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ABSTRACT: Priming of defense is a strategy in use by plants exposed to stress to enhance resistance 
against future stress episodes with minimal associated costs on growth. Here, we test the hypothesis that 
application of priming agents to seeds can result in plants with primed defenses. SAR is associated with 
priming for salicylate (SA)-dependent defense that acts against biotrophic and hemibiotrophic pathogens. 
In this work, we measured resistance to some Fusarium species in wheat (Triticum aestivum L.) plants 
grown from seed treated with salicylic acid (SA). Our results showed that Plants grown from SA-treated 
seed showed increased resistance against FHB. According to our results, priming by seed treatments was 
not accompanied by reductions in growth, and may therefore be suitable for commercial exploitation. 
We also, showed that mycelia growth and conidia germination of Fusarium graminearum, Fusarium 
pesudograminearum and Fusarium oxysporum were significantly inhibited in the presence of SA. Our 
results demonstrated that SA has a significant and direct impact on Fusarium species through a reduction 
in efficiency of germination and growth at higher concentrations. 
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INTRODUCTION 
 

 Plants are exposed to a wide variety of pathogens in nature and have evolved complex strategies to encounter 
these threats. Plant hormones like salicylic acid play a critical role in defense against pathogens (De Vos . 2005). SA 
with triggering systemic acquired resistance (SAR) is predominantly associated with resistance against biotrophic 
and hemibiotrophic pathogens (Görlach . 1996). SAR provides protection against a broad range of pathogens. 
Induction of SAR by SA is accompanied by the expression of a set of genes encoding pathogenesis-related (PR) 
proteins which are engaged in resistance against plant pathogens (Ward . 1991).  

 Several fungi in the genus Fusarium are important pathogens of plants. Fusarium head blight (FHB) and 
Fusarium seedling blights (FSB), caused by Fusarium spp., and are economically important diseases on wheat and 
other small grain cereal crops worldwide. Infection by Fusarium pathogens may result in losses of crop quantity and 
quality as a result of contamination by trichothecene mycotoxins that are harmful to human and domestic animals 
(Gómez-Ariza . 2007). F.graminearum and F.pesudograminearum are important disease of wheat in the world. 
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 FHB in wheat occurs in the spike lead to reddish and scabby spikes in which the disease symptom is easily 
observable. Fusarium mycotoxins which produce to weaken plant immunity system are directly accumulated in 
grains. Moreover infection by Fusarium pathogens can take place at germination stage all over the subsequent 
seedling development, as seen in wheat FSB, with less disease severity being visible. FSB also can provide inoculum 
for the subsequent epidemics of FHB. Study of both FHB and FSB resistance in wheat genotypes in challenge with 
Fusarium pathogens would provide more knowledge about the mechanisms underlying in the regulations of 
resistance to Fusarium spp. and help to develop new strategies for enhancing overall plant resistance to Fusarium 
spp. 

 Besides direct stimulation of defense system, pathogen attacks also cause long-term sensitization of plant-
inducible defenses to future biotic stress. This phenomenon which is in relation with long-term memory, commonly 
is known as priming. Priming has been defined as a state in which the plant is able to respond more rapidly and ⁄ or 
more strongly to attack than other plants which have not experienced previous stress (Conrath . 2006). Priming, in 
general provides enhanced resistance, but with less associated costs compared with direct initiation of defense 
system (Van der Ent . 2009). Recent finds indicate that priming can be an operative and effective mechanism for 
crop protection (Beckers and Conrath 2007; Walters . 2008). The mechanisms underlying priming include increased 
expression of signaling molecules and transcription factors complicated in inducible defense (Bruce . 2007; Van der 
Ent . 2009). 

  Exogenous application of such compounds can also initiate priming responses (Conrath . 2006). Here, we show 
that treatment of wheat seeds with SA provides long-lasting increases in resistance in plants grown from them.  

 To determine possible effect of SA on pathogen we investigated the direct effect of SA on three Fusarium species 
includes F.graminearum, F.oxysporum and F.pesudograminearum conidia germination and mycelia growth. 

