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ABSTRACT 
Fusarium crown and foot rot of pumpkin caused by Fusarium solani f.sp. cucurbitae is one of the most devastating pumpkin diseases 

all around the world. In this survey, the possibility of inducing systemic resistance against Fusarium solani f.sp. cucurbitae was 

studied using application of different concentration of potassium silicate (0, 250, 500, 750 and 1000 ppm) in greenhouse conditions. 

The results showed that application of potassium silicate had reduced the disease severity. In addition, the effect of potassium 

silicate application on induced resistance factors including chitinase and β-1,4-glucanase enzymes and free proline content were 

measured in inoculated plant tissues. The activity level of these enzymes and proline content was increased compared with healthy 

and infected control plants. After application of potassium silicate, the highest amounts of these compounds were observed on the 

second and fourth days. Based on the experiments results, application of potassium silicate as soil-drench could enhance defense 

responses against F. solani f.sp. cucurbitae on pumpkin. The potassium silicate application had reduced Fusarium crown and foot rot 

development by inducing host defense responses, and thus these compounds can be considered as non-chemical defenses inducer 

against Fusarium crown and foot rot of pumpkin. 
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INTRODUCTION 

 
Pumpkin (Cucumis melo L.) is one of the most important crops in tropical and subtropical regions, but the 

yield and quality are frequently limited by pumpkin Fusarium crown and foot rot. Fusarium crown and foot rot 
of pumpkin is one of the most destructive and widely distributed wilt diseases of pumpkins(Mukherjee, K. and 
Sen, B. 1998). The first noticeable symptom is unilaterally in plant wilt. Infected plants looking healthy at the 
begining, but the vascular tissue is brown and discolored. The pathogen causes yellowing, stunting, wilting and 
death of the plant at the end. Symptoms usually appear after flowering and fruit set (Sherf and MacNab, 1986). 
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Epidemics of Fusarium crown and foot rot can be devastating with losses as high as 100% (Sherf and MacNab, 
1986). The use of resistant cultivars is the most economical, environmentally safe, and effective means of 
controlling plant diseases. The non-chemical control in integrated with other controlling methods has been 
shown promising future. Application of biotic and abiotic inducers as non-chemical control is considered by 
researchers and seems to be one of the most effective measures to reduce the damage of plant diseases. Induced 
systemic resistance is one of the recent approaches that used for controlling plant pathogens. Some of the 
resistance inducers such as non-pathogenic strains of fungi and bacteria, plant extracts, biochemical materials, 
cell wall components of fungi can be stimulated the immune system of plant. Under field conditions, various 
factors such as environmental conditions and plant genotype are effeted on application and performance of 
methods. 

