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Temperature Effects on the Disease Reactions of Sunflower to Infection
by Orobanche cumana
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Broomrape (Orobanche cumana Wallr.)
is a holoparasitic plant that causes severe
yield losses in sunflower (Helianthus an-
nuus L.) in areas around the Black Sea as
well as in some areas of the Mediterra-
nean basin (4,6,9,12). Musselman (9) and
Parker and Riches (12) reported that this
species belongs to the complex of O.
cernua Loefl., which has two subspecies,
one with its host range within the Solana-
ceae and the other (O. cernua var. cu-
mana) which is restricted to Asteraceae,
mainly sunflower. The latter has been
reconsidered as a separate, although
closely related, species in recent studies
(13). The rapid evolution of the parasite
has led to the appearance of virulent
populations that are able to attack the
currently resistant sunflower lines (16).
Broomrape races and race complexes can
be characterized by the reaction on host
differential lines. Vrânceanu et al. (17)
established a set of five sunflower differ-

entials carrying five resistance genes, Or1

to Or5, and a universal susceptible host.
These allow the identification of five
physiological races designated as A to E.

Field observations have described the in-
fluence of planting time on the severity of
infection and seasonal fluctuation in the
attack of broomrape species, suggesting a
temperature effect on the host–parasite
interaction (3,5,15). This temperature ef-
fect seems partly indirect through the in-
fluence of seasonal fluctuations on host
phenology, which is a determinant for the
infection processes in some pathosystems
(2,3). Moreover, although temperature is
known to influence germination and radi-
cle elongation of Orobanche spp., its effect
on subsequent development of the parasitic
seedlings has not been studied for O. cu-
mana (10).

Temperature seems to modify the sun-
flower–broomrape interaction; therefore,
environmentally controlled experiments
were conducted to determine the effect of
temperature on the infection of sunflower
lines differing in susceptibility to broom-
rape. The need for accurate growth cham-
ber experiments to understand the relation-
ship between temperature and the resis-
tance of sunflower to O. cernua was rec-
ognized by Ish-Shalom-Gordon et al. (5).
This information could be a first step in the
recommendation of the appropriate plant-
ing dates for sunflower lines possessing
different resistance genes. The interaction
between temperature and populations of O.
cumana from different geographical areas
was also studied.

MATERIALS AND METHODS
Sunflowers included in the study con-

sisted of two differential lines Kruglik-A41
(KA-41) and Jdanovski 8281 (J-8281),
carrying the genes Or1 and Or2 for resis-
tance to O. cumana, respectively; and the
inbred lines RHA-273 and HA-89, released
by the United States Department of Agri-
culture. The four lines were inoculated
with three highly virulent populations of O.
cumana (CU194, SE193, and SE194).
Seed from these populations had been col-
lected in the main growing areas of the
crop in central (Cuenca, CU) and southern
(Sevilla, SE) Spain 3 to 4 years before the
experiments were conducted. Seed was
collected in summer, at full maturity of
broomrape plants, and stored in glass jars
kept in the dark at room temperature. In-
oculations were performed by transplanting
2-day-old sunflower seedlings into small
pots with 250 g of a soil mixture (sand:silt,
1:1, vol/vol) uniformly infested with 25 mg
of broomrape seed (8,11). Plants were
incubated in growth chambers set at four
different temperatures (15 ± 1, 19 ± 1, 23 ±
1, and 27 ± 1°C) under fluorescent light
(14 h/day photoperiod, with light intensity
of 240 µmol m–2 s–1). Fluctuating tem-
peratures were not considered in agreement
with previous conclusions (2). After 2
weeks of incubation, plants were trans-
ferred into pots with 2 kg of soil mixture
(peat moss:sand:silt, 2:2:1, vol/vol/vol);
fertilized with Osmocote Plus (N-P-K 15-
11-13 plus 2 MgO plus micronutrients) at
2.5 g/kg of soil and maintained at the same
temperature until the end of the experi-
ment. The number of emerged broomrapes
was recorded at 11, 14, and 16 weeks after
sowing for the plants incubated a 15°C; at
10, 11, and 13 weeks for those incubated at
19 and 23°C; and at 8 weeks after sowing,
when plants initiated blooming, and at 11
and 13 weeks for plants incubated at 27°C.
Disease reactions were assessed by the
average number of emerged broomrapes
per sunflower plant, commonly referred to
as degree of attack (a measure of severity
of infection) and by the incidence of in-
fected plants (17). At maturity, uprooted
plants were carefully removed, with the
intention of obtaining as much of the root
system as possible. The roots were cleaned
and broomrape nodules were observed for
evaluation of percent incidence.

