
55616 \\';\\ not ,..:rcn1cd l-...·c,u15c \\'t: wantcJ tirst to 5ce the ri:5ult5 from PI 55561-1. If Pl 555614 docs ,1pproach a higher le\'d than 75%, then Pl 5S:i616 will be screened. 
Pn:viow, ol-,.;cr\'atiom indicated that pepper l'lants surviving in Vcrticillium intc5tcd ticld5 had wme level of r�istancc to \'t-rticillium wilt (nor c5c.1pc5). individu.11 plants were selected from .1 \'crticillium intc..,ri:d ticld in :--:e\\' Mexico. The plants ,clectcd from thc tielJ \\'Crc 5dtcJ for three generarion5 .  Each ocneration was 5crecneJ for Verticillillln wilt resistance. Ind.i­�id11.1b highly re5isrant to \'crticillium wilt from generations 92Cl588 S2-l, S2-3 and 92Cl591 S2-2 were saved, and d1ey will be used to start a gcnotypic recurrent selection pro5, 

Commission Report 
Continued from page 1 

Research Work Thc mainstay of the Pi:ppcr Commis5ion is research work. Thc ,l55�5mcnt5 d1at Ca.lifomia pepper growers and handlers l'·'Y into th.: Commi,sion go prim.1rily for funding n.:.search work on rhe major viru5CS. The Com1ni5sion fundcd d1ree projcct5 in rhc 93-94 yc,1r, one e.u:h at UC Davis, Nnv Mexico �r.m· L'nivcr,ity and C .. orndl L'niversiry. A stunmary report from c,Kh ofthc5e projccts is contained in thi5 newslerrcr. This i, an appropriate rimc to mention that the fu.11 te:-.T and charts for rhesc rcporr5 can be obtained by writing d1c Commission offin· .it the addrcss on rhe masthead. There is no charge for rhc full technical public.irion. 
Anorhcr �1uc..,rion \\'lm:h ofrcn arise.., rclarc.., ro thc promo­rion.11 ,Ktiviric, of the Commission. Thc answer is simple -there arc none. The Commi55ion cannot engage in any pro­morion or legislative activitie,, and will not l:x: able to tmlcss the indu5try change.., d1e la\\' \\'ith .111 industry vote. 

Pepper Assessments 
Production in Ions os if for fresh mkl. 
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1993-94 Crop Figuring our the direction of tht· i11d1L,try i!. an interc,ting cxcrci5t'. If you look :it rhc tigure abo\'e, .1 three year comp.1ri­!,0ll i, given 5hO\\'ing the number tons of peppers produced for 
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California Pepper Commission 
Financial Report 

Fiscal Year: May 1, 1993 through April 30, 1994 

Account Name 
INCOME: Carry-over from 1992-93 Assessment Income, 1993-94 (Based on combined rate of $.50/ton) Prior Year Assessments Interest 

Total Income 

EXPENDITL'RES: Management Services Audits Office Supplies Telephone Postage Travel & Mileage Meetings Insurance, Taxes & Bonds Marketing Branch Production Research Outside Research 
Total Expenses 

Carry-over Reserve to 1994-95 
Total Expenses & Reserve 

Amount 

$77,231 147,991 
5,187 3,803 

$234,212 

25,200 1,300 1,535 378 586 358 276 405 15,737 101,460 1 360 
$148,595 

85 617 
$234,212 

rhe four Jc..�tination!, tracked h\' rhe Commi\\ion. O\·erall the crop is 85% of lasr year's, but i!. ll0% of the 91-92 ,e.1so11. Different ,1reas gro\\' and ,brink for variotL, rea�om \\'hich :trt· nor :ilway, clearly apparent. If the trend continues, ir appc:1rs that the fresh market i, gro\\'ing \\'hile die others change from year to ycar. 
Budget Looking ar the budget, rhe cxpcndintrcs \\'ere on target \\'ith resea.rch expcndin1res running about the ,ame as !:1st ycar. This amount, S102,820, went to tin,uice the rhrcc proiecrs reported in d1i, ncwslcrrcr and rhe \\'Ork performed by Richard �mirh. The remaining 30.8% fin:mced everything else - mecting5, management, newskrter5, nurkcting branch, office supplie!., inmr.rnce, postage, etc. The Pepper Commission ha� :i fairly small buJger ,md the Commissioners \\'Ork h.1rd to �trctch your research dollars. 

The Pepper Commi!.s1011 \\'ekomcs your conunenrs and suggestions. Please frcl free ro coma ct one of rhe Comm1,,io11-ers listed or the Commission otl-ice ,1r 209-591-3925. 
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Commission Report 