Silicon is the second most abundant element in the lithosphere (27.70%). The useful roles of this element in 
growth, development, yield and plant resistance to biotic and abiotic stresses have been studied in a vast variety 
of plant species (Ma, 2004, Kasifah and Syamsia, 2015, Bashir et al., 2015). The mechanisms of silicon induced 
resistance are still not obvious. Two main hypotheses have been proposed to explain the increased resistance in 
plants by silicon, first as mechanical barrier against pathogen progress, or that it induces resistance components 
(Fauteux et al. 2006). Silicon increases plant resistance to pests, diseases and other stresses (Guo et al. 2007; 
Hussein, 2015) and increased vegetative growth and biomass and also it reduced transpiration (Agarie et al. 
1998). This compound also is able to induce immune responses similar to SAR, because on both the potentials 
of plant defense are increased after infection development (FAO, 2010). One of the physiological functions of 
chitinases is to protect plants against fungal pathogens by degrading chitin, a main component of the cell wall of 
many fungi (Schlumbaum et al. 1986). As naturally, chitinases there are in healthy plants, although gene 
expression of this enzyme increased during pathogen attack (Godoy et al. 1990). β-1,4-glucanase enzyme plays 
a role in plant resistance. This enzyme acts in different processes such as fruit ripening, organ fall off, and cell 
growth (Yedidia et al. 2000). Proline is one of the cytoplasmic osmotic adjustment which due to increasing and 
stability of the enzymes at high temperatures (Wallace, 1987; Orabi and El-Noemani, 2015). Increasing level of 
free proline content, remains even after the removal of stress conditions for about a month (Haudecoeur et al. 
2009). The level of free proline in leaves was reported to increase in the light and decrease in the dark (Sanada 
et al. 1995). Potassium silicate increases the photosynthesis and photosynthesis increases the level of sugars, 
whose promotion influence on proline accumulation was demonstrated in several studies (Stewart et al. 1966; 
Refat and Abd El-Rheem, 2015). In order to evaluate the effects of potassium silicate on the activities of 
defense-related enzymes in pumpkin inoculated with Fusarium solani f.sp. cucurbitae; the greenhouse 
experiments were conducted; including of four treatments, (1) plants with potassium silicate, inoculated with 
Fusarium, (2) plants without potassium silicate, inoculated with Fusarium, (3) plants without potassium silicate, 
without Fusarium, (4) plants with benomyl, inoculated with Fusarium, with four replications. The purpose of 
this study was to obtain more details on the function of potassium silicate on systemic defence responses and 
also to find out more about disease severity for comparison with benomyl-treated pumpkin plants infected by F. 
solani f.sp. cucurbitae. 

 
MATERIALS AND METHODS 

 
Isolation and identification of causal agent of pumpkin Fusarium crown and foot rot: 

In order to identify the causal agent of Fusarium crown and foot rot on pumpkin, sampling was taken from 
infected fields in Bouin Zahra area, Iran, and Fusarium solani f.sp. cucurbitae isolated from infected tissues. 
Identification was performed on PDA and Carnation Leaf Agar (CLA) medium according to the morphological 
criteria keys of Nelson et al. (1983). The pathogenicity test of isolated sample was taken on the susceptible 
pumpkin cv. deragon and cv. Qazvin. 

 
Preparation of fungal inoculum: 

Propagation of fungi was done on a mixture of 5 gr corn flour together with 95 gr sand and 50 ml sterile 
distilled water, that were sterilized during 2 hrs at 120oC in 1.5 atm. The concentration of spore suspension was 
4.2×106 spore/ml. After preparation of suspension, 5 ml from it added to flasks containing  100 gr mixture corn 
flour and sand. Control flasks contained mixture of corn flour and sand which 5ml sterile water was added to 
them. These flasks were incubated for 20 days at 27±2oC. Inoculum of fungi was added with ratio of 1:10 into 
sterile soil of pots. 

 
Preparation of potassium silicate solution: 

In this study, silicon as form of potassium silicate (27%, pH=6.4) were used at concentrations of 250, 500, 
750 and 1000 ppm. Solution pH regulated with HCl. 
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Preparation of benomyl solution: 

For evaluation effect of potassium silicate (non-chemical treatment), benomyl was used as chemical 
fungicide (chemical treatment). Benomyl was used at a 1.5/1000 ratio (benomyl/water). 

 
Greenhouse experiments: 

In these experiments, pumpkin (Cucumis melo L.) cultivar Ergon, susceptible to the pathogen was used. 
Pots soil contained soil, sand, chicken dung plate (2:1:1; v/v) and it was pre-sterilized for 20 min in an autoclave 
at 120˚C. Pumpkin seeds were kept in moist and warm place for about 48 hours and with observation of first 
symptoms of rootlet were planted in pots and kept in an environmentally controlled greenhouse at 25±2°C and 
12 hours photo period. potassium silicate was dissolved in sterile distilled water to catch final concentration 
(250, 500, 750 and 1000 ppm). Then pumpkin plants were treated by potassium silicate with concentrations of 
250, 500, 750 and 1000 ppm. Disease severity using the scale modified by Matsumoto et al. (2011) was 
measured after 4 weeks post four-leaf stage. Potassium silicate solution as soil drench was carried out as at three 
soil drench stages including: four-leaf stage, flowering and raw fruit into pre-ripening. Amounts of chitinase and 
β-1,4-glucanase enzymes and also free proline content were measured at 0, 48, 96 and 144 hrs and 7 days after 
the second stage of potassium silicate application, respectively. 

