlaa aro interpreted cautiously. tareality, da reeelta awnggsst
that naap plaata aniviag at the end ef field tent period* would aat have

awowvhail to wilt at all wader these conditions, i.e.. e* (mat T) for thaaa

aleeta ia eensl to laflnltr.



Xr* intro axd Discossicn

*e Wilt S8iitifn«M liiira- .
Mwt ef the genetieelly-eegregating llaea to h wire derived
fm «wwytllU |JWMt] dosha (TJ) endamtMMt inbred line ef ~
MBS 3800-2 c?2> which w n croeeed in 1960. Ihe Fj
fliau wt« preen, eclf-polltaated and backcroeaed to eaeh at the purest
time* The eeede fron creseee on different 1j fImta ware bulked tee wite
Of the 72» the 1C CO Aoatm (BCj) end the 1C to HE8 5800*2 (ICj) population#.
Cheek flwti at the eilt-emwftihle variety, Teller Finn, ware Included in
ell tepee* Plants of the following eeven line* fdwe rare included in all
of the critical ~todies:
»1 (Pautre) * wllt-aweeaptiMe, ™ HB#IItt6att
F2 CSE8 5008*2} = vilt-reaUtant, jfc nlaninellifeliiw
Fj (Aehit s BBS 5808-2}
17 (F] aelf-pollinated)
*CJ Of] * »i>
e* <rt « »j)
CkKk (M1 * >1-)
b> Bi1U (Mr (teU r*«tMta m oimMct.r ta—Mr M M r—
fnr resistance different an*1ltv ent>1 The
lines ware planted inw I ef four seasons* trial eeneieted ef ehent
100 plant# Pl the fj and each parental line, and fron 190 to 300 plant# ef
the F) and each hackerese population. Susceptible check plente were alter-
nated with teat plant# in #11 trial#*
Th# awahara of amvivwr# were recordad weekly, starting fron the third
week after transplanting® Seedling# that died fken eautee other ttun bac-

terial wilt ware excluded fron ell analyawl* Instance# ware noted in uhidh
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plants wilted but rw«w«<!i Such «m m any have buun «rawd by hid* levels
of bacterial taaml« ia tie field.

the fleet fTield test (eewir) wee conducted free July fee Hovndber, 1961
(figart 1). Bat# were recorded for 1,640 plants. the cheek ead fj were
failerly susceptible feewilt with the greatest nunber ef deed fleets occur-
ring beeweee the led end 5th week, the survival curve* of thee* populations
were clearly eaponatttlal. the P2 0SS 5608-2) wee felly resistant until
the cod of the experiment, la IT week*, the Fj flent* to— lead resistant
until the 9th week, but may pleat* died in the 16th week. PJunta in the
gy oentiawed fee die In € steady ftdhn fron the 3rd week after transplant*
leg. Death rate ef BCj wae about intemsdiat* between fy end Fg, and the
«6*1 flent* reacted and* ae the fj population.

the fell tech me eeedweted (tea Septaa&er, 1961 hi February, 1962
{Fig. 2>« Data were recorded for 1,066 piaafe*. Aa in the mmme fa=fe,
neat ef the 1j ead cheek plant# died between the 3rd net the 5th weak. Sane
cheek pleat* survived until the end ef the met, perhep* e consequence ef
the lee level* ef taoewtm in m m pertinnt ef tin field. The Ft shewed
resistance until the 14th week. The reaction# ef the ether papulation* wen
the man a* in the ewaner teet ercapt that there me e ganerelly delayed
death ef the plant*.

The breeding line* ware re-planted in Vevaohar, 1961, far e winter
tea*, and the supsrtnswt ternincted in April, 1962 (Fig. 3). Set* were
retarded far 1,925 plant*, the cheek end eeeecptible parent again shewed
exponential survival pattern*, with neat ef the pleat# dying batmen tin
3rd and die 6th wash. Wilt severity ms lees than iIn previews teste, in
both segregating and eee segregating lines. An fj pleat* survived vttheu*
System ef wilt until the ead ef the taat. tin Fj raeieted the organise

until the 14th weak aid the SCg until the 15th week, the pattern ef respsnses
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of th»* other populations mar* the sen* « 1* the other t**t*.

Seoul t* fro* the spring t**t (April t* August, 1942) m n «ladUr t*
the previous tests (fig. 4). Set* mar* recorded far 3,472 pleats. The f|
sal check pl«at*» 41*4 marly Is the season ea la previous sooner sad fall
test*. The t], BCg and Fj ovtrtnw the disease fa = shelter faahlea uutil
the 14th week. Pleat* ef the Pj started t* die at the ISth week, although
froa causes ether thaa wilt, so far *e could he deteruiaed. There waa a
delayed death ef the pleat# la thle taat, paeethly heeeaee ef the cool aoatha
et the hegiaaiag ef the teat uhlch Inhibited the wultlpllicatloa ef the or-
ganism ead delayed the saprassisa ef the dleeaae.

Cooperative etudles of the data frsa tha four pleating* (Flgi. 1, 2,

3, 4) revealed several letsweatlag diffareacaa. Coosidarlng the perled until
6. survival for susceptible checks, the winter test averaged ewer 4 weeks,
while other tacts ranged between 3 aad 4% week*. The delayed syeptaae ef
wilt la tha winter teat aara leas ovidoot la f| aad sagragettag populations,
floats fra* the eueceptible parent survived laager, producing a faa fruits,
hat af paav quality. Tha raalataat parent thaue* high resistance la all

the tests.

faw P| plaats showed syoptwas af wilt before tha 14th aaak, except la
the severely-infected stsassr trial (Pig*® 1)* the SOS survival periods la
snaaar, fall, winter sad spring taata, wars 19, 14, IS aad IS weeks. The
low valws la tha suaaar la probably due to the severity of the dlseeoc* la
tills season (refloated else la 1C pepulstioas) =

Plaats la the % sad K j pepuUt loos caatlaaml to die froa pleating
until tbe end of each test. Unset af ipatew followed by death occarred
aara rapidly la the BCj thaa la the ] papulation. The S6j papulatlea showed
resistance until the 14th week la the wiater ead spriag testa but la tha

awaasr ead fail teats, a aaSbec af pleats died early la tha eeesoa.



Figure 1.

Figure 2.

WEEKS FROM PLANTING
(SUMMER)

Weekly percentage of aarriving pleats In < bacterial
vilt-Infacted field (i wr test).

WEEKS FROM PLANTING
(FALL)

Weekly percentage of eunrtviaft pleats ia e bacterial
vilt-iafeeted field (felt test).



WEEKS FROM PLANTING
(WINTER)

Figure 3, Weekly percentage ef lurviviog plants Im * bacterial
wilt-infested field (winter teet).

WEEKS FROM PLANTING
(SPRING)

Figure 4* Weekly percentage ef eusnrieing plant* in « bacterial
wilt-infacted field (spring test).
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Hm m t of teitt is all sqwtaMtel papulation* w« Tfaster in the
iwamr toot than in tho othor twtt. tho Mvoriey of wilt reaction aaocog
aasrogatlag plants of SC| is tho Manor is itlwtritoi in figure 5. Vrria-
tioao snoot segregating plants wore particularly clear sine nooks after
transplanting, ot nature fruit stag®™ ta this planting, tho rosistonoo of
tho roslstant parent, BBSS J89S«8( nos especially striking Soto in tho whs*
tor soaocoo {fig. D«

Dots frcn tho four trials hows hats pooled Is flgsvs 7. tin olponss
tial survival patterns nr genetically ualfocn populations (dock, Pj and
f]) an particularly clear is this an— try. tho susceptible shook and tha
susceptible perant, Anabu, wars *Inoat identical in weekly death rssponss.
tha ] population shooed little death A m wilt until tho 13th week, after
thick a rapid destine appeared, the Fj population segregated soap plants
«hleh wars kilted by the disease in early week* after planting, giving a
nearly linear survival pattern. Similarly, death of BC|] plants due to wilt
uno nearly linear with tiai, about 6% of tho ploota expiring tosh week.
However, o disproportionate nuaher {301} of the S6g planta wars killed by
wi It between the 2nd end 4th week after transplanting.

Xn figure 8, the wilt Mrvival date fren the four seasons have bean
annwarlaed In snothav wop. the average number* of hqs well death have
bean calculated, on aasunptlsos outlined in the Materlele and Methods. Dif*
farsncea onong tha aaaaans era Again evident, with the noet severe reactions
in the euaner tost and least Mana in tha winter teat.