Welcome to anod1er edition of the annual report of d1e Pepper Commission. Work for the pepper inJusrry i, continu­ing to progress and several significant iliings happened d1i, year. 
Po\\'dery mildew remains a significant problem in m,rny pepper growing regions. A Section 18 for Baylcton 50% Dry flow:iblc formulation was again assembled and submirred \\'id1 updated information ro rhe Ca.lifornia Department of Pesticide Regulation. This infornution was reviewed by CDPR and the Federal EPA and has resulted in die granting of a renewal for the product for d1e 1994 season. If you plan on tL,ing Bayleton, please get the complete label and usage requirements from your Colll1t)' Ag. Com1nissioner and carefully follow all directions. 
The major rea�on some growers will nor IL\C Ihylcron is the plant back restriction of 12 mo11d1s for m,my of the crop5 traditionally 1.C>ed in rotation wid1 pcppcr5. The problem is nor die product, but die lack of certain information for die label. Richard Smid, set out to remedy d1is by doing die required research and submitting the information to the IR-4 program. The final result should be a label change to allow a shorter time period for the plant-back re..�triction. Cmrendy the IR.-4 re­quest has been submirred to EPA for review. 
This was die year mat the Pepper Commission celebrated its fifth anniversary, which also meant mat it was time for a renewal vote. Ballots were mailed in February to all industry members and die results totaled by CDFA. The voting is done by producers and handlers separately, and bod, groups must approve d1e progr:un for it to continue ,mod1er five year\. The results ofd1is years renewal ballot were: 35 handlers voted \\'ith 74% ofd10se voting in favor of continuation, anJ 77 producers voted wid, 71 % voting to continue the program. As a result, Secretary I knry Vos5 approvcd die Commission ro rem.1in in effect for :rnod1er five year period. 

Continued on page 6 
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Viruses and Fungal 
Pathogens in California 
Pepper Production 

Bryce Folk/Bob Webster, UC Davis, 916-752-0302 

vVe have now \\'Orked on pepper vinLScs and evaluarion/cn­h:uicemcnt of resistance ro G1lifornia pepper virtl5C..\ for 4 year,. This research has been successful on scvcral fronts. We have developed .1 good deal of infornution and knowledge about C.1lifornia pepper viruses, developed specitic diagnostic mcd1-o,h .rnd reagents, cvaluarcd pepper virus pad1ogenicit); cvalu­.ired various gcrmpL1sm sources for virus resistance, developed 'Pt'cific inocultun conditions, and enhanced germplasm lines for CMV resistance. Below is a Slllnmary of result5 from la�r yc,ir. 
Objective 1. To continuc ro monitor California pepper disease incidence, and to collect reprc..,cntativc isolate.., of the major virme5 with emphasis 011 cucumbcr mo�aic vims (CM\'), die pot)•vin15cs f potato viru5 Y (PVY), tobacco crch virus (TE\'), ,111d l'cpper mordc vim� (Pc.,\11\')I, as well a5 representative isolates of PIJytophtham capsici and Tirticillium dn/Jlinc. 
Over the past -1 year, \\'t' have visited �cveral hlll1drcd ditforent pepper tidd,, some scver.11 rime, in a given ye.ir. In gcncral, vinL\ incidence has been unprcdicrable. Spatial and geographic incidence ha5 been v:iriable in all years, and mixed infrctions h.1vc been very common. 
In 1993 \'irus incidence was widespread during the larrer part of the growing se,1son, wid1 wme isolarcJ fields affecrcd early in the season. The early ,ca5on ticld, gei.crally lud .1 higher incidence of CM\\ while !arc sea5on intccriom had plants infected by rhe complex of pepper virusc.., (PeM\; TE\'. PVY and CM\') . .\lixcd intccrions wne .,gain more common than were ,inglc intcctions, and O\'Crall PeM\' was the mo,r common pepper \'iru� in California. We collected only two spc..:itic iwlarcs for furd1er sn1Jy. One of d1ese i!. a CMV from 



the early i nfections i n  d1e San Joaquin Valley, while the second 
is explained below. 

In  addition, we detected potato leafrol l  and beet \\'C\tern 
yel lows luteovintses i n  selected sample.\ collected during the 
spring from Stanislaus cow11)\ Several p lants showed lmiform 
overall l ight chlorotic symptoms. Chlorosis was largely in­
tervcina1 and leaves had an upright posture. Such symptom, 
arc typical for luteovints infections of many hosts . We did not 
have time to characterize d1ese vintses, or to in fact determine 
if d1ey caused the field symptoms. We have proposed to look 
furd1er into thjs during d1c next year. We also found limited 
plantings aflected by beet curly top virus in early summer, 
primarily in Stanis latts and Merced cow1tic.s. A tcw afkcted 
pepper samples from various locations were dctermi ncd to haw 
tomato spotted wilt vi rus, bur no rapid diagnostic mcd10ds arc 
available, nor have we characterized d1ese vintses i n  detail .  

Vine, epidemics occurred late i n  the season in selected field., 
i n  Santa Maria. Some plants had PVY, and several had a virus 
which did not react in initial ELISA rem. We have wb­
seguendy transmitted this vints to various tobaccos and pep­
pers. Recent SDS-i mmunodifli.L\ion tests have shown rlut it 
is an isolate of PeMV More detailed ;rnalysc., of this vin1._, arc 
i n  progress i n  order to determine if it is a different PeM\� 

Objective 2. To assess the natural incidence of sc Pcrc mid mild

vints isolates in dijf erential cultivan and lf&110types. 

