
STII\IFLOWER BREEDII\IG
FOR RBSISTÂNCN TO

D\APORTHEI PHOMOPSIS HEL\A rTHl
Munt"-CYet. et al.

DRAGAN SKoRIC
Faculty of Agriculture, Institute of Field and
Vegetable Crops, Novi Sad, Yugoslavia

INTRODUCTION

,Stem canker craus,ed b,y DLaporthe/Phornopsis
helianthi Munt.-Cvet, et aL. is one of the
most w,idely distrihuted 'dis,eas,es df the culti-
vat,e,d sunfl'ower. In recent y,ears, the patùrogen
tr,as kept spre'ading in s,everal parts of tthe
world. ft w,as found in Yugosl.avia by M ti -
haljëevié et a[. (1980), rMuntan'oIa-
Cve'tkov,ié 'et al., (19t81), and Aéirnovié
.and Str,aser (198i1 and 19E2). Diaporthel
Phomopsis heliqntlLi, appeared in 11980 É,n the
nort,h-oa;st .of Yugoslavie. (Vojvodina Pr,ovince),
t'he so,uth-west of Romaniia (Banat), and the
south-east of Hungary. ,Herr et a1. (19i8r3)

s,t,ate 't'o have orbserved the first occurence 'of
Diaporthe stern aanker ,o{n sunflower in 19E0
in Wayne Country, Ohio. Yang et al. (1983)
reported. t,he o,oourenoe of Diaporthe helianthi
,aroun,d Dimmitt, Texas, dn i19&2. ,There ,exist
,cl,aar ind'i,cat[ons ,of ste'm ,carr-ker pres,enc€ on
sunflowers in Bnasil, Argentina and Australia.

Exam,in'ing a lalge nu'm,ber of rsunfl,ower va-
ni,eties and hybrids, Skorié (1982) found a
high degree ,of sus,ceptirbility to stern c;anker
in a[l hytbri'ds ,and the rnajority of the v,arieties.
The ,excepti,on wer'e the Soviet va,ri.eties Yu-
bileynaya 60 and Progres,s whicrtr had up to b%
of pl,ants in whrictrr th'e pathogen did not nea,sh
the stem. However, these p'lants were rnostly
inaompatibl,e in conditi'ons of self-pollinration
an'd t;hey coutd not ibe used as a souùrce ur,a-
terial rin a progfiarnm,e of breeding for resûs-
tance to the p,athogen. e uk (1gB2) repor,te.d a
cert,ain nurntbe,r of wild sunflovr,er species to
ibe free of Diaporthe/Phomopsis hetiimthi, and
he assurn,ed these species to be potential sour-
oes of r,ersistanoe to ttr,e p,athogen.

A large number of r,esean crhers have tri,ed to
control stem canker in srunfll,ower rby dif,fer,ent
fungùcides. Positi,ve r,esults h,ave tbeen obtain,ed
in comrnercial production in Yulgolsavia, Hun-
gary and Romania. These results are extre-
m,ely imporbant because they sLrow that it is
feasdble to protect sunfîlow,er against stem

canker du,ring the growing seas.on, i.e., that
it is fe,asi,ble to gr.ow sunf'lower with 'ec,ononnicprofit ,b,efor,e new resistant hy,brids are pr,o-
duced.

MATERIALS AND METHODS

This report summ;arizes th,e results 'of a se-
ries o,f exp,erirnents condu,cted on over ,5,0,0'0

inbred lines, t2,0,0'0 experirnental hybrids analy-
sed. eacrtr ye,ar, more ,than 50 varieti,es, anrd a
large nurrrbe,r ,o'f ,cornmerci,al hybr,ids from ôif-
f'erent'corurrtnies. The,experiments were carri,ed
out in the periiod 1;980-1rg84 at the experi-
rnentafl ,Tield ,of the Institute of Flietrd and Ve-
getabtre Cnops in Novi Sad and ttre Yqgoslavi,a
n,etwork 'of sm,all - ,and large-plot su,n'flower
,tri,al,s. Du,ning tihat peniod, the population of
DiaporthelPhomopsi.s heli.qnbhi was very higltr
and the results obtained unrder fidld ,c'ond;itions
are quite neliable. [n :1 98,1, only four lines ourt
of the entire breed:inrg rnateriall demonstrated
high toleranoe to stem canker. Thein tolerance
was ,aonf,irrm,erd i.n suhsequent yeârs. Trhe lines
h,ave diffenent genetic ori,gin. Two of th,eirn
were rnade by crossing the cultivated strrr-
fùower with FI. tuberosus.,one origrinates f,riom
a losal population fnorn Morocao, the fourtrtr
one v/as derived fr"orn the ,cruss E[. argophgllus
\ "A.rrnavirski 