Xn tha fall and winter testa, dots war* reeerdsd weekly until all plants
died (Cable 1). in both tests, over 951 of tin roelatent parent (HES 580«»2)
wars surviving at 19 waaka, wall beyond tho sad of nernsl fruit-bearing aoa*
son. All plants in tha and 9] died by «ha 25th weak. At this tins,

only lit of tho fg, 1SX Of DC*, and 90S of F| plants wnre surviving.



Figure 5* Wilt reaction of tanato plant* In swear
trial, nine week* after planting. A * P*j
B -BC|]] C*F1 (*«e text) =

Figure 6. The resistant parent, 888 5808*2 and sur-
viving ?2 plants la background, 20 weeks
frora planting in the winter test.

18
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Contributing to tin «tlt*iatatd death by this ttM wn nmn 1 ether
cc«m». Early blight affected many flnti, and necrotic atcm « m co— on.
DMtiil fro*m w I causes (Reproductive stress™) It co-op by thio period
among M — rclul mittici grown in Kaveil* Xt — a largely far thia reason
that wilt rcatstanee data wore Interpreted critically only until tha 17th
week (Tig- 7),

the relationship ef soil temperatures to diseasa aeverity was tested
by use of a anil thermograph. Soil temperature reading# war# taken only
during two ef tin four field teata, as well aa in tila bed and advanced
progeny tecta. The bulb of tho thermograph wea buried about 19 — into tho
O0il is the root tone*.

Weekly toil temperature# during the fell (advanced progeny) end winter
teat# ware lower by about 4°C than those for apring and abazcer (tila bed)
teat (fig* 9). The pareentases of surviving plants in the different popu-
lation* were generally higher in the winter teat than in any of tha other
teata. Xn tha winter season, it la evident that tha average aoil tanyera-
turc la not high enough for optimum bacterial activity. Theea result# era
in agreement with those ef Vaughan (1944) and Oallegty and Walker (1949).

The cpttmua temperature for bacterial development comet during the saner
season.

Comparison of the temperature reading* with the corresponding percent-
ages of deed plant# in each week did not show e direct relationship. Xt it
probable that e certain period of ti— alapsed before the disease wee onpres-
sed 1* the plants.

Ib. fl- abmaa. Two tests were conducted to taat the performance of
the breeding lines In flats. The last observations were node When the plants
were showing a decline iIn vigor. The crowded growing conditions in the aood

flat# hastsnsd senescence of the axperlaental pirate.
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WEEKS FKOM PLANTING
(MEAN OF FOLK SEASONS)

Figure 7. Weekly percentage of surviving plants In bacterial
wilt-infasted fields (Means of four seasons).

PL (ANAHU) BC to Pi FI 2 BC to P2 P2 (5808-2)  Check (Y.Plum)

Figure 8. Weighted survival aeens in Busbars of days fron planting
until death of tonsto plants in four field tents.



Table 1. Weekly percentage* of surviving plants from seventeen
weeks until test observation in bacterial wilt-infested

fields.

t W E E X 8
POPUUX1CN

« IT 18 19 20 21 22
Pall Teati
»1 (Anehu) — mm - — mm mm
BC1 4.8 4.8 4.8 mm mm mm
FI 42.9 38.1 9.5 mm mm mm
N 44 .4 35.4 22.6 10*9 mm mm
MS 45.0 40.0 30.0 15.0 mm mm
F2 (5008-2) 95.0 95.0 95.0 30.0 mm m
Wenae Vmmu
Fl (A('Hﬁt) —_— mm mm sees mm mm
m. 2.5 mm mm mm mm mm
FI 13.4 0.8 mm mm mm mm
F2 30.2 23.0 20.5 16.2 6.5 mm
BC2 6T.5 49.2 45.8 34.7 18.4 0.8
F2 (5008-2) 97.5 97.5 96.6 89.9 50.6 9.2



m‘] SUMMER (TILE BED) SPRING

222 PALL-WINTER WINTER

" > > /" —— e
C TTRTTTInTS
pfe-.
7:

Pigur* 9. WMKly a n i« sad nlalaa M il twmtmtm—
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4 prcllataBjr teat an conducted is seed flats with stsrtUsad Mil
frera July to Septsober, 1P61* The 314 seedlings tasted r*rnMttd tha
M m HFfttUtisM also gras is field taste* the 39»d*y old seedlings oars
inoculated through the tost ayttara* The inoculum sas prepared by dissolving
sss Isay Cahoot 0*91 si) of ossa free as Infected stan is 5 ad of nater*

A oot sss ante 0s tho toots about 1 os fro* the atos of eeofc seedling, asd
thrsa drape of tha suspension appliod* Sisco this test oos coodocted to
Ssls pfilintostjr fiffirMottwi < tiks riuicttocu #€ tk« ua&nr girMiQ*
osdo at 4? days follooiag plant*

lag (Tig* 19)« the following percentage* of survivors oot* obtained*

Chech a 91

9] « 9&

Ng *Ift

2 a 37.52

Wt a 47.91

BC2 a 62.51

2 a 62.51
tho results of this prelininsry teat osaosvagod further stadias with con*
trolled inoculations, far results paralleled closely those of the Hold
tests {fit* 7).

Is s >«<o< irsarihonss teat, tha sterilised sit ass inoculated 1ft days
before planting. The laseuioe as prepared by allowing Infected tasato cut-
ting to oaso into a $hd boaher of dlatillad water far 12 hours, fas rail*
I111ters of the fresh snapana«ra oars pipetted to oath of Hoe frilaraneyer
flash* containing 239 Si of satriost broth. These vara incubated for 24
harara for rapid Multiplication of tha bacterium. The bsotsrisl wilt euapeo*

also «*s diluted to sores liters oith raster, sad 390 *1 of the iooeolne aero



Figure 10.

Figure tl.

The breeding line*, A e R«\ 8 * BCij C * Cheek;
DmP»| *«BC,; FeP2]0 *F~. (Flat, Prell-

ary study)

K K K [ FHOM P 1A N T I NC,

Weekly percentage ef nrvtvUg plants in a bacterial
vilt~infected sell (Flat teat Mo. 2).

24.
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poured evenly ii «wl ef the 22 flats, to avoid desiccation ef di bee*
terla, the soil ess eeiliteeed every other day edit pleating ties* Between
Kerch end Aapnt, 1962, data van recorded en 291 seedlings la this test.

Meet ef the " and check pleats died between taike 3rd sad 5th week, sad
ell the plants died by tits 18th week (Fig. 11)* the P2 sad SC™ shewed re*
sistsase mi1 1 the 9th week, thsa death ef the plants occurred st s fester
rste thsa the fj« the results obtained in these populations deviated free
these obtained In Field tests* A possible explanation for these discrep-
ancies is the feet thet tike fj showed save gsasvsl vigor thsa the ether pgy™*
uletlons. Mar the cromded conditions el seedling growth la the fleta,
mwperitlimi esaat the plestte wee greater tn = field* Seen pleats ef
the Fg sad 1Gg might have heas watkaoed sad thus sweswahed te tike wilt*
these remits Shewed convincingly thet as true Insanity te the wilt occurred
la the lines tested* the ability ef Fg sad related Has™ te resist wilt
ta the field wee set stsffieieat te seen hseteritl growth la tike steaded
fists, the 1} end BC| populations, however, parfowed la iaeeelstsd fists
almost exactly so they hod ta the field*

*e« Utt,«t,,Qgj« htfBBTtol IttateB* strains ef & tttIBMtBgTW hews
heea isolated by Quince sad Arsgaki (1963) free bird of paradise
ywitMia. 1tska) «ad edible (taper ftiagthaw afflaiMla toaeos). Sheas strains
vears aapital with tlke etsrsla fres taats fee their pathogenicity on tit
parental llsss sad the lybride* She teat wee eeadaetsd froa July te October,
1962 la tile beds*