I n  the 1993 growing seawn we established eight fidd triab 
including 25 pepper cultivars/li nes i n  each . Field plantings 
began in  early May and ran through June, depending upon 
location. Locations were at UC Davis , Elk Grove, Gil ro}; 
Visal ia, Porterville and two in I rvine. P lots were continuously 
observed and plants were evaluated for symptoms, ;rnd several 
plants from each plot were assayed by ELISA. In most loca­
tions virlts i ncidence was low. I lowcvcr, in row location, d1cre 
was good virus i nfection. 

No pot),viruses were detected in  cid1cr location in the most 
poryvirus resistant material ( i .e . Pll59225 and P I 1 592Y1 ), 
however, VR4 and VR2 plants were i nfected by both PcMV 
and TEV at the Visal ia location. It is important to note that 
CMV pressure was high in Visalia. Under these conditions the 
original Perennial source li ne plants were CMV intccted. l low­
ever, our OPP breeding l ine materials remained CMV-frce, 
supporting our laboratory studies on the rc.,istancc/tolcrancc 
in these advance materials . 

Somewhat in addition to the above resul�, we abo cvalmrcd 
39 hot chi l i  breeding l ines obtained from the AVRDC for their 
resistancc/sttsceptibi lity to C1l ifornia vinLSc., under mn1cil in­
oculum conditions . Many plants in severa l of these l inl�\ were 
infocted by pot}'Viruses. A, some of these arc reported to he 
poryvinLS resistant, our data suggest d1at they 111.1y nor have 
acceptable levels of poryvim, rc.sistiuJCe for California iso­
latc.� .strains of these vintscs. Adjacent to these plots were l ines 
of the pot}'Virus- resistant PI l ines , and they 5howed their  
expected levels of resistance. Only two pLum of 156 plant, 
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tested \\'Cre C\1\' infi:ctcd. :---: .1rural ( \1\' incidl·ncc \\ .l\ l<l\\ 
so i t  i\ Jitliculr to detnminc tlw ,1gnitic111ce of the reaction, ot 
thl' ma.renal to California C.\ 1\'. I 10\\'l'\'Cr, l 1 1 111tcd grcenhmt,l' 
te,t, \\'ere done tL,ing 10 pl.int, o!"each ofthe,e l ine, with ('..\I\' 
1441 .1s the chal lcngmg \'l rus. :--:rnll of the !'I.lilts ,hmn·,I 
co . ipkte re,i,t;1nce under these admittedly ,e\·cre cl1alk11ging 
conditions , howe\'cr, soml' ,ho\\'ed the .1hi li ty to outgnm 
symprom, o\'er time. This 1, tvpical of the Percnni.i l  type ( ) f  

CM\' rl�,i,uncc. 

Objective 3. 1/J nsstss Ci\iT- mnnbility. to umti1111t 1:ljiwts to 
w/1a11cr ( :MT' rcsi;ta11ff i11 ( ,'aps1r11111 l11rrdi11J1 li11rs. 1111d to i11tn­
nct wit/J r/}01ts 1111 JJfllt"tlml�v-otfJlll(tTfd /"t'.ii.\tnllff to ( �1\ll' 

Our c;1 rlv focus for C.\1\' rc\lst.ult n1.11,-r1.1 I \\ .1, 1 > 1 1  tlw 
materia l madl· av;ti l .1hle to us from project co()per;\l()r, ( 1 11clud­
ing C.\.1 334 and Perennial rl-_,istmcc ,ource., ) . Our dh,rl\ h.1w 
prim;uily foctL\ed on these matc1uls. Of al l  the material te.\lcd 
by tk\ so far, the Perennial Imes ha\·c prm·i,kd the 1110,t prom 
ising re.wit\ . I Iowcvcr, th,· Perennial c;-.1\' re.,i,t.1 1Kc 1, com 
pl icated ;llld ditlicult to \\'Ork \\ 1 th. \\'hrn tlm i, coupkd \\ 11h 
CMV v;tri ;1bi l ity, ,creening for rc.,i,ra1Kl' 1s l'\'L'll more di llin1lt. 

Our previous work, including comp;m,011, ( J I  our nutcn ;1 ls 
from ,n·cral generanon, of ,elected 111.ttcri .1 I 1 1 1 ,1,k- lw-,1dc 
rc,t, ha, ,hm,·n tlut the levd ol C. :M\' roi'>LlllCt' h.1, incrosnl 
in our '>l' lcctiom a, oppo,cd to the ongi 1ul P,·1l·nmal hulk. 
Pcrcnni ;1 l 4 and 6 l i ne., . thi, i, also ,uppurted hy ticld d.11.1 
\\'here our DPP Imes ha\'e rcm.1 1 1 1cd ( '\1\'- ti-ce \\'hi lc ong1 11.1 I 
Pcrenni,t l 111ateri ;1I arl' occ1,ional ly C\IV- 1 1 1 lt·cted. I lo\\'en-r, 
we h,\\'c been rnuhle to tix till" rt·,i,c111Lt or prcd 1lt its ht·lunor. 
A percc11t,1gc of phnts continue 10 hl' ,11,cq,1 1 hle 111 ;1 II gl0 lll'r.1 -
tio11, of m.ttenal .  Admirtl'dl\', rhc,c matenab \\'l'fl' dullcngl'd 
under stringent conditiom using ,cwre C.\IV\. 