gi34r5. Tih,ree of thEm were con-
verted to ,cms forrn and labeled ems Ha Zi4,
cms Ha,BCPI, and ams Ha 2.2. Tine rrem,arining
one wâs 'converted to a restorer line and ,lâbe-
led SNiRF-r6,9. Trhese lines were used for the
devel'opm'ent of resistant trybrids wùr,icùr ane
presently bei,nrg rintr"oduced into the co{rrunsr-
cial production. A paralle{l p,rugramrne deans
utith ,the aocurnuJation ,of (genes ,canying tole-
rarxce or resi,stance to stem caurker. Writtrin rthat
programme (Ha 74 X Ha 22) \ Ha-BCpI)
were used to 'develop ",8" Lines and (Ha 74 X
Ha. 22) \ (Ha-BOPI) X SlrtrrRF*6r9) \M,ere iusd.
to develop restorers. rcro.wi,ng the matenials
alternately in tlre 'greenhouse and in frield, we
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pr,oduced in a relativoly 'srhort tiirne a large
rur'mber of lin'es with field 't'ol'enanse ,or resùs-
t.ance to stem rcrânker.

The intensity of infection was r,ate'd on th'e
scale 0-4. The experimental plants were asses-
sed for react'ion to stem 'c,anker two tirnes du-
ring the growing se,ason, ,at the en'd of flowe-
ring and àt physiolorgical matur,ity. Tùre obt,ai-
ned results ,ar,e too volumino'u,s to 'be dealt with
in one turn. Tihis r,eport dissu'sses only the
rno,st import,ant lin'es and ,a f'ew rtryhni'ds.

BESLILT'S AND DISCUSSION

The d,afa present'e'd in Table :1 are su fi-
cienhly itlustiatrive to show that Di,a'porth'e/
Phomopsis het'aqnthi is one of ttre most patho-
g'enic diseases of sunflower. The results obtai-
ned in the network of large-plot trials con-
ducted in 1981 in ,a.11 sunftroNv'€rr$rowing regùons
of Yugosl,avi,a show th,at th,e âvenage yield,s of
trtre same sunflower Lrvbr:id,s grown in th'e
r,egion frre,e of st,em cânker 'anC in VojvodLina
Province, where the att,ack by the pathogen
was severe, differed by 83-1180/6 in favour of
the form,er r,egi,on. It rneans trlrat the pathgge-n'
under agroecological conditions favourable for
its'd,eve,1o,pm,ent, utterly'destroys sunflower
plants ,causing 'alrnost total damag'e.

Table 7

Average seed yields. (ks/ha) in 1981 large-plot trials
conducted in a region free of stem canker (Slavoniia)

and the region attackett by the pathogen (Vojvotlina)

rThe four lines had the s,ame r'ea'ction to
Diap orthe / Phornop sis heliqnthi duning the fiv'e-
y,e,ai reseanch perio'd. Th,es,e lines invariiably
had I'ess th.an 100[y of pL,ants ,atta,cke'd by stem
canker. The pathogen spread slowly in th'ese
plants re;aching the stem too late to aff'ect se-
iiously the seèd yield. Furthermore, over 900/6

of plants of these lines rem,ain'e'd unatta'cked
to t,heend of the gr'owjng sôason.

G,eneti,c stu'd,ies condu'cted s'o f,ar h'ave indi-
c,ated that ttre r,esis't,an,c'e to Dtnpor'the/Phomop-
sis helianthi is not ,contro1l'e'd by 'a single 'dotn-i-
nant gene. If we cross :a hi,ghly t'oler'ant, i'e',
fiie{ld resistant line with a ,sus,ceptible on,e, the
resuJ.ting hybrid reveals an intermediate ex-
pr.es,si,on reg,ar,Ciing the an,aly,s,eC characber. On
the other hand, the c,ross of two highly totre-
r.ant lLi.nes will either ret'ain the parents 1eveI
of toleran'ce or it will be more resist;ant 'tihan