 
MATERIALS AND METHODS 

 

Fungal growth conditions: 

 F.garminearum, F.oxysporum and F.pesudograminearum isolates were cultured on Potato Dextrose Agar 
(PDA).Plates incubated at 25° C under mixed ultraviolet and fluorescent light for 7 days. Conidia were harvested 
from the plates with the aid of a sterile glass rod and sterile water and then filtered through autoclaved cheesecloth. 
The direct effect of SA on the growth of mycelia  and germination of conidia was tested on modified Synthetischer 
Nahrstoffarmer Agar (SNA; Nirenberg 1976) plates (1g KH2PO4, 1g KNO3, 0.5 g MgSO4, 0.5 g KCl, 1g glucose, 1 
g sucrose and 20 g agar per liter). Efficiency of conidia germination and mycelium growth was tested on PDA plates 
as well.these media were amended with SA (sigma) at 0.2, 0.4, 0.6, 0.8, 1.2 and 1.4 mM from a 1M stock solution in 
methanol. Plates without SA were used as controls. Each petridish (90 mm) was inoculated with a 6 mm agar plug 
cut from the edge of 3-5 d old cultures obtained from the same medium. The radial growth of mycelia was estimated 
by measuring the diameter of the unique colony for five consecutive days. 

Salicylic acid treatment 

 For seed treatments, 20–40 seeds were incubated in the dark at 4°C in aqueous solutions of 1.4 mM SA (from 
a 1.2 M stock in ethanol). Control treatments included 0.25% ethanol where appropriate. Following incubation, 
seeds were washed twice for 10 min in distilled water before sowing. 
 

Plant growth conditions 

 Two wheat cultivar Falat as a susceptible and Sumai3 as a resistant cultivar to FHB were used. Wheat plants 
were grown in a greenhouse under a temperature regime of 21 and 18° C during the day and night, respectively.  

Spike inoculation and disease assessment 

 Wheat spikes of greenhouse plants at anthesis were inoculated with an F.graminearum and 
F.pesudograminearum spore suspension containing 30,000 spores ml-1. The central spikelets, one on either side of 
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the rachis, were inoculated with 10 µl of F.graminearum spore suspension (300 spores per spikelet). Three spikes 
per plant were inoculated. The inoculated spikes were covered with moistened Zip-lock bags. The bags were 
removed 3 dpi. The plants were evaluated for FHB disease at periodic intervals as percent spikelets infected with 
FHB. The experiments to analyze FHB incidence on wheat plants were repeated three times, with tree replication 
each. The significance of the data was tested by t test and analysis of variance using the general linear models 
procedures available in Minitab (version 15; Minitab Inc., State College,PA,U.S.A) as indicated.  

RESULTS AND DISCUSSION 
 

 Studies of wheat carrying NahG (Salicylate hydroxylase which converts SA to catechol) provide genetic evidence 
confirming the importance of SA signaling in basal resistance against F.graminearum infection. FHB severity was 
higher in NahG wheat compared with nontransgenic plants. Furthermore, resistance to FHB in NahG wheat was 
restored by BTH application. These results strongly indicate that SA signaling is a critical component of basal 
resistance in wheat against F.graminearum and F.pesudograminearum. Here to find whether plants might respond 
to priming agents, seeds of wheat were soaked in a 1.4 mM solution of SA before germination. To examine the effect 
of the seed treatment on SA-dependent pathogen resistance responses, plants grown from control and SA-treated 
seed were challenged with two Fusarium species, as detailed in the ‘Materials and Methods’ section. 

 According to our results, visual damage caused by F.graminearum and F.pesudograminearum was noticeably 
lower in SA seed-treated plants than in controls (Fig 1). AS our results showed that SA drastically curtails FHB 
infection in Falat and Sumai3 for about 1.5 and 2 fold respectively against F.graminearum and also SA seed treatment 
decreased severity of disease caused by F.pesudograminearum for about 2 fold in Falat and Sumai3. 

 We observed that when SA applied as a seed treatment results in resistance to FHB.  Plants have the ability to 
increase their level of basal resistance against future pathogen attack upon appropriate stimulation. The typical form 
of induced resistance is referred to as SAR, and occurs in systemic plant organs upon localized infection by a 
necrosis-inducing pathogen (Ryals . 1996). SAR is controlled by a signaling pathway that depends on endogenous 
accumulation of SA and the defense regulatory protein (Dong 2004) and is predominantly effective against biotrophic 
pathogens (Ton . 2002).  