Llndn our tc,r condiriorn. ,om,· 1)1'1' l ine., ha\'e l'lTl()rmcd 
hcrtcr than othns. Almo,t .1 I I  ot them lu\'l ,ho\\'11 high ticld 
tolcr,U\Cl' over two '>t\l\011\ and many loc1t1om. In .1dd1ti()n, 
they sll(J\\ good rl'.\ l\tance to l' mps1n 1 1 1kct1011 .1 11d ,hm, 
improved plant arch1rccturc. Although ,ome i 1 1d1\' 1dua l, ti-0111 

the DPP Imes ;ts \\'di ,1s from l\rcnrnal olkn show ,ym1,rom, 
upon inoculation when plant, are very young ( 1 .l' . co1:·kd()n 
or 2-4 k,tf ,tagc ), plant, often n:cowr .md .1ppcar to grow out 
of the inti.:ction . 

It is becoming inerl\tsingly cle;1r tl1;1 1  the mode of re,i\l;l l lt"l' 
to CMV 1 1 1  Pere11 11 i ;1 l i, compl ic.lled. A, reported b\ thl l;rcnd1 
group, Perennia l ha, only parti.t l re.,i .,t.rnn· to thnr 1,olatc, ol 
C.'v!\'. To quote the \'ll'\\ held hy thl'm, �The .11ulys 1, of rlw 
dilkrnlt rt�'> l i lh '>O I.I r obt.1 1 1 1cd with l'l're 11 11 i .1 I , i . e. tokr.1 1 icc· to 
i 11ti:ctio11, i 11h 1 b1t1on of nru., multipl il,lt101 1  .111, I !own ' l"l(.'Cilic 
infi:ctivi tv of l'llriticd vi ru, ,hm,·, that tl1 1\ pepper l ine p()\\e\\e, 
,evera l different mcchani,rn, ot p;u11 ;t l rc,1,L11Ke . 0 �,mi l .irk 
the L1tcst test of rhe l'ern1 1 1i .1 I I I I)\' ( French ,ource) .1 1 
A \'RD( · ,hm,·, that th1, nutnul h,1, good lidd tolcr,1 11cc , hut 
i, 1101 co11S idcrcd as a C.\l\' res1,L1 11t l i 1 1e. \\'e no\\' hcli l'\'l" th.II 
thl' \'arymg ,kg.rec ot ,ym1>t<)m nprl'>\I0n .1 11d highly \ .iri .1 hk 
re,ti lts under different rest cond11ions 111.1\' he :1,,oc1 ;11ed \\'1th 
the complex re,s1,t:t 1Kc ll1l'Chani,m, of Pncnni,1 I .  This type of 
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, 1zt· 2::6 ,inn- it i, much l\l\icr to return to type. \Ve have 
l'Xtcndcd our .,tud1t·, to include TE\( Avelar i, ,usceptihlc to 
thl· Tl: V iso l.Hc., Wl' ha\'c ,crl-ened ro dare, whik the C. d1i11msc 
l ine., ,ire rc,1st.mt to the TEV-1; PVY-N , and ,u�ccptibk to
TEV-.\kx 21 .  Ag;1 in , \\'C haw not been ahlc to dcmon\trate a
ditkrrncc hc1wern rc.,1stancc in 236 and 225. We do sec
di tli.·rcncc, in wmprom mtemit:· i n  susceptible inter;tctio :1s of
rhe C. d1iumsr li ne.,, but we h;1vc not identified an isolate that
cle.irh· causl''> d1,l-;1,e 111 l S92::6 .ind doc_, not in 152225 . Thus
\\'l' h;;n- 1 10 l0\· idc1Kl' to conli rm the widely held opimon that
the ,1 lkk from 225 is '\trongn" res1,tai\Ce. \Ve have worked
out proccdurl'.\ to iwtlle and inti..'.ct protopbsts or i 11dividu.1 I
k·.if cells 1 1 1  culture \\'I th C\1\: Pc.\!\' and TE\' (Murphy a11d
Kvk in pre.\\ ) . \-\'c h,1\'l' shm, n th.ir \d1 ik C.\1\' rcplic.1tcs 1 1 1
1 1 1  protopl.tsts protopLl\h isolatnl from 236 ;1 11d 225 .ire
rc,1,rant to PeM\' and TE\' .111d we arc currently working on
l'\'Y. This s uggests thar the C d1i11msc ,ource.s otlcr an ex­
trnncly stable ;�pc of rc,1\t;mce. \-\'c arc abo work.mg widi two
,ourccs of domi1unt po1:·\·m1, resistance from Criollo do
.\lorcl lm .rnd PI I 59 12::6.