Dm tile beds ware sterilised with chloropierin three weeks before
pleating. Inoculum ana prepared la the sane way as is previses teste (tost
lk>. 2)* At planting, the roots ef the seedlings were dipped la bacterial
wilt taoculuau After revering the rests with stall, 15 *1 of the taccalvai

ware penned et the heat ef seek seedling* About 330 seedlings representing
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tea i1ll population* war* twtad 6am I etrain. 2a iwty cae, «an plant*
war* tested 6a th« segregating population*. Cheek plant* wore not included
la this tat, tinea susceptibility of the f| ead check plant* w* alatter
in previous t**ta. la «ete til* hod, three van ef »j war* pleated to
saw* a* cheek*. Since la we* expected that the Pj pleat* weald die early,
they war* alternated with P2 pleat* t* £111 up the anticipated vacant *peee
cad at the **ae tiae taareeee the mmbm of 1j pleat™ The reaction of
manta aeedtlas* 6a thia teat 6* illustrated 6a Figure 12*

the weekly survival patterns of the breeding liaee infected with teawto
etrain of wilt (Kg« 13) ware very ailailar to d aw obtained in flet ead
£60ld teete* dll the b died by the Sth week, with tee highest owaber of
plant* dyins hi th* ted and Itd week, the 1] reaelaed highly reoSateot and
t pleat™ wlthatood the disease well *aly until the 9th week* Survival
curve* 6a this test wore v2WTWtlelly idootioel to thsse Obteiaod ia tho
four field teoto (Fig. 7}«

Weekly Mrrtnl data ware alee taken from the 1 h papulation*, follow*
lag infection with wilt strain obteiaod fron bird of peradiee ead edible
flagar pIntt* the irespin™* ef the breodiag liaee to both bird of pave*
diee ead ginger strata* war* essentially ldentical (Figs* 14, 1S). Ourlag
the 2nd ead 3rd week, « large prep*rttea of tee fj died* lowerat, percent*
ago* of survtwlag pleat* ware note gr«*t«r at *11 tiae* with bird of pete*
diee sad glatar etrain* then with te* toneto *treia (Fig* 13)* While *11
tee Fj had died by tee 3th week following infection with tee toewto ttrcin,
etaoit 302 ware eurrivlag ia test* ulte hate th* bird of petedtft* and ginger
strain*, «lthough et the ead of tesoe teete (12 weeks) *11 the fj died,
tea deutli sate uuo vary alow tismwrod to test ia tost ef tenets strain,
the evidence teat the taaeto eeraia uu* uore virulent teen the other two

stmia* ue* eoofinad by survival patterns of Vg, fj cad segregating



Figure 12.

Figwe 13.

the breeding line* teeted against tomato etrala.
A = SC}! B * BCX| C = Pi _alternated with F*j
O- Fjj Een and F m P2»

WEEKS FROM PLANTING
(TOMATO  STRAIN)

Weekly percentage ef atanriving plants in a wile*
lafeeted soil (atreia froa tomato).

21,
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populations, l1igm 18 ehows the greater asafeer Of deed plant* la the
tomato atrain thou la both bled of paradise and ginger strains*

The fg Showed resistance to *11 the strains uatll the 5th week. the
amvIivfll rate* front the 8th week to the end of the experiment owe higher
la te«t* with both the bird of perediae and ginger strains with the tomato
strain. The fj ramtmil curves were essentially similar for the three
<trains, although plant* Infected with the tonete etreia began to sueeumb
la aa expewmtial fashion by the 9th week. At It obitmtim, 76X and
PM of the plant* survived la teat* with bird of pared!™ ead glager atrala*.
respectively, where™* only SOX of pleat* Infected with the tomato *train
eun&ved. In the 72* death ret* of the pleats iIn both bird of paradise
ead ginger etreia* wo* similar. The 7g survival curve la the tomato atrala
we* the seme as la previous teats, the N| survival curses la *11 tbs
etreia* war* lower than the fj. the 8% showed resistance aheller to the
*2 la tost* of bird of paradise end ginger etreia*. Xa the tomato strain,
resistance was Ohaw* although about 20X of the pleat* died bp the 9th week.

the weighted survival means <71g. 17) of plant* la the differeat pope-
lotions *1*0 shewed that death of pirate la the tomato etreia occurred
earlier them in tests with the bird of paradise ead ginger etraiae.

Id, Adwamaad mreeamr tit*. Individual pleat* with differing level*
of raoioteaco were selected from the segregating fj and beehsro** lias* for
progeny teeta. 0Oa* progeny teat was conducted ia the ipriag* fronHad to
August* 1962, with a aaeoad teat la th* winter* from August, 1962 to January*
1963, All the progenies tested ware obtained Oy self-pollination. Twenty
Tj llaes randomly sampled from individual F| parents grown ia e wilt-free
field ware also progeny-tested ia Infested noli. The general field aspect

of these teste 1* illustrated la figure 18. the raw date from which survival



figure 14.

figure IS.

WEE LANTING

KS FROM p
(BIRD OF PARADISE STRAIN)

Weekly percentage of surviving plant#
ia i1 vilt-iafaated toil (Bird of
Paradise Strata).

WFE KK S FROM PLANTING
(GINGER STRAIN)

Weekly percentage of surviving plant#
ia a wilt-infested soil (Edible (Singer
Strain).

29.



Ihe breeding lI1au tested against three strains ftd £.

figure 16. t l t S
«olanace«raa. Strain* Ir«i (A) edible ginger, ()
tonsto and (C) bird of paradise. Pegs with white tags
indicate deed teat plants, those without tags indicate
dead P| plants.

100 _
TOMATO STRAIN
80 BIRD OF PARADISE
GINGER
§ @

40 - (Tel

- I I
Pl (ANAHU) BC to PI BC to P2 P2 (5808-2)

Figure 17. Weighted survival naans snpressed in ouafcer of days
from planting until death trm three strains of £.

aolLn" 1ECcaraa.

30.



aeons (T*blt © wr« calculated ate presented la Appendix Table 1.

The atasca ef grmwth and teatUai la weeks i1a the actual life ef a
tout# crap «ader the anndttlsne ef theae (ogwlatata vcrei seedling, 4
weeks) blseailag, 4 weak*) natnrity, 1 weeks) early hearing, 4 weeks) late
hearing, 4 veche) and sansicancs Theae etagee vere need aa elaaa iIntervals
la the elaaaifieetiea ef the parental wilt aeerea (Table 2)« Any pleat
dying free vilt prior to actarity (9 veeka) an ccaaildare™ aaaeaptihle,
alnee the highest peteeatege ad deed fj ead datk plaata occurred prior te
asturity* The fee aaaeaptihle plaata that survived until aaturity ware
net able te produce Marketable fruits.

i1aae the auaeaptible parent died within 9 vaalte ead da reeieteat
parout survived beyond 11 weeks, the interval at 9 te 11 vaake (early beer*
leg and late bearing etagee) woe deeignated ae intemedftete (X). In thie
stoop, plaata thee died free 9 te 13 week* nere claaaad ae partially eeesep*
eible (P« 1.) end thoaa that diad tree 13 to 11 weohe ora claaaad ae per*
tially reeietact (P- ft5)* The anrviving plaata at 11 veehe ware eeeeidared
roclataut 00*

The advanced pregeeix segregated widely, e toot evidenced by the large
standard errors obtained far progeny anene (Table X)* Hex fj faniltos In*
eluded a fee highly susceptible pleats which died frea wilt 1a 3 = 5 seeks*
la general, there ues e fair corxaapoadencs between ereeenr awveai and the
level of roeieteaee ef th* parent*

M r partially aveceptlkla (P* S.) T2 parsera produced preganiee with
aurviral aeeee ranging Bren 43 X 31 days. Partially reeietaet paranta
predeced tinae reaglng teen 39 to 112 days, Indicating that e wide range ef
parental geeetypaa vere classed as partially resistant*

Xa general, pleats classified as resistant produced progenies ef later*

uodtate response, although at tsest 1 ef the 30 lines tested were os



Table 2. Survival means of advanced selfed progenies In number of
days from planting until death from bacterial wilt.
(P.S.* Partially Susceptible; P.R.- Partially Resistant).

Parent Parent Sea* Number of Survival Means Reference
Line Wilt son Plants in Days Number (App.-
Score Table 1)
F2 p-S- Spring 268 63 +4.6 1
66j+ 5.3 2
70 + 4.9 3
73 + 5.3 4
74 + 4.9 5
81+4 .4 6
F2 P. R. Spring 168 78 + 5.0 7
92 + 4.2 8
94 + 2.6 9
112 + 2.4 10
F3 P. R. Winter 83 39 + 6.7 11
5 + 9.2 12
72 +11.6 13
75 + 9.5 14
F2 P. R. Winter 47 94 +4.6 15
1G2 P. R. Winter 57 48 + 9.4 16
70 +10.6 17
70 +11.5 18
F2 Res. Spring 357 77 + 6.3 19
85 + 4.9 20
8 + 5.2 21
95 + 6.7 22
98 + 4.7 23
104 + 4.9 24
108 + 5.0 25
112 + 3.5 26
F2 Res. Winter 87 115 + 2.2 27
122 + 3.0 28
ty Res. Winter 85 63 +10.1 29
101 +10.2 30
112 + 7.9 31
112+6.6 32
BCl, Res Spring 55 77+ 7.2 33

102 + 5.6 34



Table 2 (Continued)

Parent Parent Sea- Humber of

Line wWilt son Plants
Score

BCi Res. Winter 81

BC2 Res. Winter 50

BCi (Si)* Winter 144
Res

F2 Unknown Winter 380

* BCi selfed twice.

