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Abstract

Abbes, Z., M. MkAdMi, i. TrAbelsi, M. AMri and M. khArrAT, 2014. Orobanche foetida control in faba 
bean by foliar application of benzothiadiazole (bTh) and salicylic acid. Bulg. J. Agric. Sci., 20: 1439-1443

Orobanche foetida is considered as an important agricultural problem of faba bean production in Tunisia. The effect of 
salicylic acid sA and 1, 2, 3-benzothiadiazole-7-carbothioic acid, s-methyl ester (bTh) as foliar application on the induction 
of faba bean resistance to O. foetida was studied. Foliar application of 1 mM sA or 0.05 g/l bTh reduced broomrape infection 
under controlled conditions in pot and Petri dish experiments. in pot experiment, sA and bTh applications reduced the total 
number of faba bean broomrape by 46.45% and 77.06%, respectively, and the dry weight of broomrape by 47.03% and 70.3%, 
respectively. in Petri dish experiment, O. foetida seed germination was reduced by 33.8% and 48.3%, respectively. Foliar ap-
plication of sA and bTh demonstrate that the induced resistance to O. foetida is systemic. These results demonstrate that sAr 
is capable of being an important method to control broomrapes and to form an integrated control strategy leading to reduce 
soil infestation by Orobanche.
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Introduction

broomrapes (Orobanche spp.) are root parasitic plants that 
threaten agricultural production in many parts of the world. 
They completely depend on their host for their nutritional 
requirements. O. foetida is considered as an important agri-
cultural problem of faba bean production in Tunisia, causing 
yield losses between 66 to 90% in the beja region (Abbes 
et al., 2007a). kharrat and souissi (2004) indicated that in 
highly infested areas, farmers generally avoid growing faba 
bean or other susceptible crops, resulting in substantial re-
ductions to both the extent of cultivated areas and to food 
legume production.

several strategies (cultural, chemical and biological) have 
been used for controlling broomrapes but without complete 
success. in Tunisia, research activities on Orobanche were 
intensified and some methods result to incomplete protection 

against broomrapes in faba bean (Abbes et al., 2007a, 2010; 
kharrat et al., 2010; bouraoui et al., 2012). Thus alternative 
or supplementary methods should be considered to prevent 
infection.

salicylic acid (sA) is a chemical defence-inducer that 
enhanced resistance to various pathogens and induces 
disease resistance and sAr gene expression (Ward et al., 
1991). bTh (1,2,3-benzothiadiazole-7-carbothioic acid, s-
methyl ester) is a synthetic functional analogue of sA (Gor-
lach et al., 1996; bokshi et al., 2003) and its application 
to plants has been proposed to be an applicable strategy 
to control Orobanche parasitism. For example, bTh soil 
drenching can reduce O. ramosa attachments in hemp, to-
bacco and oilseed rape (Gonsior et al., 2004; Véronési et 
al., 2009) and O. cumana in sunflower (Muller-Stover et 
al., 2005; Fan et al., 2007). soaking seeds in bTh or foliar 
spray of bTh were also reported to reduce O. cumana at-
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tachments in sunflower (Sauerborn et al., 2002), O. crenata 
attachments in pea (Perez-de-luque et al., 2004) and O. 
ramosa in oilseed rape (Véronési et al., 2009). in clover, 
root application of SA and BTH significantly reduced the 
number of established O. minor parasites by more than 75% 
(kusumoto et al., 2007).

The aim of this study was to evaluate for the first time the 
potential of chemically induced resistance in the pathosystem 
faba bean - O. foetida.

Materials and Methods

Plant materials
The faba bean variety (badi) used in this work was known 

for its high productivity in non Orobanche infested fields 
(JOrT, 2004). This variety is known also for its susceptibil-
ity to O. foetida and O. crenata (Abbes et al., 2007a, 2007b, 
2011). O. foetida seeds were collected from shoots harvest-
ed from an infested faba bean field in 2012 (Beja, Tunisia) 
and kept at 20°C before use. Faba bean seeds were surface-
sterilized with 5% calcium hypochlorite for 15 min and then 
rinsed five times with sterile distilled-water and allowed to 
germinate at 21 ± 2°C in the dark for seven days. O. foetida 
seeds were sterilized in 2% calcium hypochlorite for 5 min 
and rinsed five times with sterile distilled-water. Seeds were 
provided by legume program, Field Crops laboratory of Na-
tional Agronomic research institute in Tunisia (iNrAT).