Objective 4: Contirm results th;1t suggl'St that dtL1 l i nfec­
tions ot C.\1\' + Pc.\1\' al ter rc,ist:1ncc to PcMV .md extend 
I lll'.\e .\ n.tl\'\l'S to Tl\\: 

After c,t.1bhsh1nl!, tlut the mechanism of pot\·v1rus rl·,is ­
t.UKl' cllnditioncd b� the .1l l ck.s from Avelar ;md ( '. ;-/Ji11rmc \\';I\ 

cJ ll l ll' d itli:rl'nt, \H' i 1\\'e.s t ig;1tcd till' effect or dml inkction \\'Ith 
( \I\' on till' ,1.1 hil 1tv of rc.,i\l,UJLC from these rwo ,ourccs . 
Thnc 1 1 1tcr:1<:t 1011\ occur roun 11ely in commercia l tields a, CMV 
" uhiquitom most phcl·s \\·here peppers .i re n1ltivatCL� .1 1 1d 
re,isL1 1 1,-e ro t he \ 1 rus i, ll l l ;t\';ti lahle i:omnKTC1;1 l ly. In Avclar, 
l0•1 1 1ll'ct1011 \\'1 th he morl' \'1niknt isolate, of C\1\' C;\11  ;tl low 
Pc� I\' to mm·c ,ystcmll;t l l\' ;111d accumubrc to s 1g111 ticant 
n ta,. Tlll'Sl' studic., ,uggc.st dual intccnon with CMV may 
acco11 1 11  for the ob,cf\•a1 ion th.it Pe(\-1\' h,1, been rt·covcred 
from Pe.\1\'- rl·si,t,l llt \·.1rietic,. Thw, , bcti.lrl' rhe conclu!-.ion 
rhat 1 1n,· -1r;1 1 1 1S .ic,ounr for rhe hrc.1hlow11 of rc.,israncc, the 
po,S1hi l i ty tlut dual inft·ction h;1, 0\'crcomc rc,i,tancc should 
lx· co11S1dcred ,1 1Kc the 1 111pl ic.\1 1on for m.uugcmcnt ,tratcgics 
d, tkr .,ul�t.1ntully. This brc;1kdo\\' 1 1 of potyvirus resist111cc 
during du.ti inkction \\' ith CMV did not occur in 2::6 or 225 . 
\\'c.: h.n-c not identified Tl: V isolate, to which Avelar i, rc.,i5t;Ult 
"o \\T luw not pur,ucd the du;t l inti:ction ,tudie, \\'ith TEV + 
C.\1\' in A\·dar. 

Developing Enhanced 

Pepper Germplasm Resistant 

to Verticil l ium Wilt 
Paul  Bos/and, New Mexico State Un iv. 505-646-5 1 7 1

An ,lttcmpt to i 1 1Crt\1sc thl kwl of \ 'crticil ln1 1n \\'ilt rc,, i,­
t:1ncc ;1hove 75% in Pl 2 1 5699 \\ a, undertaken . 1:our highly 
re.,i,unt �3 ,1h pLu 1l\ \\'lTt" intl rcro,,ed .u1d the h gcncratiom 
,crcl·ne,I . Analys1, of thi, cxpcrune11t indic1ted th:n the maxi-

Pep11er C'o111111i Hi1111 A1111 11al Report 

,mun level ofVcrtici l l illln wilt resistance in P I  2 15699 is 75%.  
In the backcross program, a Vcrtici l l ill.111 wilt res istant individ-
11:tl from the fi rst selfed-generation of Pl 2 15699 was crossed 
ro Bell - , jalapeiio- , and New Mexican-pod !)'pc peppers. The 
bBC2 for the bell and j alapciio was screened. The F2BC1 for 
Nc,v Mexican- pod type has been produced and it wil l  be 
,crccncd. The first selfed generation of Pl 5556 14, a novel 
Vertici l l ium wi lt resistant material, was screened and d1c highly 
rc,istant individuals were saved. I ndividual phmts selected for 
"field- res istance" were \Crccncd ,u1d die highly resistant indi­
viduals were saved. A gcnot)'Pic recurrent selection program 
is the best method to introduce Vcrtici l l ium wilt res istance into 
pepper cultivars. 

All Vcrtici l l ium wilt experiments were performed under 
\trier envi ronmental control in soi l -temperature tanks. Soi l 
temperature was maintained at 25 1SC. The inoculurn level 
was 2000 microsclerotia per gram of soi l .  The seedl ings were 
"cored ar 60-70 days post-emergence, with an interaction 
phenotype ,calc, ranging from 1 to 9, where 1 = no aerial 
,ymptoms, and 9 = death. 

After four cycles of screening and selection, PI 2 15699 
conti nues to segregate for Vcrtici l l i1un wilt. The highest level 
of rc.s i,tancc to Vcrtici l l ium wilt reached was 70-75%. To test 
for h igher levels of rcsi,rancc, four highly resistant sib plants 
from the S3 generation of Pl 2 1 5699 were intercrosscd. Rc­
,u lr, from the screening of the F1 \ showed a segregation for 
Vcr t ici l l ium wilt rc., isunce . This indicated that additive gene 
,Ktion was ,ri l l prc.,cnt ,md dominance gene action was nor 
t ·c,c111 i n  .\lly of the four l i nes. Unfomuutely, progress in 
1 . .  cre;1s ing the level of re$istance was not significant. C'..o nse­
c1uently, it appear, that the maximum level of Vertici l l i tun wilt 
resistance in Pl 2 15699 is 75%. I Iowcvcr, od1er root diseases, 
e .g. l;t1._sarium wi lt in radish, arc successfu l ly control led in 
commercial planting1. ;tt a level of 50% rc.�istance. Therefore, 
;\ 75% res istance level for Vcrrici l l iurn wil t of pepper may be 
s .,risfactory i n  commerci al production . 

