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Abstract 
 
Crude aqueous and methanol extracts of 121 plant species from 41 families, collected from the west of Iran, were screened for 
antifungal activity against mycelial growth of Phytophthora drechsleri. The bioassay used was based on the paper disc diffusion 
method with four replicates. Extracts of 38 of 121 (about 31%) plant species had inhibitory activity against this phytopathogenic 
fungus, among which 23 species measurably inhibited the growth of Phytophthora drechsleri. A methanol extract of Xanthium 
strumarium had the strongest inhibitory activity (17.79±1.35 mm) against P. drechsleri followed by extracts of Glycyrrhiza glabra, 
Verbascum sp., Hypericum perforatum, Centaura depressa, Centaura sp., Lamium amplexicaule, Haplophyllum perforatum. An 
investigation of the efficacy of extracts of different plant parts on mycelial inhibition of P. drechsleri, using the paper disc method, 
indicated that the inflorescence and fruits of cocklebur (Xanthium strumarium) showed significantly more inhibitory effect than the 
other plant parts against the fungus. Two common species of cocklebur, X. strumarium and X. spinosa, grown around the city of 
Kermanshah, inhibited mycelial growth of the tested fungus, but extracts of X. strumarium had significantly more inhibitory effect 
against P. dreschleri than X. spinosa. The results of fractionation of leaf, fruit and inflorescence by thin layer chromatography (TLC) 
indicated that yellow and blue fractions (under UV) with relative fronts (Rf) equal to 0.93 and 0.98 of leaf, fruit and inflorescence 
fractions exhibited the highest inhibitory effect against P. dreschleri. These results suggest that cocklebur has potential for control of 
P. dreschleri and further green house and farm studies are recommended.   
 
Keywords: Anti-Phytophthora activity; Iranian plants; Paper disc; Thin layer chromatography; Xanthium strumarium. 
Abbreviation: IPM-Integrated Pest Management, TLC- Thin Layer Chromatography, UV-Ultra Violet, Rf- Relative to front, PDA- 
Potato Dextrose Agar, CRD- Completely Randomized Design, DMRT- Duncan's new Multiple Ranges Test.  
 
 
Introduction 
 
Crop losses due to plant diseases are estimated to be about 
14% worldwide (Agrios, 2005) and 20% for major foods and 
cash crops (Oerke et al., 1994). Synthetic pesticides are the 
most effective method for pest and disease control. In spite of 
hazards associated with chemical pesticide application 
including problems of public health, environmental pollution, 
toxic effects on non-target organisms and development of 
resistance in pest and disease agents (Rai and Carpinella, 
2006; Kagale et al., 2004), it is believed that fungicides will 
remain an essential tool for the control of plant diseases and 
their use should be optimized under integrated pest 
management programs (Gullino et al., 2000). IPM for 
conserving agro-ecosystems includes the use of pest-resistant 
cultivars, holding pests at a tolerable level and using 
environmentally safe methods such as natural products (Rai 
and Carpinella, 2006). Given the effect of the origin of plant 
species and genetic diversity on chemical composition, 
studies screening for novel antifungal compounds in plants 
from different parts of the world are needed. In this research, 
we screened plants from the west of Iran for anti-
Phytophthora activity. Some Iranian plants were screened for 
antimicrobial activity previously (Sardari et al., 1998; Fazly 
Bazzaz et al., 1997; Fazly Bazzaz and Haririzadah 2003; 
Shahidi Bonjar et al., 2004), but these investigations were 
focused on screening plant extracts against agents of disease 

in humans. There are few antifungal screening studies for the 
phytopathogenic fungi in Iran. Phytophthora is a plant 
pathogen with about 50 species causing wide variety of 
disease on large number of hosts (Chaube and Pundhir, 
2005). It causes root, stem and fruit rots resulting in severe 
reductions in crop yield. Use of metalaxyl+mancozeb as a 
seed treatment has been recommended to control effectively 
the disease caused by P. drechsleri, the causative agent of 
pigeon pea blight, up to 15 days after sowing (Chaube and 
Pundhir, 2005). In addition, seed and soil treatments of 
isolates of Pseudomonas fluorescens significantly protect 
Cantaloupe plants from attack of P. drechsleri (Tabarraei et 
al., 2011). Preliminary in vitro experiments conducted with 
several plant crude extracts showed that some of extracts 
could effectively control P. drechsleri.  Plants such as 
Zataria multiflora, Pinus halepensis, Carum carvi 
(Abdolmaleki et al., 2010), Cinnamomum zelanicum 
(Abdolmaleki et al., 2008) and Xanthium strumarium (Kim et 
al., 2002) significantly suppressed the mycelial growth of P. 
drechesleri. Methanol and ethyl acetate extracts of yellow 
oleander (Thevetia peruviana) had a range of inhibitory 
effects on the mycellial growth of different strains of P. 
megakarya, the agent of black pod disease (Ambang et al., 
2011). In vivo experiments using crude plant extract against 
Phytophthora blight of pepper caused by P. capsici showed 
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that the severity of disease was reduced by cabbage, garlic 
and alfalfa extracts (Demirci and Dolar, 2006). The 
objectives of the present study, as part of larger screening 
program, were to identify plant sources with anti-
Phytophthora activity, determine which plant parts have 
higher activity and to find the active fractions.  
 