Plant culture and treatments
For pot experiments, broomrape seeds (20 mg kg-1 of 

soil) were mixed with a sterilized soil in a 2 l pot. Two 
faba bean seeds were then sown directly into each pot. Two 
weeks after faba bean emergence, seedlings were thinned to 
one per pot. Pots containing broomrape-free soil were used 
as controls. Plants were grown under greenhouse conditions 
at 25 ± 5°C with humidity of 70% and a 16 h photoperiod 
and watered as needed. Two chemical resistance inducers 
are used: bTh in the form of “1,2,3-benzothiadiazole-7
-carbothioic acid, s-methyl ester” and salicylic Acid sA. 
Treatment procedure was made as foliar application. Treat-
ment was started on 4-week-old faba bean plants by spray-
ing bTh (0.05 g/l) or salicylic Acid (1 mM) solutions on 
leaves until saturated. excess of stimulator was collected at 
the soil surface on a filter paper. Treatments were repeated 
on all the leaves at 5, 6 and 7 weeks after sowing. Tween 20 
(3 drops per liter) was added as a surfactant for leaf applica-
tion of bTh and sA. Controls were performed by spraying 
water plus Tween 20.

Twelve weeks after sowing, faba bean plants were up-
rooted. The total number of broomrape attachments per host 

plant were measured and classified according to their devel-
opmental stage (1: attachment of haustorium to host root; 
2: small tubercles without root development; 3: tubercles 
with crown roots without shoot formation; 4: underground 
tubercles with shoot formation; 5: emergence of spikes) (la-
brousse et al., 2001). in addition, the dry weight of broom-
rape attachments was determined following incubation of 
fresh tubercles in an oven at 80°C for 72 h. 

For Plastic Petri dish experiment, faba bean and 
Orobanche seeds were surface sterilized as described 
above. Petri dishes (120 x120 x17 mm, Greiner) were filled 
with sterilized sand and prepared according to Abbes et al. 
(2010) with some modifications. Filter paper was placed be-
tween the sand and the plastic cover. Twenty milligrams of 
O. foetida seeds were spread uniformly on the filter paper. 
Germinated faba bean seeds were transferred into each Petri 
dish and put in contact with the parasite seeds. Petri dishes 
were then transferred to greenhouse (25 ± 5°C, 12 h photo-
period, natural light) and placed side by side into a plastic 
box in order to shield the roots from light without disturbing 
shoot development.

Treatment by the two chemical inducers (0.05 g/l bTh or 
1 mM salicylic Acid) on plant leaves was made as foliar ap-
plication on 2-week-old faba bean until saturated. Two other 
treatments are repeated at 28 and 36 days after transplanta-
tion (dat).

O. foetida seed germination was evaluated 43 days after 
transplantation (dat) by using a binocular microscope. Four 
squares of 1 cm2 near infested faba bean roots per Petri dish 
were observed and the number of germinated seeds counted 
and expressed as percentage of total seeds. The total num-
ber of tubercles per plant was determined from the whole 
root system of the host plant at 57 dat. Tubercles were clas-
sified according to their developmental stage (Labrousse et 
al., 2001).

Statistical analysis
results were analyzed using the sPss 11.5 software (Win-

dows edition). Mean comparisons were made using duncan’s 
multiple-range classification test at P = 0.05.

Results

in pot experiments, the number and dry weight of attach-
ments formed and their development stage were measured 
twelve weeks after planting. Non-treated plants showed up to 
17 broomrape attachments per faba bean plant (Table 1). 

Foliar application of sA and bTh reduced the total num-
ber of faba bean broomrape by 46.45% and 77.06%, respec-
tively. Most attachments were at subterranean stages, and the 
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number of those reaching stages S5 was significantly reduced 
(Table 1).

spraying sA and bTh did not affect only the number of 
total Orobanche but also the Orobanche dry weight. sA re-
duced the dry weight of broomrape by 47.03%, however this 
reduction was 70.3% under bTh treatment.

in Petri dish experiments, sA and bTh applications re-
duce O. foetida seed germination by 33.8% and 48.3% re-
spectively (Table 2). The number of broomrape attachments 
per faba bean plant was significantly reduced in BTH treated 
plants (69.42%). SA treated plants show non-significant re-
duction (46.94%). No tubercle necrosis was observed by sA 
and bTh treatments.