F2BC2\ of bell\ and jalapeiios were screened. In addition, 
F2BC1 ,ced from the New Mexican-pod type were screened. 
Prc,cnrly, none of the l ines have adequate horticultural traits 
for each pod 11·pc. l lowevcr, rcsi�tancc in approaching the 
75% level .  The segregation ratios for Vcrtici l l iwn wilt rc., is­
tance in ditfrrent Capsicum backgrOlmds continue to indicate 
that Vertici lli tun wilt re., ist.uicc is a quantitative trait. These 
ti 11Ll ing\ indicate that the most efficient breeding method to use 
i, tJ1e geno11•pic recurrent selection method. 

vVhcn novel \�·rrici l l ium wilt rcsistailt accc�sions were 
,crc-ened, come highly res istant individmls from PI 5556 14 
;tnd PI 5556 16 were \;tvcd and thei r progeny \\'Cre screened. 
The rc.,istancc to Vcrtici l l ium wilt was i ncreased !i-om 4.42% 
to 2 1 .78% in Pl 5556 14. The rc.,iHant plants of PI 5556 14 
from the second cycle of selection were screened, res istant 
individual\ were ,avcd, and a seed increase was made. These 
resistant plants could be 1L,ed to i ntroduce Vcrtic i l l iwn wilt 
resisuncc into hell- , jahpciio- , and �ew Mexican-pod types. 
Inheritance studic., could also be performed. At th is time, Pl 
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rL·,i,t.111<.:c m.1y nor be \\'hat \\'.1, origin.illy ,k,ircd, bur ir m:1y 
,rill be or \':1luc ro rhc Cdifornia pepper indu.,r�: 

Objective 4. Jo m1l,1ntc t/Jt ,:(fi-rts 1!(spffUic mixed i1!fi·ctio11s 
011 l'ims rrnstnnf, i11111ppo:,. l·,xpL·ri1rn:nt, ro ,1,,L-:.,, rhc cth:cr, of 
,111gk ,ll\J 1lltdri11k \'int, infrcrion, on rhn.:L' rx:ppcr g.cnorypc, 
\\'l'rL' com11krcd. Prc\'iou, til'id dar:1 h;1vc clc,1rly ,ho\\'cd that 
mixL·d infrcriom ,1rc ,·cry common, and ,uggc,r ro u, th:n 
mulripk virn, rc,i,r:uJCe \\'ill he required ro control pepper 
,·irn,cs in Californi,L Therefore, \\'e conducted ,pecitic grecn­
hotN' ,rudiL·, ro compare <.:ft,:cr, of ,ingk and mixed infrcrion, 
011 ,pecitic 1x·11per culriv:1r\lhreL·di ng lines. \ \'c a,,es,ed plant 
dl-i:cr, ( ,ymprom,), a, \\·ell a, ,pccitic ELI_l;A rircr fr.Jr each viru,
in 1ntccrcd pLrnr,. The later \\'a\ done in part ro am:mpt to
,ktcrmine if por.·,·irm resi,r,uJCc \\'a, ,1ffccred by co-infection 
or por.·,·int, rc..,i,rant (tokr.mt) grnotypc, \\'ith a poryvirm and
C.\I\'. ,\l\d ,imil.1rl\' to :1,,e." mixed infection, on one of our
hrcedi11g lines \\'htch exhihib come C.\1\' rolcr:rncc (rc..,i,­
L\IK,' ).

1'1.uu, 111oculatL·d with indi,·idu,d ,·in�,L._, alone, of ,imulra­
llClHtsly tngethL·r, or liP,t one viru, followed 4-7 day, hrer with 
the ,econd \'iru,. �ymprom ,ewrir.· in g.eneral \\'as greater in 
all ca,c, for mixc,! intccriom. \\'e .1bo have noted rhi, prc­
,·iou,h· 1n tidd ,rudies. Ci\!\' plu, PcM\' gaw the mo,r ,cwrc 
,ymprom,, followed by CM\' pin, TE\� and in wmc C:\Sl�, TE\' 
J'lm Pc.\!\'. r\11 of rhesc combitution, :ire common in the field 
111 C1liforn1.1 l'l'l'l'cr,. 

In grnn,1I Dd lby Bell ,ho\\'cd good tolerance (ELI�A 
nrn) to .111 por.·,·iru,,,, bur nor to CM\' (both CM\'C and 
C\I\' 1-Hl) \\'hik CW300 \\';\', wsc,priblc to both r.·pc, of 
\'tru,c., .111d ,ho\\'cd corresponding high ELISA titers. The..,e 
,!ar,1 ,1bo ,ho\\'ed rh:1t \\'hik potyvirn, rC\i\t:lllt ( tolerant) Dd 
lby Bell "'"' ,usceprihk to both CM\'\, in mixed intccrions 
rhc por.·,·1ru., ELI.SA toter \\'a, lo\\' .rnd c,scnrially unchanged 
comp.uni ro i11fccno11, by only single pot\'\'irw,c,. Thc..,e data 
,uggc,r the ( ',\ 1\' doc, nor �break" the currently used por.•virus 
rc,i,ranCL' in Del Rey Bell, .111d results \\'ere ,imilar whether 
\'int.,e, \\'ere co-inocularcd or tir,r inti:ctL'd by one virn, and 
follmn·d .1 ti:"· day, !.ner bv the second vims. Thi, is encour-

. . 

