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Abstract. Sclerotinia sclerotiorum is a necrotrophic ascomycete fungus with an extremely broad host range. Disease severity is directly 
correlated with oxalic acid levels in infected tissues. It seems that the most important factor for the resistance of plant cell wall and 
plasma membrane degradation is resistance against oxalic acid. This research carried out based on completely randomized design 
with three replications, factors examined in this study included four genotypes of sunflower, six concentrations of oxalate acid and 
in six different time periods were treated. Positive regression coefficients showed that destruction in all four genotypes increased 
with increasing concentrations of oxalic acid. This study indicated that cell wall degradation according to the electrolyte leakage, 
which is fast and accurate method. 
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Introduction 
 
Sunflower (Helianthus annuus L.) is one of the most impor-
tant oil crops and due to its high content of unsaturated fatty 
acids and a lack of cholesterol, the oil benefits from a desir-
able quality (Nezami et al. 2008, Franchini et al. 2010). Scle-
rotinia sclerotiorum is a necrotrophic fungal pathogen capable 
of infecting a broad range of hosts, including many eco-
nomically-significant crops such as sunflower, soybean, and 
canola (Cessna et al. 2000, Donaldson et al. 2001). Sclerotinia 
sclerotiorum produce millimolar concentrations of oxalate in 
infected tissues. Oxalate is an essential virulence factor of S. 
sclerotiorum because mutants, which are deficient in oxalate 
biosynthesis, are less pathogenic than wild-type fungus. In 
contrast to wild-type fungus, oxalate-deficient S. sclerotiorum 
is unable to produce oxalate during infection of petals, 
which are an important source of inoculum in the field and 
during in vitro cultivation (Guimaraes & Stotz 2004). OA se-
creted by S. sclerotiorum is generally believed to help initiate 
the infection and facilitate disease progression (Bolton et al. 
2006). The accumulation of OA has been to shown to be posi-
tively correlated with disease severity (Maxwell & Lumsden, 
1970).  

In addition to cell-wall-degrading activity, OA is known 
to play a key role in pathogenesis and fungal development 
(Godoy et al. 1990, Lumsden 1979). OA can degrade or 
weaken the plant cell wall via acidity or chelation of cell wall 
Ca2+.  Disease severity is directly correlated with OA levels 
in infected tissues (Noyes et al. 1981, Donaldson et al. 2001). 
Furthermore, OA plays complex and diverse roles during 
the infection process, although it is a simple organic sub-
stance with limited chemical interactions (Hegedus & Rim-
mer 2005).  

Cell membranes are one of the first targets of many plant 
stresses. The membrane integrity is altered for the stress; a 
consequence of this is the increase of the cell permeability 
which is accompanied by electrolyte leakage from the cell 
(Ahmadizadeh et al. 2011). Increases in permeability may be 
caused by pathogen elaborated products or host cell re-
sponses to infection. When membrane permeability is drasti-

cally altered, cell death follows shortly (Hancock 1972). Elec-
trolyte leakage tests have been widely used to assess the 
level of plant tolerance to various stresses. These tests de-
termine the degree of cell membrane damage caused by 
stress based on electrolyte leakage from the cells. The tech-
nique is relatively simple, repeatable and rapid and requires 
inexpensive equipment, can be used on plant material from 
a variety of cultural systems and it is suitable for the analysis 
of large numbers of samples (Habibpor et al. 2011, Ahmadi-
zadeh et al. 2011). 

The objective was to study the effectiveness and reliabil-
ity of physiological techniques such as electrolyte leakage 
tests for screening sunflower genotypes under OA stress and 
the relation of this trait with the host tolerance and facilitate 
its introduction within plants farming system prevailing. 

 
 

Materials and methods 
 

The research carried out in completely randomized design with 
three replications. Factors examined in this study were 4 sunflower 
genotypes (Tub, SAT1, SAT2 and CMS-Farox), 6 concentrations of 
oxalate acid (oxalic acid dehydrate Cat No: 247537; Molecular 
Weight 126.07   from  Sigma Aldrich  company ) (5, 10, 15, 20, 30 and 
40 mM) were treated. Plants were grown in the greenhouse (25°C at 
16h light, 8 hr dark photoperiod). The plants in two-cotyledon stage 
from root were placed in different concentrations of oxalate acid in 6 
different time periods (2, 6, 12, 24, 48 and 72 h) were treated. After 
the elapse of time the leaves cut from the collar were washed by 
twice distilled water, and electrical conductivity were measured by 
and EC meters. Data were analyzed by SPSS (vers. 18.0). 