Discussion

The effect of 1 mM of salicylic acid or bTh (0.05 g/l) on 
the biological cycle of the parasite was evaluated in pot and 
Petri dish experiments. These sA and bTh concentrations 
were chosen because they were frequently reported in the lit-
erature as concentrations inducing plant resistance to various 
pathogens (saindrenan et al., 1988; lawton et al., 1996; Jack-
son et al., 2000; sauerborn et al., 2002; borges et al., 2003; 
Perez de luque et al., 2004; daniel and Guest, 2006; elmer, 
2006; Véronési et al., 2009).

in pot experiment, the three applications of sA or bTh 
weekly resulted in a high reduction of O. foetida infestation 
essentially with bTh treatment. This reduction was charac-
terized by a reduced number and dry weight of O. foetida 
parasites and also low tubercle reaching stage 5.

in Petri dish experiments, the germination of O. foetida 
seeds was significantly affected by treatments with SA or 
bTh in comparison with the controls. knowing that in our 
study sA and bTh were used as foliar application and thus 
there is no direct contact between these molecules and O. 
foetida seeds, we can postulate that these molecules induce 
low production of stimulant substances or increase in the 

release of inhibitory substances by the host. several stud-
ies show no significant reduction of germination of BTH-
treated Orobanche seeds, demonstrating that there are no 
toxic effects of bTh on Orobanche seeds (sauerborn et al., 
2002; Pérez-de-luque et al., 2004; kusumoto et al., 2007; 
Véronési et al., 2009). buschmann et al (2005a) showed that 
bTh applied as a root chamber drench did not interfere with 
O. cumana seed germination. based on these data, we can 
strongly suggest that bTh and sA do not act via an herbi-
cidal activity but via induction in faba bean roots of the sAr 
pathway. These results of foliar applications demonstrate 
that the induced resistance to Orobanche (a root pathogen) 
is systemic. 

Also, bTh and sA applications reduced the total O. foe-
tida number and the number of tubercles reaching stage 5, 
but did not induce necrosis of developing parasite tubercles. 
similar data were reported in tobacco and hemp infected by 
O. ramosa (Gonsior et al., 2004), in pea infested with O. cre-
nata, in sunflower attacked by O. cumana (buschmann et al., 
2005b; Muller-stover et al., 2005; Fan et al., 2007) and in 
oilseed rape infected with O. ramosa (Véronési et al., 2009). 
The reduction in the number of established parasites by sA 
and bTh can be related to the reduction in Orobanche germi-
nation. kusumoto et al. (2007) show that the reduction of O. 

Table 1
Effect of Salicylic acid (1 mM) and BTH (0.05 g/l) treatment (leaf spray) on the infestation of faba bean with 
Orobanche foetida in pot experiment 

 
Total 

Orobanche 
s2 s3 s4

subterranean 
Orobanche 

emerged 
Orobanche 

Total 
Orobanche 

Number,  
84 dat

number,  
s2-s4

number,  
s5

dry weight,  
g

Control 17.48 a 3.44 a 2.08 a 9.56 a 15.08 a 2.40 a 2.02 a
sA 9.36 b 1.25 ab 1.20 a 6.27 a 8.72 b 0.64 b 1.07 b
bTh 4.01 b 0.80 b 0.81 a 2.20 b 3.81 b 0.20 b 0.60 c

Plants were weekly treated. Data with the same letter are not significantly different (Duncan, P = 0.05).

Table 2
Effect of Salicylic acid (1 mM) and BTH (0.05 g/l) 
treatment (leaf spray) on the infestation of faba bean 
with Orobanche foetida in petri dish experiment

 Germination 
percentage, 43 dat

Total Orobanche 
number, 57 dat

Control 29.20 a 6.54 a
sA 19.33 b 3.47 ab
bTh 15.12 b 2.00 b

Plants were weekly treated. data with the same letter are 
not significantly different (Duncan, P = 0.05).
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minor tubercles in red clover caused by sA and bTh was due 
to the inhibited elongation of O. minor radicles and the acti-
vation of defence responses in the host root including ligni-
fication of the endodermis. Sauerborn et al. (2002) indicated 
that the total number of O. cumana shoots was reduced with 
bTh treatment, and this was due to synthesis of phytoalexin 
scopoletin and of hydrogen peroxide in the bTh-treated sun-
flower roots, but with no increase in lignification. Other stud-
ies showed that lignification has been reported as a defense 
reaction against Orobanche spp. penetration, connection to 
the vascular system and/or tubercle development (Goldwas-
ser et al., 1999; stermer et al., 1987). 

Other mechanisms like the synthesis of the coumarin phy-
toalexins scopoletin and ayapin in suflower and its increased 
synthesis can be induced by bTh or sA application (Prats et 
al., 2002; sauerborn et al., 2002; serghini et al., 2001). These 
studies suggested that these chemical defence-inducers could 
prevent Orobanche infection by activating the sA dependent 
pathway in the host plants.