Means

Survival

in Days
49 + 10*9
63 + 9.9
77 + 8.5
95 + 10.7
53 + 10.3
91 + 11.2
94 + 11.5
40+7 .6
44 + 8.3
64 + 12.2
66 + 11.7
69 + 12.9
82 + 9.8
115 +3.7
23 + 2.2
29 + 5.8
40 + 13.6
56 + 6.6
57 + 10.9
60 + 10.6
70 +* 8.7
71+ 7.7
75 + 8.8
77 + 12.4
78 + 11.3
80 + 11.2
80 + 9.9
81 + 8.2
82 + 6.8
87 + 11.0
8 + 10.8
102 + 11.6
105 + 6.8
116 + 7.5

Reference
Number (App-
Table 1)

35
36
37
38

39
40
41

42
43
44
45
46
47
48

49
50
51
52
53
54
55
56
n 57
58
59
60
61
62
63
64
65
66
67
68



resistant <« the original 1Ij Uau (Pj s Pj)* The wseas of two Fj liass
obtained fron resistant pirwta (owrid at 115 oaf 122 day*) foil into the
highly resistant graa. Progenies lvon resistant BCj parents a n classed
<0 partially susceptible (ranging from 49 to 77 day*) oaf partially rests*
Coat (95 oaf 192 dsys)» Tow 9™ lines, derived froa miotott 1j (oaf, la
tara, rnststeat fy) paroato m t studied. three of the four P4 liaco wtc
highly resistant, averaging froa 10l to 112 days* Tho mum of ooroo BC|
(oolfod twice) froa rooiotoat parents wore highly variable ia perforneaes,
ranging froa 40 to 115 days*

the survival aeons of oolfod progenies derived fron 29 fjj paroato ia
0 vilt*fres field varied widely froa high susceptibility to rooiotoaeo
comparable to that o( fy (Table 2). Aaosg the 589 Fj pinto (table 5), 92
pleats (or 2SS) survived until the sad of tho toot (17 voahs), at which
tiae aoot of these appeared vilt*free. On the other brad, 402 of tho P3
pleats rare highly owseoptiblot arasMoi to wilt within 5 weeks of pleat*

lag® lotwora those two ostrraei, ra ohooot linear iaocveoo ia asvtolity

occurred.

Table 1« lasher of 9* pirate dying eeeh week fora boeteriol
wilt (Progenies of Ft pleats grove ia s vilt*free

field).
Masha 1 2 3 4 5 6 7 8 9 10
Huwesbigr of
Flints 2 57 53 15 23 6 10 8 7 9
“tof If 1 U 14 15 14 T Sorvivore
8uBb*r of

Plants 8 7 9 22 26 15 11 92



Asaoeg the 20 Fj (ndUM (fable 3), ten averaged ia tia hlghly-
aweeaptlble group ranging firea 23 to 40 daya. A* rmittlag fasily waeae
aara diatributed throughout the range, with m m concentration around 90
daye. The weighted « m 1iarrival «| thla 1j papulation waa 23 daya, eea-
pared «= 93 days for tha ?2 population preceding iIt.

Sadth and Clayton (1049) progeayteated vilt-reaistant fj linaa of
tebaoao. Seven of tha 166 aelactiane ware highly realataat* The other
ISO liaaa aagragated widely* Hie proportion ef highly resistant liaaa
recovered wee about the ears aa that for the taeete populatlona here*

Qanarilly, eeseapttble fleets were att able to predvea fruit#, and
teada could not he collected. Xt wee* therefore, lapaeaible te progeny-
teat plaata with auacaptibla acoraa. the dietributlone ef the anrviral
ehhm ae e whole (table 3) aoggaat that the phonatypaa ef the mseilai
riftacewiad to eeea extent tha faraetel genotype, hot there ware gradations
within all classes* there wee little evMhewe to ewggeet that the eeetee
when tha progaay teet was conducted had e significant effect ee the data
eellaeted. Sewawr, it Is probable that aalectlooa ef highly raaiatant
planta fwr advanced taata mid breeding work ehoeid he- wede woder the neet
aevaare natural eenditiene ef infection*

I tmL Jtfe nai fiiraM« I- ft Hast* teatt iahred linaa
cbtaiaad from Dr. H* V. Winstead ef tenth Carolina wara field-teated far
wilt roelatanee In the sprint season, March te August, 1943 (fable 4).

the ewrvival a t m ef tha Morth Carolina linaa ranged free 17 te 94 days*
Under Hawaii eeodltioes, tharefora, the Serth Carelina lines ware ferarwe™
diets hi resistance between Fj (IMS 3*08-2) and Fj (Anahu), which averaged

arewnd 39 end 130 days* respectively.



Figure 18.

Advanced progeny test for wilt resistance. Lines
derived by self-pollination of (A) partlally-re-

sistant, (B) resistant, and (C) partially suscep-
tible parents.
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Early ia the grewlag iuiam, the Horth Ceroliaa Hoes m n vigorous,
vheress the check mi Pj pleat* had died (rig. 19). lefter la the muon ,
the vigor of Morth Ceroliaa liaoa oat loet ead only vary few fruits into
formed, the pleats were stuated (fig, 19) sad death occurred much earlier
thaa 1aBB8 58382 2).

Pleats froa me north Ceroliaa ilaaa (BC 61-55 aad K 61-8-1) vara
crossed to hybrids of Aiahs a 5809-2. Vue north Ceroliaa Itoes OB 61-55-
W ead HC 61-8-56) that produced fruits approaching coswerclal else wore
crossed oith Aadra to feolUteto selectloa of a lias with high quality aad
wilt resistance, hybrids vara included la tho vtotar test froa August*
1962 to Jaoaty, 1965 (Table 4)*

Tho survival want of craaaaa of the Berth Ceroliaa llaea with Aaehu
were cleased i1a the eueeeptifrle group. This fj use wash aero an c aptibia
then the ] of Berth Ceroliaa a (Aaehu a BS8 5808-2). Those results era-
fora oftth the reptrt of HcCuire (1969). The hybrids Veto— Berth Ceroliaa
Uaaa ead Bn (highly-re*latent) ] of Asda a BES 1898-2 survived awl
letsr la boeriat eeaaoa (79 sad 192 days), survival wesas twpw<»Ht favor*

ably with these of the fj of Aaehu a BBS 5808-2 (fig. 13).

Oeoetli luterpretetlea of the ollt reeieteaee date prestated hero do-
peade greatly eo the laterpretatlee of Bo reeieteaee or lacaaiity (uoder
— yai lueetnl coadltloae) of tho resletaat ptreat* 1j (BBS 5898-2). laoofsr
eo the studies ptrait such a ceaclualoa, fj plaate rarely died of vtit la
tho Holld hrhg tho period la tAlch survival date wore taken. Field doom
of pleats 1a this Mresiataatw Has ooeurrod as e osohlastlaa of a— ireo-
wsatal aad pstholagleel ceadltloee, euaag which wilt uey have played a

at— r pert. 1-— » P2 iramet he oeaeidarod ianuae be wilt* when careful



Table 4. Wilt reactions of North Carolina lines and their

hybrids.
Number of Average Number of
Lines Tested Plants days to death
from wilt

Parent NC 61-55 52 77 + 3.4
Lines: NC 61-55-0P 53 82 + 3.0

NC 61-S-36 20 93 + 3.3

NC 61-S-6 26 95 + 8.7

NC 61-S-1 33 96 + 2.9
Hybrids: NC 61-55 OP

X Anahu 25 34 + 4.5

NC 61-S-36

X Anahu 24 42 + 3.9

NC 61-55 x Fi

(Anahu x 5808-2) 50 70 + 7.1

NC 61-S-1 x Fi
(Anahu x 5808-2) 26 102 + 6.1



Figure 19*

Figure 20*

(A) Barth Carolina wiU-r«sl*tant Um (BC 61-35-0P),
(B) teat plant, and (C) eheck plant* on both aides,
died early & the *ea*on.