Plants from each sunflower line–broom-
rape population combination were ran-
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domly assigned to 13 randomized complete
blocks within each chamber. A combined
analysis of variance over temperature,
based on a factorial design, was conducted
with the data on degree of attack. The ef-
fect of the temperature was evaluated by

orthogonal polynomial contrasts (Statistic
Analytical Software, Roseville, MN). Sig-
nificant differences between mean values
of lines were evaluated by a test of least
significant difference (LSD) at the 1%
probability level. Interactions were ana-

lyzed by comparing the effects of incuba-
tion on sunflower lines at each tempera-
ture. The experiment was repeated twice,
except for the incubation temperature of
27°C.

RESULTS
The results of the two experiments on

disease incidence and degree of attack
were similar. Therefore, average values
were calculated for the different treatments
that were repeated in the two experiments.

All the populations of O. cumana tested
were pathogenic to KA-41, HA-89, and
RHA-273, but lower disease incidence was
observed when CU194 was inoculated on
HA-89 and incubated at 19°C, as well as
for sunflower line–broomrape population
combinations that were incubated at 27°C,
with the exception of J-8281–CU194 (Fig.
1). Only population CU194, particularly at
23 and 27°C (Fig. 1), infected J-8281.
Infections achieved at this temperature
consisted mainly of very small nodules from
the attachments to host roots which did not
develop to emerged broomrapes and, there-
fore, are not reflected in the degree of attack
(Fig. 2). Disease incidence was lowest at
27°C except for population CU194, with
lower disease incidence when J-8281 was
incubated at 15 and 19°C (Fig. 1).

A delay in the emergence of broomrape
at the lowest temperature (15°C) was ob-
served. However, final values of degree of
attack at 16 weeks after sowing were
similar to those reached after 13 weeks
incubation at 19°C, when sunflower plants
incubated at both temperatures had a simi-
lar growth stage.

Temperature had a large effect on degree
of attack except in the case of the resistant
line J-8281. Regardless of the broomrape
population, values of degree of attack in
KA-41 were highest (P = 0.005) when
incubation temperature was 19°C. Line
KA-41 was significantly (P = 0.03 and
0.05) more susceptible to SE193 than to
CU194, with significant (P = 0.004) differ-
ences between SE193 and the two other
populations of broomrape tested only when
incubated at 15°C (Fig. 2A).

Line HA-89 was significantly (P = 0.04
and 0.009) less susceptible to CU194 than
to SE193 and SE194. There was a linear
effect of temperature on the susceptibility
of HA-89 to broomrape population SE193.
CU194 showed lower virulence than the
other populations of O. cumana only at
19°C (P = 0.04 and 0.004; Fig. 2B).

As in the case of line HA-89, line RHA-
273 was less severely attacked by popula-
tion CU194 than by the two other broom-
rape populations tested. At 23°C, degree of
attack on this line was significantly higher
(P = 0.0001) when it was inoculated with
SE193, whereas population CU194 was
significantly less virulent when incubated
at 19°C (P = 0.0001).

Sunflower line J-8281 showed much
lower degrees of attack than the other

Fig. 1. Effect of temperature on the incidence of broomrape infection of four sunflower lines (A, KA-
41, B, HA-89, C, RHA-273, and D, J-8281) inoculated with three populations of Orobanche cumana.
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lines, regardless of the broomrape popula-
tion, incubation temperature, and experi-
ment considered. In this line, CU194
showed a significantly higher (P = 0.07
and 0.04) degree of attack than the two
other populations (Fig. 2D).