 
Evaluate the disease severity: 

Disease severity was recorded using a scale containing 4 grades suggested by Matsumoto et al. (2011): 
Grade: 0=no symptoms, 1=small lesions on leaves, 2=leaves strongly affected, 3=plant death.  

 
Enzymes and Protein Assay:  

For extraction of glucanase and chitinase enzymes, 0.5 gr leave (Fully expanded 'sun' leaves of pumpkin 
plants were sampled) were triturated to a fine powder by liquid nitrogen and then with potassium acetate buffer 
(0.05 M, pH=5) they were mixed and centrifuged (at 14,000 rpm, for 20 min at 4ºC). The suspensions were 
transferred to a 1.5 mL vial and stored at –20oC until future experiments (Ma et al., 2004). The activities of the 
defense-related enzymes (chitinas and β-1,4-glucanase) were estimated on the second stage after plants were 
treated by potassium silicate. For measuring protein concentrations, according to Bradford’s method (1976), 
bovine serum albumin (BSA) was used according to the standard. 

 
β-1, 4-Glucanase assay:  

β-1,4-Glucanase activity was measured using carboxy methyl cellulose (Merck, Germany), as a substrate. 
The experiment system included 100 µl crude enzyme extraction and 100µl of carboxy methyl cellulose 1%, 
incubation was performed at 50˚C for 30 min. The reaction was then stopped by addition of 600µl 
dinitrosalicylic acid (DNS) solution (7.5 gr of dinitrosalicylic acid, 14 gr of NaOH, 216 gr of potassium 
potassium tartrate, and 1 liter of distilled water) and heating over boiling water bath for 5 min. The obtained 
colored solution was diluted with 2.5 ml of distilled water, then vortexed and the absorbance was measured at 
500 nm by spectrophotometer (Varian, Cary100). The enzyme activity was expressed on μgr of glucose per 
min/per mg protein (Yedidia et al. 2000). 

 
Chitinase assay:  

Chitinase activity was specified according to Bansode and Bajekals (2006). A reaction mixture including 1 
ml of culture supernatant and 1 ml of colloidal chitin 2%, in 50 mM potassium acetate buffer (pH 5), were 
incubated in a water bath for 60 min at 40°C. After ebullition for 5 min in a water bath, the mixture was 
centrifuged (3,000 rpm for 20 min). One unit of chitinase activity was determined as the amount of enzyme that 
liberated 1 μmol of glucose per min/mg of protein under the conditions explained above. The absorbance was 
measured at 540 nm by spectrophotometer (Varian, Cary100). 

 
Prolin assay:  

Fully expanded 'sun' leaves of pumpkin plants were sampled. Purified proline was used to standardize the 
procedure for quantifying sample values. Free proline contents in leaves of pumpkin plants were determined one 
week after of the second stage of potassium silicate application. The amount of proline was determinated 
according to Bates et al., (1973). At the beginning, 0.5 gr of triturated leaves that were homogenized in 10 ml of 
3% aqueous sulfosalicylic acid and then the supernatant centrifuged (3500 rpm for 10 min). Two ml of solution 
with 2 ml ninhydrin acid and 2 ml glacial acetic acid were incubated at 100oC for 1 hour. Then, the reaction was 
terminated in an ice bath and the reaction mixture was extracted with 4 ml toluene, mixed vigorously with a test 
tube stirrer for 15-20 sec. The chromophore containing toluene was aspirated from the aquouse phase, warmed 
to room temperature. Toluene ws used as a blank and the absorbance was measured at 520 nm in a 
spectrophotometer (Varian, Cary100). The free proline content was determined from a standard curve and the 
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method was calibrated for each determination with standard proline solutions within the detection range of the 
method (0-39 μg. ml-1). Acid-ninhydrin was prepared by warming 2.5 gr ninhydrin in 60 ml glacial acetic acid 
and 40 ml 6 M phosphoric acid, with shaker, until dissolved.  