:1ging for current potv\'in1, res1st:111Cc Hratcgic,. 

\ \'c \\'ere nor .1blc ro t11ll',jt1i\'oc:1lly am\\'er the reciprocal 
que.\l ion a, to \\'hcther J'Ot\'vin1, inti.:criom affected CM\' 
rc,i,rancc. In rhc,e experiment, plants from our breeding line, 
.\IVS, exhibited high ,·ariabiliry in C.\1\' ELISA titer \\'hcrhcr 
l'l.mr, were ,ingk infccre,1 \\'ith C\!\� or \\'hct!v:r they \\'ere 
int,:crcd by C.\1\' ['Ill, ,1 por.·,·iru,. Thi, i, wmcwh:n in 
.1�rcn11cnr ro \\'har \\'C h,1\'L" ol,,ervcd in other analysis of rhc 
Pncnni,il n1:1rerial. Additional :111aly,c.., of CM\' rc..,istancc and 
L'tkct, of 11or.·viru,c, on such rc..,i5tance \\'ill rc,1uire better 
,ourcc., of tixo.:d C\I\' rc.,istanco.:. 

Xotr. JlJ, foll.· rtp{)}t (OJJtaim 11111111' pn_ws o( dm1ts whic/J 
suppmt t/1rjindi11,11s rdatrd i11 this s11111111n1y. Colllpl,rtc rtjio1ts nrr 
f11'11iu1/ilt lljlOII rflJllfSt. 

J->c:pper Co111111i.1.1io11 A111111a/ Repor! 

CA Pepper Commission 

1993-94 

Producer Representatives 
Members Alternates 

Burt Silva 
King City 
408/385-1428 

Frank Luenser 
Arroyo Grande 
805/489-2508 

Mike Mondelli 
Gilroy 
408/847-1337 

Joe Marchini 
Le Grand 
209/389-4528 

Randy Johnston 
Lemoore 
209/924-5339 

District 1 

District 2 

District 3 

District 4 

District 5 

VACANT 

Chris Darway 
Arroyo Grande 
805/489-1817 

Tom Obata 
Gilroy 

408/842-9809 

Bob Giampaoli 
Le Grand 

209/389-4576 

Carl Lindgren 
Irvine 

714/551-4103 

Public Representatives 
David Ferguson Ken Mccorkle 
Fresno Fresno 
209/435-6034 209/441-5017 

Handler Representatives 
Members 

• 
Alternates 

Bell Pepper Processors 

Don Nelson 
Calif. Veg. Cone. 
Modesto 
209/538-5429 

George Stuit 
Eckert 

Manteca 
209/823-3181 

Dehydrated Chili Processors 

Paul Gniffke 
Universal Foods 
Greenfield 
209/667-2777 

Steve Banta 
Cal-Compak Foods 

Santa Maria 
805/925-1908 

Other Pepper Processors 

Jerry Schwab 
Vlasic Foods 
Gilroy 
408/848-4116 

Glen A. Fischer 
Saticoy Foods 

Saticoy 
805/64 7-5266 

Fresh Market Pepper Handlers 

Chuck Filice 
Denice & Filice 
Hollister 
408/637-7 491 

Ken Owens 
Petoseed Co. 
Woodland 
916/666-0931 

Pepper Seed Handlers 

Fred Podesta Jr. 
Podesta Farms 

Linden 
209/887-3701 

Robert Heisey 
Asgrow Seed Co. 

San Juan Bautista 
408/623-4554 
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Development of Improved 
Sources of Resistance and 
Selection Strategies for 
Resistance to Pepper Viral 
Diseases 

Molly Kyle, Cornell Univ, Ithaca, NY 607-255-8147 

Our proposal for 1993 w:ts intended to begin the process of
synthesizing and integrating the various strategics we had
developed with previous fundi11g to focus on creating the best
sourcc, of resistance. We had been careti.tlly cxamininn d1c
effects of du:tl i11tcctions on expression of resistance and ttund
the,c effects to be profow1d; therefore, as part of assessino the
suitability of a source of resistance we also proposed to continue
tht\�c invcstigatiom. Specifically, we focused this proposal on
resistance to cucwnber mosaic virus (CMV), resistance to
potyviruses and on the cflccts of the interaction between these
viruse, on stability of resistance.

Objective 1: Determine whether selected C. frurcsccns 14-6
and Perennial contain different genes for resist:rncc to CMV
Identity molecular markers for d1csc source.s to assist in selec­
tion to the polygcnic recessive rcsist:rnce.