Berth Carolina tine at bearing stage.
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40*
Inoculation* «r« atdc with aualva doeea of tM pathogen, it sloe euemnbod
to the bacterim (FIjf 13)*

Xt 10 bold by neat etudant* of baoterlal raaletane* that, 1* both
entente and plaata, t m Inwatty deee net aniat. The ionuaologtcai raala-
taaee and genetic raaietaaoc of rata te typhoid bacteria, far onpU, re-
float* the onm 1 ability of the reeletaat aaSaala to aloo dona bacterial
multiplication, ehilo F ailty ea auch doaa not occur. the aaaa <owt«*
aim appear* valid far the roaiataaaa of tamto liaea teatod hare to wilt-
Induelag bacteria*

Oo thia lgpottrait aimptioil — that ?2 «aa aaamtially fteld-tenme
ta wilt odor oowtttlana af the aapwrtoanta conducted hara — recta the
majority of the genetic iatocpratatieoa which follow.

Aa a amcand major feat ia interpreting thaaa data, it ia elear that
It plaata ware aavor laauaa, but euecunbed to the dloocaae ultimately ia all
taata. teelatauee, If it nay bo oalled that, af the Fj plaata woa alaply
the ability ta eqgppreea the bacterim ead to grow for e ouch longer period
thea the susceptible parent* It thoald be noted that thia raaiataaae wea
aufficlently great ta carry neat fj tanatoaa through the hacvy beatlag aea-
eon* fhna, while the Fj plaata oat be caaaldarad aaaaaptlbla rather than
laanaa, they had a practical level of roaiataaeo of greet value to the pleat
breeder*

A prlanry am alaatan derived fron a eaaperiaon of the fj and ita paranta
nuat be aiaply that the game ef neither parent are folly deodaecat* Earlier
interpretations af atelier data by Siogh (1961) ware made on the early flo-
werlag and fruiting ataga*. At thaaa atagaa, the Fj plaata are apparaatly
healthy* One aaa conclude, ae Singh did, that gaaaa far reelataaee are

"rtnnfmlitll at *a»c* etase* Xn oraetlca. tfcl* <« , useful an to consider

the data, aXthamh i1t iofera that ana nuat ccneldar the aana for other) ganaa
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foremUUmi ™ km torn rMutlvt at lator ttigM, <ritmall tha fj
planta have proved auax«ptlbla to tha disease. Bach of thaaa can*iterations,
while useful to tha breeder, ara invalid far aevraat genetic iInterpretation
of tha data* Tha geoaa do oat changa la thalr dominance, aor da «a oaad
to auggaat that acne gaaaa act at surly stage (daailaaat allalaa conferlag
raaUtanea) ahlla othar genet aet at latar ataga (thalr doninaat allalaa
eenferrlag eueeeptiblllity). lather, la lloa with tha interpretation of
othar haatarlal aad viral raaiataaaa data, it aaat ha aaocaidarad that tha
gaoaa caafaniag raaiataaaa ara largely additive i1a their affact, eoafarriog
oa tha fj tha Vilify to aupprees tha grouch aad aynptens of tha baatarial
iamttm aatil ouch latar ia a taaato"a davalapnaat. Oa thia baais, aaat
af tha fellowiag i1ataryratatioaa haw haaa aoda.

2a. jaaoaaatlai swgvival curve. Tha waakly percentage* of surviving
planta warn plottad on a teal-logerlthnlc aaala ia aa attaapt ta clarify
tha raUtiaaahipa af daath rataa aaoag populatlona (fig. 21). Ooa of tha
amJar factor* iafluaaelag baatarial dicaaaa davalepoeat ia tha diffaraatial
rata of growth of tha pathagaa ia diffaraat host plant*e Sadaaivan (1941)
raported that thara wi gaoarally a diract relational Ip hatwaao oilt develop*
aaat aad aaahara of roaidaoft pathogenic baatarla* gawara Injury to tha
roat ayataa at tranap lastlag provides aa avonaa of aatraaea of tha argaoioo
Into tha hosts aa Sadaaivan (1961) atatad, vilt*auaeaptihla plant* produea
greater anaaota of root axadctaa thaa do thoaa of resistant plant*. Tha
wound* 1a tha root* nay have induced a greater raloaaa of tha eaadatea (amino
acid* and augara) thaa creating a aooditioa conducive ter the growth of
tha argenian.

On tha lk«ai«lagarithadL.c aaala, tha Fj and check plaats danonatratad
parfaatly linear daath rataa. Thaaa awpanantial survival pattaroa ninlc

thoaa of othar living organ!ana under atreat, whan ao raaiataaaa nr
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protection 1* available. Can (1942) referred to euch atreae ea a condition
arialLag particularly fra pathological alteration af hoot tlaauca and
datarioratloa af tall collolde. Xt any ho aairad that susceptible plaata
have essentially aa gaaatta or phyalologleal ability to prcvaat or delay
thia datorlaratloa. Xa contrast, the genes far realetaace la Fj praaaaahly
atopped aaltlpllaatlaa or activity af the orgaaian i1a field teata. Aader
tile bed conditions, the Fj chowed son* death iraa wilt, aaly la the laat
few weeha af gravth.

the reaulte froa the genetic*lly-uaifora Fj population are leaa clearly
1aterpretable, referrlag ta the lag*tranafocissd data (Fig* 21)* Under field
aaadltlaaa, fj plaata withstand tha bacterial attack about 15 uacka and
then started ta swscwab, again la aapeaential faahlaa* Xa tha heavily*
Infected tile bade, however. F| plaata appeared ta Inelude two groups, abaut
2% dying between the 2nd and 4th weak, tha raualadar passing aut exprasa
ttally free tha 19th week aa* Xt la inferred that eeaa segregation eeeurrad
aaang tha Fj plaata*

Tha Fj papulatloaa (Fig* 21) ragraaaad toward tha auacaptlbla parent,
rad preaent tha waltttaageetial curve expected far polygenic aegregatlaa*
It one gone govermed realetaace. ana would expect the Fj curve ta dip sharp-
ly i1a tha ftret few weeks, level aut. than dip again. Thia did not occur.
Xa the afi] (Fj a auaccptlbla parent), however, tha awparlapcaad exponential
patterns beesaw evidente Masgr 1C plaata died la the first few weke, te
predaee an Initial dip la the survival curve. Of acre Interest la tha feat
that tha neat realatent BC plaata (about 3%9%) survived until about tha tim
opponentlet drop appeared la the Fj*

Exponential portions af tha eurvae far Fj, BCj and Fj ware parallel,
Insofar aa could be determined (Fig* 21)* Xt ia Inferred that lavala af

resistance ta tha haetariwa reflect retardation af ita attack or multiplica-

tion, aa hypothesis aailad far by tha parallelism af survival curves*
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results of these studio* frm a genetic 1taadptitt, ths distributions of
ths populstious «oro considered (table S), using the grouplags discussed
previously* Data were eiawnrlsed frea the four field plaatiags (Pig, 7).
When the populations of Fj pleats were classified as suscsptible (8), inter*
aodiate (1), or resistant (E), a large propertloa (321) ad resistant plants
was recovered, this result suggests that a sasll washor of goats nay be
involved in dOterodaing wilt resistance. Assuring no desinence or geooatric
effects, each allele has an agust ead oocaulative effect, sad an P2 distri-
bution of 1(8)1 2(X)« 1(E) based sa me gene pair could be celeulated. the
sunasrised Fj dots (Table 3) were elm* te tbia distribution, although indi-
vidual saaaoas varied eeMidcrably about it, Ths observed values ef Siltl
1a the twe backeresa pepulatieae were eleaa te unity,

Chl*equare tests far tsonogenic ratios were node ea the Fj data for
nine weeks (suaeaptlble group) and at 17 weeks (reslatent group), Chi*
squares were else calculated for BCj retlea sc ss to confine the Inferences
Arson firm the Fj ratios (Tables 4, 7), |Is dendaaace uns asauned, tha as*
emptiea being only that (8) * ana hseosygote, (&) < ether hmesygote, (1)
= heterosygote.

At nine wanks, the Fj chi-equare values during tha siaassr, fall and
winter tests showed pear fits for the It3 ratio. The pealed chi-square
value (3,4), however, Fitted the expected velum (Table 6), In the DC|,
the ehi*equare veins iIn the fall test showed a (orsd fit for Itl ratio. Bow*
aver, tha pooled chi-square value (4.2) was slgnlflaaatly large (P < ,05),

the Fj values st 17 weeks (table 7) in the fall and wiatsr taats shews8
wide deviations firm tha sxpestsd ratio. Likewise, the pooled chi-tquera

value was significantly largo (P < ,01), la tha BCj, values obtained in the
spring test and pooled vetoes deviated widely firm the expected.