 
Statistical Analysis: 

The statistical analysis was done for experiments. The Experimental design was a Completely Randomized 
Design. The data were analyzed using Procedure GLM (Generalized Linear Models) of the SAS Software. 
Comparison of means has been done based on LSD Test.  

 
Results: 
Pumpkin disease reaction assessment: 

The effects of different concentrations of potassium silicate in pots containing inoculated and non-
inoculated pumpkin plants with F. solani f.sp. cucurbitae have been indicated in Table(1). Most of the plants 
treated with different concentration of potassium silicate had significantly reduced disease severity compared to 
the infected control (Table 1). It was found that disease severity was reduced considerably when the 
concentrations of potassium silicate are 750 and 1000 ppm. The results obtained from the potassium silicate 
application with the concentration of 1000 ppm was the same as benomyl applications. 
 
Table 1: Comparing the effect of used different concentrations of potassium silicate in reducing the disease severity.  

Significante Difference  disease severity  Treatments  
a  3 Infected control 
d  0 Control  
a  2.5 250ppm potassium silicate  
b  1.75 500ppm potassium silicate  
c  1 750ppm potassium silicate  
cd  0.5 1000ppm potassium silicate  
cd  0.5 Benomyl  

The potassium silicate treatments exhibited a significantly (P = 0.01) different disease index as indicated by different letters.  
Data are means of four replicates. 

 
β-1,4-glucanase activity: 

Acorreding to β-1,4-glucanase activity before the second stage of potassium silicate application (as defined 
0- houre), a significant relationship existed among the treatments containing potassium silicate compared to 
non-treated pumpkin plants (Figure 1). After 48 hrs, a high significant diffrence was observed on the β-1,4-
glucanase activity levels among concentrations of potassium silicate (250, 500, 750 and 1000 ppm) compared to 
non-treated pumpkin plants. Based on our data, since the controls treatment lacked stress, they revealed the 
lowest amountof β-1,4-glucanase at all times. All treatments containing potassium silicate showed a significant 
decrease in the amount of glucose release on the day sixth. Highest amount of β-1,4-glucanase activity level was 
observed in treatment of 1000 ppm in 96 hrs. 

 
 
Fig. 1: The β-1,4-glucanase activity in potassium silicate-treated and non-treated pumpkin leaves during six day 

period after the second stage of potassium silicate application. 
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Chitinase activity:  
Acorreding to chitinase activity 

houre), a significant relationship existed among the 
treated pumpkin plants (Figure 2). After
activity levels among concentrations
treated pumpkin plants. Based on our data, since the controls treatment lacked stress, they revealed the lowest 
amount of chitinase at all times. Highest amount of 
ppm in 48 hrs. 

Fig. 2: The chitinase activity in potassium
after the second stage of potassium

 
Proline activity: 

The results showed that application of different concentrations of 
difference significant created among
stage of potassium silicate application). 
revealed the lowest amountof free proline
ppm.  

 

 
Fig. 3: Free proline content changes 
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Discussion:  
In recent years, there has been an increasing attention in the use of Silicon derivatives and compost for 