trhe 'parents.
The 'hybrrid,s betw'een sms He 82, 'crns Ha-

BCPI, ,and c,ms Hz 74 and t'h,e restor,er SNRF-
69, N,S-H-r43, NS-H-44 and NS-H'4'5, m,ay
serve ,a,s o. c,onvi'cing'illustr,ation of the m'ethod
of ,d'eveloping sunfllow,er hyhrids Lri,ghly to1e-
rant to Diaphorthe / Phomopsis heliant'hi. These
hybri'ds have trhe sam,e genetic potenttial f'or
seed yiel'd as tLre hyibri,d NS-H-RM. Howevetr,
trtre r,ealization of the genetic potentrial for ,seed

yield iis signiificantly hriLgLrer in NS-H-4I3;
NS-H-44, ,a,nd NS-H-46 tlr,an in HIS-H-26-RM
due to thei,r higih ,degr,ee of tolerance to st,em
c,ank,er (Ta,ble 3).

Table 3

Seed yields of sunflower hybritls highly tolerant to
Diap or th e / P hom oP si s h elianthi'

Locality : Novi Sad - Year : 1984

IIibrids
Intensity
of infec-
tion (on
the scale

0-4)

NS-H-26-RM (Check)

NS-H-43-RM
NS.H-44-RM
NS-H-45-RM

1 618

2 797

2 795

3 108

100

t72
172

192

0-1
0-1
0-1

Of the extensive breeding material stu'died in
the five-year period, a high degree 'o'f tol'e-
r,ance, i.,e., ,a kind of fie d re'sistanc'e, \M,as qe-
tected only in the lines }J'a 7'4,IJ.a,2'.2, Ha-BCtrI,
and SNRF-619 (Table 2).

Table 2

Reaction of four inbred lines to DiaporthelPhomopsis
helianthi in the Period 1980-1984

These experLim,ents were cond,u,cted at the
experiimental rfield wherre the population of the
p,attrogen w,as very higrh. Susceptrible Û''ines

were heravily atta,cked,by st-om'oanker, making
the obtailned- res'earcih resu{lts reliable. lt rnay
be expect'ed tùrat ttre ,ino'cuùation tests y'et to be
p,erformed wil.l rend'e'r th'e 'sarne r'esults'

Pr,es,entl5r, the field resistant lines are cros-
se'd with susceptible fines. It is also pl'anned
to make back-,cnosses. When ttr'ese pr'ogrammes
are ,c,ornpl.eted, it wili be 'possible to make trhe
genetic 

^analysis 
an'C determine the mc'Ce of

inh,erit,ance of resistanc,e and the number of
genes conditioning the resistance to Diaporthe/

Lines

Ha 22

Ha 74

Ha-BCP1

SNRF-69

NS-H-26-RM

Intensity of infection
(on the scale 0-4)

0-1
0-1
0-l
0-1

i

NS-H-26-RM
NS-H.2?-RM
NS-H-33-RM
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Ph om,op si,s helianthi.
The results obtained so far are in full

agreement with those of Vrânceanu etal. (1983) which indicate that the resis-
tance to Diaporthe/phomopsis heti,anthi, is
positively correlated with the character called*stay green" stem. Practically, the resistance
to stem canker is positively correlated with the
resistance to Macrophominq, phaseoli and the
resjstance to drought. perharps we deal with
linked characters. Our study indicates also that
the resistance to stem canker correlates r:osi-tively with the resistance to phoma oleiacea
var. heltanthi-tuberosi since the lines SRB_Z?
and SRB-169 displayed the resistance to that
pathogen under field conditions.

Ag,ain, our nesulk ,confirrn those of V r â n -ceanu et,al. (1 983) r,eg,ardinq,the prro,blerns
related to the handling ôî fryUiias reiistant to
stem ,canker. Gr.een stems ,of these hvbrids
complicat,e combine harvesting and inlrease
the ,co,nt,ent ,of ,organic s,ubstanoôs in hanvest,ed
seed. It ,is nerasonalble to exp,ect id,esric,cation to
become ,an integral part ,of t,he te,chnology ofgrowing sunflower trybrids rresistant to slerm
ca-nKer.