 Our results is in accordance with the results obtained by Sarwar .(2010) that showed 63% reduction in wilt 
disease when seed were soaked in SA solution. It was reported that BTH (SA analog) induce the expression of 
several pathogenesis related proteins genes in apple seedlings against fire blight (Maxson-Stein . 2002). 

 Direct activation of plant defense is usually associated with reduced growth, it is introduced as an ecological cost 
which can be minimized by priming of defenses (Van der Ent . 2009). To determine the impact of SA seed treatment 
on growth and development, a range of traits were measured. We observed a delay in germination of seed treated 
with SA of approx. 1 d compared with control treated seeds(data not shown), but final germination percentage was 
not significantly altered (Fig 2). 

 Moreover, we examined the direct effect of SA on F.graminearum, F.oxysporum and F.pesudograminearum in 

two different ways, (1) effect on fungal conidia germination, (2)effect on mycelia growth.  

 As shown in Fig 3, the germination of conidia of F.graminearum was not affected significantly by treatment with 
SA at concentrations up to 1 mM; however germination was strongly suppressed at 1.2 mM SA and stopped by 1.4 
mM SA. The germination of conidia of F.oxysporum and F.pesudograminearum were strongly suppressed at 0.8 mM 

SA and stopped by 1.4 mM SA (Fig 3).    

 Spread of mycelia of F.graminearum was significantly decreased at above 0.6   mM SA. At   0.8 mM SA, the 
mycelia grew very slowly during the first and second days. No grows was observed at 1.2 mM concentration of SA 
(Fig 2). Spread of F.pesudograminearum and F.oxysporum mycelia were decreased at an above 0.4 mM SA, and 

no grow were observed at 1.2   mM of SA (Fig 4).  

 The phytohormone SA is known to participate in regulating defense response in plants (Görlach . 1996) however 
the its contribution in defense against FHB in wheat is still not well understood. Our results demonstrated that SA 
can have a direct effect on Fusarium species conidia germination and mycelia growth. These results suggest that at 
higher concentration of SA the conidia death is the result of rapid damage to cell by SA. Trost and Lemasters (1997) 
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showed that SA could induce the opening of a pore in the mitochondrial inner membrane of isolated mitochondria 
from rat hepatocytes initiating a mitochondrial permeability transition which led to swelling, depolarization, uncoupling 
of oxidative phosphorylation and rapid death of the cells. A similar mechanism was suggested during treatment of 
Fusarium species conodia with SA by Qi .(2012). Our results are also in accordance with results obtained by (Qi . 
2012) that showed that application of 3-20 mM of SA can inhibit mycelia growth of F.graminearum.  

 Fusarium head blight (FHB) is economically one of the most important fungal diseases of wheat throughout the 
world. It also is an important disease of wheat in different areas of Iran, such as Mazandaran, Gorgan, Gonabad and 
Moghan regions Soltanloo  (2010)  

 Crop protection and control of pathogens by synthetic toxic pesticides is becoming increasingly less desirable, 
and the use of more environmentally-friendly methods is required for sustainable agriculture. The use of elicitors of 
plant defense system has been proposed as an alternative for crop protection (Bruce 2010; Vallad and Goodman 
2004) . Priming of plant defenses, as well as minimizing yield penalties, should be compatible with other facets of 
integrated pest management strategies, such as the use of biological control. Since seed treatments are economically 
more attractive than chemical application to plants in the field and require no action by growers, the approaches we 
have described here may have useful applications in agriculture and horticulture. 
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Figure 1 A and B. disease severity in Falat (Susceptible) and Sumai3 (resistant) and in treated plants with SA.  Diseased 
incidence was recorded as the percentage of infected spikelets in each spike.  At minimum, 15 plants per genotype were tested 

for each treatment.  Vertical bars indicate mean ± SE of fifteen replicates 
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Figure 2. Germination of seeds of Falat and Sumai3 following treatment with SA over a range of concentrations. The illustrated 
data are means of 10 replicate population’s ± SEM 

 

Figure 3. Conidia germination on modified SNA plates at different SA concentrations. Average values with standard error for 
seven to ten replicates are presented 

 

Figure 4. Inhibition of mycelia growth at different SA concentrations. Average values with standard error for seven to ten 
replicates are presented 
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