induction of defense mechanisms in response to fungal attacks. It has long been known that silicon plays an 
significant role in the resistance of plants against pathogens (Hoitink and Fahy, 1986). Silicon is effective as a 
factor impressive the degree of plant resistance to biotic and abiotic stresses (Ma, 2004). The mechanism by 
which silicon mediates disease resistance is imperfective understood. Silicon, was presumed that insoluble Si, 
accumulating in the apoplast, creates a mechanical barrier inhibiting fungal penetration (Fauteux et al. 2005). 
potassium silicate appears to offer the advantage of inducing pumpkin resistance to F. solani f.sp. cucurbitae 
just when infected with the pathogen. When adequate amounts of soluble potassium silicate are available in the 
solution surrounding the roots, pumpkin plants are able of absorbing great amounts of potassium silicate, and 
the silicon content in the leaves can reach values as high as those in gramineous plants (Nolla et al., 2006). Also 
in the present study, a posetive correlation was observed between increasing concentration of potassium silicate 
and amount of enzymes activity and negative correlation was observed between increasing concentration of 
potassium silicate and amount severity disease of plant. Addition of potassium silicate to pumpkin plants 
successfully decreased the disease severity of plants inoculated with F. solani f.sp. cucurbitae. Fauteux et al. 
(2006) showed that fluctuation of enzyme activities in providing silicon is an effective way to induce cucumber 
resistance against F. oxysporum. The effects of silicon application on major defense-related enzymes activities 
were as well as researched by Chérif et al. (1994). They demonstrated that in the cucumber–Pythium 
interaction, silicon increased the activities of peroxidases, polyphenoloxidases, chitinases, and phenolics. In our 
study, potassium silicate supplied to pumpkin plants inoculated with F. solani f.sp. cucurbitae significantly 
increased the activities of chitinase, β-1,4 glucanase as well as in treated plants. Root application of potassium 
silicate at a concentration of 1000 ppm with compost presented the best results in comparison with other 
treatments. The results indicated that the potassium silicate plays an important role in inhibiting F. solani f.sp. 
cucurbitae through stimulating the activities of major defense-related enzymes.  

However, it decreased disease severity. Non-inoculated pumpkin plants which fed with potassium silicate 
did not increase free proline content and just inoculated plants treated with potassium silicate showed an 
increase in free proline content. Thus, results of our study about proline was conformed with results of other 
researchers. Fabro et al. (2004) showed that in Arabidopsis plants infected with Pseudomonas syringae pv. 
tomato occurred free proline accumulation by salicylic acid. Also, (Haudecoeur et al. 2009; Crusciol et al., 
2009; Saleh et al., 2015) demonstrated that plants accumulated  the free proline in biotic and abiotic stress. 

Dallagnol et al. (2011) showed that silicon can induce resistance against the rice brown spot pathogen 
Cochliobolus miyabeanus. It seems to be the result of higher levels of chitinase, peroxidase, lignin and 
phenolics. Silicon mobilized the defense mechanisms, including the accumulation of lignin, and phenolic 
compounds, as well as chitinases and peroxidases (Belanger et al. 1995). Dann and Muir (2002) showed that pea 
(Pisum sativum L.) seedlings were  amended with potassium silicate increasing the activity of chitinase and β-
1,3-glucanase against the fungal blight caused by Mycosphaerella pinodes. Carre-Missio et al. (2009) 
demonstrated that the activities of chitinases, glucanases, and peroxidases only increased in the presence of 
Hemileia vastatrix, irrespective of Si in the environment plant nutrition. Bi et al. (2006) showed that 
applications of potassium silicate at a rate of 100 mM was effective in inhibiting mycelia growth and controlling 
diseases of Hami melons and increased activity of two defense-related enzymes such as peroxidase and 
chitinase. Liang et al. (2005) demonstrated that Root applications of silicon to Cucumber (Cucumis sativus L.) 
suppressed powdery mildew disease by enhancing the activities of peroxidase, polyphenoloxidase and chitinase 
and decreased the activity of phenylalanine ammonialyase in inoculated leaves(El-Sayed Khalil and El-
Noemani, 2015).  

At the end, this work provides evidence that potassium silicate amendments to pumpkin plants mediate  F. 
solani f.sp. cucurbitae resistance in pumpkin and seems to be an effective activator of plant defense mechanism 
and can be used with, biocontrol agents to control Fusarium crown and foot rot. This could make potassium 
silicate as auseful tool for controling pumpkin diseases. 
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