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ABSTRACT 

 

The effect of sodium nitrate level as a fertilizer on aggressiveness of the fungus Rhizoctonia 

solani on faba bean plants was studied either in pots experiment or in vitro. Plants grown in 

infested soil amended with different levels of sodium nitrate showed that under zero amended 

nitrate or under  high level of nitrate disease  severity was very severe which reflected on 

decreasing the number of emerging plants , weight of foliage system, root weight , plant 

height and number of plant leaves . The levels of nitrate in between showed decreasing of 

disease severity.  In vitro studies was carried out by putting peeled germinated seeds on R. 

solani fungal growth growing on Czapek’s Dox agar medium supplemented with different 

levels of sodium nitrate. The fungus becomes more virulent when grown on media with 

increasingly higher concentration of nitrate. This was evident when disease was determined 

either visually or by determination of Polyphenol oxidase (PPO) activity of infected 

germinated seeds.. Transverse cross sections of faba bean radicals subjected to the fungus 

showed that increasing nitrate level raised the number and intensity of the developed 

infection cushions. The obtained results clearly monitor that higher level of nitrate in growth 

medium clearly enhanced the aggressiveness of the fungus which resulted in severe damage 

of the outer cortical layers of faba bean radical just after 16 h. from subjecting the host to the 

pathogen. 

 

Keywords: light microscope , polyphenol  oxidase (PPO), , pots experiment, root rot. Vicia 
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INTRODUCTION 

 

The effect of sodium nitrate level as a fertilizer on aggressiveness of the fungus Rhizoctonia 

solani on faba bean plants was studied either in pots experiment or in vitro. Plants grown in 

infested soil amended with different levels of sodium nitrate showed that under zero amended 

nitrate or under  high level of nitrate disease  severity was very severe which reflected on 

decreasing the number of emerging plants , weight of foliage system, root weight , plant 

height and number of plant leaves . The levels of nitrate in between showed decreasing of 

disease severity.  In vitro studies was carried out by putting peeled germinated seeds on R. 

solani fungal growth growing on Czapek’s Dox agar medium supplemented with different 

levels of sodium nitrate. The fungus becomes more virulent when grown on media with 

increasingly higher concentration of nitrate. This was evident when disease was determined 

either visually or by determination of Polyphenol oxidase (PPO) activity of infected 

germinated seeds.. Transverse cross sections of faba bean radicals subjected to the fungus 

showed that increasing nitrate level raised the number and intensity of the developed 

infection cushions. The obtained results clearly monitor that higher level of nitrate in growth 

medium clearly enhanced the aggressiveness of the fungus which resulted in severe damage 
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of the outer cortical layers of faba bean radical just after 16 h. from subjecting the host to the 

pathogen. 

 

MATERIALS AND METHODS 

Pathogen isolation and pathogenicity 

 

Rhizoctonia solani was isolated from the naturally diseased faba bean (Vicia faba L.) plants 

collected from Qualiobya Governorate, Egypt. Samples were rinsed with tap water then cut 

into small pieces (2-5 mm), washed three times in sterile distilled water and blotted to dry on 

sterile filter paper.  Pieces were placed on 2% water agar (WA) and incubated at 25 C° for 2 

days.  Emerging hyphal tips were transferred on potato sucrose agar (PSA: 200 g of potato, 

20 g sucrose and 20 g agar) and pure culture was transferred to PSA slants. 

 

Pathogenicity test of R. solani isolates was carried out by putting sterilized germinated faba 

bean seeds on the fungal growth of tested isolates growing on PSA media. The most 

aggressive isolate on faba bean cotyledons was chosen for further studies. This isolate was 

found belonging to AG4. 

 

Effect of nitrate level on R. solani virulence  

Pots experiment 

 

Preparation of R. solani  inocula and soil infestation 

 

Acid washed sand was poured in Petri dishes (9 cm in diameter). Dishes were autoclaved at 

121° C for 30 min, after cooling dishes were wetted with autoclaved Czapek’s Dox medium 

and infested with actively growing hyphal growth of R.solani grown on PSA medium.  

Dishes were incubated at 25 ± 1° C for 2 weeks.  Sand contained fungal growth was used to 

infest autoclaved clay soil poured in plastic pots (15 cm in diameter) by a ration Dish/ pot. 

Clay soil was amended with different sodium nitrate levels i.e. 0 level, 0,015 gm, 0.03 and 

0.06 gm/ pot, this amounts equivalent to 15kg,30 kg and 60kg nitrate/fedan ( one fedan is 

4200 m².), the recommended dose is 30 kg/fedan.  

 

Sowing  

 

Apparently healthy germinated seeds of faba bean (cv. Geiza 1) were surfsly sterilized in 5% 

sodium hypochlorite for 5 min., then washed in sterilized distilled water. Germinated seeds 

were sown in infested pots by 3 seeds/ pot. Pots were irrigated when it needed and left for 20 

days under plastic house. Ten replicates were used for each particular treatment. 