Our results demonstrate that C. ji-tttcsccns and Perennial
contain most if not all d1e same genes for resistance to CMV
\iVc have several lines of evidence that arc co11sistc11t wid1 d1is
a_sscrtion. _ lnitiall); both parc11tal lines we had obtai11cd (C.
Jmtcscms trom Drs. E Loaiza-Figueroa and R. Provvidcnti and

 

Perennial for Dr. R. I lciscy) were 11ot homozygous ;.o in the
original f1\ between these genotypes we observed variability
in reaction to CMV We have gone through 2 generations c;f
screening wirJ1 the most severe isolate we have (CMV A�orow
\'27) and self:pollination of selected n;sist:mt plants, and �hc11
thcs_c sclcctcdh11cs are crossed to produce the f-1, all plants arc
umformly resistant to CMV \'27. W hen selected each li11c is
cro�,cd with a susceptible check, d1c otlspri11g arc uniformlv
susceptible, confirming d1:1.t each source of resistance is cssc1;­
r.ially fully recessive under our extremely severe screen condi­
tions. Similar results were ohtai11cd whc11 Perennial obtained
from Dr. A. Palloix from doubled haploid material was crossed
with C. Ji71tcscc11s. We will h:: testing C. Ji71tcsccm x Pcre1111ial
F2\ for transgrc\sivc segregation, but our results to dare do not
suggest there arc unique CMV rc,istance genes in C. ji71tcsccm.

. We_ have s_crecncd l;3 families of our mapping population
111volv111g . frutcsccm with CMV a11d arc i11 the process of
entering dat,1 to dctcrmi11e regions of d1c pepper gc11omc that
contribute sig11ifica11tly to CMV rc5ist:rncc. This will allow lL5
to identify_ linked molecular markers that could expedite selec­
tion of resistant genotypes, or the combining of resistance to
CMV with other desirable rcsista11cc, horticultural feature,, etc.
hcnch researchers led by Dr. A. Palloix :u1d Israeli researchers
led by Dr. I. Paran arc currently mapping d1c re5istancc in 
Perennial which will allow confirmation of d1c genetic results.
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We h:wc �ontinucd our genome mapping dforts in Capsicum 
as part ot a related project, :uid have demonstrated the IU�LP
a11d RAPD's reveal wflicicnt polymorphism to be usctiil for
the fi11gcrprinti11g of varieties (Prince ct al. submitted).

Jbjcctivc 2: Continue work to transtcr :rnd exprc,, the
detective CMV rcplicasc gene using two regeneration ,tr:rn.:g... ics
and two transformation mcthoth.

. Vic continued our efforts to optimize regeneration of pq'pcr
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demonstrated transformation. Our collaborators at AVRDC
led by Dr. George Kuo have been pursuing a 11ovel strategy for
die last 4 years, and now report that they have worked �;ur a
relatively cflicic11t system for pepper transformation and have
tested the system using a GUS reporter gene to demonstrate
stable transformation of pepper. We believe that the most
efficient way to approach this objective in view of their succc,s
is to cooperate wid1 them to provide them with the construct.
If we ca11 obtain stable support for our pepper research, \\'C 

could st:nd a member of om group to AVRDC with the
c?11struct which l�as not _been generally released yet by the
Cornell Research l·mmdanon. It is possible, if we can continue
our work in peppers, d1at we could c11ginccr a monogenic

minant source of absolute rc,istancc to this virus in thc�m·xr
1
do

2-24 months. 111 order to te,t this strategy, we have produced
a munbcr of families from tomatoes transformed with this oenc
and will be inoculating tl1c,c in the next 2 week\ or s� to
determine whether we have engineered rcsist:111ce in tomato.
If we have, then there is reason to be optimistic th,tt this
strategy is gc11cr:tl. Si11cc we began this work, it has been
shown in a number of host-virus system,, that expression of
viral genes mvolvcd in rcplieatio11 in the plant can conkr
resistance to the vinL�, so in general d1is appears to L-,,_, a
pronmmg_ strategy d1at could offer some key adv:1ntagl\'> over
coat protcm-mcdiatcd protection.

cctivc 3: Confirm the allelic relationship bet\vccn resis­
tance _1n. PI 159236 and Pl 152225 for resistance to pepper
mottle virus (PeMV) and tobacco etch virus (TEV). Confirm
that the Avelar allele is e11tirely distinct and determine linkaoc

t-if:111); with the C. chincnse a!lelc(s).

Pepper Cn111,11issio11 Ann11al Ne1){)r 

Obj

In potyviruscs, we have identified t\vo distinct loci involved
in re,istance, 011c from the variety Avelar, which is the basis for
potyvirm rc�istancc in a 11umbcr of widely used varictic.,, and
d1cothcr from C. c/Ji11c11sc Pl 159236 (236) and 152225 (225 ).
Complementation for susceptibility to pepper mottle virus is
observed in the cross bcm•ccn Avelar and the C. c/Ji11c11sc Pis
confirming mechanistic studies d1at sugge,t d1at thc,c arc
entirely difkre11r genes and we have dcmomtratcd that thcrc is
no close linkage observed bct\vccn these genes in modified test
cross populations from Avelar x C. c/Ji11cmc crosses.

Our results co11firm that for pepper mottle vims rcsiH:mcc
in 236 and 225 is allelic, and currc11tly, we have no dctinitive
evidence that clearly distinguishes these ,tllclcs. If236 and 225
have equivalent potyvinL5 re,istancc, breeders should cmpha-