The degree of attack of populations
CU194 and SE193 on KA-41 was higher
than on the other lines tested when incu-
bated at 19°C, whereas that of CU194 on
RHA-273 was highest at 15°C (Fig. 2).
The degree of attack of SE194 on KA-41
at 23°C was higher (P = 0.0001) than on
HA-89 and RHA-273 (Fig. 2).

DISCUSSION
Studies of distribution, virulence, and

characterization of different populations of
O. cumana using differential lines were
carried out previously in Spain (4,7,8).
Susceptibility of KA-41 (the differential
line carrying the gene Or1), HA-89, and
RHA-273 to the three broomrape popula-
tions tested and resistance of the differen-
tial line J-8281 (with Or2) to populations
SE193 and SE194 confirmed previous
studies (8,14). The moderately resistant
reactions obtained with the differential line
J-8281 when it was inoculated with broom-
rape population CU194 and incubated at 23
and 27°C also agree with other results (8).
In contrast, this line showed a fully resis-
tant reaction when incubated at other tem-
peratures and when inoculated with SE193
and SE194 (Figs. 1 and 2), in agreement
with the high resistance observed previ-
ously (8). This could be explained by a
specific effect of temperature or genetic
differences that may occur within a broom-
rape population (8).

Both seed germination and radicle elon-
gation of O. cernua attacking tomato plants
have an optimal temperature of 23 to 25°C,
with a sharp decrease at 28°C and higher
temperatures (10). However, germination
of O. cumana attacking sunflower was
shown to be optimal at 20°C (3), and ger-
mination and attachment were both optimal
at thermal regimes of 20 and 10 or 25 and
15°C (day and night, respectively), ac-
cording to Sauerborn (15). Our results
essentially agree with these, because high-
est severities were generally observed
when incubation was at 19°C, except for
HA-89. In general, HA-89 had a higher
degree of attack at 15°C and seemed to
decrease as the temperature increased (Fig.
2B). This suggests that broomrape popula-
tions are able to infect sunflower at a wide
range of temperatures below 27°C, with
variation depending on the sunflower line–
broomrape population combination. Field
observations of O. cumana parasitizing
sunflower, not only in summer (which is
the normal sunflower growing season in
Spain) but also in winter (3), support the
conclusions reported here.

Other studies have shown that altering
the sowing dates changed the degree of
infection by Orobanche spp. For example,

observations in field trials on different
sowing dates carried out in the Interna-
tional Center for Agricultural Research in
the Dry Areas (ICARDA) supported the

hypothesis that temperature is a key factor
influencing the interaction between host
and parasite (15). An early sowing date
was recommended for sunflower crops in

Fig. 2. Effect of temperature on the degree of broomrape attack (= number of emerged plants) on four
sunflower lines (A, KA-41, B, HA-89, C, RHA-273, and D, J-8281) inoculated with three popula-
tions of Orobanche cumana. Bars represent standard errors.
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broomrape-infested areas under Mediterra-
nean conditions using the highly susceptible
confectionery-type cv. Gigante (1). In con-
trast, resistance of sunflower cv. Sunbred-
254 was not expressed in early planting (5).

In our study, infection was lowest for all
the populations at the highest temperature
tested (27°C), but the same sunflower lines
showed variable results with different
populations of O. cumana at three lower
temperatures (Figs. 1 and 2). Moreover,
different sunflower lines responded differ-
ently to the same population of O. cumana.
For example, with the population CU194,
the highest degree of attack for KA-41
occurred at moderate temperature (19°C);
whereas, for HA-89 and RHA-273, it was
at 15°C, suggesting that the interaction
between sunflower and O. cumana can be
complex.

Recommendations for sunflower plant-
ing dates should include results for specific
genotypes and seasonal temperatures. The
observed delay in broomrape emergence at
lower temperatures agrees with the obser-
vations on O. aegyptiaca infecting egg-
plant and tomato (2) and suggests that
evaluations of early plantings should not
underestimate possible inconspicuous in-
fections by broomrape plants that do not
emerge but may impair the host crop. Fur-
ther studies on the dependency of sun-
flower germ plasm upon environmental
conditions should be conducted before
recommendations of planting dates are
given as a method of controlling broom-
rape of sunflower.
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