Table 5. Percentage of dead plants frait bacterial wilt in the
susceptible, intermediate and resistant groups.

Population Season Susceptible Intermediate Resistant Total
(19 weeks) (10-17 weeks) Survivors Plants

Summer 100.0 mm mm
Pl Fall 100.0 mm 371
(Anahu) Winter 81.7 18.3
Spring 97.8 2.2 mm”
Average 94.9 5.1 mm
Summer 74.0 22.5 3.5
Pall 52.4 42.8 4.8
BCi Winter 37.8 59.7 2.5 544
8orin* :33.2 59.2 7,6
Average 49.3 46,1 4N
Summer 22.5 48.3 29,2
Fall 4.8 52.3 42.9
*1 Winter 0 86.6 13.3 340
Soring ....... 0 ... 96.2 3.8
Average 6.8 09.... 22,3
Summer 41.3 342 24.5
Fall 19.2 34.5 46.4
*D Winter 12.5 57.3 30.2 1,482
Soring 24.1 _ 50,9 25.0
Average 24.3 - 412 31,5
Summer 24.7 30.7 44.6
Fall 15.0 40.0 45.0
BC2 Winter 3.3 29.2 67.5 538
Spring 0.8 57.2 42,0
Average u.o 39.2 49.8
Summer 8.3 8.3 83.4
Fall 0 5.0 95.0
(E%OB—Z) Winter 2.5 0 97.5 335
Spring 2.6 32.9 64.5
Average 3,4 11.6 85.1
Summer 100.0 mm mm
Check Fell 86.4 13.6 mm
(Y. Plum) Winter 83.0 17.0 4,768
Spring 99.0 1.0 -
- Aerae. .. Jbl . ... »JUF.... mm
*3 Winter 47.9 26.9 24.2 380
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The 1) p<f«lakIM (Talla 5) would be a”~ctad, m < wBwaneaic hypatbf
itl, to segregate 3Si2lt3K* Th* obtained ratio (48Xs271t251) waa claarljr
dlaarapatt fron thla aaq“aatatlea* flovroartew Mfltai of wight hava
contributed to th* biat her*.

Tho data froa ggaw toaia toot* were also grouped lata arbitrary 8, Z
and 1 groups, and tooted aw tho aonngeale hypothesis with nodawlnanaa (Table
8)* Zn toat master ana, tke Fj chl-aquare value at 47 days froa gloating
(maturity stage) waa 4.9. Za the the ealaea fitted the expected 1*1
ratio, He toat aariwr two, the obsotvod values la th* ?2 aad BC2 ware cloae
to the expected. Za laboratory toot auaber three (tile bed), the Fj chi-
epare value of 9.4 reflected a good fit to 3tl ratio, aad that £re* ICj
a algaifieaat discrepancy froa expectation.

Whits aocaa of tho distributions satiafy a moeofactorlal hypothesis for
realataaea, others departed significantly. Zt was apparent also that tha
elasalflcatloa of StZtft oa which this staple assuaptioa was based was only
arbitrary.

The altaraative aaplaaatloa of thaaa data it that of a waitifscterlal
basis for resistance. This hypothesis la ware la heaping with results frew
studies of ofbor bacterial pathogens of pleats aad aalaclo. Several facta
appear to favor the waitlfactoriail explanation* Zt is evident that any
aultifaotorlal dlatrlibutlaa could be arbitrarily divided to givea 18 i Il t
Htratio in Fj, with Itl 1C ratios= Therefore, the designation of dividing
points iIn tatt batwaea 8, X aad ftplants any hava prodaeed pcondo»woaofoc-
torlal MsngitisM. Critical evidence aa tha timher of governing genes
requires extensive advanced progenies. Tha advanced progaalec grown hero
(Table 2) peewit cows conclusions, however. Za die first instants, the
dlatrlbutlaa of F) plants derived froa IT plants of wahwowa resistance de-

viated from the 38* 21* 3ft expected an a woctofactorlal hypothesis (Table 3).



Table 4. Hunters of daad aad surviving plants la baatarial wilt*
infested fields at maturity (9 weeks freai planting) with
nunbars expected under the nooogenic hypothesis.

Season Observed Expected Chi- p
Dead Survivors

™ Flail

gunner 98 139 59.3 177.7 33.8 0.01

Tall 79 335 103.0 309.0 74.5 0.01

Winter 40 281 80.2 240.8 24.9 0.01

389 128.0 384.0 0.1 0.60

Id 340 1.142 370.5 1.4 0.07

Pl Uil)

Swear 105 57 71.0 71.0 12.6 0.01

fhil 11 10 10.3 10.5 0.1 0.82

Winter 45 74 59.5 59.5 7.0 0.01

Sarins 87 131.0 29.6 0.01

fittkd m m wo-mM=Q..-_-JUL__ Pxw._.



Table 7. tankers of dgd aad surviving plants bk bacterial wilt-
infnstod fields at pevanteea vaaks from planting with
makers anpoetod undsr tha wonogenic hypothssis.

Sauoo - i&iami__ ... JsiMsJittg_ Chi- P
smm, MsFxAVO* amg?. .
D.Jouz2.
i+ sr m 38 177.7 39.3 0.1 0.83
Hal l 221 191 309.0 103.0 100.2 0.01
Winter 224 97 240.8 80.2 4.7 0.03
Sorias 384 384.0 0.0 1.00
Pooled 1.038 _ 474 1.111.3 370.3 39.2 0.01
»C2 (1;1)
t— at 83 47 73 73 1.7 0.18
Pall 1 9 10 10 0.2 0.60
Winter 81 39 40 60 0.3 0.33
144 104 124 124 6.4 0.01
Ssshi__ . m ... -2 . HA Mo _JL2,
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The kmb survival #t« ef Fj M Um were distributed throughout Che week*
studied, with, honever, mm evidence ef triaedal diaper*ion (6SLIU t R
Caailles). the survival patterns of BQ plans (Fit* 21) are critical to
interpretation of the data. X this areas segregates wmofactortally, about
IXef the plans should die la (Anfirst 9weeks, followed by a plateau
with little death occurring anil about the 15h week (When espoaoniel

ten of F| plana eeewrred), A sharply binodel deeth patters ef ICj plane
eeana an te have occurred, suggesting asltlfeeterlel patterne. Similarly,
the diatribniea of deaths sanag Fj plans (Appendix Table 1) wes acre or
loss eonlnusas, without the snpneted trlaodality of O asaefaeterlel die*
trlbnlea. Several fj plane claooifiod aa resistant sheved leternediate
ead sneeptlble Fj aegreg**to. This alee euggeete that Ao t plaats are

an hsassygsus fsr e Slagle reeletan allele.

Sine it la ef preetlsel tepntsna for reeiataece te held up until
Md«beerlag teaecu, the data for wilt rosistaaeo were alee grouped la eleee
intervals according to the stages ef growth ef (he pimts (Table 9. Saeed
sa these stages, frequency curves ef the different populations wore eca*
strutted (Fig. 2. These distributions slsdlarly ladleste the probability
ef a wultlfeeterlal basis for resistance.

fine the death ef Fj at (he end ef the eeesoa eaa Im attributed te
sup factora, ether thea bacterial wilt, Intcrpretatloe eeners ea the
ralatieaahipa —eng fj, tCj ead F| populations. Beth Fj aad Fj populatlona
wore ualanrtet, ead aore or lew asraally distributed uhea the peeled date
ere ceaeldered. Sawsver, the log-transformed date prraented earlier (Fig.
21) clearly shewthem te be eapeaenial curves, departing significantly
frea normality. & ocher words, O certain fraction ef survived died can
week haring the enpeswnial Killing periods (4 ¢ t$ weeks far Fj, 13* 19



Table 9. Percentage of plente dying la wilt-infested fields
classified by eCages of growth.
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weeks for f|>. Dm data obtains* aatil 17 vwka rsflact an incoeplete
platare of ganatiamti tMMi1 Awtyili ef th* date gathered ksyond 27
weeks i1a the fait and winter teete reveal a continuous distribution ef tiae
of vtU*isdw«4 death ef plants femerly alaeeified ae reeietaet (Table I).
Death pattarae la the winter teet (fig. 23) have bean platted for Dm attire
21 ecefca etedied. tea atriking observation, alluded te prevUmalp, ia that
the iCj did net Dmw a biaodal dietribetiee (aapeeted oe aocoofactorial
basis) , but rather a cettlaweea distribution.