 
 

Results and Discussion 
 

Factorial analysis for the electrical conductivity (cell wall 
degradation index) showed significant differences among 
genotypes which indicate that there was genetic variation in 
response to oxalate acid (Table 1). Interaction between geno-
type and time was significant that indicated the genotypes 
had different response in times of treatment with OA. Also 
Interaction between the times of treatment with OA and OA 
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Table 1.  Factorial analysis for electrical conductivity. 
 

Mean Square 
S.O.V D.F 

Electrical conductivity 
Time (T) 5 9423.3** 
Dose (D) 5 2351.97** 
Genotype (G) 3 2022.13** 
T * D 25 93.28** 
T * G 15 167.55** 
D * G 15 35.42** 
T * D * G 75 37.23** 
Error 288 2.299 

 

** = significant at 1% level 
T: Time, D: Dose and G: Genotype. 

 
 

concentration was significant (Table 1). However, this result 
was not unexpected that genotypes had differences in toler-
ance to S. sclerotiorum disease. ANOVA was performed sepa-
rately for each concentration. At every levels of oxalic acid 
(OA) concentration were analyzed for EC. Consider to the 
result of analysis, significant differences between genotypes 
were observed (P<0.01). This means that there was variation 
between genotypes, also between times of treatment with 
OA was difference significant (Table 2). 

The results of the comparing genotypes in term of EC at 
the 5% level by Duncan's method showed that all dose, the 
least cell wall degradation occurs in the first 2 hours (Table 
3). This was agreement with result of Cessna et al. (2000). At 
doses of 15 and 20 mM treatments was similar trend of 
changes over time (Table 3). So to increase the time to 12 

hours, the damage was increased, but when the degradation 
was increased from 24 hours to 72 hours, there was no dif-
ference in the rate of degradation. Seems to be the time of 
maximum membrane degradation occurs 12 hours to 24 
hours and then the same process takes degradation. Kim et 
al. (2008) in their study found that was not significant differ-
ent between 24 to 40h in term of relative cell death. The re-
sult of other researcher demonstrated that oxalate may in-
hibit a signaling step positioned upstream of oxidase activa-
tion into the plant cell cytosol (Cessna et al. 2000). Since the 
doses of 24, 48 and 72 h, no significant difference in cell 
membrane damage. Therefore, we could suggest the time of 
24 hours for the treatment of OA as proteomics and tran-
scriptional studies. Kim et al. (2008) showed that no signifi-
cant difference in cell viability was observed in the treatment 
of K-OX and water until 48 h after treatment was initiated. 
However, from 48 through 96 h, substantial increases in cell 
death were observed in oxalate treated leaf disks. By 96 h, 
extensive cell death and tissue collapse occurred. 

Tub genotype at all doses was significantly the least deg-
radation the cell wall (Table 4). Genotypes SAT1, SAT2 and 
CMS-Farokh as susceptible genotypes were not significant 
different the amount of cell wall degradation. Regression co-
efficient was positive and significant of the cell wall degra-
dation at different dose for genotypes (Table 5) showed that 
destruction in all four genotypes increased with increasing 
concentrations of OA. In other words, degradation the cell 
wall in all four genotypes increased with increasing concen-
trations of OA, then the degradation of the cell wall can be 

 
 

Table 2. ANOVA for electrical conductivity at different levels of oxalic acid concentration. 
 

Mean Square 
S.O.V D.F 

5mM 10mM 15mM 20mM 30mM 40mM 
Genotype (G) 3 321.9** 391.68** 357.6** 357.56** 1313.2** 1268.4** 
Time (T) 5 2155.8** 2073.05** 1509.4** 1509.11** 166.4** 167.3** 
G * T 15 0.72 NS 6.75** 1.55 NS 1.58 NS 4.09** 1.5 NS 
Error 48 1.59 2.5 2.57 2.75 1.62 3.6 
R2 --- 0.99 0.96 0.99 0.98 0.98 0.96 

 
** = significant at 1% level 

 
 

Table 3.  Results of mean comparison of electrical conductivity  
at different levels of oxalic acid concentrations. 

 

DOSE 5.00 mM 10.00 mM 15.00 mM 20.00 mM 30.00 mM 40.00 Mm 
2hr 8.333a 10.916a 15.750a 18.166a 20.916a 22.500a 
6hr 10.083b 13.166b 17.416b 22.416b 24.666b 27.666b 

12hr 16.833c 19.500c 22.416c 30.500c 35.166c 39.583c 
24hr 24.833d 30.666d 35.833d 42.416d 40.416d 43.500d 
48hr 28.323e 37.166e 38.333d 42.500d 42.666e 42.000d 
72hr 36.500f 42.833f 42.416d 43.583d 43.400e 45.300e 

 
Values with the same superscript letters are non-significantly different at P < 0.05. 

 
 

Table 4.  Results of mean comparison of genotypes at different doses of oxalic acid. 
 