Determination of disease severity and morphological features of plants. 

 

After 20 days from sawing, number of emergence plants was calculated.  Plants were taken, 

and then roots were washed to remove adhered soil.  Plant height (cm.), foliage weight (gm.), 

root weight (gm.) and leaves number/ plant were determined.  Moreover disease severity on 

polants was determined according to the method adopted by Abawi et al. (2006).  This 

experiment was repeated three times. 

 

In vitro study 

 

Rhizoctonia solani was grown in Petri dishes (9 cm). The dishes contained Czapex-Dox agar 

media with different levels of sodium nitrate. The basal synthetic medium consisted of 3g 
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NaNO3, 1g K2HPO4, 0.5g MgSO4.7H2O, 0.5g KCl, 0.01g FeSO4, 1ml of 1% ZnSO4, CuSO4, 

30g sucrose and 20g agar per liter of distilled water. The variation of the basal media 

prepared by different levels of sodium nitrate was: half level: 1.5g/L, normal level: 3g/L, 

double level: 6g/Liter. Dishes were left at 25°±1 for one week to insure that the fungus 

completely filled the dishes  

 

Surface sterilized of germinated seeds of faba bean were prepared as mentioned before. 

Apparently, healthy germinated seeds were peeled and put on the fungal growth. Dishes 

contained germinated seeds were incubated in dark at 25 ± 1 C° for three days, then disease 

incidence was estimated using adopted scale ranged from 1 to 5 as follow: 

 

1: apparently healthy seeds; 2: very weak infection; 3: moderate infection; 4: very severe 

infection; 5: seeds were completely covered by fungal mats and died (Fig 7).  Three dishes 

(each contains 5 seeds) were used as replicates for each treatment. This experiment was 

repeated at least three times. Samples of the aforementioned germinated seeds were taken for 

studying both PPO activity and histopathic alteration as well. 

 

Determination of polyphenol oxidase (PPO) activity  

 

Polyphenol oxidase activity was determined 2 days   after subjecting the cotyledons to the 

pathogen. Five seeds of each treatment were taken and grinded in phosphate buffer solution 

(1:2, w:v – pH 5.5). Suspensions were centrifuged at 3000 g for 10 min at 4°C. Supernatant 

was taken for determination of PPO activity using catechol as substrate. (Arnnok et al., 

2010). The absorbance at 410 nm was recorded at 15 second intervals using ultraviolet-

visible spectrophotometer, (Unico UV-2100) USA. 

 

Light microscopy 

 

Seed samples of each nitrate levels (1.5, 3, 6 g/L) were collected 8 and 16 hr. after they were 

subjected to the fungal growth. Collected samples were cut into suitable pieces where killing 

and fixation were achieved in formalin-acetic acid-ethanol 70 % (FAA) for 24 hr. then 

dehydrated in ascending ethanol.  Paraffin wax was infiltrated and samples were embedded 

(Johanson 1940). Cross sections were microtomed (10 µm) mounted to glass slides and 

stained with safranin-fast green schedule (Sander 1993). Sections were examined and 

photographed with a light microscope (Leica DM 2500) equipped with image analysis system  

in Histopathology Unit, Department of Plant pathology, Faculty of Agriculture, Ain Shams 

University. 

 

Statistical analyses 

 

For all obtained means, Standard deviation between experiments was calculated according to 

Ghahramani 2002. 

 

RESULTS 

Effect of nitrate level on R. solani virulence 

Pots experiment 

 

Under plastic house condition- in plastic pots- germinated faba bean seeds were sown in clay 

soil amended with different levels of sodium nitrate ranging from zero level to double 

recommended dose of fertilization with nitrate. 
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Data obtained indicated that zero level gave the highest degree of infection ( Fig. 1 ).This  

degree of infection reflected on number of emerged plants ( Fig. 2  ), plant height (cm) ( Fig, 

3 ), foliage system weight ( Fig. 4 ), root system weight (Fig. 5) . number of leaves/plant 

(Fig.6), 

 

By increasing the level of sodium nitrate till half or recommended dose, disease severity was 

declined which led to significant increase of all determined parameters.  In case of double 

level of sodium nitrate, disease severity progressively increases once again, leading to 

reduction of all determined parameters. 

 

In vitro studies  

 

The fungus R. solani was growing on Czapex-dox agar media with different levels of sodium 

nitrate. Germinated faba bean seeds were put on fungal growth. Obtained data indicated that 

the fungus on media with high nitrate level resulted in significant increase of disease severity 

compared with that growing on media with normal or lower level of nitrate (Fig. 8).  

 

In order to make sure that increasing of nitrate level increases the aggressiveness of the 

pathogen, PPO activity was determined in severely infected five seeds subjected to pathogen. 

The activity of PPO was significantly increased in seeds subjected to pathogen growing on 

higher level of nitrate (Fig. 9). 

Light Microscopy 

 

Penetration processes  

 

Epidermal and outer cortical cell layers were invaded by the hyphae of R. solani (Fig.10). 