Results  
 
Plant screening for inhibitory activity against P. drechsleri 
 
Crude methanol and aqueous extracts of 121 Iranian plant 
species from 41 families were tested against Phytophthora 
drecesleri at a concentration of 100 mg/ml and 5 mg/paper 
disc. Anti-Phytophthora activity of the extracts in terms of 
radius inhibition zone is reported in Supplementary Table.  
Of the 121 plant species tested, 38 (about 31%) showed 
activity against the fungus. Among these, 23 species 
measurably inhibited the mycelial growth of P. drechsleri. 
Results indicated that methanol extract of Xanthium 
strumarium showed the maximum activity (17.79±1.35 mm) 
against P.drechsleri (Fig 1.) followed by Glycyrrhiza glabra, 
Verbascum sp., Hypericum perforatum, Centaura depressa, 
Centaura sp., Lamium amplexicaule, Haplophyllum 
perforatum, C.behen, Rosmarinus officinalis, Portulaca 
oleraceae , Sisymbrium sp.,  Datura stramonium, Papaver 
dubium, Consolida sp., Fritillaria imperialis, Anchusa 
italica, Taraxacum sp., Lavandula sp.,  Tribulus terrestris, 
Olea europaea, Vaccaria pyramidata and Avena sativa. 
 
The inhibitory activity of different parts of X.strumarium 
against Phytophthora drechsleri  
 
To find out which part had the highest anti-Phytophthora 
drechsleri activity, root, stem, leaves, inflorescence and fruits 
of X. strumarium were separated from each other and 
extracted by methanol after drying. The results of the paper 
disc method indicated that extracts of inflorescence and fruit 
remarkably inhibited the mycelial growth of P. drechsleri. 
The inflorescence had significantly more inhibitory effect 
than leaves, and roots of X. strumarium did not inhibit the 
growth of P. dreschleri (Table 1.)   
 
Anti-Phytophthora drechsleri activity of X. strumarium at 
different stages of growing 
 
Fluctuations in antifungal contents of X. strumarium during 
different plant growth stages were investigated. The 
inhibitory effect of crude extracts obtained from different 
stages against P. drechsleri was used as an indicator of 
antifungal contents. The results indicated that the amount of 
inhibition was significantly lowest at the seedling stage when 
the cotyledonous leaves appeared and with growth of the 
plant only subtle fluctuation was seen (Fig 2). 
 
Anti-Phytophthora drechsleri activity of X. strumarium and 
X. spinosa 
 
The anti-Phytophthora drechsleri activity of crude extracts of 
X. strumarium and X. spinosa was significantly different, 
with the extracts obtained from X. strumarium having 
significantly more inhibitory activity than extracts obtained 
from X. spinosa (data not shown). 
 
 
 
 

Fractionation of the crude extract 
 
The crude leaf, fruit and inflorescence methanol extracts of 
X. strumarium were fractionated to ten, nine and nine 
fractions, respectively, by TLC under UV light (254/365 nm). 
After recovery, these fractions were exposed to grown 
mycelial of P. drechesleri in the concentration of 1 mg/paper 
disc. Although the two slowest moving fractions showed the 
inhibition, the last fraction of each plant part was the most 
active against this fungus; and the last fraction of the leaf 
extract was the most active when compared with that of the 
fruits and inflorescence. These fractions, from the different 
plant parts, were similar in colour with a narrow yellow band 
(Rf=0.93) and a blue band (Rf=0.98).  
 