Conclusion

These results demonstrate that sAr is capable of being an 
important method to control broomrapes. This control meth-
od should be confirmed in field conditions and could be a use-
ful tool for an integrated control strategy leading to reduce 
soil infestation by Orobanche. More researches and studies 
by varying doses, treatment methods and application times 
are necessary for an efficient control of the fetid broomrape.

References

Abbes, Z., M. Kharrat, P. Delavault, P. Simier and W. Chaïbi, 
2007a. Field evaluation of the resistance of some faba bean (Vi-
cia faba l.) genotypes to the para sitic weed Orobanche foetida 
Poiret. Crop Protection 26: 1777-1784.

Abbes, Z., M. Kharrat, P. Simier and W. Chaïbi, 2007b. Char-
acterization of resistance to crenate broomrape (Orobanche cre-
nata) in a new small-seeded line of Tuni sian faba beans. Phyto-
protection, 88: 83-92.

Abbes, Z., M. Kharrat, J. B. Pouvreau, P. Delavault, W. Chaïbi 
and P. Simier, 2010. The dynamics of faba bean (Vicia faba l.) 
parasitism by Orobanche foetida. Phytopathologia Mediterra-
nea, 49: 239-248

Abbes, Z., F. Sellami, M. Amri and M. Kharrat, 2011. Variation 
in the resistance of some faba bean genotypes to Orobanche 
crenata. Pakistan Journal of Botany, 43: 2017-2021.

Bokshi, A. I., S. C. Morris and B. J. Deverall, 2003. effects of 
benzothiadiazole and acetylsalicylic acid on β-1,3-glucanase 
activity and disease resistance in potato. Plant Pathology, 52: 
22-27.

Bouraoui M., Z. Abbes, N. Abdi, I. Hmissi and B. Sifi, 2012. 
Evaluation of efficient Rhizobium isolates as biological control 
agents of Orobanche foetida Poir. parasitizing Vicia faba l. mi-
nor in Tunisia. Bulgarian Journal of Agricultural Science, 18: 
557-564.

Buschmann, H., G. Gonsior and J. Sauerborn, 2005a. Pathoge-
nicity of branched broomrape (O. ramosa) population on tobac-
co cultivars. Plant Pathology, 54: 650-656. 

Buschmann, H., Z. W. Fan and J. Sauerborn, 2005b. effect of 
resistance-inducing agents on sunflower (Helianthus annuus L.) 
and its infestation with the parasitic weed Orobanche cumana 
Wallr. Journal of Plant Disease and Protection, 112: 7386-7397.

Daniel, R. and D. Guest, 2006. defense induced by potassium 
phosphonate in Phytophthora palmivora-challenged Arabidop-
sis thaliana. Physiological and Molecular Plant Pathology, 67: 
194-201.

Elmer, W. H., 2006. effect of acibenzolar-s-methyl on the sup-
pression of Fusarium wilt of cyclamen. Crop Protection, 25: 
671-676.

Fan, Z. W., H. Buschmann, D. Muller-Stover and J. Sauer-
born, 2007. Main effect and interactions among acibenzolar-s-
methyl, a biocontrol fungus and sunflower cultivar on control of 
Orobanche cumana Wallr. Journal of Plant Disease and Pro-
tection, 114: 76-81.

Goldwasser, Y., J. Hershenhorn, D. Plakhine, Y. Kleifeld and B. 
Rubin, 1999. biochemical factors involved in vetch resistance 
to Orobanche aegyptiaca. Physiological and Molecular Plant 
Pathology, 54: 87-96.

Gonsior, G., H. Buschmann, G. Szinicz, S. Otmar and J. Sau-
erborn, 2004. induced resistance – an innovative approach to 
manage branched broomrape (Orobanche ramosa) in hemp and 
tobacco. Weed Science, 52: 1050-1053.

Gorlach, J., S. Volrath, G. Knauf-Beiter, G. Hengy, U. Beck-
hove, K. H.  Kogel, M. Oostendorp, T. Staub, E. Ward, H. 
Kessmann and J. Ryals, 1996. benzothiadiazole, a novel class 
of inducers of systemic acquired resistance, activates gene 
expression and disease resistance in wheat. The Plant Cell, 8: 
629-643.

Heil, M., A. Hilpert, W. Kaiser and K. E. Linsenmair, 2000. 
reduced growth and seed set following chemical induction of 
pathogen defence: does systemic acquired resistance (sAr) in-
cur allocation costs? Journal of Ecology, 88: 645-654.