Numerous fine infection pegs were produced from the infection cushions formed by R. solani 

hyphae. Higher levels of nitrate enhance the aggressiveness of the fungus. Increasing of 

nitrate caused higher number and intensity of developing infection cushions and tissue 

damage as well (Fig. 10 e & f).  

 

Post-penetration processes 

 

The fungal hyphae were severely dispersed inter-and intracellularly in the radicle tissues. The 

higher level of nitrate caused a severe aggressiveness of the fungus. The outer layers of 

cortical cells appeared severely collapsed 16 hr after inoculation (Fig.11). Invaded cortical 

tissues appeared darkened and collapsed, and ultimately were sloughed and cell masses of 

Rhizoctonia become encased in the sloughed cortical cells (Fig. 11 e, f). However, the half 

level of nitrate showed slight collapsing of cortical cells, as compared to those caused by R. 

solani in normal nitrate level. 

 

DISCUSSION 

 

As mentioned earlier plants require – for nutrition- many macro- and micro-elements.  

Nitrogen fertilization considers one of the most critical applications.  Nitrogen deficiency 

causes much deviation from normal growth and high levels cause dramatic increase of many 

diseases (Agrios, 2005).  

 

In the present study, the effect of sodium nitrate levels on the infection of faba bean plants 

with the fungal pathogen R. solani was carried out under pots experiment; faba bean seeds 
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were cultivated in infested or non infested soil with R. solani.  Soil was amended with 

different levels of sodium nitrate ranged from zero level till double recommended dose of 

nitrate fertilization. 

 

Data obtained clearly indicated that the behavior of the R. solani on faba bean plant under 

different levels of sodium nitrate take curve shape of two peaks . From one hand, non nitrate 

amended soil showed very severe infection.  From the other hand, double level of nitrate 

returned the high level of disease severity. Levels in between (i.e half and normal 

recommended levels) led to decrease disease severity.  How could explain the reason of this 

behavior? Concerning nitrate limitation, it was speculated that nutritional limitation of 

various types, in particular of nitrogen, appears to affect pathogensis. Talbot et al. ,1977, 

have found that bacterial and fungal genes are both induced during pathogensis and under 

nitrogen limiting conditions in artificial media suggest that during growth in planta there is 

limited nitrogen available for pathogens. In a previous study ( Maha H. Mohamed et al., 

2014), it was found that starvation of R. solani caused dramatic increase of disease severity 

on faba bean plants and by increasing starvation the aggressiveness of the pathogen 

significantly increased. 

 

Findings of Talbot et al., 1997 explained the cause of increasing disease severity in case of 

zero level of nitrate, but how could explain the reason of increasing disease severity in case 

of high level of sodium nitrate? The phenomenon of increasing disease severity due to high 

level of nitrate was studied in vitro.  

 

In the present study, growing of Rhizoctonia solani in increasing concentrations of sodium 

nitrate dramatically increase radicles canker when germinate seeds were put directly on the 

surface of fungal growth. The increase of disease severity due to R. solani infection was 

evident either visually or by determination of polyphenol oxidase activity in infected 

cotyledons. Hence, increasing of PPO activity is a function of increasing disease severity 

(Shetty et al., 2001; Parihar et al. 2012). 

 

The question arised from these results does such increase of disease severity refer to factor(s) 

concern with fungus or concern with the host. Results obtained indicated that increasing 

nitrate in the media is the factor provokes pathogenicity of R.solani on faba bean cotyledon. 

 

In order to prove this suggestion, a thin sections in radicles subjected to the pathogen were 

carried out. Data obtained indicated that after 8 hours of subjecting germinated seeds to 

fungal growth on highly concentration of nitrate a heavily infection cushions were found 

surrounded the radicles and after 16h radicle cortex was completely collapsed.  

 

Data obtained in this study indicated that nitrate play its role through the pathogen more than 

the host. The question arises from the obtained results is how excess of nitrate increased R. 

solani pathogenicity and provoke it to growth quickly around the host root. This phenomenon 

may be related to the major positively-acting regulatory genes as are A in Aspergillus 

nidulars and nit-2 (Neurospora crassei) which mediate global nitrogen repression and de 

repression (Marzluf, 1997). Both AREA and NIT2 activate the expression of many genes 

whose products are required for the utilization of nitrogen from various secondary sources. 

It is well established that R. solani utilizes nitrate by its reduction to nitrite then to ammonia 

(Geisseler et al., 2010), and by increasing nitrate level, the level of reduced agents will 

increased. Does the increase of reducing nitrogen led to up stream of pathogenecity genes? In 

a study (the author, unpublished data) it was found that preparation of R. solani inocula on 
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ammonium sulfate instead of sodium nitrate led to increase the aggressiveness of R. solani on 

faba bean.     

 

It could be conclude from the obtained results in the present study that nitrogen metabolism 

and its regulation and its relation with pathogenicity in R. solani requires further studies. 
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