Discussion 
 
Initial screening of plants for possible anti-Phytophthora 
drechsleri activity began with aqueous and methanol 
extractions as stated by Cowan (1999); and followed by 
logical pathway. After the initial screening, Xanthium 
strumarium was selected as the plant showing most 
inhibitory activity. After determining which were the 
strongest plant extracts, experiments were made to find the 
most active part of the plant, growth stage/s, plant species 
and plant fraction/s. Several studies showed the potential of 
crude extracts as antifungal agents (Lee et al., 2007; Erturk, 
2006; Sardari et al., 1998). In the present research, crude 
methanol and aqueous extracts of 121 Iranian plant species 
were tested against Phytophthora drechsleri. Due to the 
importance of screening plant crude extracts as the first step 
and the importance of bioactive crude extracts as ecofriendly 
agents, plants collected from the west of Iran were screened 
against this destructive fungus. At present, metalaxyl is seen 
as an effective systemic fungicide to control the disease 
caused by Phytophthora (Ware and Whitacre, 2004), but two 
important points are arose when it is applied, one is the need 
for timely application of the fungicide to get effective control 
(Kim et al., 2002) and the other is creation of new strains of 
pathogen tolerant to metalaxyl (Kim et al., 2002). Therefore, 
further research is needed to establish new, safe, alternative 
methods for fungal control. All Centaurea species tested 
were shown to be active against P. drechsleri. The antifungal 
activity of Centaurea species against phytopathogenic fungi 
other than P. drechsleri was reported by Skaltsa et al. (2000), 
Panagouleas et al. (2003) and Karamenderes et al. (2006). 
However, this antifungal activity depends on the tested 
species of Centaurea and the solvent used (Cansaran et al., 
2010). Nine different compounds isolated from the aerial 
parts of C. thessala ssp. drakiensis and C. attica ssp. attica 
were effective against fungi (Skaltsa et al., 2000). The genus 
Haplophyllum comprises about 50 species and is distributed 
from Africa to Eurasia. About 30 species of this perennial 
plant grow in Iran and 14 of them are endemic to it. 
Haplophyllum contains several quinoline alkaloids (Staerk et 
al., 2009) and lignan lactones (Sheriha et al., 1987). In this 
study, it was shown that H. perforatum (syn. H. acutifolium) 
collected from Homail- a site 65 km from Kermanshah, Iran- 
contains strong antifungal activity. Our results are in 
accordance with the previous findings reported by Cantrell et 
al., 2005 who found that this plant possesses antifungal 
activity and quinoline alkaloids especially flindersine are 
responsible for this activity.  
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Table 1. The inhibitory effect (mean ± standard error) of 
different parts of Xanthium strumarium on mycelia growth of 
Phytophthora drechsleri compared using Duncan's test at 
p≤0.05. Each mean was calculated from five replicates. 
Plant Part Zone of Inhibition 

(mm) 

Inflorescence 17.50 ± 0.27 a 
Fruit 16.33 ± 0.78 ab 
Leaf 15.93 ± 0.83 b 
Stem 6.30 ± 0.30 c 
Root 0 

Means followed by the same letters are not significantly 
different at P≤0.05. 
 

 
 
Fig 1.  Inhibitory effect of crude extract obtained from  
Xanthium strumarium (5 mg/paper disc) on mycelial growth 
of Phytophthora drechsleri   

 
The results indicated that Sisymbrium sp. and Lamium sp. had 
strong inhibitory effects against the fungus. Sisymbrium has 
shown to have an allelopathic effect on seed germination of 
neighboring plants and spore germination of mycorrhizal 
fungi (Bainard et al., 2009). Strong antifungal activity of 
Lamium tenuiflorum against Candida albicans was reported 
by Basaran (2009). While several plant extracts tested had a 
high level of inhibition at a single concentration (5mg/paper 
disc), the plant extract with a significant and noticeable effect 
on P. drechsleri compared to the other extracts and positive 
control (mancozeb) was selected in the screening experiment 
for further investigations. Xanthium strumarium, common 
name cocklebur (Asteraceae), an annual weed prevalent in 
the west of Iran was selected. It is resistant to drought and is 
a common weed in pastures and fields. The antimicrobial 
properties of cocklebur have been previously reported 
(Bahraminejad et al., 2011; Cerdeiras et al., 2007; Nariman et 
al., 2004; Lavault et al., 2005; Koko, 2006; Kim et al., 2002). 
Anti-Candida albicans activity by X. strumarium was 
reported by Shahidi Bonjar et al., (2004). Our data confirmed 
the findings of a previous study which reported that the 
extracts of X. strumarium effectively inhibited the mycelial 
growth and zoospore germination of P. drechsleri (Kim et al., 
2002). Kim et al. (2002) purified the anti-Phytophthora 
compound in cocklebur as deacetyl xanthumin. In this study, 
a methanol extract of cocklebur (X. strumarium) completely 
inhibited the mycelial growth of P. drechsleri when the disc 
diffusion method was used, and caused about 83% inhibition 