Jackson, T. J., T. Burgess, I. Colquhoun and G. E. St. J. Hardy, 
2000. Action of fungicide phosphite on Eucalyptus marginata 
inoculated with Phytophthora cinnamomi. Plant Patholohy, 49: 
147-154.

JORT, 2004. Journal Officiel de la Republique Tunisienne, 63: 
2246-2248

Kharrat, M. and T. Souissi, 2004. research on Orobanche foe-
tida and O. crenata in Tunisia, in: r. dahan and M. el-Mou-
rid (eds.) integrated Management of Orobanche in Food le-
gumes in the Near east and North Africa (Proceedings of the 
expert Consultation on iPM for Orobanche in Food legume 
systems, Near east and North Africa), iCArdA, Aleppo, pp. 
106-110.



Biological control of Orobanche foetida by BTH and SA 1443

Kharrat, M., Z. Abbes and M. Amri, 2010. A new faba bean 
small seeded variety ‘Najeh’ tolerant to Orobanche reg istered 
in the Tunisian catalogue. Tunisian Journal of Plant Protection 
5: 125-130.

Kusumoto, D., Y. Goldwasser, X. Xie, K. Yoneyama, Y. Takeuchi 
and K. Yoneyama, 2007. resistance of red clover (Trifolium 
pratense) to the root parasitic plant Orobanche minor is acti-
vated by salicylate but not jasmonate. Annals of Botany, 100: 
537-544.

Labrousse, P., M. C. Arnaud, H. Serieys, A. Berville and P.  
Thalouarn, 2001. several mechanisms are involved in resistance 
of Helianthus to Orobanche cumana Wallr. Annals of Botany,  
88: 859-868.

Lawton, K. Y., L. Friedrich, M. Hunt, K. Weymann, T. Dela-
ney, H. Kessmann, T. Staub and J. Rayals, 1996. benzothi-
azole induces disease resistance in Arabidopsis by activation of 
the systemic acquired resistance signal transduction pathway. 
Plant Journal, 10: 71-82.

Muller-Stover, D., H. Buschmann and J. Sauerborn, 2005. in-
creasing control reliability of Orobanche cumana through inte-
gration of a biocontrol agent with a resistance- inducing chemi-
cal. European Journal of Plant Pathology, 111: 193-202.

Pérez-de-Luque, A., J. V. Jorrin and D. Rubiales, 2004. Crenate 
broomrape control in pea by foliar application of benzothiazole 
(bTh). Phytoparasitica, 32: 21-29.

Prats, E., D. Rubiales, and J. Jorrin, 2002. Acibenzolar-s-meth-
yl-induced resistance to sunflower rust (Puccinia helianthii) is 

associated with an enhancement of coumarins of foliar surface. 
Physiological and Molecular Plant Pathology, 60: 155-162.

Saindrenan, P., T. Barchietto and G. Bompeix, 1988. Modifica-
tion of the phosphite induced resistance response in leaves of 
cowpea infected with Phytophthora cryptogea by a-aminooxy-
acetate. Plant Science, 58: 245-252.

Sauerborn, J., H. Buschmann, K. Ghiasvan-Ghiasi and K. H. 
Kogel, 2002. Benzothiazole activates resistance in sunflower 
(Helianthus annuus) to the root-parasitic weed Orobanche 
cumana. Phytopathology, 92: 59-64.

Serghini, K., A. P. De-Luque, M. Castejon-Munoz, L. Garcia-
Torres and J. V. Jorrin, 2001. Sunflower (Helianthus annuus 
l.) response to broomrape (Orobanche cernua Loefl.) parasit-
ism: induced synthesis and excretion of 7-hydroxylated simple 
coumarins. Journal of Experimental Botany, 52: 2227-2234.

Stermer, B. A. and R. Hammerschmidt, 1987. Association of heat 
shock induced resistance to disease with increased accumula-
tion of insoluble extensin and ethylene synthesis. Physiological 
and Molecular Plant Pathology, 31: 453-461.

Véronési, C., P. Delavault and P. Simier, 2009. Acibenzolar-s-
methyl induces resistance in oilseed rape (Brassica napus l.) 
against branched broomrape (Orobanche ramosa l.). Crop Pro-
tection, 28: 104-108.

Ward, E. R., S. J. Uknes, S. C. William, S. S. Dincher, D. L. Wie-
derhold, D. C. Alexander, P. Ahl-Goy, J. P. Métraux and J. 
Ryals, 1991. Coordinate gene activation in response to agents that 
induce systemic acquired resistance. Plant Cell, 3: 1085-1094.

Received March, 22, 2014; accepted for printing September, 22, 2014.