Dm hMm ef tha fj ani »g populations vara essentially the aaeet at*
though Dm m m ef Ig uea wueh aaalter. Dm 8Cj waam era about tntarmdlata
between Pj and fj.

2e. SSBAMBCStr It baa been eoeeidered throughout previous diaceaataaa
that dettacaee was leekiag. It ia convenient te think ef Die abaarvatleee
ia tetaa ef "piMaotpple dettacaece™. Te Dm platt breeder, the reaiatMMe
ttpraaaed by the F| at the critical fruit-bearing ege ia eocawenSontly called
dealaaace. however, Dm fj plaata ultimtely died Area wilt, ami Might,
therefore, lead te the argument that auseaptftbliitp wee pfceootypicelly
dmlastiag* Ttom Dm ataadpeltt ef the geeea involved, however, little am
ha aald about dominance. Dm f%waa nora resiatant than eea parent, earn
auaocaptible than the oDm*. Theae auggeat largely additive effect# ef the
ellelee Inwlved, a conclusion clad.Ur te that ef Doaado (1958). Oea index
ef dealaanee variance weald be tie regression ef V] eeea toward one or
ether parent. Such a regression appears to have occurred (Table 19), with
tha f] ease = 197, and Fg = 93 days. Thia aould ha Ittaxprttad te iadieate
partial dominance ef fame for resistance. Since the survival curves era
net normally distributed, however, this conelusloa should relate to leg*
transformed anaaa, and tha differenea ia lam on such a mala, day eoaperi*

am efFeacha m 1ia invalid, however, since the eeana ere baeed on the
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Figure 22* Percentage ot dead plants to bac-

Figure 23.

terial wilt-Infested field# occur-
ring to consecutive stages of growth
(Means of four seasons).

WEEKS FROM PLANTING
(WINTER)

Percentage of dead plento to e
bacterial wilt-infested field
oeewnrtog to consecutive stages
of growth (winter test).



Table 10. Weighted Mane expressed la nuaber of days froa planting
until death froa bacterial wilt (Duration of experiaent

e 17 weeks)

Popullation
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PNRON WO ~NW
NorbDA DODWH

107

|—\
NE
+ +

133 +
117 +
123 +

28 + 0.2
42 +0.9
50 +0.4
29 + 0.2

Aygffég. 37 +9,

Total Wumber

120
40
120
91

142
21

119
242

21
119

237
412
321
512

20
248

20

Ik

951
552
1,057



3.
assuoptioa that pleat* Mtvifiat it 17 waki weald h m died of wilt within
*n average of 7 day* froa that tine. la effect, many of ti>e*e rwUtatt
plants may wot hew* m a w M at ell to wilt*

Another wey to oeeoia* possible dominance effect* 1I* that of oatcw-
letlag means, oa the tog =«*1* (Pig. 21), for fl, BCj, ead f]. At U5jy
(371 Lilting), these wore approximately 4*5, 12 aad 14 weeks, respectively,
tho XC|] average aatood* die mid-parental point. Oa mnltifactorlel basis,
doolaaaca verisace of Kj (aad f2) Ohaald «o»1 oadulf that of fj, aad
B€] should equal aldparent Irrespective of M mim . la effect, theae
coaalderatloa* ladioate that th* time seala ehotoa does aot permit direct
measure of dealasace contribution ia aay multifsctorisl analysis. th* time
of oaoot of sopoosnflal killing ia aay geneticelly-ualfora population of
tomato™* appears to rofloet the phyelologlcal-lImitstiea of heeterisl growth
rates, these time* appear aot to ha normslly dlatrihotad, had additive
only upon log transformation, thlo doao aot auggeat geometric (Multipli-
cative) gene action, hat probably reflects only won sdditlvs growth of (ho
pathogen (aa do ourvival eurveo).

ft mot bo ooaeladod Ool dominance ia leelting or, alternatively, that
the dota do aot pomft ita recognition.

Tha intermediate raaiatamea of lorth Carolina lines and performance
of their hybrids (table 4) also support a maltifaetoriai interpretation.
Assuming tha Perth Carolina lines carrying fewer gaaea for wilt resistance
then 1), progenies of Perth Carolina a Anahu would ho *«pe«ted to ho mare
susceptible (ham the pvogoaiao of PC pleato a Fi (Aaehu a 3338-2). Table
4 above that (hi* waa, in fast, true.

Smith aad Clayton (1148) aloe reported a cunulative affect of goaae
far wilt resistance iIn tobacco, they attempted to accumulate genes fOr

high resistance (Imunity) Inst the final result mss negative, this result



56.
we* attributed la part tit tic irregular oecticrcacc of » «mc vilt 1&fcctc*
tine ia the field.

ItecttN of the enrtrwi variability of result# cel the angr afawptlcw
wade fa the analysis of the dote* the results at head do not give epeeifie
informtton ee to the washer of goaeo involved i1a wllt-reatstaace oar their
degree of deolaaaee. tt ooeno probable that realetaace it controlled ml*
tlgeaieelly cad probably It involves major genes with oianr modifying
feetore. It to suspected, however, that e low amber of genee ere involved}
IT aenp genee governed resistance, 12 eegregeate with ell or aost of the
"Vine™ or *aiwe™ genes would rarely appear. Disease expression lo altered
by differeneee la patbogeaeity of strains, by environmental growing cewdl-

tions, ead by the kiaotiee of pathogenic populations la the hoet.

)= Other Stadias

3® 1toet tealc acaatede reeeeiecau Plants leapled free various levels
of wilt reoleteaee woro teeted itr asastods reeponae ba seedling teete fol*
lowing the aethod of eilbort mi HeOuiro (1956). Slaeo the vilt*resiefast
oareat (P.) ie ttteritofinle to leMfcrti  this teat wee undertaken to deter*
ndaa the possible eeeoeietiea of theee characters. the psrenta as woll so
V] mi1 fj feallisa woro Included ia the teete.

la the greenhouse, the eeede wore pleated hi gallon eeac filled with
sterilised Mil* Approwiwetely 90 grewa of Irwdi, heavily gelled root* wars
diotrlbotod la = layer of Moot 9 ct, just bolow the eeede.

five otaocaoc of not boat susceptibility woro weed in the readinge.
Clem 1 pleats shewed ae visible galls of say also* Class 9 plants had one
or for tiny gaits* Class 9 plants had poster aoOber of oeell galls, hots
m Saner sells* Clew 4 plants had wide distribution of swell galls larger

than Chose of etaeo 9 pleats, and slew S plows had heavy galls, tin gall
1adsa was calculated by astsg tics fallowing fomulst



toe vilt-itfMUd fields used ia this study wars lafsstsd with natural
population* of root toot neauttodee. During tha winter toot* tho response
of tho ailtHsrrilvari wa determined by digging tho plants* Tho whirs of
plants with said without sails woro recorded.

Tabla 11 Stow th* roaottooo of tha progenies to galling. to toot
nunbtr <nt, ton gall index of tho O\ weo 1*4, and dn ?j wan 3*7* Tha index
of Pj wen the aane ea fj. Thla raault ocontoeno with the known dominant
nsnsfsatsrisl condition of nonafede reeieteaee™

IT wilt reetetaaee to aeeociated with wanstoda auecaptibility, tha pro*
genie# of tha wilt-realatant 1j parenta night ho aoro auaeeptible to nano*
todo* Tha todtooo of aight Itooa toon wilt-raalstant parents warled toon
1*9 to 3*9* Thete todtooo war# interaediate to tho parsnta, perhaps alooor
to th# gall todan of f] than fj*

h ow tha thrae todtooo OF progontoe toon wilt-parttally auacaptibla
parents, one nno approaching the fj* Tha sthor two Uan showed substantial
rostotaneo to nanatods i

to tut nwdhnr two (Tabla 11), tha P| plants wore alee rstod as reeto*
teat. One out of tho fonr wilt«rsntotsnt parents shownd resistance atoiler
to tho Ft* Tho 1aterandtote gsll Indices approached tha gell laden of tho
*a.

teong thrae line# toon partially wilt-resistant parent#, one line au
coup lately onooeptihlo* toe cell laden was tho osno as the susceptible
parent (Pj).