when the agar dilution method was used. Moreover, this 
inhibition was durable, i.e., the mycelium had not covered the 
impregnated paper disc after a week. Fractionation by TLC 
and bioassay resulted in a yellow and a blue coloured fraction 
(under UV) on developed TLC plates and all of the active 
parts of the plant had an inhibitory effect on the tested 
fungus. These results indicate that the antifungal compound 
probably is not the only compound as reported by Kim et al., 
(2002) and antifungal activity in X. strumarium could be due 
to the existence of either two different fractions or the two 
fractions and their interactions. As any part of the plant may 
contain active compounds, an experiment was carried out 
using the disc diffusion method. It showed that roots do not 
contain anti-Phytophthora compounds. Least inhibitory 
activity was obtained from plants at the cotyledonous stage 
(young seedlings) and it fluctuated a little during growth of 
the cocklebur. This detailed study helps our understanding of 
the changes in the active compounds in terms of plant parts, 
species and age. This is the first report on some physiological 
aspects of the antifungal compounds of the X. strumarium.  
Both species of Xanthium tested for inhibition of P. 
drechsleri growth inhibited mycelial growth of the fungus, 
suggesting that this property may exist in other species of 
Xanthium; as reported by Qi et al. (2008) for X. sibiricum , 
Eftekhar et al. (2007) for X. brasilicum and Cerdeiras et al. 
(2007) for X. cavanillesii. Because of the diverse range of 
antifungal compounds with different properties, they may not 
be completely extracted by a single solvent (Wojcikowski et 
al., 2007). In this research two different solvents were used to 
elicit the antifungal compounds in plant species. 
Measurements of the radius inhibition zone (Supplementary 
Table) may correlate to quality and quantity of antifungal 
compounds and indicated that antifungal compounds in the 
most plant species with anti-Phytophthora activity were 
extracted by methanol. This finding supported the 
observation of Eloff (1998) who ranked extractants based on 
their ability to solubilize antimicrobial compounds from 
plants, biohazards and ease of removal of solvents from 
fractions. Eloff ranked methanol second to methylene 
dichloride and superior to ethanol and water. Eftekhar et al. 
(2007) found that methanol and a solvent mixture were the 
best solvents to elicit antimicrobial compounds from X. 
brasilicum. These results and the encouraging percentage of 
plants with antifungal activity (31% in this research) 
indicated that the flora in the west of Iran can be regarded as 
rich sources of plants with antifungal activity. These findings 
persuaded us to continue screening more plant species. 
The results of this study could form the basis for further 
investigation of fractionation for finding active fractions, the 
effect of origin of growing on the quality and quantity of 
active compounds, the amount of bioactive compounds in 
different plant parts and finally in vivo application of extracts 
will be considered.  
 
Materials and methods 
 
Plant material and fungi 
 
One hundred and twenty one plant species from 41 families 
were collected from different parts of the provinces of 
Kermanshah and Hamadan located in the west of Iran 
(Supplementary Table). As a part of wider screening 
program, plants were randomly collected to increase the 
chance of finding plants with bioactive extracts. The plants 
were   identified by staff at the Herbarium at Razi University, 
College   of   Agriculture   and   scientific    names   were     
checked   in   the   International   Plant   Names    Index  



258 
 

 

0

5

10

15

20

25

1 2 3 4 5 6

Sampling stage

Zo
ne

 o
f i

nh
ib

iti
on

 (m
m

)

 
Fig 2. The mean inhibitory effect of Xanthium strumarium 
harvested at different stages of life cycle against mycelia 
growth of Phytophthora drechsleri compared using Duncan's 
test at p≤0.05. Each mean was calculated from four 
replicates. 1, 2, 3, 4, 5, 6 stages are cotyledonous leaves, five 
main leaves, 10 main leaves, flowering, fruiting and 
physiological maturity, respectively. 
 
 
(http://www.ipni.org/ipni/plantnamesearchpage.do). Each 
sample was cleaned, shade dried and ground to a fine powder 
with a coffee grinder before methanol or aqueous extraction. 
An isolate of Phytophthora drechsleri was provided by the 
Agriculture and Natural Resources Research Centre of 
Kermanshah. It was isolated from sugar beet and had proven 
pathogenicity. 
 