A rno,ne intens'ive inclusi,on of wild sunfil.o-
wer species in lbre,eding pr,ogr,arnmes m,ay iin_
cr,ea,se the genetic variability of the cuiltrivated
su,n,flo"wer an,d rn,ake the br,ee,ding for resis-
tan'ce to Diaporthe/Phom,oçtsi,s,heli,anthi, unor,e
su'ac'essful. Tùre r,esults of e u k published in
19812 ,and y,et unpubtisrhed rdata ôf the s,ame
author indi,c,at,e that several wil,d specries are
pr,ospective sources of res'i,stance to item can-
ke_r, especi?ly ff. argophgttus, H. d.ebili,s, H.
tuberosus, H. rigidus and a few more.

CONCLUSIONS

- Th9 following conclusions nray be drawn onlhe basis of five-year studies of extensive
breeding materials of sunflower :

- It is feasible to control genetically Dio_
porthe/Phornopsi,s helianthi, in sunflower bv
developing highly tolerant or resistant hybrids.

- A high degree of tolerance, i.e., fietd re_
sistance, to stem canker was detected in the
lines Ha 22, Ha 74, IJa-BCpI and SNRF-69.
Their hybrids display the same degree of re-
sistance to the pathogen.

- The resistance to Diaporthe/phomopsis
heli.anthi is most probably èontrolled by' at
least two or more complementary genes.

- New lines were derived from hvbrid com-
binations of Ha 22, Ha 74, Ha-ÉCpl and
SNRF-69. These lines, designated SRB-??,
SRB-82, SRB-169 and 5-1-184, are field resis-
tant to stem canker.

- The resistance to stem canker is positi-
vely correlated with the resistance to Nlo"ro-
phonl,ina phaseoli, Phoma oleraceu var. helian-

tht-tuberosi and drought. It remains to be seen
whether these resistances are controlled bv
linked genes.

- Several wild sunflower species display
resistance to stem canker. They deserve tô bê
included more intensively into iunflower bree-
ding programmes for resistance.
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AMELIORATION DU TOURNESOL POUR LA
RESISTANCE À L'ATTAQUE

DE DIJ.PORTHE-PHOMOPSIS HELIANTHI

Rësumé

.,Un nombre de lignées et hybrides de tournesol aete analysé quant à la réaction à l,attaque du cham-
Qignolr Diaporthe-Phontoltsis hetianthi, dàns le champd'amélioration de Novi Sad. Bien qué la plupart desgénotypes essayés se sont avérés si:nsiUiei, âuetqueslignées autofécondées hautement tolérantàs bnt-été
i$en1!rj1é_es, par exempte les lignées Ha 22, Ha 74,Ha-BCPI et SNRF-69. I.es hybrides obtenus par lé
croisement_ de ces lignées montrent une résùtanceslmllarre. Les nouvelles lignées résistantes ont étéextraites des combinaisons hybrides de quatre lignées
mentionnées ci-dessus. Une très bonne fésistancé gé_
nétique a été également mise en évidence chez cér-taines espèces sauvages de tournesol.

La résistance vis-à-vis de l,attaque du champignon
piaOorthe-Phomopsis hetianthi sèmble être côndi_tionnée par au moins deux ou plusieurs gènes com_plémentaires. Tout en confirmant les dorinées anté_rieures obtenues en Roumanie, il semble que la ré_
sistance_ est positivement correlée à ta prôpriété dela tige de rester verte à la maturité.
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MEJORA DE.GIRASOL PARA RESISTENCIA
AL ATAQUE DE

DT AP ORT H E -P H OMOP SI S H E LI AN T H T

Res{tmen

Gran nûmero de liness e hibridos de girasol fue
analizado en cuanto a la reacciÔn al ataque del hongo
Diaporthe-Photnopsis helianthi, en el campo de me-
;ora de Novi Sad. A pesar de que la mayoria de los
âenotipos testados se mostraron sensibles, se identi-
f-icaron unas lines consanguineas con alto grado de
tolerancia, como las lineas Ha 22, Ha 74, Ha-BCPI y

SNRF-69. Los hibridos obtenidos por el cruce de estas
lfneas poseen una resistencia similar' Nuevas lineas
resistenles fueron extraidas de las combinaciones
hibridas de las cuatro lineas arriba mencionadas. Una
resistencia genética muy buena fue puesta de relieve
también en unas especies salvajes de girasol.

La resistencia al ataque del hongo Diaporthe-Pho'
mopsis helianthi, parece estar condicionada de por
lo menos dos o mâs génes complementarias. Confir-
mando los datos anteriores obtenidos en Rumania,
parece que la resistencia estâ correlada positivamente
à la cafacteristica del tallo de permanencer verde a

Ia madurez.