These remits danonstrsts that wilt raatotanea was not aanoatotod with
tho Some (root hnat neaotoda tuoeaptlhlllty) on cthronaasna 4* Thla

finding to supported by tho rooulto obtained toon tho field toot* too dste



Table 11. Raspoas* of the parent* aad hybrids to root knot

aaaated™.
last do. 1 last do. 2
Population dumber of Gall Muaber of Gall
Pl (daahu) 144 1.4 26 1.0
Pi 82 1.4 _ nm
»2 231 1.8 34 2.2
lit 3.7 17 4.0
P2 (partially
vllt-suseaptibla) 82 1.7 28 1.4
72 1.8 29 1.4
10 - o
10a 3.0 28 2.1
Pj (partially
vilt-reslatent) 40 - 24 1.7
> 5 37 1.7
m 4B 23 4.0
»2 (wilt*
resistant) 144 1.8 29 1.6
101 1.9 44 2.0
101 2.2 9 2.4
121 2.2 37 2.9
102 2.4 W mm
97 2.4 D *»
130 2.6 - m

178 2.8 —



Table 12. Impmm ofwllt " iurrimi la a bacterial wilt*
infaatad field to root knot aonatoda.

Parent Line Parent Ranker Ranker

(Solfod) wilt of of SenetcKle™™ Henatode-
n Unlmnen 3 7 nm 1
*cx («D)* - i 1 5 nm 5
) Unknown 4 33 23 10
»5 Realatent 3 35 24 7
iCi Realatent 1 8 4 4
»Cl (B81)* Realatent 2 14 2 4
ac2 Far. Sue. 1 3 1 2
* % Reelstent 2 15 12 3
9 Unknown » 52 52 nm
*3 Realatent 1 14 14 —
BCi Realateat 3 11 n nm
BCi (8D* Realatent 3 14 14 nm
ica Ikr. Rea. 1 3 3 nm
BG2 Realatent 1 4 4 nm
Total 3B 222 140 42

* Saifad twice



60.
ia fahto 12 Indicate that regardless of wbathar tha parental pUtf wt n*
elihntt to wilt or oat* tho progenies wars olthor root knot nematoda-sua-
eeptible or resistant. Of tho 222 surviving plants ia =« wilt-infested
field, 160 plant* had eloan toot* aad 42 war* heavily galled. 4 chi-square
toot based oa Stl ratio par* < value of 4*4 (P * 0.04). Although tho chi-
efim vcluo showed a poor fit, tho M>Nrvt4 aotwt approxinatod tha «*-
poctod valuaa.

Fyre aramth habit, Xfttho four fUld teats, segregation
for pleat fora of either detarniusta aad tagataxainate (at*) was
ohaorvad among surviving plants (eocaalderod roalataat to wilt) at 17 weeks*
Indeterminate growth i* controlled by a aingle dominant pair of tam, and
tho I) ratio woald have bam Stl for this trait if thsrs woe no association
between thla eharaetar aad edit raaiatance.

the oboorwod auabare of oorwiwiag plants with tha gp* ead m m phono™
types deviated widely from the expected values (fable IS). Out of 474 fg
plant#, only 14 were determinate. The date indicate that at least port of
tho gaaao for wilt resiatanea are linked with the op+ locus oa Ithraacoona
Ii or that there la ooas generalised functional association between the
treito.

Me resistant plant with ooanoroial fruit alee woo rooovorod ia tho Fj
(Tig. 24). tho question arises so to Whothor resistance is eooooieted with
anall fruit oioe. Mo opaiaattil procedure was undertake* to anowor this
gauetieu, but there was slight indication that such an association existed.
Again this could be explained by eoouaing that part of the geooo controlling
wi It rooiotenoo are linked with the goaao governing fruit oiao, or that
other aaeoelatieaa exist. The result also denenatrateo that where disease
resiatanea ia polygenieally controlled, the transfer of roolotaaec to o

crop variety with eenplea pality eherectere is difficult to attain.



61.
Sena premising plaata in advanced generations wars aalactad with wilt
tolerance ead lapreved fruit aise (Tig. 2$). Zt reueiM to ho soon whether
or not ell tho gown of &, concerned with wilt resistance
can ha divorced fresk their parental genome and transferred to e larger

fruited type.



Figure 24.

V. Plum
@xH

Representative fruit* of
th* parent* and hybrid*
(Anahu x FES 5808-2).



Table 13, Nuabar of surviving (wilt-resistant) 12 plants ia
bacterial vile infested fields with deteralnate
aad tadotsmlnato growth.

Total Season
Cbaractor Hcsdar of i Winter i
Plants vail Spring
ladeter-
alnatc 460 » 167 95 120
Deterai-
nato 14 m 4 2 6

Total 474 36 191 97 124



Figure 25. A wilt-tolerant progeny from a cross
of North Carolina line x Fj (Anahu x
5808-2) with Improved fruit size
(top) and F5 selection from Anahu x
5808-2 (center). Note stunted test
plant (center A). A wilt-tolerant
determinate hybrid (bottom B) with
dead test plants on both sides (A and C).



f, SIMMS! AIDOOGIMaB

Meekly survival data war* recorded for alrnot U , W Comto |Uati
from under condition* of mw m baetmial wilt Q™ r i FiMW tFtUMEFEFIfi™>
&V 1)), Tha pvegaaiaa M«n4 wr* derived few croaaea of « WM#tttl«
imirpUl tomto, v«r. Imlw, aad = wiltiwiitait iabnd few the apaciaa,
Lycopcraleoa >mtMiilie>1i» Mill, kwilti abtaimd few fiald triala la
I U aamen* mar* corroborated ~ tuti Inwtlfiaaculatad flats and til*
iwfex fte wwritjr of the AUww varied seasonally, with eh* mot aooata
ooccniw to tiemow m oths, at tlaw of higiast toll toforrtww.

Survival ear™* for th« auaaaptlbla parent weft (tantically-walfirar)
fy wm ofowttfel with tim, SC* kthalife occurring at about 4,3 aad tf
moke, r—yr timly, after traatplentlag to feo field, the ratMwt parml
rarely twtiiadtad to will ia the field, aad mat plaet* mro surviving at
IT voekt (and af good fruit-bearing) «hw *ap*rl— at* aara camtodad. Book*
crooooa of f] oad do anmeptlhl* parent aogrogatad pleat* varylog widoly
la tfeeo of feed, with arpoacotial hilling *tartiag ia ahoat On 12d vaah.
The other haokoroaa am eiwiUrly ijatawttrtt to it* parents, aad fj aad
Fj fawillaa atfcatMud wid*ly. 4 ralativaly high proportleo of Fj md Fj
aagragaata aara classified aa equally susceptible to tha mmaptihle parent.

Tha data froa segregating faailia* aero latorprotad mlttfmterially,
ia tho abeam* of marImla* orldma* *f oat or a for anjar s*me for re-
sistant*. Partial daaiaeme of goaaa conferring raalatama could ho mb *
geotcd few the data, hr with tha oaatloa that another choice af aaala of
mootromod —*g5» *fe<dpt thia aocoaloaiao* Otherwise, m m aatioa aaat ho
hold to ho oatiroly additiv*. When tho data wmfo arbitrarily grouped aa
emoaptfible (dyie* within 9 waoho of plaotlo*), rooiletoat (wrvtviag ot

I»tt-b«ria* atago, 17 waeha after planting), md intormdiata, eh* following



-
ratio* watt approxlasted: 10] <« I# 1 U* BCj = U |1 tt»fj « IS t IS T IE,
and Fj = 2F t IX « IE* thaoa ratios otgMtdl Hot resistance could he
daalt with t» tha braediag pmr« i nueh as If botaocygoslty for «m or |
for i— ct conferred ml 1 tMKt.

Several Horth Ceroliaa Inbred Uses, which had horn brad far wilt
resistance, proved to bo iseecoedlstc la wilt-susceptiblllty uader Icm llnm
conditions* their pctpaisa segregated == if tha 8. C* lines carried wrap,
hot not all, the additive factors fornti HMM of tho J~
tins*

Survival rstoo sooag touotoos of all tiaso were higher whoa tds iococit*
Uft was obtained fro* infected bird of paradits fitralltili »>»*-* Basks)
or edible |i«t«r Eeceee) than when laoculuo oao takas
frsn susceptible toonto pleats*

there appeared to be so aaaociatloa of wilt rsaistaacc with root knot
ao— tofi soscoptibllity Howvar, ladetenstaata giewth (g”) woo
associated with bacterial wilt resistance, suggesting a linkage kotwaoa

aad rasistaocc ganse*

Eselatest plants with cowards! fruit airt wars aot recovered. Croosaa
of tha F] (Until « HBS SK3f\Nt) with large-fruited forth Carolias liaaa
having iataxnedlate rsaiatanaa gave prowlstap, wilc-toleme aalaotioaa

with Saprwed fruit sisa.






APPENDIX

of wilt resistance” (Sea Table 2 ia teat)
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