Preparation of plant crude extracts 
 
The powdered plant materials were extracted at room 
temperature using water and methanol. Aqueous extraction 
was achieved by adding 100 ml distilled water to 5 g 
powdered materials and bringing the mixture to the boil. It 
was then allowed to cool to laboratory temperature. Four 
hours after taking the mixture off heat, it was filtered. The 
extract was then concentrated using a rotary evaporator. A 
sample of extract at concentration of 100 mg/ml was 
provided. The Methanol extract was obtained as described by 
Bahraminejad et al. (2006).  
 
Bioassay 
 
The fungal bioassay was performed as described by 
Bahraminejad et al. (2008). In this study, the paper disc 
method was used to test for any inhibitory effect of crude 
plant extracts. Positive control discs with the fungicide 
mancozeb at a concentration of 1 mg/disc were tested against 
P. drechsleri in order to determine the effectiveness of the 
crude extracts. A five millimeter diameter plug of the fungus 
was transferred to potato dextrose agar (PDA) media and 
incubated at 25˚C in the dark until the fungal mat was 
approximately 25 mm from the edge of the plate. Then, 
loaded paper discs were placed on the growth medium about 
10 mm from the margin of the growing colony. Inoculated 
plates were incubated at 25˚C and radius of the zone of 
inhibition (distance between the centre of the paper disc and 
margin of inhibited colony from three different directions) 
was recorded in millimeters. Each plate was examined for  

 
inhibitory effects every six hours. All plant extracts and 
controls were tested in four replicates and the experiment was 
repeated twice. 
 
The inhibitory activity of different parts of X. strumarium 
against Phytophthora drechsleri  
 
Roots, stems, leaves, inflorescence and fruits of  X. 
strumarium were separated after drying in the shade. The 
plant parts were ground and extracted by methanol as 
mentioned above. Grown mycelia of P. drechsleri were 
exposed to impregnated paper discs at a concentration of 5mg 
per paper disc. The experiment had five replicates. A 
completely randomized design (CRD) was used to show the 
differences among plant parts for antifungal activity. 
Duncan's New Multiple Ranges Test (DMRT) was applied to 
determine any significant differences when means of 
treatments (plant parts) were compared. 
 
Anti-Phytophthora drechsleri activity of X. strumarium at 
different stages of growing 
 
Seeds of X.strumarium were sown in a four-row plot with 75 
cm inter row spacing and 20 cm plant to plant spacing. The 
first plants were harvested at the cotyledonous leaf stage. 
Later samples were harvested in consecutive months so that 
we had stages as follows:  cotyledonous leaf stage, 5 leaf 
stage, 10 leaf stage, flowering, fruiting, and physiologically 
matured seeds. Above ground parts of plants at each stage 
were cut and dried in the shade. They were ground and 
stored. Five grams of each sample was used for extraction. 
After methanol extraction, grown mycelia of P. drechsleri 
were exposed to the extracts in four replicates.  A completely 
randomized design (CRD) was used. DMRT was also applied 
to determine any the significant differences when means of 
treatments (plant growth stages) were compared. 
 
Anti-Phytophthora drechsleri activity of X. strumarium and 
X. spinosa 
 
Above ground parts of two common species growing in the 
west of Iran, X. strumarium and X. spinosa were collected 
(one mature plant of each species) and extracted with 
methanol. The grown mycelia of P. drechsleri were exposed 
to four replicates of the respective extracts to see any 
differences between the two species in terms of antifungal 
activity. An unpaired t-test was used to show any significant 
difference between the two species for antifungal activity.  
 
Fractionation of the crude extract 
 
Fractionation of the crude extract of X. strumarium was 
carried out using preparative thin layer chromatography 
(TLC) using aluminium-backed plates (0.20 mm, silica 60, 
Merck KGA) developed with ethyl acetate : methanol : water 
(31 : 4 : 4 v ⁄ v ⁄ v) as the solvent. The developed 
chromatograms were examined under UV light (254/365 
nm). Observed fractions having similar Rf, relative to the 
front were pooled, and materials were recovered from the 
silica gel. Eluted compound or compounds at a concentration 
of 1 mg/paper disc was tested for ant-Phytophthora 
drechsleri activity using the paper disc diffusion method. 
This experiment was performed with three replicates and 
values are expressed as mean ± standard deviation.   
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