Genotype 5mM 10mM 15mM 20mM 30mM 40mM 
Tub 16.444a 18.722a 18.722a 26.611a 30.666a 32.944a 
sat1 24.388bc 28.222b 32.166b 34.888b 36.944b 39.166b 
sat2 24.944bc 27.666b 32.333b 35.611b 36.333b 38.055bc 
cms-farox 25.277c 28.222b 31.555b 35.944b 36.888b 39.388c 

 
Values with the same superscript letters are non-significantly different at P < 0.05. 
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used as an indicator of OA. The oxidative burst, the con-
trolled release of O2 and H2O2, is one of the earliest and 
most universal responses observed in plants following 
pathogen challenge (Apel & Hirt 2004, Torres et al. 1998). 

Regression analysis demonstrated that was quite differ-
ent susceptible genotypes (SAT1, SAT2, CMS-Farokh) 
threshold of their final destruction by an average of 24 hours 
after OA treatment (EC>40) (Table 5). If the threshold for the 
resistant genotype, even after 72 hours of treatment oxalic 
acid did not take place, however, with increasing time of 
treatment of OA was increased in all genotypes studied. 
And the differentiation between resistant and susceptible 
genotypes was observed at 12 h of OA treatment (Figs 1, 2). 
The regression results for the different genotypes (suscepti-
ble and resistant) confirmed this (Table 5). 

 
 

Table 5.  Regression coefficient, concentration  
of oxalic acid in genotypes. 

 

R2  

adj R2 B A Genotype 

0.906 0.92 0.515 13.7 Tub 
0.88 0.90 0.40 24.53 SAT1 
0.81 0.84 0.36 25.15 SAT2 
0.87 0.89 0.39 24.93 CMS-Farox 

 
 

 
 

Figure 1.  Genotypes deterioration in different times  
of the treatment of oxalic acid. 

 
 

 
 

Figue 2.  Grouping for times of oxalic acid treatment. 
 
 

Results of cluster analysis for times in term of EC as an 
index of cell wall degradation showed that 2 and 6 hours of 

treatment were placed in a group. 12 and 24 hours placed in 
the second cluster and 48 and 72 hours were in the other 
cluster (Fig. 2). 2 and 6 hours times and 12 and 14 times had 
the most distance in grouping, therefor these times were 
suitable for selected to study the molecular and genetic 
genotypes (Fig. 2).  

Genotypes respond was different to the doses of OA 
(Fig. 3). So with increasing doses of OA, the cell wall degra-
dation (EC) was increased in all genotypes. 30mM oxalic 
acid concentration had the most cell wall degradation, but it 
didn’t have significant different with 40mM concentration. 
Genotypes resistant to cell damage at lower than doses of 
15mM were a slower trend, and by increasing the dose of 15 
to 20mM its ascending trend and increased EC index. There-
fore, the dose of OA concentration for molecular studies was 
one of the best treatments. The results showed that the 
grouping of different doses of OA, 2, 6 and 15 mM were 
placed in one cluster and 20, 30 and 40 mM placed in the 
second cluster.  Thus, 5 mM and 20 mM doses had the most 
distance in grouping, therefor these doses were suitable for 
selected to study the molecular and genetic genotypes (Fig. 
4). The result indicated that the bulk of the oxalic oxidase ac-
tivity was localized in the cell wall, which is consistent with 
the former findings (Wakabayashi et al. 2011). Fungi when 
infecting host the release of OA, the degradation cell wall 
(Maxwell & Lumsden 1970) and MAPKK activity is en-
hanced in an acidic environment this activity can be also 
degradation the cell wall, causing programed cell death sig-
nals (PCD) become active (Kim et al. 2008). 

 

 
 

Figure 3.  Genotypes deterioration at different levels  
of oxalic acid concentrations. 

 
 

Conclusion 
 
For many years, OA has been known as a key determinant in 
Sclerotinia pathogenicity, initially because OA was found in 
high concentrations (>10 mM) in diseased plant tissue. Ac-
cordingly, this correlation led to speculation as to how OA 
secretion might enhance Sclerotinia virulence (Dutton & Ev-
ans 1996). In this study we showed that cell wall degradation 
according to the EC, which is fast and accurate method. Cell 
wall degradation involves erosion of the cuticle, removal of 
matrix polysaccharides, and some degradation of cellulose. 
It appears that the most important factor for the resistance of 
plant cell wall and plasma membrane degradation is resis- 
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Figure 4.  Grouping for levels of oxalic acid concentrations. 
 
 
tance against oxalic acid. This method can be used for a large 
number of samples and may be applicable to rapid evalua-
tion of fungal pathogen resistance in large number of geno-
types.  
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